11 NOVEMBER 2003 DI E ATTACH ADHESI VES FOR USE | N M CRCELECTRONI C DEVI CES 10.
FFELD OF THE I NVENTION This invention relates to conpositildnNOMEMBER=2003
suitable for use as adhesives in mcroel ectronic devices or sem conductor
packages. BACKGROUND OF THE | NVENTI ON 15 Adhesive conpositions,

particularly conductive adhesives, are used for a variety of purposes in
the fabrication and assenbly of senlcoﬁductor Packages and m croel ectronic
devi ces. The nore prom nent uses are the bonding of integrated circuit
chips to lead frames or other substrates, and the bonding of circuit
packages or assenblies to printed wire boards. 20 The requirenents for
conductive adhesives in electronic packaging are that they have good
nmechani cal strength, curing properties that do not affect the conponent or
the carrier, and thixotropic pr o s conpatlble wi th existing
appl i cation eqgi pment curr gl %%é HAHESNRSst ry, Anot her i mpor t ant
aspect of an adhesive bondlng EBQEHﬁéﬁﬁﬂﬁﬁDzsmEechnology is the
ability to rework the bond. For si ngl e chip packagi ng involving high
vol une commodity products, a failed chip can be discarded without
significant | oss. However, it becones expensive to discard nmulti-chip 11
NOVEMBER 2003 2 packages with only one failed chip; consequently, the
ability to rework the

“
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FIELD OF THE INVENTION

This invention relates to compositions that are suitable for use as

adhesives in microelectronic devices aor semiconductor packages

BACKGROUND OF THE INVENTION

15 Adhesive compasitions, particularly conductive adhesives, are t;sed
for a variety of purpases in the fabrication and assemb!y of semtconductor
packages and microelectronic devices. The mare prominent uses are the
bonding of mtegratecj circuit chips to lead frames or other substrates, and the
bonding of circuit packages or assemblies to printed wire boards.
20 The requirements for conductive adhesives in electronic packaging
are that they have good mechanical strength, curing properties that do not
affect the component or the carrigr, and thixotropic broperties compalible with
existing application equipment currently used in the industry,

| Another important aspect of an adhesive bonding or interconnection
25  technology is the ability to rework the bond. For single chib packaging

invalving high volume commaodily producits, a failed chip can be discarded |

without significant loss. However, it becomes expensive to discard multi-chip




failed chip woul d be a manufacturing advantage. Today, one of the primary
thrusts within the.sem conductor industry is to devel op adhggoveEmMBERi2003 |
neet all the requirenents for adhesive strength and flexibility, but that
will also 5 be reworkable, that is, will be capable of being renoved

wi t hout destroying the substrate. SUVMMARY OF THE | NVENTI ON This invention
is an adhesive conposition for use in electronic 10 devices that conprises
one or nore nono- or polyfunctional naleimde conpounds, or one or nore
nono- or pol yfunctional vinyl conmpounds other than mal ei m de conpounds, or
a conbination of maleimde and vinyl conpounds, a curing initiator, and
optionally, one or nore fillers. The conposition can be designed to be
reworkabl e. 15 | n RAGERSR®Vitheantycwi: frdert Ghint frbssehuvey) tHebilily So oGk ¢4r €d adhesi ve
that results fromthe just described curabl e adhesive conposition. In

anot her enbodi ment failed GiVg wpyid kg mamufacturing adventagd. aiotiay0 bicCof aspamklY

conprising an el ectroni c conponent bonded to a substrate with a cured
adhesi ve conposi t i 'BHHIiiue serisendvcior isivpods toidevelapaniesives gt vane or nore 20
nmono- or pol yfunctional malei mde conpounds, or one or nore nono- or

pol yfunctional vi rjet gHHT)GGW@@,eﬂtéFOfadfteéimistreagth@m fexibitg| i wiadan aad Vi nyl
conpounds, a cuyri initiator, and optionally one or nore fillers. DETAILED
DESCRI PTI ON OF H@l‘ﬁ(ﬁéﬁ?ﬂed‘lﬁ‘ isywill bR eanphlesf baigaemonsd witimyt desbogiraunds used i n
t he adhesive corrplc\zﬁi tk/%%s of this invention are curable conpounds, neaning
that they are 11 2003

SUMMARY OF THE INVENTION
This invgntion Is an adhesive composition for use in electronic
10 deviées that comﬁrises one or more mono- or polyfunctional mateimide
compounds, or one or more mono- or polyfunctional vinyl compounds other
than maleimide compounds, or a combination of maleimide and vinyl
compounds, a curing initiator, and optionally, oﬁe or more fillers. The
7 combosition can be designed to be reworkable.
19 ~ In another embodiment, this invention is the cured adhesive that
results from the just described curable adhesive compaosition.
In another embodiment, this invention is a microelectronic assembly
_ comprising an electronic component bonded to a substrate with a cured
adhesive composition prepared from a composition cdmprising one or more
20 mono- or polyfunctional maleimide compounds, or ane or more mono- or
polyfunctionat vinyl compounds, or a combination of maleimide and vinyl

compounds, a curing initiator, and optionalty one or more fifers,

DETAILED DESCRIPTION OF THE INVENTION
25 The maleimide and viny! compounds used in the adhesive

compositions of this invention are curable compounds, meaning that they are



3 capabl e of polynerization, with or without crosslinking. As used in this
"specification, to cure will nmean to polynerize, with or WiQOVEMBER 2003
crosslinking. Cross-linking, as is understood in the art, is the
attachnment of two polynmer chains by bridges of an el enent, a nol ecul ar
group, or a conpound, and in 5 general will take place upon heating. As
cross-linking density is increased, th& properties of a material can be
changed fromthernoplastic to thernosetting. It is possible to prepare

pol yners of a wi de range of cross-link density by the judicious choice and
amount of nono- or pol yfunctional conpounds. 10 The greater proportion of
pol yfuncti onal conpounds reacted, the greater the «cross-link density. If

t her nopl asti ¢ pr opesgablesf golyieALH6R, §lh of WiRoAdRESIY onposi.tions can be
prepared from nono-functi onal corrpoungs t0 I!:b%mtnmﬁ?ie uchglggms, ink density. A

m nor anount of pobpeciication, itded wit FRBOLIIEMERR, W or & provide sone
cross-linking and strength to the corrpos?ti on, 150rp?rg)\§?%§as ”'@ﬁ‘g- anount of

pol y-functional cofpssHitkig) s id indeds®ed inQhePdH, RTRILIGchntdl not dimnish
the desired thernoplastic properties. Wthin thes% pgt?fggoo (#rrr's‘?,r t he

strength and el ast crersyy bfidgesstian ieHiaht, 8 HBRSUN GRouE 7 a REmpRha Qhed 10:2
particul ar end-use application. In those cases ere It 1Is 'necé'ssary to

rework the assefbl genarativil 2@e plixerupophetihd. CAT B8 NihIMg2ieAGS isg,%@‘&,se& he
el ectroni c conponent can be pried off the substrate, and any resi due

adhesi ve can be hethe ewpertidsiof a imatesd chiebs crangkdirem teasbdidsis goved. The
cross-link density can also be controlled to give a wde range of
thermosetting.

I is possible to preparé polymers of a wide ranige of cross-link density
by the judicious qhoice and amount of mono- or polyfunctional compounds.

10 The greater propoi'tion of polyfunctional compounds reacted, the greater the
cross-link density. If thermoplastic properties are desired, the adhesive
compasitions can be prepared from mono-functional compounds toriimit the
cross-link density. A minor amount of poly-functional compounds can be
added to provide some cross-liﬁking and strength to the composition,

15 provided the amount of poly-functional campounds is limited to an amount
that does not diminish the desired thermoplastic properties. Within these
parameters, the strength and efasticity of individual adhesives can be tailored
to a particular end-use application.

In those cases where it is necessary to rework the assembly and

20 thermoplastic materials are used, the electronic component can be pried off
the substrate, and any residue adhesive can be heated untit it softens and is
easily removed,

The cross-link density can also be contralied to give a wide range of
glass transition temperatures in the cured adhesive to withstand subsequent

25  processing and operation temperatures.



"glass transition tenperatures in the cured adhesive to w thstand subsequent
25 processing and operation tenperatures. 11 NOVEVMBER 20031l MOVEMBEREZU03/ €
adhesi ve conpositions, the nal eimde conpounds and the vinyl conpounds may
be used i ndependently, or in conbination. The maleimde or vinyl

conpounds, or both, will be present in the curable package adhesive
conpositions in an anount from2 to 98 wei ght percent based on 5 the
organi c conponents  present (excluding any fliers). The adhesive
conpositions will further conprise at |east one free- radical initiator,
which is defined to be a chem cal species that deconposes to a nolecul ar
fragment having one or nore unpaired electrons, highly reactive and
usual |y short-lived, whinGhe hsenGRRA Anktiating a.chemcal reaction by
10 means of a chain mechani sm Themf:s?’ggg)wg%?t’%’éﬁ‘*rﬁ%@&%‘?""ﬁ"}"ldsbe present

in an amount of Oadd th@vid;@ccpﬁfoﬁmtmay%%g{ig&%@&?%{‘%rqn %’:m%jf“ﬁi"r "(f:refgé , rby

wei ght of the organic conpounds (excludin er adi cal

curing mechani sm gakieddear iaf cobpbuBds2Bcholl, Mifind 0 ition with a
long shelf life before cure. Preferred ffee- rg%f%ngﬁ lﬁen@aggétpg?'?g?ncl ude

peroxi des, such asadhesiyd cotrfpogin® Rt=PARRENtHBH 204 64 Lde, and azo
conpounds, such as 2,2'- azobi s(2-nethyl - propaneﬂ%t}tp%%%g%gd on '
2. 2" - azobi s( 2- rfet hixk ofgatiacoempohdritd Resent BkdRIngahy Melsy. the adhesive

conpositions may contain a photoinitiator in |1eu of the free-radical

initiator, and the C!Jri'ﬁlgaphmem@moﬁMIWu%rE%&ris@-&ﬁ&stJ?% Y _radiation.
The photoinitiator will be present in an amount of 0.1 to (Sr 20 percent,

preferably | to 5.redgsinitiewt, whioliswelirghito &fa @hm;@n&g&ﬁ&%&%ﬂ%&fl&& tf excl uding
any filler). In sone cases, both photoinitiation and thernma
a molecular fragment having one or mare unpaired electrons, highly reactive
and usually shorf—lived. which is capabie of initiating a chemical reaction by
10 means of a chain mechanism. The free-radical initiator will be present in an
amount of 0.1 to 10 percent, preferably 0.1 to 3.0 percent, by v.veight of the
organic compounds {excluding any filer). The free radical curing mechanism
gives a fast cure and provides the compbsition with a fong #helf life before
cure. Preferred free-radical initiators include peroxides, such as butyl
15  peroctoates and dicumy! peroxide, and azo compounds, such as 2,2'-
azobis(2-methyl-propanenitrile) and 2.2'-azobis(Z-methyl-butanenitrile).
Alternatively, the adhesive compositions may contain a photoinitiator
| in lieu of the free-radical initiator, and the curing process may then he initiatéd
by UV radiation. The photoinitiator will be present in an amount of 0.1 to 10
20 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 proceés can be starte&
by UV irradiation, and in a later processing step, curing can be completed by
the application of heat to accomplish a free-radical cure.
;'25 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



initiation may be desirable. For exanple, the- curing process can be
started by UVirradiation, and in a |ater processing stedg1 NOVEMBERTRZITS
conpl eted by the application of heat to acconplish a free-radical cure. 25
In general, these conpositions will cure within a tenperature range of
80-200C, and curing will be effected within a length of tinme of |ess than
11 NOVEMBER 2003 5 | mnute to 60 mnutes. As will be understood, the tine
and tenperature curing profile for each adhesive conposition will vary,
and different conpositions can be designed to provide the curing profile
that will be suited to the particular industrial manufacturing process. 5
Suitabl e conductive fillers for the adhesives are silver, copper, gold,

pal | adi um pl at i NUiRindt® 1e%8 Fenutds' n conductive fillers may be
needed, for exanple to adj ust rshgg@té’%"%‘%d%‘%“ @e tnge ad BEperaliei ca, and

teflon. As used th&g onid f t he tlon C(O refersto
a carbonyl group. 10@\/@ | e ﬁ%ﬂﬁgﬁggﬁ%ﬁ@%& W'"‘fa@' ﬁ?cg‘@ &Hmpounds sui tabl e

for use in the adh®@ip¥stions QAR nvention have a structure :
represented by the fgr rr{jma %&%2@8?0 &BV'J@%QSCJP"%E’)‘O %g’a‘f“@ '?ﬁﬁ“ée [MZ,,,)"-

