ADHESI VE COMPOSI TI ONS CONTAI NI NG HYBRI D OXETANE COMPOUNDS FI ELD OF THE

| NVENTI ON [0001] This invention relates to curable conpositions that contain
an oxetane conpound having el ectron acceptor or el ectron donor
functionality. BACKGROUND OF THE | NVENTI ON [ 0002] Radi cal -curabl e
conpositions are used in adhesive conpositions, for exanple, in the
fabrication and assenbly of sem conductor packages and m croel ectronic

devi ces. There are a nunber of electron donor/electron acceptor adhesive
systens that are used in the industry, but not all these give as ful
performance as is needed for all uses. There are also adhesive systens that
contain both radical -curable noieties and epoxy functionality. Epoxy
functionality is not always desirable; thus, the conmpounds disclosed in

this specification add to the,speguEHB@boBRTGREMNCe mterials for use

wi thin the sem conduct gppfralNiNE3 Y ERID RN coRPVINDS OF THE | NVENTI ON
[ 0003] This invention ref\]at es to conpositions for use as adhesi ves,

coatings or encapsul ants containing conpounds that contain an oxetane
functionality and an el ectronpggeedt PHEQqVERRTEINCt ron donor functionality.
The preferred electron acceptor functionality is maleimde. The preferred

el ectron dopegqjf unct i omal ihdentibbreftdyna tiable(BRP4ditioHaehARBRMERIZhi on can be a
paste, prepared by blending or mlling, or can be a film prepared by

standard fi | sRetnlicagpbeed Hivitdasedroputteb®r bhelsdtronsdshbd fasttioRaltyhe art. The
curabl e conposition will include a curing agent and a filler. 1 DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0005] Oxet anes, which are highly reactive
cyclic ethers, can undergo both cationic and anionic ring opening
honopol ynmeri zati on. El ect r BACHGROUND 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 eleciron

donar/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 peformance 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 oxstane
functionality and an electron acceptor or an electron donor functionality. The
preferred electron acceptor functionality is maleimide. The preferred electron
donor functionality is cinhamyi.
[0004] The composition can be a paste, prepared by biending or milling,
or can be a film, prepared by standard ﬁtﬁ making technidues known to those
skilled in the art. The curable composition will include a curing agent and a filler,
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groups and el ectron acceptor groups are capable of free radical

pol yneri zation. The inventive hybrid conpounds, which contain both oxetane
and el ectron donor or electron acceptor functionality, have the capability
of undergoi ng dual cure, both thermal and radiation, processes. This
capability nmakes them attractive in many applications, such as, adhesives,

Cventive conpost t} ons REAAHED BRSHRICERNSY BEMNEERSRRTa R Ox-[Q Y R
g&/érgéér Ibgn%wﬁng Yi Sl%g%tg%‘lﬁmﬁ?%&?%Hyég%cﬁﬁggycﬁé%%rg(?gh\é/{ﬁée?gé her, ester,
T e RO I
?L%L'?lmo(r:]al ;:![%rﬁﬁ?ﬁ_l? ,é%%cg‘%\vgﬁ‘f/{pr%_tﬁ%urpsgr Oua;)og_l ogfrecfar of gcl ept Sron- e arouDs.
10007] The oiEBLALY Ao RLIANC wnh beih foum BB o cRieon BB oG

containi g Ox&h gl thir‘?lﬁ}ﬁ:'tibﬁe}fity?ﬂgl:eathéEﬁabili@%f&ﬂ@@b‘iﬂggﬁé’lr&h@,”i ng the

el ectron donor or electron acceptor functionali Typical reaction schenes
incl ude vel | iR eWamaaR b @RionS PRsddsks!t TR caBilyGRALRNRSE LARchRART | ONS.

[ 0008] Preferred starting conmpounds containing oxetane functionality

i ncl ude, for yexeERieatiohS ASHh aé,ae)dh@éi@é%héﬂa‘ﬁn%s? dRaAlants, and composites.
3- et hyl - 3- hydr'oxynet hyl oxet ane, 3- ethyl -3-hydroxynet hyl oxetane; 2 0 CH
O ~~CH [0006] The compounds used in the inventive compositions can be

represented by the formula

1
Q TR E
0.1 0,1

in which R' is a methyl or ethy! 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
f;JnctionaIity. 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 danor or electron acceptor functionality. Typical réaction 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;



[0010] (b) bhalides, such as, 3-nethyl-3-brononethyl oxetane, 3-ethyl- 3-

br ononet hyl Dxet ane, whi ch can be prepared by the reaction of an al cohol from

(a) with CBr4 as is known in the art; OO< Br, 0;i Br [0011] (c) halides, such

as, 3-nethyl-3-al kyl brononet hyl oxet ane, 3- elhyl - 3-al kyl br ononet hyl oxet ane,

whi ch can be prep fAomthe reacti omof al kyl di brom de conpound wi th

an al cohol from (a is-®hbwn in the . d—|2)4Br O QCH2)4Br [0012]

(d) tosylates, such as, 3-nethyl-3-tosyl net hyl oxet ane, 3-ethyl-3-

t osyl et hyl - ane, ' A - I | chloride:
R WbE RafiR Dfn ag,eaomgrzgﬂ d4 0 Rekloanss sl

