
WO 2004/101646 PCT/US2004/012394  ADHESIVE
COMPOSITIONS CONTAINING HYBRID OXETANE COMPOUNDS
FIELD OF THE INVENTION [0001] This invention relates
to curable compositions that contain an  oxetane
compound having electron acceptor or electron donor
functionality.  BACKGROUND OF THE INVENTION [0002]
Radical-curable compositions are used in adhesive
compositions, for example, in the, fabrication and'
assembly of semiconductor  packages and
microelectronic devices. There are a number of
electron  donor/electron acceptor adhesive systems
that are used in the industry, but not  all these give
as full performance as is needed for all uses. There
are also  adhesive systems that contain both
radical-curable moieties and epoxy  functionality.
Epoxy functionality is not always desirable; thus, the
compounds  disclosed in this specification add to the
spectrum of performance materials for  use within the
semiconductor fabrication industry. SUMMARY OF THE
INVENTION [0003] This invention relates to
compositions for use as adhesives,  coatings or
encapsulants containing compounds that contain an
oxetane  functionality and an electron acceptor or an
electron donor functionality. The  preferred electron
acceptor functionality is maleimide. The preferred
electron  donor functionality is cinnamyl. [0004] The
composition can be a paste, prepared by blending or
milling,  or can be a film, prepared by standard film
making techniques known to those  skilled in the art.
The curable composition will include a curing agent
and a filler.  1 WO 2004/101646 PCT/US2004/012394
DETAILED DESCRIPTION OF THE INVENTION 



[0005] Oxetanes, which are highly reactive cyclic
ethers, can undergo  both cationic and anionic ring
opening homopolymerization. Electron donor  groups and
electron acceptor groups are capable of free radical
polymerization.  The inventive hybrid compounds, which
contain both oxetane and electron donor  or electron
acceptor functionality, have the capability of
undergoing dual cure,  both thermal and radiation,
processes. This capability makes them attractive in
many applications, such as, adhesives, coatings,
encapsulants, and composites.  [0006] The compounds
used in the inventive compositions can be  represented
by the formula . o R1 QTY R 2~E  0.1 0,1 in which R'
is a methyl or ethyl group, R2 is a divalent
hydrocarbon, X and Y  independently are a direct bond,
or an. ether, ester, or carbamate functionality, Q  is
a divalent hydrocarbon, and E is an electron donor or
electron acceptor  functionality. X and Y will not
both be direct bonds in the same molecule.  Electron
donor functionalities include styrenic, cinnamyl, and
vinyl ether groups.  Electron acceptor functionalities
include maleimide, acrylate, fumarate, and  maleate
groups. [0007] The compounds are prepared by reacting
together a starting  compound containing oxetane
functionality and a starting compound containing  the
electron donor or electron acceptor functionality.
Typical reaction schemes  include well known addition,
substitution, and condensation reactions. [0008]
Preferred starting compounds containing oxetane
functionality  include, for example, [0009] (a)
alcohols, such as, 3-methyl-3-hydroxymethyloxetane, 3-
ethyl-3-hydroxymethyloxetane; 2 



WO 2004/101646 PCT/US2004/012394  O~XOH O OH [0010]
(b) halides, such as, 3-methyl-3-bromomethyloxetane,
3-ethyl-3- bromomethyloxetane, which can be prepared
by the reaction of an alcohol from  (a) with CBr4 as
is known in the art; O~Br Br  (0011] (c) halides, such
as, 3-methyl-3-alkylbromomethyloxetane, 3-
ethyl-3-alkylbromomethyl oxetane, which can be
prepared from the reaction of an  alkyl dibromide
compound with an alcohol from (a) as is known in the
art; 01*" ' O(CH2)4Br O O(CH2)4Br [0012] (d)
tosylates, such as, 3-methyl-3-tosylmethyloxetane,
3-ethyl-3- tosylmethyl-oxetane, which can be prepared
from p-toluenesulfonyl chloride: O O  _ _  X~"' I 1 a
0 [0013] The starting oxetane compound of choice is
reacted with a  molecule containing an electron donor
or electron acceptor functionality and a  second
functionality reactive with the oxetane starting
compound to form a  covalent bond through an addition,
condensation or substitution reaction.  (0014] For
example, if an hydroxy oxetane is the starting
compound, it  may be reacted with a carboxylic acid,
acid chloride, or isocyanate containing  electron
donor or electron acceptor functionality. The X
portion of the resulting  inventive molecule will be
an ester or carbamate functionality. [0015] If a
bromide oxetane is the starting compound, it may be
reacted,  for example, with an .alcohol containing an
electron donor or electron acceptor 3 WO 2004/101646
PCT/US2004/012394  functionality. In this case, the X
portion of the resulting inventive molecule will be 



