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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 gcceptor or an electron donor functionality. Thé
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 filﬁ making technidues known to those
skilled in the art. The curable compaosition will include a curing agent and a filler.
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[ 0005] Oxetanes, which are highly reactive cyclic
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Preferred starting conmpounds contai ni ng oxet ane
functionality include, for exanple, [0009] (a)

al cohol s, such aS(thgéig | $+3- hydr gxynet hyl oxet ane, 3-
et hyl - 3- hydr oxynet gﬁ%CYQ%F"q‘RgF—E
' 0.1 0,1

in which R is a methyl or ethyl group, R? 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
fl-.lnctionality. X and Y will not both be direct bonds in the same molecule.
Electron donor functionalities include styrenic, cinnamyl, and viny! 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;
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[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 substitu;rion 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 electrdn 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



an ether group. [0016] If an al kyl brom de oxetane is
the starting conpound, it also may be reacted with an
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oligoneric or polyneric materials. The difunctional
[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 star'ting 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
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having pendant carboxylic ac.id functionality can react with either of the hydroxy
oxetane starting materials and an electron donor or electron acceptor containing
hydroxyl functionality, for example, cinnamy! 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



functionality. [0027] Other starting polyneric
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and subsequent reactions to be able to add pendant hydroxyl and carboxy!
functionality for adding the oxetane and electron donor and electron acceptor
functionalities.

[0029] in éddition 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
1% to 20%, by weight of the total organic material (that is, excluding any

inorganic fillers) in the composition. Preferred thermal initiators include
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initiators and photoinitiators present in an effective
anount to cure the conposition. In general, those
anounts will range fromO0.1 %to 30% preferably 1%
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fill @rtitRh6. carbon black, graphite, gold, silver,
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glass, fused silica, fumed silica, barium sulfate, and halogenated ;athylene
polymers, such as tetrafluoroethylene, trifluoro-sthylene, 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

inthe art.
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[0036] Cinnamyl chloride (35.50 g, 0.2326 mole) was added over
approximately 35 minutes. The reaction was heated at 90°C with mixing for an
additional 1.25 hour and then allowed to cool to room temperature. The organic
phase was isolaied 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 25°C, and
a volatility of 93% at 200°C as measured by thermogravimetric analysis (TGA).
[0037] H'-NMR: & 7.15-7.51 (m, 5H), 6.12-6.25 (d, 1H), 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).
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separated, a clear orange organic fraction was
w@eiokaeteeel and m xed for one hour with silica BE/USH04/012394

g). Solids were then filtered out, and the reaction

sol ution was stripped of toluene in vacuo resulting

in aclear orange liquid with a viscosity of <100 cPs

at 25C, and a_volatility of 93%at 200C a sur.ed
by tRESmgr avi FAVELE ZraPgarion et skpne oo T SKARS: 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, 2 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 WD 2004/1 PCT/ US2004/ 012394 [ 0038]
EXAMPLE 2: Preparati sHyrene\cArpanat e et hyl
oxetane. H NY OO [ 039K -©

3- Et hyl - 3- hydr oxynet hyl -'o et:ag/e (40.00 g, 0.3442 nole)
and m TM (69.43 g, 0.3442 | e) were conbined in a
250-m four-neck round bottom flask equipped with a
condenser, nechanical m xer, nitrogen purge and oil

bat hyggzgfhe r eagiis- @G AGxEBEER0.0b §TOSR MMeh Bnd m-
sti r[ri ng]:;- and heathgd }4\%%6@(: ig theﬁj&e(;(l I %ath. A se?ngl e
dr opTiaf (celubyitoyd44p fnoth) varercameinedis acdded fout-hekedyd bottom
causi ng an exotherm c reacti on which peaked at 125C
The sk etyitrded with acendsvesd, ragrtiani¢at mixeg A pganrputserdpe pihbail.e
dropged to 65C within 15 m nut_ehf,., At this point, the
r eact MeJRAGHAR VeDHpTes B Admae bt SHena &R Raategiic Bx Cimige of

FT-1 i spcyanat e t,. 2254 cm,s'. .. Th roduct was
hen S amootie Feg P eRD T deRendal Rios. st eb R EM EL s
LT qu,dinchONRME on YR pebildd®t 1506 T Vit AlohinzRE rdhved 8nd the
white solid wth a mp. of 52C. The conpound had a
Vi SCRsttol téipelAurd Adpsdisio 850 \athBOHrvmitgh tA thasminatihe200C
as measured by TGA. [0040] HL-NVR 6 7.21-7.61 (m
4H) , reBetidb wes coriplély paded 28 teapletlonHy fheFTAR isofyepate pehk at

4.61-4.21 (bm 3H), 4.05 (s, 3H), 2.15 (s, 3H),
1. 55226485 "(.pFAe reepuct wasdisen_removed from the flask as a viscous colorless

liquid; however, over time it crystallized into a white solid with a m.p. of 52°C.

