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
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10
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 L;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




packages with only one failed chip; consequently, the ability to rework the
failed chip woul d-be a manufacturing advantage. Today, ong4qioVEMBEREIOS

thrusts within the sem conductor industry is to devel op adhesives that wl|
neet all the requirenents for adhesive strength and flexibility, but that
will also 5 be reworkable, that is, wl4 be capable of being renoved

wi t hout destroying the substrate. SUMVARY OF THE | NVENTI ON This invention
i s an adhesive conposition for use in electronic 10 devices that conprises
one or nore nono- .or pol yfunctional naleimde conpounds, or one or nore
nmono- or pol yfunctional vinyl conpounds other than mal ei m de conmpounds, or
a conbi nation of nmaleimde and vinyl conpounds, a curing initiator, and
optional Iy, one orPasi9es vih aniyrose fakrbchicc comegidniiy heCdilly RErefigR igned to be
rewor kabl e. 15 I n another enbodi ment, this invention is the cured adhesive
that results fronffieA&NP weyid pramanusctrioy advahtegedioes), ue: of (ERAREAI On. | N
anot her enbodi ment, this invention is a mcroelectronic assenbly
conprising an el ec‘P'PSﬁW@'%G%%@Wummwwoaewmhams wadvr a cured
adhesi ve conposition prepared froma conposition conprising one or-nore 20
nmono- or pol yfunct']“??ﬁ§| m‘?r@ﬂ'é'ieﬁ‘f?@éf%éﬁ‘h?é‘ﬂﬁ@l@ﬂgtblambﬂmbﬂity. baDIhet WIDaIE:  OF

pol yfuncti onal _vinyl cor$ounds., or a conbi nation of naleimde and vinyl
conmpounds, a cUri [%“T"‘Yﬂ”f 5t 153t s, Wi e 6arablewhbding remeved withaut desfraylidger s. DETAI LED

DESCRI PTI ON COF THI%hl NI\}/EN'I'I ON 25 The mal ei m de and vi nyl compounds used in
t he adhesi ve e substrate.

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



conposi tions of this invention are curable conpounds, meaning that they are
11 NOVEMBER 2003 3 capabl e of - pol yneri zation, with or wt H@IlNOVEMSBEerm
As used in this specification, to cure will nean to polynerize, with or

wi t hout 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 Wi ll take place upon heating. As
cross-linking density is increased, the properties of a material can-be
changed fromthernoplastic to thernosetting. It is possible to prepare

pol yners of a wide range of cross-link density by the judicious choice and
amount of nono- or pol yfunctional conpounds. 10 The greater proportion of

pol yfunctional conmpapabisf sBaktifton, WIS oBkifdLt cfoss-Jlink density. If
t her nopl astic properties are desi red, Ot Ie a%ﬁoggsl{;\g{ég Asd r?ﬁ%gluﬁ ons can be

prepared from MO N0 sfesification NAdurEANRRUNES of Meli Nith dr | i nk density. A
m nor anmount of poly-functional corrpour?dg gzlir? ' b@‘c? d"rr%%ﬁ%(mw de sone

cross-1inking and Stasetigdn, 450 didersLOITAS 4r, Rl éé H fhe amount of
pol y-functional conpounds is |[imted to an am)euntc eﬂyéf%d%) ™56t di ni ni sh

the desired ther noglasby bridaeogian eiegent, ¥¥rblbdarghfs & the.
strength and elasticity of individual adhesi vtgs Earﬁag&ﬁm{l %rr@ to a

particul ar end-usegamp@ wit tke flice upbn hélag Ks&sﬁ-lum%ro%nérﬁr is ﬁcré&:@g ssary to
rework the assenbly and 20 thernoplastic naterial's are use
el ectroni c conponehe properidsef pmaedal @b be changed from thermoplastic to |
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.



"the substrate, and any resi due adhesive can be heated until it softens and
is easily renoved. The cross-link density can al so be contirONEMBERR00S a
wi de range of glass transition tenperatures in the cured adhesive to

wi t hstand subsequent 25 processing and operation tenperatures. 11 NOVEMBER
2003 In the inventive adhesive conpositions, the naleinmde conpounds and
the vinyl conpounds nay be used i ndependently, or in conbination. The
mal ei m de or vinyl conmpounds, 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
adhesi ve conpositions wll further conprise at |east one free- radical

initiator, which is definnedinfedtifdie SRR g5, Lhat deconposes to a
nol ecul ar fragnment having one or nore unpgﬁhg?ig?g\%_emc er“@ﬂes‘fo"WPﬂH’Fy reactive

and usual |y short - bidtaelyinphBérdouhds reaRRRE iﬁ’JegL 'e},tly%riw(g)@{nggo%ﬁal reaction
| ! ‘

by 10 nmeans of a chain nechanism The free-r cal’’ 1 ni $ be

present in an anpoalkimide ddvikyl cOmpPdAnde b, will BE Bf v 0.1 to 3.0 percent,
by wei ght of the organic conpounds (excl udi ngsée%rﬁpi"?{ﬁcéjfa)]ﬁ!epfﬁ'@g?r ee

radi cal curing nmecadesientonpbsiibs R dhaflouRWo@ 2306 REQY he,conposi.tion
with a long shelf |life before cure. Preferred freI -Pgrgign(t:ése?ﬂ?tiatdrs

i ncl ude peroxi des, ths ughniasonipshatits p‘téseﬁﬂ(@@ﬁ!dﬂ?feﬁ‘@sﬁll%ﬂ di cunyl peroxide, and
azo conpounds, such as 2,2'- azobi s( 2 rret'hy -propanenitrile) and
Compost 1 onk iy Cart an 3 PO oA ko e o6 SR e
radical initiator, which is defined to be a chemical species that decomposes to
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



inlieu of the free-radical initiator, and the curing process may then be
initiated by UV radiation. The photoinitiator will be prg9OVEMBERUYNt
of 0.1 to 10 20 percent, preferably | to 5.0 percent, by weight of the

or gani ¢ conpounds (excluding any filler). In sone cases, both
photoinitiation and thermal initiation may be desirable. For exanple, the-
curing process can be started by UV irbadiation, and in a |ater processing
step, curing can be completed 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 wll be effected within a length
of time of less than 11 NOVEMBER 2003 5 | mnute to 60 mnutes. As will be

under st ood, the ti{Bnadsh apu profile for each adhesive
conposition will varg, andﬁgﬁf%ereu be%H Q@W §8H§e@ﬁHmB@“@@§lgned to

provide the curi ngeudh@prbficrot &l aaﬂegbeaﬁn gi}l oS yah0 t(ﬁe}@partl cul ar

industrial manufacturing process. 5 Suit e ‘Condué? Yllers for the

Ciroumst ances, nonconduery ve oprlaed PR Babirdlic PRI 1 o agj ust

ci rcunst ances, nonconductive fillers

r heol ogy, such as, to&ie%ﬁi‘t:&lﬁarrr@hétﬂla‘l:ﬁianl.?%rﬁﬁéo M, As used throughout this
specification, the notation C(O ers a carbonyl group. 10 Mal ei mi de

- Conpounds The 8l ei ni desusdBRROHRREveTHirk %Plh‘é aEl?efsw&ksare LRet D800GS Ve