an ether group. [0016] If an alkyl bromide oxetane is
the starting compound, it also may  be reacted with an
alcohol containing an electron donor or electon
acceptor  functionality. In this case, the X portion
of the resulting inventive molecule will be  an ether
group. [0017] If a tosylate oxetane is the starting
compound, it will be reacted  with an alcohol
containing an electron donor or electron acceptor
functionality. In  this case X will be an ether group.
[0018] Suitable starting compounds containing styrenic
functionality are  3-isopropenyl-a,a-dimethyl-be nzyl
isocyanate (m-TMI) and 4-vinylbenzyl  chloride. Other
suitable starting compounds containing styrenic
functionality can  be prepared by the reaction of
m-TMI with a dial; or by the reaction of m-TM1 with  a
carboxylic acid containing a hydroxyl group; or by the
reaction of isoeugenol  with a bromo-oxetane as
disclosed earlier. [0019] Suitable starting compounds
containing cinnamyl functionality  include cinnamyl
alcohol and cinnamyl chloride. [0020] Suitable
starting compounds containing acrylate functionality
include acrylic acid, methacrylic acid, acryloyl
chloride, 2-hydroxyethylacrylate,
1,4-chclohexanedimethanol monoacrylate, acrylamide,
and methacrylamide.  [0021] Suitable starting
compounds containing maleate or fumarate
functionality include maleic acid, maleic anhydride,
fumaric acid, fumaric  anhydride. [0022] Suitable
starting compounds containing maleimide functionality
include 6-maleimidocaproic acid, 3-maleimidoproprionic
acid, N-(6-hydroxyhexyl)  maleimide,
N-(3-hydroxypropyl)maleimide, and
N-(5-isocyanatopentyl)maleimide.  [0023] if higher
molecular weight or longer chain compounds are
desired, the starting compounds can be extended into
longer chain molecules by  reaction with difunctional
oligomeric or polymeric materials. The difunctional 



4 WO 2004/101646 PCT/US2004/012394  oligomeric or
polymeric material should be chosen to contain one
functionality that is reactive with the electron donor
or electron acceptor starting compound  and one
functionality that is reactive with the reactive
functionality on the oxetane  of choice. The choice
and design of such reactions are within the expertise
of  those skilled in the art and can accomplished with
standard addition, substitution,  and condensation
reactions. [0024] In a further embodiment, the
compounds of this invention include  polymeric
compounds that contain more than one oxetane and more
than one  electron donor or electron acceptor
functionality, or one or more than one each of
electron donor and electron acceptor. Such compounds
are prepared from a  polymeric starting compound from
which depend functionalities that are reactive  with
one or more of the starting oxetane compounds and one
or more of the  starting electron donor and electron
acceptor compounds. [0025] For example, a
poly(butadiene) having pendant hydroxyl groups  can be
reacted with the oxetane starting compound containing
the tosyl leaving  group and with m-TMl to provide a
polymeric compound having both styrenic and  oxetane
functionality. Alternatively, cinnamyl chloride,
6-maleimidocaproic acid,  or acrylic acid, could be
used instead of m-TMI to add, respectively, cinnamyl,
maleimide, or acrylate functionality. As a further
example, a poly(butadiene)  having pendant carboxylic
acid functionality can react with either of the
hydroxy  oxetane starting materials and an electron
donor or electron acceptor containing  hydroxyl
functionality, for example, cinnamyl alcohol. [0026]
The polymeric starting material can be purchased
commercially.  Suitable commercially available
polymers include acrylonitrile-butadiene rubbers  from
Zeon Chemicals and styrene-acrylic copolymers from
Johnson Polymer.  The pendant functionalities from
these polymers are hydroxyl or carboxylic acid  