K. For these spe0|tf3u@pf3,q;§drg,llma§9mal§,am nlng Lesg@S€ "N" is the integer 1,
the conmpound will be a nono-functiona pr%ound and when | ower case "n

is aninteger Zto 6, tSuRbROBRRMAR M for rBSaRsRO! s EHBCLI90al , fompound.

paltadium, plafinum. In some circumstances, nonconductive fillers may be
needed, for example to adjust rheology, such as, alumina, silica, and teflon.
As used throughout this specification, the notation C(0O)
refers to a carbonyl group. | |
10
Maleimide Compounds
The maleimide compounds suitable for use in the adhesive
compaositions of this invention have a structure represented by the formula:
M-X . J.—Q, or by the formula: (M-Z .],— K. For these specific formulae,
15 when lower case “n”is the integer 1, the compound will be a mono-functional
compound; gnd when lower case “n" is an integer 2 to 6, the compound v;rill
be a po!y-functiohal compound.
[M—X .J,-Q, or by the formula: [M-Z ]~

Formula [M-X _],— Q represents those compounds in which:

20 M is a maleimide moiety having the structure
R 0
N—
0

in which R'is H or C, to Cg alkyl:
each X independently is an aromatic group selected from the

aromatic groups having the structures ([} through (IV):



[MX ,,J - Q, or by the formula: [MZ K. Formula [MX ]"- Q represents

t hose conpounds in which: 20 Mis a naleimde noiety havnngqoivgngRCZ(mga
Oinwiich R is Hor C, to C alkyl; each X independently is an aromatic
group selected fromthe aromatic groups having the structures (1) through
(I'V): 11 NOVEMBER 2003 6 (1) 0 011/ OGCG - N-1,-C NHO 11 OGCNH5Q
is a linear or branched chain al kyl, al®yloxy, alkylene, alkyleneoxy,

aryl, or aryloxy al kyl amne, alkyl sulfide, alkylene am ne, alkylene

sul fide, aryl sulfide species, which may contain saturated or unsaturated
cyclic or 10 heterocyclic substituents pendant fromthe chain or as part of
t he backbone in the chain, and in which any heteroatorn present nmay or may
not be directly agfached to X; qf Qis a urethane h?]m ng the structure:

1
_O__ @O—C._ @NH/C\NH_.
v)

Q
@o—o—r«m—- |
5 -

Q is a linear or branched chain alkyl, alkyloxy, alkylene, alkyleneoxy,
aryl, or aryloxy alkyl amine, alkyl sulﬁde. alkylene amine, alkylene sulfide, aryl
sulfide species, which may contain saturated or unsaturated cyclic or

10 heterocyclic substituents pendant from the chain or as part of the backbone in
the chain, and in which any heteroatom present may or may not be directly
attached to X; |

or Q is a urethane having the structure:

) 0 0 0 O
_RR—x il il ] It
— ——C}—NH—R3—NH—-C—-(O—R"——O—-C—NH—-R3—NH-C-)—X--R2—-
v
15 |
in which each R? independently is an atkyl, 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. S,N,orP,; and v

is 0 to 50;

20 or Q is an ester having the structure:

o] 0
3 1] ]
—R'—C—0—R3-0--C— RI~-



0000 11 1111 -"RZ-X-CG-NHR3-NH-Cit ---(OR3-.0-GCNHR3-NHC )v
X---R2- 15 in which each R2 independently is an al kyl, aryYh,NOVEMBER! 3003
group having 1 to 18 carbon atons; R3 is an al kyl or al kyl oxy chai n havi ng
up to 100 atoms in the chain, which chain may contain aryl substituents; X
is 0O S N or P, and vis 0 to 50; 20 or Qis an ester having the
structure: 0 0 H1l1 -R3-CG-0OR3-0--C‘R3 11 NOVEMBER 2003 7 in which R
is an al kyl or al kyloxy chain having up to 100 atons in the chain, which
chain may contain aryl substituents; or Qis a siloxane having the
structure: (CR 2).-[SiR4-0]r-SiR42-(CR 2) 9-- in which the R substituent
5 i ndependently for each position is Hor an alkyl group having 1 to 5

carbon | atoms and ik Rafésubsiot bidblod AFARDAFDS ol Al eRqh RESTTLOD s H

an al kyl group having 1 to 5 carbdn atons or~an aryl g Ad e and g

are i ndependent | yutilchtcaaid apeshidin 4 shiodiRe®@s and ni sOorlandnisi to6. 10
Preferred conpositions are aliphatic bismaleimdes in which the

or Q is a siloxane having the structure:

—(CR',)ASIR*-O}-SiR*;~(CR',) .~ in which the R! subsituent
35  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
independentfy 1 to 10 and fis 1 to 50; and

mis0 or_1. andnis1to6.

10 Preferred -compositions are afiphatic bismaleimides in which the

maleimide funtionality is linked to the backbone through urethane or urea

linkages, such as in the following preferred compounds:

N :
\
° Wels

0
0’4 0 0
HN
15
and
0 ji o o o
[ N/\/\/\O NH NH/iLO/\/\/\Nb
o - ]
20 ’

Formula [M-Z ], - K represents those compounds in which "



mal ei m de funtionality is linked to the backbone t hrough urethane or urea

| i nkages,
Formula [MZ ,,,]"

such as in the follow ng preferred conpounds:

O13NOVEMBER 203

K represents those conmpounds in which 11 NOVEMBER 2003

S Mis a naleimde noiety having the structure in which R is H or
10 Z. i's a linear or branched chain al kyl, al kyl oxy, alkyl am ne,

sul fide,

al kyl ;
al kyl
aryl,

unsaturated cyclic or

aryl oxy,

C,

to CS

al kyl ene, al kyl eneoxy, @&l kyl ene am ne, al kyl ene sul fi de,
or aryl sulfide species, which may contain saturated or
het erocyclic substituents pendant fromthe chain or

as part of the backbone in the chain, and in which any. heteroatom present

may or

- X- R2-

may not be directly

7

moiety having the structure

attached to K; or Zis a urethane having the

structure: OO0 0O if 1441 11 -R2-X. C- - Nt R3-NH-C (O -R3- O C-NHWNH - C

10

15

20

1 0
| -

0 . .
in which R"is H or C, to C; alkyt;

Zis a linear or branched chain alkyl, alkyloxy, alkyt amine, alkyl

sulfide, alkylene, atkyleneoxy, alkylene amine, alkylene sulfide, aryl, aryloxy,

- or aryi sulfide species, which may contain saturated or unsatilrated cyclic or

heterocyclic substituents pendant from tha chain or as part of the backbone in
the chain, and in which any heteroatom present may or may not be directly
aftached to K;

or Z is a urethane having the structure:

o 0 o 0
——-R2—.—-X-—C-—NH—R’-NH—-("3—-(O—-R’3—O—-g—NH—R’-NH-g)-)TX—-RZ——
in which each R? independently is an alkyl, aryl, or arylalkyl grbup having 1 to
18 carbon atoms, and R*is an alkyl or a[kyloxy chain having up to 100 atoms
in the chain, Which chain may contain aryl substituents, and v is 0 to 50;

or Zis a siloxane having the structure:
--(CR‘Z)G—[SER‘Z—O],-—SiR‘f{CR'z)g— 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 alkyl
group having 1 to 5 carbon atoms or an aryl group, and e and g are
independently 1 to 10 and {is 1 to 50;

K is an aromatic group selected from the aromatic groups having the

structures (V1) through (XH1) (aithough only one bond may be shown to -



in which each R2 independently is an alkyl, aryl, or arylal kyl group having
| to 18 carbon atons, and R3 is an al kyl or al kyl oxy chaln NQVEMBER 2003
100 atons in the chain, which chain may contain aryl substituents, and v
is O0to 50; 15 or Zis a siloxane having the structure:

(CR 2).-JSIR42-C]r-SiR4 2-(CR 2)9 in which the R substituent

i ndependent |y for each position is Hof an alkyl group having | to 5 carbon
atons and the R4 substituent independently for each position is H an alkyl
group having 1.to 5 carbon atons or an aryl group, and e and g are 20

i ndependently 1 to 10 and f is 1 to 50; Kis an aromatic group sel ected
fromthe aromatic groups having the structures (VI) through (X I1)

(al though only oneepesat comitctds oROUBMAR: ghdupC &%9@?% represent
connection to the aromatic group K, this wl e deened 10 represent any

nunber of additi ormfeshﬂB%ﬁtﬁﬁe@_ﬁ@ditiohﬁ@oﬁd&%s%gdriﬂ@cﬂang(\)ﬁe,&}éd {3 in which p
is 1to 100; 5 (VIl) inwhich pis 1to 100; (VIIl) 1 9 R in which R5,

R6, and R7 are a [M)near or brangikgd chain al kyl,

g G

5. (Vi)

in which p is 1 to 100;

p inwhich pis 1 to 100;

TG

(IX)

10

RS
_QRG
RT

alkyloxy, atkyl amine, alky! sulfide, aikylene, alkyleneoxy, atkylene amine,

in which R%, R®, and R’ are a Iinéar or branched chain alkyl,

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

15 saturated or unsaturated cyclic or heterocyclic substituents pendant from the
chain or as part of the backbone in the chain, and in which any heteroatom
present may or may not be directly attached to the aromatic ring; or R%, RS,
and R’ are a siloxane having the structure ~—(CR‘.2),,-[SER‘2—O],—SiR‘z—(CH:,)q

— in which the R' substituent is H or an alkyl group having 1 to 5 carbon



al kyl oxy, al kyl am ne, al kyl sulfide, alkylene, alkyleneoxy, alkylene

am ne, alkylene sulfide, aryl, aryloxy, or aryl sulfide 4pNDODVEMBBRA0OZRY
contain 15 saturated or unsaturated cyclic or heterocyclic substituents
pendant fromthe chain or as part of the backbone in the chain, and in

whi ch any heteroatom present may or may not be directly attached to the
aromatic ring; or R5. Rs, and Ware al&i| oxane having the structure

--(CR 2),-(SIR42_Qt-SiR 2-(CH )g - in which the R substituent is H or an
al kyl group having 1 to 5 carbon 11 NOVEMBER 2003 10 atonms and the R
substituent independently for each position is an alkyl group having I to
5 carbon atons or an aryl group, and e is 1 to 10 and f is 1 to 50; (X
and (Xii) HO C "at€ns &d theR*$ubDiubhnt ' or..l..and nis 1 to6.
Preferred mal ei ni de conpounds, par %@gﬁﬂgﬂﬁkb S%hrpgﬂ}fﬂ“k?‘a%\@w' E@iposi ti ons,
are N-butyl phenylhantay ¢tad Geboa RBmbloeil i Y i m,de, Vi nyl Conpounds 15
The vinyl conpounds (other than the mlgfbﬁ‘l& gggﬁéeﬁgi 7N 1 9% for use in
t he adhesive conpépitions of this invention will have the structure: 11
NOVEMBER 2003 11

CH,
l
, C
I
—0 CH, 0—
5 ()
g
¢ H “."*C.—),.,
—C—N
e
it
N——C—)
H o1 .
and (Xil)
L0 o
| 1l It
. . C
—c[ ; —OH
] [}
0

10 andmisQor1,andnis 1to8.