The compound had a viscosity of 14,000 cPs and a 30% weight loss at 200°C as
measured by TGA.
[0040] H'-NMR: §7.21-7.61 (m, 4H), 5.45 (s, 1H), 5.23 (bs, 1H), 5.12

(s, 1H), 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

O
0o
I N/\/\/\[r
: 0

0

[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



1.01 (bm 3H). [0041] EXAMPLE 3: Preparation of ethyl

oxetane maleimde. O N O-xo O 0O [0042] A 250-mi
wdad2eeakesound bottom fl ask was equi pped w t h aPCT/US2004/012394

mechani cal stirrer, thernoneter, nitrogen purge and

sl ow addi tion funnel. 6- Mal ei m deocaproic acid ( MCA)

(25.59 g, 0.1213 nole), 3-ethyl-3-oxetane 9 WO

2004/ 101646 PCT/ US2004/ 012394 nmet hanol (14.10 g,

0. 1213 nole), 4-dinethylam nopyridine (1.5 g, 0.0121

nol e) and toluene (60 mM) were charged to the flask

r esul hétRghol (1420 €28 %218 PAdik) %M&ﬂhﬁé\mn@ﬁyﬁﬂm@ (118 § @ 012RIRS

of undi ssol ved solids. The flask contents were chilled

t 0 0-an8®@lwdriel6amix ivaig.chérgsmiotite fank Eediraried dbirkaoid solution

1, 3-di cycl ohexyl -carbodi i m de (DCC, 25.00g, 0.1213

ol e)Witrroninel arenet of Bmlwloblemdst e flatkenogtedits tweret divdled to O-

sl ow addi tion funnel DCC / tol uene sol ution was

addedP’t ¢ith FExing é‘sﬁel%%?fe@%eqﬁ%ﬂ gl Cmf?heéy'-f:ﬁwpﬁm%mg

S 1 S R Al BB R v PR il pegton
whi chygaf H?%d‘/l t!ﬁlg‘é’ s ofkfidH taggécﬁe% ol c]ve?g(g]%knutes (\évhl!e

acet at e/ cated t h the oxetane

DCC w&am&aiﬁna@awée%n tdBerki@@0eiw@Bn Yeansisopped and whi te
solids were filtered fromthe red-orange sol ution.

Next ,[0043] s r eacstirming wselcortinos fovassx howessdh ol 1 590r dter Whichetsne
with an equi val ent volunme of a saturated sodi um

‘bi carthybierechrosmtagraren 1/ Tehil asriatelaexansidntiontaditpss deth treom
the reaction ugﬁvacuo and replaced with a solution of

et hy|ox alRRs %RdéD gerﬁézgg%ﬁy@e@ 1}' e rsﬁctxg%yva?@typpeg\and white sohds
chr o%tré)ﬂ{e?e%q%m tﬁ? egw%{\ g olltltigﬁang,%t tluls% %tlon s(oL gn v%se a

qual itative anmoun ear
Vi scog@shal tBfee 448s GiaSan Jﬁﬁal@ﬂ%@h‘w@@f Q@eﬁur@te\'ﬁ\@bcgm b*ch%crc‘nate

of 15% at 200C as neasured
solution. Toluene was then stripped from the reaotlon 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 200°C as
measured by TGA.
[0044]  HNMR: 5655 (s, 2H), 4.55 (d, 2H), 4.45 (d, 2H), 4.21 (é, 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 methy! oxetane maleimide.