functionality. [0027] Other starting polymeric
materials can be synthesized from  acrylic and/or
vinyl monomers using standard polymerization
techniques known  5 WO 2004/101646 PCT/US2004/012394
to those skilled in the art. Suitable acrylic monomers
include a,(3-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. Suitable vinyl monomers
include vinyl esters, vinyl ethers, vinyl halides,
vinylidene halides, and nitrites of  ethylenically
unsaturated hydrocarbons. Examples are vinyl acetate,
acrylamide,  1-octyl acrylamide, acrylic acid, vinyl
ethyl ether, vinyl chloride, vinylidene  chloride,
acrylonitrile, maleic anhydride, and styrene. [0028]
Other polymeric starting materials can be prepared
from  conjugated diene and/or vinyl monomers using
standard polymerization  techniques known to those
skilled in the art. Suitable conjugated diene
monomers include butadiene-1,3,2-chlorobutadiene-1,3,
isoprene, piperylene and conjugated hexadienes.
Suitable vinyl monomers include styrene, a-
methylstyrene, divinylbenzene, vinyl chloride, vinyl
acetate, vinylidene chloride,  methyl methacrylate,
ethyl acrylate, vinylpyridine, acrylonitrile,
methacrylonitrile,  methacrylic acid, itaconic acid
and acrylic acid. Those skilled in the art have
sufficient expertise to choose the appropriate
combination of those monomers  and subsequent
reactions to be able to add pendant hydroxyl and
carboxyl  functionality for adding the oxetane and
electron donor and electron acceptor  functionalities.
[0029] In addition to the compounds containing oxetane
and electron  



donor or electron acceptor functionality, the curable
compositions of this  invention will include curing
agents and filler. Suitable curing agents are thermal
initiators and photoinitiators present in an effective
amount to cure the  composition. In general, those
amounts will range from 0.1 % to 30%, preferably  I%
to 20%, by weight of the total organic material (that
is, excluding any  inorganic fillers) in the
composition. Preferred thermal initiators include 6 WO
2004/101646 PCT/US2004/012394  peroxides, such as
butyl peroctoates and dicumyl peroxide, and azo
compounds,  such as
2,2'-azobis(2-methyl-propanenitrile) and
2,2'-azobis(2-methyl-. butanenitrile). A preferred
series of photoinitiators are those sold under the
trademark Irgacure or Rhodorsil 2074 by Ciba Specialty
Chemicals. In some  formulations, both thermal
initiation and photoinitiation may be desirable: the
curing process can be started either by irradiation,
followed by heat, or can be  started by heat, followed
by irradiation. [0030] In general, the curable
compositions will cure within a  temperature range of
60C to 250C, and curing will be effected within a
range of  three seconds to three hours. The actual
cure profile will vary with the  components and can be
determined without undue experimentation by the
practitioner. [0031] The curable compositions will
also comprise nonconductive or  thermally or
electrically conductive fillers. 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, trifluoro-ethylene, vinylidene
fluoride, vinyl  fluoride, vinylidene chloride, and
vinyl chloride. Fillers generally will be present in  



amounts of 20% to 90% by weight of the formulation.
[0032]. These compositions are useful for attaching
semiconductor dies  to substrates, such as, to metal
leadframes. In a typical operation, the adhesive  is
dispensed onto the center paddle of the leadframe and
the silicon die contacted to the adhesive with heat
and pressure. The exact processing  parameters may
vary from operation to operation, but are known to
those skilled  in the art. 7 WO 2004/101646
PCT/US2004/012394  EXAMPLES [0033] The following
examples show methods of synthesis for a variety  of
the inventive compounds and performance data showing
their suitability as  adhesives. [0034] EXAMPLE 1:
Preparation of cinnamyl ethyl oxetane.  0 --.,*,no
[0035] 3-Ethyl-3-oxetane methanol (27.03 g, 0.2326
mole), toluene (100  ml), tetrabutyl ammonium hydrogen
sulfate (17.38 g, 0.0512 mole) and 50%  sodium
hydroxide solution (300 ml) were combined in a 1 L
4-neck round bottom  flask equipped with a condenser,
mechanical mixer and oil bath. The mixture  was
stirred vigorously and the oil bath was heated to 90C
at which temperature  the solids were totally
dissolved. [0036] Cinnamyl chloride (35.50 g, 0.2326
mole) was added over  approximately 35 minutes. The
reaction was heated at 90C with mixing for an
additional 1.25 hour and then allowed to cool to room
temperature. The organic  phase was isolated in a
separatory funnel and washed four times with 20%
sodium chloride solution (200 ml each). As a result,
the washes changed from  cloudy yellow to hazy
colorless and the pH of the washes dropped from 12 to
6.  The last of four more washes (200 ml) using
distilled water was an emulsion,  