Preferred maleimide compounds, particularly for reworkable

compositions, are N-butylphenyl maleimide and'N-ethy!phenyl maleimide,

Vinyl Compounds
15 The vinyl compounds {other than the maleimides herein) suitable for

use in the adhesive composilions of this invention will have the structure;



Q nor KB-ZnK n For these specific structures, when | ower case "n" is
the integer 1, the conmpound will be a nono-functional conMNOVEMBERZND3
| ower case "n" is an integer 2 to 6. the conpound will be a
poly-functional 5 conmpound. In these structures, R and R2 are H or an

al kyl having | to 5 carbon atonms, or together forma 5.to 9 nenbered ring
with the carbons forming the vinyl grdub; 8is C, S, N 0. C(O, OCO,
C(O-O0 C(ONHor CCONR8), in which Ris C, to C5 alkyl; mis 0 or 1; n
is 1-6; and X, Q Z, and K are as 10 descri bed above. Preferably, Bis O,
C(O, C(O-0 CONHor C(ONR; nmre preferably Bis 0, C(O, OCO;
C(O-0O or C(ONRa). The preferred vinyl conpounds for use as adhesives
are vinyl ethers or  al kenpyl _sufides. Exanples of suitable vinyl conpounds

. 1 !
are the follow ng: CH2) 10- S \I~ 04c 15 af@\\\ @& (TQH2)36_"O,
1__~ (CH2)tOCH3 ' L—(
7 _B—-)Qn Q B—Z K
h '
or n
For these specific structures, 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
5  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
-vinyl group; Bis C, S, N, 0, C(0), 0-C(0), C(0)-0, C(O)NH ar C{O)N(R?), in
which R®is C, to C; alkyl; mis 0 or 1;nis 1-6; and X, Q, Z, and K are as
10 described above.
Preferably, B is O, C(0), C(0)-0, C{O)NH or C{O)N(R?); more
preferably Bis O, C(0Q), 0-C(0), C(0)-0, or C{OIN(R?).
~ The preferred vinyl compounds for use as adhesives are vinyl ethers

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

0 0 ‘
CHyCHy ™ S~ O/IK(CHz)M)L 0N /\(CHZ)wCHa

and \/O" CHls—0 /.

15

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

functional group for reaction with the maleimide and other vinyl compound



Q her Conposition Conponents Depending on the nature of the substrate to
whi ch the adhesive is to 20 be bonded, the adhesive may qhsmnovgmafn 2003
coupling agent. A coupling agent as used herein is a chenmical speci es
containing a polynerizable functional group for reaction with the
mal ei m de and ot her vinyl conmpound, 11 NOVEMBER 2003 12 and a functi onal
group capabl e of condensing with netal 1Rydroxi des present on the surface
of the substrate. Such coupling agents and the preferred anounts for use
in conmpositions for particular substrates are known in the art. Suitable
coupling agents are silanes, silicate esters, nmetal acrylates or
net hacryl ates, titanates, and conpounds containing a chelating |igand, such
as phosphi ne, mer capt %”cnoanldracet oace tate When present, coupling agents
typically will be in -ansuntsrqyp Sgrs B%Wewwp%wmdawemnm erably in
anounts of 0. 1-3.0,nel of the mal ei m de and ot her
monof uncti onal vi nyl &Jﬁgéguogﬁ'e\g%g?[ﬁ SUE PHRIRg agents 2aei e srafasredonposi t i ons
may contain conmpo d%ﬁ’% @Q addi t.ion flexibility and toughness to
the resultant cur eg esi 'e{?e‘J‘g e 0"35%5’8%%@ SH%%Va‘B%afS%WWWT@F\met or
ther nopl astic mategdit le &8 T % ess, and typically will be a
i
pol yneric materi al ar ac "gg%e%t ‘%f/s' P&’ "cia%teé{tef soffellsiatasive cheni cal
bonds, the presen ala8 and 5. absence of ring structures.
! e fandle0 4R %
Suitabl e such nndﬁ?el erai nc{angee 'pO 39%"6‘?%‘/‘[‘ i%’gla'"'"BBFW%'ﬂ@ igndisesh  pol yTHF
(polymerized tetralydiofild L tg;l’lgmjgg X erm nate
but adi ene- acryl oni tI}’SI I g % or & e? a?/%?t p%‘%%%’%ﬁﬂﬁ;&%ﬂ'mg\méw
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.
10 In addition, the adhesive compositions may contain compounds that
lend additional flexibility and toughness to the resultant cured adhesive. Such
compounds may be any thermoset or thermoplastic material having a Tg of
50°C or less, and typically will be a polymeric material characterized by free
rotation about the chemical bonds, the presence of ether groups, and the
15 absence of ring structures. Suitable such modifiers include polyacrylates,
poly(butadiene), poly THF ( polymerized tetrahydrofuran), CTBN (carboxy-
terminated butadiene-acrylonitrile) rubber, and polypropylene glycal. When
present, toughening compounds may be in an amount up to about 15 percent
by weight of the maleimide and other monofunctiona vinyl compound.
20 If siloxane moieties are not part of the maleimide or vinyl compound
structure, siloxanes can be added to the package formutations to impart
elasiomeric properties. Suitable siloxanes are the methacryloxypropyl-
terminated polydimethy! siloxanes, and the aminopropyl-terminated

.polydimethylsiloxanes. available from United Chemical Technologies and

25 others.



present, tougheni ng conpounds may be in an amobunt up to about 15 percent
by wei ght of the nal ei mi de and ot her nonofunctional vinyl 1aNOVEMBERR00G
sil oxane noieties are not part of the naleimde or vinyl conpound
structure, siloxanes can be added to the package fornulations to inpart

el astoneric properties. Suitable siloxanes are the nethacryl oxypropyl -
term nat ed pol ydi net hyl siloxanes, and1Bhe ami nopropyl -termn nated

pol ydi met hyl si | oxanes, avail able from United Chem cal Technol ogies and 25
others. 1 1 NOVEMBER 2003 JL3 Ot her additives, such as adhesion pronoters,
in types and anounts known in the art, may al so be added. Perfornmance
Properties 5 These conpositions will performwthin the comercially
acceptable range for q! e attach adhesives. Commerically acceptabl e val ues
for die shear for the ad]itlyes syih ag agesien gymeters, indyples satenttivetsar e i n t he
range of greater than . or equal to 1 kg at roomtenperature, and greater
than ‘or equal to d‘."%mk'aﬁ‘ﬁtaﬂ' S0 bedddedyr war page for a 500 X 500 nil' die
are in the range of less than 10 or equal to 70 p. mat roomtenperature.
The coefficient of thermal expansion (CTE) is the change in dinension per
unit change in tenperature for a given material. Different materials wll
“have different rates of expansion.t ¥PTPRee Rigperies very different for

el enents att aclged t ogetc.{gesr .t hesrigrwlal 'ﬁécr{ai ng_ can cause the attached el enents
15 to bend, crack, or J&FERPRREEONS WY gertorm it} the eamreasrialy eecspteblesenbl v, t he
CTE range for die attach adhesives. Commerically accéptable values for die shear
for the adhesives on a 80 X 80 mif? silicon die are in the range of greater than
or equal to 1 kg at room temperature, and greater than or equal to 0.5 kg at
240°C,.and for warpage f_or a 500 X 500 mi? die are in the range of less than
10 orequal to 70 um ét room temperature,

The coefficient of thermal expansion (CTE) is the change in
dimension per unit change in temperature for a given material. Different
materials will have different rates of expansion. If the CTE is very different for
elements attached together, thermal cycling can cause the attached elements

19 to bend, crack, or delaminate. in a typical semiconductor assembly, the CTE
of the chip is in the range of 2 or 3 ppm/°C; for organic circuit board substrate,
" the CTE is greater than 30 ppm/°C; therefore, the CTE of the adhesive is best
between that of the substrate and die.

When a polymer is subjected to the application of heat, it will move

20 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 agraph of
expansion of the polymer versus temperature is plotted, thé glass transitior;
region is the intersection between the lower temperature/glassy region
coefficient of thermal expansion and the higher temperature/rubbery region

25  coefficient of thermal expansion. Above this region, fhe rate of expansion

increases significantly. Consequently, it is preferred that the glass transition



of the chipis in the range of 2 or 3 ppm C, for organic circuit board
substrate, the CTE is greater than 30 ppml C, therefore, HhNOGVEMBERT®03
adhesive is best between that of the substrate and die. Wien a polyner is
subjected to the application of heat, it will nove 20 through a transition
regi on between a hard, glassy state to a soft, rubbery state. This region
is known as the glass transition regi ohdor Tg. If a graph of expansion of
t he pol yner versus tenperature is plotted, the glass transition regionis -
the intersection between the | ower tenperaturel gl assy region coefficient

of thermal expansion and the hi gher tenperature/rubbery region 25
coefficient of thernmal expansion. Above this region, the rate of expansion:

i ncreases significantl nsequently, it is preferred that the glass

transition 11 NO\/E%/&EFQA%‘%Q%ZF S?tn?"Hé)"BﬂP%F%‘F‘%"e!“ﬂﬁ%‘ﬁ%?exﬂmnc%or nal

operating tenperat y: ri.enced  during the application, and if .

reworkability is n(("augg@cq,gé%ﬁ%ﬁm?ﬁ% 6Te§’§’§<atf"g¥iﬁ§'f3?qeﬂﬁhatl§l9 daspksnstioan any

rewor k tenper at urebelﬁvé?\p'%%ﬁreg&F%?niyg%putre of this invention includes the
e for ae |

mal ei m des having t ,, - Qand [MZ An - K as descri bed
herein in which Q and Z can be an ester having the structure OO0 0.0 I
[T 11 11 -RO-CGR3-COR--4-0-CR3-CG0--R3 p 10 or the structure

5 Another embodiment of this invention includes the maleimides having
the formulae [M~X J,— Q and [M-Z ,],— K as described herein in which Q

and Z can be an ester having the structure

|| I} (I:t) EI)
-—Rfofc—RfC~0—&r4o—c—R§—c—o~Rr%_

or the structure

0 O 0 O

i 0 I it

inwhichpis 1to -100,

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

a siloxane having the structure —(CR',),~{SiR*,~0};-SiR*,~(CR",) o

15 in which the R' substituent independentty 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 éryl group, e and g
are independently 1 to 10 and fis 1 to 50. |

Another embadiment of this invention includes the vinyl compounds

20 having the structures
Ri RZ

8—X,4Q
n

R! R?
B—Z,, K
113

and



0000 k1pll 11 -RBCOR30-CG--R3-(C0--R3O-CGR3- inwhichpisl
to 100, each R3 can independently be an al kyl or al kyl oxy 14/ NOVEMBERZ 003
to 100 atonms in the chain, which chain may contain aryl substituents, or a
si |l oxane having the structure --(CR 2)e-[SIR 2_Qf-SiR42 (CR12) 15 in

whi ch the R substituent independently for each position is H or an alkyl
group having 1 to 5 carbon atons, the B8 substituent independently for each
position is an al kyl group having 1 to 5 carbon atons or an aryl group, e
and g are independently 1 to 10 and f is | to 50. Another enbodi nent of
this invention includes the vinyl conpounds 20 having the structures

RRRRRz \ [ Q ==~ B-Z r"K ~r xm andn 11 NOVEMBER 2003 i5 5 as descri bed
herein in which Bis C, N, O, g)NHor C(ONRB), in
as descnbed herein in which B |sC 0O, C(O), C(O)NH or C{OIN(R®), in

which R is C, to C; alkyl.
Another embadiment of this invention includes the vinyl compounds

having the structures

RY R? R} R2
B—X,tQ . B-2Z ,;L(
5 n and n
as described herein in which Q and Z can be an ester having the
structure
° o o] 0
i i
—Ry-0—-C~Ry-C~0—Ry—4-0—C—R;—C—0—Ry )

or the structure

O O O O

il It il [;
0 —~R3-C-—O—R3-O—C—R3-(—C~O—R3—0~—C—R3—)~p—

in which p is 1 to 100,
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 a siloxane having the structure
15 -—-(CR‘Z),—{SER‘2-O],—SiR‘z—(CR'z)g— 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 iﬁdependently 1to
10, and fis 1 to 50.
20 Another embodiment of this ihvention includes the -curable

adhesive composition as described herein containing an anionic or cationic



which Re is C, to CS al kyl. Another enbodi nent of this invention includes

t he vinyl conpounds having the structures [RR2 B-X Q 19 NOVEMBER 2003
described herein in which Q and Z can be an ester having the 10 structure 0O
Op0O --RB0O-CG--R3-CG--OR3- .0-C,R3-C-0.._or the structure 000 0 11
If 1111 -- R3---- O R3- 0- G R3-(-,C O R3.O- C R3-} -pin which p
is | to 100, each R can independently”ée an al kyl or al kyl oxy chai n havi ng
up to 100 atons in the chain, which chain may contain aryl substituents,
or a siloxane having the structure 15 --(CR 2)6-{SiWw-Ar-SIR 2-(CR 2)9 in
which the R substituent independently for each position is Hor an al kyl
group having 1 to 5 carbon atons, the R4 substituent independently for

each position is afinghdtélor. HriR'es and useful amounts of such initiators are well

kivown in the art.

