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FILM ADHESIVES CONTAINING MALEIMIDE 
COMPOUNDS AND METHODS FOR USE 

THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention relates to ?lm adhesive com 
positions, and more particularly to the use of ?lm adhesive 
compositions in stacked die microelectronic packaging 
applications. 

BACKGROUND OF THE INVENTION 

[0002] In response to an increasing demand for semicon 
ductor packages that are smaller, yet more functional, the 
microelectronic packaging industry has recently begun pro 
ducing packages containing at least tWo stacked semicon 
ductor dice. Indeed, it is often advantageous to stack mul 
tiple dice into the same package in order to increase circuit 
density Without increasing the area occupied on a circuit 
board by the integrated circuit package. 

[0003] Several challenges eXist With respect to producing 
reliable electronic components containing stacked die pack 
ages. For eXample, stacked die packages typically require 
very thin bond lines betWeen die (e.g., <15 microns). In 
addition, it is knoWn that adhesive ?llet and resin bleed 
associated With many adhesive formulations contribute to 
unreliable component performance. Thus, adhesives used in 
stacked die applications ideally Would provide (at a mini 
mum bond line thickness) superior adhesive strength and 
conductivity (thermal and electrical) Without producing 
adhesive ?llet or resin bleed. One possible approach to 
address this challenging problem lies in the use of ?lm 
adhesives. 

[0004] Accordingly, there is a need for ?lm adhesives 
Which provide superior adhesive strength and conductivity 
When dispensed to achieve very thin bond lines in a variety 
of microelectronic packages, such as, for eXample, stacked 
die packages. 

SUMMARY OF THE INVENTION 

[0005] In accordance With the present invention, there are 
provided ?lm adhesive compositions comprising at least one 
macromonomer having at least one unit of ethylenic unsat 
uration, at least one thermoplastic elastomer co-curable With 
the macromonomer, and at least one cure initiator. Invention 
compositions are useful as adhesives in the microelectronics 
industry. In particular, invention ?lm adhesives may be used 
to produce microelectronic assemblies With very thin bond 
lines Without compromising adhesive strength. 

[0006] In a further aspect of the present invention, there 
are provided methods employing invention ?lm adhesive 
compositions for adhesively attaching a device to a sub 
strate, and methods employing invention ?lm adhesive 
compositions for adhesively attaching at least tWo semicon 
ductor dice to a substrate in a stacked arrangement. 

[0007] In a still further aspect of the invention, there are 
provided assemblies comprising a ?rst article adhered to a 
second article by invention ?lm adhesive compositions. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0008] In accordance With the present invention, there are 
provided adhesive compositions comprising at least one 
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macromonomer having at least one unit of ethylenic unsat 
uration, at least one thermoplastic elastomer co-curable With 
the macromonomer, and at least one cure initiator. 

[0009] As employed herein, “macromonomer” refers to a 
compound having properties suitable for use in invention 
?lm adhesive compositions. For example, macromonomers 
contemplated for use in the practice of the present invention 
typically are loW melting point solids having loW vapor 
pressures. Alternatively, macromonomers contemplated for 
use in the practice of the present invention may be liquids 
having a molecular Weight of at least about 500 grams/mole. 

[0010] As employed herein, “unit of ethylenic unsatura 
tion” refers to unsaturation comprising localiZed (i.e., non 
aromatic) carbon-carbon double bonds, as shoWn beloW: 

[0011] As employed herein, “co-curable” refers to the 
ability of a thermoplastic elastomer to undergo copolymer 
iZation With a macromonomer to form a three-dimensional 
polymeric netWork. 

[0012] Macromonomers contemplated for use in the prac 
tice of the present invention include, for eXample, maleim 
ides, vinyl compounds, allylated amides, and the like. In one 
embodiment, maleimide macromonomers contemplated for 
use in the practice of the present invention include com 
pounds having the folloWing structure: 

0 

X N 

R 

O In 

[0013] Wherein: 

[0014] m=1-6, 

[0015] R is independently selected from hydrogen or 
loWer alkyl, and 

[0016] X is a monovalent moiety or a multivalent 
linking moiety. 

