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(57) ABSTRACT 

In accordance With the present invention, there are provided 
free-radical polymeriZable compositions comprising poly 
cyclic ole?ns, Wherein the polycyclic ole?ns contain little, if 
any, cyclopentenyl unsaturation. As a result, these ole?ns are 
suf?ciently reactive With the propagating free-radicals dur 
ing cure to provide a highly crosslinked thermoset resin. 
Moreover, invention compositions comprise high molecular 
Weight polycyclic ole?ns having loW volatility. Accordingly, 
the observed undesirable Weight loss upon cure of prior art 
thermosetting compositions is considerably reduced. Further 
provided by the present invention are compositions com 
prising functionaliZed polycyclic ole?n monomers. These 
functionaliZed ole?n monomers provide additional bene?ts 
such as increased adhesion to a variety of surfaces and 
greater control over glass transition temperatures. 
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RADICAL POLYMERIZABLE COMPOSITIONS 
CONTAINING POLYCYCLIC OLEFINS 

RELATED APPLICATIONS 

[0001] This application is a continuation in part of US. 
patent application Ser. No. 09/779,694, ?led Feb. 7, 2001, 
noW pending, Which is incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to compositions con 
taining polycyclic ole?ns Which polymeriZe under free 
radical conditions to generate crosslinked polymers and 
copolymers. The invention relates particularly to polycyclic 
ole?ns Which primarily contain bicycloheptenyl unsatura 
tion units. 

BACKGROUND OF THE INVENTION 

[0003] Polymers and copolymers synthesiZed from poly 
cyclic ole?n monomers have attracted much interest from 
the scienti?c community due to the desirable properties 
often exhibited by these materials. Cyclic ole?n copolymers 
(COC’s) possess a unique combination of properties such as 
loW density, loW moisture absorption, loW birefringence, 
high transparency, and high strength. Depending on the 
polycyclic ole?n monomer and the polymeriZation condi 
tions, materials can also be produced having a Wide range of 
glass transition temperatures. As a result, these materials are 
being tested for use in diverse applications such as electron 
ics, CD-ROM disks, optical lenses, barrier ?lms, and medi 
cal appliances. 

[0004] Aparticularly attractive characteristic displayed by 
polycyclic ole?n monomers is the ability to polymeriZe via 
a variety of reaction mechanisms. It is Well-knoWn that 
polycyclic ole?ns can be polymeriZed and/or copolymeriZed 
free-radically, cationically, or coordinatively using organo 
metallic catalysts. Due to this mechanistic ?exibility, a Wide 
variety of functionaliZed comonomers can be incorporated 
into the cyclic ole?n copolymer, Which provides further 
control over the bulk properties of the material. 

[0005] Since polycyclic ole?n monomers have the ability 
to polymeriZe free-radically, these monomers have been 
explored as potential candidates for use in free-radical cured 
thermosetting compositions. Indeed, polycyclic ole?ns have 
been shoWn to readily copolymeriZe With electron de?cient 
ole?ns. Thermosetting resins incorporating polycyclic ole 
?ns can be expected to have many desirable properties, such 
as high Tg, hydrophobicity, and loW shrinkage upon cure. 
HoWever, in order to obtain these desirable properties in a 
thermoset resin, the polycyclic ole?n must be of a certain 
minimum molecular Weight (i.e., the volatility of the ole?n 
should be loW) and must be suf?ciently reactive With the 
propagating free radicals during cure to produce a highly 
crosslinked thermoset netWork. 

[0006] Unfortunately, most common and inexpensive 
polycyclic ole?n monomers, such as norbornene, norborna 
diene, dicyclopentadiene (DCPD), and the like, are de?cient 
in these areas. Speci?cally, norbornene, norbornadiene, and 
DCPD are too volatile for use in many thermoset applica 
tions. In addition, the cyclopentenyl unsaturation of DCPD 
is insufficiently reactive for many thermoset applications. 
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Indeed, it is Well knoWn that the cyclopentenyl double bond 
is far less reactive than the norbornenyl double bond, due to 
the loW ring strain associated With the cyclopentenyl ring 
(relative to the bicycloheptenyl group). Moreover, the allylic 
hydrogen atoms on the cyclopentenyl rings may contribute 
to chain transfer reactions, thereby reducing the molecular 
Weight of the groWing polymer chains during cure. Thus, 
optimum free-radically cured thermosets incorporating 
polycyclic ole?ns are only produced When the polycyclic 
ole?n has loW volatility and contains little, if any, cyclo 
pentenyl unsaturation. 

[0007] Accordingly, there is a need for polycyclic ole?n 
monomers Which can be readily incorporated into free 
radically cured thermosetting resin compositions, thereby 
producing thermosets having a unique combination of ben 
e?cial properties. 

BRIEF DESCRIPTION OF THE INVENTION 

[0008] In accordance With the present invention, there are 
provided free-radically polymeriZable compositions com 
prising polycyclic ole?ns. Typically, the polycyclic ole?ns 
contain little, if any, cyclopentenyl unsaturation. As a result, 
these ole?ns are suf?ciently reactive With the propagating 
free-radicals during cure to provide a highly crosslinked 
thermoset resin. Moreover, invention compositions com 
prise high molecular Weight polycyclic ole?ns having loW 
volatility. Accordingly, the undesirable Weight loss upon 
cure observed With many thermosetting compositions is 
considerably reduced. 

[0009] Further provided by the present invention are com 
positions comprising functionaliZed polycyclic ole?n mono 
mers. These functionaliZed ole?n monomers provide addi 
tional bene?ts such as increased adhesion to a variety of 
surfaces as Well as greater control over glass transition 
temperatures. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] In accordance With the present invention, there are 
provided free-radically polymeriZable compositions com 
prising 

[0011] (A) at least one polycyclic ole?n monomer, 
the monomer having at least one terminal norborne 
nyl functional group; preferably the monomer con 
tains little, if any, cyclopentenyl unsaturation, 

[0012] (B) one or more free-radical curing mono 
mers, and 

[0013] (C) at least one thermally activated free-radi 
cal curing catalyst. 

[0014] As employed herein, a polycyclic ole?n containing 
“cyclopentenyl unsaturation” refers to a cyclopentene ring 
fused to another hydrocarbon ring at adjacent carbons of the 
cyclopentene ring rather than in a 1,3 fashion. For example, 
DCPD is a polycyclic ole?n containing cyclopentenyl unsat 
uration. 
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[0015] In one embodiment, polycyclic ole?n monomers 
contemplated for use in the practice of the present invention 
have the following structures: 

[0016] Wherein: 

[0017] 
[0018] (a) independently hydrogen, alkyl or sub 

stituted alkyl, and or 

[0019] (b) —X—Y, Wherein: 

each R1 is 

[0020] X is an optional bridging group, 

[0021] Y is a reactive heterocyclic group or a 
reactive substituted aryl group; 

[0022] 

[0023] n=0 to about 8. 

each X is independently 0, 1 or 2, and 

[0024] As employed herein, “reactive,” When describing a 
particular group, refers to the ability of that group to 
participate in a free radical polymeriZation reaction, for 
eXample, by addition polymeriZation or by a chain transfer 
mechanism. For example, a reactive heterocyclic group is a 
heterocyclic group, as de?ned herein, Which is capable of 
undergoing addition to a groWing polymer. 

[0025] Reactive heterocyclic groups and reactive substi 
tuted aryl groups contemplated for use in the practice of the 
present invention are optionally substituted and include 
maleimides, succinimides, itaconimides, epoXy groups, 
oXaZolines, cyanate ester-substituted aryls, oXaZines, and the 
like. 

[0026] In presently preferred embodiments of the present 
invention, X is an alkylene or oXyalkylene comprising up to 
about 20 atoms, or X is a siloXane, and Y is an optionally 
substituted maleimide or oXaZine. In a particularly preferred 
embodiment, Y is a benZoXaZine. 

[0027] In another embodiment, polycyclic ole?n mono 
mers contemplated for use in the practice of the present 
invention have the folloWing structure: 
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[0028] Wherein: 

[0029] R1, X, and n are as de?ned above, and 

[0030] Q is a bridging group. 

[0031] In some such embodiments, Q is siloXane or —KO) 
1—R‘—KO)1-, Wherein R‘ is optionally substituted and is an 
alkylene, an arylene or a polycyclic hydrocarbylene, and 
each K is independently —O—, —C(O)—, —NH—, 
—C(O)—NH—, —O—C(O)—NH—, —C(O)—O—, 
—NH—C(O)—NH—, or —O—C(O)—O—. 

[0032] In preferred embodiments, Q is a tetramethyldisi 
loXane. In further such embodiments, the siloXane is 1,3 
bis-bicyclo[2.2.1]hept-5-en-2-yl-1,1,3,3-tetramethyl-disi 
loXane or 1,3-bis-(2-bicyclo[2.2.1]hept-5-en-2-yl-ethyl)-1, 
1,3,3-tetramethyl-disiloXane. 
[0033] Free-radical curing monomers contemplated for 
use in the practice of the present invention include maleim 
ides, succinimides, itaconimides, unsaturated anhydrides, 
(meth)acrylates, styrenes, cyanate esters, vinyl esters, vinyl 
ethers, divinyl compounds, allyl amides, and the like. 

[0034] Maleimides, succinimides (also referred to herein 
as nadimides), and itaconimides contemplated for use in the 
practice of the present invention as component (B) have the 
folloWing structures: 

(1) 

<11) 

(III) 

[0035] Wherein: 

[0036] m=1-15, 
[0037] p=0-15, 
[0038] each R2 is independently selected from 

hydrogen or loWer alkyl, and 

[0039] J is a monovalent or a polyvalent moiety 
comprising organic or organosiloXane radicals, 
and combinations of tWo or more thereof. 