5 _  EXAMPLES
| Various maleimide and vinyl compounds were prepared and
formulated into adhesive compositions. The compositions were investigated
for viscosity and thixofropic index for the uncured compoasition, and for curing
profile, glass traqsition temperature, coefficient of thermal expansion, thermal

10 mechanical analysis, and in some cases reworkability for the cured

composition.

EXAMPLE 1.

Preparation of Butadiene-Acrylonitrile Bismaleimide

15

HN Y ™" C=N

CH, 2 Q

! 1. maleic anhydride; acetone
| 2. AcO, NaDAc, Et;N
Y

o ,
|
4 N TN CN
0 0 CH3 v
HN\/\)\/ N

A



having 1 to 5 carbon atons or an aryl group, e and g are independently 1 to
10, and f is 1 to 50. 20 Another enbodi nent of this invenyiNOVESKBER2003E
curabl e adhesive conposition as described herein containing an anionic or

cationic 11 NOVEMBER 2003 16 curing initiator. The types and useful anounts
of such initiators are well known in the art. EXAMPLES Various nal ei m de
and vinyl conpounds were prepared and figr nul ated i nto adhesive
conpositions. The conpositions were investigated for viscosity and

t hi xotropic index for the uncured conposition, and for curing profile,
glass transition tenperature, coefficient of thermal expansion, thermal 10
mechani cal anal ysis, and in sone cases reworkability for the cured

conmposi tion. EXAMPLE 1. Preparation of Butadiene-Acrylonitrile Bisnaleinde
15 Hz NH CAN CH3 CH3 H fipipo-terminalad bidedienarmhrylinilritbesoldaeiiyzberesin 1300

X42 ATBN by BF Goodrich, in which the m and n depicted in the structure are
lintegers to provide a number average molecular weight of 3600) (450 Q, 500
mmol based on amine equivalent weight AEW = 450g) was dissolved in

5  CHCI; (1000 mL) in a 3 L four-necked flask equipped with addition funnel,
mechanical stirrer, internal lemperaturé prabe 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 CHCI,
(50 mL) and this solution was added to the reaction over 30 minutes,

10 maintaining the internal reaction temperature below 10°C. This mixture was
stired for 30 minutes on ice, then allowéd to warm to room temperatura and
stirred for an additionat 4hours. To the resulting sturry was added acetic
anhydride (Ac,0) (653.4 g, 6 mol), triethytamine (Et,N) (64.8 g. 0.64 mol) and
sodium acetate (NaOAc) (62.3 g, 0.76 mol). The reaction was heated to mild

15 reflux for 5 hours, allowed to cool to room temperature, and subsequently
extracted with H,O (1 L}, satd. NaHCO, (1 L) and H,0 (2x1 L). Solvent was

-removed in vacuo to yield the maleimide terminated butadiene acrylonitrite.



2. Ac20, NaQOAc, Et3N 11 NOVEMBER 2003 17 Am no-term nated

but adi ene-acrylonitrile (sold as Hycar resin 1300 X42 ATBN N®VEMBERR003N,
in which the mand n depicted in the structure are integers to provide a
nunber average nol ecul ar wei ght of 3600) (450 g, 500 nmmol based on ami ne
equi val ent wei ght AEW = 450g) was dissolved in 5 CHCI3 (1000 nm.) in a 3 L
four-necked flask equi pped with additieg funnel, nmechanical stirrer,

i nternal tenperat'ure probe and nitrogen inl etloutlet. The stirred sol ution
was placed under nitrogen and cooled on an ice bath. The addition funnel
was charged with nmaleic anhydride (98.1 g, 1 nol) in CHCO3 (50 nL) and
this solution was added to the reaction over 30 mnutes, 10 maintaining the
internal reaction tenperature below 10C. This m xture was stirred for 30
m nutes on ice, then allowed to warm ESAMBYER2t enperature and stirred for
an addi tional 4hours. To the resulting slurry was added acetic anhydride
(Ac20) (653.4 g, 6 nol), triethyféamraien oErBigalgaide)s g, 0. 64 nol) and

sodi um acet at e (NaOAc) (62. SDEﬁVEdd:f%TﬂWWXYDNWU@C@mwm was heated to mld
15 reflux for 5 hours, allowed to cool to roomtenperature, and
subsequently extracted wipR H2O (1 L), said. NaHCO8 (1 L) and H20 (2x1 L).
Sol vent was renoved in cuo to yield the naleimde term nated but adi ene
acrylonitrile. 11 NO\/(%/ 2903 18 EXAMPLE 2 :

V\/NY N\/Qo

QO
cat. NR, o)
O

Tris(epoxypropyllisocyanurate {99.0 g, 0.33 mol) is dissolved in THF
(500mL) in a 2 L three-necked flask equipped with mechanical. stirrer, internal
temperature probe and nilrogen inlet/outiet. To this solution is added

10 hyroxyphenylmaleimide (189.2 g, 1 mol) and benzyldimethylamine (1.4 g,

G.05 wt. %). The solution is heated to 80°C for 7 hours. Tﬁe reaction then is
allowed to cool to room temperature, is filtered, and the filtrant washed with 5
% HCl,o (500mL) and distilled H,O (1 L). The resulting soiid,
triazinetris(maleimide), is vacuum dried at room temperature.

15



Preparation of Tris(nmaleimde) Derived From Tris(epoxypropyl)isocyanurate
y 05 OCHOH nn | Tris(epoxypropyl)isocyanurate (99.0 g, 19.NOSVEMBERS2003
dissolved in THE (500nmL) in a 2 L three-necked flask equi pped with

mechani cal stirrer, internal tenperature probe and nitrogen inlet/outlet.
To this solution is added 10 hyroxyphenyl mal ei mde (189.2 g, 1 nol) and
benzyl dimethylanine (1.4 g, 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 % HCl aq(500nL) and distilled HO
(1 L). The resulting solid, triazinetris(maleimde), is.vacuumdried at
roomtenperature. 15 11 NOVEMBER 2003 19 EXAMPLE 3 Preparation of

Mal ei m doet hyl pal mtate 0 H3C( H2C) s4) tEﬁ&h{‘P\S- ., Palmtoyl chloride (274.9 g,
1 nol) is dissolved in Et20 (500 ni) i 53| three-necked flask equi pped

W th mechanical stirrer, int eE’Pe%gra{io(?\n&?ﬂa?etlnlﬁ{ioeethylpalmitate

' 8]
N
HOI\/Q
0

O O

HiCH,C) )Lcu - - )L )

b - > HCH,C)y” O\
o

5 " Palmitoyl chloride (274.9 g, 1 mol) is dissolved in E,O (500 mL)in a

o

2 L three-necked flask equipped with mechanical stirrer, interna temperature
probe, addition funnel and nitrogen inlet/foutlet. NaHCO, (84.0 g, 1mal)in
distiled H,0 (500 mL)is added wifh vigorous stirring and the solution cooled
on an ice bath under nifrogen. The addition funnel is charged with

10 hydroxyethylmaleimide (141 g, 1 mol) in EL,0 (100 mL) and this solutioﬁ
added to the reaction over a period of 30 minutes, maintaining an intemal
T<10°C during the addition. The reaction is stired 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

15 washed with distilled H,0 (500 mL), 5% HCI,, (500 mL) and distilled H,O

(2x500 mL). The organics are isolated, dried over MgSO, anhyd., filtered and

solvent removed in vacuo to yield the aliphatic maleimide.



probe, addition funnel and nitrogen inlettoutlet. NaHCO3 (84.0 g, | nol) in
distilled HO (500 m -) is added with vigorous stirring and NOVEMBERI 2003
cooled on an ice bath under nitrogen. The addition funnel is charged with
10 hydroxyethylmaleimde (141 g, 1 nol) in Et20 (100 nL) and this solution
added to the reaction over a period of 30 m nutes, maintaining an internal
T<10C during the addition. The reacti ofi% s stirred for another 30 ninutes
on ice, then allowed to warmto roomtenperature and stirred for 4 hours.
The reaction is transferred to a separatory funnel and the isol ated

organi c | ayer '15 washed with-distilled H20 (500 nL), 5% HClaq (500 nL) and
distilled H2O (2x500 nL). The organics are isolated, dried over MgSO4
anhyd., filtered and solvent renoved in vacua to yield the aliphatic

mal ei m de. 11 NOVEMBER 2003 20 EXAMPLE 4 Preparation of Bisnaleimde
Derived from 5-1socyanato- 1-(isocya%ﬁ%h4yl ) 1, 3,

-3-trimethyl cycl ohexane HN 5-1socyanat o- 1-(isocyanatonethyl)-1, 3. _
3-trinethyl cycl ohexane 111. Iirlé agat;09 Emé’fi d% ol va ted in THE (500 nL) in a

1 L three-necked flask eqw p 1 iRG ggﬁgif"i“rer addition funnel

and nitrogen iglettoutlet. 'd under nitrogen, and
dibutyltin dilaurate (cat. Sn") (8 %?ﬂe‘m i mm?) and

hydroxyethyl mal eimde (Ncbg, 1 nol) are added with stirring, and the
resulting mxture heated for four hours at 70C. The addition

o
X
NCO HO/\/N

cat. Sa" O ,
N

N

od

HN-S0

S-Isocyanato-1-(isocyanatomethyl)-1, 3, 3-trimethyicyclohexane
111.15 g, 0.5 mol) is solvated in THF (500 mL) in a 1 L three-necked flask
~equipped with mechanical stirrer, addition funnel and nitrogen inlet/outlet.

10 The reaction is placed under nitrogen, and dibutyltin dilaurate (cat. Sa" (6.31
g. 10 mmol) and hydroxyethytmaleimide (141 g, 1 mol) are added with
stirring, and the resulting mixture heated for four hours at 70°C. The addition
funnel is charged with hydroxyethylmaleimide '(141 d. 1 mol} dissolved in |
THF (100 mL). This solution is added to the isocyanate solution aver 30

15 minutes, and the resulting mixture heated for an additional 4 hours at 70°C.
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%



funnel is charged with hydroxyethyl maleimde (141 g, 1 nol) dissolved in
THE (100 nmL.). This solution is added to the isocyanate SOH4INOWEMEBER3IDOBS
m nutes, and the resulting m xture heated for an additional 4 hours at 70C
The reaction is allowed to cool to roomtenperature and solvent renoved in
vacua. The remaining oil is. dissolved in CHZCIZ (1 L) and washed wth 10%
11 NOVEMBER 2003 21 HCl,q (1 L) and di &% lled HO (2x1 Q The isol ated
organics are dried over MWSO, filtered and the solvent renoved in vacua
to yield the mal eimde. EXAMPLE 5 5 Preparation of Dinmer D vinyl Ether
Derived From Pripol 2033 "Dinmer Divinyl Ether" (and cyclic isoners)

Bi s(1, 10- phenant hroline)Pd(OQAc)2 (0.21 g, 0.54 mmol) was 10 dissolved in a

T mer ol (ol ar e (bF a8t B f she iRt oang redgomrol ) | 1 n 2 L
t hr ee- necked fl ask i ' chanical stirrer under nitrogen. This
S RS M bl

sol ution was heated o GPORH" vaeHR loyiid I Baleinige. al | owed to

cool to roomtenperature and subsequently poured onto activated carbon (20

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

butyl vinyl ether and heptane were r i_n vacuo to yield the divinyl
s

ether as a yellow oil. The product ext d acceptable 'H NVR FT-1R and
2oga R spectral charactert stifgardbRbfGne biFARIGY 100 CPs- 11 NOVENBER

Derived From Pripol 2033

“Dimer Divinyt Ether” (and cyclic isomers)

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

10 dissolved in a mixture of butyl viny! 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)
in 2 | three-necked flask equipped with a mechanical stirrer under niu'ogen.
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

15 g)and stirred for 1 hour. The resulting slurry was filtered, and excess butyl
vinyl ether and heptane were removed in vacuo to yield the divinyl ether as a
yellow oil. The product exhibited acceptable 'H NMR, FT-IR and PC NMR

spectral characteristics. Typical viscosity ~100 cPs.