[0017] Monovalent moieties or multivalent linking moi 
eties are typically selected from 

[0018] (I) straight or branched chain alkyl, alkylene, 
oXyalkylene, alkenyl, alkenylene, oXyalkenylene, 
ester, or polyester, optionally containing substituents 
selected from hydroXy, alkoXy, carboXy, nitrile, 
cycloalkyl or cycloalkenyl, 
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[0020] wherein 

[0021] each R is independently de?ned as above, 
and each R‘ is independently selected from hydro 
gen, loWer alkyl or aryl, rn‘ falls in the range of 1 up 
to 10, n‘ falls in the range of 1 up to 10, and q‘ falls 
in the range of 1 up to 50, 

[0023] Wherein each R is independently as de?ned above, 
r falls in the range of 1 up to 10, s falls in the range of 1 up 
to 10, and q‘ is as de?ned above, 

[0024] (IV) arornatic rnoieties having the structure: 

0 

AT — [(C)0,1_ O—(CR2)1]H 

[0025] Wherein each R is independently as de?ned above, 
t falls in the range of 2 up to 10, u is 1, 2 or 3, and Ar is as 
de?ned above, or 

[0027] Z is O or NR, Wherein R is hydrogen or 
loWer alkyl, 

[0028] (V) urethanes having the structure 

0 O 

H 
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[0038] n is 1 up to about 50, and 

[0039] Z is selected from: 

[0040] straight or branched chain alkyl, alkylene, 
oXyalkylene, alkenyl, alkenylene, oXyalkenylene, 
ester, or polyester, optionally containing substitu 
ents selected from hydroXy, alkoXy, carboXy, 
nitrile, cycloalkyl or cycloalkenyl, 

siloXanes having the structure: 

Wherein 

[0043] each R is independently de?ned as 
above, and each R‘ is independently selected from 
hydrogen, loWer alkyl or aryl, rn‘ falls in the range 
ofI up to 10, n‘ falls in the range of 1 up to 10, and 
q‘ falls in the range of 1 up to 50, 

[0044] 
—[(CR2)I—O—]q-—(CR2)S— 

[0045] Wherein each R is independently as de?ned above, 
r falls in the range of 1 up to 10, s falls in the range of 1 up 
to 10, and q‘ is as de?ned above, 

[0046] 

polyalkylene oXides having the structure: 

arornatic rnoieties having the structure: 

[0047] Wherein each R is independently as de?ned above, 
t falls in the range of 2 up to 10, u is 1, 2 or 3, and Ar is as 
de?ned above, 

[0048] as Well as mixtures of any tWo or more 
thereof. 

0 

[0029] Wherein: 
[0030] each R1 is independently hydrogen or loWer 

alkyl, 
[0031] each R2 independently is an alkyl, aryl, or 

arylalkyl group having 1 to 18 carbon atoms; 

[0032] R3 is an alkyl or alkyloXy chain having up 
to about 100 atoms in the chain, Which chain may 
contain aryl substituents; 

[0033] X is O, S, N, or P; and 
[0034] v is 0 to 50, 
[0035] (VI) arornatic rnoieties having the structure: 

i] 
Z o—(c)0, 1— Ar 

[0036] Wherein 
[0037] each Ar is a rnonosubstituted, disubstituted 

or trisubstituted arornatic or heteroarornatic ring hav 
ing in the range of 3 up to about 10 carbon atoms, 

[0049] As ernployed herein, “alkyl” refers to hydrocarbyl 
radicals having 1 up to about 20 carbon atoms, preferably 
2-10 carbon atoms; and “substituted alkyl” cornprises alkyl 
groups further bearing one or more substituents selected 

from hydroXy, alkoXy, rnercapto, cycloalkyl, substituted 
cycloalkyl, heterocyclic, substituted heterocyclic, aryl, sub 
stituted aryl, heteroaryl, substituted heteroaryl, aryloXy, sub 
stituted aryloXy, halogen, cyano, nitro, arnino, arnido, 
C(O)H, acyl, oXyacyl, carboXyl, carbarnate, sulfonyl, sul 
fonarnide, sulfuryl, and the like. 

[0050] As ernployed herein, “cycloalkyl” refers to cyclic 
ring-containing groups containing in the range of 3 up to 
about 8 carbon atoms, and “substituted cycloalkyl” refers to 
cycloalkyl groups further bearing one or more substituents 
as set forth above. 

[0051] As ernployed herein, “alkenyl” refers to straight or 
branched chain hydrocarbyl groups having at least one 
carbon-carbon double bond, and having in the range of 2 up 
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to about 12 carbon atoms, and “substituted alkenyl” refers to 
alkenyl groups further bearing one or more substituents as 
set forth above. 

[0052] As employed herein, “alkylene” refers to divalent 
hydrocarbyl radicals having 1 up to about 20 carbon atoms, 
preferably 2-10 carbon atoms; and “substituted alkylene” 
comprises alkylene groups further bearing one or more 
substituents as set forth above. 

[0053] As used herein, “oXyalkylene” refers to an alkylene 
moiety Wherein one or more of the methylene units of the 
alkylene moiety has been replaced With an oXygen atom. 