[0040] In one embodiment, J is a monovalent or polyva 
lent radical selected from the group consisting of hydrocar 
byl, substituted hydrocarbyl, heteroatom-containing hydro 
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carbyl, substituted heteroatorn-containing hydrocarbyl, 
hydrocarbylene, substituted hydrocarbylene, heteroatorn 
containing hydrocarbylene, substituted heteroatorn-contain 
ing hydrocarbylene, polysiloXane, polysiloXane-polyure 
thane block copolyrner, and combinations of tWo or more 
thereof, optionally containing one or more linkers selected 
from the group consisting of a covalent bond, —O— 

—O—NR—S(O)2—O—, —O—NR—S(O)2—NR— 
—O—NR—S(O)2—, —O—P(O)R2—, —S—P(O)R2— 
—NR—P(O)R2—, Wherein each R is independently hydro 
gen, alkyl or substituted alkyl, and combinations of any tWo 
or more thereof. 

[0041] As ernployed herein, “hydrocarbyl” cornprises any 
organic radical Wherein the backbone thereof cornprises 
carbon and hydrogen only. Thus, hydrocarbyl ernbraces 
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, alky 
laryl, arylalkyl, arylalkenyl, alkenylaryl, arylalkynyl, alky 
nylaryl, and the like. 

[0042] As ernployed herein, “substituted hydrocarbyl” 
cornprises any of the above-referenced hydrocarbyl groups 
further bearing one or more substituents selected from 
hydroXy, alkoXy (of a loWer alkyl group), rnercapto (of a 
loWer alkyl group), cycloalkyl, substituted cycloalkyl, het 
erocyclic, substituted heterocyclic, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, aryloXy, substituted ary 
loXy, halogen, tri?uorornethyl, cyano, nitro, nitrone, arnino, 
arnido, —C(O)H, acyl, oXyacyl, carboXyl, carbarnate, 
dithiocarbarnoyl, sulfonyl, sulfonarnide, sulfuryl, and the 
like. 

[0043] As ernployed herein, “alkyl” refers to saturated 
straight or branched chain hydrocarbon radical having in the 
range of 1 up to about 500 carbon atoms. “LoWer alkyl” 
refers to alkyl groups having in the range of 1 up to about 
5 carbon atoms. “Substituted alkyl” refers to alkyl groups 
further bearing one or more substituents as set forth above. 

[0044] As ernployed herein, “alkenyl” refers to straight or 
branched chain hydrocarbyl groups having at least one 
carbon-carbon double bond, and typically having in the 
range of about 2 up to 500 carbon atoms, and “substituted 
alkenyl” refers to alkenyl groups further bearing one or more 
substituents as set forth above. 

[0045] As ernployed herein, “alkynyl” refers to straight or 
branched chain hydrocarbyl groups having at least one 
carbon-carbon triple bond, and typically having in the range 

Nov. 6, 2003 

of about 2 up to 500 carbon atoms, and “substituted alkynyl” 
refers to alkynyl groups further bearing one or more sub 
stituents as set forth above. 

[0046] As ernployed herein, “cycloalkyl” refers to a cyclic 
ring-containing groups containing in the range of about 3 up 
to about 8 carbon atoms, and “substituted cycloalkyl” refers 
to cycloalkyl groups further bearing one or more substitu 
ents as set forth above. 

[0047] As ernployed herein, “cycloalkenyl” refers to 
cyclic ring-containing groups containing in the range of 3 up 
to 20 carbon atoms and having at least one carbon-carbon 
double bond, and “substituted cycloalkenyl” refers to 
cycloalkenyl groups further bearing one or more substituents 
as set forth above. 

[0048] As ernployed herein, “aryl” refers to arornatic 
groups having in the range of 6 up to 14 carbon atoms and 
“substituted aryl” refers to aryl groups further bearing one or 
more substituents as set forth above. 

[0049] As ernployed herein, “alkylaryl” refers to alkyl 
substituted aryl groups and “substituted alkylaryl” refers to 
alkylaryl groups further bearing one or more substituents as 
set forth above. 

[0050] As ernployed herein, “arylalkyl” refers to aryl 
substituted alkyl groups and “substituted arylalkyl” refers to 
arylalkyl groups further bearing one or more substituents as 
set forth above. 

[0051] As ernployed herein, “arylalkenyl” refers to aryl 
substituted alkenyl groups and “substituted arylalkenyl” 
refers to arylalkenyl groups further bearing one or more 
substituents as set forth above. 

[0052] As ernployed herein, “alkenylaryl” refers to alk 
enyl-substituted aryl groups and “substituted alkenylaryl” 
refers to alkenylaryl groups further bearing one or more 
substituents as set forth above. 

[0053] As ernployed herein, “arylalkynyl” refers to aryl 
substituted alkynyl groups and “substituted arylalkynyl” 
refers to arylalkynyl groups further bearing one or more 
substituents as set forth above. 

[0054] As ernployed herein, “alkynylaryl” refers to alky 
nyl-substituted aryl groups and “substituted alkynylaryl” 
refers to alkynylaryl groups further bearing one or more 
substituents as set forth above. 

[0055] As ernployed herein, “heterocyclic” refers to cyclic 
(i.e., ring-containing) groups containing one or more het 
eroatorns (e.g., N, O, S, or the like) as part of the ring 
structure, and having in the range of 3 up to 14 carbon atoms 
and “substituted heterocyclic” refers to heterocyclic groups 
further bearing one or more substituents as set forth above. 
Exemplary heterocyclic rnoieties include saturated rings, 
unsaturated rings, and aromatic heteroatorn-containing ring 
systems, e.g., epoXy, tetrahydrofuran, oXaZoline, oXaZine, 
pyrrole, pyridine, furan, and the like. 

[0056] As ernployed herein, “hydrocarbylene” refers to 
divalent straight or branched chain hydrocarbyl groups 
including alkylene groups, alkenylene groups, alkynylene 
groups, cycloalkylene groups, heterocycloalkylene groups, 
arylene groups, heteroarylene groups, alkylarylene groups, 
arylalkylene groups, arylalkenylene groups, arylalkynylene 
groups, alkenylarylene groups, alkynylarylene groups, and 
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the like; and “substituted hydrocarbylene” refers to hydro 
carbylene groups further bearing one or more substituents as 
set forth above. 

[0057] As employed herein, “alkylene” refers to saturated, 
divalent straight or branched chain hydrocarbyl groups 
typically having in the range of about 2 up to about 500 
carbon atoms, and “substituted alkylene” refers to alkylene 
groups further bearing one or more substituents as set forth 
above. 

[0058] As ernployed herein, “alkenylene” refers to diva 
lent straight or branched chain hydrocarbyl groups having at 
least one carbon-carbon double bond, and typically having 
in the range of about 2 up to 500 carbon atoms, and 
“substituted alkenylene” refers to alkenylene groups further 
bearing one or more substituents as set forth above. 

[0059] As ernployed herein, “alkynylene” refers to diva 
lent straight or branched chain hydrocarbyl groups having at 
least one carbon-carbon triple bond, and typically having in 
the range of about 2 up to 500 carbon atoms, and “substi 
tuted alkynylene” refers to alkynylene groups further bear 
ing one or more substituents as set forth above. 

[0060] As ernployed herein, “cycloalkylene” refers to 
divalent ring-containing groups containing in the range of 
about 3 up to about 8 carbon atoms, and “substituted 
cycloalkylene” refers to cycloalkylene groups further bear 
ing one or more substituents as set forth above. 

[0061] As ernployed herein, “heterocycloalkylene” refers 
to divalent cyclic (i.e., ring-containing) groups containing 
one or more heteroatorns (e.g., N, O, S, or the like) as part 
of the ring structure, and having in the range of 3 up to 14 
carbon atoms and “substituted heterocycloalkylene” refers 
to heterocycloalkylene groups further bearing one or more 
substituents as set forth above. 

[0062] As ernployed herein, “cycloalkenylene” refers to 
divalent ring-containing groups containing in the range of 
about 3 up to about 8 carbon atoms and having at least one 
carbon-carbon double bond, and “substituted cycloalk 
enylene” refers to cycloalkenylene groups further bearing 
one or more substituents as set forth above. 

[0063] As ernployed herein, “arylene” refers to divalent 
arornatic groups typically having in the range of 6 up to 14 
carbon atoms and “substituted arylene” refers to arylene 
groups further bearing one or more substituents as set forth 
above. 

[0064] As ernployed herein, “alkylarylene” refers to alkyl 
substituted divalent aryl groups typically having in the range 
of about 7 up to 16 carbon atoms and “substituted alky 
larylene” refers to alkylarylene groups further bearing one or 
more substituents as set forth above. 

[0065] As ernployed herein, “arylalkylene” refers to aryl 
substituted divalent alkyl groups typically having in the 
range of about 7 up to 16 carbon atoms and “substituted 
arylalkylene” refers to arylalkylene groups further bearing 
one or more substituents as set forth above. 

[0066] As ernployed herein, “arylalkenylene” refers to 
aryl-substituted divalent alkenyl groups typically having in 
the range of about 8 up to 16 carbon atoms and “substituted 
arylalkenylene” refers to arylalkenylene groups further bear 
ing one or more substituents as set forth above. 
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[0067] As ernployed herein, “arylalkynylene” refers to 
aryl-substituted divalent alkynyl groups typically having in 
the range of about 8 up to 16 carbon atoms and “substituted 
arylalkynylene” refers to arylalkynylene group further bear 
ing one or more substituents as set forth above. 

[0068] As ernployed herein, “alkenylarylene” refers to 
alkenyl-substituted divalent aryl groups typically having in 
the range of about 7 up to 16 carbon atoms and “substituted 
alkenylarylene” refers to alkenylarylene groups further bear 
ing one or more substituents as set forth above. 

