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sol der connection between the circuit board and the CSP/ BGA/ LGA often
becomes suspect. Recently, after a CSP/BGA/LGA assenbly is nounted on a 10
circuit board, the space between the CSP/BGA/ LGA assenbly and the circuit
board is often nowfilled wwth a sealing resin (often referred to as
underfill sealing) in order to relieve stresses caused by thermal cycling,
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5 BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to thermosetting resin
compositions useful for instance, in mounting onto a circuit
board semiconductor devices, such as chip size or chip scale

10 packages ("CSPs"), ball grid arrays ("BGAs"), land grid
arrays ("LGAs") and the like, each of which having a
semiconductor chip, such as large scale integration ("LSI")
on a carrier substrate. The compositions of ‘this ihvention

are reworkable when subjected to appropriate conditions.
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Brief Description of Related Technology

In recent years, the popularity of small-sized
electronic appliances, such as camera-integrated video tape
recorders ("VTRs") and portable telephone sets, has made

20 size reduction of LSI devices desirable. As a result, CSPs,
BGAs and LGAs are being used to reduce the size of packages
substantially to that of bare chips. Such CSPs, BGAs, LGAs
improve the characteristics of the electronic device while

retaining many of their operating features, thus serving to



However, since thernosetting resins are typically wused as the underfil
sealing material, in the event of a failure after the CSP/BGA LGA assenbly
is nounteq A8 circuit board, it is very difficult to gapi@¢esdhe 20
CSP/ BGA/ LGA assenbly wit hout destroylag or scrapping the structure inits
entirety. To that end, techniques for nounting a bare chip on a circuit
board arepaoteptedemicsuﬁutantibhk¢ shipbkar stich tbelLsagnt kng of a

CSP/ BGA L&A, ggg%ytggE?nﬁtEhEE%FE board. 25 One such techni que, di scl osed

in Japanese i cation No. 102343/93, involves a
mount i ng process wherdinarhive &hepCPP/BrREECAndssenhast é¢ tonaecitedui t

board by géeele&tgleagteeaaa@k@rédeﬁsbvgarwngﬁebob@dtB eweni o, failure,
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failure, I's removed fromt bstrate tening the
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ere
subst r at e *¥hlls Ot RENdFEEFHEET BPO@@SEHB rgﬂi&b§§ﬁaﬁﬁgénﬁpepé 5 A& poi nt ed
out in JapahéseeclatdeEpen Bateet b?ubheemhuoﬂyNQan@ZZGﬁEQébylt is
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boar d. F%@%x591ﬂé %Ft 8£¥§ﬂ P%gPe%gg?% E} ?o vgﬁPClg JatPfne consum ng
prdéess aﬁ@l@hblé@tvoéfvéhérgamuctaﬁed ordinarily 10 used as the sol vent
may reduce the religBbiky ofjhbe tﬁbﬁ Fétggﬁﬁd egﬂﬁ%egggt% Ecﬂbﬁ%‘osure

speaks to a nmethod. for renoving resi resi y irra
eIectronaﬁﬁﬁﬁl@SrEE?aPP@ﬁrflll seallng materlal in the event of a

failure after the CSP/BGA/LGA assembly is mounted on the
circuit board, it is very difficult to replace the

20 CSP/BGA/LGA assembly without destroying or scrapping the
structure in its entirety.

To that end, techniques for mounting a bare chip
on a circuit board are accepted as substantially similar to
the mounting of a CSP/BGA/LGA assembly onto a circuit board.

25 One such technique, disclosed in Japanese Laid-Open Patent
Publication No. 102343/93, involves a mounting process where
a bare chip is fixed and connected to a circuit board by use
of a photocurable adhesive, where, in the event of failure,
this bare chip is removed therefrom. However, thisg

30 technique is limited to those instances where the circuit
board includes a transparent substrate (e.g., glass) which
permits exposure to light from the back side, and the
resulting structure exhibits poor heat shock properties.

Japanese Laid-Open Patent Publication No. 69280/94

35 discloses a process where a bare chip is fixed and connected
to a substrate by use of a resin capable of hardening at a
predetermined temperature. In the event of failure, this
bare chip is removed from the substrate by softening the

resin at a temperature higher than the predetermined



Japanese Lai d-Qpen Patent Publication No. 15 251516/93 al so di scl oses a
nmounti ng process using bisphenol A type epoxy resin (Cv5183 or CV5183S;
manuf act uywechiPM7egMat sushita El ectric Industrial Co., Ltd.)pcmhidveMsens the
removal process so disclosed does not 3consistently permt easy renoval of
the chip, the curing step is lengthy at 20 elevated tenperatures, and the
process gEABPErfyuresul HewpHerpg? Spesthfcid iasin dfs ahigakosarhe ad cal

met hods oéhefsnpylﬂg/aﬁsbaébﬁgessﬁbﬁenéyéaeinghtﬁé fromopnhacgubstrate are
known, such as cut 25 renoved/ repl aced. See U. S
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for use Dbasseimcomdueter chip attachnent. See U.S. Patent No. 5,783, 867

(Bel.ke, Jr.). Howev h |astic resins. .tend t under
relgtlvely nodest t%%p%?gﬁg?é %%Eg?? gan§ﬁelﬂa%gn693§t8 %ﬁ@ nosetting
resins cubPeblhcationalNei x7RAEEN94or Utndsi bynhenbigneat ko ttheraml stability

under endsgfeenepeea&éaavéegesga?aiefeskésfrgatsn& %gabggb§%§d613

(Af zal i - Ar dakani ) zal | - ani (Buchwal ter),
each 35 FeY¥erexo %W?%%bﬂﬂaﬁh@ rReiAoYeERCcaNpS VeRbnibasedive a di epoxi de

conponent cofiswhisy phecesganha thékbGQrBBi@éYorQQﬂﬂéCébﬂQ bbélh&elgpoxy
xi de_includes an. acid clea ab) e cetal group.

s of _the die
VVﬁﬁpsuchuﬁﬁgdas gg%vﬁBFgeﬁ y@ﬁycrﬁgﬁFﬁltB?oﬁﬁ 1¢ Fﬁ?ﬁé Pﬁe 8ses of the WO
01/ 74798 CH¢WS01Hb68624 Incecwsdkabhetcdipososiuna, spegksetdot hemaoreld need

only be r o] : i i£gn in,order achi eve softening
anda | ostobr PoeRing Cr BB AGE FolTH b0 TRl Rr SRR bR 5T 16
( Kuczynske}earpsomaose bdg, p8diakierynski), each refer to thernDsettlng

conposi ti ons Capab'@ﬁﬁgnégé'ﬂglapéﬁeEXPQ§Hﬁ€ b9b§§ééﬂh8nrﬁg'at'0” whi ch
are _based_on ac?tal acr% ates and acetal diepoxid resgectlvelid and

|
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crossllnhﬁ éggﬁféatﬁl rlc fngugtrlal Co., Ltd.). However, the
removal process so disclosed does not consistently permit
easy removal of the chip, the curing step is lengthy at
20 elevated temperatures, and the process generally results in
poor productivity.

Of course, mechanical methods of
removing/replacing semiconductor chips from/on a substrate
are known, such as by cutting the chip to be

25 removed/replaced. See U.S. Patent No. 5,355,580 (Tsukada).

Thermoplastic underfill resins are known for use
in semiconductor chip attachment. See U.S. Patent No.
5,783,867 (Belke, Jr.). However, such thermoplastic resins
tend to leak under relatively modest temperature conditions.

30 In contrast, thermosetting resins cure into a matrix which
ordinarily have greater thermal stability under end use
operating temperatures.

U.S. Patent Nos. 5,512,613 (Afzali-Ardakani),
5,560,934 (Afzali-Ardakani) and 5,932,682 (Buchwalter), each

35 refer to a reworkable thermoset composition based on a
diepoxide component in which the organic linking moiety
connecting the two epoxy groups of the diepoxide includes an
acid cleavable acyclic acetal group. With such acid

cleavable acyclic acetal groups forming the bases of the



created between a semi conductor device and a substrate to which it is
attached. These resins are produced by reacting a dienophile (wwth a

functionalyigyAfater than 1) with a 15 2.5-dial kyl subst|Ptctglt,@§gl/08624
furan-containing polyner. International Patent Publication .
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conpoundsdimwgie?eerm%@@c*c)XMboam 1t¢mlag@1$ reoducosposi vhboks dased on

such COWeM&%M&E‘i@dﬁr@ﬂ@@et%{ |1y deconposabl e

n5>05| tions capabl e of being reworked. Notvmthstandl ng the state of-the

artt? it would be 35 JesPredie ¥or an’ehd®tTi (Tyel seafenry Baterial to
provi de gﬁ@éirrﬁﬁpwcﬁéW¢i]yabléleéf@és§m%daf@sﬁ@§hi@l §ﬁ118£ﬁ58§a absor bi ng

t ng the, substrates with is to be used to
B(raOIrOg;d: N %%%‘%?%%ﬂ”%% %a%‘?‘f”yco%%b%t?%]f F Y1 %née?n %%%EE?B? TRvi ce
wi t hout applaltatt s odt VR0dd 74 7818 RCTH 4S04 %ﬁé@r&dﬁ@@%eﬁrrﬁ@@ctm@l tions
t hat o) egr e ctor vi ces. remai ni ng
on the. subeTTaRPiERL ¢ pBrl Ch B8 el ond ey IR SRR PEREn Y 600 B
ded?rabl €2 tTr dirldur Hesuhril tuthed efuranworte i tasedl yhean epoxy mat eri al

5 for reworkabilityrihaindByoRe PbopatediyopLeadh |y, available and
i nexpen5| ve /startl ng materials. SUMVARY OF THE I NVENTI ON The present

i nventiorf HrRpsRtt i Hy @ 1R ERrTeEbipdsTes b, CORPeHL F FeR udes
broadl y acacpu}ﬂlbi &f 68¢4dling underfilling between a semiconductor

device including a semiconductor chip mounted on a carrier
20 substrate and a circuit board to which said semiconductor
device is electrically connected. The composition includes
about 100 parts by weight of an epoxy resin, about 3 to
about 60 parts by weight of a curing agent, and about 1 to
about 90 parts by weight of a plasticizer. Here, the area
25 around the cured thermoset is to be heated at a temperature
of about 190 to about 260°C for a period of time ranging
from about 10 seconds to about 1 minute in order to achieve
gsoftening and a loss of much of its adhesiveness.
U.S. Patent Nos. 5,948,922 (Ober) and 5,973,033
30 (Ober), each refer to a certain class of compounds having
tertiary oxycarbonyl linkages, and compositions based on
such compounds, which when cured provide thermally
decomposable compositions capable of being reworked.
Notwithstanding the state of the art, it would be
35 desirable for an underfilling sealing material to provide
good productivity, thermal shock and mechnaical stress
absorbing properties, while allowing the substrates with
which it is to be used to be readily processed and easily

separated from a semiconductor device without application of
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| i nkage sel ected from oxiranes, thiiranes, and conbinations thereof,
substitutgg AmsRs | east three of the substitutable positﬁqﬁ?ﬁgqmﬁﬁg

oxi rane and/or thiirane 15 carbons, respectively, with an al al kenyl or
aryl substituent having a carbon content of one to about tmelve car bon

at oms, wi EROOPXRFERGUECHABSEPNGt bAtomaynromproniice the dmeegrimy of

het er oat Oﬁﬁeogem&@gauétoés GRRRLERT hahBindRd o ¢ RRAGSH LYW RN
i ncl udi ng anh dri.d ﬁ% nponent,_ a 20 nitrogen-containing conponent such
S,

as am ne SPgﬁiﬁa Eoﬁﬁﬁﬁ &R 88945APBuUNdS, W&N&ﬂobﬁ fiegdzaibd ec @pounds, or
conbi nat i pesvtHer sakth Eh&aﬁé&ia&twhﬂ%@ﬂh@oha@bﬂpo&r@ﬂ(#?%x@oﬁékerlal

die OXIde ﬁon%g%gkgg ? g t he structures are 25 descri bed
in detail “herern RALIGK SPodule F PHESETE 5?“&F@ﬁ§léﬁé capabl e of
softeningauﬁdéﬁbégpasdrenEapeheuaEedtaeMpegamater1admd|t|ons, such as in
excess of the tenpertures used to cure the conposition. Such tenperature
exposure provides 30 the reworkabl e aspect of the reaction products of the
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by one or more heterocatoms or halogens, as appropriate; and

a curing agent component including an anhydride component, a
20 nitrogen-containing component, such as amine or aza
' compounds, amide compounds, and/or imidazole compounds, or
combinations thereof.

The present invention also provides novel

diepoxide-containing compounds, the structures for which are
25 described in detail herein.

Reaction products of these compositions are
capable of softening under exposure to elevated temperature
conditions, such as in excess of the tempertures used to
cure the composition. Such temperature exposure provides

30 the reworkable aspect of the reaction products of the
inventive compositions. The remaining components, discussed
below, provide the physical properties and characteristics
for the compositions and reaction products to render the
compositions attractive for commercial use, particularly in

35 the microelectronics industry.

The inventive compositions are useful as an
underfilling sealing resin, and enables a semiconductor
device, such as a CSP/BGA/LGA assembly which includes a



10 remai ning functioni ng sem conductor devices still electrically
attached) and thereby achieve an inprovenent in the yield of the

producti oy gy1PGassS. and a reduction in production cost. @ﬁqﬁr]gg;szgti ons
of this invention may al so be 15 useg for m croel ectronic applications
beyond sealing wunderfill, such as with glob top, die attachrrent and ot her

appl i cat i s881ionduiesom sbtip mPuUaGEdo It j20 S rritdre suberefittes ard kedvant ages

of the pr i ll, be r i aftern a reading
20 of the%'%%graellpg&%%tgggﬁeq |ton't'a ?elcqﬁug‘r% %(?&ﬁ bl?;ywlgﬁ t%rltme he%r es. BRI EF

DESCR! PTI eqreﬁgTﬁEdDWAWNeSOﬁl BrofugEsivity -a @@@ﬁi@bmr@wwﬁ o $Hni ng

an 25 examkr%nctflvteh@owtﬂta@n%t HeGon=® ralt VG 1tk @ﬁa@%@f&dwg resin

t f h FI G t fl di
of & pr oc 8PS 68k P oo PPETEK o FETH CEREMASSE 9Ty CFodich HeoSBaD on | 1

accor danceewoiviedt ieropr éhent irawent bma,rds@yaiotdam&:m\/eleata@lgsam conduct or

devi f b ttached. FIG 3 d t
2 TaA cur TG ol ot e et Lo Sereanit TOr T GO S TSRS Baks 1 Hiionene.

di epoxi dethesgvansg) ofw@m@@@dwrtom d@VSCGP@tIemomt@,erf&me( oer) 35
and 5, 9737833 (ehew) (¢l E@s%)lm%ow&%h@ ¥Ryl x%%% b@a%wwrﬁecthe

dic cI oal i phati ¢ ester (ERL 4221)(closed square) conmerci a
avail abl e T8MG-p gy Euae éPnéflgV\Be@}FP%ﬂ@@tP@rﬂ@SGP%mn? bi sphenol F

epoxy resilecBEié841$) (aasztaehleak) AneU @@ reibhh aath i e e i1gHprevicmRgragent .
FIG 4 dep_lhcts alTGAfc g%?e cured reaction products of ,conposi tions
based on t8FpYAEHE & S‘ 8506?31 (G0 PEPCeESFBIthE FRAUSE 1We 27922 and ' 033

patents (pﬂfpdlu_e):;LoEngo&ml (cl osed square) and RE-404-S (asterisk), cured
wi th an anhydride Ch P!n%o%%ggﬁtlgﬁg 5% g%ﬁ'caiv%ﬂEQ%np%{g'aS% C%Jed

reaction products o sitions bas on '1norene di égoxi de and RE- 10
4045S at Yeefefeist mﬁ&ﬂf@@ée%mme @@@lsceézgto@ra deyoncursedling

underfill, such as with glob top, die attachment and other
applications for thermosetting compositions.
Other benefits and advantages of the present
invention will become more readily apparent after a reading
20 of the "Detailed Description” section together with the
figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a cross-sectional view showing an
25 example of the mounting structure in which the thermosetting. -
resin composition of the present invention is used.

FIG. 2 depicts a flow diagram of a procedure
useful to rework a cured thermosetting resin composition in
accordance with the present invention, so as to remove a

30 semiconductor device from a circuit board to which it had
been attached.

FIG. 3 depicts a TGA curve of cured reaction
products of compositions based on limonene diepoxide
(square), Compound XVI of U.S. Patent Nos. 5,948,922 (Ober)

35 and 5,973,033 (Ober) (circle), commercially available
diepoxidized dicycloaliphatic ester (ERL 4221) (closed

square) and commercially available diglycidyl ether of



wi th an i m dazol e/ di cyandi am de curing agent. FIG 6 depicts a TGA curve of
cured reaction products of conpositions based on |inbnene

di epoxi deyigfn#4s S (circle), Conpound XVI of the '922 angcf&dioghents 15
(square), ERLﬁ§221 (di anond) and RE-4G4-S (asterisk), cureéj h an

i m dazol e/ di cyandi am de curing agent. FIG 7 depicts a TGA curve of cured
reacti on bpepdevpd &f eporposiesiondREaddd -8n (gatee-ite) pi cereddiwdpbXiate and

RE- 404- S e nd RE-404-S (asterisk), 20 cured with an
inidazole%h gBEE %a%& : %L%?ﬁ %agent FIG 8 depicts a TGA curve of cured

reaction products EﬂGeoﬁpé§PﬂP§ﬁsab3§@d0@ﬁvgaﬁﬁaﬁvéﬁ§|ﬁ@ﬁ@tlon

d'epox'debBEdﬁ@ﬁsSoECbbﬁb@bat@%ﬁ@o%ﬁ@e&VanEeE@Qne%%zd?%ﬁox1@%3 patents
| anon an

square), ERL 42
( qgazoleﬂﬁﬂBﬁﬁﬁﬁ %PH@OB& Ay tag the FPE2 Qnéeppéﬁspét?@ﬁscurve of cured
reactlon (piodlel s ERchupqsubuoaedbaqadx@n eRidhRE @wagpaab@ém&@&) di mer

di epoxi de ﬁgg 1%84a§ aty g %%rgguﬁﬁgbl%%e %nd RE- 404- (asterlsk) cured

with an an € curing a EEplcts a TGA curve of cured
reaction products §LGeoApdstiictms abdSéd cumrvee iy cucyd opextadnene di ner

di epoxi de QBH&%k@)ofCQEEEBQQt§¥hsOEa%Qa 0%2%1ﬁ%9egg3é1e5%&ﬁﬁks ahRa%ae) ,
ERL 4221 {(di anond) (asterisk), anhydri de curing

agelt . 35%PACE &t dépifersnk Tekiesnvenss REufl4 -Sedestenisk odgbredof
conposntlwmshbaﬁedm@aa@bn¢Vag@9anaQahQaaeaarlﬁgeagéh@e and RE-404-S at

different ratios, and RE-4 ast cured with an anhydrlde curing
agent. WD 01/ 74798 %gf/uéo%Fﬁééﬁ% %E?GFhffedQ cigeqd ¥ERCEIPPe of cured
reaction ppeddattsodf comppesictiboss baasdd oan létbylnde dd epoxiderBEe 404 -

g evoxtdealssclel) ComMPIA P Wioh e b 932,200 133 pabents (sauar).

ERL 4221 dlanDn cure an anh curing agent.
FId5 13 dégqéﬁgeé TERLcARva dHicmead) réadtR@n40ﬁrde@sse@ﬂsk@npagmedons

based on gopal 28PeNiHE ~8h¥yHd¥L andlBRE GRNEuREN04engt, different ratios,
and RE-404-S (asterlsk) cured with _an anhydride curing agent.

FI 7 depicts a TGA curve of cured reaction
products of compositions based on gamma-terpinene diepoxide
and RE-404-S at different ratios, and RE-404-S (asterisk),

20 cured with an imidazole/dicyandiamide curing agent.

FIG. 8 depicts a TGA curve of cured reaction
products of compositions based on gamma-terpinene
diepoxide/RE-404-S (circle), Compound XVI of the '922 and
'033 patents (square), ERL 4221 (diamond) and RE-404-8,

25 cured with an imidazole/dicyandiamide curing agent.

FIG. 9 depicts a TGA curve of cured reaction
products of compositions based on methyl cyclopentadiene
dimer diepoxide and RE-404-S at different ratios, and RE-
404-S (asterisk), cured with an anhydride curing agent.

30 FIG. 10 depicts a TGA curve of cured reaction
products of compositions based on methyl cyclopentadiene
dimer diepoxide (circle), Compound XVI of the '922 and '033
patents (square), ERL 4221 (diamond) and RE-404-S
(asterisk), cured with an anhydride curing agent.

35 FIG. 11 depicts a TGA curve of cured reaction
products of compositions based on ethylidene norbornene
diepoxide and RE-404-S at different ratios, and RE-404-S

(asterisk), cured with an anhydride curing agent.



10 FIG 14 depicts a TGA curve of cured reaction products of conpositions
based on nopol epoxide glycdyl ether (circle), Conpound XVI of the '922

and ' 033 Ry AMyspg (square), ERL 4221 (dianmond) and RE- 404-P%T/@m§{52wth an
anhydride curing agent. 15 FIG 15 degicts a 1H HVR spectra of nopol

glycidyl ether. FIG 16 depicts a FT-IR spectra of nopol egC|dyI et her.
FIG 17 depicts a 1RIBVR1gpdepriatef anGipdl cepox dE cﬁ&e@l y@ta«t')tlloei her. FIG

18 depi ct R i ILED
DESCeRIpIP ¢t %\Iredﬁ&g o%p%%h%g%sqftlgﬂgohoa%%@é gﬁggtgl m gltg:}ggs é’m o rosin

conp05|t|éﬁ§PQﬁédﬁséF&Fcﬂéﬁrl§§P§ﬁ@@@ ﬁvﬁl@ﬁoéb@ctﬁéﬁl@ﬁ@%§@@@ly

applicati paﬁen%E!Chsq&ah&&del’ fElRM ¢2eal qatismeeimeahda RSB eNdust g device
and a CIrCUI boar W%F t he sem conductor device is electrlcally
confect ed "+ 88u?§8yg§ hEYEOMFo89ons may al so be used for ot her

m croel ectronic asFéGnyBaﬂpbucaelanEGAsuuhvastheudEﬁe&ba@hubnattach

O oot | BRBaukle) Ue B8rgLa ol BALAAMANGh Lpoidact it L1®

conpositi dns nmay be use setting
epoxi es, 6ﬁhﬁeraﬂﬁaRE350ﬁa§téﬁ dﬂﬁéﬁrﬁnerﬁﬁ§epﬁhngndrRﬂhéwﬁeﬁlastlc

adhesi ve, (ageatiiB@)andyseal ee&fthceﬁpe Q@.%le PRy iR 4sgdy For instance, the
co 05|t|ons may be used in th asse product s, ose conponent

part’s have val ue asFd§- wéﬁofﬁ?&?@@ PC?ﬁ@S@PFU@G?i cyirege reaction
|nternedl@keﬂﬁbnssbedcpmpdedtionbobbaedlbhahgp@&S%@Bkidea@dy@6§@53e”b|y

t her eof mh f v anent tsar at event t he
def ective g%%ﬁo e%FCESSf g PRaY dbgﬁﬁegéltﬁ re%%@e&ngro fephgatent’s
|nternedléseﬁﬁrﬁbshBELpﬂéémcﬂﬁsﬁmbndhdabd REpkaded , wictilrexdt whaw Bg t o scrap

t he entlrgnhyaggagegheaﬁ fi bﬁged product(s). In addition, the speed wth
whi ch the di Sassenb ocee all ows throughput to rermain high. A

noﬂ~nlcroelectronlcFéﬁanﬁﬁed6Pl§§€haa3%3$MR srectea agE endbyl of lpeodyhet i c
devi ces. ether.

FIG. 16 depicts a FT-IR spectra of nopol glycidyl
ether.
FIG. 17 depicts a 'H HMR spectra of nopol epoxide
20 glycidyl ether.
FIG. 18 depicts a FT-IR spectra of nopol epoxide
glycidyl ether.

DETATLED DESCRIPTION OF THE INVENTION

25 As noted above, the thermosetting resin
compositions are useful for instance in microelectronic
assembly applications, such as underfill sealants between a
semiconductor device and a circuit board to which the
semiconductor device is electrically connected. Of course,

30 the compositions may also be used for other microelectronic
assembly applications, such as the direct chip attach
applications, including glob top, and dam and fill. In
addition, the compositions may be used in far-flung
applications, where thermosetting epoxies, or for that

35 matter other thermosetting or thermoplastic adhesive,
coating and sealant compositions, may be used.

For instance, the compositions may be used in the
assembly of products, whose component parts have value as do



10 The conposition includes broadly (a) an epoxy resin conponent, at | east
a portion of which is a conpound (I) having at |east one |inkage sel ected
f rom oxi r@iess47dshi i ranes, and comnbi nations thereof, SUbStﬂ&%ds‘”o‘il/OQéhat
| east three of the substitutable posigt i ons on the oxirane an “
thiirane carbons, respectively, with an al kyl, alkenyl or aryl substituent
havi ng a thebontesmedintel/ f1ntisheido produmtlsye toafaor latterts amistehnhijyvm' t hout
substi t ut r er Ly

b8 @ sabRLAIYPLHARRY QAR qiCR SkeLat IRl alaoens, as

approprlate provi conpound | does not

conponent L84 8pox J1ic SRS SRty hither slekeck iVe; CORPRNIENR RaRIE)RIEY O R R O

R R2 25 gbeRrBaRiRiydrkmovBRdREROR Wher @mr&e&&féfalatles'ﬂlmﬁ@?@ai%dxm%ed cted

fro theggtj conlstln %th@)érbéﬂ gy eth opyl , |sopropyl

but yI , B 5? PR ?cﬁgtg’ll Py DIVEES oh CGEn £ 5d 30 nitro, RL

and R2 ar éeneachetndepéfidensheds pireched (fenam trine ad@rlmmonmestsp@d)f '

hydr ogen, h t t hat th,RL and cannot
with %h ﬁ§ @%E d& penggﬁﬁbﬂmagrg %% gﬁl&%& ﬁhro%%? Isopropyl

be hydrogen, romp
provi ded rsman@abﬂ-gbne 6f nR@arr@ﬁeroreQ@ctm@la:t em@a@tleomé sfudkB@ ardtRi d 35

|s lndepeEQeEhEYa%E%tL?d ofer g@ofs%e%%urae%@%'sst' ng of methyl, ethyl,
and i soprop nd mi,s or, 1. (b) a CUI’I ng agent conponent

sel @ct ed from anhyd&b&ecﬂﬂp@fﬂﬁr?@% 1I5€1-£}1Q§@1P6‘876@4Y 1) cFHEREY, ami ne
corrpoundsreaﬁrhdeompﬁmewﬁds atl Medazoke por@ipauREs whakt Genki Refripmd her eof .

React i on cts_of th o] 05|t| ns are pabl e of safteni ng under:

exposur e Ré? gvatda® % %@F&t & 13nk556i tsle&ﬁ§% gu HFORs P 18HEE9s of the

t enper at u&alemaﬁ@a tanau E%mm%aﬁi@.%%s the0Ro FLOSRRl 12dRe b LR the st

substrate _occur Bi" ggeraturgi) greater than that which was used to cure
F

the conpoSPEREn®© She&UEEP LR ROS LEHOHE S0vdr CadiresicoRndd tthe
subst r at ethsitrgpecablrpohest rakpeemperatyr @8th an alkyl, alkenyl or

aryl substituent having a carbon content of 1 to about
twelve carbon atomg, with or without substitution or
interruption by one or more heterocatoms or halogens, as

appropriate, provided that the compound I does not include

20 as its sole component an epoxy compound within formula II:
O
R R |T?1 —| R R
3a | Rac
O
o R |l R o
R Ro
25 3b R R R Rag IT
R R R R

wherein each R is independently selected from the group
consisting of hydrogen, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, tert-butyl, Ci-4 alkoxy, halogen, cyano and
30 nitro, Ry and R; are each independently selected from the
group consisting of hydrogen, methyl, ethyl, and propyl,
provided that both R; and R; cannot be hydrogen, and R; is
indpendently selected from propyl, and isopropyl, provided
at least one of Rz. and Rs,, and at least one of Ri. and Ray
35 is independently selected from the group consisting of
methyl, ethyl, propyl, and isopropyl, and m is 0 or 1. and

(b) a curing agent component selected from anhydride



10 in excess of about 200C. Typically, the. conposition includes about 10
to about 70 wei ght percent of the curable resin conponent, such as about

15 to ab A% i ght percent, desirably about 30 to abowkfaﬁo b gt
per cent, aseg4on the wei ght of the tgfal 15 conposition, of ?@% about 25

to about 75 wei ght percent, such as about 35 to about 65 wei ght percent,
desi r abl ycabpotund4s ewiakogbmpduneisghbmpdec epmpousndsenimisedode a conpound

having at .Lgastngae ghak%gﬁbgghgggg% %&gg&g&[ranes, thiiranes, and

conbi nations™thereof, substitute ast 20 three of the substitutable
positions on the oxReaféigndperduchkssi pinsheseberaposdsfenssi &y, with an

al kyl, al kepybler ofakplfteubsy Luaet BayobRare €ar BakveeRbeRerpbrhti@eabout
t wel_ ve carbo i or without substitution or |nter%¥Pt|on by one

.atons, wt
or fore hEPEPOGEOHE” of B BGenS, SXAESE 9% FBeabGUPSTas RE GHOSS: Cont of
t he curi nguagebhecooppoeitionbas&dsen cftheadhetdbnweioghtheofsuldae ratteabl e resin

conponent endi f t a i.dept.ity of the .curing
agent choggﬁgggrQ@oﬁ%?@?f%%%%%%iﬁgeéggfhéaggr?géﬁ|gﬁlgétwﬁﬁ ufﬁdpﬁﬁberties
desi r abl eciise heorpvPsiléactdest Fead ihstancespedi flieaspuppose thésefval ues

may vary ggpewhah. tSUghe wabiather qut9§ieaﬁh§vq@swi%%OH%H@QQQSHreS .
experimentation by those persons skilléd in the art, and accordingly are
contfenpl atBdSHFEERPNOENEPSEEPE08fCt he present invention. 35 The curabl e

resin conponent of trheipaesent thienvemboentidy ineludesaBkou@MBN tJPOXY

resin, sucp as a nmul,t i functi onal epoxy resi Odinarily, the

mult i funcEPSRE) 8p8RyIPESPRESHEG § b, CHE RS o5t P SETRORSREY hislihhe

range of aboabotd Wei ght apentcendtd weigbmupe8&eMB,0@é§4i§&1@C§bUﬁ@13@86?4 11
i ght . a 7 h-ah ente, esir y

About 25 5 abSuF 88 Neinr poFooht. “bda Ra ERl LIS crfRdEal

about 25t It percent, . OXy resin
comjonent COMROShELeAs e OFf WHILSHhaReULF25t Fpe abptiky 75evieA ghe Peraleng ,t he

amount t hgpeaf aghgubdtbesi RS abBtr 3B8YGe9bnkr pR-akout 52 <k 3RQui1BR el ght
percent, such aggabout 30.to about 50 weight percent, based on the wei ght

of the cufabFe PERSHFR éénﬁ@ﬁg _percent, is comprised of a compound
having at least one linkage selected from oxiranes,

thiiranes, and combinations thereof, substituted on at least

20 three of the substitutable positions on the oxirane and/or
thiirane carbons, respectively, with an alkyl, alkenyl or
aryl substituent having a carbon content of 1 to about
twelve carbon atoms, with or without substitution or
interruption by one or more heteroatoms or halogens; and 1

25 to about 100 weight percent of the curing agent component,
based on the total weight of the curable resin component,
depending of course on the type and identity of the curing
agent chosen.

Of course, depending on the particular set of

30 properties desirable for a composition destined for a
specific purpose these values may vary somewhat. Such
variation may be achieved without undue experimentation by
those persons skilled in the art, and accordingly are
contemplated within the scope of the present invention.