22 EXAMPLE 6 Preparation of Dinmer Diacrylate Derived From D ner Di ol
(Pripol 2033) 0 HOOH "C36 | Et3N. acetone A diner diol INOVEMBFERIU0O3
2033 by Unichema, 284.4 g, 500 nmmol) is dissolved in dry acetone (500 ni)
inallL three-necked flask equipped with 10 nechanical stirrer, addition
funnel and internal tenperature probe under nitrogen. Triethylam ne (101.2
g, 1 nol) is added to this solution an@2the solution cooled to 4C on an
ice bath. Acryloyl chloride (90.5 g, 1 nol) solvated in dry acetone (100
m.) is charged into-the addition funnel and added to the stirred reaction
solution over the course of 60 mnutes, 15 maintaining an internal
tenperature <10C. This solution is stirred on ice for an additional 2
hours, then allowed to warmto roomtenperature and stirred for 4 hours.
Sul k solvent is renoved via a rotary evaporator, and the remaining residue
solvated in CHZCI2 (1 L). This sol uti 6/ "WR&@&shed with 5% HCI.| (800 nl),
and H20 (2x800nL). The i sol ated orEani cs_are dried over 20 MgSO4 anhyd. and

filtered, and the sol vent rer’ergEf"p "AUSRAE Qisner Biagivitey the  diacryl ate as an
oil. 11 NOVEMBER 2003 erived From Dimer Diol (Pripol 2033)

5
o

: ' C[)H
HO _ OH _ | lm/o 0

\.C/
Et 3N acetone 36 7

A dimer digl (sold as Pripol 2033 by Unicﬁema. 284.4 g, 500 mmol)
is dissolved in dry acetone (500 mL) in a 1 L three-necked flask equipped with

10 mechanical stirrer, addition funnel and internal temperature probe under
nitrogen. Triethylamine (101.2 g, 1 mol) is added to this solution and the
solution cooled to 4°C on an ice bath. Acryloyl chloride (90.5g, 1 mol)
solvated in dry acetone (1 00 mL) is charged into the addition funne! and
added to the stirred reaction solution aver the course of 60 minutes,

15 maintaining 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 MgSQ, anhyd. and fittered, and the selvent removed in vacuo to yield the

diacrylate as an oil.



23 EXAMPLE 7 Preparation of N-ethyl phenyl Ml eimde 4-Ethyl aniline
(12.12g) was dissolved in 50 mM of anhydrous ethyl ether{aNOVYEMNBERZDDS
to a stirred solution of 9.81 g of maleic anhydride in 5 100 m of
anhydrous ethyl ether chilled in an ice bath. After conpletion of the
addition, the reaction mxture was stirred for 30 mnutes. The light yellow
crystals were filtered and dried. Acet28 anhydride (200 ml) was used to

di ssolve the mal eam c acid and 20 g of sodium acetate. The reaction m xture
was heated in an oil bath at 160C. After 3 hours of reflux, the solution
was 10 cooled to roomtenperature, placed in a 1 L beaker in ice water and
stirred vigorously for 1 hour. The product was suction-filtered and
recrystallized in hexane. The collected crystalline material was dried at
50C in a vacuum oven overni ght. FTIFE&MPUEVR anal ysis showed t he
characteristics of ethyl nmaleimde. 15 EXAMPLE 8 OKC A OH Preparation of

Bi s(al kenyl sul fide) cat. H Hdreparation ofiN-gthyipl@viMaEIRI®RD03 24

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
S 100 ml of anhydrous ethyl ether chilled in an ice bath. After completion of the

addition, the reaction mixture was stirred for 30 minutes. The light yellow
crystals were filtered and dried. Acetic anhydride (200 ml) was used to
dissolve the maleamic acid and 20 g of sodium acetate. The reaction mixture
was heated in an_oi{ bath at 160°C. After 3 hours of reflux, the solution was

10  cooled to room terﬁperature. placed in a 1L beaker in ice water and stired
vigorously for 1 hour. The product was suction-filtered and recrystallized in
hexane. The collected crystalline material was dried at 50°C in a vacuum

oven ovemnight, FTIR and NMR analysis showed the characteristics of ethyl

maleimide.
15
EXAMPLE 8
Preparation of Bis{alkenylsulfide)
0 0O
OJLC:,%LOH

20



00 3C(HZO1 ~ 0~\S C O-~S~~{CH2)~aCH3 Dimer acid (sold under the
trademar k Enpol 1024 by Unichema) (574.6 g, 1 nol) and pReINOVEMBERDD3
(112.1 g. 2 nol) are solvated in toluene 5 (1 L) in a 3 L three-necked
flask equi pped with nechanical stirring and a Dean-Stark distillation
apparatus. Concentrated H2S04 (6 nL) is added and the solution refluxed
for 6 hours until 36 nL of H2O is azeoRdAopically distilled. The solution
is allowed to cool to roomtenperature, is washed with H2O (2X1 L), dried
over MgSO4 anhyd. and the solvent renoved in vacuo to yield 10 the
propargyl ester internediate as an oil. This ester internediate (650.7 g, |
nol) is solvated in THE (200 nL) in a 1 L three-necked flask equi pped with
‘reflux condenser, nechanical stirrer and internal tenperature probe under

nitrogen. Lauryl mercaptan (404.8 g, ) and
2.2' -azobi s(2, 4-di pent angni 1 | ol d.under the trademark 15 Vazo
52 by DuPont) (11 h'gﬂaﬂ adc?eMPhe frsuPti NG nisSkt ur@Hpgated to  70C on

an oil bath with stirring for 7 hours. The reaction is allowed to cool to
room tenperature and sol vent renoved in vacuo to yield the al kenyl sulfide
as an oil. 20 EXAWPLE A. Preparation of 6-nmalei mdocaproic acid
6- mal ei mi docapr oi ¢ aci dPimer IENBEReDOBademark Empol 1024 by Unichema)
{574.6 g, 1 mol) and propargy! alcohol (112.1 g. 2 mol) are solvated in toluene
5 - (1L)in a3 L three-necked flask equipped with mechanical stirring and a
Dean-Stark distillation apparatus. Concentrated H,;S0, (6 mL) is added and
the solution refluxed for 6 hours until 36 mL of H,0 is azeotropically distilled.
The solution is allowed to cool to room temperature, is washed with H,0
{2X1L), dried ovér MQSO,, anhyd. and the solvent rermaved in vacuo to yield
10 the propargyl ester intermediate as an oil.
This ester intermediate (650.7 g, 1 mol) is solvated in THF (200 mL)
in a 1L three-necked flask equipped with reflux condensor, mechanical stimrer
and internal temperature probe under nitrogen. Lauryl mercaptan (404.8 g, 2
mol) and 2,2"-azcbis(2,4-dimethyipentanenitrile) (sold under the trademark
15 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.

20 EXAMPLE A.
Preparation of 6-maleimidocaproic acid
6-maleimidocaproic acid
O

O
\/\/\)\OH
| N

8]



25 N The acid functional mal ei mde, 6-nmaleimdocaproic acid, was

synt hesi zed usi ng known net hodol ogy.' Am nocaproic acid (19 NQVEMBERF003
nol s) was dissolved in glacial acetic acid (50 nL) in a 500 nL four-necked
5 flask equi pped with nechanical stirring, an internal tenperature probe
and an addition funnel. The addition funnel was charged with a solution of
mal ei ¢ anhydride (74.8 g, 7.6x10""' nd%@) di ssolved in acetonitrile (75
m.). This solution was added to the am nocaproic acid at roomtenperature
dropwi se over 1 hour, nmaintaining an internal reaction tenperature |ess
than 35C. The 10 reaction was stirred for three hours after the addition
was conplete. The reaction slurry was filtered, and the isolated filtrate
was dried in a vacuum oven (P-25 T) overnight at 70C to yield 166 g of off
white solid (95% . The product amc acid exhibited FT-IR and 'H NWR

spectr al characteristlcisn? Q sistent with literature data. 15 The amc acid
descri bed above (166 g, '7.2% "'“0"?4(5'{ jmide, §-recininidecaproiciapid awasol ut i on of

t ol uene (200 n), zeng &200 nd triethylamne (211 ni, 1.51 nol) in:
al L three- neckeds”'ln feck ﬁqlﬂ\%’ﬂ hPW'?%cWﬁPﬁoﬁa&’FO'%WW(WQﬂg 7600 a
Dean-Stark trap u olution was heated to reflux for 4 h

and the water pro?f‘:I gé)dvaég'ls?dg’(‘??g'cﬁ];lcﬁ%or‘? %ﬁo'@k’dﬁ‘ﬁﬁ’oﬂa’pml‘ﬁl@md | ed water 20

(400 nL.) was sl\%)'u heer cac{)” ltdrlssolvethetrlethylam'ﬂ)nlum
salt of the pr oduc R "éei AGRLYF 5‘9\9"’6‘ erazhiantpsrapig rrokeandtanon dur i ng
HO . "and extract RO MEE AP ¥Eiel Rt 5 R Wi e isr gimreh) ayer &25 "
.Was hed anhydride (74.8 g, 7.6x10"! mols) dissolved in acetonitrile {75 mL). This
solution was added to the aminocaproic acid at room temperature dropwise
over 1 hour, mair!taining an internal reaction temperature less than 35°C. The
10 reaction was stirred for three hours after the addition was complete. The
reaction slurry was fitered, and the isolated filtrate was dried in a vacuum
oven (P~25 T) overnight at 70°C to yield 166 g of off white solid {95%). The
product amic acid exhibited FT-IR and 'H NMR spectral characteristics
consistent with literature data.
15 The amic acid described above (166 g, 7.2x10"" mols) was sol;.rated
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-Slark trap under nitrogen. This solution was heated to reflux for 4
h and the water produced collected in the Dean-Stark trap. Distilled water
20 (400 mL) was added to lhé reaction flask to dissolve the triethylammonium
salt of the product which largely separated fram the bulk solution during the
* reaction. This aquepus layer was isolated, acidified to pH;-1 with 50% HCi,
and e;ctracted with ethyl acetate (600 mL). This organic layer was washed

with distilled water (400 mL). The isolated organic layer was dried over

N : .
25  MgSQ,, followed by solvent remaval in vacuo to yield an off white solid (76.2



with distilled water (400 nL). The isolated organic |ayer was dried over 25
MySH, followed by solvent renoval in vacuo to yield an off NOVEMBER 203
(76.2 11 NOVEMBER 2003 26 g, 50% . The product 6-nal ei m docaproic acid was
spectrographically identical to literature material by FT-1R and 'H NMR
EXAMPLE 8. 5 Preparation of "Dinmer Diester Bismaleimde" "D nmer Diester