[0069] As ernployed herein, “alkynylarylene” refers to 
alkynyl-substituted divalent aryl groups typically having in 
the range of about 7 up to 16 carbon atoms and “substituted 
alkynylarylene” refers to alkynylarylene groups further 
bearing one or more substituents as set forth above. 

[0070] As ernployed herein, “heteroarylene” refers to 
divalent arornatic groups containing one or more heteroat 
orns (e.g., N, O, S or the like) as part of the aromatic ring, 
and typically having in the range of 3 up to 14 carbon atoms 
and “substituted heteroarylene” refers to heteroarylene 
groups further bearing one or more substituents as set forth 
above. 

[0071] As ernployed herein, "polysiloXane-polyurethane 
block copolyrners” refer to polyrners containing both at least 
one polysiloXane (soft) block and at least one polyurethane 
(hard) block. 

[0072] When one or more of the above described rnonova 
lent or polyvalent groups contain one or more of the above 
described linkers to form the “J” appendage of a rnaleirnide, 
succinirnide or itaconirnide group, as readily recogniZed by 
those of skill in the art, a Wide variety of organic chains can 
be produced, such as, for example, oXyalkyl, thioalkyl, 
arninoalkyl, carboXylalkyl, oXyalkenyl, thioalkenyl, arni 
noalkenyl, carboXyalkenyl, oXyalkynyl, thioalkynyl, arni 
noalkynyl, carboXyalkynyl, oXycycloalkyl, thiocycloalkyl, 
arninocycloalkyl, carboXycycloalkyl, oXycloalkenyl, thiocy 
cloalkenyl, arninocycloalkenyl, carboXycycloalkenyl, het 
erocyclic, oXyheterocyclic, thioheterocyclic, arninohetero 
cyclic, carboXyheterocyclic, oXyaryl, thioaryl, arninoaryl, 
carboXyaryl, heteroaryl, oXyheteroaryl, thioheteroaryl, arni 
noheteroaryl, carboXyheteroaryl, oXyalkylaryl, thioalky 
laryl, arninoalkylaryl, carboXyalkylaryl, oXyarylalkyl, thio 
arylalkyl, arninoarylalkyl, carboXyarylalkyl, oXyarylalkenyl, 
thioarylalkenyl, arninoarylalkenyl, carboXyarylalkenyl, oXy 
alkenylaryl, thioalkenylaryl, arninoalkenylaryl, carboXyalk 
enylaryl, oXyarylalkynyl, thioarylalkynyl, arninoarylalky 
nyl, carboXyarylalkynyl, oXyalkynylaryl, thioalkynylaryl, 
arninoalkynylaryl or carboXyalkynylaryl, oXyalkylene, thio 
alkylene, arninoalkylene, carboXyalkylene, oXyalkenylene, 
thioalkenylene, arninoalkenylene, carboXyalkenylene, oXy 
alkynylene, thioalkynylene, arninoalkynylene, carboXyalky 
nylene, oXycycloalkylene, thiocycloalkylene, arninocy 
cloalkylene, carboXycycloalkylene, oXycycloalkenylene, 
thiocycloalkenylene, arninocycloalkenylene, carboXycy 
cloalkenylene, oXyarylene, thioarylene, arninoarylene, car 
boXyarylene, oXyalkylarylene, thioalkylarylene, arninoalky 
larylene, carboXyalkylarylene, oXyarylalkylene, 
thioarylalkylene, arninoarylalkylene, carboXyarylalkylene, 
oXyarylalkenylene, thioarylalkenylene, arninoarylalk 
enylene, carboXyarylalkenylene, oXyalkenylarylene, thio 
alkenylarylene, arninoalkenylarylene, carboXyalkeny 
larylene, oXyarylalkynylene, thioarylalkynylene, 
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aminoarylalkynylene, carboXy arylalkynylene, oXyalkyny 
larylene, thioalkynylarylene, aminoalkynylarylene, car 
boXyalkynylarylene, heteroarylene, oXyheteroarylene, thio 
heteroarylene, aminoheteroarylene, carboXyheteroarylene, 
heteroatom-containing di- or polyvalent cyclic moiety, oXy 
heteroatom-containing di- or polyvalent cyclic moiety, thio 
heteroatom-containing di- or polyvalent cyclic moiety, ami 
noheteroatom-containing di- or polyvalent cyclic moiety, 
carboXyheteroatom-containing di- or polyvalent cyclic moi 
ety, and the like. 

[0073] In another embodiment, maleimides, succinimides, 
and itaconimides contemplated for use in the practice of the 
present invention have the structures I, II, or III Wherein, 

[0074] m=1-6, 
[0075] p=0-6, and 

[007 6] J is 

[0077] (a) saturated straight chain alkyl or branched 
chain alkyl, optionally containing optionally substi 
tuted aryl moieties as substituents on the alkyl chain 
or as part of the backbone of the alkyl chain, and 
Wherein the alkyl chains have up to about 20 carbon 
atoms; 

[0079] each R3 is independently hydrogen, alkyl or 
substituted alkyl, 

[0080] each R4 is independently hydrogen, loWer 
alkyl or aryl, 

[0081] d=1-10, 
[0082] e=1-10, and 

[0083] f=1-50; 
[0084] (c) a polyalkylene oXide having the structure: 

[0086] each R is independently hydrogen, alkyl 
or substituted alkyl, 

[0087] r=1-10, 
[0088] s=1-10, and 

[0089] f is as de?ned above; 

[0090] (d) aromatic groups having the structure: 

[0091] Wherein each Ar is a monosubstituted, dis 
ubstituted or trisubstituted aromatic or heteroaro 
matic ring having in the range of 3 up to 10 carbon 
atoms, and Z is: 
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[0092] saturated straight chain alkylene or 
branched chain alkylene, optionally containing 
saturated cyclic moieties as substituents on the 
alkylene chain or as part of the backbone of the 
alkylene chain, or 

[0093] (ii) polyalkylene oXides having the struc 
ture: 

—[(CR2)I—O—]q—(CR2)S— 
[0094] Wherein each R is independently 

de?ned as above, r and s are each de?ned as 

above, and q falls in the range of 1 up to 50; 

[0095] (e) di- or tri-substituted aromatic moieties 
having the structure: 

[0096] Wherein each R is independently de?ned as 
above, t falls in the range of 2 up to 10, u falls in 
the range of 2 up to 10, and Ar is as de?ned above; 

[0097] aromatic groups having the structure: 

| 
R 

ii l] 
W CmO—Ar or W O—(-CWAr 

g g 

[0098] Wherein: 

[0099] each R is independently de?ned as 
above, 

[0100] t=2-10, 

[0101] k=1, 2 or 3, 

[0102] g=1 up to about 50, 

[0103] each Ar is as de?ned above, 

[0104] E is —O— or —NR5—, Wherein R5 is 
hydrogen or loWer alkyl; and 

[0105] W is 

[0106] straight or branched chain alkyl, 
alkylene, oXyalkylene, alkenyl, alkenylene, 
oXyalkenylene, ester, or polyester, 
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[0108] each R3 is independently hydrogen, 
alkyl or substituted alkyl, 

[0109] each R4 is independently hydrogen, 
loWer alkyl or aryl, 

[0110] d=1-10, 
[0111] e=1-10, and 

[0112] f=1-50; or 

[0113] (iii) a polyalkylene oxide having the 
structure: 

[0114] Wherein: 

[0115] each R is independently hydrogen, 
alkyl or substituted alkyl, 

[0116] r=1-10, 
[0117] s=1-10, and 

[0118] f is as de?ned above; 

[0119] optionally containing substituents 
selected from hydroxy, alkoxy, carboxy, 
nitrile, cycloalkyl or cycloalkenyl; 

[0120] (g) a urethane group having the structure: 

[0121] Wherein: 

[0122] each R6 is independently hydrogen or 
loWer alkyl; 

[0123] each R7 is independently an alkyl, aryl, 
or arylalkyl group having 1 to 18 carbon atoms; 

[0124] each R8 is an alkyl or alkyloxy chain 
having up to about 100 atoms in the chain, 
optionally substituted With Ar; 

[0125] U is —O—, —S—, —N(R)—, or 
—P(L)1)2— Wherein R as de?ned above, and 
Wherein each L is independently :0, S, —OR 
or —R; and 

[0126] v=0-50; 
[0127] (h) polycyclic alkenyl; or 

[0128] mixtures of any tWo or more thereof. 

[0129] In another embodiment, J is of sufficient length to 
render liquid the maleimide, succinimide, itaconimide or 
combinations of tWo or more thereof. In some such embodi 
ments, m=1, 2 or 3, and J is a branched chain alkyl, alkylene 
or alkylene oxide of sufficient length and branching to render 
liquid the maleimide, succinimide, itaconimide or combina 
tions of tWo or more thereof. 

[0130] In preferred embodiments, the maleimide is N-me 
thylmaleimide, N-ethylmaleimide, N-propylmaleimide, 
N-butylmaleimide, N-t-butylmaleimide, N-hexylmaleimide, 
N-2-ethylhexylmaleimide, N-cyclohexylmaleimide, N-oc 
tylmaleimide, N-decylmaleimide, N-dodecylmaleimide, 
N-phenylmaleimide, 2-methyl-N-phenylmaleimide, 4-me 
thyl-N-phenylmaleimide, 2-ethyl-N-phenylmaleimide, 
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4-ethyl-N-phenylmaleimide, 2,6-diethyl-N-phenylmaleim 
ide, and the like, or a mixture of any tWo or more thereof. 

[0131] In some embodiments, the free-radical curing 
monomers contemplated for use in the practice of the 
present invention are mixtures of one or more of the above 

described maleimides, succinimides, and itaconimides With 
one or more unsaturated anhydrides, (meth)acrylates, sty 
renes, cyanate esters, vinyl esters, divinyl compounds, and 
the like. 