0

O
l N/\/\/\H/O\>C
]

o)

[0048] The starting compound for methyl oxetane maleimide is

maleimidocaproic chloride having the structure

10



[0044] H1I-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,
WQRk)o4/1d16%a- 1. 79 (m 4H), 1.11-1.41 (m 4H), 0.BGFUS2098012394

(t, 3H). [0045] EXAWPLE 4: Preparation of nmethyl
oxetane maleimde. OO | N O O[0046] The starting
conpound for nethyl oxetane naleimde is

mal ei m docaproi c chloride having the structure 10 WO
2004/ 101646 PCT/ US2004/012394 O1 N (A O O and
prepared as follows: A 500-m 4-neck round bottom
flask was equi pped with @ condenser, nechani cal

m xer, thernoneter, an ot oil bath and then charged

wi th mal ei m docapr oi c |jaci /(\i\m‘)\/(zt{;fr@(b g, 0.1896
nol e), di nethyl -formam (3 dr ops)o and tol uene (125
m). The flask contents re heated to 85C and m xed

until all solids were diSsol ved. Subsequently, thg hot
sol utj ' i fl.ask fitte .
e T P T
and 4 BicEISAS:] AmSALE ERPn WS nitheR S8 LRy
With é’?’ﬁ?ﬁﬁ?"’{‘%&ﬁc e TP et g 03 . LR
ol e)witharsaletdidechptor dchigMCBREII00R, 0.f39BSHold)] dmethyl-formamide (3
sl ow addi tion funnel while nmaintaining a reaction

t enpekepsuarg tofier®-(1TH0n). Folflegwdontpnis herotxesteglto 84t1Ca@nd dixed
addition, the ice bath was renpbved and the reaction

was &nfl@heelide yetretisrolves. rBsR% eitsehabelselutiongvas decanted into

' eaCtaI s?nrwleatr ﬁa@?ﬁi g vl\7|i¥hea mechanical mixer, bubbler, slow-addition funnel and

ice bath. The reaction solution was then chilled with mixing.

[0047] Oxalyl chioride (36.09 g, 0.2844 mole) was added to the reaction
flask via slow-addition funnel while maintaining a reaction temperature of 5-10°C.
Following the oxalyl chioride 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
1L 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 mi) 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 10°C 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



i ncreased, the bubbler indicated that gas was bei ng
generated. The reaction was left to m x over night

wo e@dlioiong in a very dark solution. It was thePCT/US2004/012394
decanted into a 1 L single-neck round bottom fl ask
and stripped of toluene under vacuum Toluene (200 m)
was then added to the flask and stripped three tines
to reduce acidity. The product was. nal ei m docaproic
chl oride. [0048] 3-Methyl-3-oxetane nethanol (19.36 g,
0.1896 nole), triethylamne (19.19 g, 0.1896 nole),
4-di l am n Lif ; 8 resMifhl
di chlr[?rdrgyret hangf&({%\,{gﬁsﬁ @ﬂgféﬁoﬁghcoeﬁglinned [ tr){g\g'l] g%%ﬂ:éﬁﬂ%as
4- neGhixddadt Fsbm te@béraiitef dvasikigie quhinRes: sMiatarapag et vof,
stir bar, slowaddition funnel, drying tube and ice
bat h.ethil avstatefitpeang) indgetewdst the exhclion whisspinglele basat ab tee r
within the flask. The reaction solution was then
chi | Idgaleligntaf maleiiigesapreic toeTiden YVhite selida vetsilteed from the
mal ei m deocaproic chloride (43,4 g, 0.1896 nol i n
B i R A A e L R AT e
to i.afai ' . t 4
el e oAb B8 el i X AR o e
resuld/hnehtdAabkd RPBWY A8 aH i McbBi/HBX SRl @AM
tenperature over-night. Thin-layer chromatography (1/1
vol . respettivgly, oelmkr/heXxameyovwndiueat eb thdradastdighrough a
reacti on was conpl ete based on the depletion of
mal eicaivtho cagkcaige! te hirdy. i it thafsotventyaisistlispaden eadup Feseltimgin
fromthe reaction solution which was then washed four
ti med 4G PrapgstPYUckMitnGatixepsiy 3HEPAAPS. dBrErmPoNEst fIserRight
chl ori de S._Stri d om the reaction solution via
r ot o-losggg%ﬁimeg%ﬁ%ﬁo& ﬁééobl aced with an ethyl
acet exane 8¢ N / PSGL
vol u?r%?bPThe dal_f&h\hkﬁ‘ oé)v\ﬂaiél 2;lJPt‘)i %%§%§}Q)t %}.gﬁtd}é%@géges (s 28,
t hr owgls-361 @EPLM.301:, Si)| 1.451.88tm, e, pursif a6 (mNemy , t he
sol vent was stripped in vacuo resulting in a clear
or and@5pr oduct BMAMPLE Sv iPsapesatitryofefyrefd @abeate Tathy! oxetane.
compound had a weight |oss of 8% as measured by TGA
[0050] H-NVR 5 6.6 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. 1.29 (m 5H).