OO 11 |[O00 The starting oxetane conpoun Ice is redcted wth a
mol ecul e conpai g AleEhe i AR YrefRiedtyaRt FARIAGHGRERONGIWAR] | Onal i ty and
a second functionality reactive with the oxetane starting conpound to form
a coval ent gggﬂ Eﬁ&ﬂ#ﬂ?k e d 40N, condensation or substitution reaction.
[ 0014] For ex npre, I an hydroxy oOxetane is the starting conpound, it may
be reacted with a carboxylic acid, acid chloyide, or isocyanate containing
el ectron donor or electron acceptor functjonglity. The X portion of the
resul ting inveﬁ{EﬁQgZEIecule will be ap”e r gr carbamate functionality,
[0015] If a bro Bine is the starty bund, it may be reacted,

for exanple, wth an al cohol containing an el ectron donor or el ectron
acceptor 3 f Fm@ﬁ]l onal i t()é)b hhitiel NiuBh 68 Semethie-afobinbPBthgbxdtiiR, Besul ting
inventive nolecule will be an ether group. [0016] If an al kyl brom de

oxetane is t bgysd-akiibriashofAIEENe, ivihickl 80 bEPYepak ffoRmek eshcbr &F zan al cohol
contai ning an el ectron donor or electon acceptor functionality. In this

case, the X pRyltdiREmRE chMPolrRSuthtangeohBient jay 8s FNn6Wsl Ingthavadl  be

O _oicH.r OQQ/O(GHQME%

[0012] (d) tosylates, such as, 3—methyl-3-tosyimethyloxetanet 3-ethyl-3-

tosyimethyl-oxetane, which can be prepared from p-toluenesulfony! chloride;

, q @
Do~ )= o5~ )—
o o —
[0013] The starting oxetane compound of choice is reacted with a

molecule containing an electron donor or eleciron 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 aicohol containing an electron donor or electron acceptor



an ether group. [0017] If a tosylate oxetane is the starting conpound, it
wll be reacted wth an al cohol containing an el ectron donor or el ectron
accept or funghitnalty.t i.thib Basel thesX patien of the telsullieg mnergivh etolguizwpll bé 0018]

Sui tabl e starting conpounds containing styrenic functionality are

3- i sopr openyan ether-gtoupet hyl - benzyl i socyanate (m TM ) and 4-vinyl benzyl
chloride. Qther suitable starting conpounds containing styrenic

functional i tiPOt8In be pranzdrvkbropyde ¢retangacihp Glarbia spmpokngvitaisoamal ol ; or by
the reaction of mTM wth a carboxylic acid containing a hydroxyl group;
or by the rebricagiad githag glsabrd sentainfiioren eLPDABLY) 08 elgREN asCNtdc| osed earl i er.
[0019] Suitable starti n% conpounds cont ai ni ng ci nnanyl funcgm(’)_nal ity

i ncl ude ci nniRgtionalite oldhis aare Hiehagrjen et resliEng ERtap mlgauigdyibbet ar ti ng
conpounds containing acrylate functionality include acrylic acid,

net hacryl i ¢ &tPESTHRYR/| oyl chloride, 2-hydroxyethyl acryl ate,

1, 4- chcl ohexanedi net hanol nonoacryl ate, acryl am de, and,met hacryl am de.
[0021] Sui t aBP& Ist ar t 1 NP COAEEGHEENS Bt ATtHG CrmPesder o e fAedted o
functionality. include malei.c acid, maleic anhydride, fumaric acid, fumaric
onhydr do. | W89 A58 SRINEY BF PR TC G I DA e e e
functionali t%. i nckl{ﬁ@ 6- mathei m docaproi ¢ acid, 3-nalei m doproprionic acid,
N- ( 6- hydr oxy E)&?F? PRPNF %r,grRI[-"Q'S- hydr oxypr opyl ) mal ei m de, and

N-(5-1 socyan@b%ﬂgntyl)@it&& %‘Funrgec%%% éjslc%n lnﬁ%e&%%ﬂn%ﬁﬁggisﬁgtﬁﬁi%ht or

| onger chai n""conmpounds are" " desi _ starting poun _ e extended
e e e S el LA E gl o e, o
SR SO CAT IR S RESA R SR R
that is reactive wW.bi, tSeL&R8 L VenhinGtd ARRb! Byind Reakfish IR it

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 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 &-maleimidocaproic acid, 3-maleimidoproprionic acid, N-(6-hydroxyhexyl)

maleimide, N-(3-hydroxypropyl)maleimide, and N-(S—isocyanatdpenty[)maleimide,

[0023] If higher molecular weight or longer chain compounds are

desired, the starting compounds can be extended into Iongef chain molecules by

reaction with difunctional oligomeric or polymeric materials. The difunctional



of choice. The choice and design of such reactions are within the expertise
of those skilled in the art and can acconplished with standard addition,
substitution, and condensation reactions. [0024] In a further enbodi nent,

(e Comounde ol ot SenLion, Acli, SOLXTEL G Compoupdg,nat contan
f ti [ . : th f I d el ect
Ut onal e o B E LUFBA lesRR onclectn
f whi ch d fu j gt t.hat - Ve, WM T f th
[ om it <t P BRI PRI DB e S PRl tRa b BB, T 1 1

and el ectr ofy SELEPIAL SIS LOOZRL- KA XBURN b iohl yt 20 ene)

having p ydr oxyl~ grou can be reac e'oxefane starting

compound copbel 0lid if e agpaﬁkg'tc;ﬁh%éé’d shelf AR AR bdeRip L rlfRaPr Ovi de 2

pol ymeri c conpoun vin styrenic and oxetane functionality.

