
;e3eB[RRSVdWZ6ZTB[  Patent ~ 2031.EEM THERMOSET ADHESIVE FILMS FIELD OF THE
INVENTION [0001] This invention relates to film adhesives, and particularly
film adhesives for use In semiconductor packaging. BACKGROUND OF THE
INVENTION [0D02] A common mode of electronics packaging involves affixing
semiconductor devices onto substrates by means of an adhesive tape. Epoxy
compounds and resins currently are among the most commonly used materials
for current film based adhesive applications, such as die attach, in which
a semiconductor die is attached to a substrate. In a typical embodiment, a
filmforming rubber polymer Is blended with epoxy resins and a hardening
agent. These compositions can then be cured upon application of heat, which
results in the development of a thermoset network. One drawback to epoxy
adhesives is their ultimate latency. Typically, these materials must be
stored at low temperature to avoid premature advancement of the adhesive.
Moreover, the speed of cure for these compositions Is relatively slow
making the die-attach operation the least efficient step in the total
assembly manufacturing process for wirebonded integrated circuit packages.
This creates a need for a film adhesive that can be rapidly cured compared
to the conventional thermoset film adhesives, and particularly to films
containing no epoxy. SUMMARY OF THE INVENTION [0o03] This Invention is a
film adhesive prepared from an adhesive composition comprising a polymer
system, a film forming rubber compound, and curing agents for the polymeric
system. In a preferred embodiment the polymer 1   system contains no epoxy
functionality, The polymer system comprises a base polymer and electron
donor and electron acceptor functionality, The electron donor and electron
acceptor functionality can be pendant from the base polymer, or can be
Interdispersed with the base polymer as independent compounds. In some
cases, the base polymer can function as a film-forming rubber compound. The
film can be prepared directly as a monolayer from the adhesive composition,
or from coating the adhesive composition onto both sides of a thermal
resistant tape substrate. DETAILED DESCRIPTION OF THE INVENTION [00o4] The
polymer system for preparing the film adhesives will contain a base polymer
(hereinafter "polymer" or "base polymer") and electron donor and electron
acceptor functionality. The system can be segregated into several classes:
(1 ) an unsubstituted base polymer blended with an independent electron
donor compound and an independent electron acceptor compound; (2) a base
polymer substituted with pendant electron acceptor functionality, blended
with an independent electron donor compound, and optionally an independent
electron acceptor compound; (3) a base polymer substituted with pendant
electron donor functionality, blended with an Independent electron acceptor
compound and optionally an independent electron donor compound; (4) a base
polymer substituted with pendant electron donor and electron acceptor
functionality, or a combination of a base polymer substituted with pendant
electron donor functionality and a base polymer substituted with pendant
electron acceptor functionality, optionally blended with an Independent
electron donor compound, or an independent electron acceptor compound, or
both. [0005) Preferably, there will be a 1:1 molar ratio of electron donor
to electron acceptor; however, the molar ratio can range from 0.01 - 1,0 :
1.0 - 0,D1, 2   [0006 A suitable base polymer in the polymer system of the
inventive film adhesive is prepared from acrylic and/or vinyl monomers
using standard polymerization techniques. The acrylic monomers that may be
used to form the base polymer include a,[err]-unsaturated mono and
dicarboxylic acids having three to five carbon atoms and acrylate ester
monomers (alkyl esters of acrylic and methacrylic acid in which.the alkyl
groups contain one to fourteen carbon atoms). Examples are methyl acryate,
methyl methacrylate, n-octyl acrylate, n-nonyl methacrylate, and their
corresponding branched isomers, such as. 2-ethylhexyl acrylate. The vinyl
monomers that may be used to form the base polymer include vinyl esters,
vinyl ethers, vinyl halides, vinylidene halides, and nitrites of
ethylenically unsaturated hydrocarbons. Examples are vinyl acetate,
acrylamide, 1-ociyl acrylamide, acrylic acid, vinyl ethyl ether, vinyl
chloride, vinylidene chloride, acrylonitrile, malefic anhydride, and
styrene. [00D7] Another suitable base polymer in the polymer system of the
inventive film adhesive is prepared from conjugated diene and/or vinyl
monomers using standard polymerization techniques. The conjugated diene
monomers that may be used to form the polymer base include butadiene-1,3,
2-chlorobutadiene1,3, isoprene, piperylene and conjugated hexadienes. The
vinyl monomers that may be used to form the base polymer include styrene,
a-methylstyrene, divlnylbenaene, vinyl chloride, vinyl acetate, vinylidene
chloride, methyl methacrylata, ethyl acrylate, vlnylpyridlne,
acrylonitrile, methacrylonitrile, methacrylic acid, itaconic acid and
acrylic acid. 