35 The curable resin component of the present
invention may include any common epoxy resin, such as a
multifunctional epoxy resin. Ordinarily, the
multifunctional epoxy resin should be included in an amount
within the range of about 10 weight percent to about 80



Exanpl es of the multifunctional epoxy resin include bisphenol-A-type epoxy
resin, bisphenol-F-type epoxy 10 resin (diglycidyl ether of

bi sphenolwlf)glm%sepoxy resin, such as RE-404-S from N pporpd%gwsmgapan),
phenol novol ac- type epoxy resin, and;cresol novol ac-type epoxy fromresin
(such as "ARALD TE' ECN 1871 from G ba Specialty Chem cals, Haw horne, New
York). 15weibbt peircablte epoky asesibositi A6l tde abohyeﬁaxweigmntp@emnmased on
aromatic hlar c

N, N, N N-??E??éb?9d hE 2 %gygkpﬁgd?ghgﬁig%hepercent of the total
dlegC|dfo4t§ﬁ|ﬁBﬁﬁQhVﬁS@Py@P@PPnépﬁer TanghR, NaRe RE- bisphenol-F-

tetragl ycicgyle tpdxpr %)é|1@‘1')edléls$.141b§ r&@@e%@@m t%%x/émin%hro%%ewxir{ esi ns
sui t_ abl e Lgr use herei % al s | ncl u ﬁﬁ%’ cgl le derivatives of phenolic
conpounds s 48AIgs OthLE™ I‘lﬁbllé 58 P |al6lO GHEEE PRE cerkdeFNTE
"EPON', sashabsutEBGNtoS%&putEB@NWei@&t EE@NE 1088%edant thePONIgh@31 from
Shel | Chenpi.c T PER! " 2, 25 "DER' 334, and "DER' 542 from
Dow Chem ggl @ég_cgugﬁg%Bﬁg%ié COREOHeI‘%I%ppon Kayaku. Ot her suitabl e epoxy
resins include pol fepoplgss ofr @b&r sdltidmnetlipobd apdxtyheelsiike and

pol ygl yci dyk1 deel %%%b‘ﬁ%%o@f Apt& %@&R}H&@%Eﬁde ngg%'e%a,-&kr%e %)tog(élsc’f

mhlch are avail ahl e commerci al er ‘the 30t nane
" DERd 431re‘5EBEN'(dzilrgéyc*g Rard BEN@MQES b EBREDew-EnERPEaEPOBYeg65ianal ogs ar e

al so avalbabheascREHEDQI@IEromnﬁeppbheKhyaﬂanaﬁa aARALBhEECT $BGB13%: -
"ARALDITE% ECN 1235, "ARALD 5' V nd "ARALDI TE" ECN 1299 from G ba
Speci al t y ¥RenTRarY. Y858 |§n 6F§6R nBP R385 LY PEe SBERy ThGToEES 18y ai | abl e
from I nt ederchl as. "ARBILPFITECT BN addactsoof Cibanspecdrilngalchemilos land

pol ycar bo ds useful in this invention, conmmercially
ava||ab|eﬁ§ggﬁﬁgﬁ%f %%Fgﬁgkﬁglude "GLYAM NE' 135, "GLYAM NE'" 125, and
"GNAM NE" 115 fronPEhprCsuibabir7 4P98yPCREUSS1408824e DR1gsppayat i on:

" ARALDI TEcoM¥ondls béBéQDbﬁEérQQQQacaannééRéhglEE&CQﬁ%QOE%%?&Q b%uch

Speci alty Chem cal s_an PGA- C from the Sherw n- 1 ans
Still oth&® Hpdx{' V§S| ﬁ?tt‘fﬁéle&%éY%ui‘ltrébrélﬁalﬂneééphsnh’ér élieﬁhaﬁ@huéﬂe
al i phati cdegbycedyW-thaalikpbteay0Xgd€cidyl ether; and N,N,N',N'-

tetraglycidyl-1,3-propylene bis-4-aminobenzoate.

20 Among the epoxy resins suitable for use herein
also include polyglycidyl derivatives of phenolic compounds,
such as those available commercially under the tradename
"EPON", such as "EPON" 828, "EPON" 1001, "EPON" 1009, and
"EPON" 1031 from Shell Chemical Co.; "DER" 331, "DER" 332,

25 "DER" 334, and "DER" 542 from Dow Chemical Co.; and "BREN-S"
from Nippon Kayaku. Other suitable epoxy resins include
polyepoxides prepared from polyols and the like and
polyglycidyl derivatives of phenol-formaldehyde novolacs,
the latter of which are available commercially under the

30 tradename "DEN", such asg "DEN" 431, "DEN" 438, and "DEN" 439
from Dow Chemical. Cresol analogs are also available
commercially under the tradename "ARALDITE", such as
"ARALDITE" ECN 1235, "ARALDITE" ECN 1273, and "ARALDITE" ECN
1299 from Ciba Specialty Chemicals. SU-8 is a bisphenol-A-

35 type epoxy novolac available from Interez, Inc.

Polyglycidyl adducts of amines, aminoalcohols and
polycarboxylic acids are also useful in this invention,
commercially available resins of which include "GLYAMINE"
135, "GLYAMINE" 125, and "GLYAMINE" 115 from F.I.C.



resi dues, exanples of which include, but are not |limted to, nono-, di- or

mul ti-functional epoxies containing ether |inkages, such as prinary
secondar yw@y\f,A4ejst ary al kyl ene diol diglycidyl ethers, M
contai ni ng nono- or 10 pol y-al kyl ene ¢xi de residues (such as ene

oxi de, propyl ene oxide, butylene oxide, pentylene oxide, and hexylene
oxi de resCQﬁE§¥at¢9n,|ﬁéR&h@éTECHHY @2H; | "BRALDITE"00%0,0, Oa®d CH3 15 \ O

CH CH O "ARALBI@E"VESQO\@EomcﬂabgpggeGﬁaﬂtgH%heMgagiéjégd*Qqé SUa wher e

nis an integer from1l to abouyt re eac appropri ate, ly or
i n conbi n3¢foh, frem the §§e§W1nr@égﬂ1&m§oFP|on of the epoxy resin

corrFogent Exarml essefilcyekbali phakiC repexiseshwkt Bral kyli@R®1e0¢ae Lsi dues
I ncl_ude no-

t | ,25 hydr at ed

bi sphenol RAE)Be  BEORABs A LARIAECOTPPRHES BERhUSO HYO8621 CXiseny dr at cd

b|sphenolrEsuﬁpesepexae§lesonﬁawhupg dhkyueere duhemrer esitdddsmitBMELH)O0
e e i B AN bt ar BERS e RAN LS RS 2 Y T

NEW/Japan enic as s OW I s one Suc exanp e. H2 -C
-CH2- O 1G¥ﬁge§»CHMCCHa€H@rl@a@Y 5seganpray ehdatemieiry epgsyilemen th

al kyl ene gxbdediglycidyl ethers, and epoxies containing mono- or
10 poly-alkylene oxide residues (such as ethylene oxide,
propylene oxide, butylene oxide, pentylene oxide, and
hexylene oxide residues).

For instance,

CH,
e Y
0O OCH,—/C——-=CH;0 0O
CH,

15

CH;,

\ 0 +CH2C|3HOL/ ;o;

20 where n is an integer from 1 to about 18, are each
appropriate, individually or in combination, for use as at
least a portion of the epoxy resin component.

Examples of cycloaliphatic epoxies with alkylene
oxide residues include mono-, di- or multi functional

25 cyclohexyl epoxies; hydrated bisphenol A-type epoxies; and



resi dues include nmono-, di- or multi-functional epoxies such as bisphenol
A type epoxies; bisphenol F type epoxies; phenol novolac type epoxies; and
cresol noye (ﬁpng\épe 10 epoxies, containing alkylene ether ﬂc‘%’?ﬂ]éﬁ}%%m
Exarrpl es of such epoxies. incl ude BEO pPE (et hoxyl ated bi sphenol A
-glycid ether, available CH3 CH2-CHCH2 f OCHZ CH2 O- C -

O~CI—|2 CH- és/@mzi@dr QiEpheacd EHY YReomperdics | yeotemmiew Fdiarn cfiredtdsr CO
Ltd.), andBR E | at_ I&%%E@

SBTaues: WEQMOOXM e an Cneni cgfgt&%mbcl qydl 1%'%\}}1 clh are

avail abl e 15 comercial Ly from'New Ja

shown bel & Skheryatlizdlen qwf@g@rlaﬁé{wéémamvamam C&mnlzml Wt-ch for
BPO- 60E n1itdl.}, a@n@hdQmCih2 163 il e GiClxEip1@ CH1 HZ-O\ - OHz'H -0
CHz-CHCHz OH, O n where nis an integer between and about 1 and 20,
which for 25 BEO-60E n is 3. And of course conbinations of the different
epoxy resins are also desirable for—use herein. WO 01/74798 PCT/US01/ 08624
14 The invent Hyce_cc@n@os;uamc ﬁ cureOetis—cigt-salf, t o bei ng
"rewor ked" un /a(pproprl ate condit S, i i

i ncl udes a d&gydhnd havi ng at

| east one oxiraie or thiirane |inkage substituted on atd|east three of the
substitutable 5 positions on the oxirane or thiirane carbons, respectfully,
with an al kyl, alkenyl or aryl substituent having a carbon content of 1 to
about twelve carbon atons, with or without substitution or interuption by
one or nore heteroatermmpdes lodl egemst iWepaxdact ed bl tatl ky leure m:gcja:‘@ent it
is believ at ne Qr_ f Jer

eds10ukhat fHesR RHHAN | S2 ('gﬁ%ggeg?m%or li%@ﬁ:\l %tﬂg'}a tél,l {when

ester (when the curing agent iIs "anhydrid lrary e
the curin§Sa§éfPheacdi & lsReEd s is lpdisphengilt FF dyperviedwzdies);, which

l'inkage i phsustepbiBliad @ype epoxies; and cresol novolac type

10 epoxies, containing alkylene ether residues.

Examples of such epoxies include BEO-60E
(ethoxylated bisphenol A di-glycidyl ether, available

CH3 '
c\ cH—CHzéo—CH —CHl— —@» O %CHz———CHz—Oi:CHZ—-CH_CHz
CH3

commercially from New Japan Chemical Co., Ltd.), and BPO-20E
(propyloxylated bisphenol A di-glycidyl ether, available

15 commercially from New Japan Chemical Co., Ltd.), which are
shown below:

where n is an integer between and about 1 and 20, which for
BPO-60E n is 1, and

20
] CH, caa
C{:TCH——CHZ O0—CH—10~(CH,—0 ——J~—<C::>—— Hz H—O0—CH,—cH—CH
2
\\o//

where n is an integer between and about 1 and 20, which for
25 BEO-60E n is 3.
And of course combinations of the different epoxy

resins are also desirable for use herein.



control |l ed degradati on under appropriate conditions, such as 15 el evated
tenperature and/or acidic environnment. Particul ar exanples of such

conpounds“;d}ﬁ%ﬁ% di- or poly-oxirane and thiirane conpouryésf/lﬁgo%@&@d from
2,10- di net hyl - 6- et hyl ene- 4, 8- bi s(2- gt hyl - | - propenyl - .

undecat etraene (CAS Reg. No. 249664-51-7), 4-[(4E or 4Z) 20

1, 5-di net hyl - 4- hept &ingl ii@e’@@tdweo@toe@plsiidtélm@] mmmwfteozy(dmhe&ms( CAS
sfglzNogElgééég?}g?F%i §2L%%%b§§b%w 20%%%2a§%%3%rf% %4%%n31tlons -L(IE
di met hyl - and@@emyb)cém@ﬁmmdthﬁhl&gb@tedpbbtlo&epemha@m@ngm thiirane

1,5-diyl]his benzen 07513-40- i | - [S or R-(E
or Z, y ]Hlﬁﬁgf 5= octa étr?gdg(cEAgtR aSJEN(ghrfl%ng %fggg

2, 6,510, 14ptoestLrtarmlshy>ln~ “th(eBomi&tameal oA mhlitleﬂay;le) cﬁ,xlﬁo&,s? ﬁé@%ilzeaiigféﬂtl@t,g ;enioz
CAS Re 4-68- 7-eth i - Qr or ,

gr 10E)91WN%€ 8- i decafettRde O 6%&§Y%eGU%ﬁgﬁkfé@§8 aFLNg) @ ggron
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13- et hyl - tt 1,9, 12- pent ade%at etraene (CAS Reg 174189-19-6),
Tt hyl - FED5 i PR Stet B REhaE) P loy Dole: Bhe o EREREG - RS oF

170274- 84n3) 0g2n6.. 11wm@mn&bbbke@Ew1Qh 4) cArAnt0=deaecatr iiene1GA9Reg. No.
169524 63-4), %6 35 di,nethyl-(E aqr, Z, E or Z)-2,6,9-tetradecatriene (CAS
Regld Mo, EIG§2E5266. L TAnEY OﬁettWIlr?nﬁuFéﬁW e SorL Oz G- dEdEdEFY WO

01/74798 B@IEQSQ%b@&G%ﬁe k@rﬁ@@sa ot MR ahe841R0Bked) or
6- ( 3- et h¥l-2 butenyl)-(E or Z)- 6-dodecene (CAS Reg. No. 168141 25-1),

2,4, 6, 6, 8Lepéitaneiviers, wh¢nn6ﬁ§tﬁwéﬁ@9(easnﬁegs KG-Lrreeoghagedy) |

3, 7- di met Byilehl bs( wRichy ﬁﬁl@%zéieg Ohhékhli%n@a%% QSdQQ%Q%k@E%Q%n%c(CAS
Reg. No. 162189-16-4), 5-[3-nethyl - -(

net hyl - 1- Spﬁﬁéﬁ}PPdZd@@ﬁ@ﬁ@ﬁ#@@népﬁfr IppyerFieftadiondd tioas, Regh NG

162{543- 83e1kma4eh( /&%n%rex%%)ur% %n@é@t fayzlld&c hertewedgne] - 1- met hyl - (42 or
4E) - cycl ohexene ( 359-81-9)

3,7,11-trinet hyl - §a6t%@ﬂd@éo§éﬁ@Pﬂ&§n@f(@Ashl@ORQQHHN@ 1159085 88-8) ,

3.7 11, 15, | 1 eca e
158729- 00- %?beﬁgﬁb&xrﬁ%eeaggi%glﬁgé% E or%§%%§% %@gfggggrg%aeéatr|ene
(CAS Reg. dmethy57§3me3®-y9)ene2 Am8t-intis-(3-prechyil- (lEp@ﬂopE)l-yZ 3~ doriadi-ene (CAS

Reg. No. 17343324129 %2kne3 (baklrby. MY b16%6Qs8-7F % (4E or 47)-

20 1,5-dimethyl-4-heptenylidene or octenylidene]-l-methyl-
cyclohexene (CAS Reg. Nos. 221269-56-3, 221269-55-2, 209462-
40-8, 209462-39-5), 1,1'-[(1lE or 17, 3E or 3%Z)-5-(1,1-
dimethyl-2-propenyl)-3-(3-methyl-2-butenyl) -1, 3-pentadiene-
1l,5-diyl]lbis-benzene (CAS Reg. No. 207513-40-4), 4,6-

25 dimethyl-[S or R-(E or Z, Z or E)]-2,5-octadiene (CAS Reg.
No. 203515-58-6, 203515-52-0), 2,6,10,14~-tetramethyl-7-(3-
methyl-4-pentenyl)-2,5,9,13-pentadecatetraene (CAS Reg. No.
202134-68-7), T7-ethyl-3,11-dimethyl-(3Z or 3E, 6E or 6Z, 10%
or 10E)-1,3,6,10-tridecatetraene (CAS Reg. No. 189387-61-9),

30 3;,4,8-trimethyl-1,4,7-nonatriene (CAS Reg. No. 179981-39-6),
13-ethyl-9-methyl-1,9,12-pentadecatetraene (CAS Reg. No.
174189-19-6), l-methyl-4-(2-methyl-6-heptenylidene)-
cyclohexene (CAS Reg. No. 170274-84-7), 2,6,1ll-trimethyl-(E
or Z)-2,5,10-dodecatriene (CAS Reg. No. 169524-63-4), 2,6-

35 dimethyl-(E or Z, E or Z)-2,6,9-tetradecatriene (CAS Reg.
No. 169265-90-1), 7-(3-methyl-2-butenyl~(E or Z)-6-dodecene



15 or 2)-1, 3,6, 10-dodecat etraene (CAS Reg. Nos. 154579-52-9, 154579-50-7,
154579- 49- 4, 154579-40-5), 4,8,12-trinmethyl-(Z or E, E or Z

E)-2,4,7, catetraene (CAS Reg. Nos. 154579-51-8, %5&%%%16&93)
1- nethyl §&¥hhh§§hyl 6- heptenylidene)s (E or Z)-cycl ohexene (CAS Reg.

152252-96 20 5), 3-ethyl-7,11-dinmethyl-(E or Z, Eor 2)-1,3, 6, 10-
dodecatetr@éﬁeR@@ASNEegl6NdA1}52}9578$~Qﬁrm%x®36:9—butenyl)—(E or 7)-

t et ramet hyl 2- et hyl -| —pr.op | ),-2.4,8-detatriene Reg. No. '
150280- 97%0) d%c?pgiRé@ﬁyF%QJS%%¥séf%&é€ﬁf%5ﬁ3'p?d%éﬁ@%?ﬁf,6-octadiene (CAS
Reg. No. 1p5028086v9)2,2,7 zbndkmaen¢I (LA3, @.«e@t:tﬁltdiﬁﬂﬂ%@ﬁ«?gﬁggii No.NO
147727- 60- 4 I hyl | i_dene X eg

147727- 51- 3? dimgngyﬁégﬁylggtg%& 5 ﬁyl tﬁyl%d@ﬁe%S 3 3 %yglohexadlene ( CAS
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undecatri en- 4- 2 6- dlneth%I WO 01/74798

PCTiOUS01/ 8624 016&@2035 %ﬁ —8)5- émaeé&dﬁénéeéeageﬁégl—M@ »$21803- 30- 3),

2, 7- dl”Ehgkbdécétgk§€%n@9t@K@'he@roﬁ%nYHbsaQér@Othat@L%%%yﬁcés6 _Reg. No.
117712 68-2), 7- tetraneth | -1, 3, 6-octatriene CAS

6,
117527- 68diwetQY%etﬁyprszprgp@w-@z ~8n 6 ﬁogﬁcgt@é@@@adﬁéﬁeR@GASNReg No.
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No. 116893- 93-7), 2- odecadi ené (

116893- 92Rgp. Poa, 45ﬂﬁﬁﬂeﬁﬁy&)QE3oﬂ Zﬂ—zrsmﬁébwéd|@n@r(®ASE R@gZ NG
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3,4,7, 11tetrarre 0- do ecatraene $R
Nos. 114098$45397501740054879 -@P-43, 158570ri4Rethy| 4(B,dR2-ZriBethyl-

T 4.7 honStr Féng Cond REl. Q7 110585 678y S 4 s R | foe g S
tetranet hyb4%738-6118, 145K6X&dédaBent deme th@QAS ARG —mEdhyl-6-
heptenylidene)-(E or Z)-cyclohexene (CAS Reg. No. 152252-96-

20 5), 3-ethyl-7,11-dimethyl-(E or %, B or Z)-1,3, 6, 10~
dodecatetraene (CAS Reg. No. 152195-83-0), 2,6,6,9-
tetramethyl-7-(2-methyl-1-propenyl)-2,4,8-decatriene (CAS
Reg. No. 150280-97-0), 2,7-dimethyl-4,5-bis(2-methyl-1-
propenyl) -2, 6-octadiene (CAS Reg. No. 150280-96-9), 3,7-

25 dimethyl-1,3, 6-octatriene (CAS Reg. No. 147727-60-4), 2-
methyl-5-(l-methylethylidene)-cyclohexene (CAS Reg. No.
147727-51-3), 2,6-dimethyl-5-(l-methylethylidene)-1,3-
cyclohexadiene (CAS Reg. No. 138434-36-3), 2,6-dimethyl-2,5-
decadiene or octadiene (CAS Reg. Nos. 134956-14-2, 128144-

30 713-0), 7-ethyl-3,1l1-dimethyl-1,3,6,10-dodecatetraene (CAS
Reg. No. 134779-29-6), 2-methyl-(E or Z)-2,5-octadiene (CAS
Reg. No. 133797-14-5), 7-ethyl-3,1l~dimethyl-(E or %, E or
2)-1,3,6,10-dodecatetraene (CAS Reg. No. 127941-96-2),
2,7,11-trimethyl-(E or Z)-2,5,10-dodecatriene (CAS Reg. No.

35 124745-43-3), 6,10-dimethyl-(Z or E, Z or E)-2,6,9~
undecatrien-4-yne (CAS Reg. No. 122305-03-7), 2,6-dimethyl-



110249-03-1), 2-nethyl-(Z or E)-2,5-pentadecadi ene (CAS Reg. Nos.
108181-16-4, 108181-15-3), 2-nethyl-5-(1- nethylethylidene)-2-decene (CAS
Reg. No. Y 7-5), 2,6- dinethyl-2,5,7-decatriene (CASRAK01AG24
105694- 90&gyﬁgﬁﬂ§ 20 dlnethyl 2,4, 7-ngpatriene (CAS Reg. No. 105694 88-0),
15,19, 23- trlnethyl 15, 18, 22- heptatrlacontatrlene (CAS Reg. No.
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Reg. No. 93308-70-4), .
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(CAS Reg. rRMg.. %203162%)—1543()1 5, @l—@&h@mlhﬁ—@e&%sdtladﬁ@@e WO A3l /red 98
PCT/USOl/O862i ﬁé gethyl cyclohexene No. 90458-95-0
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2, 5-di net hyk- 6Z10Ld5heaa513@a%aqba@eR@@ASNB%Q 1wq%918%%8&- 40:4991-32-
83180 39-6 -meth Ieth | irdene) - , 3 é)%%clohexadlene (CAS Reg.
Or

No. 81719 %6 §)7 é16tf6m€FPHéfH | Ox( roF 2r Z 1®9-tetradecatri ene

(CAS Reg. dbaec808¥3ac82- %bASGR@%IhWb (41@@4@w6§—@r Ay %h§ﬁﬂgﬁﬁﬁédle”e (CAS
Reg. Nos, 80873-79-6, 80873-78-5), 2,3,6-trimethyl’-(E

yl -
Z)-1, 3, 6- é@ﬁaﬂrP@ﬁétEGASGRéGASNBGQSONQl 22D§ﬁ9-@érﬁahy@naulﬂol5—

3, i511-tr Oxdadegat 8-47-2),
3T Lo ey 3 e R et A T (Lhs es. N3 Peda B4 9) -

3,4,7,11- ﬂépﬁéﬁepﬁyﬂ)QZZOmeEhyz ~d& ©E) E1-8,6, P@nﬁ@@@@@ﬁaﬁm&eH@A@CRﬁgﬁgg
9283;92331§§6§1og@g@h§@Lge;2b?1ﬁ}ng§h§Lngd%gﬁgg?ckgq&ege No. 78831- 05 3),
2, 5-di net hgthglsthepiddnene2odegenadi(€Aé REAS Reg. 1NGH09-37-5), 2,6-
dimethyl-2,5,7-decatriene (CAS Reg. No. 105694-90-4), 4, 8-
20 dimethyl-2, 4, 7-nonatriene (CAS Reg. No. 105694-88-0),
15,19,23-trimethyl-15,18,22~heptatriacontatriene (CAS Reg.
No. 104519-12-2), 8- (2-methyl-l-propenyl)-6-tetradecene (CAS
Reg. No. 10229-83-2), 3,7,1ll-trimethyl-(E or %)-1,3,6,10-
dodecatetraene (CAS Reg. No. 97885-54-6), 3,4~didehydro-2-
25 (3-methyl-2-butenyl)-carotene (CAS Reg. No. 97231-43-1), 7-
ethyl-3,11-dimethyl-1,3,6,10-dodecatetraene (CAS Reg. No.
96890-21-0), 1,3-dimethyl-4-propylidene-cyclopentene (CAS
Reg. No. 96095-54-4), 2,7,1l1-trimethyl-(E or Z, E or %)-
1,3,6,10-dodecatetraene (CAS Reg. No. 93517-88-5), 6,10-
30 dimethyl-1, 4,6, 9-undecatetraene (CAS Reg. No. 93308-70-4),
2-(l-methylethyl)-5-(1-methylethylidene)~-1,3-cyclohexadiene
(CAS Reg. No. 92545-19-2), 2-ethyl-5-ethylidene-
cyclohexadiene (CAS Reg. No. 92545-18-1), 2-methyl-5-(1-
methylethylidene)-1,3-cyclohexadiene (CAS Reg. No. 92545-16-
35 9), 3,7,10-trimethyl-(Z or E, E or Z)-1,3,6-undecatriene
(CAS Reg. No. 91203-72-4), 4-(1,5-dimethyl-4-hexenylidene) ~



78811-90-2, 78811-89-9), 3,7,11-trimethyl-dodecatriene (CAS Reg. No.
78339-48-7), 2,4,6,6,8-pentanethyl-(E or Z)-2,4,7- nonatriene (CAS Reg. No.
78310- 14- di ethyl -1l -methyl 20 1, 3,6, 10-tri decat et g o34 REY.

No. 78216%%yn§?%m7 ethyl- 3,11-dinmethy -1, 3, 6, 10- trldecatetraene (CAS Reg.
No. 78183- 46-7), 2,6-dinethyl-(E or Z)-2,5-dodecadi ene (CAS Reg. No.
77958- 38- AymeZh@;icytdmekhmb-(EAdrRég ENor. 2p4z869%—0tetﬂadeﬂﬁnﬁkQMe (CAS
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72858- 64- 1, 72858- 63- 0 6- ethylldene 2,3, 10- trlneth I- E or

7)-P 3, 9- dndeddt FrametheAs Irdg o/ NG -dpsiscaredraene |( eg. No.

2,3,6,7, 1@0338hQXaQEth$|4QE Qﬂ—%etﬁa%%t%&lla33661Qo5d%@%%%%kﬁk%%%%@ (CAS

Reg No. 72564- 36- 4§ - tetranethyl - (é Z)-1,3,6-octatriene (CAS
Reg. No. 7#5864Regs_Bp. 59?3I§4t@| @h%h7113-6e$raa@ﬁ@ddrdﬂra@n@ (@ASIReg

No. 71803g3515}, 6316 bbaleali23enb %%A%5R%%“a%%thWb383 33:8) ¢,
1,3, 6,10, 14, 18, 52726, 30, 34- hexat ri acont adecaene (CA

71278-21. Q)LmeEhBldflrr@{eﬁwl@nﬁrépﬁl-th@agitenedd@é\tSr |P@|§§e N(OCASW&@@ 4R0.

S No.
19002158 -Beslyebin £1as £t fhncl B QREAL 19 oG4S o0

1, 3, 6, 10- t39vd8eér@ltlm§éhefl(—@A§ ha@gadN@nemzwct@dZ)ene (CAS Reg. Nos.
O . = Sl
or. 4Z) - cyBegheXene78BBAS4Red.) ,N&., 46695686©e9ﬁﬁmét®y194mrbnemhym-@Z7Gr
B)-2,5,9 nonatriene (CAS Reg. No. 78310-14-2), 3,7-diethyl-1l-methyl-

20 1,3,6,10~tridecatetraene (CAS Reg. No. 78216-57-6), 7T-ethyl-
3,11-dimethyl-1,3,6,10~-tridecatetraene (CAS Reg. No. 78183-
46-7), 2,6-dimethyl-(E or Z)-2,5-dodecadiene (CAS Reg. No.
77958-38~-4), 2,6,10-trimethyl-(E or 2, E or %)-2,6,9-
tetradecatriene (CAS Reg. No. 77958-36-2), 3,7,11,15-

25 tetramethyl-(Z or E, E or %, E or 2)-1,3,6,10,14-
hexadecapentaene (CAS Reg. No. 77898-98-7), 3,7,11,15-
tetramethyl-(3E or 37, 6E or 6Z, 10E or 107)-1,3,6,10,14-
hexadecapentaene (CAS Reg. No. 77898-97-6), l-ethenyl-4-(1-
methylethylidene)-cyclohexene (CAS Reg. No. 77142-28-0), 1-

30 methyl-6-methylene-4-(1- methylethylidene)-cyclohexene (CAS
Reg. No. 77142-23-5), 3,7,11l-trimethyl-1,3,6-dodecatriene
(CAS Reg. No. 74253-06-8), 4-(1,5-dimethylhexylidene)-1-
methyl-cyclohexene (CAS Reg. No. 74253-05-7), 7-ethyl-3,11-
dimethyl- (32 or 3E, 6E or 6%Z)-1,3,6,10-dodecatetraene (CAS

35 Reg. No. 73690-00-3), 1,3,3',4,4"',16-hexadehydro-1,2-
dihydro-2,2'-bis (3-carotene (CAS Reg. No. 77365;74—9), 7~



undecatriene (CAS Reg. Nos. 68974-97-0, 68974-96-9),
2,6,7,7-tetranethyl -(Z or E)-2,5-octadi ene (CAS Reg. Nos. 20 68974-95-8,

68974- 94- % o1 4§m10 11, 11- pentanethyl 2,6, 9- dodecatrlenelkgﬁﬁmﬁggn4
68965- 68- %%’ 7 , 10-trinmethyl- 2,6, 1§tradecatr|ene (CAS Reg

No. 68965- 67- 3) 2 6- di net hyl - (Z or E)-2,5-decadi ene (CAS Reg Nos.
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Reg. No. 59681;86; 6)114t51dbﬁﬁym¥h 35621%-8odadacati-bene (CAS Reg.. No.
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4- (1 5- dlneth [-4- hexen{lldene) %I- (4E or 42) -c¥clohexene (CAS Reg.
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(CAS Reg. (MRS. R8§25#0627986023284761- 8) 6- B@m@QBQXL k- 6% %, E or 7)-
nmet hyl -1 - propeny butenyl% benzene (CA 210- 24: 5),
2,6,11-trEn§tﬁyPQ%Et6Feze ECHf Rpg2, §09- GQéééaFﬁréhe 3@ dadirshyINgl-

51795- 79- Hbthglﬁ1gzﬁekh$b (BEOLrZezE Q1 3Zk 1%~@r9d@%@%%%% lgRe (C&AS Reg.
No. 51795-74 10, 11- hexanef y 1, 3,6, 11- dodecat et raene (CAS
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i S ) 7- gt hylhnk4(
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L1 methy o) 5( 3 TLBYLaheropeny! bi2eg.9, 8. 10 A0dReAREALARNYL T WL CAS Reo
20 68974-95-8, 68974-94-7), 2,6,10,11,1ll-pentamethyl-2,6, 9~
dodecatriene (CAS Reg. No. 68965-68-4), 2,6,10-trimethyl-
2,6,9-tetradecatriene (CAS Reg. No0.68965-67-3), 2,6-
dimethyl-(Z or E)-2,5-decadiene (CAS Reg. Nos. 68965-66-2,
68965-65-1), 6,10-dimethyl~1,6,9-undecatrien-4-yne (CAS Reg.
25 No. 68483-39-6), 2,3,6-trimethyl-2,5-heptadiene (CAS Reg.
No. 67796-57-0), 2,4-dimethyl-(E or Z)-2,5-heptadiene (CAS
Reg. No. 67796-55-8), 2,7,1ll-trimethyl-(E or Z, E or 2)-
1,3,6,11-dodecatetraene (CAS Reg. No. 67023-83~0), 6-ethyl-
3-methyl-2, 5-decadiene (CAS Reg. No. 65668-94-2), 2,6,10-
30 trimethyl-(Z or E)-2,5-undecadiene (CAS Reg. Nos. 64583-07-
9, 64583-04-6), 3,7-dimethyl-3,6~octadien-1-yne (CAS Reg.
No. 64547-65-5), 2,7,10-trimethyl~1,6,9-undecatriene (CAS
Reg. No. 61058-91-1), 4,5-dimethyl-(E or Z, E or Z, E or Z)-
3,5,8-undecatriéne (CAS Reg. No. 59681-86-6), 4,5-dimethyl-
35 2,5,8-undecatriene (CAS Reg. No. 59681-84-4), 1'-[4-methyl-
2«(2—methyl—1-propenyl)—1,3—pentadienylidene]bis—benzene, 1



met hyl -1 - propenyl ) -2, 4,6, 8-decatetraenylium (CAS Reg. No. 20 40544-21-6),
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39117-23-2 3,7,11- trimet hyI (E or 14)-3,6,11-dodecatrien-1-yne (CAS Reg.