Al ternatively; .dnBnaiyl Shligel de, 6-nal ei m docaproic acid, or acrylic acid,
coul d be usea(?cl; nst ead O¥e mITM to add, respectively, cinnanyl, maleimde,

or acryl at e@f)ﬂz{]c_tiOna!lﬁE:)furth‘é?eu%b&&ﬁwbﬁl,eﬂwe%éﬁaﬁmr@is ofthiRhVEnBer Adlgne) having
pendant carboxylic acid functionality can react with either of the hydroxy

oxet ane st apdirigrid@nflobidsSsthat@niih b akdroihedRBRhe 8fid RbRCthAPeheACCEPL OF
contai ning hydroxyl functionality, for exanple, cinnanyl alcohol. [0026]

The pol yner kigctdnaddnbné eMireR aédepiafundBorfality Chiase @r seraTBETbR dach of Sui t abl e
commercially avail abl e polynmers include acrylonitrile-butadi ene rubbers
from Zeon Chettaradcdopard eléatior aeeatsry ISuch copriuytess preparadraimson Pol yrer .
The pendant functionalities fromthese polyners are hydroxyl or carboxylic
aci d funct pdyrakiid startifE2apoudti frem waicr déprgd fuotiomelities trahberreadtise can be

synt hesi zed from acrylic and/or vinyl nononers using standard

pol ymer i zat wihoneotmonguwé telstiing wetanhesepskids adionmotrhereaf the Sui t abl e
acrylic nononers include a, (3-unsaturated nono and di carboxylic acids

havi ng t hr estatting felepBoGaMes ANGEISPHEATEeRIeTSPMRPENdSs t er

{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-TMI to provide a polymeric compound having both styrenic and
oxetane functionality. Alternatively, cinnamyl chloride, 6-maleimidocaproic acid,
ar acrirlic 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 carboxyiic ac_id functionality can react with either of the hydroxy
oxetane starting materials and an electron denor or electron acceptor containing
hydroxy! functionality, for example, cinnamyl alcohol.

{0026} The polymeric starting material can be purchased commercially.
Suitable commercially avaitable 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.

[00271 Other starting polymeric materials can be synthesized from

acrylic andfor vinyl monomers using standard polymerization technigues known

h



nmononers (al kyl esters of acrylic and nethacrylic acid in which the al kyl
groups contain one to fourteen carbon atons). Exanples are nethyl acryate,
met hyl  net hagosd adlled innth@ ety Buikddiey daglie, mononeryihclold daamyhtatated and t heir
correspondi ng branched isoners, such as, 2-ethyl hexyl acrylate. Suitable

vi nyl nononmerego ahddicardexyic asitis esirer threeo fivd caebdneatems anchptrylatel dsthes,
vinylidene halides, and nitriles of ethylenically unsaturated hydrocarbons.
Exanpl es ar exonomgis (alky estees of acrylid amd nethacrilicaridjih whichyhaalicdgrouasr yl i ¢ aci d,
vinyl ethyl ether, vinyl chloride, vinylidene chloride, acrylonitrile,

mal ei ¢ anhy deiteie pnafrdogigenaadhon[zgpes] Egemeles pisl eteyliacryesteamethyy material s can
be prepared from conjugated di ene and/or vinyl nononers using standard

pol yner i zat mgthactyiets nraghbacridatennr-nory imedrasndate. and thaircomeepanding  Sui t abl e

conj ugat ed di ene nononers include butadi ene-1, 3, 2-chl or obut adi ene-1, 3,

i soprene, pPREERAddERINEIFYCE 8% LefaYiBRKY RSk deiR e SEiables(ing sINemersny| nononer s

i nclude styrene, a- nethylstyrene, divinylbenzene, vinyl chloride, vinyl
acetate, vi Mgludaing ssiars vinyethergpting haliggs. yiwlidang halides; #1d nitiilesgf at e,

vinyl pyridine, acrylonitrile, nethacrylonitrile, nethacryljc acid, itaconic
aci d and acPﬁr’lyieﬁ'céléi‘-t!]'.sat"l’ﬁé%dehyglacﬁbé’as-i FanpRlesATe ViRk\Acetals, AEVIEMIGR:  experti se
to choose the ropriate conbj natiopn of thaos noners. . and subsequent
reactions tg"%@@%ﬁgmtd@ %ﬁ’cﬁﬁﬁd‘é{m' eﬁ\yg‘?tB?JyY'”ﬁﬁgg%% ¥B¥iAENef unctional ity for
addi ng the orlet ne algd (?I ectr.on dgngr and, el ectron acceptor

functi onal i £18408 pEHHOBYTS. Al ARVEHYG 87 A" S pounds cont ai ni ng oxet ane and
electron d or electron acceptor functionali]t cyrabl e conpositions
of this i m@@%ﬁ on w I(ﬁ{hfeﬁ%qlmee”ccs&%f#dngtggﬂf gghal?lede{rFP%'Jlggrfr?mSui tabl e curing

sgens are LRl ob (g UL LR g |1, e v

anount to cu e anmounts will range from

0. 1% 0 30%echrBhel iRl o ks QifRYh R abic lyddifed L@ o7 ganic mater| al

(that is, excluding any 1norganic ers) In the conposition. Preferred
thermal i ni fRbLAES ihdisdeUtBadiene-1,3,2-chlorobutadiene-1,3, isoprene, piperylene

and conjugated hexadienes. Suitable vinyl monomers include styrene, o-
methylstyrene, divinylbenzene, vinyl chioride, 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 subsequént reactions to be able to add pendant hydroxyl and carboxyl
functionality for adding the oxetape and electron donor and electron acceptor
functionalities.