[0054] As employed herein, “aryl” refers to aromatic 
groups having in the range of 6 up to about 14 carbon atoms 
and “substituted aryl” refers to aryl groups further bearing 
one or more substituents as set forth above. 

| NM} 
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[0055] As employed herein, “alkenylene” refers to diva 
lent, straight or branched chain hydrocarbyl groups having 
at least one carbon-carbon double bond, and having in the 

range of 2 up to about 12 carbon atoms, and “substituted 

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

[0056] As employed herein, “oxyalkenylene” refers to an 
alkenylene moiety Wherein one or more of the methylene 
units of the alkenylene moiety has been replaced With an 
oxygen atom. 

[0057] Preferred maleimides contemplated for use in the 
practice of the present invention include, for eXample, 
maleimides having the folloWing structures: 

we 



US 2005/0107542 A1 

[0058] Vinyl rnacrornonorners contemplated for use in the 
practice of the present invention include compounds having 
the following structure: 

[0059] Wherein: 

[0060] q is 1, 2 or 3, 

[0061] each R is independently selected from hydro 
gen or loWer alkyl, 

[0062] each Q is independently selected from —O—, 
—O—C(O)—, —C(O)— or —C(O)—O—, and 

[0063] Y is a rnonovalent rnoiety or a rnultivalent 
linking rnoiety. 

[0064] The rnultivalent linking rnoiety Y is typically 
selected from: 

[0065] (I) straight or branched chain alkyl, alkylene, 
oXyalkylene, alkenyl, alkenylene, oXyalkenylene, 
ester, or polyester, optionally containing substituents 

0 
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[0071] (IV) arornatic rnoieties having the structure: 

0 

0 

[0072] Wherein each R is independently as de?ned above, 
t falls in the range of 2 up to 10, u is 1, 2 or 3, and Ar is as 
de?ned above, or 

[0074] Z is O or NR, Wherein R is hydrogen or 
loWer alkyl, 

[0075] (V) urethanes having the structure 

0 

selected from hydroXy, alkoXy, carboXy, nitrile, 
cycloalkyl or cycloalkenyl, 

[0067] 

[0068] each R is independently de?ned as above, 
and each R‘ is independently selected from hydro 
gen, loWer alkyl or aryl, rn‘ falls in the range of 1 up 
to 10, n‘ falls in the range of 1 up to 10, and q‘ falls 
in the range of 1 up to 50, 

Wherein 

[0070] Wherein each R is independently as de?ned above, 
r falls in the range of 1 up to 10, s falls in the range of 1 up 
to 10, and q‘ is as de?ned above, 

[0076] Wherein: 

[0077] each R1 is independently hydrogen or loWer 
alkyl, 

[0078] each R2 independently is an alkyl, aryl, or 
arylalkyl group having 1 to 18 carbon atoms; 

[0079] R3 is an alkyl or alkyloXy chain having up 
to about 100 atoms in the chain, Which chain may 
contain aryl substituents; 

[0080] X is O, S, N, or P; and 

[0081] v is 0to50, 

[0082] (VI) arornatic rnoieties having the structure: 

it 
Z o—(C)0,1— Ar 
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[0083] wherein 

[0084] each Ar is a monosubstituted, disubstituted 
or trisubstituted aromatic or heteroaromatic ring hav 
ing in the range of 3 up to about 10 carbon atoms, 

[0085] 
[0086] 

[0087] straight or branched chain alkyl, alkylene, 
oXyalkylene, alkenyl, alkenylene, oXyalkenylene, 
ester, or polyester, optionally containing substitu 
ents selected from hydroXy, alkoXy, carboXy, 
nitrile, cycloalkyl or cycloalkenyl, 

[0088] 
—(CR2)m-—[5i(R')2—O]q-—5i(R')2—(CR2)n-— 

[0089] Wherein 

[0090] each R is independently de?ned as 
above, and each R‘ is independently selected from 
hydrogen, loWer alkyl or aryl, m‘ falls in the range 
of 1 up to 10, n‘ falls in the range of 1 up to 10, and 
q‘ falls in the range of 1 up to 50, 

[0092] Wherein each R is independently as de?ned above, 
r falls in the range of 1 up to 10, s falls in the range of 1 up 
to 10, and q‘ is as de?ned above, 

[0093] 

n is 1 up to about 50, and 

Z is selected from: 

siloXanes having the structure: 

polyalkylene oXides having the structure: 

aromatic moieties having the structure: 

0 

[0094] Wherein each R is independently as de?ned above, 
t falls in the range of 2 up to 10, u is 1, 2 or 3, and Ar is as 
de?ned above, 

[0095] as Well as miXtures of any tWo or more 
thereof. 

[0096] Allylated amide macromonomers contemplated for 
use in the practice of the present invention include com 
pounds having the folloWing structure: 

111 

[0097] 
[0098] R‘ is hydrogen, C1 up to about C18 alkyl or 

oXyalkyl, allyl, aryl, or substituted aryl, 

[0099] X is as de?ned above, and 

[0100] m is 1-6. 