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):



conpositions of this invention have a structure represented by the formnul a:
[M-X,1J - Q, or by the formula: [MZ ,,,)"- K For theqq NOVEMBER 2003

formul ae, 15 when |l ower case "n" is the integer 1, the conpound will be a
nono-functi onal conpound; and when | ower case "n" is an integer 2 to 6,
the conpound will be a poly-functional conpound. [MX ,,J - Q, or by the

formula: [MZ K. Formula [MX ]"- Q repr®sents those conpounds in which: 20
Mis a mal ei mide noiety having the structure O in which R is Hor C to C
al kyl ; each X independently is an aromatic group selected fromthe

aromati c groups having the structures (1) through (1V): 11 NOVEMBER 2003 6

(1) 0 011/ OGC - N-I,-GC NHO 11 OGCNH5 Qis a linear or branched
chain al kyl, alkylgxy, alkylene, (ﬁi kyl eneoxy, an
| | 0 %
et e
(v)

G
@O—C—NH—- '
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:

G O
3 N i
—R'—C—0—R3-0--C— RI~-



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

sul fide, aryl sulfide species, which may contain saturatqd NOVENVERER A0
cyclic or 10 heterocyclic substituents pendant fromthe chain or as part of
t he backbone in the chain, and in which any heteroatorn present nay or nay
not be directly attached to X; or Qis a urethane having the structure: 0
000 11 1111 -"RZ-X-GCG-NHR3-NH-C%1 ---(OR3-.0-CNHR3-NHC )v
X---R2- 15 in which each R2 independently is an alkyl, aryl, or arylalkyl
group having 1 to 18 carbon atons; R3 is an al kyl or al kyl oxy chai n having
up to 100 atons in the chain, which chain may contain aryl substituents; X
is 0 S N or P, and vis O to 50; 20 or Qis an ester having the

structure: 0 0 H iddnhich R8s & alfh Ei%m@rox&natﬁ%a%%h@ﬁ%aﬁ%%{q&% cgﬁiiainnmhi ch R

is an al kyl or al kyl oxy chain having up to 0 whi ch
chain may contai n afighlch&isl RSy Lot suityGhisS @ sil oxane having the

structure: ‘

or Q is a siloxane having the structure:

—(CR',),-SiR*-0},-SiR*,~(CR",) 4 in which the R' substituent
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 "



(CR2).-[SIR4-0]r-SiR42-(CR 2) 9-- in which the R substituent 5

i ndependently for each position is Hor an alkyl group ha1ingOVEMBERCZI(3ON
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

I ndependently 1 to 10 and f is | to 50; and m sOorlandnisl to6. 10
Preferred conpositions are aliphatic bi 8maleimdes in which the naleimde

funtionality is linked to the backbone through urethane or urea |inkages,
such as in the follow ng preferred conpounds: O 15 0 HN and 20 Formula [MZ
,,,]" - Krepresents those conmpounds in which 11 NOVEMBER 2003 S Mis a
mal ei m de noi ety having t he structure in which R is Hor C, to CS al kyl;
10 Z. is a linear or Q&Qe% |n al kyl , al kyl oxy, al kyl am ne, al kyl
sul fide, alkylene, al ky neo e""‘ |"I?§ﬂfyel??é'"%eﬁt§ucttaeky| ene sul fide, aryi,
aryl oxy, o
R!
| -
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, éryl, aryloxy,
5  or aryl 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
o ——-R2—--X-—C-—NH—R3-NH—-("3—-(O—-R’3—O—-g—NH—R’-NH-g)-)——X—-RZ——
v

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;

15 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 -

20 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 -



or aryl sulfide species, which may contain saturated or unsaturated cyclic
or heterocyclic substituents pendant fromthe chain or a41INOVEMBERe003
backbone in the chain, and in which any heteroatom present nay or may not
be directly attached to K; or Zis a urethane having the structure: OO O
Oif 11 11 11 -R2-X- G-NHR3-NHCG(O-R3-OCGNHWNH-C -X-R2- .7 in

whi ch each R2 independently is an al ky® aryl, or arylal kyl group having
to 18 carbon atons, and R3 is an al kyl or alkyloxy chain having up to 100
atons in the chain, which chain may contain aryl substituents, and v is O
to 50; 15 or Z is a siloxane having the structure: (CR 2).-JSiR42-C]r-Si R4
2-(CR 2)9 in which the R substituent independently for each position is H
or an al kyl grouprdpeasem@orinetton & EBRARIc SR i Vel 6$&eﬁéd (SOUbSt | tuent

i ndependently for each position is H an alkyf group having 1 to 5 carbon

atoms or an aryl gpesptaayeinbecstdd@ionsi®ord dsHESRERAERbted nj @, 10 and f is 1
to 50; Kis an aromatic group selected fromthe aromatic groups having the

structures (V1) thfough (X I1) (@hthough only one bond may be shown to 11
NOVEMBER 2003 9 represent connection to the aromatic group K, this wll be

deened to represent any nunber addi tji onal bonds as descri bed and
defined by n):
'S 0 |
o : ; ' p

in which p is 1 to 100;
5. (Vi)

S
{ J p
(Vi
(X}
RS
_QRG
RT

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

inwhich pis 1 to 100;

10

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



(V) in which pis 1to 100; 5 (M1l) in which pis 1 to 100; (MI11) 10 R6 7
Rin which R5, R6, and R7 are a linear or branched chai n gHKNOVEMEBER®R003
al kyl am ne, al kyl sulfide, alkylene, alkyleneoxy, alkylene am ne,

al kyl ene sulfide, aryl, aryloxy, or aryl sulfide species, which may contain
15 saturated or: unsaturated cyclic or heterocyclic substituents pendant
fromthe chain or as part of the back¥bne in the chain, and in which any
heteroatom present may or may not be directly attached to the aromatic
ring; or R5. Rs, and Ware a siloxane having the structure

--(CR 2),-(SiR42_Qt-SiR2-(CH )g - in which the R substituent is Hor an
al kyl group having 1 to 5 carbon 11 NOVEMBER 2003 10 atons and the R

substi tuent i ndepaatemidlne #*QubsAREM id8SInkd ' L kyl group having | to
5 carbon atons or an aryl group, and e ﬁén 'm{ffoltrgac%m%{wa'ﬁ‘a‘]%kyhgr?@ 50; (X)

and (Xii) HO C "hdldng Ot 5 carbon atoms or an aryl group, and e is 110 10 and fis 1 to 50:

X)
CH3
Q c:H3 :
5 (X))
O
¢ H “."*C.—),.,
—C—N
0
il
N——C—)
H 01 .
and (Xil)

10 andmisQor1,andnis 1to6.
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;



uu 0010 and mis Oor 1, and nis 1 to6. Preferred mal ei m de conpounds,
particularly for reworkable conpositions, are N-butyl phenyINOYEMBERe0@D3d
N- et hyi phenyl mal ei m de. Vinyl Conpounds 15 The vinyl conpounds (other than
the mal ei m des herein) suitable for wuse in the adhesive conpositions of
this invention will have the structure: 11 NOVEMBER 2003 11 Q n or K B-Z
mK n For these specific structures, vkken lower case "n" is the integer
1, the conpound will be a nono-functional conpound; and when | 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 alkyl having | to 5
carbon atons, or together forma 5.to 9 nenbered ring with the carbons
form ng the vinyl r‘oup;R28i C S, N 0. O, C|>C(O_), C(O-0O0 C(ONH or
_ R R2

C(ON(R8), in \ (
'8-X,1Q B—Z  }-K
n 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; 8 is C S, N, O, C(0), 0-C(0), C(0)-0, C(O)NH or C{ON(RY), 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



which Ris C, to C5 alkyl; mis Oor 1; nis 1-6; and X, Q Z, and K are as
10 described above. Preferably, Bis 0, C(O, C(O-0 C(OnNHNOVEMBER(IO03
nore preferably Bis 0, C(O, OGCO; C(O-0O or C(ONRa). The preferred
vi nyl conpounds for use as adhesives are vinyl ethers or alkenyl sufides.
Exanpl es of suitable vinyl: corrpounds are the followng: 0 CH3(CH2)10- S
\I~ 04c 15 and \\ O (CH2)36 "0, __~1@CH2)t OCH3 Ot her Conposition '
Corrponents Dependi-ng on the nature of the substrate to which the adhesive
is to 20 be bonded, the adhesive may al so contain a coupling agent. A
coupling agent as used herein is a chem cal species containing a

pol yneri zabl e functional group for reaction with the nmal ei m de and ot her

vi nyl conpound, 11n 2003 ?1ﬂ% and a functional group capable of
condensi ng with yﬂﬁ”g YBENPIEAE RIndepsingivils metat hydeosides presest subst r at e.