[0029] in éddiﬂon 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

inarganic fillers) in the composition. Preferred thermal initiators include

6



per oxi des, such as butyl peroctoates and dicunyl peroxide, and azo
conpounds, such as 2, 2'-azobi s(2-nethyl-propanenitrile) and

2,2 -azobis(2-nethyl- butanenitrile). A preferred series of photoinitiators
are those sold under the trademark Irgacure or Rhodorsil 2074 by Ci ba
Specialty Chemcals. In some fornulations, both thermal initiation and
photoinitiation nmay be desirable: the curing process can be started either
by irradiation, foll d.by he rie | | owed by
irradiation. pefr%qﬁﬂ' s‘?‘%ﬁe ebﬁ’é’tl B?Ff?’l&%tgg %ﬁ@@%@’ 8§’t°rr%‘8§ﬁ %dgérég Q%%}:Pu%u‘ér e wthin a
tenperature . X ) : I i be_ cted within a range
of three se%:%ﬂ%g 2%8?%%%9}%%?&0}3 heit@%{%@?&%“ﬁ%ﬁb%@gﬁ%{nﬁ will vary with the

component s aE\ﬂT@%@rinf@ﬁe?e%h@ggesggkgauma{a%eﬂﬁesgﬂ%ﬂa@#t‘h@n by the

practitioner. e curab ositrons w SO conprise

nonconduct I ¥ gedmart f c'ﬂ@érﬁh%or‘%b?@?tdrﬂyc(ﬂﬁéEpéb‘?’éﬁ?é‘ég\lte@\’c,%lsfilrltlsﬁﬁé- Sui tabl e

conductive fillers are carbon bl ack, "graphite, silver, copper,

platinum patladLidhs, BHue eetmal HitHBbMEM prbidikiAdn e bRidSkadRomRN nitride,
di anond, and alum na. Suitabl e nonconductive fillérs are particles of

verm cul i te, oifingProcses ettt cithdd Byl ia0iSRh R MAR, bytHebAB} dan and, gl ass,
fused silica, funmed silica, bariumsulfate, and hal ogenated et hyl ene

pol yners, susihr@shy i@l dbilowes egirfadigoe, trifluoro-ethyl ene, vinylidene
fluoride, vinyl fluoride, vinylidene chloride, and vinyl chloride. Fillers
general ly wi jphafje presenyendial, tagRURbE cOMmpd&iontq/itaie withinai ght of the

formul ation. [0032]. These conpositions are useful for attaching

sem conduct ofenfPeRfure rghge WPEHICAL@50°CS WAl cidrfhg wilDbeEfteated| VAl & &FBSof I N a

typi cal operation, the adhesive is dispensed onto the center paddle of the
| eadf rame anghrddeecshdsi t6 Gtedhaurs OThs@ietlcire prdit: vinlegiwite thd t h heat and
pressure. The exact processing paraneters nmay vary fromoperation to

oper ati on, bum@gmmenisraodnan be tétosmnakwitioetindua ekfesinentatidn by the

practitioner.

[0031] The curabie compositions will also comprise nonconductive or
thermally or electrically conductive fillers. Suitable conductive fillers are carbon
black, graphite, goid, 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, triflucro-ethylene, vinylidene fluoride, viny!
fluoride, vinylidene chioride, and vinyl chloride. Fillers generally will be present in
amounts of 20% to 90% by weight of the formulation,

[0032) These campaositions are useful for attaching semiconductor dies
to substrates, such as, to metal leadframes. [n a typical operatipn, the adhesive
is dispensed onto the center paddie 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.



EXAMPLES [0033] The foll ow ng exanpl es show nmet hods of synthesis for a
variety of the inventive conpounds and performance data showi ng their
suitability as adhesives. [0034] EXAMPLE 1: Preparation of cinnanyl ethyl
oxet ane. [0035] 3-Ethyl-3-oxetane nethanol (27.03 g, 0.2326 nole), tol uene
(100 m), tetrabutyl ammoni um hydrogen sulfate (17.38 g, 0.0512 nole) and
50% sodi um hydroxi de solution (300 m) were conbined in a 1 L 4-neck round
bottom flask equi pped with a condgxzemrLcgechani cal m xer and oil bath. The
m xture was stirred vigorously and the oil bath was heated to 90C at which

t enper at ur e [00dpd sol i dFheedlewingterbiplessixsoinethdds bOGBtksiEifozavaiktychl ori de
(35.50 g, 0.2326 nole) was added over approxinmately 35 m nutes. The

reacti on wasoffiesineshtiad caounié Bndperfongadcardatnshoadieh thewsaitability2s hour and t hen
allowed to cool to roomtenperature. The organic phase was.isolated in a
separatory fathssilesand washed four tines with 20% sodi um chloride sol ution
(200 mM each). As a result, the washes changed from cloudy yellow to hazy
col orl ess andoidie pH oEXAMPLEAL herepalatippedinhamyi &yl preténe. The | ast of four
nore washes (200 m) using distilled water was an enul sion, which separated

over night. After the enul sian epa.Qt ed, a_clear orange organic fraction
was col | ected and m xed for¢,one ypour~xi t hSi el (60 g). Solids were
then filtered out, and the mri pped of toluene in
vacuo resulting in a clear orange liquid with a viscosity of <100 cPs at
20 B | Lo et BTRR S ISR,
01505 42 (T bty ooty bogdihos g ik hagiDaghde 22 (0
2. Preparati g of h SSRGS I8 PRITRHIS wEknbRERERE L 4-neck round bottom

flask equipped with a condenser, mechanical mixer and ofl bath. The mixture

was stirred vigorously and the oil bath was heated fo 90°C at which temperature

the solids were totally dissolved.

[0036] Cinnamy! 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_isolated in a separatory funnel and washed four times with 20%

sodium chioride solution (200 ml each). As a result, the washes changed from

cloudy yeliow to hazy coloriess and the pH of the washes dropped from 12 to 6.

The last of four more washes (200 mi) 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 resutting in a clear orange liquid with a viscosity of <100 ¢Ps 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, 1.H), 8.30-6.42 (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).