Bi smal ei mi de" (and cyclic .isomers) Pri@& 2033 ("dinmer dioi", Unigema, 92.4
g. 1.69x10-' nols), 6- 10 rmal ei m docaproic acid (75.0 g, 3.55x10"' nots)
and HzZS04 (0.50 mL, -8.5x10 3 nots) were slurried in toluene (300 nm.) in a
1 L four-necked flask equipped with nechanical stirrer, a Dean-Stark trap
and an internal tenperature probe under nitrogen. The reacti on was heated
to light reflex for séypapours and the water evolved collected in the

Dean- Stark trap. THe Y PhaghdBoducts-arlsmidesappia acib@asapeatfogtaphicine sol vent was
distilled off of tﬂﬁtrqqc}ion to rEane trace noisture and drive the
esterification equitTPit Py eCBHREeY iR andHE NMBact i on was al | owed to cool
to roomtenperature, additional toluene (100 nlL) was added (on the

| aboratory scale it is preferable to add diethyl ether in place of toluene
at this point), and the solution was %gshed wi th saturated 20 NaHCOB aq.
(300 mL) and distilled water (300 ni). LEpganic | ayer was 11 NOVEMBER

2003 27 isolated and dried oyer anh us S, and the solvent renoved in
vacuo : 61 ¥’f Bpafatlonyo(? l:lis)lmer D'}gter Bismaleimide"

"Dimer Diester Bismaleimide” (and cyclic isomefs)

Pripol 2033 ("dimer diol", Unigema, 92.4 g. 1.69x10" mols), 6-

10 maleimidocaproic acid (75.0 g, 3.55x10" mols) and H,S0, (0.50 mL,
~8.5x10” mols) were slurried in toluene (300 mL) in a 1 L four-necked flask
equipped with mechanical stirrer, a Dean-Stark trap and an intemal
tgmperature prabe under nitrogen. The reaction was heated to tight reflux for
two hours and the water evolved collected in the Dean-Stark trap. Thetrap

15 was drained and ~50 mL of toluene solvent was distilled off of the reaction to
remove trace moisture and drive the esterification equilibrium to completion.
The reaction was allowed to cool to roolm 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

20 NaHCO,aq. (300 mL) and distiiled water (300 mL). The organic layer was



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 shoigy NOVEMBERI 20032
or alumna. This liquid bismaleimde resin exhibited acceptable FT-IR 'H
NVR, and "C 5 NWR data. Typical r1-2500 cPs. EXAMPLE C. Preparation of
"Decane Diol Diester Bisnmaleinde" 10 "Decane Diol D ester Bisnaleimde" .
The general procedure described in Exa®®l e B. was applied 15 substituting
decane diol (29.5 .9, 1.69x10" nols) for Pripol 2033. This process Yyielded
a solid, noderately soluble bismaleimde (54.9 g, 58% . The product
exhi bited satisfactory FT-'R and 'H NVR data. 11 NOVEMBER 2003 28 EXAMPLE D
Preparation of "Aycerol Triester Tris(nmaleimde)" The protocol outlined in
exanple B. was utilized substituting glycerol 5 (10.4 g, 1.13x10-' nol)
for Pripol 2033. TAAPYHHed axersnbydspusddaio,l and thiecsolmbrit edmoidvin bidue d
acceptable FT-1R alnd, 'H NVMR data. EXAMPLE E. Preparation of
"Bi s(m ni t r obenzyl ©EE1EIREIE)01 £1072mDP8% 1 OThiORerBicat he bither piaayy  car bamat e)
of IPDI" ) ,
' 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

5 NMR data. Typical n~2500 cPs.

EXAMPLE C,

Preparation of "Decane Diol Diester Bismaleimde”

10
o Q ° N
&’\/\/\"/O\/\/\/\/\_/\O/u\/\/\/ N
N _
| . 0 ©

"Decane Diol Diester Bismaleimide™

. The general procedure described in Example B. was applied
15 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.



11 NOVEMBER 2003 29 Isophorone diisocyanate ("IPO", 100.0 g. 4.5x10""'
nmols), m nitrobenzyl alcohol (137.8 g, 9.0x10" nol s) and 14i NOVEMBER 2003
dilaurate (2.8 g, 4.5x10'" nols) were solvated in dry toluene (1500 niL) in
a 2L three-necked flask equi pped with nmechanical stirrer, reflux condensor
and internal 5 tenperature probe under nitrogen. The resul ting solution was
heated to 90C for 4 h. No isocyanate B&d was observed in the IR of the
solids portion of . the sanple. The solution was allowed to cool to room
tenperature and washed with distilled H20 (100 nlL). The organic |ayer was
isolated and solvent renoved in vacuo to yield a yellow liquid which

exhi bited acceptable 10 FT-1R and 'H NMR characteristics. EXAVMPLE F.
Preparation of "Bi s(mam nobenzyl carbamate) of IPDI" NH2 15

"Bi s(m am nobenzyl carbamate) of | PDI EXAMBLEDNi tro conpound from Exanpl e E.
(8.28 g, 1 .57x10-2 nots) was dissolved in ethanol (100 nmL) in a 500 nL

t hr ee- necked round bottom Pfeaéfﬂt'onéﬁlﬁlm@ﬂTmﬁstehTusaga\ahide)"st| rring under
nitrogen. Cycl ohexene (28.6 nL, 20 2.82x10-' cools) was added, followed by
S% Pd/C (4.14 g). The resulting slurry was refluxed lightly for 6.5 h. The
FT-IR of a filtered aliquot of this 11 NOVEMBER 2003 30 solution exhibited
no nitro stretching bands at 1529 @ and 1352 cm'. The

0
The protocol outlined in example B. was utilized substituting glycerol
5  {10.4 g, 1.13x10"* mol) for Pripol 2033. The product was a viscous liquid

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

EXAMPLE E.

Preparation of "Bis(m-nitrobenzy! carbamate) of IPDI"

10

“Bis{m-nitrobenzyl carbamate) of IPD{"



bul k solution was allowed to cool to roomtenperature and filtered. Sol vent
was renoved in vacuo to yield a yellow semsolid (6.6 g, 99NOVEMEBER 2003
exhi bited acceptable FT AR and 'H NMR spectral characteristics, 5 EXAVPLE
G Preparation of "Bis(mmalei mdobenzyl carbamate) of IPDI" O
"Bi s(m mal ei m dobenzyl carbamate) of IPDI" 10 The diam ne from Exanple F
(6.6 g, 1.41x1'2 nots) was sol vated i n29cetone (60 m-) in a 250 nL
f our-necked flask equi pped with magnetic stirrer and addition funnel under
nitrogen and cooled to 4C. Maleic anhydride (2.76 g, 2.82x10-2 nols)
di ssloved in acetone (20 nL) was added over the course of 30 mnutes. The
resulting solution was stirred at 4C for for |I h, and 15 subsequently was
allowed to warmto roomtenperature and stirred overnight. FT-113 anal ysis
indi cated no mal ei ¢ anhyshphatenerdistayaned (=01, YoD@d, % 1dNRorg)dRsence of the
anhydride stretching band at -1810 cm 1, To the above am'c acid solution
was added acetic arfisotienzdelcoBal B3NS g, 9.0:90 0idiOradd BBLEin dﬁa{u'}a‘i’éeﬁlgam ne (1.26
m., 9.0x10-3 nots) and sodi um acetate 20 (0.88 g, 1.1x10-2 hots). The
resul ting sol uti on 440 mds)wesdolvatghinldy thiodned1300 kil.) NOYEMBER Q08 31 under
nitrogen. The reaction was allowed to cool to roomtenperature and . bul k
sol vent was renoved@sieqvigpadovith TechaniealslitdrrgluicoRbsor hidlstbdaas resol vat ed
in nethylene chloride (200 nL) and extracted with distilled water

5  lemperature 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 coo! to room temperature and
washed with distilled H,0 (100 mL). The organic layer was isolated and

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

10 FT-IR and "H NMR characteristics.

EXAMPLE F.

Preparation of "Bis(m-aminobenzyl carbamaie) of IPDI"

H
QOYN 5

9] E O/U NHZ
15 “Bis(m-aminobenzyl carbamate) of IPDI"

The dinitro compound from Example E. (8.28 g. 1.57x10? mols) was
dissolved in ethanol (100 mL) in a 500 mL three-necked round bottom flask
equipped with magnetic stirring under nitrogen. Cyclohexene (28.6 mL,

20 2.82x10" mols) was added, followed by 5% Pd/C (4.14 g). The resulting

slurry was refluxed lightly for 6.5 h. The FT-IR of a filtered aliquot of this



(3x200 mL). The organics were then dried over MgpSH anhyd., filtered and 5

sol vent renoved in vacuo to yield a |light brown solid (6. {3 NOVERIBERBUOS
mat eri al exhibited acceptable FT-IR and 'H NVR spectral features. EXAMPLE
H Preparation of "Bis(mnitrobenzyl carbamate) of DD11410" NO2 NO2 10
"Bi s(mnitrobenzyl carbamate) of DD 1410" (and cyclic isoners) DD11410
(Henkel , "Diner Diisocyanate", 99.77 g301.65x10'' nols based on 13.96 %
NCO, mnitrobenzyl alcohol (50.8 g, 3.32x10" nols) and dibutyltin
dilaurate (0.5 nL, 8.3x10 nols) were solvated in toluene (150 nL) 15 in a 1
L four-necked flask equi pped with nechanical stirrer, reflux condensor and
internal tenperature probe under nitrogen. The reaction was heated to 85C
for 2.5 h. FT-1R analysis of an aliquot of the reaction indicated conplete
conmsunption of i sotdHbiRREbibiednamitiorsieiching kends atdgedicrvyarishesd aek 06 a band at
2272 cm' . Solvent was renoved fromthe reaction in vacuo to yield a yellow
20 oi | which sol i dP4 ltielhwis lewedde eny! larcomlemperetoppand i, Sd0ant4 9. 102%
(trace 11 NOVEMBER 2003 32 tol uene)?. Thi s-solid exhibited satisfactory
FT-1R and ' H NMR sY@fderayed it egyale weld apxianmemistlid (P6@pnitvhan of
"Bi s(m am nobenzyl ﬁ%_rbamate of DD( 1410" NH2

: exhibited acceptable FT-IR and 'H NMR spectral characteristics.

5

EXAMPLE G.

Preparation of "Bis{(m-maleimidobenzy! carbarmate) of 1IPDI*

"Bis{(m-maleimidobenzyl carbamate) of IPDI"

10 The diamine from Example F (6.6 g, 1.41x12 mols) was solvated in
7 acetone (60 mL) in a 250 mL four-necked flask equipped with magnetic stirrer
and addition funnel under nifrogen 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
15 subsequently was allowed to wam to room temperature and stirred overnight.
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 a-cetic anhydride {8.5 mL,
9.0x10? mols), triethylamine (1.26 mL, 9.0x10‘3 mols) and sodium acetate

20 {0.88 g, 1.1x10? mois). The resulting solution was refluxed lightly for 4 h



NH2 5 "Bi s(m am nobenzyf carbamate) of DDl 1410" (and cyclic isoners) The
di am ne product of Exanple H (39.6 g, 4.32x10-2 cools) anqd4 NOYENBER 2003
chl oride di hydrate (97.55 g, 4.32x10""' nots) were slurried in ethyl
acetate (300 mM) in a IL three-necked flask equi pped wi th nmechani cal
stirrer 10 and a retlux condensor under nitrogen. The reaction was heated
to light reflux and stirréd vigorousl§lfor 3 h. The solution, was allowed
to cool to room tenperature and brought to pH 7-8 with a solution of
saturated sodi um bicarbonate. The mi xture was pushed through a 25 mcron
fitter to yield a mxture which separated into a cl oudy aqueous | ayer and
a noderately clear 15 organic |layer. The aqueous |ayer was isol ated and
washed with ethyl acetate (100 nmL). The organic |ayers were conbi ned,
washed with disti lihdednilagesr The @ogiomivps andedivicos ve eARBMEFOMs MiSO4.  The
slurry was filtered and solvent renoved fromthe filtrate in vacuo to
yield yellow, sti &klyseeintwas(rBBovgd d vac@R %he re2QtinghideMiRER2003 33 EXAMPLE
J. Preparation of "Bis(mmnaleinmdobenzyl carbamate) of DD 1410"
"Bi s(m mal ei ni dob&sglystediansthyietedhiaitle (200 mLdQ exk0a Wity Gibii6d weTEr S) 5
Mal ei ¢ anhydri de 215.4 g, 1.57X10'2 nols) was dissolved in acetone (300
rnL) in a 2 L foutdAemwid The ergénias querepperddriad bier MgsDaarhed|insbd sdeer, i nt er nal
t enperature probe and addition funnel under nitrogen. This solutionn was
solvent removed in vacuo to yield a light brown solid (6.75 g, 76%). This

material exhibited acceptable FT-IR and *H NMR spe'c&al features,

EXAMPLE H.