Such coupling age referre anounts for use in conpositions for
particul ar substrgc%nzgﬁ;ﬁ%ée%ﬁme etfﬁ’a[tehg”%‘rcto“p"“gsﬁgﬁ@iﬁf‘%th@@[ﬁfﬂffeﬁg agents are

silanes, silicate SR 59& AC tes or methacrylates, titanates, and
corrpounds cont ai ning ioﬁ {Egt | nd’ PI %’ﬁ ‘Hpars"ﬁ'ﬂ?{ substrates are known in the art.
Suitable coupling agents are silanes, silicate esters, metal acrylates or |
S methacrylates, titanates, and compounds containing a chelating Iig'and, 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 anﬁ other
monofunctional v_inyl compound. |

10 In additio:i, 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,
boly(butadiene), polyTHF ( 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 monofunctional 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
elastomeric properties. Suitable siloxanes are the methacﬂloxypropyl-
terminated polydimethyt siloxanes, and the aminopropyl-terminated

.polydimethylsiloxanes. available from United Chemical Technologies and

25 others.
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oxanes vai | abI frao
ot hers. NO%/EI\/BER 25 3 58P ‘ﬂ'ésrw'g]ﬂﬂ{‘]’f”i‘ Yyikn m%ERE‘H““&%@"&GW@QPb‘ﬁ pronot ers,

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
or equal 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
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

20

25

between that of the substrate and die.

When a polymer is subjected to the application of heat, it will move
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
coefficient of thermal expansion. Above this region, fhe rate of expansion

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



known in the art, may al so be added. Performance Properties 5 These
conpositions will performw thin the commercially accept ahf NOVEMBER@003 €
attach adhesives. Commerically acceptable values for die shear for the
adhesives on a 80 X 80 m|l|"' silicon die are in the range of greater than

or equal to 1 kg at roomtenperature, and greater than or equal to 0.5 kg
at 240C, and for warpage for a 500 X 380 nmi.l' die are in the range of |ess
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 will have different rates of
expansion. If the CTE is very different for elenents attached together,

thermal cycling cafy %auFe t.h tt E\ched el enents 15 to bend, crack, or
del aminate. In a typrcar iRt m'&‘m%{§8‘?§f’ﬁﬁ‘93}emﬁe@fmpe@ﬂcwhe chipisin

the range of 2 or ol g nlc ci.rcuit board substrate, the CTE is
greater than 30 pp%ﬁ g&%%eohé 8’?3" W@mm't’fﬁ“’?%ddaﬁé@i%ﬂf@%@%t bet ween

that of the subst ri?et!ﬁm{!‘ﬂw%nghfrewg\b? "?6‘35)‘% ynmer is subjected to the

application of heat erough a transition region between a
hard, gl assy state to a soft, rubbery state. This region is known as the
glass transition region or Tg. If a graph of expansi on of the polyner

versus tenperature is SS Lr,ansi ion is. the
i ntersection beétJ ween t%@%gﬁ%bo{iﬁgm&kg SOMEMSr esrqg‘binﬁl imided,B3vnaci ent - of

ther mal expansi on_tﬁg\g"ﬁ&%g\;glg erq %i}nu#egsdg "E%%eéf;z%aﬁgip%ﬁ coefficient

of thermal expansion & orat
and Z can be an ester hav:ng the structure

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

or the structure

0O O O 0

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 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 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,t+a
n

R! R?
B—Z K
113

and



i ncreases significantly. Consequently, it is preferred that the gl ass
transition 11 NOVEMBER 2003 14 of the polynmer be higher tR3aNOVENEBER 2003
operating tenperatures experienced during the application, and if
reworkability is needed, that the glass transition be |ower than any
rework tenperature. 5 Another enbodi nent of this invention includes the
mal ei mi des having the formulae [MX J15 - Qand [MZ An - K as descri bed
herein in which Q and - Z can be an ester having the structure O0 0 0 11
1 11 11 -RRO-CGR3-COR--4-0-CR3-C-0--R3 p 10 or the structure 0 0 0 O
kipll 11 -RBRCOR30-CG--R3-(CG0--R3 O-CR3- inwhich pis 1 to 100,
each R3 can independently be an alkyl or alkyloxy chain having up to 100
atonms in the chain, which chain may contain aryl substituents, or a

si | oxane havi ng tt?é‘dgfcf'g"dit'l?feé‘ 0 W ‘65?925%-5[- N Q‘QKOOD]G(OHWZ(Q)W)Z)n 15 in

whi ch the R substituent [ndependently for each position is H or an alkyl
group having 1 tovg“cg'g{aﬁt% 9y iﬁlr'%" the R4 substituent independently for each

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



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. Anot heq1NOIEMERR @03
this invention includes the vinyl conpounds 20 having the structures

Rt RRRRz \ | ==~ B-Z r"K ~rxmn andn 11 NOVEMBER 2003 i5 5 as descri bed

herein in which Bis C, S. N, 0, C(0),. C(O)NH or CCON(RB),.in which Re is
C, to CS al kyl. Anot her enbodinent of }%i s invention includes the vi nyl
conpounds having the structures [RR2 B-X, Q n and

curing initiator. The types and useful amounts of such initiators are well

kivown in the art.

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

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

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

A



as described herein in which Q and Z can be an ester having the 10
structure 0 0 p 0 --R3_0-CG--R3-CG--OR3- .0-C R3-C0.._19NOVENBER 03
ooo0oo0 12 1I1f 2211 -- R3---- O R3- 0- G R3-(- GC O RB.O- C R3-} -p
in which pis | to 100, 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 a siloxane having thel&tructure 15
--(CR 2)6-{SiWw-Ar-SiR 2-(CR 2)9 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 aryl group, e and g are independently 1 to
10, and f is 1 to 50. 20 Another enbodi nent of this invention includes the
curabl e adhesive conpodPnptgimigsted byadi¢neadrylosilris (Sold axitygbdviegig 1300 ani oni ¢ or
cationic 11 NOVEMBER 2003 16 curing initiator. The types and useful anounts
of such initiator SX&%%T%w BF Goodrich, in which the m and n depicted in the struclure are
integers to provide a number average molecular weight of 3600) (450 g, 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 nitregen 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
stirred for 30 minutes on ice, then allowéd 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
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,0 (1 L), satd. NaHCO, (1 L) and H,0 (2x1 L). Solvent was

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



known in the art. EXAMPLES Various mal ei m de and vi nyl conpounds were
prepared and fornul ated i nto adhesi ve conpositions. The canMNOVEMBERVEIOS
investigated for viscosity and thixotropic index for the uncured
conposition, and for curing profile, glass transition tenperature,
coefficient of thernmal expansion, thermal 10 nmechanical analysis, and in
sone cases reworkability for the curedigonposition. EXAMPLE 1. Preparation
of Butadi ene-Acrylonitrile Bismaleimde 15 Hz NH CAN CH3 CH3 H NH2 Y 1.