[0132] In preferred embodiments, anhydrides contem 
plated for use in the practice of the present invention include 
maleic anhydride, citraconic anhydride, itaconic anhydride, 
and the like, or Diels-Alder adducts of maleic anhydride, 
citraconic anhydride, itaconic anhydride, and the like, and 
cyclopentadiene. Diels-Alder adducts contemplated for use 
in the practice of the present invention have the folloWing 
structure: 

[0133] Wherein each V is independently an alkyl or sub 
stituted alkyl, each x is independently 0, 1 or 2, and m=0-9. 

[0134] Exemplary (meth)acrylates contemplated for use in 
the practice of the present invention may be prepared from 
a host of different compounds. As used herein, the terms 
(meth)acrylic and (meth)acrylate are used synonymously 
With regard to the monomer and monomer-containing com 
ponent. The terms (meth)acrylic and (meth)acrylate include 
acrylic, methacrylic, acrylate and methacrylate. The (meth 
)acrylates may comprise one or more members selected 
from a monomer represented by: 

[0135] (a) the formula: 

[0136] Wherein: 

[0137] G is hydrogen, halogen, or an alkyl hav 
ing from 1 to 4 carbon atoms, 

[0138] R10 has from 1 to 16 carbon atoms and is 
an alkyl, cycloalkyl, alkenyl, cycloalkenyl, 
alkaryl, aralkyl, or aryl group, optionally sub 
stituted or interrupted With silane, silicon, oxy 
gen, halogen, carbonyl, hydroxyl, ester, car 
boxylic acid, urea, urethane, carbamate, amine, 
amide, sulfur, sulfonate, or sulfone; 
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[0139] (b) urethane acrylates or ureide acrylates rep 
resented by the formula: 

G 
1 

[0140] Wherein: 

[0141] G is hydrogen, halogen, or an alkyl hav 
ing from 1 to 4 carbon atoms; 

[0142] R11 is a divalent alkyl, cycloalkyl, aro 
matic, or arylalkyl group, bound through a 
carbon atom or carbon atoms thereof indicated 
at the —O— atom and —X— atom or group; 

[0143] X is —O—, —NH—, or —N(alkyl)-, in 
Which the alkyl radical has from 1 to 8 carbon 
atoms; 

[0144] Z is 2 to 6; and 

[0145] R12 is a Z-valent cycloalkyl, aromatic, or ary 
lalkyl group bound through a carbon atom or carbon 
atoms thereof to the one or more NH groups; or 

[0146] (c) a di- or tri-(meth)acrylate selected from 
polyethylene glycol di(meth)acrylates, bisphenol-A 
di(meth)acrylates, tetrahydrofurane di(meth)acry 
lates, heXanediol di(meth)acrylate, trimethylol pro 
pane tri(meth)acrylate, and the like, as Well as com 
binations of any tWo or more thereof. 

[0147] Suitable polymeriZable (meth)acrylate monomers 
include triethylene glycol dimethacrylate, tripropylene gly 
col diacrylate, tetraethylene glycol dimethacrylate, diethyl 
ene glycol dimethacrylate, 1,4-butanediol diacrylate, 1,6 
heXanediol dimethacrylate, pentaerythritol tetraacrylate, 
trimethylol propane triacrylate, trimethylol propane tri 
methacrylate, di-pentaerythritol monohydroXypentaacrylate, 
pentaerythritol triacrylate, bisphenol-A-ethoXylate 
dimethacrylate, trimethylolpropane ethoXylate triacrylate, 
trimethylolpropane propoXylate triacrylate, bisphenol-A 
diepoXide dimethacrylate, and the like, as Well as combina 
tions of any tWo or more thereof. 

[0148] Additionally, (meth)acrylate monomers contem 
plated for use herein include polyethylene glycol 
di(meth)acrylates, bisphenol-A di(meth)acrylates, tetrahy 
drofurane (meth)acrylates and di(meth)acrylates, citronellyl 
acrylate and citronellyl methacrylate, hydroXypropyl (meth 
)acrylate, heXanediol di(meth)acrylate, trimethylol propane 
tri(meth)acrylate, tetrahydrodicyclopentadienyl (meth)acry 
late, ethoXylated trimethylol propane triacrylate, triethylene 
glycol acrylate, triethylene glycol methacrylate, and the like, 
as Well as combinations of any tWo or more thereof. 

[0149] Exemplary cyanate esters contemplated for use in 
the practice of the present invention include compounds 
such as those described in Us. Pat. Nos. 5,358,992, 5,447, 
988, 5,489,641, 5,646,241, 5,718,941 and 5,753,748, each 
of Which are hereby incorporated by reference herein in their 
entirety. For instance, cyanate esters useful as a component 
in the inventive compositions may be chosen from dicyana 
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tobenZenes, tricyanatobenZenes, dicyanatonaphthalenes, tri 
cyanatonaphthalenes, dicyanato-biphenyl, bis(cyanatophe 
nyl)methanes and alkyl derivatives thereof, 
bis(dihalocyanatophenyl)propanes, bis(cyanatophe 
nyl)ethers, bis(cyanatophenyl)sul?des, bis(cyanatophenyl 
)propanes, tris(cyanatophenyl)phosphites, tris(cyanatophe 
nyl)phosphates, bis(halocyanatophenyl)methanes, cyanated 
novolac, bis[cyanatophenyl(methylethylidene)]benZene, 
cyanated bisphenol-terminated thermoplastic oligomers, and 
the like, as Well as combinations of any tWo or more thereof. 

[0150] More speci?cally contemplated for use herein are 
aryl compounds having at least one cyanate ester group on 
each molecule; such compounds may generally be repre 
sented by the formula Ar(OCN)m, Where Ar is an aromatic 
radical and m is an integer from 2 to 5. The aromatic radical 
Ar should contain at least 6 carbon atoms, and may be 
derived, for eXample, from aromatic hydrocarbons, such as 
phenyl, biphenyl, naphthalene, anthracene, or the like. The 
aromatic radical Ar may also be derived from a polynuclear 
aromatic hydrocarbon in Which at least tWo aromatic rings 
are attached to each other through a bridging group. Also 
included are aromatic radicals derived from novolac-type 
phenolic resins—i.e., cyanate esters of these phenolic resins. 
Ar may also contain further ring-attached, non-reactive 
substituents. 

[0151] Examples of such cyanate esters include, for 
instance, 1,3-dicyanatobenZene; 1,4-dicyanatobenZene; 1,3, 
5-tricyanatobenZene; 1,3-, 1,4-, 1,6-, 1,8-, 2,6- or 2,7-dicy 
anatonaphthalene; 1,3,6-tricyanatonaphthalene; 4,4‘-dicy 
anato-biphenyl; bis(4-cyanatophenyl)methane and 3,3‘,5,5‘ 
tetramethyl bis(4-cyanatophenyl)methane; 2,2-bis(3,5 
dichloro-4-cyanatophenyl)propane; 2,2-bis(3,5-dibromo-4 
dicyanatophenyl)propane; bis(4-cyanatophenyl)ether; bis(4 
cyanatophenyl)sul?de; 2,2-bis(4-cyanatophenyl)propane; 
tris(4-cyanatophenyl)-phosphite; tris(4-cyanatophe 
nyl)phosphate; bis(3-chloro-4-cyanatophenyl)methane; 
cyanated novolac; 1,3-bis[4-cyanatophenyl-1—(methyleth 
ylidene)]benZene, cyanated bisphenol-terminated polycar 
bonate or other thermoplastic oligomer, and the like, as Well 
as combinations of any tWo or more thereof. 

[0152] Particularly desirable cyanate esters contemplated 
for use herein are available commercially from Ciba Spe 
cialty Chemicals, Tarrytown, NY. under the tradename 
“AROCY”[1,1-di(4-cyanatophenylethane)]. The structures 
of three “AROCY” cyanate esters are shoWn beloW: 

cH3 
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-continued 
CH3 

NEC_O@_]_@O_CEN 
H 

"AROCY" L-1O 

[0153] Divinyl compounds contemplated for use in the 
practice of the present invention are present such that there 
is no greater than one equivalent of divinyl compound plus 
the polycyclic ole?n per equivalent of bismaleimide. The 
divinyl compounds have the following structure: 

[0154] Wherein: 

[0155] each R9 is independently hydrogen, loWer 
alkyl or aryl, 

[0156] each M is independently —O—, 

[0157] D is a monovalent or a polyvalent moiety 
comprising organic or organosiloXane radicals, 
and combinations of tWo or more thereof. 