[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-m| 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 65°C
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.
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[0051] EXAMPLE 5. Preparation of styrene carbamate

nmet hyl oxetane. NuO | 1 O [0052] 3-Methyl-3-oxetane
woredohaoehs (20. 00 g, 0.1958 nole) and mTM  ( 3BCEHOSIYPN4/012394

0. 1958 nole) were conbined in a 250-m four-neck round

bottom flask equi pped with a condenser, nechani cal

m xer, thernoneter, nitrogen purge and oil bath. The

reacti on was placed under nitrogen with stirring and

heated to 65C in the oil bath. A single drop of

di butylti n dilaurate was added and within 5 hours the

reactg vvas c |.et i f - LR
i soc ana e peaﬂ@g52P§ﬁf§1@?hgf% s uég‘?j @/’aﬂ)hﬁgFES ),
renoves & rﬂpﬁdﬂfs(bﬁql A% 4.88 (b, GR) anb@ssaHmeéi 3Hii7R (8,
vi scosity of 21,000 cPs. he conpound ad a 19% wei ght
| oss 6&, 0.95ehsdfbed 3By TGA. 12 WD 2004/ 101646

PCT/ US2004/ 012394 [0053] H-NWR 5 7.61 (s.11-1),

7. 42 [Q654] 3H), FXHIRLE 6. Rrdparaliondf EfgiOxetlary MetigcryBig(s, 1
H, 4.61 (bm 1 H), 4 39 (bm 1 H, 4.12 (s, 4H), 2.21

(s, 3H), 1.72 (bs, .98-1.35 m 3H). [0054]
EXAMPLE 6. Prepar atl on et ane Met hacryl ate
O 01- - 1 6 [0055] 3 Et hél - et ane et hanol

(55.58 g, 0.4783 nole), adetone 2 nL) and

triethylamne (48,4 g, 0.4783 nole) were charged to a

IL, 4-neck, round-bottomflask equipped with a

mechd®fiséhl m xerEthyHiexatenemethanoh{56158 geth4 788 umam, aaidne

sl ow addi tion funnel. The flask and contents were

chi | I(E® My aaf triefylamig(4. %iQ@BWIehgeraﬁbprmtgiaﬁg wftqh,

ni t ragen. aV\/niIe_ acr Chlo

0. 4783 kel TA o oot g TS ey MBI, e
¢ t

resu rlg@%néglb\wta'd&wonhﬂé\ﬁ%l 1ERGNRk g&?%nttsowér we%% Lh R0

unngl nounted on t ask.
bath while mixing and purging with nltrogen. 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 methacryloy!
chioride 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.

[00586] 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
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chl oride solution was slowy added to the reaction
flask while maintaining a reaction tenperature of <10
w@200Fhet6gé ow addi tion of the methacryl oyl chl or@€TES2004/012394

solution lasted two hours and forty m nutes. During
this tinme, the clear colorless- solution changed to a
pale gold m xture with white precipitate. The m xture
was allowed to m x overnight at roomtenperature.
[0056] The followi ng norning, the white precipitate
was filtered fromthe mx, |eaving a dark red-brown
sol uti,amy w&@éug%ﬁed Y RCaReRRg e tiBS e tiin blRRar brown
solution at 1000 ppm and the acetone was stripped. The
r esubiokitg Thieobds Rekual kbloght, Ghirums ttenénbidedsholytetie prodd@0
mL net hyl ene chl ori de and washed five tinmes wth 200
mL obveniG¥ Foostuwnushif drd dhek-wowatiquishvasTenimga sy NYIR aded
by two water washes of 300 nL.each. The resulting pH
was 9Yetermpierdie ke 14000 FRWE met hyl  hydr oqui none was

added to the s [ and t he nethylen | or,i de.

t hen (008l | pped%&#wgeggs [hdeﬁPWbana%rIR%fa%aﬁi%Qe\ﬁgéHet 'éér%ﬁy of
di ssqlved | i btk NaniRiBedivan
thr 0319 g@?#?%@%ﬁ%%&%%@%&%ﬁegggllcé@g Buchngr f%rlmel .
The 13m\Qi R0 &nkBil A& REHBROIAN SR tosohtuinBle Was
stripped fromthe clear orange solution resulting in a
cl eacompments piawduetrabld o remove residual solvent, air
was then bubbl ed through the product overnight. The
stru¢dcdgle of this dark-brown liquid was confirnmed by
NVR and deternined to be .qul mol e % pure. [0057]
EXAMPLE 7. Perfornmance, | 6,@% t g assess the