mal ei ¢ anhydri des acetone 2. Ac20, NaOAc, Et3N 11 NOVEMBER 2003 17

Am no-term nated butadi ene-acrylonitrile (sold as Hycar resin 1300 X42
ATBN by BF Goodrich, 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
EXAMPLE 2

Preparation of Tris(maleimide)
Derived From Tris(epoxypropyl)isocyanurate

0

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



mmol based on am ne equi val ent wei ght AEW = 450g) was dissolved in 5 CHC 3
(1000 nm) in a 3 L four-necked flask equi pped with additi gn NOYEMBER 2003
mechani cal stirrer, internal tenperature probe and nitrogen inletloutlet.
The stirred solution was placed under nitrogen and cooled on an ice bath.
The addition funnel was charged with naleic anhydride (98.1 g, 1 nol) in
CHCI3 (50 mL) and this solution was adifed to the reaction over 30 mi nutes,
10 maintaining the internal reaction tenperature below 10C. This m xture
was stirred for 30'm nutes on ice, then allowed to warmto room
tenperature and stirred for an additional 4hours. To the resulting slurry

was added acetic anhydride (Ac20) (653.4 g, 6 nol), triethylamne (Et3N)

(64.8 g, 0.64 nol) and sodiunlacetat%?%pggéﬁ) (62.3 g, 0.76 nol). The
reaction was heated to mld 15 refl ux ours, allowed to cool to room

t enperature, and subsequently .act wi.th H 1 L), said. NaHCO3 (1 L)
and H20 (2x1 L). Sol vent was PP%%%&%HﬁsﬁkWQ@ﬁﬁwégm@W%Id the mal ei m de
term nated butadi ene acrylonitrile. 11 %FNENBER 2003 18 EXAMPLE 2

Preparation of Tris(maleimde) Derived-§rom Tris(epoxypropyl)isocyanurate

y 05 0

1 HO™\ o O '
H,CH,C).” ¢ . 0
SCHChy . > H30(H2C)“)LO/\/Q
' (8]
5 " Palmitoyl chloride (274.9 g, 1 mol) is dissolved in E,O (500 mL)in a

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.



OH OH nn | Tris(epoxypropyl)isocyanurate (99.0 g, 0.33 nol) is dissolved
in THE (500nm) in a 2 L three-necked flask. equi pped w t h1mNOYEMBER 2003
stirrer, internal tenperature probe and nitrogen inlet/outlet. To this
solution is added 10 hyroxyphenyl mal eim de (189.2 g, 1 nol) and

benzyl di rethylamne (1.4 g, 0.05 w. % . The solution is heated to 80C for
7 hours. The reaction then is allowed £8 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 doethyl palmtate 0 H3C(H2C)s4)t O 5 . Palmtoyl chloride (274.9 g,
1 nol) is dissolved in Et20 (500 nL) in a 2 L three-necked flask equi pped
wi th nmechanical stirrer, internal tenperature probe, addition funnel and
nitrogen inlettoutlet. NaHCO3 (84.0 MF‘[%I:{ in distilled H2O (500 m -)
‘is added with vigorous stirring and the so ion cooled on an ice bath

u
under nitrogen. The addition ' ed with 10
Pémﬁt d?ﬁﬁ%ﬁ%ﬁ; :I:Qﬁ:g‘@ and this solution

hydroxyet hyl mal ei ni de (141 g, ghofml
5. 1, 3, 3-trimethylcyclohexane
NCO
O
A
NCO HONN

cat. Sn" 0 .
Q |
N

ot
HN-"0

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%



added to the reaction over a period of 30 m nutes, maintaining an internal
T<10C during the addition. The reaction is stirred for andqiiNOVEMBERWZDS
on ice, then allowed to warmto roomtenperature and stirred for 4 hours.
The reaction is transferred to a separatory funnel and the isol ated
organic | ayer 15 washed with distilled H20 (500 nL), 5% HClaq (500 nL) and
distilled H2O (2x500 nmL). The organi c&lare isol ated, dried over MySO4
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-(isocyanatonethyl ) 1, 3,
3-trinethyl cycl ohexane HN 5-1socyanat o-1- (i socyanatonethyl)-1, 3.

3-trinmethyl cycl ohe is solvated in THE (500 nL) in a
1 L three-necked fﬁépq1L%%éF é%%”ﬁ?@ﬁ1EgaﬁﬁﬁP@ﬁp°§@?W%Qﬁdmﬁaﬂﬁt|on f unne

and nitrogen inlet ctlon 1s placed under nitrogen, and
di butyltin dil aur a@l‘gy(?ca{eredégd @%é 54 remgvedyi va fo)vield{pe maleimide.

hydr oxyet hyl nal ei mde (141 g, 1 nol) are added with stirring, and the
resulting m xture heated for four hours at 70C. The addition funnel is
charged wi th hydroxyethyl nmal eimde (1 g % nol) dissolved in THE (100
m.). This solution is added to the is%%@ ﬁh 8 solution over 30 15 m nutes,

and the resultupg m xture heatqqe&ﬁ&mg dd| 4 hours at 70C.

mer wny Elhe
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.



The reaction is allowed to cool to roomtenperature and solvent renoved in
vacua. The remaining oil is dissolved in CHZCZ (1 L) and14a$OVEMBER Z00%
11 NOVEMBER 2003 21 HCl,q (1 L) and distilled H20 (2x1 Q The isolated
organics are dried over MSO, filtered and the solvent renoved in vacua
to yield the mal ei mde. EXAMPLE 5 5 Preparation of D nmer D vinyl Ether
Derived From Pripol 2033 "Di ner DivinyR2Ether" (and cyclic isoners)
Bi s(1, 10- phenant hroline)Pd(QOAc)2 (0.21 g, 0.54 mmvl) was 10 dissolved in a
m xture of butyl vinyl ether (8.18 g, 81.7 mols), heptane (100 ni) and
"dinmer diol" (sold as Pripol 2033 by Unichema, 15.4 g, 27.2 nmmol) in 2 L
t hree- necked fl ask equi pped wth a nechanical stirrer under nitrogen. This
solution was heated to light reflux for 6 h. The solution was allowed to
cool to roomtenperature and subsequently poured onto activated carbon (20
15 g) and stirred for 1 hour. The rest4NAF &l urry was filtered, and excess
butyl vinyl ether and heptane re reaned |n vacuo to y|eId the di vi nyl
ether as a yellowoil. The p SHisyRent abl e ' H NMR, FT-1R and
'3C NMR spectral charact erisb?ég W@5r0'9|(§%§ ¥} -100 cPs. 11 NOVEMBER

2003 22 EXAMPLE 6

o

. -l )H
HO\ /OH _ I
C36 ~ “C’
Et 3N acetone

A dimer diol (sold as Pripof 2033 by Unichema, 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 reeidue 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.