[0158] In one embodiment D is a monovalent or polyva 
lent radical selected from the group consisting of hydrocar 
byl, substituted hydrocarbyl, heteroatom-containing hydro 
carbyl, substituted heteroatom-containing hydrocarbyl, 
hydrocarbylene, substituted hydrocarbylene, heteroatom 
containing hydrocarbylene, substituted heteroatom-contain 
ing hydrocarbylene, polysiloXane, polysiloXane-polyure 
thane block copolymer, and combinations of tWo or more 

thereof, optionally containing one or more linkers selected 
from the group consisting of a covalent bond, —O—, 
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[0159] In a further embodiment, the above divinyl com 
pounds include those Where D is 

[0160] (a) saturated straight chain alkyl or branched 
chain alkyl, optionally containing optionally substi 
tuted aryl moieties as substituents on the alkyl chain or 
as part of the backbone of the alkyl chain, and Wherein 
the alkyl chains have up to about 20 carbon atoms; 

[0162] each R3 is independently hydrogen, alkyl or 
substituted alkyl, 

[0163] each R4 is independently hydrogen, loWer 
alkyl or aryl, 

[0164] d=1-10, 

[0165] 

[0166] f=1-50; 

structure: 

e=1-10, and 

[0167] (c) a polyalkylene oXide having the structure: 

[0169] each R is independently hydrogen, alkyl or 
substituted alkyl, 

[0170] 

[0171] 
[0172] f is as de?ned above; 

r=1-10, 

s=1-10, and 

[0173] (d) aromatic groups having the structure: 

[0174] Wherein each Ar is a monosubstituted, disub 
stituted or trisubstituted aromatic or heteroaromatic 

ring having in the range of 3 up to 10 carbon atoms, 
and Z is: 

[0175] saturated straight chain alkylene or 
branched chain alkylene, optionally containing 
saturated cyclic moieties as substituents on the 
alkylene chain or as part of the backbone of the 
alkylene chain, or 

[0176] (ii) polyalkylene oXides having the struc 
ture: 

—[(CR2)I—O—]q—(CR2)S— 

[0177] Wherein each R is independently de?ned 
as above, r and s are each de?ned as above, and 
q falls in the range of 1 up to 50; 
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[0178] (e) di- or tri-substituted aromatic moieties hav 
ing the structure: 

[0179] wherein each R is independently de?ned as 
above, t falls in the range of 2 up to 10, u falls in the 
range of 2 up to 10, and Ar is 

[0180] aromatic groups having the structure: 

O O 

R 

l] l] 
W CjFO—Ar or W O—(-CWAr 

g g 

[0181] Wherein: 

[0182] each R is independently de?ned as above, 

[0183] t=2-10, 

[0184] k=1, 2 or 3, 

[0185] g=1 up to about 50, 

[0186] each Ar is as de?ned above, 

[0187] E is —O— or —NR5—, Wherein R5 is 
hydrogen or loWer alkyl; and 

[0188] W is 

[0189] straight or branched chain alkyl, alky 
lene, oXyalkylene, alkenyl, alkenylene, oXyalk 
enylene, ester, or polyester, 

[0191] each R3 is independently hydrogen, 
alkyl or substituted alkyl, 

[0192] each R4 is independently hydrogen, 
loWer alkyl or aryl, 

[0193] d=1-10, 

[0194] 

[0195] f=1-50; or 

e=1-10, and 
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[0196] (iii) a polyalkylene oXide having the 
structure: 

—[(CR2)I—O—]f—(CR2)S— 
[0197] Wherein: 
[0198] each R is independently hydrogen, 

alkyl or substituted alkyl, 

[0199] r=1-10, 
[0200] s=1-10, and 
[0201] f is as de?ned above; 

[0202] optionally containing substituents 
selected from hydroXy, alkoXy, carboXy, 
nitrile, cycloalkyl or cycloalkenyl; 

[0203] (g) a urethane group having the structure: 

[0204] Wherein: 
[0205] each R6 is independently hydrogen or loWer 

alkyl; 
[0206] each R7 is independently an alkyl, aryl, or 

arylalkyl group having 1 to 18 carbon atoms; 

[0207] each R8 is an alkyl or alkyloXy chain having 
up to about 100 atoms in the chain, optionally 
substituted With Ar; 

[0208] U is —O—, —S—, —N(R)—, or —P(L)1) 
2— Wherein R as de?ned above, and Wherein each 
L is independently =0, :5, —OR or —R; and 

[0209] v=0-50; 
[0210] (h) polycyclic alkenyl; or 
[0211] miXtures of any tWo or more thereof. 

[0212] Curing catalysts contemplated for use in the prac 
tice of the present invention include free-radical initiators 
such as peroXy esters, peroXy carbonates, hydroperoXides, 
alkylperoXides, arylperoXides, aZo compounds, and the like. 
In one embodiment, the curing catalyst is present in the 
range of 0.2 up to about 5 Wt % based on the total Weight of 
the composition. 

[0213] The incorporation of effective amounts of polycy 
clic ole?n monomers into a free-radical curing thermoset 
imparts many useful properties to the ?nal crosslinked 
material. It has been observed that these monomers increase 
the glass transition temperature of the thermoset While 
decreasing the coef?cient of thermal expansion. Addition 
ally, thermosets Which contain polycyclic ole?ns have 
increased toughness versus those Without these monomers. 
A further desirable bene?t attributable to these monomers 
When incorporated into a thermoset is loW shrinkage upon 
cure. Thus, effective amounts of polycyclic ole?n monomers 
are those amounts suf?cient to impart one or more of these 
improved properties to the thermoset resin. Typically, in 
various embodiments, effective amounts of polycyclic ole?n 
monomers range from about 5 to about 98 Weight percent, 
preferably from about 25 to about 75 Weight percent, and 
more preferably from about 40 to about 60 Weight percent of 
the free-radical curing thermoset. 

[0214] All of these properties are important in a variety of 
end use applications, such as, for eXample, optical disks, 
barrier ?lms, medical appliances, and the like. In particular, 
the properties provided by these monomers are especially 
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useful in semiconductor packaging applications such as, for 
example, die-attach adhesives. Invention compositions may 
be readily incorporated into die-attach formulations contain 
ing further components such as, for example, conductive 
?llers, to provide hydrophobic, loW-shrinkage die-attach 
pastes. The conductive ?llers may be electrically conductive 
or thermally conductive. 

[0215] Thus, the present invention provides assemblies 
employing such die-attach formulations. Further, the present 
invention provides methods for adhesively attaching a 
device to a substrate, including curing an invention die 
attach formulation positioned betWeen the substrate and the 
surface. In some such embodiments the device is a semi 
conductor die and the substrate is a lead frame. In other such 
embodiments the lead frame is a copper lead frame. 

[0216] The present invention also provides adhesive ?lm 
compositions suitable for use in die-attach and other appli 
cations. Such compositions comprise a thermoset resin, as 
described above, and a thermoplastic elastomer. The latter is 
a block copolymer having 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 that is 
the polymeriZation product of optionally substituted ole?n 
monomers and/or optionally substituted conjugated diene 
monomers. 

[0217] As employed herein, the term “block copolymer” 
refers to polymers composed of tWo or more different 
polymer subunits joined end to end. An elastomeric polymer 
block is a polymer subunit that exhibits rubber-like proper 
ties; i.e. it is soft at room temperature and deforms under 
stress but recovers upon the removal of stress. A non 
elastomeric polymer block is a polymer subunit that is hard 
at room temperature and does not stretch. Butadiene is an 
example of an elastomeric polymer block, While polystyrene 
is an example of a non-elastomeric block. 

[0218] 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. 

[0219] In a further aspect of the invention, there are 
provided assemblies employing such adhesive ?lm formu 
lations and methods for making the same. Thus the invention 
provides 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. 

[0220] Various conditions suitable to cure invention adhe 
sive ?lm compositions may be used. For example, some 
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embodiments 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. Alternative embodiments comprise 
subjecting invention ?lm adhesive compositions to a tem 
perature in the range of about 120° C. up to about 200° C. 
for a period of about 15 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. In still other embodiments, 
conditions suitable to cure invention ?lm adhesive compo 

sitions may further comprise subjecting invention ?lm adhe 
sive compositions to a pre-cure at a temperature high enough 
to increase the viscosity of the liquid adhesive and reduce 
tackiness but loW enough to prevent a complete cure. Such 
pre-cured adhesive ?lm compositions may then undergo a 
?nal cure as described above to give the fully cured adhe 
s1ve. 

[0221] Polycyclic ole?n monomers contemplated for use 
in the practice of the present invention contain at least one 
unit of bicycloheptenyl unsaturation and are readily synthe 
siZed via Diels-Alder chemistry, as shoWn beloW in Scheme 
1. 

Scheme 1 

A 

1171 

A 

1171 

[0222] The temperatures required for this reaction to pro 
ceed are generally betWeen 150 and 250° C. It is necessary 
to use an autoclave to conduct this reaction since all of the 

reactants have boiling points Well beloW 100° C. Cyclopen 
tadiene need not be used directly since this component of the 
reaction can be readily generated in situ from the retro 
Diels-Alder reaction of dicyclopentadiene. Both norbornene 
and norbornadiene are commercially available and conve 
nient to use. Alternatively, these materials could also be 
generated in situ from ethylene or acetylene and cyclopen 
tadiene, respectively, as shoWn in Scheme 2. 

no 
no 

Scheme 2 

Q A + n —> 

Rb 
Rb 
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-continued 

Rb 
Rb 

A l l + n —> 

Rb n71 

Rb 

Rb = H, Me, higher alkyl, AI, CN 

[0223] As shown above, functionaliZed polycyclic ole?n 
monomers are readily obtained via Diels-Alder chemistry. 
Further examples of functionaliZed polycyclic ole?n mono 
mers are shoWn beloW in Scheme 3. The reaction betWeen 

cyclopentadiene and strong dienophiles such as, for 
example, maleic anhydride and N-alkyl maleimides, pro 
duces polycyclic ole?n monomers Which can increase adhe 
sion of the thermoset material to a variety of surfaces. 

Scheme 3 

O O 

A 
O l + n —> O 

nil 

O O 

O O 

A 
R—N I + II —> R—N 

nil 

O O 

[0224] The polycyclic ole?n monomers described in 
Schemes 1-3 are all high molecular Weight analogs of 
norbornene or norbornadiene. As such, their vapor pressure 
is extremely loW, resulting in very little outgassing or Weight 
loss during high temperature cure. It is of note that these 
high molecular Weight species are sufficiently reactive With 
electron de?cient monomers to produce highly crosslinked 
netWorks. Indeed, electron rich polycyclic ole?ns readily 
copolymeriZe free radically With a variety of electron poor 
ole?ns, to give alternating copolymers, as shoWn in Scheme 
4. 

Scheme 4 

electron rich 
double bond 

electron poor 
double bond 

11 
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-continued 

O N O 

R 

[0225] Thus, the polycyclic ole?n monomers contem 
plated for use in the practice of the present invention can be 
copolymeriZed With a variety of electron de?cient mono 
mers to give a thermosetting composition Which is suf? 
ciently reactive to provide a highly crosslinked netWork. 
This reactivity can be extended to a variety of functionaliZed 
electron de?cient ole?ns, resulting in thermoset resins With 
a Wide range of attractive properties. 