No. 36629- 58 0), 3,7-dinethyl-(3E or 32)-3, 6-octadi en-1-yne (CAS 25 Reg.
Nos. 3660&382- H.egseﬁﬁ)z 33_86)3—,06—,87)m4rethy$ dErethy) - 4 3hExaophildens 1-yne

2)-3 6 oct ath S a- Ve (o Regle NSt s B (R0 SReg astayls-o)

7-et hyl - Sz,n@,tm,llf(ﬁ@trrmeﬂ;ﬁl honadi BNn-2, g, 1@1&;@@%&@&@@5@7 61-2,

20507 B0 g et b LRI L2 8 B2 6 L1 podesaly ey une (S

hexarret hyetih 8, 6L ];ﬂrcﬁtmi@h)te:tﬂaem;ﬂ%&&egené\b C]S@r&S@g 5540 6)53210-

2, 6-di net dlene 4484-31-6
2- et hyl ﬂ}?’& He% h@p]é kﬁé% Fﬁbor %’48]‘131 2%_5) 72 gﬁg'l‘éo%%catrlene
trimethyl (s, P7eg1_0 m@de&m%#m %%-R@gneﬂ@yl32@4(5r 3%; 08, 0or Z)-

2,7,10-t 3,7,10-d tetraene (CA V\D 01/ 74798 :
BT oo L it st Sl eeay S8 i i liet w31 T4 o D0t s 1F o ( HAE Reg. No.
32778- 25- @xaﬂe?cr(ﬁ&mn@lmm&dé@am&ﬂ@wct@zt@xyég &, 845214-38-

tri et hyl - E or 2)-(S)- dodecatrl ene CAS Reg. No.
291%8- 44- 81>) nl(d(a gfmgl 12992@@@2881) r 52614, 59381 met hyl -, (3Z or
3E, 6Z orelﬁﬁisa:lno?naf‘zari@r lﬂ@dﬁ% RePeneo ( GsE Reth 6 NOS, 2RI Sed¢9r 11 - (2-
28973-98-0, 26560- 14-5), nmet hyl - 4- net hyl ene- 2, 5- hept adi ene’ (CAS Reg. No.

24498- 9- §§¢ 1’9’18‘18@2951@%%1%«1%4 « 10 et Myl ke ¢tadpcayctaenylium

1,3, 6, 13, [Fxnanaseaapend gene- £ £AS Regs - rwthgﬁlﬁr@%n@ahy%f 10
di met hyl - 2, 5- oct adi ene (CAS Reg. No. 20733

3, 8, 8, 14 PHRRSIRtATEA il @ 18- Ht dje‘%fél%@‘iﬁcaZleIEQﬁnszlllEﬂofCAS Reg.

Z 3, 6, 7m@@%e A5He | FAS

6? 1%-di rrel\?oﬁ o uﬁdecat et rkgene ( Sﬂlgse)E 3;. %3%%%%%%%]0

2- et hyl %z?/rcfr fiz)lozr @mm@@e{wﬁe@m WA&M 090154qs;44 23t hyl - (E

§r7z3j. rzretggﬁcﬁpltlagﬁe ocit_gﬁtqﬁ%ﬁget(%%sl%g&o%“y%gﬁ 93-%)10-
4- (1, 5- didaddsareptipsanyiinde{&)sS Rewt N - (4056 o4-2485)7) cyTtodidxehel £ CAS Reg.
No. 13062501 )-1-Frdb By ilih A% 22, &7u Shs O ABEIW 3R oD A4 16,48, 22, 26, 30
20 40544-21-6), T7-methyl-1-(2-methyl-l-propenyl)-2,4,6-
octatrienylium (CAS Reg. No. 40544-20-5), 4,ethylidene-2,6~
dimethyl-2, 5-heptadiene (CAS Reg. No. 39117-23-2), 3,7,11-
trimethyl-(E or Z)-3,6,1ll-dodecatrien-1-yne (CAS Reg. No.
36629-58~0), 3,7-dimethyl-(3E or 3%)-3,6-octadien-1-yne (CAS
25 Reg. Nos. 36602-32-1, 36602-31-0), 3,7-dimethyl-(E or 2Z)-
3,6-nonadien-1-yne (CAS Reg. Nos. 36597-67-8, 36597-66-7),
3,6,7-trimethyl-(E or Z)-3,6-octadien-l-yne (CAS Reg. Nos.
36597-64~5, 36957-63-4), T-ethyl-3-methyl-(E or Z)-3,6-
nonadien-l-yne (CAS Reg. Nos. 36597-61-2, 36597-60-1),
30 3,7,11-trimethyl-(Z or E)-3,6,ll-dodecatrien-1-yne (CAS Reg.
Nos. 36397-58-7, 36597-56-5, 36597-56-4), 2,3,6,7,10,11-
hexamethyl-1,3,6,11-dodecatetraene (CAS Reg. No. 34888-55-
6), 2,6-dimethyl-2,5-heptadiene (CAS Reg. No. 34484-31-6),
2-methyl-~2,5-heptadiene (CAS Reg. No. 34484-29-2), 3,6,10-
35 trimethyl-2,5,7,10-dodecatetraene (CAS Reg. No. 32945-35-0),
2,7,10-trimethyl-1,3,7,10-dodecatetraene (CAS Reg. No.



20 dotriacontanonaene (CAS Reg. No. 13050-81-2), 2,6-dinet hyI -

2, 5- hept adi ene (CAS Reg. No. 6090-16-0), 4-(1,5-dinethyl-

hexenyl i 774798et hyl - cycl ohexene (CAS Reg. No.5957- 36- 8)PCT/USOI/08624
3,7-dimethyl -(3E or 32)-1,3,6-octatri gne (CAS Reg. No. 3779-, ©61-

2, 6,10, 14, 19, 23, 31- heptanethyl 25

2,5, 10, 14328258322826 ZQ%mimeﬁbwdt—an@naiemne:t(amﬁeR@g dds. ReBB25kAR1- 2) ,

3.7, dlﬂEt?!? %35505 BEEZ % 9—%&%%%%#39 %%Aﬁg ) 3%%%8?5&3%%—

3rreth|- n'ethl’l roénl-
3229- 66- 1):xlmeahgﬂﬁéﬂhyﬂethyaéneﬁdmhplrplzope(wI -, B,,Cﬁ—@dmmﬂaactmjeerw (@24S Reg.

No. 1606-44-6) . 30 di -4 met hy Reg. No.
927- 02- 6?‘,%91 ﬁé’thzgﬁ%( fqene Hylo&lﬁk‘?ﬁ e(?él’)% a?@l ‘0 %egez(r}%@%?’d

586-562- 9) 3,3, 1 1ttxrtimemdiyiiyl,-(BZEocar 337, 6BEcar 6841, B %,,8,000- dodecat etraene
(CAS Reg.

di met hyl - ENﬁS%‘%?FF&&H&) %A(r?e?ﬁﬂ - 8081 0kERdrE NCcAs BEG IS8 Sy A5,

:soprene lﬂyB():ene—mélth}?df—@ﬁﬁfe%h@lehlenagﬁfheggféa@g.gf}%gg%s(o gagzgis,mﬁmc(j yé 5

i nonene, 0 1 p- or
p-2,4), g@?gﬁgolg gﬁergl'gegeaz yPad get Ll -medhatlenarelfolatddl) T cas
Reg. No. 12326443417—h@hﬁ@%@|a€%%§en|aegCA@0 Re@60&0142@)192d@9¥® gner oj.i dol

(CAS Reg. i sabol ol , val ancene, nookatene noot Kat one,

di ¥t hy| §l§le&%8§08vgapf)téﬁléenf8 (GRS Reqdr 8Rce< /GRS 1Red) /No. 6153-17- 9),
pi peritol s e 8,C4$ 18PPeht ahens) -1 CARRe ?'lelﬂ‘és- (F0%43%, #8-f H658332-9),
(0]

1- met hyl - cIohexadlene nmet hyl cycl opent adi ene di mer, et’hyli dene
'y

norbornené élv efir dhe 1/ -Bnadecreratacary Jv@S( Resr Mo 19556 s

[4-trans- 6; ¢bsalRetEHI-ReQ., cNo- u%é%@a@@t@he%@d éﬂbr@%% 6d.an% WA JReg.
No. 3016-19- 1], al ooci menol s (CAS No. , 1ononmers (CAS

Reg. Nos.li2727%e8hyizd@1oa67Ee)y 2, éa&eﬁgrﬂéﬁ@e Icéﬁo&eé!rolNO(CA§3Rég'09ﬂo

76-83-0), 1squal R 1 Iy
502- 65- 8) l§and %gf%g?gﬁgg T g zar?d%)%pc%gé)egeeg Nos@{%%(z%%ziﬁ%% 904 5)].
O cour sel) eodbi ndimgibyef 1y e§eo§(§m§@aﬁ@§ (@ASh Regr. Wiot.h b8 Tdordlert)ional

epoxy conmpaynds, qFR%+Rg1UGeHexe éclﬁ‘i'd@%@ yLhal.ex 1“({%‘% %%Utzlg"i _sol e conponent

fromthese conpounds are those hin the teachings o Pat ent Nos. 20
5, 948, 922cychehpxangd 3CHP3RE33 [ObedB06ERAO-5S , excl uded as

2,6,10,14,19,22,27,31-octamethyl-2,6,10,14,16,18,22,26,30~-
20 dotriacontanonaene (CAS Reg. No. 13050-81-2), 2,6-dimethyl-
2,5-heptadiene (CAS Reg. No. 6090-16~0), 4-(1,5-dimethyl-4~
hexenylidene)-1l-methyl-cyclohexene (CAS Reg. No.5957-36-8),
3,7-dimethyl-(3E or 3Z)-1,3,6-octatriene (CAS Reg. No. 3779-
61-1), 2,6,10,14,19,23,31-heptamethyl-
25 2,5,10,14,16,18,22,26,29~dotriacontanonaene (CAS Reg. No.
3625-51-2), 3,7,dimethyl-(3Z or 3E)-1,3,6-octatriene (CAS
Reg. No. 3338-55-4), 3-methyl-1-(2-methyl-l-propenyl-(E or
z)-2-pentenyl (CAS Reg. No. 3229-66-1), 2,6-dimethyl-4- (2~
methylpropenyl) -1, 3,5-heptatriene (CAS Reg. No. 1606-44-6),
30 2,6-dimethyl-4-methylene-2,5-heptadiene (CAS Reg. No. 927-
02-6), l-methyl-4-(l-methylethylidene)-cyclohexene (CAS Reg.
No. 586-62-9), 3,7,1l-trimethyl-(3E or 3%, 6E or 6%Z)-
1,3,6,10-dodecatetraene (CAS Reg. No. 502-61-4), 4-(1,5-
dimethyl-4-hexenylidene)~-l-methyl-cyclohexene (CAS Reg. No.
35 495-62-5), isoprene, myrcene, dihydromyrene, linalool,

terpinenes (o, B, and y), limonene, terpinolene, menthadiene



the sol e conponent from these conpounds are epoxy conpounds wthin the
followwng formula: RRORR R3a RLR3c 25 OORRO RR RbRMRR

R3d R R RRMieise each R is independently selected from W@%SGZQ%O
met hyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert- butyl, Cl_4
al koxy, hal ogen, cyano and nitro, Rl and R2 are each independently
sel ect ed flporvBydrogeR, 4iet lggirandiiy| namdl, poempany laretaded tkatylbot h R1

and R2 ca hydr. \ IS oi_.ndepend Ly .select f rom.hy en,
met hyl , etg%g/ft,ata% }é%&%gﬁf&oaln C%As?ogre%ﬁyﬁh%"p‘r%%éizdélzl éls ’| g’?sﬁnec?r?el o(fq“’rA%ga and
Ri b, WO O0RE@4798 . PEHORSOE/-08624lehy2i rame ratl ildedst(Carte Refy .RiIND .ared sRi-68-s

i ndependent |y sel ecte fromnethyl, ethyl ropyl, and isopropyl, and mis
0 or 1. @é\rtflaﬁﬁiﬁﬁ?gaéy F’g]t]JFgcgé&tyn8f3¥8§ieg§ne¥188ﬁ%85ﬁ8§' FRthYisr mul a
| includezl unenene rdi-ep@ricje papdcgaanB rantekpi aaBerdyePQ%i,des skingnene

di epoxi de _may be obtained commercially from Daicel em Co., Ltd., Japan
under the?)tr RdBREME CLEELICOXICES" 23600, Gmaes) pdCAiSc Regr| Wadesitbd®3e epoxy

or oxirangsg-gonpgeynds si-ngl ude JRERM L 1cvclopantrdiene A epirdg dimer 10
("MCPD diner"), ethylidene norbornene diepoxide ("ENB di epoxi~de"), and
nopol epo%Y&éogrpspdyrnet Héper NECRY)LideRe pogboraenien tHeetdeals,e resin
conponent -gf-,@13¢ refk , MRLE vRRRXY -CRIPQYNAS 1HaKI G A ol §aS! @ J;ane or
thiirane I|i nkagergubsti taut ed on( at | egst fhree %%e :eﬁeq%SttsuQ%t i%t lff'[la | e
posi®t i ons (6ASt ReJexNeand 2316510 aradc drisans.s - 6régpeact f(PASy Regi.t lcan al kyl ,
al kenyl 0noaEyh osHhSLT LYQRL ;1 RANIAG & cGar Ry coat enlg 0l gne fo about twel ve
carbon atons, W th or w thout substitution~or interuption by one or nore
het er oat oienomensl d§éss Relgl-oWosf.ofl 2egddi-B, AdPI0dcoTen), 2MaiecoMene,and/ or
recyc"nngBoQE%E@&'%%A@'%%%Eoﬁbq g%q%%n%ggssqualene (CAS Reg. No.,.
111-02-4), lycopene (CAS Reg. No. 502-65-8), and carotenes
15 [f and y (CAS Reg. Nos. 7235-40-7, 472-94-5)].
Of course, combinations of these compounds, with
or without conventional epoxy compounds, may be used,
provided that excluded as the sole component from these
compounds are those within the teachings of U.S. Patent Nos.
20 5,948,922 (Ober) and 5,973,033 (Ober). That is, excluded as
the sole component from these compounds are epoxy compounds

within the following formula:

R R O R R
R3a [TF —l Rac
25 o
0 R |J J R 0
R R
Rap R m R R Rad
R R R R

where each R is independently selected from hydrogen,

30 methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-
butyl, C;-4 alkoxy, halogen, cyano and nitro, R; and R, are
each independently selected from hydrogen, methyl, ethyl and
propyl, provided that both R; and R; cannot be hydrogen, Rj
is independently selected from hydrogen, methyl, ethyl,

35 propyl, and isopropyl, provided at least one of Rz, and Rap,



from assenblies that have becone at |east in part inoperative. The
conpounds with the oxirane |linkage(s) can be prepared fromolefinically
unsat ur at 8¢ & unds, many of 25 which havine at |east tppgXo§héddhcC

| i nkages, wth at |east one of the olgfinic |inkages being substituted on
at least three of the substitutable positions on the epoxy carbons wth
an al kyl , aabkenylLeastapyke sfib&si tarehtRspavs ngndegandentlgontkbatted 1 to -

bout t t it h i thout 30 substitution or interupti
by one. o “keFoTRLSY6aLoNY Lor PRAYAGeRLS. TS obaR mPLH Fy andabt dred |

conmpound may*t hen Bertdcuaetég¢ dishrablepepbdgt benocageahel roapoanaynt and

ander conl 109 cABRLONT L2480 Eeack AL e obelinie, Lukages (o form

an inventive conp
epoxi dat i orrageshe diebwvlkide .f oLAMBGenex diapexidegmaynekuddtpehae ds (such
as peracetic acid WD 01/ 74798 PCT/US01/08624 23 perbenzoi c acid,

met a- chl oF SPBPBERZ ST 559@;%?&ﬁﬁéfgéemacp8ﬁhy&FGQenJﬁ@@&x?&éerééeU.S.

Pat ent Nosradeh8ae276ELLYETDE"EBIOOD .and 5, 274, 140 (Venturell o) and the
like], with the resgéion carnie& out unti,l eonidization of the olefin 5
linkages is at | easPt8GPsPARLiaPIHresnPratEaPLfpPRIKYy OTWPEATANE peri od of

time of feefpduhasl8nbouns. mAshkegakes opearaudthan a@kpRveR! kY egonpounds
having at |east one thiirane |linkage, conventional synthetic methods may

. . g : )
be ¥sed, dutlhFRsdtREse) destrividderf posbopaeast diepREids, J78N822 (Martin),

the diSC|@iéb@x@ﬁe“@iCBnHSnB@b@bépo§§Bé6§§bﬁiBQQOEEQ%%F3dNE%EGBU_by
reference. To that end, partlcularI¥ desirabl e episulfide or thiirane
conpounds Wi thin fofR§l BreseRceude the 6¥irabiei desingcomponeatesiofone

Iinnnene,ogaﬂaﬁetebg&geegmpgﬁhaglhé$i9§059p§@5%@i%ﬂ%_@&g&% Lyl i dene
nor bor nene, ,and nopol . glycidyl ether.  As an_i norganic |IPér conponent,
many nat eFPaftsang: éipkpast saPE)itssedl onFat Leasinsdreeheti ibeganic filler

con@onent suB¥tottieablachudetienal 8CkRE Sikikaas, osUehiasa2@ Ltusednsi | i cas,
and may b%e%BEEE%hfngrWEE%a%%qaiﬁyif ggkenyl or aryl substituent
having a carbon content of one to about twelve carbon atoms,
with or without substitution or interuption by one or more
heterocatoms or halogens allows for repair, replacement,

20 recovery and/or recycling of operative electronic components
from assemblies that have become at least in part
inoperative.

The compounds with the oxirane linkage({s) can be
prepared from olefinically unsaturated compounds, many of

25 which havine at least two olefinic linkages, with at least
one of the olefinic linkages being substituted on at least
three of the substitutable positions on the epoxy carbons
with an alkyl, alkenyl of aryl substituent having a carbon
content of 1 to about twelve carbon atoms, with or without

30 substitution or interuption by one or more heteroatoms or
halogens. This olefinically unsaturated compound may then
be contacted with an epoxidation agent in an amount and
under conditions appropriate to react with the olefinic
linkages to form an inventive compound having an oxirane

35 linkage.

Appropriate epoxidation agents useful in forming

oxirane rings include peracids (such as peracetic acid, .



alter the chem cal nature of their surface. Virtually any reinforcing
fused silica may be used. Particularly desirable ones have a |l ow ion

concentr afidf ks are relatively small in particle size %ﬁﬂﬁﬁwgm&nhn t he
range of about 2-10 m crons, such as gn the order of about 2 mcrons), such

as the silica commercially available from Admat echs, Japan under the trade
desi gnat i parb8azpic achdr deskrablermpesbeakeitorcisle asinbseiicnorganic 30

filler COHEQB?H&dkeﬁgﬂdEeFBQEEeCQQéEr%C%edPQEeBE RQAL alyNisRg  oglum num

oxide, silicon nitri m num ni T | ca- coated aldnlnun1n|tr|de

boron ni t (VEBtHKELEENDPRASE PoRT4 ﬂﬁ@réBﬁnE?ﬁélﬂﬁérQ@dl@hﬁ Likelgomgddent may

be presenthknredbtiba b&!@ﬂbﬁVéuﬁoﬁﬁﬁiﬁtb@@xhﬂl%ﬁt@%%UQE Whet @16¢ %€l ght
per gent, in thg gg of . about .S Bo about 60 wei ght percent
0 t

par £i cul a F§E3§85tlf0 SERSherGhe L p¥r CORP; etﬁmrEYE&FFiéﬁlarly about
15 to abowuthmnmalghklpdroént;mandeEEQm/24%881BCEbU$@1/08624 24 even nore
particul arly about t per.cent such as_about 30 wei ght
percent. The curlngggg%% Q&g %%E%g% %?ngav BV SPMRPY gﬁpable of
cataly2|nBthégpéFyhéasiapnéntbﬁlrhee 5 inpegy I eshventipmadnisyofk hefid o

Inventlvemeeﬁaaglhagnge Q@éaragh@hcaglanggeekécEQBewsgnWbt@ tBgRpgsent

i nvention_ include an agwy de conponent. a nitrogen-contai ning
cononent Nosuén348 - 342 ﬁétéﬁﬁpoﬁﬁﬁ difCaREYESC SdpUAGD drd heaRbivni dazol e

conpound, eﬁprééBmynahbaﬂpokheéaoheréQnAbprQ@Eé@bﬁc@nhydr|de conpounds for
use herein include QﬁéFand syc S hexah%drophthallc

anhydri de ("HHPA") Afd h?Pdhe?éﬁg gﬁf §|Péséﬁﬁ§§F|&@ls ke Aoy

(COWWEYCIahhyraﬂélbaﬁb@uhﬁgnw&tﬂﬁﬁuf@hﬁﬁ&ﬁahs1ncﬂﬁ@e,t@@'%@g%ﬁlf§@%%h
Carolina, used individually or as a 15 conbination, which conbination is

avai | abl e°in8Bi1FRBSEr afe L 1HEERERat PR FRORI-DENCG 2 TR thnd

5- (13, 5- dle?ensbéahxa&ehk aimggthgkh%lgmeh@hﬁé§6%rhe%ed'%%@b%éﬁgﬂc anhydri de
(comrercially available from Chriskev Co., Leewoo Kansas er the trade

desi gnat i 6hAYBidgdopther.
As an inorganic filler component, many materials

are potentially useful. For instance, the inorganic filler
component may often include reinforcing silicas, such as
20 fused silicas, and may be untreated or treated so as to
alter the chemical nature of their surface. Virtually any
reinforcing fused silica may be used.
Particularly desirable ones have a low ion
concentration and are relatively small in particle size
25 (e.g., in the range of about 2-10 microns, such as on the
order of about 2 microns), such as the silica commercially
available from Admatechs, Japan under the trade designation
SO-E5. .
Other desirable materials for use as the inorganic
30 filler component include those constructed of or containing
aluminum oxide, silicon nitride, aluminum nitride, silica-
coated aluminum nitride, boron nitride and combinations
thereof.
The inorganic filler component may be present in
35 the inventive composition in an amount up to 70 weight
percent, such as in the range of about 5 to about 60 weight
percent, particularly about 10 to about 50 weight percent,

more particularly about 15 to about 40 weight percent, and



20 O course, conbinations of these anhydride conpounds are al so desirable
for use in the conpositions of the present invention. The

ni trogen- 1#4Ygng compound i ncl udes am ne conpounds squnﬁﬁwg@&%gnines
and di-and tri-aza conpounds, 25 nodyfied am ne conpounds, am de

conpounds, im dazol e conpounds, and conbinations thereof. Exanples of the
am ne conp¥eRdBCrAcrageirkéariyl rbrltg 28l kyl apoly 3% wedght percent,

diethylengﬁéhaggngbougrggtgggﬁﬂgt@Eg@@g&@e, di et hyl am nopropyl am ne, and
30 qui noxal i ne. Exanples of the di-or tri-aza conpounds include: <:IN WO
01/ 74798 PCT/ US01/ 08624Cus5ng 598157 SAFEPErHL4 s8o0ifodnslede N ON

1, 8-di azahbtyelialb. 4afhbldeef/canalyzbBY the pollymNrlzadion of the

1,5.7-tri i 4.4. 0]l dec-5-ene; and.__ 10.the bhicycl.o.nono- and di-aza

conﬁoun&ggggggcég%%%c EBP%B?“Ena% %hfplTYEPgﬁgfaﬁP@F%F& 29252, 1 oct ane.

Exanpl es Béshpdbleeduaiingeagenpeufids usel wdehepbey prasiene dddenicies for med

by the addhth@fe0hndnAThieqcORBABLent? ANnIROXLEOMBANAGL 23 O COUrse,
n so desirable for

conbi nati ons of these aim ne conpounds are a al use in the
conposi t i BASPERCRRe SPFBs@ft anrneBAREoROMERERE! e @NoRMAfRd oBpRpOdndenidnc| ude

cyano- fuagtignahbaed asngesndsSuel asmbiheyapdsarhdeeo3Q The inidazole

congounds mmy e chesen trom I dazole, ' S01m dazole, “and gubstituted

i m'dazol es -- such
include mono- and poly-anhydrides, such as hexahydrophthalic
anhydride ("HHPA") and methyl hexahydrophthalic anhydride
("MHHPA") (commercially available from Lindau Chemicals,
Inc., Columbia, South Carolina, used individually or as a

15 combination, which combination is available under the trade

designation "LINDRIDE" 62C) and 5-(2,5-dioxotetrahydrol) -3-
methyl-3-cyclohexene-1, 2-dicarboxylic anhydride
(commercially available from ChrisKev Co., Leewood, Kansas
under the trade designation B-4400).

20 Of course, combinations of these anhydride
compounds are also desirable for use in the compositions of
the present invention.

The nitrogen-containing compound includes amine
compounds such as polyamines and di-and tri-aza compounds,
25 modified amine compounds, amide compounds, imidazole

compounds, and combinations thereof.

Examples of the amine compounds include the
following alkyl poly amines: diethylenetriamine,
triethylenetetraamine, diethylaminopropylamine, and

30 quinoxaline.

Examples of the di-or tri-aza compounds include:

N

Cr



as al kyl -substituted i m dazoles (e.g., 2-nethyl imdazole, WO 01/74798
PCT/ USOL/ 08624 26 2-ethyl-4-nethylim dazol e, 2,4-dinethylimdazol e,

butyl i m dggn - hept adecenyl - 4- net hyl i m dazol e, 2- undegqu# ol e,
1-vinyl -2- nefﬁ??%nidazole 2-n- heptaglecyl i m dazol e, 2-un ecy |ﬂ1ﬂ%§ole, 2
5 hept adecyl i m dazol e, 1-benzyl -2-nethylim dazole, 1-propyl-

met hyl i m dazol &, 5Idé?§ﬁ@épﬁvﬂoi4n§tWQM@@V@&Z@%% 1-

cyanoet hyl - 2- et hyl - 4-net hyl i m dazol e, 1-cyanoet hyl -2- undecyl i m dazol e,

1- cyanoet hyl - 2- phenyl i m dazol e, 1- hyl - 2- nethyllnldazole and
addi tion products of an 10 imdazg¥e and ffrinellitic acid,

2- n- hept adecyl -4- net hylim dazol e i
substituent contains up to about 17 ons and desirably up to about
6 carbon atons), and aryl-substituted im dazoles [e.g., phenylimdazole,
benzyl i m dazol g, g2313 ZaBk [ A | &n u

2,3, 5- trlphenyllﬁlgagbgg %¥E1§J§r3 PE?@%E&?ZQQ&Q 3 BU

benzyl) 2-met hyl i m dazol e, 2-(2-

hydrsoxyl - 4- t - but yl phenyl ) - 4, 5-di phenyl i m dazol e, 2-(2- nethoxyphenyl) -4,
5-di phenyl i m dazol e, 2-(3-hydroxyphenyMNnN"4§-di phenyl i m dazol e,

2- (p- di net hyl am nophenyl)-4,5 20 di pheny|l i m dazol e, '
2-(2-hydroxypheny|)-4,5- di phenyl i N

di (4, 5-di phenyl - 2-i m dazol e) - benzene- @ 4, -

2-napht hyl - 4, 5-di phenyl i m dazol e, 1- benzyl-2 met hyl i m dazol e,

2-p- met hoxyst yiyBir fi-8&ierabisneloé -1i.d decgénenalil pngher e each aryl
subgt i tuent contains up to about 25 10 carbon atons and desirably up to
about 8 c%%bOEFatoEs ng}e ,of comerci al_imdazol e conpounds are
avai | abl e*f'fo FLBr BRBers 208 Pénfdan COFBRNESVani a under the trade

desi gnati on " CUREZQOL" 1BZNZ and from Synthron, |Inc., Mrganton, North
Carolina under the trade designation 30 "ACTI RON' NXJ-60. Exanples of the
nodi fied i m dazol e conpounds include igi dazole adducts fornmed by the
addition of an imdazole conpound t nepoxy conpound. For instance,

"AJI CURE" PN-23, commercially availahle foromAjinonoto Co., 35 Inc., Tokyo,
Japan, is believed to be an adduct of 828 (bi sphenol - A-type epoxy
resin, epoxy equival ent 184-194,

15 guinuclidine; and
[:N:]
20 1,4-diazabicyclo[2.2.2.]octane.

Examples of modified amine compounds include epoxy
amine additives formed by the addition of an amine compound
to an epoxy compound.

25 Of course, combinations of these amine compounds
are also desirable for use in the compositions of the
present invention.

Examples of amide compounds include cyano-
functionalized amides, such as dicyandiamide.

30 The imidazole compounds may be chosen from
imidazole, isoimidazole, and substituted imidazoles -- such

as alkyl-substituted imidazoles (e.g., 2-methyl imidazole,



commercially available from Shell Chem cal Co.), 2-ethyl-4-nethylimdazole
and phthalic anhydride. Qhers WO 01/ 74798 PCT/ USOL/ 08624 27 commercially
avai | abl ewon@s 9gs0m Aj i nomot o i nclude "AM CURE" ~ WY- 24, " AlGldgEog P> 216
and "AM CURE" ATU CARBAMATE. In addi$g on, "NOVACURE' HX-3722 (an
|n1dazole/b|sghenol A epoxy adduct dispersed in bisphenol A epoxy) and

" NOVACUREZ - pixhgl 3¢9 ometpylinidareolal | 2. dvdimgbhylimodaaedki - G ba, Ltd., may

al so be upgdy1Ohigaukss, QOHQbEQHEQEﬁ Qt4tB@§ﬁyu€h§aégb§e cgmpounds are
al so desira use i n_the conpositions. of present invention. 10

The curlnﬁnaﬁgﬁPY oMpIRERL Cray “BéNYded - PﬁtéﬁllﬁﬁﬁaﬁPléﬁ Br8m about 1 to
about 100heptglicpiimedbzosdch2aandabouimddhaocaboub-50 welght percent,

b d igh cu le res nent, depen of _course on
PneSe oo hEReHALED 1R kO e L B T e R 2O TR | Bapr e t e
conp05|t|mﬁthnyimidezohebuaecaanbébh@mrBrmythgémm;dauomeas1a si l ane and/ or

titanate. ., gggégg?%aéeeﬁh gngs % X?é@ﬁagégi ?cbggg8§85¥ka5rlnethoxy

si |l ane (conner0|a é aval fabl e
Connect i cHfdafyéimifazetadel - Qﬁa§@§F§M&tBoﬁhﬁPYQIPldaﬁélﬁethacryloxy propyl

t ri met hoxyushhangoéenymepcnathyl amaihabhe Bhanhéﬁhtgeﬁebrbaﬁckgaee an

d A-174 tit t f se herein include titanium
VPt rakr B ia2oTh: apHOERRuREhSEbe, Rhtting P ATEOBEARRE Ao AL o- O]

[bls(dltrdehylpMDéphble anhd dhbytlikgeny@néeallpr whakkyeavai hakle from

Kenri ch Bayopne rse under the_trade
des.gnat.%ﬁﬁﬁﬁ?§g§ﬁ@vﬁgﬂgﬁéﬁ 8¥ go bg%ﬁﬂ#lty %Bgﬁt %8 Sp8Hsed in an
amount updesinpbly Epmépgthpér6eﬂarbgnchtamShboandOaﬂﬁlBéuhetgbUtpdrcent

to about gmﬂﬁéggieQeﬁé ?ﬁéhg@?thQQBYE Qeﬁz 91@28&&01 eV ght percent,

based on the total wel e conposi tion. t1on he5|on
pr driot er sMeER¥h- és5fﬁéph§PYéh@§da§P}§vd?b3t5rﬁ§%ﬁbﬁ9¥l#@h@a@@éﬁweBC|aIIy

avai | abl estgbyl ipia&Bblander (8bgetyadpedasi gnat nednda 1875206182830 no

hydroxyl-4-t-butylphenyl) -4,5-diphenylimidazole, 2-(2-
methoxyphenyl) -4, 5-diphenylimidazole, 2- (3-hydroxyphenyl) -
4,5-diphenylimidazole, 2- (p-dimethylaminophenyl) -4,5- '

20 diphenylimidazole, 2-(2-hydroxyphenyl)-4,5-
diphenylimidazole, di(4,5-diphenyl-2-imidazole)-benzene-1,4,
2-naphthyl-4,5-diphenylimidazole, 1-benzyl-2-
methylimidazole, 2-p-methoxystyrylimidazole, and the like,
generally where each aryl substituent contains up to about

25 10 carbon atoms and desirably up to about 8 carbon atoms].