Preparation of Dimer Diacrylate Derived FromD nmer Diol (Pripol 2033) 0 HO
OH "C36 1 Et3N. acetone A diner diol (sold as Pripol 20331 NOVEMBER®2003
284.4 g, 500 mmol) is dissolved in dry acetone (500 nL) ina 1L

t hree- necked fl ask equi pped with 10 mechanical stirrer, addition funnel and
internal tenperature probe under nitrogen. Triethylamne (101.2 g, 1 nol)
is added to this solution and the sol@8ion cooled to 4C on an ice bath.
Acryl oyl 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 @MﬂE&i’tor and the remaining residue

solvated in CHZCO2 (1 L). This solution is washed with 5% HC .l (800 ni),
and H20 (2x800nL). The isol at%@a@"@&#&%‘hmmﬂﬂ Matsinidever 20 MgSO4 anhyd. and
filtered, and the solvent renoved in vacuo to yield the diacrylate as an -
oil. 11 NOVEMBER.2003 4%%thyl aniline (12.12g) was dissolved in 50 mil of anhydrous ethyl
ether and slowly added to a slirred 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)

L, 7 11
o G oM cat. H g /\O Ca O/\

Vazo 52_
: HS \/(CHZ)IOCH3

20



EXAMPLE 7 Preparation of N-ethyl phenyl Ml eimde 4-Ethyl aniline (12.129)
was dissolved in 50 m of anhydrous ethyl ether and sl owqy NOVEMBER2003
stirred solution of 9.81 g of nmaleic anhydride in 5 100 ml of anhydrous
ethyl ether chilled in an ice bath. After conpletion of the addition, the
reaction m xture was stirred for 30 mnutes. The light yellow crystals
were filtered and dried. Acétic anhydr2de (200 m) was used to dissolve
the mal eami ¢ 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 overnight. FTIR and NWR analysisoshfﬁfd the characteristics of ethyl

t

im0, 15, B, 950, gphialop L BL(alkgyisul 109 cat
Dimer acid (sold under the trademark 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]



00 3C(HZO1 ~ 0~\S C O-~S~~{CH2) ~aCH3 Dimer acid (sold under the
trademark Enpol 1024 by Unichema) (574.6 g, 1 nol) and propOYENMBEREDO3
(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 azeo#Popically 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 intermediate (650.7 g, |
nol) is solvated in THE (200 nL) in a 1 L three-necked flask equi pped with
refl ux condenser, nmechanical stirrer and internal tenperature probe under
ni trogen. Lauryl nercaptan (404.8 g, 2. nol) and

2.2' -azobi s(2, 4-di met hy},pentanenitrile) (sold under the trademark 15 Vazo
52 by DuPont) (11 g) ar eé’&'ﬂgﬂ“:‘&ﬂﬂWW'F%@W%‘?'%@OWB@@@F@.WM ed to 70C on
an oil bath with sti{hri.n The reaction is allowed to cool to

room tenperature afg g%?egé'{‘ﬁ?gr 'f"éwag'_g{ﬁ'%ﬁﬂogyamow% W 190w %eiehyl sul fide
g_s mi?gi %! Lli)czzigr ms Fv&édiss%ﬁv%g %rg%tclapgcegg ac(iéj_(g{‘)51 nlnE)I irr1n a ('j‘ic?()cn;i‘1 frognl'-r?ecigdl ¢
5  flask equipped with mechanical stirring, an internal temperature probe and an
addition funnel. The addition funnel was charged with a solution of maleic
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



11 NOVEMBER 2003 25 N The acid functional nal ei m de, 6-naleimdocaproic
acid, was synthesized using known net hodol ogy.' Am nocapr9iNOYEMBERGDOS,
7.6x10"" nols) was dissolved in glacial acetic acid (50 nL) in a 500 nL
four-necked 5 fl ask equi pped with nechanical stirring, an internal
tenperature probe and an addition funnel. The addition funnel was charged
with a solution of maleic . anhydride (208 g, 7.6x10'' nots) dissolved in
acetonitrile (75 m.). This solution was added to the am nocaproic acid at
roomtenperature dropwi se over 1 hour, naintaining 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 wa %yi d in a vacuum oven (P-25 T) overnight at 70C to
yield 166 g of off gmfi? eTE%PE“&“C{%%e.'m'ﬁmépmlﬁa@@m@qspmgraamamy exhi bi t ed
FT-1R and 'H NWR sReq”g“.characteristics consistent with literature data.
15 The amic acid deSCFPBEUCABGRAGAEY - R2Nd SHOMR. npt s) was sol vated in a
solution of toluene (200 nlL), benzene (200 nL) and triethylam ne (211 ni,
1.51 nol) in al L three-necked flask equi pped with mechanical stirring

and a Dean-Stark trap under nitrogen. This solution was heated to refl ux
for 4 h and the water produced col | ed@WPLRBt he Dean- St ark trap. Distilled
water 20 (400 ni.) was addedp;o tpe r%aﬁtion flask to dissolve the

triethyl ammoni um salt of the Rredid RimFiestesPiswpleimidehar at ed from the bul k

solution during the

"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



reaction. This aqueous |ayer was isolated, acidified to pH1 wth 50% HC ,
and extracted with ethyl acetate (600 nL). This organic | 3yeyOVEMBERAD3
with distilled water (400 nlL). The isolated organic |ayer was dried over 25
MySO4, foll owed by solvent renoval in vacuo to yield an off white solid
(76.2 11 NOVEMBER 2003 26 g, 50% . The product 6-nal ei m docaproic acid was
spectrographically identical to literd¥ure material by FT-1R and 'H NVR
EXAMPLE 8. 5 Preparation of "Diner D ester Bisnaleimde" "D ner Diester

Bi smal ei m de"” (and cyclic isoners) Pripol 2033 ("dinmer dioi", Unigema, 92.4
g. 1.69x10-' nols), 6- 10 nal ei m docaproic acid (75.0 g, 3.55x10"' nots)
and HZS04 (0.50 mL, -8.5x10 3 nots) were slurried in toluene (300 nL) in a
1 L four-necked fl ask ped with nechanical stirrer, a Dean-Stark trap
and an internal t®& %‘i‘%{\(‘]ﬂf‘?é'Oﬁ?f@ﬂbymw&é\ﬂgsmandgmmmvameenfoeecc;hlv@@owas heat ed
to light reflex for . tw hours and the water evolved collected in the

Dean- Stark trap. TR&eHAgErangs G407 2%l Bedatesd cah befurtived burie@bys 0l vent  was
distilled off of tfaei reaction to renove trace noisture and drive the
esterification equ‘?‘l"P%F‘f%ﬂﬁ%'“&%l‘@tfpﬁ'hlhfoumhésfloetalbtqiobmhmsalahhmmed to coodl
to room tenperatur toluene (100 nlL) was added (on the

| aboratory scal e i '“&wg 'ﬂ?"iﬁ"ﬁ'ﬂ?@sf‘(ﬁ’xﬁﬁ'&d(ﬁcwmh FEtIREH NMR, apd &ce of tol uene
at this poi nt) r}]ﬂf‘%g"ﬁ &‘? i on._ was washed with saturated 20 NaHCO3 aq.
(300 ni) and di’sti %YB'F""('?@@ ﬁf") The organic | ayer was

EXAMPLE C,

Preparation of "Decane Diol Diester Bismaleimde”

10

o 9 ° 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 27 isolated and dried over anhydrous NgSO4 and the

sol vent renoved in vacuo to yield an orange oil (107.2 911@@@&/ENTBER 2003
material can be further purified by eluting a toluene solution of

resin through a short plug of silica or alumna. This liquid bi srral el m de
resin exhibited acceptable FT-IR,'"H NVR, and "C 5 NWR data. Typi cal
r1-2500 cPs. EXAMPLE C. Pr epar ation of 28Decane Di ol Diester Bismaleinde" 10
"Decane Diol Diester Bismaleimde" . The general procedure described in
Exanpl e B. was applied 15 substituting decane diol (29.5 g, 1.69x10" nols)
for Pripol 2033. This process yielded a solid, noderately sol uble

bi smal ei mde (54.9 g, 58% . The product exhibited satisfactory FT-IR and
"H NMR data. 11 NOVEMBER 2003 28 EXAMPLE D Preparation of "d ycerol
Triester Tris(maleimde)" The protocoEXs8MPLEded in exanple B. was utilized
substituting glycerol 5 (10.4 g, 1.13x10-' nol) for Pripol 2033. The
product was a viscous | i quPteraaiiaatef Elydetst TredtenTrisepaicrbide)” FT- | R and ' H NMR

data. EXAMPLE E.
0
A\
N

o]