Wherein: 

[0101] Thermoplastic elastomers contemplated for use in 
the practice of the present invention are typically block 
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copolymers. The block copolymers have at least one unit of 
the general formula (A-B), or (A-B-A), Wherein A is a 
non-elastomeric polymer block and B is an elastomeric 
polymer block. Block copolymers contemplated for use in 
the practice of the present invention preferably have loW 
dielectric constants. In addition, thermoplastic elastomers 
contemplated for use in the practice of the present invention 
contain pendant and/or terminal units of ethylenic unsatura 
tion, and therefore are able to cure With other components in 
the adhesive composition, such as the unsaturated mac 
romonomer. 

[0102] In one aspect of the invention, the non-elastomeric 
polymer block (A) is the polymeriZation product of one or 
more optionally substituted aromatic hydrocarbons contain 
ing at least one unit of ethylenic unsaturation. Aromatic 
hydrocarbons contemplated for use in the practice of the 
present invention include, for eXample, optionally substi 
tuted styrene, optionally substituted stilbene, and the like. 
Substituents contemplated for optional use in the practice of 
the present invention include for eXample, alkyl, alkenyl, 
alkynyl, hydroXy, alkoXy, alkenoXy, and the like. In a 
preferred embodiment, the aromatic hydrocarbon is option 
ally substituted styrene. 

[0103] The elastomeric polymer block (B) is typically the 
polymeriZation or copolymeriZation product of optionally 
substituted ole?n monomers and/or optionally substituted 
conjugated diene monomers. Ole?n monomers contem 
plated for use in the practice of the present invention 
typically contain from 2 up to about 20 carbon atoms. 
Preferably, the ole?n monomers contain from 2 up to about 
12 carbon atoms. In a particularly preferred embodiment, the 
ole?n monomers include, for eXample, ethylene, propylene, 
butylene, isobutylene, acrylonitrile, (meth)acrylate, and the 
like. Most preferably, the ole?n monomer is acrylonitrile. 

[0104] Conjugated diene monomers contemplated for use 
in the practice of the present invention typically contain 
from 4 up to about 20 carbon atoms. Preferably, the conju 
gated diene monomers contain from 4 up to about 12 carbon 
atoms. In a particularly preferred embodiment, the conju 
gated diene monomers include, for eXample, butadiene, 
isoprene, dimethylbutadiene, and the like. Most preferably, 
the conjugated diene monomer is butadiene. 

[0105] The structure of the elastomeric segments can be 
optionally modi?ed to increase adhesive strength of inven 
tion compositions. For eXample, the elastomeric segments of 
the block copolymers (e.g., the polybutadiene segments) 
may be modi?ed via a thermally induced ene-reaction With 
maleic anhydride (for a revieW of the ene-reaction, see, for 
eXample, OppolZer, W., Snieckus, V.,Angew. Chem. Int. Ed. 
EngL, 1978, 17, 476). Such modi?cation has a particularly 
positive impact on hot die-shear values. 

[0106] Thermoplastic elastomers contemplated for use in 
the practice of the present invention include, for eXample, 
polystyrene-polybutadiene-polystyrene block copolymers, 
polystyrene-polyisoprene-polystyrene block copolymers, 
polystyrene-polydimethylbutadiene-polystyrene block 
copolymers, polybutadiene-polyacrylonitrile block copoly 
mers, and the like. Preferably, the block copolymer is a 
polystyrene-polybutadiene-polystyrene block copolymer or 
a polybutadiene-polyacrylonitrile block copolymer. 

[0107] Adhesive compositions of the invention also con 
tain in the range of 0.2 up to 2 Weight % of at least one free 
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radical initiator, wherein Weight % (Wt %) is based on the 
total Weight of the composition. As employed herein, the 
term “free radical initiator” refers to any chemical species 
Which, upon exposure to suf?cient energy (e.g., light, heat, 
or the like), decomposes into at least tWo species Which are 
uncharged, but Which each possesses at least one unpaired 
electron. Preferred free radical initiators contemplated for 
use in the practice of the present invention are compounds 
Which decompose (i.e., have a half life in the range of about 
10 hours) at temperatures in the range of about 70 up to 180° 
C. 