Examples of commercial imidazole compounds are
available from Air Products, Allentown, Pennsylvania under
the trade designation "CUREZOL" 1B2MZ and from Synthron,
Inc., Morganton, North Carolina under the trade designation

30 "ACTIRON" NXJ-60.

Examples of the modified imidazole compounds
include imidazole adducts formed by the addition of an
imidazole compound to an epoxy compound. For instance,
"AJICURE" PN-23, commercially available from Ajinomoto Co.,

35 Inc., Tokyo, Japan, is believed to be an adduct of EPON 828
(bisphenol-A-type epoxy resin, epoxy equivalent 184-194,
commercially available from Shell Chemical Co.),

2-ethyl-4-methylimidazole and phthalic anhydride. Others



propyl triethoxysilane (commercially available fromOSI under the trade
desi gnation A-1100), may be used. WD 01/74798 PCT/ US01/ 08624 28 \Wen used,

t he adhesynprigot ers may be used in an amount of aboutIQH%%m%Qgﬁg 20
wei ght percent, such as about 5 to apput 15 weight percent esirably

about 8 to about 12 wei ght percent, based on the total weight of the 5
conposi t i cpnmeyahalévesveidabay ahss feousddinomphe invéntiev@AMICURE"

conposi ti Quso,The Q t fu GO n he inventive
conp05|t|ggszﬁa %ﬁxeﬂggeneﬁrg%?dggganéy%ggggenggg ? %gégég?dbe%?enes 10
d|cyanatoadéhthahenéﬁQVA€UR¥anHKeaaphtHahemasdado&yabab@hehbnhenﬁbpxy

bi s(cyana y s.an | derivativ t.h "

bi s(dlhalég§§§gtg%%gggggg 1na%é§bﬁé |g(éySHSFX h&H?|?§§&éF¥PE HX-
b|s@cyanaB@@heH?l)summedesallplaVayaabﬂepheomlApahmaueba, Ltd., may
tr|s(cyang&gghgnyl%gposphites, 15 tri s(cyanat ophenyl ) phosphat es,
bls(halocyanatophe Jmet hanes, cyanat ed novol ac,
bls[cyanatophenyl(nﬁfhybekbylidembﬁmabénnenef cthenat éthidazole

bi sphenol e h Li nd..conbi nat . ans t her 20
NL?E spe0|%ﬁggkﬁag g¥g g%%ﬁgéﬁ%ngHEV|%éggngegstthgngogygﬁ& &8st & group
on each nbhecoresant hﬁyebélogenerally represented by the forrmula Ar(OCN) m

whepe Ar is an aroﬁﬁé'@u&@ﬂgcabeﬁﬂdcghbénéﬂt'ﬂ%?gﬁé {eem 3n! %ns The
aromatic radical Ar _should contain at |east cafbon atons, 2 may be

deri ved, ?B?uBEaﬂEI@rOWrBHPHFOHHFPCaﬁ?HFoéQPbUﬁ%ghtsB§ﬁC§§tbeﬁﬂ€ﬁeaS

bi ghen?/l aba’@hthatenﬁbogﬁt boagemghtpyséeaentorbltahedl bheth’éhe/e%g%ablfcb

radi ca e_derive ucl ear. aromatic rocarbon in
whi ch at eas%u%%gfe SEaP.SOPPﬁagng}engF§§ﬁ88 6 888588tﬁ€r¥gﬁr5¥§ﬁ a 30
bri dgi ng gndupdemtibylnélpuedcargngragantccomponahs derived from

novgl ac-type phenoliy heskBson, Lhne- oofibBBILEAhELSa0ke HHRTR4RNENOII C

resins. The aronatic raglca?oﬁr my a contain rng- at fached,
non- r eact F¥@Wabbsityussest , ERuABl @5 af sélehecpaddos &itenstiencl ude, for 35

instance, 1,3-di cyanphebppigne; siidndicyapatghenzenen 1ndidde octyl
trimethoxy silane (commercially available from OSI
Specialties Co., Danbury, Connecticut under the trade

20 designation A-137), and methacryloxy propyl trimethoxy
silane (commercially available from OSI under the trade
designation A-174).

Appropriate titanates for use herein include
titanium IV tetrakis [2,2-bis[(2-propenyloxy)methyl]-1-

25 butanolato-0] [bis(ditridecylphosphito-0), dihydrogenl],
(commercially available from Kenrich Petrochemical .Inc.,
Bayonne, New Jersey under the trade designation KR-55).

When used, the flowability agent may be used in an
amount up to about 5 weight percent, such as about 0.05

30 weight percent to about 2 weight percent, desirably about
0.1 to about 1 weight percent, based on the total weight of
the composition.

In addition, adhesion promoters, such as the
silanes, glycidyl trimethoxysilane (commercially available

35 from OSI under the trade designation A-187) or gamma-amino
propyl triethoxysilane (commercially available from OSI
under the trade designation A-1100), may be used.



tricyanat obenzene; 1,3-, 1,4-, 1,6-, 1,8-, 2,6- or 2,7-
di cyanat onapht hal ene; 1, 3, 6-tri cyanat onapht hal ene; 4, 4' -

di cyanat oy | ; bis(4-cyanatophenyl)nethane and 3, 3', 5 &/udo§hiaret hyl
bis(4-cyana€ggﬁgﬁyl)nethane 2,2 WO 034 74798 PCT/USOl/08624 29

bi s(3, 5-dichloro-4-c anatophenyl)propane 2, 2-bis(3, 5-
di br onp- 4- di cyanat opheny Mpgdopahe; a@h§§40®y@m@m@ph€ﬁympyeiheM§ed in

bi s( 4- cyaaﬁtgmbaﬂilb§ugbbﬁ% 12£& Bissid- 2%Y%%%5%Eh%%¥EE R ORI a5
tris(4- cyggatophenyl ite; tri s(4-cyanat ophenyl ) phosphat€;

phos
bi s( 3- chl 8P8%4 c§8nﬁp8ﬁﬁeﬁ§lye&5 aR rc@?&naﬁéélﬁéﬁéwa@ OPtSBmPQZL
cyanat ophebphtligneetighet byricdene) bheedenn ahed eyanat @@ight of the
blsghenol Eﬁé ? ed pol ycarbonate or other thernoplastic oligonmer. 10
O hér cyana 8PS i nci ude cyanates disclosed in U S. Patent Nos.
4,477,629 and 4, 528C866atehestessl osyr eleb beackedf imhittle iisvkerdkye

eXDressl ycbﬂﬁeé%&éhgd hehgi %ygﬁxart%f% S2ReE JL1e,GYARALe LRLEL! 3¢ osed 10

U. K. Pat 702, anate esters di'sc thernatlona
15 Patenttb@bFPBS?FéHeWEPQBP§2I8@nStWéde§CFb9§ﬁ@ éfromach of which is

hereby exghegshytbpearpacat edhe h&t@beb@%%%%”ce O course, conbinations
hese anate estegggwhthln t i m dazol e congonent of the conpositions

he pr Sﬁ?naFﬁvéﬁ §P§Sal§51&¥§PF§8P?P§ﬁB $BEShe i angG oA
part|cuIabhphdayncabhe(cyanatephsh@ﬂ)hethuﬁes bedeanklys dediikakli&es

i T t New Yor k under the
f?SH§L§h§Lb§ﬁ%éﬁp’gﬁ%gdﬁﬁgikgﬁgﬁﬁﬁgg ORSToBrahorEEhane) | when used. the
cyanat e ebielsympagtpphaswyd) ehhems, 2bistovanasbpaboyil) sulldidesyt 20 melght
percent, BHEmcgﬁnﬁggﬁhen§lgBr%BQHE815t%@bggpaﬂﬁEgﬁﬂkn¥Q?§gr %%Xt%%OUt to

about 12 wei er cent ased on the fota OXy résin
cononent £ rEﬁ%GEﬁPPBﬁBPe&MaPPP@@Qhﬁﬁﬁsalso be used in the 30 conpositions

of the prBsgmhana@yahaeaph@nwblm@waﬁ@rst akRandesyr advBhysi cal properties of
the compogiLign, Lhe cured Leachion PIaducy, or both. For instance, it may
be desirabBi&FHRBFPRIR 4

bisphenol-terminated thermoplastic oligomers, and

combinations thereof.

20 More specifically, aryl compounds having at least
one cyanate ester group on each molecule and may be
generally represented by the formula Ar (OCN),, where Ar is
an aromatic radical and m is an integer from 2 to 5. The
aromatic radical Ar should contain at least 6 carbon atoms,

25 and may be derived, for example, from aromatic hydrocarbons,
such as benzene, biphenyl, naphthalene, anthracene, pyrene
or the like. The aromatic radical Ar may also be derived
from a polynuclear aromatic hydrocarbon in which at least
two aromatic rings are attached to each other through a

30 bridging group. Also included are aromatic radicals derived
from novolac-type phenolic resins -- i.e., cyanate esters of
these phenolic resins. The aromatic radical Ar may also
contain further ring-attached, non-reactive substituents.

Examples of such cyanate esters include, for

35 instance, 1,3-dicyanatobenzene; 1,4-dicyanatobenzene; 1,3,5-
tricyanatobenzene; 1,3-, 1,4-, 1,6-, 1,8-, 2,6- or 2,7~
dicyanatonaphthalene; 1,3,6-tricyanatonaphthalene; 4,4'-
dicyanato-biphenyl; bis (4-cyanatophenyl)methane and
3,3',5,5'-tetramethyl bis(4-cyanatophenyl)methane; 2,2-



instances (particularly where a | arge volunme of inorganic 35 filler
conponent is used) to include a reactive co-nononer conponent for the

curabl e rﬁﬁhﬁ”gggponent such as a reactive diluent. ApprelliiBsdgactive
or

di | uents use herein may include gpnofunctional or certain
mul tifunctional epoxy WO 01/74798 PCT/USOL/ 08624 30 resins and '
epi sul fi desgs (3nE-Hagbilipre-di-cyenatopbenylhavepaneyi 8¢a8shtiy (Bhbeh is | ower

than that 30t bhe- @uaggkgngggbﬂengqygggsghe .Opdinacily, the reactive dil uent

shoul d have a vi scosi | ess cps. In_the event such a 5
nDnofunctFXﬁBPtQBB??Yﬂé§FHer PﬁélGdéﬁaﬁ§tQPP§§Eﬂﬂﬁélféﬁﬁueﬁb2 -bdeH 4resi n

shoul d becgapheypdehylaprapauat @E1@ﬂ4tgyaaae@bh59 vielghbspereent, based on

ht of _th bl t I
shodld hatE ad T Boea5eb P BRPERO A =4 RyF T EE%%p'éﬁﬁutep°?Z Sbout 28
car bon atoyanaEQEhphgi)mbthhneh cyahadeanevplabkyn gl-pdisdyl- ethers, C6_28
fatty aci fyghyebdhlbnGelena tlgﬁ?;&hé%k??%@ﬂkeng' BdYl aBLRRES

Comerci alfy ava e nono epoxy resin reactive g’luents

i ncl ude thé§@hﬁﬂ@%rPagmﬂn@teéopylv@ayb@ngte chﬁﬁbﬁa therhiopdastinder the
trade despgngbiers PEP-6770 (glycidyl ester of neodecandoic acid),

PEP- 6740 ( phenyl i dyl ether) and PEP-6741 (butyl glycidyl ether)
Confterci al |y avalIa8¥§eﬁuFV?PGﬁ€tFﬁﬁ&Fsebﬁﬁ}uﬁﬁsFﬁanéﬁeﬁeééﬁpéésﬁﬂl&@nts

i ncl ude ttiose PrnoanPatbki.c4EpoxycPol yher 8, 528nNd6k ,t ket Hade1desirgnat ons

PEP- 6752 i h I d th d, PEP- 6760 (diglycid

ani 11 ne) . 1R EEnbbEe! TReNErebive b EEEt Y HOCREPBR hay TRAFTROPY, nel ude

ot her addrefEesencesuchhascyrehesni rgtagentissclaselevel Ung.adent. sNodyes, and
pigent . 1 MBbsoyep, BhAl eRe! kiBnheal Lo ke'aagEggéeaagya&agfgﬁakQEREROfated

therein, provi at suc itiators do no verse
prdﬁertlegaBFthguééﬁﬁé§PPP0WOo§5/@8é§ﬁ®nth9rééﬁ@ﬂ@sﬂéﬁnﬁé ehehepifom 30

The presephibRvest hereBlSeaxbRekddos inBoYpbradbapasir-dencopt akprkrgneanpounds,
set forth %n dg%gé[ gghglnatlons of these cyanate esters within the
imidazole component of the compositions of the present
invention are also desirably employed herein.

20 A particularly desirable cyanate ester for use
herein is available commercially from Ciba Specialty
Chemicals, Tarrytown, New York under the tradename "AROCY"
L10 [1,1-~di(4-cyanatophenylethane)].

When used, the cyanate esters may be used in an

25 amount of about 1 to about 20 weight percent, such as about
5 to about 15 weight percent, desirably about 8 to about 12
weight percent, based on the total weight of the epoxy resin
component.

Conventional additives may also be used in the

30 compositions of the present invention to achieve certain
desired physical properties of the composition, the cured
reaction product, or both.

For instance, it may be desirable in certain
instances (particularly where a large volume of inorganic

35 filler component is used) to include a reactive co-monomer
component for the curable resin component, such as a
reactive diluent.

Appropriate reactive diluents for use herein may

include monofunctional or certain multifunctional epoxy



RT Rh RBROs 3 XXI1R X1 4 RERRRS XR7 =a= R6 |v WO 01/74798
PCT/USOL/ 08624 31 RS R6 5 X R7 X1 R RO R4 v where R4, R5, R6, R7, RS,
and RO ameopnui7e$ dual |y selected fromthe group consi stipgrokolmnsezsogen,
alkyl fromone to 10 eight carbon atggs, alkenyl fromtwo to eight carbon
atons and conbinations thereof, and X and X are individually selected
fromO0 aFgssnsveng @(mcﬁllfhf(,id@SarrplTé@ afeasudlvenchidluegite mivdudet beort & ni ng

conpounds iieleie: WEHRICHS 150 (G, G QeVine 20,0 Vit 25
CH3 CH3 B0 ;J{ 01/ 74798 PCT/ USOl/ 08624e 32 %%f%
component Ordlnarlly, the reactive diluent should have

viscosity less than about 250 cps. In the event such a
5 monofunctional epoxy resin is included as a reactive
diluent, such resin should be employed in an amount of up to
about 50 weight percent, based on weight of the curable
resin component.
The monofunctional epoxy resin should have an
10 epoxy group with an alkyl group of about 6 to about 28
carbon atoms, examples of which include C,_,, alkyl glycidyl
ethers, C,,, fatty acid glycidyl esters and C,,, alkylphenol
glycidyl ethers.
Commercially available monofunctional epoxy resin
15 reactive diluents include those from Pacific Epoxy Polymers,
Richmond, Michigan, under the trade designations PEP-6770
(glycidyl ester of neodecandoic acid), PEP-6740 (phenyl
glycidyl éther) and PEP-6741 (butyi glycidyl ether).
Commercially available multifunctional epoxy resin
20 reactive diluents include those from Pacific Epoxy Polymers,
under the trade designations PEP-6752 (trimethylolpropane
triglycidyl ether) and PEP-6760 (diglycidyl aniline).
The compositions of the present invention may
further include other additives, such as defoaming agents,
25 leveling agents, dyes, and pigments. Moreover,
photopolymerization initiators may also be incorporated
therein, provided that such initiators do not adversely
affect the properties of the composition or reaction
products formed therefrom.
30 The present invention also includes novel

diepoxide-containing compounds, set forth in detail below.

7
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Xl O-0CH3 CH3 10 CH3 O CH3 XII  (r)~~(I O CH3 CH3 XIII 15 The

t hernosetting resin conpositions of the present invention may be of the
one- pack {WPfRs4bdd Which all the ingredients are n xed togrih&y o4 0f the
t wo- pack type 1 n which the curable cgnponent(s), is(are) included in one
part and the curing agent is stored separately in a second 20 part, and

m xed together only prior to use. During applREation, the thernosetting
resin conpositions according to the present inveption penetrate and fl ow
readily into the space between the<® ; R®chip and the circuit
board, or at least show a reducti ony n* 25 Wigeosity under heated or use
conditions thus penetrating and &dqwi ng egsfly. WO 01/ 74798 PCT/ US01/ 08624
33 nerally, it is desirable t@ =-.Rg t hernosetting resin
conpositions.. of this inventignAy | selecting the types and proportions of
vari ous conponents to reach 3¢ Rsity at a tenperature of 25Cwvin the
range of 5 500 to 70,000 cps, such as 800 to 20,000 cps, depending on the
anount present (if any) of an inorganic filler conponent, so as to inprove
its abiliwhere RENE™ aRe, i B0 R* hendpRtexke. thdiwiadf 1p Sdlemedet ween the
circuit b?%EQ tﬁgd %hg segiconguctor devi.ce. At tgkslviscosity, t he gel 10
tinmes of tha cohBoStPPBnSCHPrEPtalrdo he WEEPEFBa ARy SHQB PFEdtFeri od of
time (suchigbtl8askenndseme;r alkengl ficout esp &b aigkmpenabone acbmabout
150C. In h : [ Lye SLI 5008 u r
substantii#?yc§§5§?%%?gggeegggéFgéogﬁggga%%grRa %%%i%%d%$9¥9%%1gf about si x

selected from O and

More specific examples of such novel diepoxide-

containing compounds include:
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15 hours. Wth such a gel time, the conpositions penetrate into the space
(e.g., of 10 to 500 m between the circuit board and the sem conductor

devi ce r ey E@%ﬁ rapidly, and allow for a greater numberpgfy@sagiaklies to
be filled w thout observing a viscosigy increase in the conposition 20
thereby rendering it less effective for application. Reference to FIG 1
shows a nounted structure (i.e., a FC pagkage) in which a thernosetting
resin conposition of the present inventij@q_has been applied and cured. 25
The FC package 4 is fornmed by connecting | gm conductor chip (a bare
chip) 2 to a carrier substrate 1 (e.g/ it board) and seding the
space therebetween suitably vdég a tHMernosetting resin conposition 3. Mre
specifically, for exanple, in the€3asseshly of 30 FC sem conductor devices
usi Ag SBB technol ogy, the seniconductor chip 2 may be passed over a
substrate bearing a conductive adhesive paste (such as a netal-filled
epoxy) to forma layer thereof on th¢\sem conductor chip 2. The layer is
ordinarily formed by a printing pechen : 35 conductive adhesive paste
may be applied on either the ca“!gil e(br the sem condugtror chip.
One way to do tMsisva1t§ sienci *

International Patent Publicati®HiNo. PCT/ FRe GH8. Alternatively, this
conwecti on may al so be made by an WD 01/ 74798 PCT/ USOL/ 08624 34

ani sotropi cally conductive adhesive. See International Patent Publication
No. PCT/ US97/13677. Thereafter, the sem conductor chip 2 is positioned -

over the carrier substrate 1 in(4 a manner so that the 5 sem conductor

substrate 1, now coated with a pat ; d | ayer of conductive adhesive
paste or solder 7 and 8. The olU] Te@ ve paste may be cured by a
vari ety of ways, though ordinarilMy mechanismis 10 enpl oyed.
In order to inprove reliability, Y5 t he sem conductor chip
2 and the carrier substrate 1 is XTT

ﬁgo/\q
CH{ > CH,

15 The thermosetting resin compositions of the
~present invention may be of the one-pack type, in which all
the ingredients are mixed together, or of the two-pack type
in which the curable component (s), is(are) included in one
part and the curing agent is stored separately in a second
20 part, and mixed together only prior to use.

During application, the thermosetting resin
compositions according to the present invention penetrate
and flow readily into the space between the semiconductor
chip and the circuit board, or at least show a reduction in’

25 viscosity under heated or use conditions thus penetrating
and flowing easily.



sealed with a thernosetting resin conposition 3. The cured product of the
t hernosetting resin conposition should 15 conpletely fill that space. The

sem condugiyARjgP ordinarily may be coated w th a polyi igd8gsot/08624
pol y- benzocyc( utane- or silicone ngfride-based material to passivate

environmental corrosion. Carrier substrates nmay be constructed fromceramc
20 substrates of A1863ersiNg,and ﬁﬁlﬁﬁﬁér@hlEOEOSpﬁzparesubstrates or

tapes of Ba@&mbgétﬁaﬁgtré§§hn%om§5§Ht§%ne05$'Ehé%sanvg 238q' gi,nf orced
epoxy; ABS henol i'c substratées which, are also used conmonly as circuit

boar ds; aﬁﬁTFﬁEEngEheAﬁYpeﬁléE@rPEQPOESHﬁé§tPénVéF1?H§ serPesratst e chip
to the 25rearhi er visbstiayeanay bempéedtuiécbfaas@QnﬁﬁCth@nraﬁgé Birgh-

I t Ly duct dh
and’the | PRS- Epn78rRE' FBSTagteh: aPeo0dokRoaes BRG) CRart PERFARIPY, Misms
t echnol ogfhet kmoshécpredest rayf bayﬂooﬁednasnmmgenbondlhmems 30 After the
sem condugbporbho, | 80chectpl sibluveconeated iy thegactigtesypstrate, the

resultlng StI’UCtUI’e i's ordinar ecte tInUI or the
like. AfEBRf PRESPn{Ssdeh PEsLO Fﬁe5§8n#@énb§§W@ﬁncﬁh9 ﬁaycnetfb@edd

theret o mahh ahéhQéﬁ@&@hﬁhﬂﬁo&eabﬂléénpOﬁtthﬁ&s @is@%%EEyb3gh§5 gl ow. In
thH§ t|n t he egﬁnt of a g ES ”hFOHdUCtOF chip nay be renoved
befQre it 8P REd PG FREPORY FPE? i t?&?@ t hathe@rEAeFRo&et ting resin
conposi ti sepecibfdedgparsodt afl eimppl(saghi as neaBscosdeh ag a dispenser, a

thernnsetﬁiﬂgtgg§l tcgnpgaggkgguggtg%fﬁggggcgsﬁg?01/&4798 ECT/USOI/%3624

35 with 't Irnvention I's e peri
el ect r oni ¢é8VEpLévAneempasieiroendbondd ehpp. ndher subpbsintiehlpenetrates by

Cap'||aVY1ﬁ§Eé95e'BEOVEQ@oé@€9eaf9@E“§eBeE98dC@ErhgﬁesB?SBEQEQ @9& the

sem _condugct or chi The thernpsetting resin conmposition Is
t héfmal | yReHF&d b theS&ﬁB|Pca?ﬂoﬁl@ﬁ hEhe. CB@PPﬁgtﬂﬁés Eaﬁeyrgtage of this

heat i ng, ihEOthénﬁﬁabélmg §e$i Bf QQ”E@SEBOOpm$hBé§wéeﬁlEﬁbfbiﬁeﬁlEedUCt'on
i n viscos an.increase nore easily 10

penetrate%tgﬁaoa?ﬂe gﬁaESmBSPREBH PHeQEXFFFeFeiEB%Y?iVerﬁﬁad 1y, and

allow for a greater number of assemblies to be filled
without observing a viscosity increase in the composition

20 thereby rendering it less effective for application.

Reference to FIG. 1 shows a mounted structure

(i.e., a FC package) in which a thermosetting resin
composition of the present invention has been applied and
cured.

25 The FC package 4 is formed by connecting a
semiconductor chip (a bare chip) 2 to a carrier substrate 1
(e.g9., a circuit board) and sealing the space therebetween
suitably with a thermosetting resin composition 3.

More specifically, for example, in the assembly of

30 FC semiconductor devices using SBB technology, the
semiconductor chip 2 may be passed over a substrate bearing
a conductive adhesive paste (such as a metal-filled epoxy)
to form a layer thereof on the semiconductor chip 2. The
layer is ordinarily formed by a printing mechanism. The

35 conductive adhesive paste may be applied on either the
carrier substrate or the semiconductor chip. One way to do
this is with the stencil claimed and described in
International Patent Publication No. PCT/FR95/00898.
Alternatively, this connection may also be made by an



the sem conductor chip. Mreover, by preheating the carrier substrate, the
thernosetting resin conposition is allowed to penetrate fully into the

entire spagfPgiogeen the carrier substrate and the sem cqiusdQhs@hi P- 15
Thernosetting resin conpositions of the present invention may ordinarily

be cured by heating to a tenperature in the range of about 120 to about
180C for 2Bispe¥rpBdcellyi pendnchbyat adhssive30 Beaufnternenévernl generally

after appbheahtopuBiitheisAMesi bt@nusan/hBkyizal 20 cure time of about 1
m nute sets up the conmposition npl ete cure_i s observed after about

,.and co af
5 to about 15 ninutggerﬁFfﬁeFenﬁE?aFEWéCBFdHSBBF £B5E. 2ThEsPOEREioned
conposi ti oneof théheapresensubsyeateon ¢anshiehusedaaherekat tugkycapder ate

t . -t 4 diti , nce. 25 achi eve very
Goo8 prodistoPEoS08RE ShER 7 bF "PRermounrerhg“FEE: REEoRAGSEERTR® Sppl i o
shoul d beasdi 6 abhythd] asretiesosubstoatel I, ahowstoatedplétel y the space
bet ween tEQtEéfﬁéﬁr%§g9§t6§tSoﬁagc£'9e 58AkEeDdUBLaE CBi-PoofALER gount of

course may vary 30 endi ng, on apg i cation. reacti on products of the
t her moset 8PAg8r esTRe eoRpuskivenadaesine presenbaynbenchsrddbioast rat e

excel | entvaadeesi ¥e %Q&ﬁﬁ,tH@ﬁéhr@ﬁﬁﬁhaﬂﬁﬁyaadhéheckﬁké REGRSHYE kRS 4 sand
acc§$table nfcha ical properties, such as flex-cracking 35 resistance,

chéli cal FERISYSfice, npisture resistance and the Iike, for the
applications for whinhotiey aveimpedvberelhabilhti/hetheusphbg Beewess by

usi ng the e i SN+ g0 LtLen aof the present_invention, after
the sem Sondionse ey rsbE LT ah kB Shekr el POBEra e (WbroL) 74795
PCT/ USOL/ 888%2ad ®ét@esckhernoapbténgt hesinsagbtpagisioncBur eThs testdd with

respect tgreHaracher thbi hePhokber S84 $ORIHCLOLLHEYE $6n Fﬁeﬂﬂaction bet ween
t he _sem conduct or_device and the circuit board, other electrica

chdfact er FePPLetelyidtthé EhakeSBRCS -sealing. In the event a failure is-
found, repair can behenag@itsnéhiecbel bRvbNgraBARLE 13NEagSbehewALEl the I ow

Al agram dgpLgtgdobly fhfhe?; 38%y2h88,8L08000 kRS LEO0P T LS devT ce which
nitride-based material to passivate environmental corrosion.
Carrier substrates may be constructed from ceramic

20 substrates of A1,0,, SiN3and mullite (A1,0,-Si0,); substrates
or tapes of heat-resistant resins, such as polyimides;
glass-reinforced epoxy; ABS and phenolic substratesg which
are also used commonly as circuit boards; and the like. Any
electrical connection of the semiconductor chip to the

25 carrier substrate may be used, such as connection by a high-
melting solder or electrically (or anisotropicaily)
conductive adhesive and the like. In order to facilitate
connections, particularly in SBB technology, the electrodes
may be formed as wire bond bumps.

30 After the semiconductor chip is electrically
connected to the carrier substrate, the resulting structure
is ordinarily subjected to a continuity test or the like.
After passing such test, the semiconductor chip may be fixed
thereto with a thermosetting resin composition, as described

35 below. In this way, in the event of a failure, the
semiconductor chip may be removed before it is fixed to the
carrier substrate with the thermosetting resin composition.

Using a suitable application means, such as a

dispenser, a thermosetting resin composition in accordance



failed is heated at a tenperature of about 190 to about 10 260C for a
period of time ranging fromabout 10 seconds to about 2 mnutes. (See FIG
2, step lyl fpshdgably, the tenperature should be maintai RGiddi 84" ange
of about 210 to about 220C and the pgyiod of tine should be mnthln the 30
seconds to 2 m nute range. Localized heating is 15 particularly desirable,
such as twWéthpphigatinvansionoisappprliedt ke thel periphesybpfatheati ng gun.

As soon aéléb@réﬁiggi1&3cBEhE@@eanthE%oh@ﬁbﬂokSch%%fte&%@ by partial
deconposition t ause a reduction in  bond strengt t he sem conduct or

devi ce na?OEBOEﬁFFQB BﬁHFFIEGeEnHYréﬁﬁﬁé&aFVoﬁFFﬁéns&B§Pr5@@ SPAER as with
tweezers betwpkhethe earkhé@ughbau&aﬁataﬂdpth@es&micoﬁhh@to&h@hl

sem_conduct or devic resi due of the cured actlon pr oduct
of The therrmsettingh rgg ﬁm88ﬁ§g%P9|SﬁséﬁdcamP8§ﬁ&&8 Fstﬁée§older are

| eft on Zﬁhehsallycuuredobydtse Fbpliestdoe of hhetcur ®drpmodite of the
ther noset LLbgy! Eph8eCORPRRALL! ABaEdAg bethgggﬁggmﬁgg&tlﬁéagesﬁn by scraping

it off after he r een 86ften eating
predeternFﬁ@HOFéﬁﬁéﬁaﬁbpys ?hélgééﬁéﬁén§frﬁﬁéc§épéeﬁncaﬁsﬁésﬁéﬁb@@d- for

exarrpl e, h¥nbseaff indPeassokderialsgrh, ngobrcﬁa@.egtwb%e @%%%151 G 2, step
Alternath % use of . a drenel  at about . 25,000.,r nor e, follomed

bylgppllcﬁFFﬁ tREP-CHE FBPSE R&FesPushe GRFFiexc i ETPRE @88 red
result. FthalbymlaonémcseMlchmﬂUCtMbrebwprﬁabybﬁréhéﬁt&dg 3heazaivrient o the

circuit bBGEQtQ&@ Chtﬂgstgggagg %@9 % Eﬁg'cgm Xln g%?l%gf g@?% %QPVG)

in the nmanner és Cri
mount i ng, Panetﬁétﬁo§él1Vngntesthec@np@§EtSpncenbacweedambe wiatchritehi s

i nventiongfBY: berdi sR@nssd gemaeenah%%ogebgggn the WO 01/74798
PCT/USOl/08624 37 senlconductor devi ce an he circuit board, and cured.

(Sd6 FIG 2, step AP$TMESSEEiBE TRE1PaFPIPesifienssofhide papgeated. Were
a falIurelﬁvéﬁtnanfmuydoralhaelgyr@@lbu5eaoaydhebhange%bcanductor devi ce

can be reysed. By {80y hNOne! DEnheSLUE a0 18 oC LY LheRC B PIAduYl of the

period of time of about 0.5 to 30 minutes. However,
generally after application of the composition, an initial

20 cure time of about 1 minute sets up the composition, and
complete cure is observed after about 5 to about 15 minutes
at a temperature of about 165°C. Thus, the composition of
the present invention can be used at relatively moderate
temperatures and short-time curing conditions, and hence

25 achieve very good productivity. '

The amount of thermosetting resin composition
applied should be suitably adjusted so as to fill almost
completely the space between the carrier substrate and the
semiconductor chip, which amount of course may vary

30 depending on application.

Cured reaction products of the thermosetting resin
compositions of the present invention demonstrate excellent
adhesive force, heat resistance and electric properties, and
acceptable mechanical properties, such as flex-cracking

35 resistance, chemical resistance, moisture resistance and the
like, for the applications for which they are used herein.

In the mounting process by using the thermosetting
resin composition of the present invention, after the

semiconductor device is mounted on the circuit board as



t hernosetting resin conposition and the residue of the solder left on the
bottom of the sem conductor device in the sane manner as descri bed above.

10 The pr@,@,eﬁ{];w,ggventl on will be nore readily appreciategMWtddhsher ence
to the exanples which follow EXAMPLES Synt hesis of EpOXIéﬂ; 15 Li nonene

[125 granms (477 mmoles)] and nethylene chloride (1000 ml) were added to a
reacti on fifaskibaddabpwe,r &bgl reRylsdngt ssmuctolred iwi thesird wéthath to a

tenper at uggspkBtt B, eaagac%r%e%so tfotagogtem;%nd{'a%r é%éa
chloroperben20|c acid %259 5 ans (1050 mmol es) 20 'wi th

stirring FRPBREFLOPnPREIERTS t eﬁeﬁlﬁépﬂﬁ&tSF @FNéc§fan§b6@F Fiocwiifut es,
whi | e nai bbairdi, ngthbe ée@newabuaechhraheer&ga@bsonaﬁﬂxt%éesQaE@Wb&bout 15C.