[0008] Alternatively, the base polymer can be purchased commercially.
Suitable commercially available polymers include acrylonitrile-butadiene
rubbers from Zeon Chemicals and styrene-acrylic copolymers from Johnson
Polymer. [0D09] In those systems in which the base polymer is substituted
with   electron donor and/or electron acceptor functionality, the degree of
substitution can be varied to suit the specific requirements for cross-link
density In the final applications, Suitable substitution levels range from
6 to 500, preferably from 10 to 200. [0010J The base polymer, whether
substituted or unsubstltuted will have a molecular weight range of 2,000 to
1,000,000. The glass transition temperature (Tg) will vary depending on the
specific base polymer. For example, the Tg for butadiene polymers ranges
from -100C to 25C, and for modified acrylic polymers, from 15C to 50C.
[0011 ] Suitable electron donor functionality includes Vinyl ether groups,
vinyl silane groups, and carbon to carbon double bonds external to an
aromatic ring and conjugated with the unsaturation in the aromatic ring.
Suitable electron acceptor groups include malelmides, acrylates, fumarates
and maleates. [0012) Examples of suitable starting materials for reacting
with complementary functionalitiy on the base polymer in order to add the
electron donor or electron acceptor functionality pendant to the base
polymer include: for electron donor functionality, hydroxybutyl vinyl
ether, cinnamyl alcohol, 1,4cyclohexane-dimethanol monovinyl ether,
3-Isopropenyl- a,a-dimethylbenzyl isocyanate, Isoeugenol, and the
derivatives of the aforementioned compounds; for electron acceptor
functionality, dioctyl maleate, dibutyl maleate, diectyl fumarate, dibutyl
fumarate, N-(6-hydroxyhexyl) maleimide, 6-malelmldocaproic acid, and
3-maleimidoproplonfc acid. [004 3] Independent electron donor compounds for
blending with the base polymer include compounds having at least two vinyl
ether groups, or having at least two carbon to carbon double bonds external
to aromatic rings and conjugated with the unsaturation in the aromatic
ring. Suitable divinyl ether 4   examples include compounds such as
bis[4-(vinyloxy)butyl]tere- phthalate,
bis[4(vlnyloxy)butyl](4-methyl-1,3-phenylene)biscarbamate, bis[4-(vlnyloxy)
butyl] 1,6hexanediylbiscarbamate, 4-(vinyloxy)butyl stearate, and
bis[4-(vinyloxy)butyl] (methylenedi-4,1-phenylene)biscarbamate (sold under
the trade name Vectomer from Morflex, Inc). exemplary compounds having at
least two carbon to carbon double bonds external to aromatic rings and
conjugated With the unsaturation in the aromatic ring include: the adduct
of tricyclodecane-dirnethanol and 3-isopropenyl-a,adimethylbenzyl
Isocyanate (m-TMI) having the structure i W r"~~o \ O II N ~ I O the adduct
of 2-hydroxyethyl disulfide and m-TMI having the structure H I ~ N~O~s'S~0
IV D W ~ i the adduct of cyanurate/trifiunetional isocyanate and cinnamyl
alcohol having the structure 5   0 I N N ~0 ``0 



0 ~N~N~ O~N~O H^N ~0 I i the adduct of 1,3-propanediol and m-TMI having the
structure I` /I i N ~0~0~ Io 0 tha adduct of 1,4-butanediol and m-TMI~
having the structure O I / N~O~O~.H 0 and the adduct of cinnamyl alcohol
and 1,6-dlfsocyanatohexane having the structure B   0 0 O" N CH2 N' _0 H 6
N i These compounds can be prepared by standard synthetic methods known to
those skilled in the art without undue experimentation. [0014] Independent
electron acceptor compounds for blending with the baso polymer include
resins having at least two intramoleoular maleimide, aerylate, fumarate or
maleate groups. Examples of bismaleimides include:
N,N'ethylene-bis-maleimlde, N,N'-butylene-bis-maleimlde,
N,N'-phenylene-bismaleimide, N,N'-hexamethylene-bis-maleimide,
N,N'-4,4'-diphenyl methane-blsmaleimide, N,N'-4,4'-diphenyl
ether-bis-malelmlde, N,N'-4,4'-Biphenyl sulfone-bismaleimide,
N~N'-4,4'-dicyclohexyl methane-bis-maleirnide, N,N'-xylylene-bismaleimide,
N,N'-Biphenyl cyclohexane-bis-maleimide and the like. [0D15] Suitable film
forming resins or compounds include acrylic polymers (sold under the trade
name TEISAN RESIN from Nagase ChemteX Corporation) and
acrylonitrile-butadiene elastomers (sold under the trade name NIPOL from
Zeon Chemicals). These materials, in general) will be present in the
adhesive composition from which the film will be prepared, in an amount
ranging from 10% to 70%, preferably 15% to 50%, by weight of the adhesive
formulation, Other Levels may be suitable depending on the end use
application, and optimal levels can be determined without undue
experimentation on the part of the formulator. [D016] Suitable curing
agents for the polymer system are thermal   initiators and photoinitiators,
present in an amount of 0.1 % to 10%, preferably 0.1 % to 5.0%, by weight
of the polymer system. Preferred thermal initiators include peroxides, such
as butyl peroctoates and dicumyl peroxide, and azo compounds, such as
2,2'-azobis(2-methyl-propanenitrile) and
2,2'-azobis(2methyl-butanenitrile). A preferred series of photolnltiators
Is one sold under the trademark Irgacure by Ciba Specialty Chemicals. In
some formulations, both thermal initiation and photoinitiation may be
desirable; for example, the curing process cart be started by irradiation,
and in a later processing step curing can be completed by the application
of heat to accomplish the thermal cure. In general, these compositions will
cure within a temperature range of 70C to 250C, and curing will be effected
at a temperature within the range of ten seconds to three hours. The time
and temperature curing profile of each formulation will vary with the
specific electron donor compound and the other components of the
formulation, but the parameters of a curing profile can be determined by a
practitioner skilled in the art without undue experimentation. 