which separated over night. After the emulsion
separated, a clear orange  organic fraction was
collected and mixed for one hour with silica gel (60
g).  Solids were then filtered out, and the reaction
solution was stripped of toluene in  vacuo resulting
in a clear orange liquid with a viscosity of <100 cPs
at 25C, and  a volatility of 93% at 200C as measured
by thermogravimetric analysis (TGA).  [0037] H'-NMR: 5
7.15-7.51 (m, 5H), 6.12-6.25 (d, 1 H), 6.30-6.42 (m,
1H), 4.51-4.71 (d, 2H), 4.41-4.51 (d, 2H), 4.15-4.25
(d, 2H), 3.65 (s, 2H), 1.85- 1.90 (m, 2H), 1.85-1.95
(t, 3H). 8 WO 2004/101646 PCT/US2004/012394  [0038]
EXAMPLE 2: Preparation of styrene carbamate ethyl
oxetane. H  N Y O O  O [0039]
3-Ethyl-3-hydroxymethyl-oxetane (40.00 g, 0.3442 mole)
and m- TMI (69.43 g, 0.3442 mole) were combined in a
250-ml four-neck round bottom  flask equipped with a
condenser, mechanical mixer, nitrogen purge and oil
bath.  The reaction was placed under nitrogen with
stirring and heated to 65C in the oil  bath. A single
drop of dibutyltin dilaurate was added, thereby
causing an exothermic reaction which peaked at 125C.
The oil bath was removed and the  reaction temperature
dropped to 65C within 15 minutes. At this point, the
reaction was complete based on the depletion of the
FT-IR isocyanate peak at  2254 cm -'. The product was
then removed from the flask as a viscous colorless
liquid; however, over time it crystallized into a
white solid with a m.p. of 52C.  The compound had a
viscosity of 14,000 cPs and a 30% weight loss at 200C
as  measured by TGA. [0040] H1-NMR: 6 7.21-7.61 (m,
4H), 5.45 (s, 1 H), 5.23 (bs, 1 H), 5.12  (s, 1 H),
4.61-4.21 (bm, 3H), 4.05 (s, 3H), 2.15 (s, 3H),
1.55-1.85 (bm, 8H), 0.55 - 



1.01 (bm, 3H). [0041] EXAMPLE 3: Preparation of ethyl
oxetane maleimide.  O N O~xo  O  O [0042] A 250-ml
4-neck round bottom flask was equipped with a
mechanical stirrer, thermometer, nitrogen purge and
slow-addition funnel. 6- Maleimideocaproic acid (MCA)
(25.59 g, 0.1213 mole), 3-ethyl-3-oxetane 9 WO
2004/101646 PCT/US2004/012394  methanol (14.10 g,
0.1213 mole), 4-dimethylaminopyridine (1.5 g, 0.0121
mole) and toluene (60 ml) were charged to the flask
resulting in a dark gold solution  with a minor amount
of undissolved solids. The flask contents were chilled
to 0- 5C with mixing. A solution prepared from
1,3-dicyclohexyl-carbodiimide (DCC,  25.00g, 0.1213
mole) and toluene (20 ml) was then charged to the
slow-addition  funnel. The DCC / toluene solution was
added to the flask over 30 minutes while  maintaining
a reaction temperature between 10 and 15C. [0043]
Stirring was continued for six hours at 10-15C after
which time  thin layer chromatography (1/1 ethyl
acetate/hexane) indicated that both the  oxetane and
DCC were consumed. The reaction was stopped and white
solids  were filtered from the red-orange solution.
Next, this reaction solution was  washed three times
with an equivalent volume of a saturated sodium
bicarbonate  solution. Toluene was then stripped from
the reaction in vacuo and replaced with  a solution of
ethyl acetate and hexane (1/1 by volume). A
chromatography  column was then utilized to isolate a
qualitative amount of a clear yellow oil with  a
viscosity of 270 cPs. The compound had a weight loss
of 15% at 200C as  measured by TGA. 