NTO O O [0039] 3-Ethyl-3-hydroxynet hyl - oxetane (40.00 g, 0.3442 nole) and
m TM (69.43 g, 0.3442 nole) were conbined in a 250-m four-neck round
bottom flask equi pped with a condenser, mechani cal m xer, nitrogen purge

and oil bat, he reacty i I%gﬁg i Lrring and
heated to 65 3|81 t he oi%ltm‘%l'\tﬁi %egfr”%g‘f“g&g@é%%o‘% I bu %%iliraﬁé%ﬁ'aur ate was
added, thereby causing an exqthermc reaction which peaked at 125C. The oil

bath was renoved and the reac n tenperature dropped to 65C within 15
mnutes. At this point, the rehction was conplete based on the depletion of

the FT-1R i socyanate peak at cm-T. The product was then renoved from
the flask as a viscous col orl i guid; g, over time it crystallized
into a white solid with a mp. 8. -Phe ound had a viscosity of
14,000 cPs and a 30% wei ght | oss 7at] 200C as neasured by TGA. [0040] H - NVR
S 7.21-7.61 (m 4H), 5.45 (s, 1H), 5.29 (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 SH), 0.55 - 1.01 (bm
3H). [0041] EXAMPLE 3: Preparation of ethyl oxetane maleimde. O~ " ~~ wA
O\ ~/ _,0 O _0[0042] A 250-m 4-neck round bottom flask was equi pped with

a mechani calf%&i rrer, IREYMREFQYMevEPETER (HUPYe S3d2MAs28ddPt i on funnel .
6- Mal ei m degcapraoic acid (MCA r(25. 569%8 0,1213 m)I%) , 3-ethyl -3-oxetane 9
met hanol | ( 141055458, 5442 frgteo e RmBiRERHy F AL [YPTeR RN PR, 0. 0121

gg: 3) s 0?3? i E)%sﬂ%gt?lp e6d0 wim g cc\jArlxedreﬁseCr.h nalé&%gicgl%wi;[(gr,eniIrgg?esnkpug'geesal#dtdilrk])%thl. n a dark

The reaction was placed under nitrogen with stirring and heated te 65°C in the oil
bath. A single drop of dibutyltin dilaurate was added, thereby causing an
exothermic reaction which peaked at 125°C. The oil bath was removed and the
reaction temperature dropped to 65°C 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 coloriess
liquid; however, over time it crystalfized into a white solid with a m.p. of 52°C.
The compound had a viscosity of 14,000 cPs and g 30% weight loss at 200°C as
measured by TGA.

[0040] H-NMR: 8 7.21-7.61 (m, 4H), 5.45 (s, 1H), 5.23 (bs, 1H), 5.12

(5, 1H), 4.81-4.21 (bm, 3H), 4.05 (s, 3H), 2.15 (s, 3H), 1.55-1,85 (bm, 8H), 0.55 —

1.81 (bm, 3H).
[0041] EXAMPLE 3: Preparation of efhyl oxetane maleimide.

Q

O
o
| N
. 93 .

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



with a mnor anount of undissolved solids. The flask contents were chilled
to 0- 5Cwith mxing. A solution prepared from 1, 3-di cycl ohexyl -carbodii m de
(DCC, 25.00g, 0.1213 nole) and toluene (20 mM) was then charged to the
slowaddition funnel. The DCC / toluene solution was added to the flask
over 30 mnutes while nmaintaining a reaction tenperature between 10 and
15C. [0043] Stirring was continued for six hours at 10-15C after which tine
thin layer chiamabo@aaphkyodifimelhldimenyaigiobpians).s gd.emtesbighat both the
oxet ane and DCC were consunmed. The reaction was stopped and white solids

were filterednd tolusnkhsd meaveds eggedsioltie flask rediting in & bk gorltution sol ution was
washed three tines with an equi val ent volune of a saturated sodium

bi carbonat e withkuhihemmolok vimeissslged dudids. SThd fzpk dofitesmishectieadd Con i n vacuo
and replaced with a solution of ethyl acetate and hexane (.1/1 by volune). A
chr omat ogr apBsC witle hixiay. Wasolttherpregaréd frend 1t3edicyeihakg-carbqdiahide C®e anount of
a clear yellowoil with a viscosity of 270 cPs. The conpound had a wei ght
| oss of 15% &5.0260CIZA8 moleleswrteldets/(2T @Y. wisObdathddied\ivihe 8l06-28Bitips, 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. igneimTheH)GC Atokbna salttiqwasdded @ 188 flagk 9&r B8 miBkys whiB045]
EXAMPLE 4: Preparation of nmethyl oxetane maleimde. N 11 O O[0046] The
starting comy@ni@ning e regating fertesatuiedeiwdesiifiand 158C. mal ei ni docaproic chl ori de
having the structure 10 0 0 O ) ) .

[0043] Stirring was continued for six hours at 10-15°C 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 200°C as

measured by TGA.

[0044] H'-NMR: 5 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), 1.41-1.41 (m, 4H), 0.83-

0.85 (t, 3H).
[0045] EXAMPLE 4. Preparation of methyl oxetane maleimide.

O

0
o X
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0

[0048] The starting compound for methyl oxetane maleimide is

maleimidocaproic chlaride having the structure
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and prepared as follows: A 500-nml4-neck round bottom flask was equi pped with
a- condenser, nechanical m xer, thernoneter, and hot oil bath and then
charged w th nal eirnidocaproic acid (MCA) (40.00 g, 0.1896 nole),

di ret hyl -formam de (3 drops) and toluene (125 nm). The flask contents were
heated to 85C and m xed wuntil all solids were dissolved. Subsequently, the
hot solution was decanted into a simlar flask fitted with a nechani cal

m xer, bubbler, slow addition funpel and ice bath. The reaction sol ution
was then chilled with m xing. [0§47] Oxalyl chloride (36.09 g, 0.2844 nole)
was added to the reaction flgSk wia slawaddigion funnel while maintaining
a reaction tenperature of 5-1QC Neol ow ng tlhe oxalyl chloride addition
the ice bath was renoved and t reaction was allowed to warmto room
tenperature. As the reaction tenperature increased, the bubbler indicated
that gas was being generated. The reaction was |left to m x over night

resul ting inang pfﬁfa\redias foliemd:; 5004} 4hieciv@sunt Betort @8k wRtquipbed aith 11_
si ngl e-neck round bottom flask and stripped of toluene under vacuum Tol uene