0 Ny )
N
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o 8]
O
" 0]
0 O
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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{"



Preparation of "Bis(mnitrobenzyl carbamate) of IPDI" 10 NO2

“Bi s(mnitrobenzyl carbamate) of |PDI" 11 NOVEMBER 2003 291INOVEMBER 2003
di i socyanate ("IPO", 100.0 g. 4.5x10'" nols), m nitrobenzyl al cohol
(137.8 g, 9.0x10" rml s)- and dibutyl tin dilaurate (2.8 g, 4.5x10"" nols)
were solvated in dry toluene (1500 nL) in a 2L three-necked flask equi pped
with nmechanical stirrer, reflux condeng8 and internal 5 tenperature probe
under nitrogen. The resul ti ng solution was heated to 90C for 4 h. No

i socyanat e band was observed in the IR of the solids portion of the

sanpl e. The solution was allowed to cool to roomtenperature and washed
with distilled H20 (100 nL). The organic | ayer was isolated and solvent
renoved in vacuo to yield a yellow Iiquid which exhibited acceptable 10
FT-1 R and ' H NVMR char actleaphabnecitisociaXaAlRUEDIF 10d0 %p;agx@éurﬁ)dys O,E

"Bi s(m am nobenzyl carbamate) of |PD" NH2 15 "Bi s(m am nobenzyl carbamate)
of IPDI" The dinit mrbenmpaisaibl (18DAYEX@MTD! @olE ant Bibd t,gd,]al,,at @)8 -2 nots) was
di ssolved in ethanol (100 nL) in a 500 nlL three-necked roun Ottom fl ask
equi pped wi t h nagnet$xi0ndis)meregpoliateein dryi tl@@T600 T hARENRBREdRE 6 ML,

ﬂask equipped with mechanical stirrer, reflux condensor- and internat

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



20 2.82x10-' cools) 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 fil 4¢rngdvEMBER!20%3
this 11 NOVEMBER 2003 30 sol ution exhibited no nitro stretching bands at
1529 cm' and 1352 cm'. The bulk solution was allowed to cool to room
tenperature and filtered. Solvent was renoved in vacuo to yield a yellow
semsolid (6.6 g, 90% which exhibited38ceptable FT AR and 'H NVR spectr al
characteristics, 5 EXAMPLE G Preparation of "Bis(m nal ei m dobenzyl
carbamate) of IPDI" O "Bi s(m nal ei m dobenzyl carbamate) of IPDI" 10 The

di am ne from Exanmple F (6.6 g, 1.41x1'2 nots) was solvated in acetone (60
m-) in a 250 nL four-necked flask equi pped with magnetic stirrer and

addi tion funnel under nitrogen and cooled to 4C. Mal eic anhydride (2.76 g,
2.82x10-2 nol s) di &d4lighexdibjted neadtotrelcii’Dbantly atiass antted 105xdmt hecour se of
30 mnutes. The resulting solution was stirred at 4C for for | h, and 15
subsequent |y was aPffoRRiiion wasliewadtecachlo mometempesraluerand ainekds Soke@d over ni ght .
FT-113 anal ysis indicated no mal ei ¢ anhydride remained as judged by the
absence of the anh{f#frPHeved i @eLaip HgldsaaldwaemistBi(6.6an9ily) wisht he above amic
acid solution was aﬂﬂfd acetic anhydride (8.5 m -, 9.0x10-2 nols),
triethyl am ne (1.287fied ageqpiable F3-IRand H MR seesttplsharaderisticse o

3
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



20 (0.88 g, 1.1x10-2 nots). The resulting solution was refluxed lightly for
4 h 11 NOVEMBER 2003 31 under nitrogen. The reaction was ahINOYEMEBER®®03t O
roomtenperature and bul k solvent was renoved in vacuo. The resulting
viscous liquid was resolvated in nethylene chloride (200 nL) and extracted
with distilled water (3x200 nmL). The organics were then dried over MgSO4
anhyd., filtered and 5 solvent renoved3in vacuo to yield a |ight brown
solid (6.75 g, 76%9. This material exhibited acceptable FT-1R and 'H NWR
spectral features. EXAMPLE H. Preparation of "Bis(mnitrobenzyl carbanate)
of DD11410" NO2 NO2 10 "Bi s(mnitrobenzyl carbamate) of DDI 1410" (and
cyclic isoners) DD11410 (Henkel, "Dinmer Diisocyanate", 99.77 g, 1.65x10"'
nols based on 13.96 % NCO), mnitrobenzyl alcohol (50.8 g, 3.32x10" nols)
and dibutyl tin diuhdeanigogen( Ghérerttion BaSaib@edmlcodl OVBER ehphi@ELHhql N L ol uene
(150 m.) 15 in a 1 L four-necked flask equi pped with nechanical stirrer,
reflux condensor bulgolyant wastehoved iperat The rastioderisdad@iuidiviy ogen. The
reaction was heated to 85C for 2.5 h. FT-IR analysis of an aliquot of the
reaction indi cat eteselsatpd Bmethyleoneionpe (200 mbf addeeeacaaaie dbmeeiilgnal ity as
judged by the lack of a band at 2272 cm'. Solvent was renoved fr.omthe
reaction in vacuo(800mid} dhaorgatids sere2Berodried wher 69 SO panihgt. filtged aeon st andi ng
at roomtenperature (152.4 g. 102% (trace

5  solvent removed in vacuo to yield a light brown solid (6.75 9, 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



11 NOVEMBER 2003 32 toluene)). This-solid exhibited satisfactory FT-IR and
"H NWR spectral features. EXAMPLE 1. Preparation of "Bi sqinNGVEMEBERY2003
carbamate) of DD( 1410" NH2 NH2 5 "Bi s(m am nobenzyf carbanate) of DD
1410" (and cyclic isonmers) The di am ne product of Exanple H (39.6 g,
4.32x10-2 cool s) and stannous chloride dihydrate (97.55 g, 4.32x10"' nots)
were slurried in ethyl acetate (300 n32in a IL three-necked fl ask

equi pped with nechanical stirrer 10 and a retlux condensor under- nitrogen.
The reaction was heated to light reflux and stirred vigorously for 3 h.
The solution, was allowed to cool to room tenperature and brought to pH
7-8 with a solution of saturated sodium bicarbonate. The mixture was
pushed through a 25 mcron fitter to yield a mxture which separated into
a cloudy agueous | ‘alere)laiitis aolideetetiat sdtfactogaT-IR an@ AR Spdcayer - The agqueous
| ayer was isol ated and washed with ethyl acetate (100 nlL). The organic .
| ayers were conbi fedluresvashed with distilled water (300 mL) and dried over
anhydrous MgSO4. The slurry was filtered and solvent renoved fromthe
filtrate in vacuo to yield yellow stigkpreplid (33.8 g, 92%. 20

Preparation of "Bis(m-aminobenzy! carbamate) of DDI 1410"
X
NH
N” 0 2
H m
H
N\ﬂ/O
o “"( >—NH2