[0017] In some cases) it may be an advantage to add an epoxy compound or
resin to the adhesive composition. Suitable epoxy compounds or resins
include bifunctional and polyfinctional epoxy resins such as bisphenol
Atype epoxy, cresol novolak epoxy, or phenol novolak epoxy. Another
suitable epoxy resin is a multifunctional epoxy resin from Dainippon Ink
and Chemicals, Inc. (sold under the product number HP-7200). When added to
the formulation, the epoxy will be present in an amount up to 80% by
weight. (0018] If an epoxy compound is added, the formulation w111 need to
contain a curing or hardening agent for the epoxy. Suitable curing agents
include amines, polyamides, acid anhydrides, polysulfides, trifluoroboron,
and bisphenol A) bisphenol f= and bisphenol S, which are compounds having
at least two   phenolic hydroxyl groups in one molecule. A curing
accelerator may also be used in combination with the curing agent. Suitable
curing accelerators include imidazoles, such as 2-methylimidazole,
2-ethyl-4-methylimidazole, 4-methyl-2phenylimidazole, and
1-cyanoethyl-2-phenylimidazolium trimellitate. The curing agents and
accelerators are used In standard amounts known to those skilled In the
art. [0019] Other materials, such as adhesion promoters (epoxides,
silanes), dyes, pigments, and rheology modifiiers, may be added as desired
for modification of final properties. Such materials and the amounts needed
are within the expertise of those skilled in the art. [002D] Filler
particles that enhance the mechanical, electrical conductivity, or thermal
conductivity may also be added. Suitable conductive fillers are carbon
black, graphite, gold, silver, copper, platinum, palladium, nickel,
aluminum, silicon carbide, boron nitride, diamond, and alumina, Suitable
nonconductive fillers are particles of vermiculite, mica, wollastonite,
calcium carbonate, titania, sand, glass, fused silica, fumed silica, barium
sulfate, and halogenated ethylene polymers, such as tetrafluoroethylene,
trifluoroethylene, vinylidene fluoride, vinyl fluoride, vinylidene
chloride, and vinyl chloride. When present, fillers will be in amounts of
0.1% to 90%, preferably from 5% to 90%, by weight of the formulation.
POLYMER SYNTHETIC EXAMPLES [0021] EXAMPLE 1. This example discloses a
butadlene/acrylo-nitrite base polymer containing pendant acrylate (electron
acceptor) fiunctionality. 9   [0022] o G IJ L ~J l J MQ ~ CN \
TBPAAClMIBKl110 C where x ~ 50, y = 5, n = 310, p = 678, and q = 59, based
on GPC and NMR analysis (one skilled In the art will recognize that these
values may vary slightly due to the polymeric character of the material).
[0023] Carboxylated butadienelacrylonltrlle polymer (50.6 g) (Nlpol 1072
from Zeon Chemicals) was solvated in A-methyl-2-pentanone (MIBK, 25D mL) in
a 500m1. four-necked flask equipped with a mechanical stirrer, condenser
and drying tube. Glycidyl methacrylate (9.78 g) and tetrabutylphosphonlum
acetate solution (0.58 g) (TBPAAC, catalyst, 70% by weight of
tetrapukylphosphonium acid acetate in methanol from Morton International,
Inc.) were added to the mixture with stirring, The mixture was heated to
110C and held at that temperature for approximately twelve hours. The final
product has a viscosity of 4870 mPa.s at ambient temperature and according
to titration results of the residual carboxylic acid of the modified Nipol
rubber, the carboxyl conversion is 1D    about 90%. According to GPC
analysis, the weight average molecular weight and the number average
molecular weight of the modified Nlpol polymer are 430,500 g/mol and 60,90D
g/mol, respectively. [0024] EXAMPLE 2. This example discloses a
butadienelacrylonitrile base polymer with pendant styrenic (electron donor)
functionality, Coo25] 



i + ~I t. .! ~ i. a p ~ d q \ li ~~ CN \ 0 TDPAACIMIBKI1Io C where x = 56,
y = 16, n = 4o1, p = 877, and q = 76 based on GPC and NMR analysis (one
skilled in the art will recognize that these values may vary slightly due
to the polymeric character of the material). [0026] Carboxylated
butadienelacrylonitrile polymer (3B,0 g) (Nipol 1072 from Zeon Chemicals)
was solvated in 4-methyl-2-pentanone (MIBK, 255 mL) in 11    a 500mL
flour-necked flask equipped with a mechanical stirrer, condenser and drying
tube. Isoeugenol glycidyl ether (11.43 g) and tetrabutyl-phosphonium
acetate solution (D.62 g) (TBPAAC, catalyst, 70% by wetight of
tetrabutylphosphonium acid acetate in methanol from Morton International,
Inc.) were added into the mixture with stirring. The mixture was heated to
110C and held at that temperature for approximately fourteen hours.
According to titration results of the residual carboxylic acid of the
nodified Nipol rubber, the carboxyl conversion is about 87%, The product
was purifiied by precipitation In methanol three times, According to GPC
analysis, the weight average molecular weight and the number average
molecular weight of the modifed Nipo) polymer are 554,40D g/mol and 89,100
g/mol, respectively. [0027] BXAMPLB 3, This example discloses a
butadiene/acryionitrile base polymer with pendant styrenic (electron donor)
functionality, [0D28] m n + i H J A / N O H00 CN O T6PAACIM1BKI105 C 12
where x = 49, y = 7, n = 310, p = 739, and q = 59 based on GPC and NMR
analysis (one skilled in the art will recognize that these values may vary
slightly due to the polymeric character of the material).. [0D29]
Carboxylated butadienelacrylonitrila polymer (53.8 g) (Nipol 1072 from Zeon
Chemicals) was solvated in 4-methyl-2-pentanone (MIBK, 360 mL) in a 1 L
four-necked flask equipped with a mechanical stirrer, condenser and drying
tube. Glycidyl N-(3-isopropenyl-a,a.dlmethylbenzyl) carbamate (14.8g) and
tetrabutylphosphonium acetate solution (0.54 g) (TBnAAC, catalyst) were
added into the mixture with stirring. The mixture was heated fio 105C and
held at that temperature for approximately fifteen hours. The final product
has a viscosity of 20o0 mPa.s at ambient temperature and according to
titration results, the carboxyl conversion is about 88%. According to GPC
analysis, the weight average molecular weight and the number average
molecular weight of the . . modified Nipol polymer are 666,00o glmol and
75,600 g/mol, respectively. [0030] EXAMPLE 4. This Example discloses a
butadiene/ acrylonitrile 



base polymer with pendant cinnamyl (electron donor) funcrlonali~, [0031]
sock Pm 9 HO ~ cN ~~m ~ ~n ~ ~ ~ ~ 9 CI ~ CN off i Et3N 13   [0032 A
solution of carboxylated butadiene/acrylonitrile polymer (one molar
equivalent based on the carboxylic acid) in toluene is reacted with excess
thionyl chloride at 50C for approximately fourteen hours. Tha excess
thlonyl chloride and the solvent are removed under reduced pressure to
afford the butadiene/acrylonitrlle polymer with pendant acid chloride.
[0033a - One molar equivalent of clnnamyl alcohol and one molar equivalent
of triethylamlne are mixed in dry toluene at oG, to which is added the
butadiene/acrylonitrile polymer with pendant acid chloride dissolved in dry
toluene (one molar equivalent based on the acid chloride). The mixture is
allowed tv react overnight. The product is purified by precipitation in
methanol three times. [DD34] EXAMPLE 5. This example discloses a butadiene!
acrylonitrile base polymer with pendant cinnamyl (electron donor)
functionality, [0035] 14    \ \ NHi ~ 1'J~ l V '`'~l ESN [003s] One molar
equivalent of cinnamyl amine and one molar equivalent of triethylamine are
mixed in dry toluene at 0C, to which Is added the butadlEnelacrytonitrile
polymer with pendant acid chlor)de dissolved in dry toluene (one molar
equivalent based on the acid chloride). The mixture is allowed to react
overnight. The product is purifiied by precipitation in methanol three
times. [0D37] EXAMPLE 6. This example discloses a butadiene/ acrylonitrile
base polymer with pendant styrenic (electron donor) functionality, (oo3s~ w
CI  CN ~ ~ OCH~ oW 15 