(200 M) wasa tdiriBnestdaecHanichinaixdr| thsknonedersard Hap ol bathaee tHeh @RS gb® r educe
acidity. The product was. mnal ei m docaproic chloride. [0048]

3- Met hyl - 3- oxgi ragleintigddagiotd add(®IC3H (49.000g, DB8IB66 malle)) dimethylifetmnideine (19. 19 g,
0.1896 nole), 4-dinethylam nopyridine (2.32 g, 0.0190 nole) and

di chl or onet hirogs) @hd folmdne (WS @l).c Smbilask dontanta weBhaualst-in 861C araiunided bot t om f | ask
equi pped with a magnetic stir bar, slowaddition funnel, drying tube and
ice bath. A uititalbgpdids paregiissatysd. uSugegurntly, $ kod eclution wasedacanied itm t he fl ask-
The reaction solution was then chilled with mxing to 10C and a sol uti on of
mal ei m deocapsiviier ifsk Gitetiit @ Beghagicalonizeo Bulvhisr edlow-addimifuriist @i dr onet hane was
added at a rate slow enough to maintain this tenperature. 11 [0049]

Fol | owi ng t hiee Bakhi fThefeactigfesaldisn ves Hgn gavRd WibWAISol uti on was i xed at room
t enper at ure qver-ni ght. yer chraonmat ography (1/1 vol .,

Thi n- | hyl
acet at e/ hexaf&§"li ndi cat%’ylﬂ 1?!3?“ 8-0%LA K481 “@Sﬁﬂpﬁt@ﬂﬂf’a@éﬁﬁ%‘nyt he

flask via slow-addition funnel while maintaining a reaction temperature of 5-10°C.
Following the oxaly! 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
1L single-neck round bottom flask and stripped of toluene under vacuum.
Toluene (200 mi) was then added to the flask and stripped three times to reduce
acidity. The product was. maleimidocaproic chloride.

[0048] 3-Methyl-3-oxetane methano! (19.36 g, 0.1896 male),
triethylamine (19.19 g, 0.1896 mole), 4-dimethylaminopyridine (2.32 g, 0.0190
mote) 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 o displace humid air within the flask.
The reaction solution was then chilled with mixing to 10°C and a solution of
maleimideoccaproic chioride (43.4 g, 0.1896 mole) in 25ml dichioromethane was

added at a rate slow enough to maintain this temperature.

11



depl etion of nal eim docaproic chloride. Wite solids were filtered fromthe
reaction solution which was then washed four tinmes with distilled water (300
m each). Methylene chloride was stripped fromthe reaction solution via
roto- evaporation and replaced with an ethyl acetate/hexane solution (2/1,
respectively, by volune). The dark brown sol ution was then passed through a
colum of silica gel to purify. Next, the solvent was stripped in vacuo
resul ting in0o&gicl ear dicdiogiag fhecdidiibn the resalting gark rawn swlutidb®asPs. The
conpound had a weight |oss of 8% as neasured by TGA. [0050] H-NVR 5 6.65
(s, 2H), 4. 45ixedat @6 tedhpBrbti(al pveridjght. 4ATHoGlaysy, clediatogrape1sl 81, (m 2H), 2.31
(t, 2H), 1.45-1.65 (m 4H), 1.16-1.29 (m 5H). [0051] EXAMPLE 5. Preparation
of styrene cethiacelate/reang)lindicatadthat the (¢aCitD \rs ¢oDUHRe basadanths - 3- oxet ane

nmet hanol (20.00 g, 0.1958 nole) and mTM  (39. 49 ? 0. 1958 nmole) were

conbi ned i n deSOn o Wﬁmﬁﬂ@@@lﬁm&ebwm*@ﬁpﬁq%@@ iéaged fipadhani th a
condenser, mechani cal m xer, thernmonmeter, nitrogen purge and oil bath. The
reaction wasregrtine@uliagwhichiwas dparvashehioss fimes W élhfd!eﬁéfat%@qﬂdnbsc in the
oil bath. A single drop of dibutyltin dilaurate was added and within 5 hours
the reacti one%@g Maipllanechipide was piriprss fEar Big reactiph golition vig fddscyanat e peak
(2254 cn). The product was then renoved fromthe f|ask as a col orl ess
liquid w the@prgiadiepand Sﬁplﬂce‘?i"ﬂﬁ)é@e‘é‘PﬂsacetPFF‘éh%H%B‘ﬂW@”H%{a a 19% vvel ght | oss
as neasured by TGA 1.2 5 5. 45
(s, 1H), 5. 3@8%4%@%%”0'%163 ‘?%%?ar& fgjoin sphfar (va%ﬁ“eﬂ pﬁﬁsedth@géf(% 1H, 412
(s, 4H), 2.21 054] EXAMPLE 6.

Pr epar ati on 8?"5"@'? ﬁi?hﬂcﬁgﬁ By i@eﬁ%@%l 538’8”'[%38 S?fr'pp(egrp vt resuiRS S

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 6.85 (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.
E ;; H
Nj.ro\>©0
0
[0052] 3-Methyl-3-oxetane methanol (20.00 g, 0.1958 mole) and m-TM!