[0226] Invention compounds are particularly useful in the 
microelectronics industry, Where properties such as hydro 
phobicity, ionic purity, loW shrinkage upon cure, and the 
like, are extremely important. Indeed, formulations com 
prising invention compounds are attractive candidates for a 
variety of electronic packaging applications, such as, for 
example, die-attach pastes. The use of invention compounds 
in die-attach formulations provides die-attach pastes With 
high glass transition temperatures. This feature is particu 
larly important since state of the art microprocessors gen 
erate more heat during operation than previous generations 
of microprocessors. 

[0227] The properties provided by invention compounds 
are also desirable in other microelectronic packaging appli 
cations, such as, for example, under?ll, encapsulants, solder 
mask, and the like. 

[0228] The invention Will noW be described in greater 
detail by reference to the folloWing non-limiting examples. 

EXAMPLE 1 

[0229] The preparation of 1,3-bis-bicyclo[2.2.1]hept-5 
en-2-yl-1,1,3,3-tetramethyl-disiloxane, shoWn beloW, is 
described in this example. 
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[0230] Bicyclo[2.2.1]hepta-2,5-diene (120 grams, 1.3 
moles) and 1,1,3,3-tetramethyldisiloxane (27 grams, 0.2 
moles) Were placed into a 500 ml round-bottom ?ask 
equipped With a magnetic stir bar and a condenser. Three 

drops of platinum catalyst (Gelest “SIP6831.0”) Were added 
to this mixture at room temperature While it Was stirred 

magnetically. The system Was then heated to 70° C. and 
stirred at this temperature for another eight hours. The 
reaction Was monitored via FTIR and Was judged to be 

complete once the Si—H peak (2200 cm_1) disappeared. 
The bicyclo[2.2.1]hepta-2,5-diene excess Was stripped off in 
a rotary evaporator. The crude reaction product residue Was 
then dissolved in 200 ml toluene and passed over a thin bed 
of silica gel. The toluene Was then removed by rotary 
evaporation to yield a faintly yelloW, loW viscosity, liquid. 
The product Was subjected to a nitrogen gas sparge at 60° C. 
for six hours to remove the last trace of volatiles. The ?nal 

product Was obtained in 96% yield, based on the initial 
1,1,3,3-tetramethyldisiloxane limiting reagent used. 

EXAMPLE 2 

[0231] The preparation of 1,3-bis(2-bicyclo[2.2.1]hept-5 
en-2-yl-ethyl)-1,1,3,3-tetramethyl-disiloxane, shoWn beloW, 
is described in this example. 

[0232] 5-Vinyl-2-norbornene (72 grams, 0.6 moles) and 
1,1,3,3-tetramethyldisiloxane (33.6 grams, 0.25 moles) Were 
placed into a 500 ml round-bottom ?ask equipped With a 
magnetic stir bar and condenser. One drop of platinum 
catalyst (Gelest “SIP6831.0”) Was added to the magnetically 
stirred mixture at room temperature. A vigorous reaction 
ensued. The reaction mix Was stirred at room temperature 

for another hour. The completion of the reaction Was also 
determined by the total disappearance of the 

[0233] Si—H peak via FTIR. The excess 5-vinyl-2-nor 
bornene Was then stripped off in a rotary evaporator. The 
residue Was dissolved in 200 ml toluene and passed over a 

thin layer of silica gel. The toluene Was removed on a rotary 
evaporator and the residue Was then sparged under nitrogen 
gas at 60° C. for several hours. The ?nal product Was 
obtained in 98% yield (based on the amount of 1,1,3,3 
tetramethyldisiloxane originally charged). The product Was 
an almost colorless, loW viscosity liquid. 

EXAMPLE 3 

[0234] The invention compounds described in Examples 1 
and 2 Were tested in thermoset compositions With a bisma 

leimide monomer, X-BMI, shoWn beloW. 

Nov. 6, 2003 

[0235] The results of these tests are described in Examples 
4-6. 

EXAMPLE 4 

[0236] Stoichiometric mixtures (ie one equivalent of 
bisnorbornenyl monomer per maleimide equivalent) Were 
made. Mix A contained a miscible blend of X-BMI; 1,3 
bis-bicyclo[2.2.1]hept-5-en-2-yl-1,1,3,3-tetramethyldisilox 
ane (“compound I”) and tWo percent by Weight dicumyl 
peroxide. Mix B contained a miscible blend of X-BMI; 
1,3-bis-(2-bicyclo[2.2.1]hept-5-en-2-yl-ethyl)-1,1,3, 3-tet 
ramethyldisiloxane (“compound II”), and tWo percent by 
Weight dicumyl peroxide. A control mix Was also made 
containing only X-BMI and tWo Weight percent dicumyl 
peroxide. 

[0237] These mixtures Were tested for tensile adhesion on 
copper. Each mixture Was used to bond ten aluminum studs 
to freshly cleaned copper slugs. The parts Were cured at 200° 
C. for tWenty minutes. Tensile adhesion Was then measured 
on all of the parts using a Sebastian III stud pull instrument. 
The results of that test are shoWn in Table 1. 

TABLE 1 

Adhesion Test of BMIZNBisnorbornene Mixtures 

Invention Mix A Invention Mix B Control Mix 
Adhesion (pounds Adhesion (pounds Adhesion (pounds 

Part # force) force) force) 

1 33 52 37 
2 30 35 19 
3 26 39 32 
4 27 44 30 
5 23 46 28 
6 41 32 38 
7 36 32 35 
8 32 34 37 
9 28 41 27 

10 30 38 34 
Average 30 39 32 
0 5 8 6.5 5 9 nil 

[0238] The adhesion values for the bisnorbornene/BMI 
mixtures Were substantially equivalent to that of the all-BMI 
control. This result suggested that the bisnorbornene com 
pounds did co-cure With the bismaleimide since there Was no 
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loss of adhesion (Which Would have been expected if these 
co-monomers had remained as “uncured plasticisers” in the 
thermoset bondline). 

EXAMPLE 5 

[0239] The mixtures described in Example 3 Were sub 
jected to thermal gravimetric analysis (TGA) and differential 
scanning calorimetry (DSC) experiments. Included in these 
tests Were tWo additional mixtures containing compounds I 
and II, each catalyZed With tWo percent of dicumyl peroxide. 
These neW mixtures Were designated “mix C” and “mix D”, 
respectively. A third, additional mixture Was made that 
contained X-BMI and 33.7% of 2-decyl-1-tetradecanol. The 
purpose of this last mixture Was to have an additional control 
for Weight loss and cure energy using a non-reactive diluent 
having a molecular Weight intermediate betWeen com 
pounds I and II. This last mixture Was designated “mix E”. 
The TGA and DSC results for all of these mixtures and the 
control are shoWn in Table 2. 

TABLE 2 
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re-dried at 200° C. for eight hours. The dried parts Were 
placed back in fresh deioniZed Water and boiled for another 
tWenty-four hours. The moisture up-take results for these 
test parts are summariZed in Table 3. 

TABLE 3 

Moisture Up-take Results on Cured Resin 
Samples after 24 Hrs in Boiling Water 

Invention Mix A Invention Mix B X-BMI Control 

+0.43% +0.37% +0.64% 
+0.49% +0.35% +0.66% 
+0.45% +0.38% +0.61% 

[0242] These moisture uptake results are consistent With 
reduced moisture affinity in the mixtures containing com 
pounds I and II. The X-BMI itself is a very hydrophobic 
monomer. The results of this test clearly shoW that the 

TGA and DSC Results for Test Mixtures 

Invention Invention Invention Invention Comparison 
Mix A Mix B Mix C Mix D Mix E Control 

TGA Weight 3.75% 3.14% 82.3% 54.5% 29.7% 1.98% 
loss @ 350° C. 
DSC cure 296 264 106 57 192 284 
exotherm 
(J/gram) 

[0240] The results in Table 2 clearly shoW that co-cure of 
norbornenyl functional monomers and maleimides does 
occur. Compounds I and II did exhibit some limited free 
radical cure by themselves, but this cure Was far from 
complete as demonstrated by the large Weight loss and loW 
cure exotherm. The relatively loW Weight loss values for the 
A and B mixes as Well as their high exotherm energies 
supports the conclusion that norbornenyl and maleimide 
co-cure does occur. Finally, comparison mix E added further 
proof of co-cure. This control had Weight loss and cure 
results consistent With that of a non-reactive diluent. The 
Weight loss of mix E, furthermore, demonstrated that com 
pounds I and II Weren’t simply trapped Within a cured BMI 
matrix since the Weight loss at 350° C. Was nearly equal to 
knoWn added Weight of the 2-decyl-1-tetradecanol. 

EXAMPLE 6 

[0241] Invention compositions Were also tested for mois 
ture uptake. Invention mixtures A and B Were cured (200° C. 
for one hour) to give void free, cylindrical slugs that Were 
approximately one centimeter in diameter and ranging 
betWeen tWo and ?ve centimeters in length. Similar slugs 
Were prepared from the catalyZed BMI control mix. Three 
slugs from each group Were included in a moisture up-take 
test. All of these slugs Were placed in boiling deioniZed 
Water for several hours. Initially, all of the samples had some 
Weight loss, but this initial Weight loss ceased after about 
290 hours in the boiling Water. This initial Weight loss period 
Was used to level all of the slugs by removing any residual 
Water extractable components. The slugs Were removed 
from the Water after this initial Water extraction step and then 

hydrophobicity of the bismaleimide thermoset is further 
improved by the addition of select norbornenyl co-mono 
mers. 