ESN r (ooas] One molar equivalent ofi isoeugenol and one molar equivalent
of triethylamine are mixed in dry toluene at 0C, to which is added the
butadienelacrylonitrile polymer with pendant acid chloride dissolved in dry
toluene (one molar equivalent based on the acid chloride). The mi~cture is
allowed to react overnight. The product is purified by precfpltation in
methanol three times. [00A.0] EXAMPLE 7. This example discloses a
butadiene) acrylonitrile base polymer wlth pendant styrenic (olectron
donor) functionality, 16    [aoa~J l Vim(. J 1 - ~,Ip l, Jq + ~w i Ci ~ cN
NMz Et3N ~ooa2~ One molar equivalent of 4-vinyl benzyl amine and one molar
equivalent of triethylamine are mixed In dry toluene at 0C, to which is
added the butadiene/acrylonitrile polymer with pendant acid chloride
dissolved in dry toluene (one molar equivalent based on the acid chloride).
The mixture is allowed to react overnight. The product is purified by
precipitation in methanol three times. [0043J EXAMPLE 8. This example
discloses a butadienel acrylonitrile base polymer with pendant vinyl ether
(electron donor) functionality, 17    [0044J + ^Q~oH c~  N taaN [Does] One
molar equivalent of 4-hydroxybutyl vinyl ether and one molar equivalent of
triethylamlne are mixed in dry toluene at 0C, to which is added the
butadiene/acrylonitrile polymer with pendant acid chloride dissolved in dry
toluene (one molar equivalent based on the acid chloride). The mixture is
allowed to react overnight. The product is purified by preclpitatlon in
methanol three times. [0046] EXAMPLE 9. Thls example discloses a butadienel
aclylonitrile base polymer with pendant vinyl ether (electron donor)
funct~onallty, 18   



1 * ~O~NHZ w ~p ~ ' q , Cl C CN Et;,N [007] One molar equivaient of
2-amlnoethyl vinyl ether and one molar equivalent ofi triethylamine are
mixed in dry toluene at 0C, to which is added the butadienelacrylonltrlle
polymer with pendant acid chloride dissolved in dry toluene (one molar
equivalent based on the acid chloride). The mixture is allowed to react
overnight. The product is purified by precipitation in methanol three
times: [0048 ] EXAMPLE 10. This exempla discloses a hydroxylated
styrene/butadiene base polymer with pendant styrenic (electron donor)
fiunctionality, ~ooas~ NCO  ~ ~ \ 7~ 0 HO Tin catalyst 'I 9    m v ~ ~" v 0
o~N ~ M [005D) One molar equivalent (basod on hydroxyl fiunction) of
hydroxylated styrenelbutadiene polymer is solvated in dry toluene~at 90C
under, _, nitrogen, followed by the addition of one molar equivalent of
3-isopropenyl-n,adimethylbenzyl isocyanate (mTMI) together with D.07% of
dibutyltln dllaurate (catalyst) based on the total amount of reectanfis)
The resulting mlxkure is heated for an additional twenty-four hours under
nitrogen. After removal of the solvent under reduced pressure, the product
is obtained in almost quantitative yield. [0051] EXAMPLE 11. This example
discloses a hydroxylated styrenelbutadiene base polymer having pendant
styrenlc (electron donor) functionality, 20   ~oo~z1 c ''n ~ ~ P m n x 4M
H:CH~~....~-~-CIixoH ~ AIi~N Nca r~~ cntpir~t 



[0053 One molar equfvaient of butadienelstyrene polymer based on the
1,2vmyi bands is solvated in dry toluene under nitrogen and 0.3 ma(ar
equivalent of Z-mercaptaethanol is added into the mixture, followed by
heating to '75C. A solution of azodilsobutyronlkrile (AI~Ny In toluene is
then added to the mixture. The mixfure is stirred at 75C for 7 hours. The
product is purified by precipitation in methanol three times. ~005~~ One
molar equivalent (based an hydroxyl function) of nydraxylated
styrenelbutadiene polymer' prepared as above is solvated in dry toluenaa at
80C under nitrogt~n, fialiowed toy the addition of one molar equivalent of
3-isopropenyi-a,a-dimathyibenzyl isacyanate ~m-TMi) together with 0.07l0 of
dibutyitin dilaurate (cstslyst) based on the total amount of reactants. The
resulting mixture is heated for an additional twentyfiaur hours under
nitrogen. 21    After removal ofi the solvent under reduced pressure, the
product is obtained in almost quantitative yield, (0055] EXAMPLE 12. This
example discloses a hydroxylated styrene/butadiene base polymor having
pendant maleimide (electron acceptor) functionality, [oo5s] 0 .l,n ( Jn L ~
x L y -I- f `N~oh 0 i ~l OH HZs~4rroluena~Reilux [0057] One molar
equivalent (based on hydroxyl function) of hydroxylated styrenelbutadiene
polymer prepared as in Example 11 is solvated in dry toluene at 90C under
nitrogen, followed by the addition of one molar equivalent of
6-malefmidocaproic acid in toluene, Catalytic amount of sulfuric acid is
then Introduced into the mixture. The mixture is heated to reflux and water
generated during the reaction is removed by azeotrope. The reaction is run
overnight. The product is purified by precipitation in methanol three
times. [0058] EXAMPLE 13. This example discloses a polybutadlene base 22
polymer with pondant styrenic (election donor) functionality, [00~9~ 0 0 0
m r.IP L _ ~G ~ i \ \ NHz I`\ Acetone 