AT

suitability|of the “%GREY 8%as substjit utes

Ak R

for epoxy cepppeunds—n—an—adhesi-ve—forlgtaon. a
control adh ;QFW@OnIEBtr mul atgloghcevvas prepar ‘é%gﬁo ‘clont ai n
t he conponept-s—shomn - Tabtet— 0058t Jableg 1
Iihide’ rébristar L 518 _
Control Adh :B;hﬁ‘é%ia“erbt' ot tg e frgylmnpunen sppurcel Wi ght
% Sartomer
tetraacrylate SR355 from 13.0
Sartomer
epoxy proprietary 7.8
peroxide initiator | Perkadox 16 from 1.0
. Akzo Naobel
imidazole ZCN from Aldrich 0.4
[0059] The proprieta]'y bismaleimide resin has the following structure in

which Cag is"a 36 carboi chain, the fesidiie of dimer diok:
O 0
0
l N/\/\/\n, ~ Cas /O\[(\/\/\N I
0 @)
0 0

[0060] The proprietary epoxy resin has the foliowing structure:

ol>\/©\/\o
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bi smal ei m de proprietary 51.8 di nmethacryl ate SR248
from26.0 Sartomer tetraacrylate SR355 from 13.0
W@S200800816 epoXy proprietary 7.8 perOX| de i PCT/US2004/012394
Perkadox 16 from 1.0 Akzo Nobel im dazole ZCN from
Aldrich 0.4 [0059] The proprietary bismaleinmde resin
has the followi ng structure in which C36 is-a36
carbon chain, the're"sidi e of dimer diol: OO 14 N
C36".0 N OOOO [0060] The proprietary epoxy resin
has the followng structure: O1I 1, O 14 WO
2004/144x1646 PC—FP’hQ%%&% &%@%s frm%%%@;‘f 30X €h@8%vere
corrpounds from Exanples 2, 3, 4,
substsubgitugsdi ihtotie foiation suheadameveiint péa@nﬂamae vdg Rdsin,
percent for the epoxy resin. The thernodynam ¢ and
ki netlihe tiprogrynamie sndvenedic pepeitiederb yneBS@dydSamipar ed
to the control formulation. The data are reported in
Tabl eopraiad toshpeentreliermutakien. @Fé?ta@mfﬁweééa@bf%ﬁndéh@w
five fornmul ations are s a exothermc. A mnor
eak FEIFTRC R raR G oS PR @8%“”3&?6\%%9@?“%%@
m NOTiRg 551( B tf?‘e‘ﬁ%&r p\%ﬁ@ %Ehe aggehtow rrerl zation

val ues rgngl ng es/ PR Thise
r esulgtyay ﬁlwr%@%atfoheélynﬁe%ﬁtoh VEudsFahdify fRRYH yo—& o LEL

formul ations wth the oxetane conpounds pronbte nore
cr osslelilesigrbing Thdseaeduts\@Iggé<e FRAET RN 18 the control, the formulations

with the oxetane compounds promoté more cross-linking at a lower temperature.

[0062]
Table 2
Kinetic and Thermodynamic Properties of Formulations
with epoxy and with oxetane
Formulation | Cure Temp HA Cure Temp HA
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 -280 153 -4
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
preésure, 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



[0062] Table 2 Kinetic and Thernodynam c Properties of
Fornmul ations wth epoxy and with oxetane Fornul ati on
w@eoe/1Tenp H A Cure Tenp HA with: Peak # 1 (BdhyusSieaii2394
#2 (JIg) C C Epoxy 95 -199 223 -85 control Oxetane
91 -264 151 -12 exanple 2 Oxetane 93 -282 149 -8
exanple 3 Oxetane 94 -271 165 -32 exanple 4 Oxetane
94 -280 1-53 -14 exanple 5 [0063] EXAMPLE 8. An
adhesive formulation for use as a die attach was
prepared to contain the conponents as shown in Table
3. Asml of di e @Rehd eUbSHiESH B aRsRBR} :té%a?ssérﬁbﬂgg (@)otwyas
0

prepared by attaching 120 X 120 m | silicon ies

et alwas pleptieainetie varhdwah excapttestiate.cud dtRPhdblatdi e die
adhesi ve was deposited on the substrate, the die was
cont &04 edbstrete meremblihvesisviieaida th 11§°GHor 16oerss Diesshearstrength
the adhesive was cured by placing the substrate on a
hot pfastssted oprRayce pplaimaniseSyale leesheaidestasd The B4ing he

Shoar "B et bRl el PRl a" SRR echaa e Forrbies

adheg{ ¥4 And the die shear strengths are reported in
Table 4. 15 WD 2004/ 101646 PCT/ US2004/ 012394
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[0064] A second set of silicon die and substrate
assenblies (Eto H was prepared in the sane way,

wexmepoicihat after cure on the hot plate,
substrate assenbly was subjected to 145C for

th

e PUrUSTNg012394
16 hours.