[0108] Free-radical cure initiators contemplated for use in 
the practice of the present invention include for example, 
peroxides (e.g., peroxy esters, peroxy carbonates, hydrop 
eroxides, alkylperoxides, arylperoxides, and the like), aZo 
compounds, and the like. Presently preferred peroxides 
contemplated for use in the practice of the present invention 
include dicumyl peroxide, dibenZoyl peroxide, 2-butanone 
peroxide, tert-butyl perbenZoate, di-tert-butyl peroxide, 2,5 - 
bis(tert-butylperoxy)-2,5-dimethylhexane, bis(tert-butyl 
peroxyisopropyl)benZene, tert-butyl hydroperoxide, and the 
like. Presently preferred aZo compounds contemplated for 
use in the practice of the present invention include 2,2‘ 
aZobis(2-methylpropanenitrile), 2,2‘-aZobis(2-methylbu 
tanenitrile), 1,1‘-aZobis(cyclohexanecarbonitrile), and the 
like. 

[0109] Adhesive compositions contemplated for use in the 
practice of the present invention typically contain in the 
range of about 10 Wt % up to about 95 Wt % thermoplastic 
elastomer, in the range of about 5 Wt % up to about 90 Wt 
% macromonomer having at least one unit of ethylenic 
unsaturation, and in the range of about 0.5 Wt % up to about 
2.0 Wt % a cure initiator, Wherein Weight % is based on the 
total Weight of the composition. Preferably, the macromono 
mer having at least one unit of ethylenic unsaturation is 
present in the range of about 10 Wt % up to about 80 Wt %. 

[0110] Adhesive compositions according to the invention 
optionally further contain in the range of about 0.1 up to 
about 10 Wt % of at least one coupling agent, based on the 
total Weight of the composition. Preferably, the coupling 
agent is present in the range of about 0.2 Wt % up to about 
5 Wt %. Coupling agents contemplated for use in the practice 
of the present invention include siloxanes, silicate esters, 
metal acrylate salts, titanates, and the like. 

[0111] Adhesive compositions according to the invention 
may optionally contain a ?ller. Fillers contemplated for 
optional use in the practice of the present invention may 
optionally be conductive (electrically and/or thermally). 
Electrically conductive ?llers contemplated for use in the 
practice of the present invention include, for example, silver, 
nickel, gold, cobalt, copper, aluminum, graphite, silver 
coated graphite, nickel-coated graphite, alloys of such met 
als, and the like, as Well as mixtures thereof. Both poWder 
and ?ake forms of ?ller may be used in the adhesive 
compositions of the present invention. Preferably, the ?ake 
has a thickness of less than about 2 microns, With planar 
dimensions of about 20 to about 25 microns. Flake 
employed herein preferably has a surface area of about 0.15 
to 5.0 m2/g and a tap density of about 0.4 up to about 5.5 
g/cc. It is presently preferred that poWder employed in the 
practice of the invention has a diameter of about 0.5 to 15 
microns. If present, the ?ller typically comprises in the range 
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of about 1 Wt % up to about 95 Wt % of the adhesive 
formulation, Wherein Weight % is based on the total Weight 
of the composition. 

[0112] Thermally conductive ?llers contemplated for 
optional use in the practice of the present invention include, 
for example, aluminum nitride, boron nitride, silicon car 
bide, diamond, graphite, beryllium oxide, magnesia, silica, 
alumina, and the like. Preferably, the particle siZe of these 
?llers Will be in the range of about 5 up to about 30 microns. 
Most preferably, the particle siZe of these ?llers Will be 
about 20 microns. 

[0113] Electrically and/or thermally conductive ?llers are 
optionally (and preferably) rendered substantially free of 
catalytically active metal ions by treatment With chelating 
agents, reducing agents, nonionic lubricating agents, or 
mixtures of such agents. Such treatment is described in US. 
Pat. No. 5,447,988, Which is incorporated by reference 
herein in its entirety. 

[0114] Optionally, a ?ller may be used that is neither an 
electrical nor thermal conductor. Such ?llers may be desir 
able to impart some other property to the adhesive formu 
lation such as, for example, reduced thermal expansion of 
the cured adhesive, reduced dielectric constant, improved 
toughness, increased hydrophobicity, and the like. Examples 
of such ?llers include per?uorinated hydrocarbon polymers 
(i.e., TEFLONTM), thermoplastic polymers, thermoplastic 
elastomers, mica, fused silica, glass poWder, and the like. 

[0115] In a preferred embodiment, adhesive compositions 
contemplated for use in the practice of the present invention 
contain in the range of about 5 Wt % up to about 90 Wt % 
thermoplastic elastomer, in the range of about 5 Wt % up to 
about 90 Wt % macromonomer containing at least one unit 
of ethylenic unsaturation, in the range of about 0.5 Wt % up 
to about 2.0 Wt % cure initiator, in the range of about 0.5 Wt 
% up to about 5 Wt % coupling agent, and in the range of 
about 1 Wt % up to about 95 Wt % ?ller, Wherein Weight % 
is based on the total Weight of the composition. 