i m [0060] One molar equivalent (based on anhydride function) of
polybutadiene adducted with malefic anhydride (trade name: Ricon 131 MA20,
produced by Sartomer Company) is solvated in acetone, followed by the
dropwise addition of one molar Equivalent of cinnamyl amine. The reaction
mixture is stirred for 6 hours. After acetone is removed py reduced
pressure, the polymer is solvated in toluene and the product'is purified by
precipitation in methanol three times. [0061 J EXAMPLE 14. This example
discloses a styrenelacrylic base polymer with pendant acrylate (electron
acceptor) functionality. [0062) 23   0 l ~ + Ro  i ~  OM Et~N where m =11
based on GPC and NMR analysis (one skilled in the art w111 recognize that
this value may vary slightly due to the polymeric character of the
material), [0063] In a 50omL flour-necked filask equipped with a mechanical
stirrer, condenser, addition funnel and a Nz inlet, was charged with 45.02
g of a styreneacrylic polymer (Joncryl 587 from Johnson Polymer) In
methylone chloride (100 m1_), After the polymer was solvated under nitrogen
at room temperature, the solution was cooled to 0C and 6.83 g of
triethylamine was added to the mixture. To this resulting mixture was added
dropwise 6.11 g of acryloyl chloride, The mixture was allowed to react for
an additional 6 hours. After washing With aqueous solutions several times
until the aqueous phase Is neutral, the resulting organic layer was dried
over Mg2S04 and silica gel. Afiter the solvents were removed under reduced
pressure, a white solid was obtained. [0064] EXAMPLt= 15. This example
discloses a siyrenelacrylic base polymer with pondant styrenic (electron
donor) functionality, 24    [0D65] ~~ v a i RO 0 / O ~ ~ NCO ( 0 OW Tm
Gat9lyat r 



~ ~O - ~ o i ?' N w I D where m = 11 based on GPC and NMR analysis (one
skilled in the art will recognize that this value may vary slightly due to
the polymeric character ofi the material), [ODGG] In a 1 L four-necked
flask equipped with a mechanical stirrer, condenser, addition funnel and a
N2 inlet, was charged with 126.7 g of a styrene acrylic polymer (Joncryl
587 from Johnson Polymer) in methyl ethyl ketone (6z0 mL). After the
polymer was solvated at the refluxing temperature of the solvent under
nitrogen, 4D.58 g of 3-isopropenyl-a,,a-d)methylbenzyl isocyanate (m-TMI)
was added to the mixture together with 0.12 g of dibutyltin dilaurate
(catalyst). The resulting mixture was heated for an additional twenty-four
hours under nitrogen. After removal of the solvent under reduced pressure)
a white solid was obtained in almost quantitative yield, According to GPC
analysis, the weight average molecular weight and the number average
mol'eculaf weight of the modified styrene-acrylic polymer are 15,600 glmol
and 8,400 glmol, respectively. According to DSC analysis, the glass
transition temperature of the modified z5   styrene-acrylic polymer is
approximately 40C, ADHESIVE FILM E7(AMPLES [0067] EXAMPLE 18. An adhesive
film was prepared firom a polymer system comprising an unsubstituted
acryliclrubber base polymer, an independent electron acceptor resin) an
independent electron donor resin, and an epoxy resin, which components and
parts by weight used are identifiied in Table 1. The film formulation also
contained a radical initiator, hardeners for the epoxy, a filler and
adhesion promoters, [0D68] Table 1Component Chemical ClassSourcePartsor
Functionb wt.Base polymerSG-8017R5Ac Ilc rubberNa asa ChemteX Car ,Electron
acceptorMatrimid 5292A3BismaleimideCiba 5peclalty ChemicalsCor
orationElectron donorAdduct of tricyclodecane-2.5Structure
Idimethanollm-TMIEpoxyHP-7200HS.5Dainippon Ink andChemicals Inc. [0069] The
electron donor had the following structure; i W N~o D 0, _ N D Structure 1
[0070] The film formulation was prepared by mixing the components in methyl
ethyl ketone with stirring, followed by vacuum degassing. The varnish 26 



obtained was coated to a thickness ofi2 mil onto a 5 mil thick
silicone-treated release-liner and then dried by heating at 1D0C for 10
minutes to form a partially cured adhesive film with a thickness of lmii.
[0D71] EXAMPLE 17, An adhesive film was prepared from a polymer system
comprising a poly(butadiene) base polymer substituted with pendant electron
acceptor functionality, an Independent electron acceptor resin, an
independent electron donor resin, and an epoxy resin, which components and
parts by weight used are identified in Table 2. The film formulation also
contained a radical initiator, hardeners for the epoxy, and adhesion
promoters. [0D72] Table 2Component Chemical ClassSourcePartsor Functionb
wt,Butadiene base polymerPolymer from Example 1.2substituted with
pendantelectron acceptorfunctionaliElectron acceptorMatrimid
5292A1BismaleimldeCiba Specialty ChemicalsCor orationElectron donorAdduct
of tricyclodecane-2.5Structure Idirnethanol/m-TMIEpoxyHP-7200H3.5Dainippon
Ink andChemicals Inc. [0D73] The film fiormulafiion was prepared by mixing
the components in methyl ethyl ketone with stirring, followed by vacuum
degassing. The varnish obtained was coated to a thickness of 2 mil onto a 5
mil thick silicone-treated release-liner and khen dried by heating at 100C
for 10 minutes to form a partially cured adhesive film with a thickness of
1mil. [0074] EXAMPLE 1 B. An adhesive film was prepared from a polymer
system comprising a styrenelacrylic base polymer substituted with pendant
27   electron donor functionality, an independent electron acceptor rosin,
an independent electron donor resin, and an acrylonitrile/butadiene rubber,
which 