Di e shear strength was tested on a Royce Instrunents
System 552 die shear tester.
t&8pdrature for the adhesive and the die shear

The curing ti

me and

strengths_are reported bl 6-\WD-2Q04/ 101646
PCT/ US2004/ 012394, _ [ 0Q gbie 3 bLg 8 ADHESI VE
FORMUL ATI-ON-— COMPERN] PP Al -U-' I éf'r de 20.0
same as EXQNpPNEY pol y(but adi ene )G RI C&P\l product #
131 / MA1 igmarg N \..‘"F'y'l ate—16-0—=S5 ' 48 O Jart omer
tetraacryl.a %dsm R§|§355 from Sartorrer oxetlane 3.0
from Exa% XTde Tt atar ;5 Per-ikadox 1-6
from Ak- oRl@@@féj'md dazah&o0.1 ZCN from Al drich
surf act aNfinEhEOYRE OTN U. 2 Trom @& OSel America
SR248 from Sartomer
tetraacrylate 5.0
SR355 from Sartomer
oxetane 3.0
from Example 2
peroxide initiator 0.5
| Perkadox.16-from Akzo Nobel
imidazole 0.1
ZCN from Aldrich
surfactant Fluowet OTN 0.2
from Toagosei America
silane adhesion promoter 0.3
Witco
silica filler from Package Care 56.9
[0066]
Table 4
Die Shear Strength
Assembly Cure Conditions DSS
(KgF)
A 20 sec @ 100°C 0.4
B 30 sec @ 100°C 2.5
C 10 sec @ 120°C 3.5
D 30 sec @ 120°C 4.9
E 10 sec @ 100°C 6.9
F 20 sec @ 100°C 71
G 30 sec @ 100°C 6.6
H 10 sec @ 120°C 8.5
[0067] The data show acceptable commercial performance of the

formulation containing oxetane.
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sil ane adhesion pronoter 0.3 Wtco silica filler from

Package Care 56.9 [0066] Table 4 Die Shear Strength
wa\s®efrinleys Cure Conditions DSS (Kg F A 20 secpdD0S2004/é12394

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

acydpt BTlAIMBRIrer ci al perfornmance of the fornulation

cont ai ni ng oxetane. 17 WD 2004/101646

PCT/ US2004/ 012394 WHAT IS CLAIMED: 1. A curable

c 0Si | C ri.sin . conpound contai ni ng an

oglgFanéL\ uﬁ%c': ‘|9°o gflﬁ?nycgg%ﬁg'réqﬁ el ectron donor or

el ect 1o AEGRRLAN cdiiiihd ATBblahY hBlondnPiid HLIAEEN!

(c) a filler. 2. The curable conpositi'on according to

Cladhdnot eledtrontticedpidr ABctretygne conpound is represent ed

by the formula ‘

(b) acuring agent

(c) afiller.

2, The curable composition according to claim 1 in which the oxetane

compound’is représented by the formula
1
R
X 21. '
A ‘fQ’YHR-]—E :
0.1 0,1

R'is a methy! or ethyl group,

in which

R? is a divalent hydrocarbon,

Q is a divalent hydrocarbon,

Xand 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.
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RLXQy JREO.10,1 inwhich RLis a nethyl or
ethyl group, R2 is a divalent hydrocarbon, Qis a
walzosaliexsss hydr ocar bon, X and Y are i ndependent PGT/ES2004/012394
direct bond, or an ether, ester, or carbamate
functionality, Eis an electron donor or electron
acceptor functionality, and provided that X and Y are
not both direct bonds. 3. The curabl e conposition
according to claim2 in which Eis a styrenic,
ci nnanyl, vinyl ether, maleimde, acrylate, fumarate,
or mal eate group. 4. The curabl e conposition according
toclaim3 in which Eis a maleimde or cinnanyl
group. 18 WD 2004/101646 PCT/US2004/012394 19
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