[0116] In a further aspect of the invention, there are 
provided methods for adhesively attaching a device to a 
substrate comprising subjecting a suf?cient quantity of an 
invention adhesive composition positioned betWeen a sub 
strate and a device to conditions suitable to cure the adhesive 
formulation. Devices contemplated for use in the practice of 
the present invention include any surface mount component 
such as, for example, semiconductor die, resistors, capaci 
tors, and the like. Preferably, devices contemplated for use 
in the practice of invention methods are semiconductor dies. 
Substrates contemplated for use include metal substrates 
(e.g., lead frames), organic substrates (e.g., laminates, ball 
grid arrays, polyamide ?lms), and the like. 

[0117] Conditions suitable to cure invention ?lm adhesive 
compositions comprise subjecting invention ?lm adhesive 
compositions to a temperature of at least about 150° C. but 
less than about 300° C. for about 0.5 up to about 2 minutes. 
This rapid, short duration heating can be accomplished in a 
variety of Ways, e.g., With an in-line heated rail, a belt 
furnace, or the like. 

[0118] Alternatively, conditions suitable to cure invention 
?lm adhesive compositions comprise subjecting invention 
?lm adhesive compositions to a temperature in the range of 
about 120° C. up to about 200° C. for a period of about 15 



US 2005/0107542 A1 

minutes up to about 60 minutes. These conditions can be 
readily produced in a variety of Ways, such, for example, by 
placing invention ?lm adhesive compositions in a curing 
oven. 

[0119] In a still further aspect of the invention, there are 
provided methods for adhesively attaching at least tWo 
semiconductor dice to a substrate in a stacked arrangement 
comprising curing a sufficient quantity of an invention 
adhesive composition positioned betWeen the substrate and 
each of the die. 

[0120] In yet another aspect of the present invention, there 
are provided assemblies comprising a ?rst article perma 
nently adhered to a second article by a sufficient quantity of 
an invention adhesive composition. 

[0121] The invention Will noW be described in greater 
detail by reference to the folloWing non-limiting eXample. 

EXAMPLE 

[0122] An adhesive composition according to the present 
invention Was prepared as folloWs. Invention Formulation 1 
Was prepared using the styrene-butadiene block copolymer 
KRATONTM D-1102 as the thermoplastic elastomeric com 
ponent. Octadecylmaleimide and X-BMI (X-BMI is the 
1,20-bismaleimido derivative of 10,11-dioctyl-eicosane) 
Were employed as macromonomers. The maleimides used in 
the folloWing invention formulations Were prepared accord 
ing to the procedure set forth in US. Pat. No. 5,973,166, the 
entire contents of Which are incorporated by reference 
herein. 

Invention Formulation 1 

1. octadecylmaleimide 1.0 g 
2. KRATON TM D-1102 2.5 g 
3. X-BMI 1.5 g 
4. Ricon 1301 0.2 g 
5. Silane coupling agent2 0.2 g 
6. Dicumyl peroxide 0.05 g 
7. Xylene 5.0 g 
8. TEFLON TM ?ller 6.9 g 

1Polybutadiene 20% grafted With maleic anhydride (Sartomer) 
2Proprietary silane-containing coupling agent. 

[0123] Preparation of Formulation 1 began by dissolving 
octadecylmaleimide in Xylene. KRAT ON Was added to this 
solution and alloWed to dissolve completely before the 
remaining components Were added. 

[0124] A ?lm of Invention Formulation 1 Was cast onto a 
glass substrate and dried overnight. A silicon die Was then 
placed onto the ?lm, and the ?lm-coated substrate Was 
heated to 80° C. for 1 to 3 seconds. This assembly Was 
?nally cured at 185° C. for 30 minutes. 

[0125] The ?lm adhesive compositions Were tested for 
room temperature die shear and hot die shear on a calibrated 
Dage 2400 die shear tester. The results for Invention For 
mulation 1 are shoWn beloW in Table 1, compared to 
QMI536, a non-?lm adhesive formulation (prepared accord 
ing to Us. Pat. No. 5,717,034) comprising the same male 
imides as employed for the preparation of Invention For 
mulation 1. Also included in Table 1 are die shear values 
after the cured compositions Were subjected to 85° C./85% 
humidity for 24 hrs. 
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TABLE 1 

Hot Die Shear 

(245° C.) (lbs) 
Room Temperature 
Die Shear (lbs) 

QMI536, initial 59.1 24.4 
Invention Formulation 1, initial 88.9 25.9 
QMI536, 24 hrs. 85/85 52.6 23.9 
Invention Formulation 1, 24 hrs. 79.6 24.6 
85/85 

[0126] The results shoWn above demonstrate that Inven 
tion Formulation 1 has superior adhesive strength compared 
to an analogous non-?lm forming composition. 