The .react | n xture stirred ile maintainin
tenperatur% H% ngﬁ 1§§en%}€h% gH@%z&ﬁc%ggpg "WaSPRIrnER % a 25
preci pi t amedeand thbtépédowﬁhg wanhetrhandr ganistiovinl timatée wasMed twice with

500 mi poa&hgggmoaNéQ%%@gugﬂuglgaz§C8 twice wwth 500 m portions of
sat urat ed aqueous sol ution, and twice with 500 mM_ portions of

wat er. The organlcThﬁyéFeﬂa§r§€H§r§P€dSe@#ﬁ@édéﬁépraﬂﬁydﬂﬁu@hM@SOhﬁsand 30
then filtengededBasi Beakud Ba éSQe&bé%akum@S othapoaddedot @ Lbeuer ganic

filtrate, § e mxtuyre.st rred for a, od of tine of about 45
m nut es, éﬁ% %ﬂéﬁrf?|9%§%ﬁﬁ e YrYarrgt %ﬂ M RV erdVEICANER I EPeduced
pressure, ahndttbemiaaubblng(gggdﬂac vacueneglstblI9681Ebﬁu@enehéiepoxide
was 35 0 a nt._o ang |eId CDC13) 6
3.0 (m ?Eﬁéggngge snatid b Rééégﬁ%ngd o the; r% £oiPoRro810
PCT/USOl/DSGQhout382¢°CCHndCHhP p$r30@sof3tlmengh@H3ﬁ bg. wl¢hnnsphe
si de- chai gg gk@%ndslBo(ﬂe%ﬁhu%%3%an§é36 Lé%é%azééB gﬁi gm

epOX|de and

Gamma- t er pi nene EOXI § I"opent adi ene
etHﬁlldenEaﬁBFBB?ﬁE ¥ é?éﬁSﬁP&é méP@hSaﬁréb&réHPﬂﬁcﬁﬁé°§a@§ Rekn8ir Their

spgcar?l dazahgig?gumee s@&efgylQWheatwnﬁwsuﬁCD013) 6 2. 5- 3 0 (W162 C§C-H)
, m , Sl de-
chain CH3) : IR (neé?)89983asli€? S?ié?r 8§4me%6§dcﬁ9§ tthrR no1s

softened by partial decomposition to cause a reduction in
bond strength, the semiconductor device may be pulled apart

20 and removed from the substrate, such as with tweezers or
pliers, or through automated processes.

After the semiconductor device 4 is removed, a
residue of the cured reaction product of the thermosetting
resin composition and a residue of the solder are left on

25 the circuit board 5. The residue of the cured product of
the thermosetting resin composition can be removed, for
example, by scraping it off after the residue has been
softened by heating it to a predetermined temperature. The
residue of the solder can be removed, for example, by use of

30 a solder-absorbing braided wire. (See FIG. 2, step 2.)
Alternatively, use of a dremel at about 25,000 rpm or more,
followed by application of a flat-end horse hair brush, will
achieve the desired result.

Finally, a new semiconductor chip may be mounted

35 azain onto the circuit board (which has been cleanéd, with
fluxing, as described above) in the manner as described
above. (See FIG. 2, step 3.) Following mounting, a
thermosetting resin composition in accordance with this

invention may be dispensed in the area between the



(CbC13) 6 3. 0-3.5(m 1, GCCGH) , 2.5-2.7 (m 1.5, C22CH , 10 1.2-1.9
(m 8, CH CH2), 1.4-1.5 (m 6, CH3) ; IR (neat) 2956, 1448, 1078, 829, 759
cm 1; andwg—blms(CDCB) 6 3.0-3.5 (m 2, CGoCGH , 6 3. RFy@dipas 1.
c22C-H , 1. 1-2. 3 (m 6, CH CH2),31.3 (d, 3, CH3); IR (neat) 2979,

1449, 1376 1008, 852, 757 cm1l . respectively. 15 The yields and boiling
poi nt s of sSemesengheher devpori dod &he givenibebowridn Fall eutedTabl(sek

Yi el ds anﬁIBOIblngtgﬁl@t OkefRALALE @h@“@a@hﬁggxgﬁ%é 1%0t8g¥5'ca! Li monene
y- Terplnene NSP ENB Properties Di epoxi epoxi de epoxi de

Di epoxi de“CHP F?ﬂatlon 68-70 90-100 65-67 Tenperature (C) Distillation
850 780 850 Pressuwhefaiar fhiduwde s89eQiantblati va %%e7c3§caltYleld (9

Di st Physi cal . O ear § g ue l'iquid

illed,.6
Fri abl e sBP%ﬁdCI ég? Pr 8&?8115}2{658& Y&CBcCag. 5. re@ée /olﬁﬁrl ty)
Nopol eporhdergkydidybfether cuarsdprepatédnaprotiobtons: the a four-necked

1000 m a tirr

Uher ot o hoges s E8G, rBAl BB g b s A e s e P EPEent aq,
NaOH, epuspéﬁeﬁ defh © 1zhe3b@tt9mogfn§hp sam@cpedugbarydawngauunnhyerogen
sul fate WenR4/ #4408 PEE/ HSALL98634a13%e(4-2 9, 12 mmol). The mixture was

stlrred vigorously a roomte eratur,e for_a period of tinme of about 20
tes to a pale ;é?l B\WeESPS DYRBEAPRt HidlunRE MRER é‘Sé_Fié&Yto a

terrper at uapppécahoatl Q€N meaarteﬁeémbethbabis&amﬁmetsh_%h5cm ¥bunewyas added

(1R)-(-)-nopol (50 g, 295 mmol) dropw se over a period of time of about 30

m nutes. The reaction
EXAMPLES

Synthesis of Epoxides

15 Limonene [125 grams (477 mmoles)] and methylene
chloride (1000 ml) were added to a reaction flask, and the
resulting solution cooled with an ice bath to a temperature
in the range of about 0 to about 10°C. Then, 70% m-
chloroperbenzoic acid [259.5 grams (1050 mmoles)] was added

20 with stirring in small increments over a period of time of
about 110 minutes, while maintaining the temperature of the
reaction mixture below about 15°C. The reaction mixture was
stirred overnight, while maintaining the temperature below
about 15°C. m~Chlorobenzoic acid was formed as a

25 precipitate, and filtered off, with the organic filtrate

- washed twice with 500 ml portions of 10% aqueous Na,SOs,
twice with 500 ml portions of saturated aqueous Na,COs
solution, and twice with 500 ml portions of water. The
organic layer was separated, dried over anhydrous MgSO,, and

30 then filtered. lBasic alumina (50 grams) was then added to
the organic filtrate, with the mixture stirred for a period
of time of about 45 minutes, and then filtered. The organic
solvent was removed under reduced pressure, and the
resulting product vacuum distilled. Limonene diepoxide was

35 obtained in an amount of 120.7 grams (86% yield). H NMR
(CDCl3) 6 3.0 (m, 1, C°C-H), 2.5 (m, 2, C%C-H), 1.0-2.2 (m,



tenperature was nmai ntained at or near about 10C during the addition. The
ice/water bath was renoved, and the m xture was allowed to warmto anbient
t enper at uyw@ o1atdge it stirred 10 overni ght. The reaction motiuRogoyes t hen
quenched with 500 m of ice cold watgg, which was added over a period of
time of about 15 mnutes, with stirring for an adiitional period of tine
of about 20 RHnufls), Thed it ube WHRJtGHmMst drrled Mo 3.a 2détalraisepar at ory
funnel , whgle; i{Rr C tr d t 0 i et hyl ether. The
organic pOI‘%I on mam@??égn E?I\g%’h @@%% c%éssvmwt h@Sg 07n§@ ?ﬁ.‘sat aqg. Nad,
separated, dried oGémanlﬁ?épéH@nwggmpoamdeb hag thiyllt ery'edOPAhtteldlene
filtratio h I crude

pr oduct V\/gémsgcﬁﬁﬁqgg%gg%l Hg QgH gétlsggg&{%%g ?'}%i%ggl g of nopol
gl yéi dyl erfearedi ih éhbosamﬁgmponﬁm ofTab@mtsp9¢tga¢ datatamspbewem

(or s, 1 2cEpRRGAY: g2 IS A8 B (872 Byl (B e tmesy G

L SO chne 155 g 30 ey G e B
see , cm see
FIG 16) h% a 6)ur ﬁg i‘é%a%bozg%?’ ]a‘g%éqﬁf%)edgg?t hggg FRChanh cHHR

sti rrer, t(hecmprr&;tear 0-3G cendenserCc-was added, 7nqul 19y cicdyLy gt her (48.2
205. 4 mmll and net hyl ene 30 chloride (250 m To the sol ution was
add@d 709% n¢~¢hPolBpefoxyBensBet: aki 453 o 265 17) Id’i/e@n%?tderl od of
time of aboyg, 21heyrsiofhe geacthep Lermer, n [ about
15C with an ice/ vvater bat h duri ng t%g ad HJog ng?‘te ? 51ggt(?(;ednaé\;vvas
conpl et e, (mhe2r e@ed+in, 35 Iidktrke (hes st |1r,r afCotier, nllglit—2ar3d (mgi Bt aicied at a

tenperatu bel ut5 20 t i C t 1/ 798

PCT/ USOL/ ggﬁ) P\z,fvb @’I or obée;{na\gnd ngg(ln(? @&929@342159 l\gge%’l Ab e, and

filtered 8bhe @B@anmcl flxietsr;mcetl\nm@ed off, twce with 200 n1 port| ons of

10%.aq. Na2S03, tw ortions _sa and twice with
200°m portions of @g?eylelré@ %n8r§8 :L&n9a§8Fn\{7&ésg§eﬁga§?e&leB?| ed over

anhydrousdh@ﬁﬁﬁidaﬂdarélbﬁeéﬁdbeSOWVQﬁtTm@$erQUDVEd under reduced pressure,

and the crude product was vacuumdistilled. Nopol epoxide

Table 1
Yields and Boiling Pointg of Certain Diene Diepoxides
20 '

Physical Limonene y;’)I:erp il%zne Ml():P D D.i(liner ENB
Properties Diepoxide lepoxide lepoxide Diepoxide
Distillation -

Temperature (°C) 68-70 90-100 65-67
Distillation
Pressure (mTorr) 850 - 780 830
Crude e

Yield (%) 89 Quantitative 93.7 96.2

Distilled
Yield (%) 61 - 753 71.8

Physical - . . .

AppZarance Clear liquid Opaque liquid | Friable solid Clear liquid
GC
(% Purity) 98.3 - 96.3 99.3
Nopol epoxide glycidyl ether was prepared as
follows:
To a four-necked 1000 ml reaction flask, equipped
25 with a mechanical stirrer, thermometer, and condenser, was

added 200 ml of 50 weight percent aq. NaOH, epibromohydrin
(144.3 g, 1.03 mol), and tetrabutylammonium hydrogen sulfate



gl ycidyl ether was obtained in a yield of about 46.5 g (91 o0), with a
boiling point of about 110-113C at 800 mforr. 10 1H NMR (CDCl13) 6 2.8-3.7

(m 8, OgbofX¥dty, 2.0-2.4 (m 8, CH CH), 1.3 (s, 3, GBhuksarshl G 17),
0.9 (s, 3, CH3) ; FT- IR 2917, 1470, 33110, 911, 855, 761 cm-1 (see FIG
18) Thernpsettinar Resin Conpositions 15 Preparation A thernosetting resin
conposi tiGhr 4 Smpt%e TPl preparedidy FrkFredt vyeehersivrat period of
time of abguttHbdRAUILS Bdr rOR L LIPES ALYUL e | Hif ATHLOREN Ugrﬁ§&|1’%ég'eto _

fol l owi ng conponents: 20 1. an epoxy resin conponent including 51.7 weight
percent of R3lforiEnel o pokdlle Prepireize whovehermndoQled taréng agent

conponentt doied udi i 46 Do WL AP e e iQ;eWéﬁh 10 8 el gt percent of
benzyl di met hyl amine, and 1 wei (ght percent of ethylene glycol. Four

addi t i on@1xoHpo$Ias cridgSailes(Nosniope k) (5Qeg e P epaned) |<ﬂ1r®M£sseranner,
substi tutd for I IPNeNe. I X4 . a

gamm-terdp;{%ené; pdéi%goo%(i%%, 'Corrp%ﬁn%gci@? %?%Jh%@‘g%%2n§g?€ﬁ?&§%g The

commrer ci dldMperpEitabias apokyt3iesddisat RRL-m@21 alpouRELATA-Birireelkabl e 2

. her t i i 0Si1 100 ( Sampl £, 35, No._6) was
é?)epar ]ed%aJSCHLr elrg'i bgg{gg%%%}%%&r# )E?én{g;n ﬁ'g%%t%éer&p%]%’e %&?I %\}\ne nlgl%ltg%%nent s:
1. an eposas radslanasbippriest | 11z | arh e G @ JrT08r SCTHIED / 086241 r4dd 51, 7

e R N N T,
an im dazgl ef (igommerlkd atd yeryailiadh evds cm@yatdven, a |periondef theetrade
(;faii)?nat ioqin akﬁac‘g@ I?ch\r'miWEeGSO,) 'wiFt urs@ldgisfriw.g(y)nﬁlar CoPR i:lt_‘lcfgga Spae igg I\I?S'
of time of about 20 minutes. The mixture was transferred to
a 2 liter separatory funnel, where it was twice extracted
15 with 200 ml of diethyl ether. The organic portion was then
washed twice with 200 ml of sat. ag. NaCl, separated, dried
over anhydrous MgSO4, and then filtered. After filtration,
the solvent was removed under reduced pressure. The crude
product was vacuum distilled to yield about 48.1 g (74%)
20 yield of nopol glycidyl ether, with a boiling point of about
94-96°C at atmospheric pressure. The spectral data are
given as follows: 'H NMR (CDCls) 8 5.25 (br s, 1, =CH), 2.8
- 3.7 {m, 7, OCH, OCHz2), 2.0 - 2.4 (m, 6, CH, CHy), 1.6 (s,
1, CH), 1.3 (s, 3, CH3), 1.1 (d, 1, CH), 0.8 (s, 3, CHs)
25 (see FIG. 15); FT-IR 2927, 2908, 1468, 1364, 1108, 910, 849
cm™ (see FIG. 16).
To a four-necked 500 ml flask equipped with a
mechanical stirrer, thermometer, and condenser, was added
nopol glycidyl ether (48.2 g, 205.4 mmol), and methylene
30 chloride (250 ml). To the solution was added 70% m-
chloroperoxybenzoic acid (53 g, 215 mmol) over a period of
time of about 2 hours. The reaction temperature was
maintained below about 15°C with an ice/water bath during
the addition. After the addition was complete, the reaction

35 mixture was stirred overnight and maintained at a

temperature below about 20°C with an ice water bath. m-



were prepared as Sanple No. 6, substituting for the |inonene 10 di epoxi de,
t he sane am)unts of gamma-ter pi nene di epoxi de, Conpound XVI of the '922

patent, aRg 7 gomercially available epoxy resins ERL- %@@ﬂs@? 404-S.
[ See Tabl e ] Table 2(a) Conpgpent Sanple No./Amount (wei ght

per cent) T}/lpe Identlty 123456789 10 Linonene 517 -- -- -- - 93.4
Di epoxi deChlorobenzoicEpeiy W@ﬁplf@efn@d-aSSE Precipitate,- 298l £iResired

D B St oroaniEOSIIEELY wansy Rbe] Tuice iy 29 T PURIGY)
NXJ- 60 (Jnfml@&zalqe) Na,$03, -twicel with 92(10 9nll. ggalfl_tjgonsl ﬁZﬂw ddm dazol e) -

Agent M—IHF] Rg%\nhy Oﬁ{”}gge&%ﬁyf‘@f}q@le%%t;o.o% gf water 4. %h 4.7 4.7

Benzyl di netthyphig. 8a®e8 028 BGePalaBed, dried over- aalmnym&olﬁtshngsme, ghyeol 1 1

111-- A _further therrmsettln esin conposition (Sample -
No. 11) méélBFéngr ed S\]/%it"ﬁnéc PeRoRERS § e FOKE &e%ﬁﬁluﬁ? % 8T EE5H5E r‘iafar“gin,
desi gned whehcandenpdaziolce/ gacy aaduam de stiléed.as Nogpsdr iepetiakove by

m xing to h h oIIovmn 0.conmponents:, é an. epox resm CO onent
i ncl udi ngg?}g( (;?d EL| %ﬁgh W@gngbgfalﬁe ﬁ@‘né‘ 8i& gxf)%e,a%oé%d 4Pg 57 Inéi
percent of)REw4dB4- S, b@lidl‘ﬁ@ Pbind798 BEHLESAL/008624C 42 800 mTorr. :
10 'H NMR (CDCl3) & 2.8-3.7 (m, 8, OCH, OCH,), 2.0-2.4 (m, 8,
CH, CHz), 1.3 (s, 3, CHi) (see FIG. 17), 0.9 (s, 3, CH;); FT-
IR 2917, 1470, 1110, 911, 855, 761 cm*‘(§§§ FIG. 18).

Thermosetting Resin Compositions

15 Preparation

A thermosetting resin composition (Sample No. 1)
was prepared by mixing together for a period of time of
about 10 minutes at room temperature in an open vessel the
following components:

20 1. an epoxy resin component including
51.7 weight percent of limonene diepoxide
prepared as above, and

2. a curing agent component including

46.5 weight percent of MHHPA,
25 0.8 weight percent of benzyldimethyl amine,
and
1 weight percent of ethylene glycol.

Four additional compositions (Samples Nos. 2-5)

were prepared in this manner, substituting for the limonene
30 diepoxide, the same amounts of gamma-terpinene diepoxide,

Compound XVI of the '922 patent, and the commercially

available epoxy resins, ERL-4221 and RE-404-S. [See Table

2(a).]

A further thermosetting resin composition (Sample

35 No. 6) was prepared as described above by mixing together

the following components:

1. an epoxy resin component including



2. a curing agent conponent including 4.7 weight percent of dicyandi am de,
and 1.9 weight percent of the imdazole, NXJ-60. Two additional
conposi t i gs1(7P¥pl es Nos. 12-13) 5 were prepared as Sanplcaiei/odeks except
that the wei ght percent of the |inoneme di epoxi de was decreased and the

wei ght percent of the RE-404-S was increased. [See Table 2 (b) . ] A stil
further thernosetting reSiin7cYRpasLt PeHCeny cSadpmenmpe 94preEddgrepar ed
with a tespiinene di epoxi de/ RE- 404-S conbi nation, designed with an
inidazole/dicyandiagide cure, _as desgribed above by _m_xi ng toget her the
fol lowing conponenfs: 12 SHY&PExFIFBE| FOUBRBSRENLFAEALHCNg 15 74. 7 wei ght
percent of terpinene diepoXi deighandei8eritweifghit cpendéamidk, REnd04-S, and
2. curing agent conponent | i g d f di cyandi am de,
and%ZO 1.9 meight_percen?'%fw?%éﬂgnpg§§8ﬁ5v8§X§568$E8$%él§dditional

conposi t i dASMSEAPRESYNeYailigble) framr Syptbpaned Ias - Sangey Kbe tdadexcept
that the wekgbhatRehCeRbToRokenkerpppene di epoxi de was decreased and the
wei ght percent of the RE-4Q4-$ was increased. [See Table 25 2 gb) . ] An
addi ti onal t her nosef PPRgaFAEEACRBAPESTPPEA L 188N FEMRS eS1¥PSwad ~pPepar ed
based on aekienpreperedi aporifiel BENG046S sapbBtnattong desi ghed1wmbhear

i m.dazol e/di ndi.am.de cure, _as descri.bed aboyve by m xi 30 taget her the
foﬂﬂomjngdégﬁ%%ﬁgﬁfg£gf.Sgﬁeeﬁg?ynggspﬁ ¢6RPBn ﬁFpﬁﬁgpﬁdEﬁ§p§§?% "wei ght
per cent ofotpaundndVdi efokhde, 92andagént]l weidghhepepoertcdblRE- 404-S; 35
2. a curi C e Enel wdin 4 i ght r eent Lm dazol e,
VNPT i W 4 o MY R o i Sy S

PCT/ US01/ B8824!

Table 2(a)

Component Sample No./Amount (weight percent)
Type Identity 1 2 3 4 5 6 7 8 9 10
Limonene
Diepoxide 51.7 -- - - -- 934 -~ -- - -
Terpinene
Epm_(y Di;goxi de -- 51.7 -- - - - 934 -- -- --
Resin - ——gR1 4221 — | - [ =517 = | = | = | = |94 =
Compound XVI - - 51.7 - -- -- -- 93.4 -- --
RE-404-S -~ - - - 51.7 -- -- -- -- 93.4
NXJ-60
(Imidazole)
1B2MZ
(Imidazole) - - - - - - - - - -

. CG-1400
Cune | (i) 47 | 47 | a7 | a7 | a7
MHFPA
(Anhydride)
Benzyldimethiyl | ¢ | 05 | 08 | 08 | 08 | ~ | ~ | -« | = | -
amine

Ethylene glycol 1 1 1 1 1 -- - - - -

46.5 | 46.5 | 46.5 | 46.5 | 46.5 -- - - - -

15
A further thermosetting resin composition (Sample
No. 11) was prepared with a limonene diepoxide/RE-404-S
combination, designed with an imidazole/dicyandiamide cure,
as described above by mixing together the following
20 components:
1. an epoxy resin component including

74 .7 weight percent of limonene diepoxide,
and

18.7 weight percent of RE-404-8, and



43 3. 30 weight percent of an inorganic filler conmponent, SO E5 silica;
and 4. a flowability agent including the silanes, octyl (A-137, 0.06 weight
S percentwoanghagigyci dyl (A-187, 0.06 wei ght percent), and pdriidneses (KR- 55,
0. 06 wei ght percent). Five additionak2 conpositions (Sanple Nos. 18-21 and
25) were prepared along these |lines, except that the_ |inonene

di epoxi de/ RE- 404- S ?atloamégrﬁéglé&en5n605§opﬁniolQ&%ﬂ@énﬂbs 21 and 25,

t he wei ght percents of the7cw&ﬂghtnpérc§httb@bﬁh@wabﬁhthdgge&deEge/i'50 t
vari ed. [ See Tables 2(b) nd 2 L. .Ta ent _Sa noun
(wei ght percent) Type Id%n?i f”’?l%%)cllfeffef f% %élelg}%f 2Fglsg Iz(f?’nﬁr‘?ene 74.7
65.4 56 -- -- -- 39T¥® 32d64126a11cdOpb8ithoapoXSdepipeex Woker pi2rang 74. 7
65. 6 -5 S xi,de 7 oRE-404-S 8 ) 7.4 26.11
85.4 58 wePeShBepheRaxidesamp] oRio 1041 é%cépﬁo;c‘%ég che feddndl 4 26,01
Filler (SPPrESPENRE- GbellngHan diepgxide wag ﬂe¢r9a$eﬁ.¢n@.¢he(|n1dazo|e)
Curing 1B%Htht percent of- the RE-204~ ﬁg%nﬁnﬁkghgéaplQEegGTQ%@% 4.7 4.7

47474 g .14 3.14 3.14 3.14 (D|cyand|amde) A-137 (Silane) -- --
Sl - (bé 6 0.06 0.06 0.06 Flowability A-187 (Silane) - -- 0.06 0.06
0.06 0.06 Agent KRA55t0106fQr@6e@. 86c@mlBettInbanaieh Riogpeat tReg . -

10 (Sample No. 14) was prepared with a terpinene diepoxide/RE-

404-S combination, designed with an imidazole/dicyandiamide

cure, as described above by mixing together the following

components:
1. an epoxy resin component including
15 74 .7 weight percent of terpinene diepoxide,
and
18.7 weight percent of RE-404-S8, and
2. a curing agent component including

4.7 weight percent of dicyandiamide, and
20 1.9 weight percent of the imidazole, NXJ-60.
Two additional compositions (Samples Nos. 15-16)
were prepared as Sample No. 14, except that the weight
percent of the terpinene diepoxide was decreased and the
weight percent of the RE-404-S was increased. [See Table
25 2(b) .1
An additional thermosetting resin composition
(Sample No. 17) was prepared based on a limonene
diepoxide/RE-404-S combination, designed with an
imidazole/dicyandiamide cure, as described above by mixing
30 together the following components:
1. an epoxy resin component including

39.17 weight percent of limonene diepoxide,

and )
26.11 weight percent of RE-404-S;
35 2. a curing agent component including
1.4 weight percent of the imidazole, NXJ-60,
and

3.14 weight percent of dicyandiamide;



15 A further additional thernosetting resin conposition (Sanple No. 22)
was prepared based on a |inonene diepoxide/ RE-404-S conbi nati on, designed
with an awaydiistlg cure, as descri bed above by m xi ng togatdiasol gs24

fol l ow ng 20 conponents: 1. an epoxy i®sin conponent including 10.83 wei ght
percent of |inonene_di epOX| de,, .and 16. 24 wei ght percent, of RE-404-S;, 25
2. a curing agent cdmponéft |er%(9I}%Ed|Pﬁ§°\?EtOP/f7$?‘98rP€E/a@S@1/fG§ré-% 44 24. 36
wei ght peroepbnehtl,| SOREBE G2Gca ;2 afll Wei ght percent of B-4400, ?nd 0.11
wei ght percent of t e im_dazol e .N).(-60; 45 wej ght percent of an

i no?gan:oc filler Orrpor?e%tzl,owgall%%%é’i Iaig(‘?&:% ?rnca}”ﬂlg‘\ﬂabi lity agent

i ncl uding the sil anes ( Athd7 510202 syeicghitly 1pgrearty), @rl(d)6d(w‘é~l £ 0.12 wei ﬁht
er gcent and titanate (KR-55, 0.4 i ght percent); an 10 5. 0.1 weight
Ber ent)oF3 rr&?nﬁ gfEft 9 l?\ﬁddé(&di(iAi'gﬁgﬁ %or@ﬁgéi“‘eﬁg@ﬁs PES&HFITE /NGS 23- 24)
were prepared along theseikthbnete exReps,t atd he ilghioRRAIRent) |

di epoxi de/ RE- 404- S %at Ke] S . varied, the wei ght percents of the conponent s

of the anhydride cuféV&g@REikdraad §8H\PéP|S|l§&°nf5 (@3rrise Npsi-gR8 17dr cent  of
the inor ganucz‘al I bq@ﬁ:eC@mé?aQ@H aWRNG Fdlkis@d 18% 8! lexdeBe tTaRk! e 12(C) - ]
Tabl e 2(cé nponent Sa No. / Anount (Cwel ght percent Type ldentity 21 22
23 24 25 6m?i?e§§ §96§@Xléier4§ﬁer4@4z§ g9 tio. §3s17arieg, 58n1h a50 t40 28" 24 20
12 10EI00XYS@1ngH!@XN6% .Regi lanlE2‘$04t§e3%e%hJe6p%éc%%t%Z o192 4 % nent;

-- | norgani c SO ES 30 45 61 ?
30 40 50 26 tpBe Ifépwégllllnléé() amau:awer%alsa variggl. [See Tables 2(

and 2(c).]
Table 2 (b)
Component Sample No./Amount (weight percent)
Type Identity 11 12 13 14 15 16 17 18 19 20
Limonene
Diepoxide 74.7 65.4 56 - - - 39.17 32.64 26.11 19.58
Epoxy Terpinene
Resin Diepoxide 4T | 654 36 B
RE-404-S 18.7 28 374 18.7 28 374 26.11 32.64 39.17 45.70
BEO-60E - - - - - - - - -
Inorganic SO-ES _ _ .
Filler (Silica) - - - e e A
NXJ-60
(Imidazole) 1.9 1.9 1.9 1.9 19 1.9 1.4 14 14 i4
Curing 1B2MX
Agent (Imidazole)
CG-1400
(Dicyandiamide) 4.7 4.7 4.7 4.7 47 4.7 3.14 3.14 3.14 3.14
A-137 (Silane) - - -- -- - - 0.06 0.06 0.06 0.06
Flowability | A-187 (Silane) - - -- - - - 0.06 0.06 0.06 0.06
Agent KR-55 '
(Titanate) -- - - -~ - -- 0.06 0.06 0.06 0.06
Pigment Red -

15
A further additional thermosetting resin

composition (Sample No. 22) was prepared based on a limonene
diepoxide/RE-404-S combination, designed with an anhydride
cure, as described above by mixing together the following
20 components:
1. an epoxy resin component including

10.83 weight percent of limonene diepoxide,
and .

16.24 weight percent of RE-404-S;

25 2. a curing agent component including



-- (Inidazole) IB2MZ _ 0.11 0.14 0.098 (Im dazole) CG 1400 314 -- -- 3.13
-- -- Curing (Dicyandi anide) Agent LINDRI DE 62C -- 24.36 34.64

20 82 (Anhmﬁmu@@) B-4400 2.71 3.68 (Anhydride) NOVACYRE/uddxo&l321 HP - -
-- -- 60 42 36 30 36 (Latent hardener) Flowability A 137 (Silane)

0.06 0.09 0.06 0.10 0.06 -- -- -- Agent A 187 Silane) 0.12 0.12 0.12 0.20
0.12 KR-55 (Titanate) 0.88- 664923938 pes6ept30E- LINDRIDE. 626 gnent Red - -

0.1 0.1 0.1 20 Yet a furthen &édghkop@kcéh@rﬁmsgLuhng rg@ﬁn (conpositiﬁr
(Sanpl e No..26) was prepar based,on a X comercially
avai | abl e from Dai cel gnﬁqcﬂelgab §TF?3?SD°%C$P986TE§§§ i e 45XrQ07 Japan
under the tradenaneB"CELHGKW@EQh&O@@kpedesbgnad ihorguhecwftillarl at ent
hargener COWWEé% géxggalL ble from Asahi-Ciba, Ltd., Japan under the

Ell

t radenane 3921'FPyY, and without a second epoxy resin, as
described 5 above by.n1xanglb@gbtm&tytbgehﬁlhawﬂnglﬁgnponents 1, an epoxy

resi n conponent includin |.i ronepe di epoxi de; and 2.
a curing agent cpnponent ﬁcFmgﬁﬂSSGQ%wggght8p8905ﬁﬂg f PREVABORESNAX- 3921
HP. 10 Fomrladdi 0ibpakecghpopitrcens)(Sanpl e Nos. 27-30) were prepared

al ong these lines, excep nene dlepOX|de/Iatent har dener

that the |i
rati o was varied, and an%F%éPGEﬁléKRFgEVeP -&8nYERERE RESCPREN vidéddi n
varipous wei ght percents, 0. andeaghﬁcgeéc@a@ber@édnpwgﬁehﬂcluded in Sanpl e

No. 30. [See 15 Tab&g %d&c%lonal coh%oéltlons (Sample Nos. 23-24)
were prepared along these lines, except that the limonene
diepoxide/RE-404-S ratio was varied, the weight percents of
the components of the anhydride cure agent were also varied,

15 and the weight percent of the inorganic filler component

were varied as well. [See Table 2(c).]