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

0
N/lLO/\@,NOZ
H
H
N__o

O

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

DD1 1410 (Henkel, "Dimer Diisocyanate”, 99.77 g, 1.65x10"" mols
based on 13.96 % NCO), m-nitrobenzyl alcohol (50.8 g, 3.32x10"! mols) and
QibUWItin dilaurate {0.5 mL, 8.3x10™* mols) were solvated in toluene {150 mL}

15 | in a 1 L four-necked flask equipped with mechanical stirre-r, reflux condensor
and internal temperature probe under nitrogen. The reaction was heated to
85°C for 2.5 h. FT-IR analysis of an aliqﬁol 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 yellovs;r

20 oil which solidified upon standing at roorﬁ temperature (152.4 g, 102% (trace



cooled to --4C on an ice bath. A solution of the diamne prepared in
Exanple 1(63.4 g, 7.48x10-2 cools) in acetone (70 nlL) wag4NOGVERBER 4003
addition 10 funnel and added to the nal eic anhydride solution over a period
of 30 mnutes nmaintaining an internal tenperature of X10C. The resulting
solution was stirred for I h and subsequently allowed to warmto room
tenperature and stir for 2 h. To this3&olution of amc acid was added
acetic-anhydride (24.7 nm., 15 2.62x10'nols), triethylamne (6.25 niL,
4.48x10' 2 nol s) and nmanganese acetate tetrahydrate (0.37 g, 1.50x10""'

mol s). This solution was heated to light reflux for 6.5 h, then allowed to
cool to roomtenperature. Bulk solvent was renoved in vacuo, and the
resulting dark Iiquid was dissolved in diethyl ether (500 nL). This

sol uti on was washeldugieth Tais selid eHBﬁDe(lSﬁ@fanﬂo&,.Fﬂ[hgn@mﬁﬁNﬁng organi c | ayer
was then washed with saturated NaHCO3 aq. (500 niL) 11 EMBER 2003 34 and
again with disc. He#reg$00 nl). The organics were isolated, dried over
anhyd. MgS™4, and sol vent renoved in vacuo to yield a viscous orange oi
This material exhibited FT-1R, 'H NVREXAMPLEL NVR spectral features
consistent with the expected bisnal einide product. 5 EXAMPLE AA. Low Stress
Die Attach Adhesive For fapasatioont "Sistin-BrinoGined carhShat€pgbbsi4egr Var i ous’
Leadfranes 10 A silver filled die attach adhesive fornul ati on having a

vi scosity of
Yy _ /[Ol\
NH
N
Y
H
N\ﬂ/O :

5 "Bis(m-aminobenzy! carbamate) of DDI 1410¢ {and cyclic isomers)

The diamine product of Example H (39.6 g, 4.32x10% mels) and
stannous chloride dihydrate (97.55 g, 4.32x10™ mols) were slurried in ethyl
acetate (300 mL) in a 1L three-necked flask equipp'ed with mechanical stirrer

10 and a reflux condensor under nitrogen. The reaction was heated to light
reftux 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
bicarbonate. The mixture was pushed through a 25 micron filter to yield a
mixture which separated iqto a cloudy aqueous layer and a moderately clear

15 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 MgSQ,. The slurry was filtered and
solvent removed from the filtrate in vacuo to yield yellow, sticky solid (33.8 a,
92%).

20



9011 cPs (5 rpm cone and plate) and thixotropic index of 5.36 was produced
by conbining the follow ng at roomtenperature using a nediaOVEMBEREZ003
Li quid bismal eimde of Exanple |3: 2.644 g 15 Diner divinyl ether of
Exanmple 5: 2.644 g Ricon 131MA20 (Ricon Resins, Inc.): 0.661 g Silquest
A-174 (Wtco Corp.): 0.040 g USP-90MD_(Wtco Corp.): 0.099 XD0026 (NSCC
trade secret): 0.119 20 SF-96 sil ver fPke 23.794 The resul ti ng paste was
di spensed -onto various netal |eadfranes as detailed below, and 120 x120
ml silicon die were placed onto the adhesive bead to produce an
approximately 1 m'| bondline. Sanples were "snap 25 cured"” at 200C for 60
seconds, and die shear strengths at roomtenperature and 240C were
nmeasured. These sanples were then subjected to elevated tenperature and
humi dity (85C185% RH) for 48 hours. Dl'ﬁéAMlﬂle%»t strengths 11 NOVEMBER 2003 35
5 were then again measyr ed at roomtenperature and 240C. Results are

tabul ated in Table 1. "TeHsfaionof "Bis(a-raplaigydobmnzy syybarsate)osBp! tiio" Mal ei mi deNi nyl
Ether Die Attach Adhesive No Mi sture ExposureAfter Moisture Exposure (48

h/ 85C/ 85 RH) | 0
| 9 y
H 0
H o)
NTI/O
THO-b
O -

"Bis{m—maleimidobenzyl carbamate) of DDI 1410" (and cyclic isomers)

5 Maleic anhydride (15.4 g, 1.57X10% mois) was dissolved in acetone
(300 mL) in a 2 L four-necked flask equipped with mechanicat stirrer, int;ernal
temperature probe and addition funnel under nitrogen. This solutionn was
cooled to ~4°C on an ice bath. A solution of the diamine prepared in Example
1(63.4 g, 7.48x107 mols) in acetone (70 mL) was charged to the addition

10 funnel and dadded to the maleic anhydride solution over a period of 30 minutes
maintaining an internal temperature of <10°C. The resulting solution was
stirred for 1 h and subsequently alléwed to warm to room temperature and stir
for 2 h.

Tq this solution of amic acid was added acetic-anhydride (24.7 mL,

15 2.62x10°* mols), triethylamine (6.25 mL, 4.48x102 mols) and manganese
acetate tetrahydrate (0.37 g, 1.50x10~* mols). This solution was heated to
light reflux for 6.5 h, then allowed to cool to room temperature. Bulk solvent
was remaved in vacuo, and the resulting dark liquid was dissolved in diethyl
ether (500 mL). This solution was washed with dist. H,0O (500 mL). The

20  isolated organic layer was then washed with saturated NaHCO; aq. (500 mL)



Cure Profile60 s/200C60 s/200C Test25C 240C25C 240C Tenperature Cu

| eadf rame4. 88+1-1. 46+1-0. 5-6.54+/-0.821.84+/-0.76 DSS (kqXNGYEMBER 2003
| eadf rane5. 29+/-2. 17+1- 0. 439. 50+1- 1. 881. 56+1-0. 72 DSS (kg)0. 34

Pd- Cu5. 52+1-1. 99+1- 0. 4411. 9+1- 1. 33. 53+/-0. 66 DSS (kg)0.39 Typical nvisture
upt ake for these devices after saturation at 85C/ 85% RH was 0. 18 wei ght
percent. Weight |oss during cure was #416+1-0. 05 wei ght percent. 10
EXAMPLE 88. HAST Testing of Ml eimdeN nyl Ether Die Attach Adhesive
Simlarly to Exanpl e AA, 120x120 m | die were attached to 15 | eadfranmes of
various conpositions utilizing the adhesive conposition given in Exanple
AA. The bonded die were then cured using "snap cure" (60 s/200C) and "fast
oven cure" conditions 515_ m nJ179C). The resulting cured devices were
subj ected to si mul H9EGAMKEdSEO;( reldn dinet orgamtcs (W05l BiedBA for 130
hours. The devi ces%@ ‘m"‘\gl ted good adhesi on as neasured by die 20 shear
strength (DSS) at HB{hMegBnrrdseentaenoved anvdcelteyiat edist@brRG 4if € as  shown

in Table 2. 11 NOVEMBER 2003
s malerial exhibited FT-IR, 'H NMR and °C NMR speclral features

consistent with the expected bismaleimide product.

5
EXAMPLE AA,
Low Stress Die Attach Adhesive Formulation and Die Shear
‘Strengths on Various Leadframes
10 A sitver filled die attach adhesive formulation having a viscosity of
9011 cPs (5 rpm, éon'e and plate) and thixotropic index of 5.36 was produced
by combining the following at room temperature using a mechanical mixer-
Liquid bismaleimide of Example B: 26449
15 Dimer diviny! ether of Example 5: 7 28644 g
Ricon 131MA20 (Ricon Resins, Inc.): 0.661g
Silquest A-174 (Witco Corp.): 0.040¢g
USP-90MD (Witco Corp.): 0.099
XD0026 (NSCC trade secret); 0.119
20 SF-86 silver flake 23.794

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

25 cured” at 200°C for 60 seconds, and die shear strengths at room temperature
and 240°C were measured. These sampl-e;.s were then subjected to elevated

temperature and humidity (85°C/85% RH) for 48 hours. Die shear strengths



36 Table 2. Die Shear Strengths after sinulated HAST Testing Cure Profil e60
s/ 200C15 m nutesl | 75C Test 25C 240C25C 240C Tenper ature Cuq441 NOVEMBER 2003

| eadf ranel5. 3+/-1.81. 12+1-0. 3517. 2+1- 0. 81. 25+1- 0. 39 DSS (kg) Ag-Cu

| eadf ranel6. 3+1-1.92. 81 +/-0.5514.8+1-1.82.6+1-1.6 DSS (kg)

Pd- Cul5. 7+11. 73. 04+1- 0. 4614. 4+1-0. 72. 96+/ - 0. 90 DSS (kg) Exanple CC. Warpage
of Large Die Bonded 5 with Maleinm deNB®yl Ether Die Attach Adhesive The
die attach conposition described in Exanple A A was used to bond 500x500
ml| die to Pd-Cu | eadfranes. The assenbl ed pi eces were "snap cured” and
measured for die warpage at several tenperatures and 10 tines. Typical
results are given in Table 3. The performance exhibited by this adhesive
qualifies it as a "low stress” material. Table 3. Warpage of Mal ei m deN nyl
Ether Die Attach AdéretienegairomedsO@d a@omidmpetturd arl 23690 Qasilligy mal History+1

m n/ 240 +4 hl1l175C v _
tabulated in Table 1.

Table 1. Die Shear Strengths (DSS) of
Maleimide/Vinyl Ether Die Attach Adhesive

5.
No Moisture Exposure | After Moisture Exposure
(48 hig5°C/a5 RH)
Cure Profile 60 s/200°C 60 s/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+/0.7
. . . . . .76
DSS (kg) 0.25 _
Ag-Cu leadframe | 529+~ |2.17+/-0.43 | 9.50+/-1.88 1.56+4/-0.72
DSS (kg) _ 0.34
Pd-Cu 1 5.52+- 1.99+-044 | 11.9+-1.3 | 3.53+/0.66
DSS (kg) 0.39
Typical moisture uptake for these devices after saturation at
85°C/85% RH was 0.18 weight percent, Weight loss during cure was
7 0.16+/-0.05 weight percent.
10

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

15 leadframes of various compositions utilizing the adhesive compaosition given

in Example AA. The bonded die were then cured using "snap cure” (60

s/200°C) and “fast oven cure” con'ditions {15 min./179°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
20 shear strength {DSS) at both room temperature and elevatéd temperature és

shown in Table 2.