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



11 NOVEMBER 2003 33 EXAMPLE J. Preparation of "Bis(mmalei mdobenzyl
carbamate) of DDl 1410" "Bi s(m nal ei mi dobenzyl carbanmat e) 1afNOYEMBER"2¢0mnd
cyclic isoners) 5 Maleic anhydride (15.4 g, 1.57X10'2 nols) was dissol ved
in acetone (300 rnL) in a 2 L four-necked flask equi pped with nmechani cal
stirrer, internal tenperature probe ag% addi tion funnel under nitrogen.
This solutionn was cooled to --4C on ice bath. A solution of the

di am ne prepared iin Exanple 1(63.4 g, 7.48x10-2 cools) in acetone (70 nL)
was charged to the addition 10 funnel and added to the nual ei c anhydri de
solution over a period of 30 mnutes mnmaintaining an internal tenperature
of X10C. The resulting solution was stirred for I h and subsequently
allowed to warmto roomtenperature and stir for 2 h. To this solution of
am c acid was added acetic anhydride EB&MRLEH., 15 2.62x10' ol s),
triethylamne (6.25 nH, 4.48x10' 2 nol s) and manganese acetate tetrahydrate
(0.37 g, 1.50x10'' nol'<§Paraing & Bigiumalgimidphenzy earbarate)of DI 40" refl ux for 6.5
h, then allowed to cool to roomtenperature. Bulk solvent was renoved in

vacuo, and the resulting dark |liquid was dissolved in diethyl ether (500
m.). This solution was washed with dist. HBO (500 gL). The i sol at ed
organic | ayer was then washed wth saturated NaH ag. (500 m) 11
NOVEMBER 2003 34 N"o N

o

H 0
NTI/O
O
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)



and again with disc. H20 (500 nm.). The organics were isol ated, dried over
anhyd. MySO4, and sol vent renoved in vacuo to yield a vi SQQUOVEMBERZJ03
This material exhibited FT-IR, "H NVR and "C NWR spectral features
consistent with the expected bi snal ei mi de product. 5 EXAMPLE AA. Low Stress
Die Attach Adhesive Fornul ati on and Dig Shear Strengths on Vari ous
Leadframes 10 A silver filled die attaBff adhesive formul ati on havi ng a
viscosity of 9011 cPs ‘(5 rpm cone and plate) and thixotropic index of
5.36 was produced by conbining the followi ng at roomtenperature using a
mechani cal m xer: Liquid bismaleimde of Exanple 13: 2.644 g 15 Di ner
divinyl ether of Exanple 5: 2.644 g Ricon 131MA20 (Ricon Resins, Inc.):
0.661 g Silquest A-174 (Wtco Coré).): 0.040 g USP-90MD (Wtco Corp.):
0.099 XD0026 ( NSCEPeaR¥ith@sH6O) 5000011 Ire2@giles restdimGd, ddddakg 23. 794 The
resulting paste was, dj spensed onto various netal |eadfranes as detailed
bel ow, and 120 xlzﬁ'h}‘f:l' ﬁ‘gé‘f){' F‘&ﬁ‘i".“ﬂ’l‘téewpéfnp’ﬁamedyfemb@is&(ﬁ@o&d&e&ﬂ_ ve bead to
produce an approxijately 1 nmil bondline. Sanples were "snap 25 cured" at
200C for 60 second ,'s"éﬁ%'ab‘fxﬂ‘b@ﬁé;érr'Rs'ﬁer@@rhis”CaNMR(spmrhlefémﬁé!ﬁture and 240C
wer e nmeasur ed. These.ﬁarrp_l es were then subjected to el evated :

Consistent with the expected bismaieimide product.
5
EXAMPLE AA.
Low Siress 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: 2644 g
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



tenperature and humdity (85C185% RH) for 48 hours. Die shear strengths 11
NOVEMBER 2003 35 5 were then again neasured at room tenpejaiNOYEMBER4D03
Results are tabulated in Table 1. Table 1. Die Shear Strengths (DSS) of

Mal ei m deNi nyl Ether Die Attach Adhesive No Mi sture ExposureAfter Misture
Exposure (48 h/85C/85 RH) Cure Profil e60 s/200C60 s/200C Test 25C 240C25C
240C Tenperature Cu | eadfrane4. 88+1-1. #6+1-0. 5-6.54+/ -0.821. 84+/-0. 76 DSS
(kg)0.25 Ag-Cu | eadfraneb. 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 Typi cal
noi sture uptake for these devices after saturation-at 85C/ 85% RH was 0. 18
wei ght percent. Weight |oss during cure was 0.16+1-0.05 wei ght percent. 10

were then again measured at room temperature and 240°C. Results are

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.



EXAMPLE 88. HAST Testing of Ml eimdeN nyl Ether Die Attach Adhesive
Simlarly to Exanple AA, 120x120 m| die were attached toﬁﬁqd)ggfyfggm()gf
vari ous 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 (15 m nJ179C). The resulting cured devices were

subj ected to sinmulated HAST testing co® tions (130C. 85% RH) for 130
hours. The devi ces exhi bited good adhesi on as neasured by die 20 shear
strength (DSS) at both roomtenperature and el evated tenperature as shown
in Table 2. 11 NOVEMBER 2003 36 Table 2. Die Shear Strengths after

simul ated HAST Testing Cure Profil e60 s/200C1l5 m nutesl| 75C Test 25C 240C25C
240C Tenperature Cu | eadfranelb5. 3+/-1.81.12+1-0. 3517. 2+1-0. 81. 25+1- 0. 39 DSS
(kg) Ag-Cu | eadfranel6. 3ale2 MeSighr $ierQihs Sst stwibtcl +HBRTGadting. 6 DSS (kg)

Pd- Cu15. 7+11. 73. Q4+1-0 4614, 4+1-0,72. 96+/-0. 90 DSS (kg) Exanple CC. Warpage
of Large Di e Bondestre Profils 60 s/200°C 15 minutes/175°C

Test 25°C 240°C | 25%C 240°C

| Temperature —

Culeadirame | 15.3+-1.8 | 1124035 | 175708 | 13557702

DSS (kg) ' o9

Ag-Cu leadframe | 16.3+/-1.9 | 2.81+/-0.55 | 14.8+/18 | 26116

DSS (kg) : '

Pd-Cu 15.7+/1.7 | 3.04+/0.46 | 14.4+/0.7 | 2.96+7-0

0SS (kg) ‘ %

Example CC. Warpage of Large Die Bonded
5 : wi{h Maleimide/Viny! 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

Thermal History 1 minf200°C +1 minf240°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/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.



5 with Mal eimdeN nyl Ether Die Attach Adhesive The die attach conposition
described in Exanple A.A. was used to bond 500x500 m| dhe NOVEMEBER 2003

| eadf ranes. The assenbl ed pieces were "snap cured"” and neasured for die
war page at several tenperatures and 10 tinmes. Typical results are given in
Tabl e 3. The performance exhibited by this adhesive qualifies it as a "l ow
stress" material. Table 3. Warpage of #l einideNinyl Ether Die Attach
Adhesive on 500x500 mi| Die 1 mn/200C Thermal Hi story+l m n/240 +4
h1175C C Warpage (m11.9+1-1.414.1+/-1.6 15 EXAVPLE DD. Thermal Anal ysis of
Mal ei m deNi nyl Ether Die Attach Adhesive The conposition of Exanple M was
used to produce -1 ml filnms wusing a drawdown bar. The filnms were "snap
cured" (60 s, 200C) on a hot 20 plate or oven cured (4 h/1 750C) and
characterized by dynam ¢ nechani dable 4aifbényrai Saly§¥y) . Results are sunmari zed
in Table 4. 11 NOVEMBER 2003 37aleimide/Vinyl Ether Die Attach Fiims