What is claimed is: 

1. A free-radical polymeriZable thermoset resin composi 
tion comprising: 

(A) at least one polycyclic ole?n monomer, the monomer 
having at least one terminal norbornenyl functional 
group, 

(B) one or more free-radical curing monomers, and 

(C) at least one thermally activated free-radical curing 
catalyst. 

2. Acomposition of claim 1, Wherein the polycyclic ole?n 
monomer contains little, if any, cyclopentenyl unsaturation. 

3. A composition according to claim 1, Wherein the 
polycyclic ole?n monomer comprises the structure: 

OT 
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-continued 

wherein: 
1 . 

each R is 

(a) independently hydrogen, alkyl or substituted alkyl, 
or 

(b) —X—Y, Wherein: 

X is an optional bridging group, 

Y is a reactive heterocyclic group or a reactive 
substituted aryl group; 

each X is independently 0, 1 or 2, and n=0 to about 8. 
4. A composition according to claim 3, Wherein bridging 

group X is an alkylene or oXyalkylene comprising up to 
about 20 atoms. 

5. A composition according to claim 3, Wherein bridging 
group X is a siloXane. 

6. A composition according to claim 3, Wherein Y is 
optionally substituted and is selected from the group con 
sisting of a maleimide, a succinimide, an itaconimide, an 
epoXy group, an oXaZoline, a cyanate ester-substituted aryl, 
and an oXaZine. 

7. A composition according to claim 3, Wherein Y is an 
optionally substituted maleimide or oXaZine. 

8. A composition according to claim 7, Wherein Y is an 
oXaZine. 

9. A composition according to claim 8, Wherein the 
oXaZine is a benZoXaZine. 

10. A composition according to claim 1, Wherein the 
polycyclic ole?n monomer comprises the structure: 

Wherein: 

R1, X, and n are as de?ned above, and 

Q is a bridging group. 
11. A composition according to claim 10, Wherein Q 

comprises a siloXane or —KO)1—R‘—KO)1—, Wherein 

R‘ is optionally substituted and is an alkylene, an arylene 
or a polycyclic hydrocarbylene, and 

each K is independently —O—, —C(O)—, —NH—, 
—C(O)—NH—, —O—C(O)—NH—, —C(O)—O—, 
—NH—C(O)—NH—, or —O—C(O)—O—. 

12. A composition according to claim 10, Wherein Q 
comprises siloXane. 

13. A composition according to claim 11, Wherein the 
siloXane is a tetramethyldisiloXane. 
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14. A composition according to claim 11, Wherein the 
siloXane is 1,3-bis-bicyclo[2.2.1]hept-5-en-2-yl-1,1,3,3-tet 
ramethyl-disiloXane or 1,3-bis-(2-bicyclo[2.2.1]hept-5-en 
2-yl-ethyl)-1,1,3,3-tetramethyl-disiloXane. 

15. A composition according to claim 1 Wherein the one 
or more free-radical curing monomers are selected from the 

group consisting of a maleimide, succinimide, itaconimide, 
unsaturated anhydride, (meth)acrylate, styrene, cyanate 
ester, vinyl ester, vinyl ether, divinyl compound, and allyl 
amide. 

16. A composition according to claim 15, Wherein the 
maleimide, succinimide, and itaconimide comprise, respec 
tively, the structures I, II and III: 

(1) 

(11) 

(III) 

Wherein: 

each R2 is independently selected from hydrogen or 
loWer alkyl, and 

J is a monovalent or a polyvalent moiety comprising 
organic or organosiloXane radicals, and combina 
tions of tWo or more thereof. 

17. A composition according to claim 16, Wherein: 

J is a monovalent or polyvalent radical selected from the 
group consisting of hydrocarbyl, substituted hydrocar 
byl, heteroatom-containing hydrocarbyl, substituted 
heteroatom-containing hydrocarbyl, hydrocarbylene, 
substituted hydrocarbylene, heteroatom-containing 
hydrocarbylene, substituted heteroatom-containing 
hydrocarbylene, polysiloXane, polysiloXane-polyure 
thane block copolymer, and combinations of tWo or 
more thereof, optionally containing one or more linkers 
selected from the group consisting of a covalent bond, 
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—O—P(O)R2—, —S—P(O)R2—, —NR—P(O)R2—, 
wherein each R is independently hydrogen, alkyl or 
substituted alkyl, and combinations of any tWo or more 
thereof. 

18. A composition according to claim 16, Wherein: 

m=1-6, 

p=0-6, and 

J is 

(a) saturated straight chain alkyl or branched chain 
alkyl, optionally containing optionally substituted 
aryl moieties as substituents on the alkyl chain or as 
part of the backbone of the alkyl chain, and Wherein 
the alkyl chains have up to about 20 carbon atoms; 

each R3 is independently hydrogen, alkyl or substi 
tuted alkyl, 

each R4 is independently hydrogen, loWer alkyl or 
aryl, 

d=1-10, 

e=1-10, and 

f=1-50; 

(c) a polyalkylene oXide having the structure: 

—[(CR2)I—O—lf—(CR2)s— 

Wherein: 

each R is independently hydrogen, alkyl or substi 
tuted alkyl, 

r=1-10, 

s=1-10, and 

f is as de?ned above; 
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(d) aromatic groups having the structure: 

Wherein each Ar is a monosubstituted, disubstituted or 
trisubstituted aromatic or heteroaromatic ring having 
in the range of 3 up to 10 carbon atoms, and Z is: 

(i) saturated straight chain alkylene or branched 
chain alkylene, optionally containing saturated 
cyclic moieties as substituents on the alkylene 
chain or as part of the backbone of the alkylene 
chain, or 

(ii) polyalkylene oXides having the structure: 

—[(CR2)I—O—]q—(CR2)S— 
Wherein each R is independently de?ned as above, 

r and s are each de?ned as above, and q falls in 
the range of 1 up to 50; 

(e) di- or tri-substituted aromatic moieties having the 
structure: 

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

(f) aromatic groups having the structure: 

| 
R 

il (l 
W CmO—Ar or W O—(-CWAr 

g 2 

wherein: 

each R is independently de?ned as above, 

t=2-10, 

k=1, 2 or 3, 

g=1 up to about 50, each Ar is as de?ned above, 

E is —O— or —NR5—, Wherein R5 is hydrogen or 
loWer alkyl; and 

W is 

(i) straight or branched chain alkyl, alkylene, 
oXyalkylene, alkenyl, alkenylene, oXyalk 
enylene, ester, or polyester, 
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each R3 is independently hydrogen, alkyl or 
substituted alkyl, 

each R4 is independently hydrogen, loWer alkyl 
or aryl, 

d=1-10, 

e=1-10, and 

f=1-50; or 

(iii) a polyalkylene oxide having the structure: 

—[(CR2)I—O—lf—(CR2)s— 
Wherein: 

each R is independently hydrogen, alkyl or 
substituted alkyl, 

r=1-10, 

s=1-10, and 

f is as de?ned above; 

optionally containing substituents selected from 
hydroXy, alkoXy, carboXy, nitrile, cycloalkyl or 
cycloalkenyl; 

(g) a urethane group having the structure: 

giéi?l?lg??ii?l?gi???iit 
Wherein: 

each R6 is independently hydrogen or loWer alkyl; 

each R7 is independently an alkyl, aryl, or arylalkyl 
group having 1 to 18 carbon atoms; 

each R8 is an alkyl or alkyloXy chain having up to 
about 100 atoms in the chain, optionally substi 
tuted With Ar; 

U is —O—, —S—, —N(R)—, or —P(L)1)2— 
Wherein R as de?ned above, and Wherein each L 
is independently =0, :5, —OR or —R; and 

(h) polycyclic alkenyl; or 

(i) mixtures of any tWo or more thereof. 

19. A composition according to claim 16, Wherein J is of 
sufficient length to render liquid at ambient temperature the 
rnaleirnide, succinirnide, itaconirnide or combinations of 
tWo or more thereof. 

20. A composition according to claim 16, Wherein, 

rn=1, 2 or 3, and 

J is a branched chain alkyl, alkylene or alkylene oXide of 
sufficient length and branching to render liquid at 
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ambient temperature the rnaleirnide, succinirnide, ita 
conirnide or combinations of tWo or more thereof. 

21. A composition according to claim 16, Wherein the 
rnaleirnide is selected from the group consisting of N-rne 
thylrnaleirnide, N-ethylrnaleirnide, N-propylrnaleirnide, 
N-butylrnaleirnide, N-t-butylrnaleirnide, N-hexylrnaleirnide, 
N-2-ethylheXylrnaleirnide, N-cycloheXylrnaleirnide, N-oc 
tylrnaleirnide, N-decylrnaleirnide, N-dodecylrnaleirnide, 
N-phenylrnaleirnide, 2-rnethyl-N-phenylrnaleirnide, 4-rne 
thyl-N-phenylrnaleirnide, 2-ethyl-N-phenylrnaleirnide, 
4-ethyl-N-phenylrnaleirnide, 2,6-diethyl-N-phenylrnaleirn 
ide, and a mixture of any tWo or more thereof. 

22. A composition according to claim 15, Wherein the 
free-radical curing cornonorner is unsaturated anhydride. 

23. A composition according to claim 22, Wherein the 
unsaturated anhydride is selected from the group consisting 
of rnaleic anhydride, citraconic anhydride, itaconic anhy 
dride, and cyclopentadiene Diels-Alder adducts thereof. 

24. A composition according to claim 23, Wherein the 
Diels-Alder adducts comprise the structure: 

Wherein: 

each V is independently an alkyl or substituted alkyl, 

each X is independently 0, 1 or 2, and 

rn=0-9. 