Table 2 (c)
Component Sample No./Amount (weight percent)
Type Identity 21 22 23 24 25 26 27 28 29 30
Limonene 2609 | 1083 | 1212 | 858 | 1950 | 40 28 24 20 12
Epoxy Diepoxide
Resin RE-404-S 39.14 | 1624 | 2252 | 1592 | 45.50 - - - - =
BEO-60E - - - - = - - - - 2
Inorganic SO-ES
Filler (silica) 30 45 30 50 30 - 30 40 50 40
NXJ-60
(Imidazole) 4] - - -1
1B2MZ
(Imidazole) 011 | 014 | 0098 | - - - - - -
CG-1400
Curing (Dicyandiamide) 314 - - 313
LINDRIDE 62C
Agent (Anhydride) - 2436 | 3464 | 20.82
B-4400
(Anhydride) 271 - 3.68 - - - - -
NOVACURE
HX-3921 HP - - - - - 60 42 36 30 36
(Latent hardener)
o A-137 (Silane) 006 | 009 | 006 | 010 | 0.06
Fl‘xv‘g’;i‘ty A-187 (Silane) | 012 | 012 | 012 | 020 | 012 | - - - -
£ KR-55 (Titanatc) | 0.06 | 045 | 030 | 050 | 030 | = - - - -
Pigment Red - 0.1 0.1 0.1 - - - - - =
20 Yet a further additional thermosetting resin

composition (Sample No.. 26) was prepared based on a limonene
diepoxide (commercially available from Daicel Chem. Co.,



Conmponent Sanpl e No./Anmount (wei ght percent) Type ldentity 31 32 33 34 35

36 37 38 39 40 Linonene - 12.12 8.58 19.50 40 28 24 20 12 Di epoxide
RE- 404- S wo 0177423. 52 15.92 45.50 -- -- -- -- -- Epoxy Et hwdm@/ogg@m n
Norbornene 51 7 -- -- ----D epOXIdE&Wkthy| Cycl o pentadiene Dimer -- 51.7

gOXIde Inorganlc SOHES 0 50 30 -- 30 40 50 40 Filler
(SI i ca) RIF@ goJapan._under thez§radepaings; GEEFOXIDES)\B000p, 1degigned -

(I mi dazol ed Eﬁké4@®th a-iaten8. hardéﬁbﬁy&ﬁdmﬁgkdﬂhlwvHBQaﬂﬁagléGf@om

Anhydrid LI --
,(Agen%/ (Anﬁ;%rl ast b% 423% 'I}Iapan uﬁ‘agg E}iﬁhflﬁf’lfia&?me NOWHE@ HER. 3921 HP
-- -- -- 3921-HBD,4a8n86w30h@68t &lLatennhdhepdemerisBanzykdidrethybed. 9 0.9 -

gﬁgge ;ée%%g%%igg ?%¥§9§ %o&ethEE°W§§ gbg% @ %%7 é§§bﬁ§$£5ana£é)0008600125

0.30 0.50 0.30 -- -L.__ an epoxy resin component including
40 weight percent of limonene diepoxide; and
2. a curing agent component including
60 weight percent of "NOVACURE" HX-3921 HP.
10 Four additional compositions (Sample Nos. 27-30)

were prepared along these lines, except that the limonene

diepoxide/latent hardener ratio was varied, and an inorganic

filler component was included in various weight percents,

and a second epoxy resin was included in Sample No. 30. [See
15 Table 2 (c).]

Table 2(4)

Component Sample No./Amount (weight percent)
Type Identity 31 32 33 34 35 36 37 38 39 40
Limonene 1212 | 858 | 1950 | 40 28 24| 20 12
Diepoxide
RE-404-S - - 2252 | 1592 | 45.50 - - - .
Ethylidene
Norbornene 51.7 - - -
Diepoxide
Methyl Cyclo-
pentadiene Dimer - 51.7
Diepoxide
Inorganic SO-ES
Filler (Silica)
NXIJ-60
(Imidazole)
1B2MZ
(Imidazole)
CG-1400
(Dicyandiamide)
MHHPA
(Anhydride)
Curing LINDRIDE 62C
Agent (Anhydride)
B-4400
(Anhydride)
NOVACURE
HX-3921 HP - - - - - 60 42 36 30 36
(Latent hardener)
Benzyldimethyl
amine
Ethylene glycol 1 1 - - - - - - -
A-137 (Silane) - - 0.06 0.10 0.06 - - - -
A-187 (Silane) - - 0.12 0.20 0.12
KR-55 (Titanate) 0.06 0.45 0.30 0.50 0.30 - - -- -
Pigment Red - 0.1 0.1 0.1 - - - - _

Epoxy
Resin

30 50 30 - 30 40 50 40

- - - - 139

0.14 0.098 - - - - -

3.13

46.5 46.5

3464 | 20.82

3.68

0.9 0.9 - - - - - - -

Flowability
Agent




Pigment Red -- 0.1 0.1 0.1 - WO 01/74798 PCT/US01/08624 46 Sanple Nos. 31
and 32 show thernosetting resin conpositions prepared from ethylidene

nor bor neng.gjigaewsi de and net hyl cycl opent adi ene diner di eREITDE08624
respectively, designed to cure with g anhydride curing agent. Sanple 5

Nos. 33-35 show thernosetting resin COﬁBOSItIOﬂS based on |inonene
di epoxi de/ RE- 404- S PRTRORONRELI 3h ahdvari §bevwr Ahpsgosgritiagsapsia Nos.

21-25) desogpedltmoﬁurprwpabeanfaahlyétw@ld@u@ %M&%mea@ﬂe@dédﬁé e

curing agg bg np §6 40 how t her nosettin

conp05|t|oﬁé ﬂaégﬁ oﬁyfgoplﬁgﬁgﬁsnal 68§Fd 1GRSFIREd 650G ¥M WVa | at ent
har dener désmgnedctalbyravantabha hohyAgabe- ehhangLEQentJap$@nmﬂﬂfrllthe

t - ) i or i iller
2genanen JOMCLEE <HiG %a%rmgﬁetwagg aad; W LRONE SR 3 0T 9anle

[ See Tabl e urther a 1 onal rnosettirig resih ©
conp05|tléﬁm?SQHﬁI@lﬁBOXAQ? REs4Bhefaiadchabinasion BﬁnwﬁénQUde@ﬁaxﬁde

(ConnerC'thkeagamo§5|ﬁoEroﬁlD§5§eﬁe§H§HdeQO1cuEEdwut%a%%na5ﬁ§%§1HQ9
tradenane " CE esigned to cure with a_latent ener

(connerC|5?F§n§v39?ﬁﬁkeapr€WF F EPBANILBEeRt JaREn PRkder EREPLEadenane
" NOVACURENOHIX 26-802&hbi?) thwrtnbelattangeeeﬁdneﬂ@)ﬁpo@@%h@nsa%a@%%:UnbEd above

el ngt 4BS0RRE 1 0Bet g B SRR RE Bl Epoytns Sna est B2eieray agont

i ncl'udi ng nonen agent
conponent(ﬂﬂmmadCNQIQB gvandiphhe fercaseahdf CINGVATURE, HXpa@2inder N ne

addi t i OnaLhQOHPQééhéHQS"&@\%E{EngNOﬁxoé‘%zﬁghpel""%?tW SRR &9 +ALQRT Jhese

| ines, except that the_t anount € epoxy resin was varied as
not ed, aanaﬁgﬁﬁb?gghﬂéerl leeecEapéheRttdhad included in various weight 30

percents, and a secgad épﬁiﬂfthé%l admalbﬁahudﬁermasgamh gy 43 and
46- 49, mnth athrd egg ¥ ;esh % gg |nclud|n% 3 g d e Nos.. 47 and 48.
[ Sdé Tabl ‘éo‘ﬁ’(’8§l¥l% PPR788 NPT US0YAE8BEEPAAPATRBPE 2 OF e P E4HPESERt
Sanpl e Nodi#poxntle( \Weogherpeatépt pvailable from Daicel Chem. Co.,

Ltd., Japan under the tradename "CELLOXIDE" 3000), designed

to cure with a latent hardener (commercially available from

Asahi-Ciba, Ltd., Japan under the tradename "NOVACURE" HX-

20 3921 HP), without a second epoxy resin, as described above
by mixing together the following components:
1. an epoxy resin component including
40 weight percent of limonene diepoxide; and
2. a curing agent component including
25 60 weight percent of "NOVACURE" HX-3921 HP.
Nine additional compositions (Sample Nos. 42-49)
were prepared along these lines, except that the type and
amount of the epoxy resin was varied as noted, and an
inorganic filler component was included in various weight
30 percents, and a second epoxy resin was included in Sample
Nos. 43 and 46-49, with a third epoxy resin being including
in Sample Nos. 47 and 48. [See Table 2(e).]
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-- Di epoxi de Nopol D epoxide -- -- -- -- -- 26.11 19.55 19.33 11.81
RE- 404- S wo @948 21. 60 39.17 21.60 39.17 33.52 33.14 21. S¢1/E0n¥624
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g(f dees | €t.hy|l i dene norbar nene di epox| de or
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! AEDHLTer _dileRe
nopol e€poxi de dy yDield,Yihe
In;zﬁae’r“c (SS?IES) - 30 30 30 30 30 40 40 30
NXJ-60
(Imidazole)
1B2MZ
(Imidazole)
CG-1400
(Dicyandiamide)
MHHPA
(Anhydride)
LINDRIDE 62C
(Anhydride) - —- | 3609 | - | 367 - - - 35.57
Benzyldimethy!
Amine
Ethylene glycol 1 - - - “ - - - --
A-137 (Silane) - 0.06 0.05 0.06 0.05 0.06 0.08 0.4 0.05
A-187 (Silane) - 0.06 0.26 0.06 0.12 0.08 0.08 0.12 0.12
KR-55 (Titanate) 0.06 0.06 0.30 0.06 0.25 0.06 0.8 0.4 0.27
Pigment Red - 0.1 0.1 0.1 0.1 0.1

14 - 1.4 - 14 1.2 1.18

0.14 - 0.14 -- - - 0.14

3.14 - 3.14 - 3.14 2.69 2.66
Curing
Agent

46.5

0.9

Flowability
Agent




ether, at different ratios are presented as Sanple Nos. 50 5 58, designed
to cure with anhydride curing agents, and Sanple No. 59, which is nopol

epoxy gl ygigmlapigher cured with an anhydride curing agentpcrfigdehgsszM
Conmponent Sanpl e No. /Annunt (wei ght pggcent) Type ldentity 50 51 52 53 54
55 56 57 58 59 Linpnene. -- Di epoxi de -- Nopol Diepoxide - -- -
41.35 31 20.7 51.7 IRETabAeszié)sbGQQW7 gomb@ngsiops7o81REO495-80. 7 31 --

Epoxy Et hybydenerRasth HQEE@E“&@Qh%} cycioﬂén§5d§éngod1mer dlepox1de

Di epoxi de @/Et Md clo Bent adi ene 41.35 31_20.7 EiOXI de nofganic
SO ES - ene_norbornene. lEPPFéﬁe(§F|Peaflh&QOEGde( ¥Lysrave) 1 B2MZ
- - - ethernldazdﬁéfeﬁéht4®@tios are- preséhtedgaéDBGmgmdlKﬁbdeBOAgent
(~M:; aPae)o,46 4 5 46.5 46.5 | NDRI DE 62C
Vs e g8 dé ﬁﬁég ﬁa gﬁ?e wé@h ﬁggéF ﬁ?ﬁngnﬁggn658 88 08 0.8 0.8
0.8 0.8 osempls §08 581 hyhaal gbyvopol @p@xy glycidyllemheA-¢ere@s||ane) --
"7 77 77 with an anhydr‘ide%ﬁ%ﬁb' hb¥np. 187 (Silane) Agent -- -- -- -- --
- - - -- KR-55"(Titanate) -

Table 2 (f)

Component Sample No./Amount (weight percent)

Type Identity 50 51 52 53 54 55 56 57 58 59
Limonene
Diepoxide

Nopol Diepoxide - - - - - - 41.35 31 20.7 51.7
RE-404-S 10.35 20.7 31 10.35 20.7 31 10.35 20.7 31 )

Epoxy Ethylidene

Resin Norbornene - - - 41.35 31 20.7
Diepoxide '

Methyl Cyclo-

pentadiene Dimer | 41.35 31 20.7
Diepoxide

Inorganic SO-ES

Filler (Silica)
NXJ-60
(Imidazole)
1B2MZ
(Imidazole)
CG-1400
(Dicyandiamide)

@iﬁﬁigéiﬂ 465 | 465 | 465 | 465 | 465 | 465 | 465 | 465 | 465 46.5
LINDRIDE 62C

(Anhydride)
Benﬁi‘nm:thyl 08 | 08 | 08 | o8 | o8 | o8 | 08 | 08 | 08 | o8
Ethylene glycol 1 1 1 1 1 1 1 1 1 1
A-137 (Silane)
A-187 (Silane)
KR-55 (Titanate)
Pigment Red

Curing
Agent

Flowability
Agent

10
Shelf-Stability

While the compositions were used upon formation
(see below), they may be stored for a period of time of up
to about 3 to about 6 months at a temperature of about -40°C
15 without experiencing viscogity increase.
After formation, the compogition was transferred

to a 10 ml syringe made of non-reactive plastic.



Pigment Red -- -- -- 10 Shelf-Stability Wile the conpositions were used
upon formation (see below), they nay be stored for a period of tinme of up
to about Wwg@/akgut 6 nonths at a tenperature of about -4GeThsoWoidrput
experiencing viscosity increase. Aftexg formation, the conposition was
transferred to a 10 m syringe nade of non-r%gctive plastic. WO 01/ 74798

g $ddds PEocegscr eam sol der

(PS10R- 350A- F92C; J1f ac ri eqkcal nc P_having a
package of 20nm sggggég ggégﬁ ngggg é?gﬁégegégé g?&#ﬁymégug g?PFg e pitch
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After suc I asi g e S ly was transferred to an oven ile the
tenperatu?eg%ggsggiﬁggwﬁgdtﬁgfgg 6ut 165C. The conposition cured initially
after about 15 1 nmi fiereaiandft hbeeahnpilesur8dmporpNeosel 1 7ak6¢r walbeut 15
m nutes ay;Lpahsb@MPRLBLYNKEs RaEhGEe Eénc?ﬁ§@9téhlgbh@hﬁag%EgﬁﬁgsiH@gerf'l
seal ants, certain of then1(SangIe Nos. '1-16) were dispensed "onto an -
al i num BR€hJUBRBIEHr BECMReR SPEpcarséekafbFtERt2028RpESHAcondugiior
el evat ed Bevpeeaknr 8ssbmBhoUHrd006uEDY Borheni ad ahotkme of about 2 hours,
fol |l oned by exposur g %o an glgvated tenperﬁture ofb bout 140C for a period
of time of about 6°hbGFs=USF PHEPSHELBE: whlEh>EPREPLKe "88nposi tions  wer e
observed tovahafercedetdo 286 Bhigni ehliler oher tempeTheucenpasi agAsaliavd a
vari ety obePLABRE!188-LD * BRLNCLABOUREYERI-AREaCATE 81 2L ° HLEN B0,

15 1 minute, and thereafter cured completely after about 15

minutes at that temperature.

Rather than using all the samples as underfill
sealants, certain of them (Sample Nos. 1-16) were dispensed
onto an aluminum dish, and cured in a step-wise manner by

20 exposure to an elevated temperature of about 100°C for a
period of time of about 2 hours, followed by exposure to an
elevated temperature of about 140°C for a period of time of
about 6 hours, at the end of which time the compositions
were observed to have cured.

25

Physical Properties

The compositions have a variety of properties in
both the uncured and cured state which are measurable and
useful parameters for the end user in choosing a particular

30 formulation for a desired need.

For instance, in the uncured state, the flow rate
is of interest; in reaching the cured state, the cure
schedule is of interest.

The flow time allows the end user to determine the

35 rapidity with which the adhesive may be applied during a
fabrication process, such as a circuit assembly operation.
It may be measured by passing the composition through a 25

pm gap between glass slides aligned perpendicular to one



useful paranmeters for the end user in choosing a particular 30 formnulation
for a desired need. For instance, in the uncured state, the flowrate is
of i nteregigoritarggeachi ng the cured state, the cure schedyl@/iHi08624
interest. The flow tine allows the ensh user to determne the 35 rapidity
w th which the adhesive nay be applied during a fabrication process, such
as a circéPPtH§§enBS}ngpéﬁgﬁﬂoﬁhlmﬁtaﬁa?P@@eﬁﬁasuﬂ@@ i mea gsioug- relde
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spacers. THESHF PEqﬁl §39tPoP Lt REOUENHBSI £PGH t 8L PowShdf®®en the sl i des
is then tfeasuratdsat Haﬂaagtﬁnobeabﬂdb @goe ithehfabwl tdmeisn@F that erval s.

Val yes in [, Lpes of _the 5 itions set forth above
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accordancéhemPPﬁeFh@pr€§6nFolﬁ@éﬁ?léﬁ BeF6WtRANT M@ atTalel, e 18 aPhysi.cal
PrOpertIESpesaﬂméa EEQWbEISE Mome(Seghisdmallbe Sekedyhe mc@l08Ekai1
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with the present invention below in Table 3.

Table 3
Physical Properties
Sa;;:)[.)le F;lsoevcvs"I‘.isnll'e Cu.re Schedule
@100°C) (mins@165°C)
17 - 10-15
18 -- 10-15
19 18 10-15
20 - 10-15
21 15 10-15
22 35 10-15
23 13 10-15
24 28 10-15
25 18 10-15
47 22 -
48 10 B —
15 As the composition progresses through its cure

schedule, the reaction exotherm, or enthalpy, assists in
determining the effectiveness of a (co)polymerization
reaction. The reaction exotherm here is measured by
differential scanning calorimetry ("DSC").

20 The peak temperature ("Tp.,;") and onset
temperature ("Tgugey") may be determined from the DSC

measurement. These values provide information for minimum

reasonable curing temperatures, the curing temperature



15 As the conposition progresses through its cure schedule, the reaction
exotherm or enthal py, assists in determning the effectiveness of a

(co) pol ymaig @aatuitegn reaction. The reacti on exot herm here igTERsMERd by
differential scanning calorinetry ("D&C'). 20 The peak tenperature
("TpEAK"") and onset tenperature ("TONSET") may be determ ned fromthe DSC

measur eneRbingEhe g8y Ahe $RIc@MiIcHe titfo iy f g dn R, J easqnabl e
curing termgrgature;c the curin ter(repfgré;ture WO Of/ 74798 PCT/ US01/08624 51

range, makiREmPre&E ok STBRFEAESres Seend'abdiest idfe AU NGNS i) at _each
tenperature. See Tabl es 4a, 4( b) amhbliec)¥ (a)Tabl e 4(a) Sanpl e Physi cal
Properties No. Enthal py T@&iﬁé ONSE TPhykiddl Byopdrtido6 179 133 2 -- -- -- 3 70

178 156 4 61 167 140 5 1Xa 1G2EnkRdpy 3 TaRKE [_Fosh) |Sanmpl e Physi cal
Properties No. Enthal py [TPEAK TONGEZg) (J/g) 17 229.7(141.1 128.9 18 249.7
138.3 125.4 19 280.3 135.81 122. 12620 315175 133. $33120. 7 21 287.2 136.3
123.5 Table 4(cZ Sanpl @ Ph/si gal Rroperti-es [Ent-hal py TPEAK TONSET No.

V/9) 31 -- -- -- 32 234(1643 123 4% 39% 168 8% 156
4 61 167 140
5 171 162 124
5 Table 4 (b)
Sample Physical Properties
No. Enthalpy | Tpgak | TonseT
043)
17 229.7 141.1 128.9
18 249.7 138.3 1254
19 280.3 135.8 122.1
{ 20 315.1 133.6 120.7
21 287.2 136.3 123.5
Table 4(c)
Sample Physical Properties
No. Entbalpy | ek Tonser
J’g)
31 - -- --
32 234 164 123
41 395 162 85
42 234 136 122
43 171 171 142
44 228 135 120
45 252 166 134
46 326 153 121
49 262 168 131

In the cured state, a variety of properties are
10 useful depending on the end use for which the composition is
destined.

For instance, adhesion provides information on the
strength of the bond formed by the cured reaction product,
data for which is set forth in Table 5. In this adhesion

15 evaluation, die shear adhesion is measured by a Sebastion 5
die shear measurement instrument, which measures the amount
of éhear strength (in Kgf) required to pull apart a die

attached to a circuit board by the cured reaction product as
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19 (1-1.5)
20 (1-1.5)
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44 (1-1.5)
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47 (I-1.5)
48 (1-1.5)

80
75
34
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36

Reworkability determines the ease with which a
The
extent to which the cured reaction product loses mass over

cured reaction product may be controllably degraded.

time at an increase in temperature may be measured by
( TTQAN ) ,
information on the temperature (or range) at which the cured

thermal gravimetric analysis and provides
10
reaction product degrades.

Reference to FIGs. 3-4 show TGA data for cured

reaction products of Sample Nos. 1-5 using an anhydride
curing agent, compared with TGA data for cured reaction
15 products of compositions based on the commercially available
epoxies ERL-4221 4) and RE-404-8 5),
and Compound XVI of the '922 and '033 patents (Sample No.

3).

(Sample No. (Sample No.

5-6 show TGA data for cured

reaction products of Sample Nos. 7-10 using an

Reference to FIGs.
20
imidazole/dicyandiamide curing agent, compared with TGA data

for cured reaction products of compositions based on the
9)
'922 and

commercially available epoxies ERL-4221
RE-404-5 (Sample No. 10),
'033 patents (Sample No.

(Sample No. and
and Compound XVI of the

25 8) .



10 information on the tenperature (or range) at which the cured reaction
product degrades. Reference to FIGs. 3-4 show TGA data for cured reaction

products g @aumlse Nos. 1-5 using an anhydride curing age@tyuweodaied wth
TGA data for cured reaction 15 products of conpositions based on the
commercially avail able epoxies ERL-4221 (Sanple No. 4) and RE-404-S
(Sanple No. 5), anBeCempogrdtRVEIES -t Hel' ghewaRGA' 038apdrentcsreSanpl e No.

. f ; d f ' product f
3). Re erﬁeaet&gan§€duét@ é?QgéEgﬁglgbé. QQ.%HBGQ1—%%.E%ﬁ%gg%§1pr° ucts o

Sanpl e Nos. 7-10 using an imdaz i cyandi amdée curing a conpar ed
with TGA daidazpée/dirgdndéantdencprodgcegent, comppsirtingn§Gasiedaorfdrhe

(Sampl 6 rot58) Poa BnnRenai S 21 coneoRaR8 RanPas 0By Shifont s ( Sampl e
No. 58) . VOoBme 747831 PCaES0ab086RE-193 -Ref endncered EkGet iHnS psioorcEGA dat a

for cured_.creacthon-praduc of. ~S I ..10 and 11-16_usi ng an
inidazole?gig?é%gfa%?dggéu%ﬁﬁg%gggﬁP?ggggégFﬁgasTeg éépgnFSF cured
reacti on piedogtsedREcdipoesi t(Senplkaled.onlth8)5andnoer tiealpliyieavai | abl e

RE-404-S, .and cured reactiopn prodyc of 80:20, 70:30, and 60: 40
conbinati82338 EﬁgnéégﬁéiedSSEOxggeﬁ%éf404-S (Sanpl e Nos. 11-13) and of

terpi nene di epoxi deef8appke NosFIf4-16)10Rehewenca tatkl Gor 9-%0 show'T€¢
data for 10.anhydride_cyred reaction product f Sanple Nos. 5 (RE-404- S),
35 Bret hy £ o e gRT Sant SAFEnE SBFheP aPERHRFfS) OLaRaTBRSEE0S navi(AG 46220,

60: 40 ands#: 82 c¢mebhpat tgpiopbnratiiyhe aymbﬁpambgdk@a@)giaﬁa 50-52, g

di epoxi de/ RE:404. S5 gnd RE-404-S, d__for anhydride cured reaction products
of nethylﬁiglﬁgcﬁﬁpgﬁfagﬁegg apﬁegedﬁQpSQWgén%géﬁBFeOﬁome§§Y} t he -
comrer ci akyylapahtablenepaxines BRepdR2de(Barnbe-Noand) rand 04RE- 4Q44S

Sampl e . 5),. and, ound XVI of the '922 and_'033 patents (Sanple No.
g).ngbfer ﬂEegPByaFéégnETFT ERBGCTOR BEPHUFSF ©o50mghRYdri de cured reaction

progducts ef,cbapphealilesneSdindr Getpykidenesagpbar nenesdiepexide), 53-55,
havi ng 8oéggmercially available epoxies ERL-4221 (Sample No. 4) and
RE-404-S (Sample No. 5), and Compound XVI of the '922 and
'033 patents (Sample No. 3).
Reference to FIGs. 11-12 show TGA data for

20 anhydride cured reaction products of Sample Nos. 5, 31
(ethylidene norbornene diepoxide), 53-55, having 80:20,
60:40 and 40:60 combinations of ethylidene norbornene
diepoxide/RE-404-S, and RE-404-S, and anhydride cured
reaction products of ethylidene norbornene diepoxide (Sample

25 No. 31), the commercially available epoxies ERL-4221 (Sample
No. 4) and RE-404-S (Sample No. 5), and Compound XVI of the
'922 and '033 patents (Sample No. 3).

Reference to FIGs. 13-14 show TGA data for

anhydride cured reaction products of Sample Nos. 5, 55-58

30 and 59 (nopol epoxide glycidyl ether), having 80:20, 60:40,
and 40:60 combinations of nopol epoxide glycidyl ether/RE-
404-S, and RE-404-S, and anhydride cured reaction products
of nopol epoxide glycidyl ether (Sample No. 59),
commercially available epoxies ERL-4221 (Sample No. 4), and

35 RE-404-S (Sample No. 5), and Compound XVI of the '922 and
'033 patents (Sample Nos. 3).



60: 40 and 40: 60 conbi nati ons of ethylidene norbornene diepoxide/ RE-404-S,
and RE-404-S, and anhydride cured reaction products of ethylidene

nor bor ne i ide (Sample 25 No. 31), the conmercial ly @vdh epoxi es
ERL-4221n€‘\]arﬁ’?’lmeljé No. 4) and RE-404-Ss{ Sanple No. 5), and Cbnﬁgaﬁ%ﬁ&VI of
the '922 and '033 patents (Sanple No. 3). Reference to FIGs. 13-14 show
TGA data for anhydfThde TGar eld tredaidian tpr atatt $uate dSangalos iNoS pradua58 30
and 59 (nogol epoXxi et.her

de, gl yci dyl \ Baving 0:.20Q, 60:40, and 40: 60
combi nat i ofs “8F ﬁSBSPth xicﬁé‘p&%}&l © eEndry REATRGA §°%and %E— oA %,‘ and
anhydri degs¢utedradactndn lpsedmetss aaf anapapeepaxirde 1gweei dHanetdi@ied Sanpl e
No. 59), _co rcially avail abl e epoxi es ,ERL-4221 %Sanple, . 4), and 35
RE- 404- S (8% FSHNBFOé*}JF\ée?n8afbc5ﬁﬁo&ﬁ81p2\7|£&fmtsh§a's 52 %8n @1 PNEF3 Yat it s
(Sampl e NesmmdyciWO1§1lat4i9B3bRETPS1ER8624 whi chheeFoA gl iisnaiacrt e t hat
cured reacgion products of the inventive conpositions (e.g., Sanple Nos.
1-2, and ?°°8f-degrade and | ose nmass at a tenperature |ower than cured
reaction products obrbkeicenpeswortadibasedwas aiema;elrstefattefaeu%li@@maerm ally
avai | abl e, epoxi.es, to_which re%&r n i s_made__abay Practi
remorkabingyaﬁésgﬁg%gﬁEFFéng ?ﬁnéﬁg 6 QFPUG%nEPEt e?o%ﬁgfp'ﬁﬁb ar ea
around t héhgi eirfitiédbrard wethi the tobpaisd tiionls tife Seopies Noisans 76f  Sanpl e
NOSyy 17 152545425461809 049+ of 9120 331 & LBERSLAL € F0,A0QULe28AC,  yiih a
di e tenperature OF about 21592%8C for a ger%bg of “ti e of “about %ﬁﬁ% about
2 ninutes® ®AentepReTararrapihabessi Ry5-PaRovetonyappering of tilstPfig the
die from hBeuei nCHbl abbBORr @ UShi@ckWeengks,i Rhd Rak alyohbe il 1af, about 20
to 15 about 30 geéonds1 The circui,t hoard may ,then be Cleaned uSing a
dremel at TEBEYED8Y0BYIERT PII FYRES1HY LBl Pl&: 6™ &fiea FEatidnd hor se
hai r brusheoaTHeueiinguittvekaard dheanipegiodr difnariiey ofic Glbositwiziohitd a peri od
of tinme o g ut, 42 ut inutes...20 |1 n.addition anpl.e _Nos. 26-30
wer% remo%ﬁg Qbéo F%ggﬁ?%éd ﬁgg{gﬁé P&tang§8eP§¥UF egfégbg&ﬁafﬁ%c for a
peri od of usiing of daboetl 60 mbouted5,A0Ohopgh Fewdowali byt wpplication

of a flat-end horse hair brush. The circuit board cleaning
ordinarily occurs within a period of time of about 2 to
about 3 minutes.

20 In addition, Sample Nos. 26-30 were reworked by
localized heating to a temperature of about 100°C for a
period of time of about 60 minutes. Although reworkability
data for these samples was observed, an increased
temperature for a shortened time perod would likely improve

25 the data observed.

Thermosetting resin compositions prepared without
limonene diepoxide, with the balance of the epoxy resin
component from the RE-404-S epoxy resin (e.g., Sample Nos. 5
or 10), which was dispensed and cured as above, do not allow

30 for die removal in the manner so described.

The site of the failed semiconductor chip should
then be fluxed and a new semiconductor chip may be attached
using conventional flip chip technology. Then, the
.thermosetting resin composition of this invention may be

35 applied around the periphary of the newly-replaced semi-
conductor chip and cured by heating to an appropriate
temperature, as described herein.



data for these sanples was observed, an increased tenperature for a
shortened tine perod would likely inprove 25 the data observed.

Ther noset ig@,/48 i N conpositions prepared wi thout |inonengtdi®pesdede, wth
t he bal ance of the epoxy resin conposent fromthe RE-404-S epoxy resin
(e.g., Sanple Nos. 5 or 10%, whi ch was di spensed and cured as above, do
not allow 30 for di8heefdpalefndenerapferbovedaser Pbedenthd sste of the

failed sem cQBetst 0veChiRt88PULHant DERi BERE! UxEnBDdsasREW,sENT cConduct or
chip may be attached u3|ng#convent|onal fT1p chi technology.bThen, t he
: 5

. p :
.t her nosetFY RGBS AOEBRPOSFPREN oflaRKi 2A9HTaRARRSNCRRYIbBES peredfar ound
Lhe peri phacyinéltednew yheepbaced SﬁﬂiscﬁgéduﬁtghECEhﬁeﬂﬁﬂoﬁPrﬁH}QM
eating to_a j.a t erature, as describe erein. WO 01/74798
PCT USOl/8§6§i§P§é8$%¥ égﬁp ggyﬁgécribed above are presented as
illustrative, rather than limting, exanples of the inventive
conpositions. Many additional enbodinents thereof are included in the
spirit and scope of the invention, which 5 is defined by the clains. WO
01/ 74798 PCT/ USO1/ 08624 56 What Is Clained is: 1. A thernpsetting resin
conposition, said conposition conprising: (a) a curable resin conponent,
at least a portion of which is a conpound having at |east one |inkage
selected fromthe group consisting of oxiranes and thiiranes, substituted
on at least three of the substitutable positions on the oxirane or
thiirane carbons, respectively, with an alkyl,. alkenyl or aryl
substituent having a carbon content of 1 to about twelve carbon atons,
with or without substitution or interruption by one or nore heteroatons or
hal ogens (1); and (b) a curing agent conponent selected fromthe group
consi sting of anhydride conpounds, am ne conpounds, am de conpounds,
i m dazol e conpounds, and conbi nati ons



t hereof, provided that the conpound | does not include as its sole
conponent an epoxy conpound within formula Il: RRRR R3a R~ R3c OROR
O RR RfloRRW¥98 RRid RRRRII wherein each R is i ndgangenbosqzs
selected fromthe group consisting of¢ hydrogen, nethyl, ethyl, propyl,

i sopropyl, butyl, isobutyl, tert-butyl, Cl_4 alkoxy, hal ogen, cyano and
nitro, Rﬂﬂ@aﬂgﬁzléhéaﬂaéhlﬁndependentIy sel ected fromthe group consisting
of hydrogen, nethyl et hy nd rovided that _both Rl and R2
cannot be hydrogen, ~and Ré F@er?ﬁﬁﬁgﬁﬁ%%tf S%%I%%?%BS?Fbﬂ?pﬁﬁﬁff, and
isopropyl¢omp@$iu3dn atmpeisingne of R3a and R3b, and at |least one of Ric
and Rid is |ndepen tl d S yl

et hyl , proP and ?gg r% é§£ % réé?ﬂ1égﬁp§£8§9 T%Q 13559 t$8ﬁ€§%£ordlng
to O ai mat Whkekiks ae@@mpgﬁnérbwwg F hhreh are éalpla@g@ §¢l§©t©@n| ng
and WO Olfr‘f&zg@h@cgf&@@lé@ﬁ@zétlég bPsbROrhhes raagdheni yeagss under exposure

to tenperature, con n excess of those used to cure the conposition
3. The coﬁ%%%?%?%?egchrﬁFnge?%tcf%¥ﬁ$1°£MP%?e?%b?F%tEE?%%?ep?%éFhons
conponentomnthude31ﬂanenpnuﬂﬂlhaan@gcaiboheasie@pecﬁXVéape wibkage

bstitut f h b t t t abl ons t he
oxirane. carsons SHEEREh O EvD! aph b PUERt Lo RRe R POR kR RadPRbPe car bon
content of 1 to about tMelve carbon atons, with or without substitution or
i nterupti om,BY; OREIOH HPVEnQSi»Pu]ﬁ@iQHBb?r dalpggns. 4 ?tg?SaEQHBOEth' on

according to Caim3, wherein e conpou havi ng at [east one oxirane
| i nkage |R2bo@eRBefl ) sepB8ted from the group consi sting of oxiranes

S e 2 TR R G sk

group con81st1ng of anhydride compounds, amine compounds,

amide compounds, imidazole compounds, and combinations
thereof,

provided that the compound I does not include as its sole

component an epoxy compound within formula II:

R R
l'R1 R3c
R o)
m R Rag
RR R

wherein each R is independently selected from the group

consisting of hydrogen, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, tert-butyl, Ci.4 alkoxy, halogen, cyano and
nitro, R; and R; are each independently selected from' the
‘group consisting of hydrogen, methyl, ethyl, and propyl,
provided that both R; and Rz cannot be hydrogen, and Rs is
indpendently selected from propyl, and isopropyl, provided
at least one of R3s and Rsp, and at least one of Rz:. and Rag
is independently selected from the group consisting of
methyl, ethyl, propyl, and isopropyl, and m is O or 1.