components and parts by weight used are identified in Table 3. The film
formulation also contained a radical initiator and adhesion promoters.
[0075] Table 3Component Chemical ClassSourcepartsor Functionb
wt,Sytrenelacrylic base polymerPolymer from Examplezsubstituted with
pendant15electron donor functlor5alitElectron acceptorMatrimid
5292A5BlsmaleimideCiba SpecialtyChemicals Cor orationElectron donorAdduct
of1.75Structure Itrlcyclodecane-dimethanollm-TMIAcrylonitrile/butadieneZeon
Chemicals4rubber (D076] The film formulation was prepared by mixing the
components In methyl ethyl ketone with stirring, followed by vacuum
degassing. The varnish obtained was coated to a thickness of 2 mil onto a 5
mil thick silicone-treated release-Ilner and then dried by heating at 100C
for 10 minutes to form a partially cured adhesive film with a thickness of
1mil. [0077] EXAMPLE 19, An adhesive film was prepared from a polymer
system comprising a styrenelacrylic baso polymer substituted with pendant
electron donor functionality, an acrylonltrile/butadiene base polymer
substituted with pendant electron door functionality, an independent
electron aoceptor resin, an independent electron donor resin, which
components and parts by weight used are identified in Table 4. The film
formulation also contained a radical initiator, filler, and adhesion
promoters. 28   [007B] Table 4Component Chemical ClassSourcePartsor
Functionb wt.Sytrenelacryfic base polymerPolymEr from Example2substituted
with pondant15electron donor functionaliAcrylonitrilelbutadiene basePolymer
from Example 24polymer substituted withpendant electron
donorfunctionalitElectron acceptorMatrimid 5292A5BiSmalelmldeCiba
SpecialtyChemicals Cor orationElectron donorAdduct of1.8Structure
Itricyclodecane-dimathanoIIm~TMi [0079] The film formulation was prepared
by mixing the components in methyl ethyl ketone with stirring, followed by
vacuum degassing. The varnish obtained was coated to a thickness of 2 mil
onto a 5 mil chick silicone-treated release-liner and then dried by heating
at 100C for 1 o minutes to form a partially cured adhesive film with a
thickness of 1mil. 



(0060] EXAMPLE 20. An adhesive film was prepared from a polymer system
comprising a acrylonitrilelbutadiene base polymer substituted with pendant
electron donor functionality, an independent electron acceptor resin, an
Independent electron donor resin, and an epoxy, which components and parts
by weight used are identified in Table 5. The film formulation also
contained a radical initiator, hardeners for the epoxy, flllor, and
adhesion promoters. 29   [00B1] Table 5Component Chemical
ClassSourcePartsor Functionb wt,Acrylonitrilelbutadlene basePolymer from
Example 22.5polymer substituted withpendant electron
donorfunctionalitElectron acceptorMatrimid 5292A3BismaleimldeClba
SpecialtyChemicals Cor orationElectron donorAdduct of2.5Structure
Itricyclodecane-dlmethanollm-TMIEpoxyHP-720DH3.5Dainippon Ink andChemicals
Inc. [0082] The film formulation was prepared by mixing the components In
methyl ethyl ketone with stirring, followed by vacuum degassing. The
varnish obtained was coated to a thickness of 2 nltl onto a 5 mil thick
silicone-treated release-liner and then dried by heating at 100C for 1D
minutes to form a partially cured adhesive film with a thickness of 1mil.
[0083] EXAMPLE 21. An adhesive film was prepared from a polymer system
comprising a acrylonitrilelbutadlene base polymer substituted with pendant
electron donor functionality, an independent electron acceptor resin, an
independent electron donor resin, and an epoxy, which components and parts
by weight used are identified In Table 6. The film formulation also
contained a radical initiator, hardeners for the epoxy, filler, and
adhesion promoters. 30   



(oos4] Table 6Component Chemical ClassSourcePartsor Functionb
wt.Acrylonitrilelbutadiene basepolymer from Example 32.5polymer substituted
withpendant electron donorfunctionaliElectron acceptorMatrimid
5292P,3BismaleimideCiba SpecialtyChemicals Cor orationElectron donorAdduct
of2.5Structure Itrlcyclodecane-dimethanollm-TMIEpoxyMP~7200H3,5IJainippon
Ink andChemicals Inc. (0085] The film formulation was prepared by mixing
the components in methyl ethyl ketone with stirring, followed by vacuum
degassing. The varnish obtained was coated to a thickness of 2 mil onto a 5
mil thick silicone-treated release-liner and then dried by heating at 100C
for 10 minutes to form a partially cured adhesive film with a thickness of
1m11, [0086] EXAMPLE 22. An adhesive film was propared from a polymer
system comprising an acrylonitrilelbutadiene base polymer substituted with
pendant electron acceptor functionality, a styrene/acrylic base polymer
substituted with pendant electron donor functionality, an independent
electron acceptor resin an independent electron donor resin, which
components and parts by weight used are Identified in Table 7, The film
formulation also contained a radical initiator. 3?   ~oos~~ Table
7Component Chemical ClassSourcePartsor Functionb wt.Acrylonitrilelbutadiene
basePolymer from Example 12.5polymer substituted withpendant electron
donorfunctionalityStyrenelacrylic base polymerPolymer from
Example3substituted with pendant15electron donor functionalitElectron
acceptorMatrimid 5292A5sismaleimideCiba SpecialtyChemicals Car
orationElectron donorAdduct of1.8Structure Itricyclodecane-dimethanoIIm~TMI
[0088]. The film formulafiion was prepared by mixing the components in
methyl ethyl ketone With stirring, followed by vacuum degassing. The
varnish obtained was coated to a thickness of 2 mil onto a 5 mil thick
silicone-treated release-liner and then dried by heating at 100C for 10
minutes to form a partially cured adhesive film with a thickness of 1mil.
COMPAJ~ATIVE ADHE51VE FILM EXAMPLE [0089] EXAMPLE 23. This example
discloses an adhesive film 



prepared with a polymeric system containing an acryJonltrilelbutadiene base
polymer, and epoxy resin, and no electron donor nor electron acceptor
functionality. The formulation also contained a phenol novolak resin and
curing agents. The formulation components and parts by weight are disclosed
in Table 8. 32   [0D90] Table 8Component Chemical ClassSourcePartsor
Functionb wt.AcrylonitrilelbutadieneNIpo110722,7rubberZeon
ChemicalsEpoxyHP-720DH3.5Dainippon Ink andChemicals Inc.Phenol Novolak
resinHRJ11661SchenectadyInternational Inc. [0o91] The film formulation was
prepared by mixing the components in methyl ethyl ketone with stirring,
followed by vacuum degassing. The varnish obtained was coated to a
thickness of 2 mfl onto a 5 mil thick silicone-treated release-liner and
then dried by heating at 100C for 10 minutes to form a partially cured
adhesive film with a thickness of 1 mil. PERFORMANCE EXAMPLES (0092]
EXAMPLE 24. A sample of each film produced in Examples 1622 and Comparative
Example 23 was used to bond a 100 by 100 square mil silicon die to a PI
flex substrate at 120C in 5 seconds and cured at 180C for one minute. The
die shear strength of these bare packages was measured at 1 BOC on a Dage
Series 4000 Bondtester. [0093] The results are disclosed In Table 9 and
demonstrate that the inventive films have superior adhesive strength. 33   