[0044] H1-NMR: 6 6.55 (s, 2H), 4.55 (d, 2H), 4.45 (d,
2H), 4.21 (s, 2H),  3.41 -3.52 (t, 2H), 2.25 -2.42 (t,
2H), 1.51-1.79 (m, 4H), 1.11-1.41 (m, 4H), 0.83- 0.95
(t, 3H). [0045] EXAMPLE 4: Preparation of methyl
oxetane maleimide.  O O  I N O  O [0046] The starting
compound for methyl oxetane maleimide is
maleimidocaproic chloride having the structure 10 WO
2004/101646 PCT/US2004/012394  O I N (Cl  O  O and
prepared as follows: A 500-ml 4-neck round bottom
flask was equipped with  a condenser, mechanical
mixer, thermometer, and hot oil bath and then charged
with maleimidocaproic acid (MCA) (40.00 g, 0.1896
mole), dimethyl-formamide (3  drops) and toluene (125
ml). The flask contents were heated to 85C and mixed
until all solids were dissolved. Subsequently, the hot
solution was decanted into  a similar flask fitted
with a mechanical mixer, bubbler, slow-addition funnel
and  ice bath. The reaction solution was then chilled
with mixing. [0047] Oxalyl chloride (36.09 g, 0.2844
mole) was added to the reaction  flask via
slow-addition funnel while maintaining a reaction
temperature of 5-10C.  Following the oxalyl chloride
addition, the ice bath was removed and the reaction
was allowed to warm to room temperature. As the
reaction temperature 



increased, the bubbler indicated that gas was being
generated. The reaction was  left to mix over night
resulting in a very dark solution. It was then
decanted into a  1 L single-neck round bottom flask
and stripped of toluene under vacuum. Toluene (200 ml)
was then added to the flask and stripped three times
to reduce  acidity. The product was. maleimidocaproic
chloride. [0048] 3-Methyl-3-oxetane methanol (19.36 g,
0.1896 mole),  triethylamine (19.19 g, 0.1896 mole),
4-dimethylaminopyridine (2.32 g, 0.0190  mole) and
dichloromethane (175 ml) were combined in a 500-ml
4-neck round  bottom flask equipped with a magnetic
stir bar, slow-addition funnel, drying tube  and ice
bath. A nitrogen purge was used to displace humid air
within the flask.  The reaction solution was then
chilled with mixing to 10C and a solution of
maleimideocaproic chloride (43.4 g, 0.1896 mole) in
25ml dichloromethane was  added at a rate slow enough
to maintain this temperature. 11 WO 2004/101646
PCT/US2004/012394  [0049] Following the addition, the
resulting dark brown solution was mixed at room
temperature over-night. Thin-layer chromatography (1/1
vol.,  ethyl acetate/hexane) indicated that the
reaction was complete based on the  depletion of
maleimidocaproic chloride. White solids were filtered
from the  reaction solution which was then washed four
times with distilled water (300 ml  each). Methylene
chloride was stripped from the reaction solution via
roto- evaporation and replaced with an ethyl
acetate/hexane solution (2/1,  respectively, by
volume). The dark brown solution was then passed
through a  column of silica gel to purify. Next, the
solvent was stripped in vacuo resulting in  a clear
orange product with a viscosity of 750 cPs. The
compound had a weight  loss of 8% as measured by TGA.
[0050] H'-NMR: 5 6.65 (s, 2H), 4.45 (d, 2H), 4.31 (d,
2H), 4.06 (s, 2H),  3.46-3.61 (m, 2H), 2.31 (t, 2H),
1.45-1.65 (m, 4H), 1.16-1.29 (m, 5H). 