Cure Profile 60 s/200°C 4 h1175°C
T, (°C} -1 35
Modulus (E') at -65°C (psi) 421,300 513,900
Modulus (E'} at 100°C {psi) 5,864 23,980

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



Tabl e 4. Thermal Analysis of MaleimdeN nyl Ether Die Attach Filns Cure
Profil e60 -s/200C4 h1175C Ta (C)-135 Modulus (E) at--65C 411 NOVEMBER 2003
(psi) 421, 300513, 900 Modulus (E') at 100C (psi)5,86423,980 5 The naterial s
exhi bited noduli below T. typical of a |ow stress adhesive. The nmaterial s’
nodul i at tenperatures above TQ are suf§gicient to wthstand typical

wi r ebondi ng conditions without failure. EXAMPLE EE 10 Preparation of .a

si | oxane bi smal ei mi de 15 Carbinol -term nal sil oxane (DVS-Cl15, Gel est Inc.;
27.26 g. 27.2 mmol) and N, N-dinethyl am nopyridi ne (DVAP; 0.07 g, 0.55
mmol) were solvated in CH2ClI2 (200 nL) in a 500 nL four-necked flask

equi pped with nechanical stirring, addition funnel and internal

t enperature probe inecertemgudue 860 0°CT Fing SR; %dbaggtlr\é\e%soeﬁool eé_jﬁlipt 8‘6-50 gg (im
g,

ice bath. A solution of 20 dicycl ohexyl car

mol ) in CH2Cl 2 ( 5@o s, 8BshichGAL IRk A3 Q b thon funnel . This DCC
sol ution was added to the - sil oxanel z &F'u |on 6'\?@?'”?%@%&9#% of 45
m nut es whi |l e mai rth@presance dBstdrl 1 MOV erat ure of
X10C. This solution was stirred on the I ce @ét&%w;&c WE’EO“ at whi ch

~point FT-1R anal ysias afidwed to vedrin @4@bm @mgehsiurs Qhd Lol 21d dﬁ?onapthree
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.



the presence of ester (1740 cmi') and residual DCC (2120 cm'). The
solution was allowed to warmto roomtenperature and stiqqeNDVEMBER 2003
additional three 5 hours. FT-1R analysis still indicated the presence of
DCC. Acetic acid (20 nlL) was added to the reaction and the sol ution was
stirred for an additional one hour, aggnahich point FT-1R indicated no
resi dual DCC. The sol ution was filteregto renove precipitated
di cycl ohexyl urea ((DCU), and solvent was renoved fromthe filtrate in
vacuo. The remaining oil was re-solvated in 10 heptane (200 nL) and cool ed
to --5C for one week. The resulting solution was filtered froma
precipitated reddish solid to yield a light brown solution. This solution
was slurried with silica get (10 g) for one hour at room tenperature,
filtered and sol veWhatigeimwedlisi n vacuo to yield a light brown liquid which
exhi bited acceptable '"H NVR, 29Si NMR and FT-IR spectral features. 11
NOVEMBER 2003 39 What i cl oA empabld ahesive compBsifon i @s@fl BE Sy, COMPOSI ti on for
use in bonding an electronic conponent to a substrate coffprising a
mal ei ni de conpoundelegianiaconpooent lorsubstiatd einffisised ASIbREe b5RTBULRSE] oup
consisting of a free-radical initiator, a photoinitiator, and a conbination
of those, the rfal eiuritgigitdersploctadiiidnatieymup cbeistig drdlide fefiniiald? 4 Q1N whi ch
nis1lto6, and (a) Mis a naleinide noiety having the structure: in which
R is Hor an al kyahogingaler. aeda eagbinatian @b thoae, lirermAdiias conbBuddNavitly | S an
aromatic group selected fromthe group of aromatic

. the formula (M-X,,), - Q inwhich 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



----C --- -"~NH_ii O.
h ng the structures: (I) and (1V) O C F- NH~
Ig1[ OUOIOSCIJ--al\ll\lqI 1% v and (c) Qis an ester having the structuqg:NOVEMBER 2003

-R8-C-0O--R3 O iC R8 structure in which R3 is a siloxane having the
-(R8CR'CZ)O'; - (0)1.0 "(CR z)e--(Si-R4z--Or-Si-R42- (CRz)s-(Ot.o -_(CR'HZ)? :am
in 20 which the R substituent indepeggently for each position is lp 2
al kyl group 11 NOVEMBER 2003 40 havi ng to 5 carbon atoms, R8 is a |g4
or branched chain alkyl or alkylene oxy having I to 20 carbon ﬁtons, A
substituent independently for each position is an alkyl group having

5 carbon atons or an aryl group, e and g

having 1 to 5 carbon atoms, R®is a linear or branched chain alkyl or alkylene
oxy having 1 to 20 carbon atoms, 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 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, and 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:

O O
—R— 0 _pi0-& ge in which R®is a siloxane having the
15 structure _
"(CR12)g ~ (O “(CRiz)e_(Si‘R42*O)r-Si'R42_(CR12 (00 —(CRiz)g - 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 chain alkyl or alkylene
oxy having 1 to 20 carbon atoms, R* sub.stituent independently for each

20 positi.c';;ii is an alkyl group haQing 1 to 5 carbon afoms oran aryl group, e and g

are independently 1 to 10, and fis 1 to 50.



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 tq4NOVEMBRRE2003
conprising a mal eimde conpound and a curi.ng initiator selected fromthe
group consisting of a free-radical initiator, a photoinitiator, and a
conbi nati on of those, the nalei mde coggound having 10 the formula M, -- Q
inwhichnis 1to 6, and (a) Mis a naleimde noiety having the structure:
ONOinwich R is Hor an alkyl group having 1 to 5 carbon atons; (b) Q
is an ester having the structure 0 0 11 -R4--C-0-131-0-C if R8 in which
R3 is a siloxane having the 1 5 structure (CR2)9 - (O,,0

-(CR 2)e-{Si-R42-Ot-Si-R42-(CR 2)9-(0i0 0o -(CR2)9 - in which the R
substituent independently for each position is Hor an al kyl group having
1 to 5 carbon atons, Re is a linear or branched chain al kyl or alkylene
oxy having 1 to 20 carbon atons, R4 substituent independently for each

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

the maleimide compound has the formuta
0] | 0
0 ' -

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.



20 position is an alkyl group having 1 to 5 carbon atons or an aryl group,
e and g are independently | to 10, and f is 1 to 50. 11 NMRYGEMBERZGOB
- 3.. A curabl e adhesi ve conposition according to claim?2 in which the
mal ei m de conpound has the formula 5 4. An el ectronic 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. ABSTRACT DI E ATTACHgﬁDHESIVES FOR USE I N

M CRCELECTRONI C DEVI CES A thernopl astic t hernosetti ng adhesi ve for
bondi ng -an el ectronic. conponent to a substrate in which the adhesive is
cured in situ froma curable conp05|t|on conpri ses one or nore poly- or
mono-functi onal mal ei mi de conpoundBSTRAS®R or nore poly- or
nono-functional vinyl conpounds other than naleim de conpounds, or a
conbi nati on of mal ei mde and vinyl conpounds, a curing initiator and

opt i onal | PIEQXETACHABHESIVES FORWSE IN M®SROELECTRONIC DEVICES

“A thermoplastic or thermoselting adhesive for bonding an electronic
component to a substrate in which the adhesive is cured in situ from a curable
5  composition comprises one or more pely- or mono-functional maleimide
compounds, or one or mare poly- or mono-functional vinyl compounds other
than maleimide compounds, or a combination of maleimide and vinyl

compounds, a curing initiator and optionally, one or more fillers.

Figure : None