(39.49 g, 0.1958 mole) were combined in a 250-ml 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 18% weight loss as

measured by TGA,
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|Au_~6 0 [0055] 3-Ethyl-3-oxetane nmethanol (55.58 g, 0.4783 nole), acetone
(120 m.) and triethylamne (48.4 g, 0.4783 nole) were charged to a 1L,
4-neck, round-bottomflask equi pped with a nmechanical m xer, thernoneter,
nitrogen purge and slow addition funnel. The flask and contents were
chilled in an ice bath while m xing and purging with nitrogen. Meanwhil e,
nmet hacryl oyl chloride (50.00 g, 0.4783 nole) was diluted with 92 nlL of
acet one. ThelQ088LI ti ng HoNMR: d7.61 (aelél)théh(schir §48 (3.9 HHe3hdai thon f unnel
nounted on the flask. The nethacryl oyl chloride solution was sl owy added
to the react BJR (81 EHK4-Ghim 1:*?&4%3%@3!11’ ). &4 12(e40i 4! tSedpbridtdb® of <10 C.
The sl ow addition of the nethacryloyl chloride solution |lasted two hours
and forty ni Atb&95-H3% (9 ¥His tine, the clear colorless- solution changed
to a pale gold mxture with white precipitate, The mxture was allowed to
mi x over ni ght®%&¢ r oom tE%MPh?Qr@eg?@t'@Bﬁf E%Wgof‘%tﬁ'l‘%weﬁ@mﬁ(ﬁt% ng, the white
precipitate was filtered fromthe 1.X, leaving a dark red-brown sol ution.
Met hyl hydroqui none was added to th sol utjyon at -1000 ppm and the acetone
was stripped. The resulting thinbr (quid was then dissolved in 100 niL
met hyl ene chl oride and washed fiv@gftin@s J 200 nmL of a 5% sodi um
chloride solution. This was foll owkd by t ter washes of 300 nL each.
The resulting pH was 9. Another 1000 ppm of nethyl hydroqui none was added
to the solution and the nethylene chloride was then stripped. The resulting
dark |iquid yassihen di 5s@yvedxdthhhBirbnAcHia £ 0.347@3%_} &@kdHei On was run
through silica gel (5 tbsp) in a glass Buchner funnel. The 13 sol vent was
stripped fromdohaLcarRaretRfiaNBE (B §10.4m3 hesd) vidrd thdrfePto@ Bak-nBEEWN  product .
To renove residual solvent, air was then bubbled through the product
over ni ght .  Theurstyotemtzek fuibgeidsvitar itedhamoa mikdtUuhermaseteonifrbgered by NMVR and
determ ned to be -93 nole % pure.

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 resuiting solution.
was then charged to the addition funnel mounted on the flask. The methacryloyl
chioride solution was slowly added to the reaction flask while maintaining a
reaction temperature of <10 °C. The slow addition of the methacryloyi chloride
solution lasted two hours and forty minutes. During this time, the clear coloriess-
solution changed to a pale gold mixture with white precipitate. The mixture was
alfowed fo mix overnight at room temperature.

[00586] The following morning, the white precipitate was fillered from the
mix, leaving a dark red-brown solution. Methyl hydroguinone was added to the
solution at ~1000 ppm and the acetone was stripped. The resulfing thin brown
liquid was then dissolved in 100 mL methylene chioride and washed five times
with 200 mL of a 5% sodium chioride solution. This was followed by two water
washes of 300 mL each. The resulting pH was 9. Another 1000 ppm of methyl
hydroguinone was added to the solution and the methylene chloride was then
stripped. The resulting dark liguid was then dissolved in ethyl acetate and the

solufion was run through silica gel (5 tbsp) in a glass Buchner funnel. The
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[ 0057] EXAMPLE 7. Performance. In order to assess the suitability of the
oxet ane conpounds as substitutes for epoxy conpounds in an adhesive

formul ation, a control adhesive formulation was prepared to contain the
conponents shown in Table 1: [0058] Table 1 Control Adhesive Formnul ation
Conmponent Source Weight % bisnmaleimde proprietary 51.8 dinethacrylate
SR248 from 26.0 Sartomer tetraacrylate SR355 from 13.0 Sartoner epoxy
proprietary FoBenty@ssiipged framtheiclear drendedgbiion esuitigaina Beariow Nobel

i m dazole ZCN from Al drich 0,4 [0059] The ropr| etary bismal ei m de resin has
the fol | ow n@r%UPthﬂIPE‘OYWeSWH?'@Q'VEB aif §’a%1 heg wBPIsE Hireye the Piodkcl esi due of

ooy ek e oy b B e e s el R 7P o
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 praprietary 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 Nabel
imidazole ZCN from Aldrich 0.4
[0059] The proprieta}y bismaleimide resin has the following structure in

which Cag i57a 36 cartidn chain, the fesidie of dimer diol:

O A O
0O
! N/W\[r \CSS/O\H/\/\/\N l
0 0
0 0

{0080] The proprietary epoxy resin has the following structure:
f’
0
O O
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14 [0061] The oxetane conmpounds from Exanples 2, 3, 4, and 5 were
substituted into the fornulation at the sanme wei ght percent for the epoxy
resin. The thernodynam ¢ and kinetic properties were nmeasured by DSC and
conpared to the control fornulation. The data are reported in Table 2 and
show that the major curing peaks for all five fornulations are simlar and
exothermc. A mnor peak follows the major peak in each case; however, the
m nor peaks #0681} snal | Thetdxetahe cbreptund$ frpo [Bxempleg at 3, dnanvhb weee r angi ng from
only -8 to -32 Joules/gram These results suggest that relative to the
control, thesthstiwtddiniodmesfornpiiationtah hecrame Aot perpent it sherrevvtasimor e

Cross- I|nk| ng at a |ower tenperature. [0062] Table 2 Kinetic and

Ther modynani ¢h@thepeedinamicand Kietinpraperdgsowergimessiepdky DaR@Ndi t h oxet ane