[0051] EXAMPLE 5. Preparation of styrene carbamate
methyl oxetane.  NuO  I 1 O  [0052] 3-Methyl-3-oxetane
methanol (20.00 g, 0.1958 mole) and m-TMI  (39.49 g,
0.1958 mole) were combined in a 250-mi four-neck round
bottom flask  equipped with a condenser, mechanical
mixer, thermometer, nitrogen purge and  oil bath. The
reaction was placed under nitrogen with stirring and
heated to 65C  in the oil bath. A single drop of
dibutyltin dilaurate was added and within 5 hours  the
reaction was complete based on depletion of the FT-IR
isocyanate peak  (2254 cm'). The product was then
removed from the flask as a colorless liquid  with a
viscosity of 21,000 cPs. The compound had a 19% weight
loss as  measured by TGA. 12 WO 2004/101646
PCT/US2004/012394  [0053] H'-NMR: 5 7.61 (s.11-1),
7.42 (s, 3H), 5.45 (s, 1H), 5.31 (bs, 1H),  5.15 (s, 1
H), 4.61 (bm, 1 H), 4.39 (bm, 1 H), 4.12 (s, 4H), 2.21
(s, 3H), 1.72 (bs, 6H), 0.95-1.35 (bm, 3H). [0054]
EXAMPLE 6. Preparation of Ethyl Oxetane Methacrylate
O  0 1 - - _ 1 6 [0055] 3-Ethyl-3-oxetane methanol
(55.58 g, 0.4783 mole), acetone  (120 mL) and
triethylamine (48,4 g, 0.4783 mole) were charged to a
IL, 4-neck,  round-bottom-flask equipped with a
mechanical mixer, thermometer, nitrogen  purge and
slow-addition funnel. The flask and contents were
chilled in an ice  bath while mixing and purging with
nitrogen. Meanwhile, methacryloyl chloride  (50.00 g,
0.4783 mole) was diluted with 92 mL of acetone. The
resulting solution  was then charged to the addition
funnel mounted on the flask. The methacryloyl  



chloride solution was slowly added to the reaction
flask while maintaining a  reaction temperature of <10
C. The slow addition of the methacryloyl chloride
solution lasted two hours and forty minutes. During
this time, the clear colorless- solution changed to a
pale gold mixture with white precipitate. The mixture
was  allowed to mix overnight at room temperature.
[0056] The following morning, the white precipitate
was filtered from the  mix, leaving a dark red-brown
solution. Methyl hydroquinone was added to the
solution at 1000 ppm and the acetone was stripped. The
resulting thin brown  liquid was then dissolved in 100
mL methylene chloride and washed five times  with 200
mL of a 5% sodium chloride solution. This was followed
by two water  washes of 300 mL each. The resulting pH
was 9. Another 1000 ppm of methyl  hydroquinone was
added to the solution and the methylene chloride was
then  stripped. The resulting dark liquid was then
dissolved in ethyl acetate and the  solution was run
through silica gel (5 tbsp) in a glass Buchner funnel.
The 13 WO 2004/101646 PCT/US2004/012394  solvent was
stripped from the clear orange solution resulting in a
clear brown product. To remove residual solvent, air
was then bubbled through the product  overnight. The
structure of this dark-brown liquid was confirmed by
NMR and  determined to be -93 mole % pure. [0057]
EXAMPLE 7. Performance. In order to assess the
suitability of  the oxetane compounds as substitutes
for epoxy compounds in an adhesive  formulation, a
control adhesive formulation was prepared to contain
the  components shown in Table 1: [0058] Table 1
Control Adhesive Formulation  Component Source Weight
%  



bismaleimide proprietary 51.8  dimethacrylate SR248
from 26.0 Sartomer  tetraacrylate SR355 from 13.0
Sartomer epoxy proprietary___ 7.8  peroxide initiator
Perkadox 16 from 1.0  Akzo Nobel imidazole ZCN from
Aldrich 0.4 [0059] The proprietary bismaleimide resin
has the following structure in  which C36 is-a36
carbon chain, the're"sidi e of dimer diol: O O  14 N
C36".0 N  O O O O  [0060] The proprietary epoxy resin
has the following structure:  O l 1, O 14 WO
2004/101646 PCT/US2004/012394  [0061] The oxetane
compounds from Examples 2, 3, 4, and 5 were
substituted into the formulation at the same weight
percent for the epoxy resin. The thermodynamic and
kinetic properties were measured by DSC and  compared
to the control formulation. The data are reported in
Table 2 and show  that the major curing peaks for all
five formulations are similar and exothermic. A  minor
peak follows the major peak in each case; however, the
minor peaks are  small with the heat of polymerization
values ranging from only -8 to -32  Joules/gram. These
results suggest that relative to the control, the
formulations  with the oxetane compounds promote more
cross-linking at a lower temperature.  