[0127] While the invention has been described in detail 
With reference to certain preferred embodiments thereof, it 
Will be understood that modi?cations and variations are 
Within the spirit and scope of that Which is described and 
claimed. 

1-15. (canceled) 
16. A thermally curable ?lm adhesive composition com 

prising a curable component comprising at least one mac 
romonomer having at least one unit of ethylenic unsatura 
tion, Wherein said macromonomer is a maleimide, 

in the range of about 20-90 Wt % of at least one thermo 
plastic elastomer co-curable With said at least one 

macromonomer, and 

at least one free radical cure initiator, 

Wherein Wt % is based on total Weight of the composition; 
and 

Wherein said free radical cure initiator is present in the 
range of about 0.5 Wt % up to 2.0 Wt %; and 

Wherein said macromonomer is present in the range of 
about 10 Wt % up to about 80 Wt %, Wherein Wt % is 
based on total Weight of the composition. 

17. An adhesive composition according to claim 16, 
Wherein said cure initiator is a free-radical cure initiator. 

18-21. (canceled) 
22. An adhesive composition according to claim 16, 

further comprising a ?ller. 
23. An adhesive composition according to claim 22, 

Wherein said ?ller is conductive. 
24. An adhesive composition according to claim 23, 

Wherein said ?ller is electrically conductive. 
25. An adhesive composition according to claim 23, 

Wherein said ?ller is thermally conductive. 
26. An adhesive composition according to claim 22, 

Wherein said ?ller is non-conductive. 
27. An adhesive composition according to claim 26, 

Wherein said ?ller is a per?uorinated hydrocarbon polymer. 
28. An adhesive composition according to claim 22, 

Wherein said ?ller is present in the range of about 1 Wt % up 
to about 95 Wt %, Wherein Wt % is based on total Weight of 
the composition. 

29. (canceled) 
30. An adhesive composition comprising at least one 

thermoplastic elastomer, at least one macromonomer having 
at least one unit of ethylenic unsaturation, and at least one 
cure initiator, 
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wherein said macromonomer is selected from the group 
consisting of maleimides, allylated amides, and vinyl 
compounds. 

31. An adhesive composition according to claim 30, 
Wherein said composition is capable of curing at a tempera 
ture in the range of about 150° C. up to about 200° C. in a 
period of time of about 0.25 minutes up to about 2 minutes. 

32-34. (canceled) 
35. An adhesive composition according to claim 30, 

Wherein said macromonomer is a vinyl compound. 
36. An adhesive composition according to claim 35, 

Wherein said vinyl compound has the folloWing structure: 

Wherein: 

q is 1, 2 or 3, 

each R is independently selected from hydrogen or loWer 
alkyl, 

each Q is independently selected from —O—, 
—O—C(O)—, —C(O)— or —C(O)—O—, and 

Y is a monovalent moiety or a multivalent linking moiety. 

0 
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(IV) aromatic moieties having the structure: 

0 

0 

Wherein each R is independently as de?ned above, t falls 
in the range of 2 up to 10, u is 1, 2 or 3, and Ar is as 
de?ned above, or 

Wherein Z is O or NR, Wherein R is hydrogen or loWer 
alkyl, 

(V) urethanes having the structure 

0 O 

H 

37. An adhesive composition according to claim 36, 
Wherein Y is selected from: 

(I) straight or branched chain alkyl, alkylene, oXyalky 
lene, alkenyl, alkenylene, oXyalkenylene, ester, or 
polyester, optionally containing substituents selected 
from hydroXy, alkoXy, carboXy, nitrile, cycloalkyl or 
cycloalkenyl, 

Wherein 

each R is independently de?ned as above, and each R‘ 
is independently selected from hydrogen, loWer alkyl 
or aryl, m‘ falls in the range of 1 up to 10, n‘ falls in the 
range of 1 up to 10, and q‘ falls in the range of 1 up to 
50, 

(III) polyalkylene oXides having the structure: 

Wherein each R is independently as de?ned above, r falls 
in the range of 1 up to 10, s falls in the range of 1 up 
to 10, and q‘ is as de?ned above, 

Wherein: 

each R1 is independently hydrogen or loWer alkyl, 

each R2 independently is an alkyl, aryl, or arylalkyl 
group having 1 to 18 carbon atoms; 

R3 is an alkyl or alkyloXy chain having up to about 100 
atoms in the chain, Which chain may contain aryl 
substituents; 
X is O, S, N, or P; and 

v is 0 to 50, 

(VI) aromatic moieties having the structure: 

it 
Z O—(C)0,1—Ar 

Wherein 

each Ar is a monosubstituted, disubstituted or trisub 
stituted aromatic or heteroaromatic ring having in the 
range of 3 up to about 10 carbon atoms, 

n is 1 up to about 50, and 

Z is selected from: 

straight or branched chain alkyl, alkylene, oXyalkylene, 
alkenyl, alkenylene, oXyalkenylene, ester, or polyes 
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ter, optionally containing substituents selected from 
hydroXy, alkoXy, carboXy, nitrile, cycloalkyl or 