Fornmul ation Cure Tenp H A Cure Tenp HA with: Peak # 1 %/g) Peak #2 (J/ Q)
C C Epoxy 95conmpges igthe ggntrotigrinwiaionOdee sata age reporged in Jable andshawpl e 2

Oxet ane 93 -282 149 -8 exanple 3 Oxetane 94 -271 165 -32 exanple 4 Oxetane
94 -280 153 ﬂ'@ﬂ“%&%ﬂ&ﬂ”@“%ﬁfﬂﬁ@@?}]‘?‘“ Eyeiomniations Afe Sirails 3Ny BXTEATRISE oY | on for use

as a die attach - ) , )
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 promoté maore 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 (Jlg) Peak #2 {Jig)
(°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
exampile 4
Oxetane 94 -280 153 -14
example 5
[0063] EXAMPLE 8. An adhesive formulation for use as a die atfach

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 {nstruments
System 552 die shear tester. The curing time and temperature for the adhesive

and the die shear strengths are reported in Table 4.
15



was prepared to contain the conponents as shown in Table 3. A set of die and
substrate assenblies (Ato D) was prepared by attaching 120 X 120 m |
silicon dies to netal 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 fromthe substrates using a

Royce | nstrupgsis Syst nd e 6t siehdie hiPdBhiratd R8s SHBILEYE kW AR and
tenperature (‘%r ]t he adh’gg%c\?e SandSt he cli?e shegrrats{%rséngt hsqar en?eported in

Tabl e 4. 1-5,h00RAkreh iFBeBReTRly, Moetithdteas: dir€oriHd N pRld #egiassenbl ies (E
to H was prepared in the sane way, except that after cure on the hot

plate, the daRi siRait RSB Rad SHHEEMNAS CSRPIERRE DR shébCatfdigtnl6 hours.

Di e shear strength was tested on a Royce Instrunments System 552 die shear
tester. The @u$is8gd dnidRoy@Bdhdt@mRaldybicam S521did Sifaftiies] VRe aivthg he die shear
strengths are reported in Table 4. 16 [0065] Table 3 ADHESI VE FORMJLATI ON
COVPONENT  \\EtifgkTandGenipesatiedbithel editBive and tierii@shdax singrigthstarp eépofiedt adi ene) 4.0
RI CON product# di methacrylate 10.0 SR248 from Sartonmer tetraacrylate 5.0
SR355 from SarTablener
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oxetane 3.0
Nobel
Toagosei
Packa e

oS

Condi ti ons DSS

from Exanpl e 2 peroxide initiator 0.5 RerkadoxaE-from Akzo

irnidazole 0.1 ZCN from Aldrich surfactant Fluowet OIN 0.2

from

i ca silane adhesion pronoter 0.3 Wtco silica filler from

56.9

VAN VA~ S iy o100

Fa¥

4

n

[ 0066] TabI e 4 Die Shear Strength Assenbly Cure

A
I'\WOC‘J

A0
oU—-S€€t I

POC 2.5 C 10 sec 120C
100C 7.1 G 30 sec 100C

bl e commer ci al

P.? VHAT | S CLAI MED:

3.5 D 30 sec 1?8834r9 ”A&Q § ot B: O:F 20 sec
6.6 H 10 sec 1'npﬁ = rVT’{ﬁ-UrJ me—tata SO e t
performance of tﬁnj ?Qﬁgulatlon contalnlrgw%gﬁpa°e.
bismaleimide 20.0
same as Example 8
poly(butadiens) 4.0
RICON product # 131/MA10
dimethacrylate 10.0
SR248 from Sartomer
tetraacryiate 5.0
SR355 from Sartomer
oxetane 3.0
from Example 2
peroxide initiator 0.5
| Berkadox-16-from. Akzo Nobel
imidazole 0.1
ZCN from Aldrich
surfactant Fluowet OTN 0.2
from Toagosei America
sliane adhesion promoter 0.3
Witco
silica filler from Package Care 56.9
[0066]
Table 4
Die Shear Strength
Assembly Cure Conditions DS§
{KgF)
A 20 sec @ 100°C 0.4
B 30 sec @ 100°C 25
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 7.1
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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1. Anethod for attaching a silicon die to a substrate conprising di sposing
an adhesive between the die and the substrate and curing the adhesive with
heat in which the adhesive is a curable conposition conprising: (a) a
conpound represented by the formula R RZ{E OO0, XY oorl Oor in which
Rl is an ethyl or nethyl group R2 is a divalent hydrocarbon Qis a

di val ent WHAT é8 BUXIMBD:and Y are i ndependently a direct bond, or an ether,
ester or carbamate functionality, provided that X and Y are not both direct
bonds, and E is a styrenic, cinnanyl, vinyl ether, naleimde, acrylate,
fumarate, or mal eate group, (b) a curing agent, and (c) a filler. 2. The
nmet hod according to claiml1l in which Eis a naleimde or cinnanmyl group. 18

1. A method for attaching a silicon die to a substrate comprising disposing an
adhesive between the die and the substrate and curing the adhesive with heat in

which the adhesive is a curable composition comprising:

(a) a compound represented by the formula

R1
Q RZJ—E
Oy\x/{ \YH Qor1

Oor1

in which

R' is an ethyl or methyl group

R? is a divalent hydrocarbon

Q is a divalent hydrocarbon

X and Y are independently a direct bond, or an ether, ester or carbamate
functionality, provided that X and Y are not both direct bonds, and

E is a styrenic, cinnamyl, vinyl ether, maleimide, acrylate, fumarate, or maleate

group,
(b) a curing agent, and

(c) afiller.

2. The method according to claim 1 in which E is a maleimide or cinnamyl group.

18