[0062] Table 2 Kinetic and Thermodynamic Properties of
Formulations  with epoxy and with oxetane Formulation
Cure Temp H A Cure Temp H A  with: Peak # 1 (J/g) Peak
#2 (Jlg)  C C) Epoxy 95 -199 223 -85  control Oxetane
91 -264 151 -12  example 2 Oxetane 93 -282 149 -8
example 3 Oxetane 94 -271 165 -32  example 4 Oxetane
94 -280 1-53 -14  example 5 [0063] EXAMPLE 8. An
adhesive formulation for use as a die attach  was
prepared to contain the components as shown in Table
3. A set of die and  substrate assemblies (A to D) was
prepared by attaching 120 X 120 mil silicon  dies to
metal substrates with the adhesive. A drop of the
adhesive was deposited on the substrate, the die was
contacted to the adhesive with light  pressure, and
the adhesive was cured by placing the substrate on a
hot plate.  After cure, the dies were sheared from the
substrates using a Royce Instruments  System 552 die
shear tester. The curing time and temperature for the
adhesive  and the die shear strengths are reported in
Table 4. 15 WO 2004/101646 PCT/US2004/012394  



[0064] A second set of silicon die and substrate
assemblies (E to H) was prepared in the same way,
except that after cure on the hot plate, the die  and
substrate assembly was subjected to 145C for 16 hours.
Die shear strength  was tested on a Royce Instruments
System 552 die shear tester. The curing  time and
temperature for the adhesive and the die shear
strengths are reported in Table 4. 16 WO 2004/101646
PCT/US2004/012394  [0065] Table 3  ADHESIVE
FORMULATION  COMPONENT WEIGHT %  bismaleimide 20.0
same as Example 6 poly(butadiene) 4.0  RICON product #
131 /MA10 dimethacrylate 10.0  SR248 from Sartomer
tetraacrylate 5.0  SR355 from Sartomer oxetane 3.0
from Example 2 peroxide initiator 0.5  Per-kadox 1-6
from Ak-o Nobel imidazole 0.1  ZCN from Aldrich
surfactant Fluowet OTN 0.2  from Toa osei America 



silane adhesion promoter 0.3  Witco silica filler from
Package Care 56.9  [0066] Table 4 Die Shear Strength
Assembly Cure Conditions DSS  (Kg F  A 20 sec 100C 0.4
B 30 sec 100C 2.5  C 10 sec 120C 3.5  D 30 sec 120C
4.9  E 10 sec 100C 6.9  F 20 sec 100C 7.1  G 30 sec
100C 6.6  H 10 sec 120C 8.5 [0067] The data show
acceptable commercial performance of the  formulation
containing oxetane. 17 WO 2004/101646
PCT/US2004/012394  WHAT IS CLAIMED: 1. A curable
composition comprising (a) a compound containing an
oxetane functionality and an electron  donor or
electron acceptor functionality (b) a curing agent
(c) a filler. 2. The curable composition according to
claim I in which the oxetane  compound is represented
by the formula 



R1 X Q'y J R E 0.1 0,1  in which R1 is a methyl or
ethyl group,  R2 is a divalent hydrocarbon,  Q is a
divalent hydrocarbon, X and Y are independently a
direct bond, or an ether, ester, or  carbamate
functionality, E is an electron donor or electron
acceptor functionality, and  provided that X and Y are
not both direct bonds. 3. The curable composition
according to claim 2 in which E is a styrenic,
cinnamyl, vinyl ether, maleimide, acrylate, fumarate,
or maleate group. 4. The curable composition according
to claim 3 in which E is a maleimide  or cinnamyl
group. 18 WO 2004/101646 PCT/US2004/012394  19 