C Warpage (m11.9+1-1.414.1+/-1.6 15 EXAVPLE DD. Thernmal Anal ysis of

Mal ei m deNi nyl Ether Die Attach Adhesive The conpositi on1@fN@yEWFggRM00\3as
used to produce -1 m!| films wusing a drawdown bar. The filns were "snap
cured” (60 s, 200C) on a hot 20 plate or oven cured (4 h/1 750C) and
characterized by dynam c nmechanical analysis (DVA). Results are summari zed
in Table 4. 11 NOVEMBER 2003 37 Table 46 Thermal Anal ysis of

Mal ei m deNi nyl Ether Die Attach Filns Cure Profile60 -s/200C4 hl1175C Ta
(C)-135 Movdul us (E) .at--65C (psi)421,300513, 900 Mvdulus (E') at 100C
(psi)b5, 86423,980 5 The naterlals exhi bited noduli below T. typical of a | ow
stress adhesive. The materials' noduli at tenperatures above TQ are
sufficient to wthstand typical w rebonding conditions without failure.
EXAMPLE EE 10 Prepar at i d#bled: QB§M¥mﬁmmemba&nahmmmhdmstﬁéﬁagb|noI-tern1na

si | oxane (DMB-Cl5 Gelest Inc,.. 27,26 g. 27.2 rmmol) and N,

N- di et hyl am nopyt fil 0. @D sfg00% 55 mprol ) 15MaikEes/175°C
Test 25°C 240°C 25°C 240°C

| Temperature :
Culeadirame | 15.3+-1.8 | 1124035 | 175708 | 13557702
DSS (kg) ' o038
Ag-Culeadframe | 16.3+/-1.9 | 2.81+/-0.55 | 14.6+/-18 | 2.6+/16
DSS (kg) : '
Pd-Cu 15.7+/1.7 | 304+:046 | 14.4+/0.7 | 2.964-0
DSS (kg) o0
gxample CC. Warpage of Large Die Bonded
5 : with Maleimide/Vinyl Ether Die Attach Adhesive

The die attach composition described in Example AA. was used to
bond 500x500 mil die to Pd-Cu leadframes. The assembled pieces were
"snap cured" and measured for die warpage at several temperatures and
10

- times. Typical results are given in Table 3. The performance exhibited by this

adhesive qualifies it as a "low stress" material.

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

1 min/200°C
10.4+/-1.3

Thermal History
Warpage (um)

+1 minf240°C
11.9+/-14

+4 hi175°C
14.1+/-1.6

15

EXAMPLE DD. Thermal Analysis of Maleimide/Viny| Ether Die Altach
Adhesive
The composition of Example AA. was used to produce ~1 mil films
using a drawdown bar. The fims 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.



solvated in CH2CI 2 (200 nL) in a 500 nmL four-necked flask equi pped with
mechani cal stirring, addition funnel and internal tenperayyOVEMBER3
nitrogen. This solution was cooled to -5C on an ice bath. A solution of 20
di cycl ohexyi carbodiimde (DCC, 14.06 g, 68.1 nmol) in CH2CI 2 (50 nlL) was
charged into the addition funnel. This DCC sol ution was added to the -

si | oxanel DVAP sol ution over the course3@&f 45 minutes while maintaining an
11 NOVEMBER 2003 38 internal tenperature of X10C. This solution was stirred
on the ice batch for two hours, at which point FT-1R analysis of an
aliquot of the solution indicated the presence of ester (1740 cmi') and
residual DCC (2120 cm'). The solution was allowed to warmto room
tenperature and stirred for an additional three 5 hours. FT-1R analysis
still indicated the presence of D&le4ATkérimal Aniyels 620 nlL) was added to the
reaction and the solution was MaéimdeNinjidtheaDicadgit Figgal one hour, at which
point FT-1R indicated no_residual DCC. The solution was filtered to renove
preci pitated di cycl ohexydume Rsfi¢ DCU), and [$0lkestC Was r/iv@goved from t he
filtrate in vacuo. The |remmining oil was|re-solvated in 10 hgptane (200 mnl)
and cooled to --5C for {0RéCheek. The resylting sol yitiorgs was{filtered from
a precipitated reddishisolid to yield a lfight browp solution} This

sol ution was slurried wiMddulgs (E)ab-638t (p6il® g)21fa00 ope Wroom
tenperature, filtered gnd solvent renoveq in vacuolto yield 4 |ight brown
i quid which exhibited MudaepEabl ®0°HpAMR Ranglodnt- TR spectral
features. 11 NOVEMBER 3003 39

5 The materials exhibited moduli below T, typical of a low stress
adhesive. The materials’ moduli at temperatures above T, are sufficient to

withstand typical wirebonding conditions without failure.

EXAMPLE EE

10 Preparation of a siloxane bismaleimide

Q
SR\, P )
o 0

t5 Carbinol-terminai siloxane (DMS-C15,Gelest Inc.; 27.26 g, 272
mmol) and N, N-dimethyiaminopyridine'(DMAP; 0.07 g, d.55 mmol) were
solvated in CH,CI, (200 mL) in a 500 mL four-necked flask equipped with
mechanical stirring, addition funnel and intemal temperature probe under
nitrogen.' This solution was cooled to ~5°C on an ice bath. A solution of

20  dicyclohexylcarbodiimide (DCC; 14.06 g. 68.1 mmol) in CH,Cl, (50 mL) was
charged into the addition funnel.l This DCC solution was added to the -

siloxane/DMAP solution over the course of 45 minutes while maintaining an



What is clainmed is: 1.. A curable adhesive conposition for use in bonding
an electronic conponent to a substrate conprising a mal eqqINOVEMBRREHoENd
a 5 curing initiator selected fromthe group consisting of a free-radical
initiator, a photoinitiator, and a conbination of those, the nmal ei mde

conpound having the fornmula (MX,,,)ngg Qin whichnis 1to 6, and (a) M
is a nmal ei mde noiety having the structure: in which R is Hor an alkyl
group having | to 5 carbon atons; 10 (b) X is an aromatic group sel ected
fromthe group of aromatic groups having the structures: (I) and (1V) O
----C ---F-NH-"~NH_1ii 0. If OC-NH 15 v and (c) Qis an ester having

the structure: 00 |li -R8B-CGO--R3 O iCG R8 structure
Internal temperature of <10°C. This solution was stirred on the ice batch for

two hours, gt which point FT-IR analysis of an aliquot of the solution indicated
the presence of ester (1740 cm™) and residual DCC (2120 cm™). The solutién
was allowed to warm to room temperature and stirred for an additional three
9  hours. FTHR analysis still indicated the presence of DCC. Acetic acid (20

mL) was added to the reaction énd the solution was stirreﬁ for an additional
one hour, at which point FT-IR indicated no residual DCC. The solution was
filtered to remove precipitated dicyclohexylurea (DCU), and solvent was
removed from the filtrate in vacuo. The remaining oil was re-solvated in

10 heptane (200 rﬁL) .and cooled to ~5°C for one week. The resuiting solution
was filtered from a precipitated reddish solid to yield a light brown solution.
This solution was slurred with silica get (10 g) for one hour at room
temperature, filtered and solvent removed in vacuo to yield a light brown liqﬁid

which exhibited acceptable 'H NMR, 2Si NMR énd FT-IR spectral features.



in which R3 is a siloxane having the -(CR z)s - (0)1.0
"(CR z)e--(Si-R4z--Or-Si-R42- (CRz)s-(Ot.o -(CR 2)a - in1 NOVENBER!Z003R
substituent independently for each position is Hor an al kyl group 11
NOVEMBER 2003 40 having 1 to 5 carbon atons, R8 is a linear or branched
chain alkyl or alkylene oxy having | &g 20 carbon atoms, R4 substituent
i ndependently for each position is an alkyl group having 1 to 5 carbon
atons or an aryl group, e and g are independently 1 to 10, and f is 1 to
50. 5 2. A curabl e adhesive conposition for use in bonding an electronic
conponent to a substrate conprising a maleimde conpound and a curing
initiator selected fromthe group consisting of a free-radical initiator, a
photoi nitiator, and a conbi nati on of those, the mal ei m de conpound havi ng
10 the fornula M, Whatigxlgimedisi ch n is 1'to 6, and (a) Mis a naleinde
noi ety having the structure: 0 NO in which R is Hor an alkyl group
having 1 to 5 carbon atbns; A QFab@ adhesive FlpBSiticn % uSin biiRigEhuct ure 0 0 11
-R4--CG0-131-0-C if R8 A

electronic component to a substrate comprising a maleimide compound and a

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

phatoinitiator, and a combination of those, the maleimide compound having

the formula (M-X,,), - Q in which nis 1 to 6, and

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

R‘\ __(O
N—

_—<O

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

groups having the structures:

(1) (1) ()

P
0—C— —@»NH/ ~NH—

and (V)

(") .
| @O—C——NH—
15

v and
{c) Qi is an ester having the structure:

o O
g N 1l
—R—~C—0—R*>~0-C—pro- '
in which R* is a siloxane having the

structure

~(CR'), - (O ~(CR)e~{SHR"-0) ~Si-R*~(CR",),~(O}, , =CRY%); - in

20 which the R' substituent independent!yﬂfdr each position is H or an alkyl group



in which R3 is a siloxane having the 1 5 structure (CR2)9 - (O,,o0

-(CR 2)e-{Si-R42-O)t-Si-R42-(CR 2)9-(0Oi0 0o -(CR 2)9 - i n1q{wWovEMBEERB003
substituent independently for each position is H or an al kyl group having
1 to 5 carbon-atons, Re is a linear or branched chain al kyl or al kyl ene
oxy having 1 to 20 carbon atonms, R4 sufgtituent independently for each 20
position is an al kyl group having 1 to carbon atons or an aryl group, e
and g are independently I to 10, and f is 1 to 50. 11 NOVEMBER 2003 41 3..
A cur abl e adhesi ve conposition according to claim2 in which the maleimde
conmpound has the fornula 5 4. An electronic assenbly conprising an

el ectroni c conponent bonded to a substrate with a cured adhesive
conposition prepared froma conposition according to any one of the

precedi ng cl ai ns. havikBEHRAGHoDAEMA TARACKASHEBHMES.d-
M CROELECTRONI C DEVI CES A t her nopl astic or theramsetcﬁgﬁaﬁ%ﬁie\?g f or

bondi ng an el ect r oRkichaving hpo20aratbob atomms S ROGULERGR ih&bp\éﬁﬂeﬁ@ bigcRdnesive is
cured in situ froma curable conposition conprises one or nore poly- or
mono- f uncti onal maPeditigndkean 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 for use in bonding an
electronic component fo a substrate comprising a maleimide compound and a
curing initiator selected from the group consisting of a free-radicat initiator, a
. photoinitiétor, anq a combination of those, the maleimide compound having |
10 the formulaM,~Q in whichnis 1 to 6, and
(a) M is & maleimide moiety having the structure:

1 O

N—

inwhich R'is Hor an alkyl group having 1 to 5 carbon atoms;

(b) Q is an ester having the structure:
0 0

i il
—R:—C__O0—R-O-C—RE. . -
in which R is a siloxane having the

15 structure
~(CR';); ~ (O} ——(CR‘Z).,—(Si-R‘z—'O),—Si-R“z—(C:R‘Z),_,»(O),,0 -(CRY)y~ in
which the R' substituent independently for each position is H or an alkyl group
having 1 to 5 carbon atoms, R%is a linear or branched chéin alkyl or alky!éne
oxy haying 10 20 carbon atoms, R* substituent independently for each

20  position is an alkyl group having 1 to 5 carbon afoms oran aryl group, e and g

are independenﬂy 11010, and fis 1 to 50.



conpounds, or one or nore poly- or nono-functional vinyl conpounds other

than nal ei m de conpounds, or a conbination of nmaleimde arq NOYEMBER 2003
conpounds, a curing initiator and optionally, one or nore fillers. Figure :
None

41

3. A curable adhesive composition according to claim 2 in which

the maleimide compound has the formuta

0

_ QA colsialsl L )
m TR A

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

compasition according to any one of the preceding claims.