2. The composition according to Claim 1, wherein
reaction products of which are capable of softening and



hept enyl i dene or octenylidene]-1-nethyl-cycl ohexene, 1,1'- [(1E or 1Z, 3E
or 3Z2)-5-(1, 1-di net hyl - 2- propenyl ) - 3- ( 3-

met hyl - 2- W@ @rMtos- 1, 3- pent adi ene- 1, 5-di yl ] bi s- benzene, 4, @c1didigbdgh-[ S or
R-(E or Z, Z or E)]-2,5-octadi ene, 2,§10, 14-

tetranethx -7-(3- nethyl 4-pentenyl ) - 2 5,9, 13- pentadecatetraene,

7- et hyl e3iBOnERRYE- pdhesi VEReSEEUBAEeTgEXPPGRT S Lo temperature

10E)- 1, 3, éoﬁaltﬁba@caheb&@@@@,oé ﬂh%sbrugeahxb chird FHRORRIHLEA€ 1 on
13- et hyl - 9- net hyl pent adecat et r aen

1- met hyl - 4- ( 2- nethyP 6- hEBFeﬁ?WPH@ﬁE}onc§EF8ﬁ§%€ﬁét°2CéaiF-9P|W§?HVP3(E or
Z)- 2,5, 10tdedenatbileneesii, Gotboathyl iGEla8es, aEc@mpound having at

. (3. od
5. (5 met nur s BB R Spe 10 AbobE . B¥hEERULED ol Be g B EREER B 4, 7.
nonat r i enghe3subdribuhgblelpomethphy- OB bhezoxEraneZparbons with an '
1,3,6, 10- Q@ﬁg?at§§k§ﬁ9§ oP" E%yﬁeéﬂﬁgthtﬁgngehg¥ nF 3 carbon content

propenyl ) uf enyl i deneJ -1, 3“cyc| opent adi ene
47) - 1, 5- dPfret h{P- abﬁébtEW9ﬂVaeﬁerb9nnéFﬁvs4(wztbrowaltép@kohexene

3,7, 11- trBﬁEbB!tu&18n6oi01ﬂ@éQﬁﬁthﬁaﬁ9€one or more heteroatoms o
3,7, 11, 15Pt§tranethyl 1, 3, 6, 10- hexadecat etraene, 9-ethyl- 2, 6- dlnethyl (E

or Z, E or®z99%"89-dodecatriene, 2-nethyl- 5-propyl-(E or
Z) - 2, 5-nonadi ene, 347, 11Thei netnbpkitZoar aBEcokkdialy Zpo Elaim 3, wherein

3,6, 1f=d i hy| - 1424798 PCT/ USD1] 08624
2588 sy CORERLAL’ §80%ng 5l 18abE BRL K bhntn TG o7 E bRl
met hyl - 6- ﬁeb@@h9ﬁ|ﬁéﬁ@)tbﬁ grozp- e9ubbRbkBgeL3outifpne?, brepdiradt liylom( E or

Z, Eor Z 3 ded 1] -
2.6, 6, 9- tgf%gng%ﬁetﬂgl 9 ﬁgeh§&§?§p§ogeﬁ§5)szethyldlcgfopengl

2. 7-di met Ry#.4, 8= bﬁ@?gaﬁﬁtﬁ9ﬁnpfpﬁoﬁéﬁ§IP1246) ~dcbadiiarehyl-4-
3, 7- dlﬂEtH¥§téng @d@ﬁ% hE'SB@en%}%&%?%gtzyﬁ%gp j-cyclohexene, 1,1'-

nethylethyllden -cyc exene, _ _
nethyleth&liEeﬂé)11,335yekoﬁékaa%éhel QlﬁeUhyétﬁyprzpénydeeadKéﬁe or

t adi hyl t ded r.ae nmet yI (E.or
oot A0 erepe En VLA ) T8t iRt (08090 gH geREn £ 1)
Z2)-1, 3,6, d@mdbUEtaﬁétoaeRe E 2r7211zt oindf hyk, 6Eootaaﬁeaes,206dmdeaakr|ene,

0,10 UTELDALE LS. R0 S0 UL sistyne. 2 o iy~

met hyl - | - peopeadygtat@tdabnoct dtetbpe;-3213-8idetylanndhyl- 38, 6E or
6z, 102 or 10E)-1,3,6,10-tridecatetraene, 3,4,8-trimethyl-
1,4,7-nonatriene, 13-ethyl-9-methyl-1,9,12-
pentadecatetraené, l-methyl-4-(2-methyl-6-heptenylidene) -
cyclohexene, 2,6,1l-trimethyl-(E or Z)-2,5,10-dodecatriene,
2,6-dimethyl-(E or Z, E or Z)-2,6,9-tetradecatriene, 7-(3-
methyl-2-butenyl-(E or Z)-6-dodecene, 6-(3-methyl-2-
butenyl)-{(E or Z)-6-dodecene, 2,4,6,6,8~pentamethyl-2,4,7-
nonatriene, 3,7-dimethyl-11-(methyl)-(E or Z, E or Z)~-
1,3,6,10-dodecatetraene, 5-[3-methyl-1-(2-methyl-1-
propenyl)-2-butenylidene]-~1,3-cyclopentadiene, 4-[(4E or
47)-1,5-dimethyl-4~heptenylidene] -1-methyl- (4% or 4E)-
cyclohexene, 3,7,1l-trimethyl-1,3,6,10-docosatetraene,
3,7,11,15—tetramethyl;l,3,6,10—hexadecatetraene, 9-ethyl-
2,6-dimethyl-(E or Z, E or Z)-2,6,9-dodecatriene, 2-methyl-
5-propyl-(E or Z)-2,5-nonadiene, 3,7,ll-trimethyl-(Z or E, E
or 42, E or z)-1,3,6,10-dodecatetraene, 4,8,12-trimethyl- (2



1,3,6-octatriene, 2-nethyl-5-propyl-(Z or E)-2,5- dodecadi ene,

2-met hyl -5-(1-nethylethyl)-(E or Z)-2,5- dodecadi ene, 2-methyl-(Z or

E) - 2, 5- doderadiusge, 2,4,4- trimethyl -(E or Z)-2,5-hept adi ai@yuso1/08624

2, 6-di nethyl -2,5- octadiene, 3,4,7,11sg etranethyl-(E or Z, Z or
E)-1,3,6,10- dodecatraene, 3,7,11-trinethyl-(E or Z E or 2)-1,3,6, 10-
dodecat et P&efe, £408- @i mEt myl, 41 74 12 -figdaec ragng,11-methyl-4-(2-
tetramet hybehy3.-@-1Qp14n08%adacqRent 3eng,) 25 BIAUL(Z 08 Bky 3. 7,11
5-pentade%§digﬁe, Z-ﬁetﬁgﬁ-S-?l?ngthyletﬁyl#ggne 5 dece_ne,y:%L

2, 6- di net Bymehyl7(Beoat Zi,efe 0r4 28-dirFet Byl 12 -4lofe cadedinaicass,

15, 19, 23- brignet Ryl - _heptat r.i nya ri , _ _
8-(2-neth%fﬁpﬁégoggﬁgﬁéégﬁ%%tPaggcgﬁ§?§93,7%f?§%%#%gtﬁyﬁfﬁE or

Z)- 1, 3, 6, decdsdéearet Radndimdtay ldiddShipdisd22me3-hydt-Ayipr2pemydny2),6ear ot ene,
7-ethyl -3_11- dinet hyl -1 ~dodecat et r. ks 350 hyl ~4-, .
propylideﬁéigggfggén¥é3e?ﬁggyﬁgi-?(?ﬁgt%fFﬁggggp%Z,ZEH%E%§¥L5 (1

1, 3, 6, 10- dedbyaeshyaedenectd ~t@cdiohmetleyle, 1 24 66 metrhgécat-gtlr-aene,
2-(1- net hyl| L) 7.9 ¢ - hyl et hyl i.dene) .1, 3-cyclohexadiene, _

> cihy! - SREEhy PR AR oy S ra O Raaten, XTI ATRGA%S 5

met hyl - 5- Qécadtikykebhy bictteddpng, 3-7epthghieBadiledemed nf,1+Q-, 3t, 6, met-hyl - (Z or
E, Eor 2)-1 3,6-undecatriene, 4-(1,5 W0 ,01/74798 PCT/ US01/08624 = 59
dinethyl-%Pég%g ?EF&SH&y- -ﬁ&?ﬁ%ﬂ-i@cP&héﬁeﬁé% P Req_ 7 8 |

(1- et hyl 8t hyFdderehytydEobexeneE 2r5%Zdi-aethyl, 102 derekht2tTachept adi ene,

- e . ) ” : ach hvl - (E
S o o5 AL HIACOREL % YRR e o Lo (B
Z) - 2, 5- dodemadhene,(z 8r3E6-urbmeEhyb7SESGMnaecEtQﬁeayﬂly%eQ-Qq%atrlene,
tetrahydrao-3,7,11-tri net hyl -.1, 3, 6, 10-dodecat et raene, ,
3,4,7,{1-géPF£H¥iﬁ§?-?Fsgéffo5aéaéééﬁéﬂﬁaéme,r§7§}??f@ylrévﬁahéﬁH€r>(z'or
E, Z or BEpethyl6ilPrdpdegatebracmeocZabriene, 2,3,6,7-tetramethyl-

di et hyl - 4- et _hyl ene- 2, 5- hept adi ene, 5-ethy|-2-neth£ -2, 5- hept adi ene,

2, 5- di net hy P+ 2 BChepT 481 Ene 2R 6t Y daPeRe OPY3 4 21 PXt Fi) méy Ryl - dodecat ri ene,
2,4,6,6, 8apaatameth¥yl - CEm@thyZ)-52,(4 ~freRBRALLWENS ~ (E or Z7)-2,5-
3,7-diethyl-11-nmethyl-1, 3,6 ¥0- tridecatetraene, .
7-ethy|-3?9%@6?ﬁé€ﬁ§v-%7@?Ghyé;<@rP&e@érénﬁa@@éﬁczﬁeeaﬁme@hﬂhﬁcE or

ég 2, 5-dodecadiane - (206, k9=br EoRERYLuGEne!, 2, 6EdQhetnyl-2, 5-

2,6,9-tetradecatriene,
octadiene, 3,4,7,ll-tetramethyl-(E or %, Z or E)-1,3,6,10~

dodecatraene, 3,7,1ll~trimethyl~(E or Z, E or Z)-1,3,6,10-
dodecatetraene, 4,8-dimethyl-1,4,7-nonatriene, 3,7,11,15-
tetramethyl-1,3,6,10,14-hexadecapentaene, 2-methyl-(Z or E)-
2,5-pentadecadiene, 2-methyl-5-(l-methylethylidene)-2-
decene, 2,6-dimethyl-2,5,7~decatriene, 4,8-dimethyl-2,4,7~
nonatriene, 15,19,23~trimethyl-15,18,22~-
heptatriacontatriene, 8- (2-methyl-l-propenyl)-6-tetradecene,
3,7,11-trimethyl-(E or Z7)-1,3,6,10-dodecatetraene, 3,4-
didehydro-2- (3-methyl-2-butenyl)~carotene, 7-ethyl-3,11-
dimethyl-1,3,6,10-dodecatetraene, 1,3-dimethyl-4-
propylidene—cyclopentene, 2,7,11-trimethyl-(E or %, E or Z)-
1,3,6,10-dodecatetraene, 6,10-dimethyl-1,4,6,9-
undecatetraene, 2-(l-methylethyl)-5-(l-methylethylidene)-
1,3-cyclohexadiene, 2-ethyl-5-ethylidene-cyclohexadiene, 2-
methyl-5-(l-methylethylidene)-1,3-cyclohexadiene, 3,7,10-
trimethyl-(Z or E, E or Z)-1,3, 6~undecatriene, 4-(1,5-



3,7,11, 15-tetranethyl-(Z or E, Eor Z E or 2)-1,3,6,10, 14-
hexadecapent aene, 3,7,11,15-tetranethyl-(3E or 3Z, 6E or 6Z, 10E or
1Q7) - 1, 3, wolf/7A%shexadecapent aene, 1-ethenyl -4-(1- PCT/US01/08624
met hyl et hyl i dene) - cycl ohexene, 1-nethy - 6-net hyl ene- 4- (1-
met hyl et hyl i dene) - cycl ohexene, 3,7, 11-trinmethyl-1,3,6- dodecatriene,
4-(1, 5- d|ﬁémﬁthéxﬁrh@éﬁ@yl1d@@ﬁhyﬂ-m@y@Wdh@yg&@hezeeEhyﬂ ﬁetbydrﬁethyl (3z
or 3E, 6E QL decat 116+h hy dro 1,
di hydr o- 2, g m%%éyl%gg §1é%8g9 %%gl%%%Qgggé %E% %*météyl Qé %go%andlene
6- ethyl|déﬁ@t2d3€m©1tﬁrmethyﬂ éE (drmgthglethy)lidéneld;-193undecatri ene, 2, 3,
6, 7', l.- GE£O0R Z L 6 10 do ecat gt ragne,
2,3,6,7- te %%%%?%QEEFE or &Zf 18 § Em%%P§§r|§n§r ) 2,679
2,7, 11-t r icesthykcatBientl- dovetayétr(depne, E;, E or Z)-2,5-dodecadiene,
3 7 11 15,1 3 name hy
10 %4%15 %Z?§%§%§ Z%hgxa (lgconta&ecéeﬁe
dlnethyl Qeprepyl«2;-6, 9, lirdecattheiel, 3, 6- dOﬁdbﬁgbatEt@ane, E or

D eie A At et e ket T A 5k TP APeb R 2 ndhe,, 3540 TR0k,

62) -1, 3, 6-20rtmedegat-dtir aene, ¥%- oet ByH143, 65lneﬂb¢bcétbexe@mbldene}-(4E_or

o N e

2,6, 10, 11hi¢ptpentanpt Ryb-3itethyledetahebeadiene or octadiene,

250,10 (st ety st adenstuiens, 20 B LR o ox

2,3,6-trigpthyk- 2- ﬁoheﬁkaéhemes 2~ éledhyﬁtmyLméEhgu 7) 372 691bept adi ene,
2,7,11- trlnethyl % Eé % 1% 11- dodecatetraene
t hyl - 3trefRyRE tﬁaeaécaa|s v153g 1{pdipeiBrhyils 6260rOF) - 2, 5- undecadi ene,

dlnethyuegaeee@badeenzlﬁya@me%h alQEtka§§h2|51d6d%Caa&€%%atrlene
di met hyl - -3,5, 8- undecatrlene
d

i met RyP- Ostélﬁﬁaégérﬁﬁeﬁé Zl'E[@Inétﬁ§v5 -tetradecatriene,
”EthB|7|1QVQBeﬁﬁkka%e%h9Qntde%nﬁ|'QGBQ]Q'SEbQBZQWei 3, 6,10,14-

, 5- dlnethyl 4- hexenyl i dene) - 1- et hyl - (4E or 4Z)- cycl 6héxéne,

11, 15hegerParePRpLagReor 3E)- 21619 I@trﬁ@%56§éatéﬁréénéz 6E or 6%,
nEthylle(%r”@bBYLll3p%0@@niMlh%xaQEEgBﬁhLagﬁ%ze@eetgegyil4trﬁnEthyl (E
Z, Eor 2)-2 9- dodecatriene, 2,6-d Z)-2,6,9-

methylethylidene)-cyclohexene, l-methyl-6-methylene-4-(1-

oitgtrlene,

6-e
3, 7-
4, 5-
4, 5-
2-(2
4-(1
2,6,
[ 3-
or

methylethylidene)-cyclohexene, 3,7,1ll-trimethyl-1,3, 6-
dodecatriene, 4-(1,5-dimethylhexylidene)-1-methyl-
cyclohexene, 7-ethyl-3,11-dimethyl~(3Z2 or 3E, 6E or 6%Z)-
1,3,6,10-dodecatetraene, 1,3,3',4,4',16-hexadehydro-1,2~
dihydro-2,2'-bis-3-carotene, 7-methyl-(Z or E, Z or E)-3,6-
dodecadiene, 6-ethylidene-2,3,10-trimethyl-(E or %, E or Z)-
1,3,9-undecatriene, 2,3,6,7,10,11l-hexamethyl-(E or Z, E or
z2)-1,3,6,10-dodecatetraene, 2,3,6,7-tetramethyl-(E or Z)-
1,3,6-octatriene, 2,7,11-trimethyl-1,3,6,11-dodecatetraene,
3,7,11,15,19,23,27,31,35-nonamethyl-
1,3,6,10,14,18,22,26,30,34-hexatriacontadecaene, 2,6~
dimethyl-9-propyl-2,6,9-tridecatriene, 3,6-dimethyl-(E or 2,
E or Z)-1,3,6-octatriene, 3,7-diethyl-ll-methyl-(3%Z or 3E,
6E or 62) 1,3,6,10-tridecatetraene, T-ethyl-3,11-dimethyl~
(32 or 3E, 6E or 6%Z)-1,3,6,10-tridecatetraene, l-methyl-4-
(5-methyl-4-hexenylidene) - (4E or 4Z)-cyclohexene, 2,6,10-



dodecatri ene, 2,3,6,7,10, 11-hexanet hyl -1, 3,6, 11- dodecat etraene,

19-nethyl -1-(2-nethyl-1- 2,4,6,8, 10, 12, 14, 16, 18- ei cosanonaenyl i um

17- et hyl wio (124798t hyl -1 - propenyl ) -2, 4, 6, 8, 10, 12, 14, 16- octprdegadesagny! i um
15-net hyl -1 -(2-nmet hyl -1 - propenyl ) - 2, 466, 8, 10, 12, 14- hexadecahept aenyl i um
13-methyl -1-(2- neth I-I-pro enyl)- 2,4,6,8, 10, 12- t et radecahexaenyl i um

11- nethyItFlmFQhﬁérhélor Ebr penPtyndegabraens, dddécApdntasmpetiny -

9-net hyl - | 5( 2z ﬂflbgb B%BEBESHX')22641§ §%d§§ﬁ§§552ﬁ8¥byg”b 6, gethyl-1-(2-

nethyl-l-propen octatrienylfu

di net hyl - 208eqe ta@h@ne2 8, ?Oiir@mehbyhyﬁ fESotegZyadebattiene, 2,6~
dodecatri . d thyl Z) y e

5 7 met Py (o7 13 05 BT rohadr saionar 57 b079 kB R Ry o
Z)-3,6-ocuade@ﬂt£1§ne4 Yneth9b336ﬁ9thybthl a;SZmegtsdmenadlén41 yne,

7, 11-trjk (Zzor . E)y3,6:1]1- rigns1lzyne, . _
,3,6,7,18?@%?¥g§a Etﬁ§|%1,%{8,%TPg§ggégéfe?f§é%é,%rlmethyl (B or 2z,
6- di met Bybx 27 b= he@tédiénépdéeabehyheﬁe5 6hephadli-dnmethyl~2, 5~
6,10-trj
7. 10- trlﬁg%ﬁx% % 327! 180 gg§§%3§ br 35741 RetRYPMD 6274708~
PCT USOl/68ﬁ2ﬂhyﬁiB16396tadnahﬁﬂeyee, 2 7 10 trlmethyl 1 6,9~
2- (2, 2-dj 6 net h n xyl) - tr| -1 t byl ene- (E or
)-(9) -1, %ng % %?fléhg 264 %?kgﬁg ¥é 9r1§ Lt ﬂEt (%i % ng B 82 or
E)-1, 3, 6uﬂ6ed@ﬁgmane;raeaedlﬁeﬁhymyn g BEﬁhdé686r2eﬁe heppadkﬁaehyl—
8, 14, 8 ent hyl - 11- net hyl ene- (E or Z2)- _. .
6 13, 37 ReRsRELphrp agrenvS) 784 ?ﬁé?ﬂwdk%yawaa?éhés-benzener 1,
58,8 14, 48(pe5%6ﬂﬁ§hyyiil nekeyyemaeﬁg ) oL ﬁetﬁymn ZE Eroag
1, 3,6, 13, 17- nonadecap en 10-dj e - undecat etraene,
-nethyl-f?b%? %§?§?5-ﬁegt gi teérﬁ@?ﬁbyi %ﬁ BF § % 8:Reptadi ene,
, 7- dinEth&ka&eSaﬁe@ﬁ&éﬁéiems—méthyl 1-(2-methyl-1- pro enyl)
1, 5- dlneth I-4 hexen | i dene) - 1- et hyl - (4Z_or _4E) - Fohexene,

) -
8,
3

.6, 10, 14°48°D%L h7081 28R Fanet Ayl 1 ~trimethyl-(E or 2, E or 2)-2,6,9-

6
6, 10, 14dé§eé§t22eﬂ@ 39; doaimaegplam@négng, 2 Qrdzwephxl -2, 5- hept adi ene,
(1, 5-di net hyl - 4- hexeng |dene)-l-nethyl- cycl ohexene, dlnethyl (3E or
)-1, 3, 6d6€?%?FFé%%e' ;10,11-hexamethyl-1, 3,6, ll—

6,

t

10, 14dé&e8§t§@r§§ﬂéanEDhMétB 210,34y dBn 8. 22, 26, 29-

otriacont anonaene, 3,7, di meth I-(3 or 3E)-1,3,6- octatriene,
3-met hyl - £« £ 26 n@t b9t 12+ bt opbny @Ecgﬁazynaenyllum, 17-methyl-1-(2-

methyl-1-propenyl)-2,4,6,8,10,12,14,16-octadecaoctaenylium,
15-methyl~-1-(2-methyl-1-propenyl)-2,4,6,8,10,12,14~-
hexadecaheptaenylium, 13-methyl-1-(2- methyl-l-propenyl)-
2,4,6,8,10,12-tetradecahexaenylium, ll-methyl-1-(2-methyl-1-

3
2
2,
3
2
1
Z
6
1
Z
2
(
2
2,
Z
2

3,
3
3
4-
3
d

propenyl)-2,4,6,8,10-dodecapentaenylium, 9-methyl-1-(2-
methyl—l—propenyl)—2,4,6,8—decatétraenylium, 7-methyl-1-(2-
methyl-l-propenyl)-2,4,6-octatrienylium, 4,ethylidene-2, 6-
dimethyl-2, 5-heptadiene, 3,7,1ll-trimethyl-(E or Z)-3,6,11-
dodecatrien~l-yne, 3,7-dimethyl-(3E or 3%7)-3,6~octadien-1-
yne, 3,7-dimethyl-(E or Z)-3,6-nonadien-l-yne, 3,6,7-
trimethyl-(E or Z)-3,6-octadien-1-yne, 7-ethyl-3-methyl-(E
or %)-3,6-nonadien-1l-yne, 3,7,1l-trimethyl-(Z or E)-3,6,11-
dodecatrien-l-yne, 2,3,6,7,10,11~hexamethyl-1,3,6,11-
dodecatetraene, 2,6—dimethyl—2,5—hep£adiene, 2-methyl-2,5-
heptadiene, 3,6,10-trimethyl-2,5,7,10-dodecatetraene,
2,7,10-trimethyl-1,3,7,10-dodecatetraene, 3,6-dimethyl-



pentenyl, 2, 6-dinethyl-4-(2-methyl propenyl)-1,3,5- heptatriene,

2, 6-di met hyl - 4- met hyl ene- 2, 5- hept adi ene, 1-

met hyl - 4- W ¢gteuhgl et hyl i dene) - cycl ohexene, 3,7, 11-tri nmet hyerddrosyrs 3Z, 6E
or 62)-1, 3,6, 10-dodecatetraene, 4-(1,ér

di net hyl - 4- hexenyl i dene) - 1- net hyl - cycl ohexene, isoprene, nyrcene,

di hydr onyteheb- PFhaFééEneteﬂBrN@ﬂ85dé@etBYlaﬁdmyFhylbnﬁgweﬁ@heKQﬂQrnoIene

nent hadi egeg(p= §r§mg£?2121ﬂlpetgggg§bol §O| gz %ngl%cetate neryl

acetate, nerolidol rneso roneroli i s&bol ol , val ancene,
nookat enedoiess kaiene, grimehyl - 3, Z Qloétﬂmﬁthehe(3ﬂ30rp55hléﬁdpences
pi peritol i d meth 144C i_gnhe, mnet hyl
cyclopentgggenegd?n%P d$dﬁEF%§§%geﬁﬁ6r%o%Egﬁé} éi%%%gg%é%gcgfgestrene,
carvone (hebtad}eneal50828wéﬁeé8tnentamst5yiké1amdthyﬂeaas (B- brads),

al | ooci menpoks n ngs gyalen . ycopene,
carotenesﬂ(§36aig QH?ﬁﬁgﬁg%égség%ggﬁeétgéQ &gﬁgkhggng(naPFgﬁgl¥ﬁgreof.
01/ 74798 PCA/ ¥cD4/ D86R4nt6ReBhyThélenrpbgiltnen (Bcoar di,n§ ba @, aEmo3,

seleted FlokiThe Srohp HondrBbrrersheltnoRent AEBEbRVaCS “agmin. tor pi nene
diepoxideundethyétcyehepeafmdthgéldZeprEuez ﬁkhepta?ﬁhnbl?ﬁnaeﬂ?ymgrn$ﬂe
di epoxi de, .. nopol,, epoxi cidy 0 ions ereo e
con505|t| 5 g%c% d?hé g8pE$g¥ﬁpf’ ahz gfﬂeggﬁg gbhy rPGLatoifBRent Tof the
curing agéhi5edimpenepl-dajiekenyitteatedlfneahi/he (group QEEShSthng gf(z c
hexah dro ht anh i de, yl . hexahydr opht h anhydri de -(2,5-
dioxo?etr gg%?§e§ ne¥h§r9§ 8gEﬁg é%e%é QX_ égﬁgh¥§r anhydride, and
conbunatu@ns tbetepic, 78, Ibezepapeabtr@acaﬁe@hdhagnbp Qlakahﬁgtpgﬁtelﬂ t he
ari ne Conpouns, oot escUll 09 RIS ERIPOYEI IRy, be S5l geted, fom the

1, 8- dlazabyylohéxénQ]UBdeGdZméﬁEyll SE7ort BhazabBeychethér4eQkdec- 5- ene;

qui nucl i dj and_conbi nations thereof. 8.

n zablcycl o oct ane;
The conpog %l%& %%cg ?ﬁ 3§ hﬁpgﬁﬁ?ihy rar h0s Lhellnie2eonpodfds of the
curing ag@@trﬁ@ﬁ@@ﬂ@ﬁbnﬁEMePGB,7 dimethyl- (3% or 3E)-1,3,6-

octatriene, 3-methyl-1-(2-methyl-l-propenyl-(E or Z)-2-

WO

pentenyl, 2,6—dimethyl—4—(2—methylpropenyl)—1,3,5—
heptatriene, 2,6-dimethyl-4-methylene-2,5-heptadiene, 1-
methyl-4-(l-methylethylidene)-cyclohexene, 3,7,11-trimethyl-
(38 or 32, 6E or 62)-1,3,6,1l0-dodecatetraene, 4-(1,5-
dimethyl-4-hexenylidene)~1l-methyl-cyclohexene, isoprene,
myrcene, dihydromyrene, linalool, terpinenes (a, B, and V),
limonene, terpinolene, menthadiene (p-3,8 or p-2,4),
geraniol, nerol, geranylacetate, neryl acetate, nerolidol,
farnesol, dehydronerolidol, a-bisabolol, valancene,
nookatene, nootkatone, dimethyl-2,4,6-octratriene, f-
phellandrences, piperitols (-, cis and +, trans), l-methyl-
1,4-cyclohexadiene, methyl cyclopentadiene dimer, ethylidene
norbornene, dipentene, carvestrene, carvone (- or +),
alloocimenes (4-trans-6-cis and 4-trans-6-trans),
alloocimenols, ionomers, guaiazulene, lanosterol, sgualene,
lycopene, carotenes (f and y), nopol glycidyl ether, and

combinations thereof.



di cyandi am de. 9. The conposition according to Claim1, wherein the
i m dazol e conmpounds of the curing agent conponent may be selected fromthe

group congigsdiiagsof | m dazol e, isoi mdazole, 2-nethyl im deaah®i1/08624
2-ethyl -4-met hyl i m dazole, 2, 4-dinetéyli m dazole, butylinidazole

2- hept adecenyl - 4- nethyllnldazole 2-undecenyl i m dazol e, 1-vinyl-

met hyl i ni dazol e, 2- ﬁ»hepﬂ@&e@?ﬁP@§G§2@PeaCEDI@ﬁ@QCyM AladroBe, Whereln

i heptaﬁeﬁhbl6b é@hg,hévﬁﬁﬁiﬁk Zea@?tBPEE@&Q%?%EF&lngggg és a member

pr opy az anoe - 2- e i m daz

1- cyanoet Ry Eeﬁtééhgkom %é@h?F]H%d&?&ﬁéStingbﬁgn&épﬁﬂen? HEROFR dazol e,
1-Cyan0etbﬁhma-tphpﬁmbhﬁldaé@b&;dé-gm&ﬁayﬂnagbhbbe%t@@h@hbl@h@@b@r&e

addi ti on products imdazole and trinmellitic aC|d addi t1 on products
of an iniaéTSFé gﬁg ﬁeﬁgp983§8§Peﬂe feERPPifedazorPel sREMHSEN dazol e,

benzyl i m Qagzahaylzermtemybnd4coﬁabdhalaeayzbl Eh@%é@fe,
2,3,5-tripheny|inidgzo|e h - l,i m dazol e, dodegé
benzyl ) - 2- net hyl i ni dazol & echE‘ lﬁiP%?@goﬁé? SOP 68658 lggzwherein

hydr oxyl - #he- hnhyﬂmﬁd&ybbm@pﬁedtpbényhbnbdaiﬂbeag%n¢2component may be

th h 5. h z -h X en
gedlgﬁggy ngégéglgg % ?ﬂg @bﬂ gﬁfﬁéﬁ %% % %%ﬁ %ﬁé#§Pﬁ%ﬁ&azole
2- ( 2- hydr exyphsade) - meShyd|bﬁ§ﬁ%ydwp@h2baélc anhydride, 5-(2,5-

di (4, 5- d'BQ%R&ké%YhH&@%éqleb Q%@%§@631c§clohexene 1,2-dicarboxylic
2- napht hy |n1dazole benzyl - 2- thyl'i m azol e,

|
2- p- netho??éyaFﬁﬁFWI6&?0F@mbéﬁétlEBﬁbFﬁﬁFP8ﬁs t hereof. 10. The conposition

according to Claim %, wh@helaombb%1&&bhngc@@Q@hn@0&BOQQBEHJi,U&%QrE&nan
amount of Lroghl%gout 1 todabg 00 mel r ent, %asng on t% wei ght of
the epoxy Fesih EonpSRBRtIar1 Otk cSHﬁ& StF ﬁ c ESPBPRGTE L MEYa

further eetpristingram ther gapip tbhkestdogpofent, 5- ﬁZath&yedﬁp05|t|on.
O 023 FoFhiEhl b ertheh 40825091830 6 b} LB coTRpReny ERy _be

sel ected from roup ¢onsistin terial onstruc ed of
contalnlnﬁrﬁé?ﬁbéFEP%@ §ﬂ|ﬂeﬁéde§r§nﬁﬁGM1G%ﬂ@éclsdnm@onl ﬁrtrlde al um num

nitride, gibikgaie9atedzabupi NUELBLELT d8d combinations thereof.