25. A composition according to claim 15, Wherein the 
monomer is a (rneth)acrylate. 

26. A composition according to claim 25, Wherein the 
(rneth)acrylate is selected from the group consisting of 

(a) the formula: 

R10 

Wherein: 

G is hydrogen, halogen, or an alkyl having from 1 to 
4 carbon atoms, R10 has from 1 to 16 carbon atoms 
and is an alkyl, cycloalkyl, alkenyl, cycloalkenyl, 
alkaryl, aralkyl, or aryl group, optionally substi 
tuted or interrupted With silane, silicon, oxygen, 
halogen, carbonyl, hydroXyl, ester, carboXylic 
acid, urea, urethane, carbarnate, arnine, arnide, 
sulfur, sulfonate, or sulfone; 
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(b) urethane acrylates or ureide acrylates represented by 
the formula: 

Wherein: 

G is hydrogen, halogen, or an alkyl having from 1 to 
4 carbon atoms; 

R11 is a divalent alkyl, cycloalkyl, aromatic, or 
arylalkyl group, bound through a carbon atom or 
carbon atoms thereof indicated at the —O— atom 
and —X— atom or group; 

X is —O—, —NH—, or —N(alkyl)-, in Which the 
alkyl radical has from 1 to 8 carbon atoms; 

Z is 2 to 6; and 

R12 is a Z-valent cycloalkyl, aromatic, or arylalkyl 
group bound through a carbon atom or carbon 
atoms thereof to the one or more NH groups; or 

(c) a di- or tri-(meth)acrylate selected from polyethylene 
glycol di(rneth)acrylates, bisphenol-A di(meth)acry 
lates, tetrahydrofurane di(rneth)acrylates, heXanediol 
di(rneth)acrylate, trimethylol propane tri(meth)acry 
late, and combinations of any tWo or more thereof. 

27. A composition according to claim 26, Wherein the 
(rneth)acrylate is selected from the group consisting of 
triethylene glycol dimethacrylate, tripropylene glycol dia 
crylate, tetraethylene glycol dimethacrylate, diethylene gly 
col dimethacrylate, 1,4-butanediol diacrylate, 1,6-heX 
anediol dimethacrylate, pentaerythritol tetraacrylate, 
trimethylol propane triacrylate, trimethylol propane tri 
methacrylate, di-pentaerythritol monohydroXypentaacrylate, 
pentaerythritol triacrylate, bisphenol-A-ethoXylate 
dimethacrylate, trimethylolpropane ethoXylate triacrylate, 
trimethylolpropane propoXylate triacrylate, bisphenol-A 
diepoXide dimethacrylate, and combinations of any tWo or 
more thereof. 

28. A composition according to claim 26, Wherein the 
(rneth)acrylate is selected from the group consisting of 
polyethylene glycol di(rneth)acrylates, bisphenol-A 
di(rneth)acrylates, tetrahydrofurane (rneth)acrylates and 
di(rneth)acrylates, citronellyl acrylate and citronellyl meth 
acrylate, hydroXypropyl (rneth)acrylate, heXanediol 
di(rneth)acrylate, trimethylol propane tri(rneth)acrylate, tet 
rahydrodicyclopentadienyl (rneth)acrylate, ethoXylated tri 
methylol propane triacrylate, triethylene glycol acrylate, 
triethylene glycol methacrylate, and combinations of any 
tWo or more thereof. 

29. A composition according to claim 15, Wherein the 
monomer is a divinyl compound. 

30. A composition according to claim 29, Wherein the 
divinyl compound comprises the structure: 
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Wherein: 

each R9 is independently hydrogen, loWer alkyl or aryl, 

each M is independently —O—, —O—C(O)—, 
—C(O)— or —C(O)O—, and 

D is a monovalent or a polyvalent moiety comprising 
organic or organosiloXane radicals, and combina 
tions of any tWo or more thereof. 

31. A composition according to claim 30, Wherein D is a 
monovalent or polyvalent radical selected from the group 
consisting of hydrocarbyl, substituted hydrocarbyl, heteroa 
tom-containing hydrocarbyl, substituted heteroatom-con 
taining hydrocarbyl, hydrocarbylene, substituted hydrocar 
bylene, heteroatom-containing hydrocarbylene, substituted 
heteroatom-containing hydrocarbylene, polysiloXane, pol 
ysiloXane-polyurethane block copolymer, and combinations 
of tWo or more thereof, optionally containing one or more 
linkers selected from the group consisting of a covalent 
bond, —O—, —S—, —NR—, 

—O—NR—S(O)—NR—, —O—NR—S(O)2—O—, 
—O—NR—S(O)2—NR—, —O—NR—S(O)2—, 
—O—P(O)R2—, —S—P(O)R2—, —NR—P(O)R2—, 
Wherein each R is independently hydrogen, alkyl or substi 
tuted alkyl, and combinations of any tWo or more thereof. 

32. A composition according to claim 31, Wherein D is 

(a) saturated straight chain alkyl or branched chain alkyl, 
optionally containing optionally substituted aryl moi 
eties as substituents on the alkyl chain or as part of the 
backbone of the alkyl chain, and Wherein the alkyl 
chains have up to about 20 carbon atoms; 

alkyl, 
each R4 is independently hydrogen, loWer alkyl or aryl, 

d=1-10, 
e=1-10, and 

f=1-50; 
(c) a polyalkylene oXide having the structure: 

or 
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wherein: 

each R is independently hydrogen, alkyl or substi 
tuted alkyl, 

r=1-10, 

s=1-10, and 

f is as de?ned above; 

(d) aromatic groups having the structure: 

Wherein each Ar is a monosubstituted, disubstituted or 
trisubstituted aromatic or heteroaromatic ring having 
in the range of 3 up to 10 carbon atoms, and Z is: 

(i) saturated straight chain alkylene or branched 
chain alkylene, optionally containing saturated 
cyclic moieties as substituents on the alkylene 
chain or as part of the backbone of the alkylene 
chain, or 

(ii) polyalkylene oXides having the structure: 

—[(CR2)I—O—]q—(CR2)S— 

Wherein each R is independently de?ned as above, 
r and s are each de?ned as above, and q falls in 
the range of 1 up to 50; 

(e) di- or tri-substituted aromatic moieties having the 
structure: 

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

(f) aromatic groups having the structure: 

O O 

R 

E 
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Wherein: 

each R is independently de?ned as above, 

t=2-10, 

k=1, 2 or 3, 

g=1 up to about 50, 

each Ar is as de?ned above, 

E is —O— or —NR5—, Wherein R5 is hydrogen or 
loWer alkyl; and 

W is 

(i) straight or branched chain alkyl, alkylene, 
oXyalkylene, alkenyl, alkenylene, oXyalk 
enylene, ester, or polyester, 

(iii) a polyalkylene oXide having the structure: 

—[(CR2)I—O—]f—(CR2)s— 
Wherein: 

each R is independently hydrogen, alkyl or 
substituted alkyl, 

r=1-10, 
s=1-10, and 

f is as de?ned above; 

optionally containing substituents selected from 
hydroXy, alkoXy, carboXy, nitrile, cycloalkyl or 
cycloalkenyl; 

Wherein: 

each R6 is independently hydrogen or loWer alkyl; 

each R7 is independently an alkyl, aryl, or arylalkyl 
group having 1 to 18 carbon atoms; 

each R8 is an alkyl or alkyloXy chain having up to 
about 100 atoms in the chain, optionally substi 
tuted With Ar; 

U is —O—, —S—, —N(R)—, or —P(L)1)2— 
Wherein R as de?ned above, and Wherein each L 
is independently =0, :5, —OR or —R; and 

(h) polycyclic alkenyl; or 

(i) miXtures of any tWo or more thereof. 
33. A composition according to claim 1, Wherein the 

curing catalyst is selected from the group consisting of 
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peroXy ester, peroXy carbonate, hydroperoXide, alkylperoX 
ide, arylperoXide, and an aZo compound. 

34. A die-attach formulation comprising: 

(A) a thermoset resin composition according to claim 1, 
and 

(B) a conductive ?ller. 
35. A die-attach formulation according to claim 34 

Wherein the ?ller is electrically conductive. 
36. A die-attach formulation according to claim 34 

Wherein the ?ller is thermally conductive. 
37. In a die-attach formulation, the improvement com 

prising incorporating into the die-attach formulation an 
effective amount of a composition according to claim 1. 

38. An assembly comprising a ?rst article adhered to a 
second article by a cured aliquot of a die-attach formulation 
according to claim 34. 

39. An assembly comprising a ?rst article adhered to a 
second article by a cured aliquot of a die-attach formulation 
according to claim 35. 

40. An assembly comprising a ?rst article adhered to a 
second article by a cured aliquot of a die-attach formulation 
according to claim 36. 

41. A method for adhesively attaching a device to a 
substrate, the method comprising curing a die-attach formu 
lation according to claim 34 positioned betWeen the sub 
strate and the device. 

42. A method according to claim 41, Wherein the device 
is a semiconductor die and the substrate is a lead frame. 
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43. A method according to claim 41, Wherein the lead 
frame is a copper lead frame. 

44. An adhesive ?lm formulation comprising: 

(A) a thermoset resin composition according to claim 1, 
and 

(B) a thermoplastic elastomer that is a block copolymer 
having 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 that is the 
polymeriZation product of optionally substituted ole?n 
monomers and/or optionally substituted conjugated 
diene monomers. 

45. A method for adhesively attaching a device to a 
substrate, the method comprising curing an adhesive ?lm 
formulation according to claim 44 positioned betWeen the 
substrate and the device. 

46. A method according to claim 45, Wherein the device 
is a semiconductor die and the substrate is a lead frame. 

47. An assembly comprising a ?rst article adhered to a 
second article by a cured aliquot of an adhesive ?lm for 
mulation according to claim 44. 

48. In a free radical-polymeriZable thermoset resin com 
position, the improvement comprising incorporating into the 
composition an effective amount of at least one polycyclic 
ole?n monomer, the monomer having at least one terminal 
norbornenyl functional group. 

* * * * * 