[0094] Table 9 pIE SWEAR STRENCTM In K Force 180CCura condition18DCl1
minDie shear strength measure tem erature180CExam le 161.B6Exam le
470,9DExam le 982.22Exam le 191.93Exam le 202.78Exam le 212.80Exam le
223,00Comparative Example 230,26 34   WHAT IS CLAIMED: 1. A film adhesive
prepared from materials comprising (f) a polymer containing no electron
donor or acceptor functionality having a molecular weight in the range of
2,00D to 1,OOQ,D00, (ii) an independent electron donor compound and (iii)
an independent electron acceptor compound. 2, The film adhesive according
to claim 1 in which the polymer (I) Is prepared from acrylic, vinyl, or
conjugated diene monornars. 3. The film adhesive according to claim 2 in
which the polymer (i) is an acrylic polymer, a styrene-acrylic copolymer,
or a acrylonitrlle-butadiene copolymer. 4. The film adhesive according to
claim 1 in which the independent electron donor compound is selected from
the group consisting of vinyl ethers, vinyl silanes, and compounds
containing a carbon to carbon double bond attached to an aromatic ring and
conjugated with the unsaturation in the ring. 5, The film adhesive
according to claim 4 in which the vinyl ethers are selected from the group
consisting of bis(4-(vfnyloxy)butyl]terephthalate, bis(4(vinyloxy)butyl]
(4-methyl-1,3-phenylene)biscarbamate, bis(4-(vinyloxy) butyl]
1,6hexanediylbiscarbamate, 4-(vinyloxy)butyl stearate, and bis[4-(vinyloxy)
butyl] (methylenedl-4,1-phenylene)blscarbamate. 6. The film adhesive
according to claim 4 in which the compounds containing a carbon to carbon
double bond attached to an aromatic ring and 35   conjugated with the
unsaturation in the ring are selected from the group consisting of: N~o ~I
0 I~ 5 ( 
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according to claim ~ in which the Independent electron acceptor compound is
selected from the group consisting of fumarates, maleates, acryiates, and
maleimides. 8. The film adhesive according to claim 7 in which the
Independent electron acceptor compound is a bismaleimide selected from the
group consisting of N,N' ethylene-bis-maleimide,
N,N'-butylene-bis-maleimide, N,N'-phenylena-bis 37   



maleimide, N,N'-hexamethylene-bis-malelmlde) N,N'4,4'-djphenyl
methane-bismaleimide, N,N'-4,4'-diph6nyl ether-bis-maleimido,
N,N'4,4'-dlphenyl sulfone-bismaleimide, N,N'-4,4'-dicyclohexyl
methane-bls-maleimide, N,N'-xylylene-bismaleimide, and N,N'-Biphenyl
cyclohexane-bls-maleimide. 9. A film adhesive prepared from (i) a polymer
substituted with pendant electron acceptor functionality having a molecular
weight in the range of 2,000 to 1,000,000, (ii) an independent electron
donor compound, and optionally (iii) an independent electron acceptor
compound. 10. The film adhesive according to claim 9 in which the polymer
(i) is prepared from acrylic, vinyl, or conjugated diene monomers and has
pendant electron acceptor functionality. 11. The film adhesive according to
claim 10 in which the polymer (i) is an acrylic, styrene~acrylic copolymer,
or a acrylonitrlle-butadiene copolymer.and has pendant electron acceptor
functionality. 12. The film adhesive according to claim 9 in which tho
independent electron donor compound is selected from the group consisting
of vinyl ethers, vinyl silanes, and compounds containing a carbon to carbon
double bond attached to an aromatic ring and conjugated with the
unsaturation in the ring. 13. The film adhesive according to claim 12 in
which the vinyl ethers are selected from the group consisting of
bls[4-(vinyloxy)buiyl]terephthalate, bis[4 (vinyloxy)butyl]
(4-methyl-1,3-phenylene)blscarbamate, bis[4-(vinyloxy) butyl] 1,6 38
hexanediylbiscarbamate, 4-(vinyloxy)butyl sfiearate, and bls[4-(vinyloxy)
butyl] (methylenedi-4,1-phenylene)biscarbamate. 14, The film adhesive
according to claim 12 in which the compounds containing a carbon to carbon
double bond attached to an aromatic ring and conjugated with the
unsaturation in the ring are selected from the group consisting of: i W  o~
0 1 N~~~S's~0 N o H I i 
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15. The film adhesive according to claim 9 in which the independent
electron acceptor compound is selected from the group consisting of
fumarates, maleates, acrylates, and maleimides. 16. The film adhesive
according to claim 15 in which the iildependent electron acceptor compound
is a bismalsimide selected from the group consisting of
N,N'-ethylene-bIs-malelmide, N,N'-butylenebis-maleimlde,
N,N'-phenylene-bismaleimide, N,N'-hexarnethylene-bis-maleimlde,
N,N'-4,4'-diphenyl methane-blsmaleimide, N,N'-4,4'-dlphonyl
ether-bis-maleimide, N,N'-4,4'-Biphenyl sulfone-bismaleimide,
N,N'-4,A.'-dicyclohexyl methane~bis~maleimide, N,N'-xylylene-bismaleimide,
and N,N'-Biphenyl cyclohexane-bis-maleimide. 17. A film adhesive prepared
from (i) a polymer having pendant electron donor functionality having a
molecular weight in the range of 2,000 to 1,000,000, (ii) an independent
electron accoptor compound and optionally (iii) an independent eiect~on
donor compound; 1 B. The film adhesive according to claim 17 in which the
polymer (i) is prepared from acrylic, vinyl, or conjugated diene monomers
and has pendant electron donor functionality. 19. The f Irn adhesive
according to claim 1 B in which the polymer (i) is an acrylic, a
styrene-acrylic copolymer, or a acrylonitrile-butadiene copolymer and has
pendant electron donor functionality. 