Wherein 

each R is independently de?ned as above, and each 
R‘ is independently selected from hydrogen, loWer 
alkyl or aryl, rn‘ falls in the range of 1 up to 10, n‘ 
falls in the range of 1 up to 10, and q‘ falls in the 
range of 1 up to 50, 

polyalkylene oXides having the structure: 

Wherein each R is independently as de?ned above, r 
falls in the range of 1 up to 10, s falls in the range of 
1 up to 10, and q‘ is as de?ned above, arornatic 
rnoieties having the structure: 

0 

Wherein each R is independently as de?ned above, t 
falls in the range of 2 up to 10, u is 1, 2 or 3, and Ar 
is as de?ned above, as Well as mixtures of any tWo 
or more thereof. 

38. An adhesive composition according to claim 30, 
Wherein said rnacrornonorner is an allylated arnide. 

39. An adhesive composition according to claim 38, 
Wherein said allylated arnide has the folloWing structure: 

0 
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each R is independently de?ned as above, and each R‘ 
is independently selected from hydrogen, loWer alkyl 
or aryl, rn‘ falls in the range of 1 up to 10, n‘ falls in the 
range of 1 up to 10, and q‘ falls in the range of 1 up to 
50, 

Wherein each R is independently as de?ned above, r falls 
in the range of 1 up to 10, s falls in the range of 1 up 
to 10, and q‘ is as de?ned above, 

(IV) arornatic rnoieties having the structure: 

0 

Wherein each R is independently as de?ned above, t falls 
in the range of 2 up to 10, u is 1, 2 or 3 and Ar is as 
de?ned above, or 

Z is O or NR, Wherein R is hydrogen or loWer alkyl, 

(V) urethanes having the structure 

0 O 

H 

Wherein: 

R‘ is hydrogen, C1 up to about C18 alkyl or oXyalkyl, allyl, 
aryl, or substituted aryl, 

In is 1-6, and 

X is selected from 

(I) straight or branched chain alkyl, alkylene, oXyalky 
lene, alkenyl, alkenylene, oXyalkenylene, ester, or 
polyester, optionally containing substituents selected 
from hydroXy, alkoXy, carboXy, nitrile, cycloalkyl or 
cycloalkenyl, 

Wherein: 

each R1 is independently hydrogen or loWer alkyl, 

each R2 independently is an alkyl, aryl, or arylalkyl 
group having 1 to 18 carbon atoms; 

R3 is an alkyl or alkyloXy chain having up to about 100 
atoms in the chain, Which chain may contain aryl 
substituents; 

X is O, S, N, or P; and 

v is 0 to 50, 
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(VI) aromatic moieties having the structure: 

wherein 

each Ar is a monosubstituted, disubstituted or trisub 
stituted aromatic or heteroaromatic ring having in the 
range of 3 up to about 10 carbon atoms, 

n is 1 up to about 50, and 

Z is selected from: 

straight or branched chain alkyl, alkylene, oXyalkylene, 
alkenyl, alkenylene, oXyalkenylene, ester, or polyes 
ter, optionally containing substituents selected from 
hydroXy, alkoXy, carboXy, nitrile, cycloalkyl or 
cycloalkenyl, 

each R is independently de?ned as above, and each 
R‘ is independently selected from hydrogen, loWer 
alkyl or aryl, m‘ falls in the range of 1 up to 10, n‘ 
falls in the range of 1 up to 10, and q‘ falls in the 
range of 1 up to 50, 
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polyalkylene oXides having the structure: 

Wherein each R is independently as de?ned above, r 
falls in the range of 1 up to 10, s falls in the range of 
1 up to 10, and q‘ is as de?ned above, aromatic 
moieties having the structure: 

0 

Wherein each R is independently as de?ned above, t 
falls in the range of 2 up to 10, u is 1, 2 or 3, and Ar 
is as de?ned above, as Well as miXtures of any tWo 
or more thereof. 

40-45. (canceled) 
46. An adhesive composition comprising at least one 

macromonomer having at least one unit of ethylenic unsat 
uration, at least one thermoplastic elastomer co-curable With 
said at least one macromonomer, and at least one cure 
initiator, Which When dispensed betWeen a device and a 
substrate and cured for 2 minutes at 200° C., provides a 
room temperature die shear of about 90 lbs. 

47. An adhesive composition according to claim 46, 
Wherein said macromonomer is a maleimide. 