41   20. The fiilm adhesive according to claim 17 in which the independent
electron acceptor compound is selecked from the group consisting of
fumarates, maleates, acrylates, and maleimides. 21. The fiilm adhesive
according to claim 20 in which the independent electron acceptor compound
is a bismaleimide selected from the group consisting of
N,N'-ethylene-bis-maleimide, N,N'-butylene-bls-maleimide,
N,N'-phenylene-bismaleimide, N,N'-hexamethylene-bis-malelmide,
N,N'-4,4'-Biphenyl methane-bismaleimide, N,N'-4,4'-Biphenyl
ether-bis-maleirnide, N,N'-4,4'-Biphenyl sulfione-bisrnaleimide,
N,N'-4,4'-dlcyclohexyl methane-bis-maleimide, N,N'-xylylene-bismaleimide,
and N,N'-Biphenyl cyclohexane-bis-maleimide. 22. The film adhesive
according to claim 17 in which the independent electron doctor compound is
selected from the group consisting of vinyl ethers, vinyl silanes, and
compounds containing a carbon to carbon double bond attached to an aromatic
ring and conjugated with the unsaturation in the ring. 23. The film
adhesive according to claim 22 in which the vinyl ethers are selected from
the group consisting of bis~4-(vinyloxy)butyl]kerephthalate,
bis[4(vlnyfoxy)butyl] (4-methyl-1,3-phenylene)biscarbamate,
bis[4-(vinyloxy) butyl) 1,6hexanediylbiscarbamate, 4-(vinyloxy)butyl
stearate, and bis[4-(vinyloxy) butyl]
(methylenedi-A.,1-phenylene)biscarbamate. 24. The film adhesive according
to claim 22 in which the compounds containing a carbon to carbon double
bond attached to an aromatic ring and conjugated with the unsaturatlon in
the ring are selected from the group 42   ~~ Jl consisfiing ofi: i w. I N~o
!` 0 p 0 W W I ~ N~O~S's~o N I W I0 w i 0 r ~w~ w 
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r 25. A flm adhesive prepared from (i) a polymer having pendant electron
donor and electron acceptor functionality and having a molecular weight in
the range of 2,000 to 1,000,000, or a combination of a polymer having
pendant electron donor functionality and having a molecular weight in the
range of 2,000 to 1,000,00D, and a polymer having pendant electron acceptor
functionality and having a molecularwelght in the range of 2,000 to
1,000,000; optionally (ii) an independent electron donor compound; and
optionally (iii) an independent electron acceptor compound. 44   26. The
fiilm adhesive according to claim 25 in which the polymer (i) is prepared
from acrylic, vjnyl, or conjugated diene monomers and has pendant electron
donor functionality and pendant electron acceptor functionality and the
polymers in the combination of a polymer having pendant electron donor
functionality and a polymer having pendant electron acceptor functionality
polymers (i) are preparod from acrylic, vinyl, or conjugated diene monomers
with, respectively, pendant electron donor functionality and pondant
electron acceptor functionality. 27. The film adhesive according to claim
26 in which the polymer (i) is an acrylic, a styrene-acrylic copolymer, or
a acrylonitrile-butadiene copolymer and has pendant electron donor
functionality and pendant electron acceptor functionality, and the polymers
in the combination of a polymer having pendant electron donor functionality
and a polymor having pendant electron acceptor fiunctionallty polymers (i)
is an acrylic, a styrene-acrylic copolymer, or a acrylonitrile-butadiene
copolymer with, respectively, pendant electron donor functionality and
pendant electron acceptor functionality.. 28 Tha film adhesive according to
claim 25 in which tho independent electron donor compound is selected from
the group consisting of vinyl ethers, vinyl silanes, and compounds
containing a carbon to carbon double bond attached to an aromatic ring and
conjugated with the unsaturation in the ring. 29. The fiilm adhesive
according to claim 28 in which the vinyl ethers are selected from the group
consisting of bis[4-(vinyloxy)butyl]terephthalate, bls[4 (vinyloxy)butyl]
(4-methyl-1,3-phenylene)blscarbamate, bis[4-(vinyloxy) butyl) 1,6 45  



hexanediylbiscarbamate, 4-(vfnyloxy)butyl stearate, and bis~~4-(vinyloxy)
butyl] (methylenedi-~,1-phenylene) biscarbamate, 30. The film adhesive
according to claim 2B in which the compounds containing a carbon to carbon
double bond attached fio an aromatic ring and conjugated with the
unsaturation In the ring are selected from the group consisting of: i W N~o
o O~N O 11 oII I ~ N~O~SS~o~N w. o H Ii 46   'i o~ N 0 0 H 'i 0 N N~N N ~O
0 ' \ / N ~o~o.~ N ~ ' O o I\ o 



i N ~O~ O~ H / p and O O O~N CH2 N_ '0 H ~6 H \ 4~   31. The film adhesive
according to claim 25 in which the independent electron acceptor compound
is selected from the group consisting of fumarates, maleates, acrylates,
and maleimides, 32. The film adhesive according to claim 31 in which the
independent electron acceptor compound is a bismafeimide selected from the
group consisting of N,N'-ethylene-bis-maleimldo,
N,N'-butylene-bis-rnaleimide, N,N'-phenylene-bismaleimide,
N,N'-hexamethylene-bis-maleimide, N, N'-4,4'-diphenyl methane-bismaleimide,
N,N'-4,4'-Biphenyl ether-bis-maleimide, N,N'-4,4'-Biphenyl
sulfone-blsmaleimide, N,N'-4,4'-dicyclohexyl methane-bis-maleimide,
N,N'-xylylene-blsmaleimlde, and N,N'-Biphenyl cyclohexane-bis-malelmide, 48
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