8. The composition according to Claim 1, wherein
the amide compounds of the curing agent component may be
dicyandiamide.

9. The composition according to Claim 1, wherein
the imidazole compounds of the curing agent component may be
selected from the group consisting of imidazole,
isoimidazole, 2-methyl imidazole, 2-ethyl-4-methylimidazole,
2,4~dimethylimidazole, butylimidazole, 2-heptadecenyl-4-
methylimidazole, 2-undecenylimidazole, 1-vinyl-2-
methylimidazole, 2-n-heptadecylimidazole, 2-
undecylimidazole, 2-heptadecylimidazole, 1-benzyl-2-
methylimidazole, 1-propyl-2-methylimidazole, l-cyanocethyl-2-
methylimidazole, 1-cyanocethyl-2-ethyl-4-methylimidazole, 1-
cyanoethyl-2-undecylimidazole, 1-cyanoethyl-2-
phenylimidazole, l-guanaminoethyl-2-methylimidazole,
addition products of an imidazole and trimellitic acid,
addition products of an imidazole and 2-n-heptadecyl-4-
methylimidazole, phenylimidazole, benzylimidazole, 2-methyl-
4,5-diphenylimidazole, 2,3,5-triphenylimidazole, 2-
styrylimidazole, 1-(dodecyl benzyl)-2-methylimidazole, 2-(2-



boron nitride, and conbinations thereof. 13. The conposition according to
Claim1ll, wherein the inorganic filler conmponent has a |l ow ion
concentrapign/and a particle size in the range of about 2-pkGyudmesens. 14.
The conposition according to Caim1l,e¢further conprising a flowability
agent. 15. The conposition_according to Claim14, wherein the flowability

agent is RYRERB deltebiéylphemyilie  §rodphesndilgdidegode sid-dies, titanates
and conbi ﬂ@t?l?&@pglfe:i@ﬂeof4-, 51@,ip_ﬁ|é@1yQQﬂﬁ@%|zUl;é0 t@cg(@,r-qllly@&o:;]@zp@e@alym) 14,
wherein the Q i ity .agent 1s_a menher sel ecte romthe  group
consi stin férd&gngyﬁﬁ¥H§%ﬁ8 'S aRe 4 HATHEP eﬁﬁ&éyﬁ'ﬁfinethoxy
si | ane, tﬁﬁ@hb@wﬂEMiwammabLs2&222hbﬁsb@&phenyl)-4,5{ o0

ropenyl o 11, tanolat,Q- @] 5[ hi i tri. phito-0),
G hycr ggon D ena E PR e 3, B e e P B a5 ag 1o
daiml, PoreRéthydorpbi-siipgeaxlioiesizonepr dmbenzy\Wo261/ 74798 _

PCT/ US01/ R6241 184 dk8o1Ehe 2CRNRRSHbXR +9562N Hiikg 290 aih@ 19, wherein the
adhesi on promgter .is a nenber. selected fromthe group consisting of
gl yci dyl FppggFﬁ5%§§Fl5ﬁ€?e@§nna-anino propyl triethoxysilane, and
conbinations~thereoﬁo.19ThEheomgmaasﬁbhoacaéﬁaﬁﬁbngotg;@ﬁ&iEuérhk&%%ger
conprising,a cvanate ester. 20. The canpasiti,on_accordi ng to aim1l9,
wher ei n t%gecﬁaﬁépg & © mgoﬁgﬁﬁeﬁsggﬁggtéﬁ PPoAPHEL §fo & Bonsi sti ng
of di cyanabelbiéniefes abouitc yanatebghie pescenti, cpasatiovaphheaedeght of
tricyanatQggpngQbeQggindbg%%?g%gF.biphenyl, bi s(cyanat ophenyl ) pet hanes and

al kyl derivatives™ thereof hal ocyanat ophenyl ) pr opanes,

bi s( cyanat ophenyl ) effler s ThEi sCBPaRatdsReAgcPFdingdss, Claim 1, further

bi s( cyanateppenyli hpr apanesrghhlis( gianat-ophapwnpRosphites, .
tris(cyanatophenyI)B%osp% tes, blsghalocyanatoghenyl%gethanes, cyanat ed
novol ac, bi s[cyanatd6phe 3@(58?9??& AR GEREFPBeHz &Re Clegindted

wherein the inorganic filler component may be selected from
the group consisting of materials constructed of or
containing reinforcing silicas, aluminum oxide, silicon
nitride, aluminum nitride, silica-coated aluminum nitride,
boron nitride, and combinations thereof.

13. The composition according to Claim 11,
wherein the inorganic filler component has a low ion
concentration and a particle size in the range of about 2-10
microns.

14. The composition according to Claim 1, further
comprising a flowability agent.

15. The composition according to Claim 14,
wherein the flowability agent is a member selected from the
group consisting of silanes, titanates and combinations
thereof.

16. The composition according to Claim 14,
wherein the flowability agent is a member selected from the
group consisting of octyl trimethoxy silane, methacryloxy
propyl trimethoxy silane, titanium IV tetrakis [2,2-bis[(2-
propenyloxy)methyl] -1-butanolato-0]

[bis (ditridecylphosphito-0), dihydrogen],, and combinations
thereof. ‘

17. The composition according to Claim 1, further

comprising an adhesion promtor.



bi sphenol -term nated thernoplastic oligoners, and conbinations thereof.

21. The conposition according to Claiml, which is capable of sealing
under fi | | wailgtigeen a sem conduct or device including a semeRdswior chip
nounted on a carrier substrate and asgcircuit board to which the

sem conductor device is electrically connected. 22. The conposition
according to Claim 18- whiT&le cpapegpabla efceagiingg tenddefinl Li9ng bet ween a

sem conduwhe&elﬂe\theeaaaélsk_a@hnﬁr@m%e@rcQ@da%gfnb%&l RefRepeed roR A Gl i er

substrate and a circguit board mg.E m conductor device is
el ect ri caPFYURoARBELEG1NEh e PhYCREY uF§B YL 1egRp o AN §M3Pesent in

an anount pwbplrilntt-hethangeidbnabound tOmbana@iveisghhepegent, based on the
total weight of the §Co itio he curin ent co onen sent in
an amount within th8- rgﬁgé ongbF Bou9cfgﬁ WePg P ?&ghﬁ %H§§ Ton the
wei ght of comprégiabl & cyshateompbeent; and further conprising an inorganic
filTer component inagn aHUBLrAYSBROUL.EAELONL, PALRNY o Dased on the

t ot al g of the conposition; ty agent 1n"dan anount up
to about ﬁé?éﬁttB@rE@ﬁPat§a§§896nlﬁhé NemgRE §?1epﬁ§dc§ﬁﬁﬁsﬁ@ﬁon VO

01/ 74798 BQE&ﬂSa&h@8624ng65f%&cyaﬁhﬂbﬁﬁﬁxﬁﬂéé"lﬁﬁi&?éﬂé&bﬁéhééﬁé@’1
wherein the_ cur d having at | east

bl e nponent includes. a.c un
one th||rgﬁSYFPﬁggagpbgggﬂﬁPSFed ﬁCXFnP§8§FPPﬁPégngF St RgCY@Béterut abl e
posi ti onsbophehglt hbiisdngacatbphsnyil) heahanakkphd allkeiyldeaiivartykes

subst'tueeaﬁgéxkngbgsqa&hgﬂoe9aasegph8£3§ baoghauL tuel ve carbon.at o,

with or tution”or oné or nore heteroatons or
hal ogens. P25 ( CYﬁ€a§©§b6§Vﬂ0@ﬁh§€§@rbﬂﬁdCV@n@tQPhﬁzyl)SW&éﬂéﬁﬁ t he conpound

havi ng at bhga&g;aaaeobhew@mgrbpaﬁage k8isdcyanbebphehedl phokppThe group

con5|st|ng ||raneg gi?gg from
2, 10- di methyP- @Yﬁﬁ?ﬁ9p fe B?BPEtﬁﬁthyl - propenyl
2,4,7,9- ubdeccaaebeganatoﬂh[eﬁﬁ)mretﬁZhe&ﬁcEaﬂatbw nodoheget,enyl i dene or

g;;?gyzhdﬁnekﬁg?ﬁy héhspﬁ%kﬁ?%?y@e%éyl%%en }Ee%&e%é, %Ea%%ted
bisphenol-terminated thermoplastic oligomers, and
combinations thereof. ’

21. The composition according to Claim 1, which
is capable of sealing underfilling between a semiconductor
device including a semiconductor chip mounted on a carrier
substrate and a circuit board to which the semiconductor
device is electrically connected.

22. The composition according to Claim 1, which
is capable of sealing underfilling between a semiconductor
device including a semiconductor chip mounted on a carrier
substrate and a circuit board to which the semiconductor
device is electrically connected, wherein the curable resin
component is present in an amount within the range of about
10 to 70 weight percent, based on the total weight of the
composition; the curing agent component is present in an
amount within the range of 1 to about 100 weight percent,
based on the weight of the curable resin component; and
further comprising an inorganic filler component in an
amount up to about 70 weight percent, based on the total
weight of the composition; and a flowability agent in an
amount up to about 2 weight percent, based on the weight of
the composition. ‘



met hyl - 2- but enyl ) - 1, 3- pent adi ene- 1, ' 5-di yl ] bi s-benzene, 4,6- dinmethyl-[S or
R (Eor Z Zor E)]-2,5-octadiene, 2,6, 10, 14-

t et r amet hywlo odr4dgnet hyl - 4- pentenyl ) -2, 5,9, 13- pent adecat etpcaandi1/08624
7-ethyl -3,11-dinmethyl -(3Z or 3E, 6E o5 6Z, 10Z or

10E)- 1, 3,6,10-tri decatetraene, 3,4,8-trinethyl- 1,4,7-nonatriene,
13- ethyl 9- net hyl - 129; 12Th@eﬁ@@ﬁ@eat@@na@ﬂ@ordlng to Claim 1, wherein

1-met hyl - dné 2cRhbYe - ﬁé@fﬂtEB%be§H€)1n8Yﬁ&8Qeée@@mpguﬁdlﬂa§£h3959y| (E or
Z)-2,5,10-dodecatrien :

Z)-2,6,9- %%?%%d%%%x??khﬁan9 %énkﬁ@?h§v %t%EFEﬁ9|°anBrlz§SB HBueeenE,
6- ( 3- nEthyheZSubﬂtfm&t&bIE_pszﬁz@ndOdﬂCeh@ tRidréné, 8appshanwtioml agd, 4, 7-

17306, 10 ket S FEeL, O 15T uoNprE Ep8hiapyiBp. € carbon content
propenyI)OQ butengthddeneyelys- cyrbopeatads eneith- pr4Eidhout
47) -1, dé@@%@f&uél@ﬁp&f”¥%ﬁ9§@§il&nnB%hMﬁe(éz R6r4Bhar Y65 LBRx RS

3,7,11-trjinet hyl ocosatetra
3, 7,11, 1502 EP9@Ret hyl - 1, 3, 6, 10- hexadecat et raene, 9-ethyl - 2, 6-di et hyl - (E

or Z, Eor 2)-2,8, 92Q0de@Hért@ﬁﬁosgtﬂBﬁhabcoédPﬁgpﬁb €Eaoh 23,
Z)-2,5-no adlene 7,11 trlae

7)-1,3,6,% ﬁ%ﬂ%c%&%t?%%%un ]%a%?nér‘?‘ﬁe%ﬂ%t(?neoélElrEn‘Sr1?nkage is
E) - 2, 4, 7, A Imé¢mbele cod b claed ef rdm nehdydrdup 2eonei byl ng- bEptrOyLhdese) - (E or

Z)'CVC'Oggé%&gr % E%ng%ﬁlélqv%igélfﬁg Re B 1 8501, 08624 (86, dLjret hyl - (E or

Z, E or eca
2,6,6,9- tpiwpmmyhyi ¥, 129 rehfgtateprapgeayl §- 2{4E86rdézatmyBnelmethyl—
2, 7- di met

2- et hy ct adi ene, .
5 7- i met At gl SAEaTTH B et RY PPARE L FoRoe RF1 8Cy EShenene, 1,1
met hyl et hyt 1Elene) 12y ciDhex eds) - 2+ 61d1n&1ﬁgth§1{1-pﬂepguye;hyLleene)-l,
3-cycl ohex 6- di pet hyl - 2, 5- decadi en [ adi ene
el Sk R SR PR S R T gt 1L DS
Z)-2,5- ocdfmbﬁﬁ&i 7s edhyk- (1B, d4- ﬂjnztbyIE(E;@rszbcEé@iene, 2,6,10,14-

Z)-1,3,6,10- dodecatet a 1 trinmeth (E or_2) 5,10-dodecatriene,
6)10 di et hHAnE %t~ %??57%?t%§12 BPgnEﬁﬂﬁ%gf?lén941§ne 2,6- dimethyl-(z

or E)-2, pelodecach eterand; di pethyl - §,§1ba§&8thy1 (32 or 3E, 6E or
nethyl-l- opﬁ%%lg 2,4 6 octatrlene 7- tetranethyl- 1 3,6-octatriene,
i

2-net hyl - ZL%) B2 @L1®0H%%%ﬂ?%H%tr@e%%th§t458rirh@@h9yérhy|) (E
or Z)-2,5t,4,7-nonatriene, 13-ethyl-9-methyl-1,9,12-

pentadecatetraene, 1—methyl—4—(2—methyl—6—heptenylidene)—
cyclohexene, 2,6,11-trimethyl~-(E or 2)-2,5,10-dodecatriene,
2,6-dimethyl-(E or Z, E or Z)-2,6,9-tetradecatriene, 7-(3-
methyl-2-butenyl-(E or Z)-6-dodecene, 6-(3-methyl-2-
bufenyl)—(E or Z)-6-dodecene, 2,4,6,6,8-pentamethyl-2,4,7-
nonatriene, 3,7-dimethyl-11-(methyl)~(E or %, E or Z7)-
1,3,6,10-dodecatetraene, 5-[3-methyl-1-(2-methyl-1-
propenyl)-2-butenylidene]-1,3-cyclopentadiene, 4-~[(4E or
47)-1,5~dimethyl-4-heptenylidene] -1l-methyl~- (4Z or 4E)-
cyclohexene, 3,7,1l~trimethyl~-1,3,6,10-docosatetraene,
3,7,11,15-tetramethyl-1, 3, 6,10-hexadecatetraene, 9-ethyl-
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tetramethyl-1,3,6,10,1l4-hexadecapentaene, 2-methyl- (2 or E)-
2,5-pentadecadiene, 2-methyl-5-(l-methylethylidene)-2-
decene, 2,6-dimethyl-2,5,7-decatriene, 4,8-dimethyl-2,4,7-
nonatriene, 15,19,23-trimethyl-15,18,22-
heptatriacontatriene, 8- (2-methyl-l-propenyl)-6-tetradecene,
3,7,11-trimethyl-(E or Z)-1,3,6,10-dodecatetraene, 3,4-
didehydro-2- (3-methyl-2-butenyl)-carotene, 7-ethyl-3,11-
dimethyl-1,3,6,10-dodecatetraene, 1,3-dimethyl-4-
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cyclohexene, 7-ethyl-3,11-dimethyl~(37Z or 3E, 6E or 6Z)-
1,3,6,10-dodecatetraene, 1,3,3',4,4',16~hexadehydro-1,2-
dihydro-2,2'-bis~3-carotene, 7-methyl-(Z or E, Z or E)-3,6-
dodecadiene, 6-ethylidene-2,3,10-trimethyl-(E or %, E or %)-
1,3,9-undecatriene, 2,3,6,7,10,11-hexamethyl~(E or Z, E or
z)-1,3,6,10~-dodecatetraene, 2,3,6,7-tetramethyl-(E or Z)-
1,3,6-octatriene, 2,7,11-trimethyl-1,3,6,11-dodecatetraene,
3,7,11,15,19,23,27,31,35-nonamethyl-
1,3,6,10,14,18,22,26,30,34~hexatriacontadecaene, 2,6-
dimethyl-9-propyl-2, 6,9-tridecatriene, 3,6-dimethyl-(E or Z,
E or 7)-1,3,6-octatriene, 3,7-diethyl-1ll-methyl-(3Z or 3E,
6B or 62) 1,3,6,10-tridecatetraene, 7-ethyl-3,11l-dimethyl-
(32 or 3E, 6E or 62)-1,3,6,10-tridecatetraene, l-methyl-4-
(5-methyl-4-hexenylidene) - (4E or 4%Z)-cyclohexene, 2,6,10-
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10, 14218, §38310h%8téﬂeﬂﬁyﬂBZeSCQGam@nﬁenyélzﬁ 26 7ogethyl-1-(2-
|aCOnﬁéﬂﬁ9ﬁemepr§an9&WE§hM 6( 87107 18Eh2113~ @ctaahegbb%a%nyllum,
met hyl -1 - ( 2- net 2 - penteny
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propenyl)-2,4,6,8,10-dodecapentaenylium, 9-methyl-1-(2-
methyl-l-propenyl)-2,4,6,8-decatetraenylium, 7-methyl-1-(2-
methyl-l-propenyl)-2,4,6-octatrienylium, 4,ethylidene-2, 6~
dimethyl-2, 5-heptadiene, 3,7,ll-trimethyl-(E or Z)-3,6,11~
dodecatrien-1l-yne, 3,7-dimethyl-(3E or 3%Z)-3,6-octadien-1-
yne, 3,7-dimethyl-(E or Z)-3,6-nonadien-l-yne, 3,6,7~
trimethyl-(E or Z)-3,6-octadien-1-yne, 7-ethyl-3-methyl-(E
or %)-3,6-nonadien-1-yne, 3,7,ll-trimethyl~(Z or E)-3,6,11-
dodecatrien-1-yne, 2,3,6,7,10,11~hexamethyl-1,3,6,11~-
dodecatetraene, 2,6-dimethyl-2,5-~heptadiene, 2-methyl-2,5-
heptadiene, 3,6,10-trimethyl-2,5,7,10~dodecatetraene,
2,7,10-trimethyl-1,3,7,10-dodecatetraene, 3,6-dimethyl-
1,3,6-octatriene, 12-(2,2-dimethyl-6-methylenecyclohexyl)-
3,8,8-trimethyl~-11-methylene-(E or Z)-(S)-1,3,6-



met hyl - 4- (1- et hyl et hyl i dene) - cycl ohexene, 3,7,11-trinethyl- (3E or 3Z, 6E
or 62)-1, 3,6, 10-dodecat etraene, 4-(1,5-

di met hyl - wohaxenl i dene) - 1- net hyl - cycl ohexene, isoprene, ppiGRNO8624

di hydromyrene, linalool, terpinenes (éx, 8 and y), I|inonene, terpinolene,
ment hadi ene (p-3,8 or p-2,4), geraniol, nerol, geranylacetate, neryl

acet at e, ﬁ@ﬁ@pﬁééﬂeneﬂapﬁ@@@me,déhydﬂdnémgma@mwl-d3@|sab@ﬁol6Zvahancene

nookat ene geogt kakong MuTELIL ket 9ehLattheney i el Lagdrences,

pi peritols (-, and +, 4-cycl oHéxa ede met hyl
cyclopenthepéndl@m¢er3 @bﬁyﬂﬂdéﬁepemmﬁmetheﬂelLﬁmaﬁﬂy&aﬂeiﬁﬂvnswn$ne,
carvone (- 6t I I ran I t r.ans- 6-t.rans
aII000|nen6 é h3h1§e%§%%d%§%§%n&§née’lzhgs%éigﬁ% squalené:t dﬁ?ﬁopene
carotenes3(8;, §md4yﬂ8 pﬂom@meghwdrdykmethgden@ﬁdE @mnmln@tmang t meroeof . 25.

d
The, COMROS) Li 0B 629905 41 08 LOCLaLM L naher gl L bl pane copound s a

menber rom'tthe ~“group consi s |hg d d from
| i nonene, uiBeCit24788nRBCT2UBRTNQYR624 oF0EY erpiSrteetaddpale, et-methdane

norbornen | ope tadlen r onbi nati ons .t hereof. 26. A
net hod of seaflgé uh%xﬁ PIF ng | ﬁétmég %gme§§¥ﬂ g gbétSFE@Eﬁﬁﬁgq'néludlng a
sem condudgtigh dhmpthqﬂaﬂeﬁex@nyalﬁam9|eﬂ—&ah&?ﬁataza@d &EgFrCUIt board to
whi ch sai d em conduct.or e trica nect ed or
seniconduEVSﬁoghﬁﬁngnd5a6¢g %ﬂl §§d t'e P@ﬁ%gﬁgﬁ Eisemconductor chipis
eIectricaQIﬁ Qonnecuedlatne 2166 39 -ab t riicol teaphicse:, (9)-disReMmsiIRg into

t he under h b g tmeen the enlcongg taor . devic and the circuit board or

od@BF‘ i

the sem CRPS add (the ~cire BIarG*ENYdripsRY idnMedd¢drdi ng to

any one otychahekehe?53, analﬁbkhgﬂpqsmn@rtbg CQUBQ%Lbe@t@ae%@ di spensed to
condi ti Oﬂ; %pirggrl ate to_cause t e conpasi ition reactl on
7

pr oduct fhod 68 PenerrRt ﬁ@e§hﬁéa3vﬁoﬁopﬁéd&év1§ﬁ22a2@0ﬁ863|t|on
accor di ngdbe raay.caranehachai, M, -, 35 makheh - (or e urgenf i3l ls_seal i ng bet ween

a sem conduct or device
octatriene, 3-methyl-1-(2-methyl-l-propenyl-(E or Z)-2-
pentenyl, 2,6-dimethyl-4-(2-methylpropenyl)-1,3,5-
heptatriene, 2,6-dimethyl~4-methylene-2,5-heptadiene, 1-
methyl-4-(l-methylethylidene)-cyclohexene, 3,7,1ll-trimethyl-
(3B oxr 3Z, 6E or 6%)-1,3,6,10-dodecatetraene, 4-(1,5-
dimethyl—4—héxenylidene)—1—methyl—cyclohexene, isoprene,
myrcene, dihydromyrene, linalool, terpinenes («, B, and y),
limonene, terpinolene, menthadiene (p-3,8 or p-2,4),
geraniol, nerol, geranylacetate, neryl acetate, nerolidol,
farnesol, dehydronerolidol, a-bisabolol, valancene,
nookatene, nootkatone, dimethyl-2,4,6-~octratriene, f-
phellandrences, piperitols (-, cis and +, trans), l-methyl-
1,4-cyclohexadiene, methyl cyclopentadiene dimer, ethylidene
norbornene, dipentene, carvestrene, carvone (- or +),
alloocimenes (4—traﬁs—6—cis and 4-trans-6-trans),
alloocimenols, ionomers, guaiazulene, lanosterol, squalene,
lycopene, carotenes (f and ), nopol glycidyl ether, and
combinations thereof.

25. The compositions according to Claim 1,
wherein the thiirane compound is a member selected from the

group consisting of thiiranes prepared from limonene,



i ncluding a sem conductor chip nmounted on a carrier substrate and a
circuit board to which said sem conductor device is electrically connected
or a sem wondatesr chip and a circuit board to which sai ccIevsocoswduct or
chipis electrically connected, a st#@p of which conprise: (a) exposing the
reaction prodyct to conditions _appropriate to cause the reaction product
to soften§8RB1PERE: BARESr vERBYS1A9Be TREPAENABE. aBEERYlng to O ai m 27,

further epapopehbgdibrestiensrof anGbronpimythgnthensegbeonduct or chip or
sem conduct or devic

fromthe circuit board; an tionbal | cl eani ng
the surface of the Sgl“rcu tm88§?8 ?g ?Eﬁﬁ%ﬁgaﬂ9géﬁfi&QEBECEFEWG%Poauct t hat
remai ns. 2emigonduhbdroflepiepainagudingpaxgendopodndtbor chipembnnaed
conposi ti c [ e [ 2 he s 0 ich
comor se: cloireaiel plRPEEaTPoals.~ ?%i‘?afp?gsféi EokEesnop=ti oy
unsat ur at 88miceRgegRarhdevhageais| edsetrioadlef Fanoertakagesa at | east one
of uhich SbfikBhAubLBkaghopPEhAYLSUDSELILI 60,08 8L LAaSh shpgee of the

a e ole w th alﬁy

substi t ut e positions on't i n carbons th an , al kenyl or
aryl subseemniyeandngvpngchipaiboalecbnieal lpf conhechbdut thaekvepsapbon
atons, W {h;af g%ﬁpgyge:substitution or interruption by one or nore

het er oat ons or af ogens; and (b) providing an epoxidation agent in an
anount and under cdalli t toapenppnopihbbtethe nederfwlihnghbebiweénnthe

i nkages Lonf QbLLAEPPAXLHECONROLAL PO b MBLOOG Of preparing an

epi sul fi de conpoun in"a conposrtron according 5 any one of
Cl ai s 1-s@bjcbhdustepscbhbipwandhtbenpirseit(hpapdoni domgoahtobefinically

unsat ur at upd having at | gast two glefini.c |inkages, at |east one
of whi ch % & %§?§8|?%k%8¥s°§8i%6 §g%%??t tgé’oﬁn t least three of the
substi tutabl e positibhs erpbhéngl ehencompbensioni 8b an dlikpknsabkeayl or

aryl SUbsEEﬁH?ERngvgﬁﬂrgpggépgnto cause the composition to form a
reaction product.

27. A method of reworking a reaction product of
a composition according to any one of Claims 1-25 which
forms underfill sealing between a semiconductor device
including a semiconductor chip mounted on a carrier
substrate and a circuit board to which said semiconductor
device is electrically connected or a semiconductor chip and
a circuit board to which said semiconductor chip is
electrically connected, a step of which comprise:

(a) exposing the reaction product to conditions
appropriate to cause the reaction product to soften and lose
adhesiveness.

28. The method according to Claim 27, further
comprising the steps of:

(b) removing the semiconductor chip or
semiconductor device from the circuit board; and

(c) optionbally, cleaning the surface of the
circuit board to remove any cured reaction product that
remains.

29. A method of preparing an epoxy compound for
use in a composition according to any one of Claims 1-25,
the steps of which comprise:



content of 1 to about twelve carbon atons, with or without substitution or
I nterruption by one or nore heteroatons or halogens; (b) providing an
epoxi dat i wo @gerss in an anount and under conditions appr @@T/esdoeosd4r eact
with the olefinic |inkages to form am epoxi de conpound; and (c) providing
an episulfidizing a I n_an _,anount unde conditions appropriate to
react with the epogﬁge EﬁﬁﬁbﬂﬁagtanfSiﬁgéﬁlﬁﬁ 4¥| PRgeatesapstnd. 31.
Reacti on poundoohd havimg &atobebsbhe twonpbsfﬂnmﬁs1aﬁkagdsngatolaa¥toage0f
Clainms 1- r | ] sem ¢ uct or device
and a C|r§g| g Qﬁ?ﬁkﬁg& ggggﬁ 8¥e%§%§§duc%§£ g FgeoPsaglgg?F?cally
connectedtb§§@nﬁfe§heuguhgtatvhébhﬁsnﬁsihgonéspn tbepodefioncarbondi ng to

any one @f+6l ahmB1ike26 askapyungder filh §§@gém£ueﬁ£%s{}lh§ s%s&nductor
device and the circult board, wherein reaction roducts e conposi tion

are capabFfeRbEnEoPtehi A ﬁﬁautl5¥?ﬁ§etH@FPOQdﬁE§W§enU%Ehuﬁaer§%BE§ure to

t enper at usgbstvdtioansri inexeeapt 0bnt bpsendsed mereUnetkR8ae8MBOSKt I on. WO
01/ 74798 CI/U801/086§4 72 33. A conpound within the follow ng structure:

R Rs X (P RXI’ RO R4 wherein R4, R5, R6, R7, R8, and RO are

i ndi vi dual | 'y selectéh) fpnuvtdengranpepoxsdatnng afehydingen, aabkyk frgm
one to eight o t ght . ca an
combi nat | Saa. Phar BopoRatiiond BOYCRrTAEL LB, Lk oML siTtRRCo TR e MR e

conS|st|nélﬁkageﬁnﬁosfosm th@c@ﬁ@&&ﬁ@ gPuBPHnehe structure: R hRR R$ X1
RS X R7 R6 30. A method of preparing an episulfide compound

for use in a composition according to any one of Claims 1-
25, the steps of which comprise:

(a) providing an olefinically unsaturated
compound having at least two olefinic linkages, at least one
of which olefinic linkages being substituted on at least
three of the substitutable positions on the olefin carbons
with an alkyl, alkenyl or aryl substituent having a carbon
content of 1 to about twelve carbon atoms, with or without
substitution or interruption by one or more heterocatoms or
halogens;

(b) providing an epoxidation agent in an amount
and under conditions appropriate to react with the olefinic
linkages to form an epoxide compound; and

(c¢) providing an episulfidizing agent in an
amount and under conditions appropriate to react with the
epoxide compound to form an episulfide .compound.

31. Reaction productgs formed from the
compositions according to any one of Claims 1-25.

32. An electronic device comprising a
semiconductor device and a circuit board to which said
semiconductor device is electrically connected assembled
using a thermosetting resin composition according to any one
of Claims 1-26 as an underfill sealant between the
semiconductor device and the circuit board, wherein reaction
products of the composition are capable of softening and
losing their adhesiveness under exposure to temperature

conditions in excess of those used to cure the composition.



wherein R4, R5, R6, R, R8, and RO are individually selected fromthe
group consisting of hydrogen, alkyl fromone to eight carbon atons,

al kenyl fweoiimmst o ei ght carbon atons and conbi nati ons tprareeions@and X and
X1 may be selected from the group comsisting of 0 and S. 35. A conpound
within the structure. RS R6 X 7X1 RS R R9 R4 wherein R4, R5, R6, R,
R8, and R9 are indi98dualPl gosppuatlewithinnthhe fgldapivenstsuichyret:

hydr ogen, al kyl fromone to eight carbon atoms5 al kenyl fromtwo to eight
carbon atonms and conbi nations thereof, and X &hd X1 may be selected from
the group consisting of 0 and S. WD Q1/74798 P 01/ 08624 73 36. A
conpound represented by: CH3 O . ound represented by: J:tl
O CH3 O 38. A conpound sel ected fr onsisting of: CH3 CH3 CH3

he grdigx .
O05~0 CH CH3 CH3 O O CH3 Rg> 39. A conpound represented
by:

wherein R*, R®, R®, R’, R®, and R’ are individually selected
from the group consisting of hydrogen, alkyl from one to
eight carbon atoms, alkenyl from two to eight carbon atoms
and combinations thereof, and X and X' may be selected from
the group consisting of O and S.

34. A compound within the structure:

wherein R*, R®, R®, R’, R®, and R’ are individually selected
from the group consisting of hydrogen, alkyl from one to
eight carbon atoms, alkenyl from two to eight carbon atoms
and combinations thereof, and X and X' may be selected from
the group consisting of O and S.

35. A compound within the structure:

wherein R*, R®°, R®, R’, R%®, and R’ are individually selected
from the group consisting of hydrogen, alkyl from one to
eight carbon atoms, alkenyl from two to eight carbon atoms
and combinations thereof, and X and X' may be selected from
the group consisting of O and S.



Od~ CH3 CHO 3 WO 01/74798 PCT/ US01/ 08624 74 AVENDED CLAI MS [received
by the International Bureau on 21 August 2001 (21.08.01); original clains
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conposition according to Claim17, wherein the adhesion pronoter is a
menber selected fromthe group consisting of glycidyl trinmethoxysilane,
gamma- am no propyl triethoxysilane, and conbinations thereof. 19. The
conposi tion accordi Bg.t 0 ACamPolindl elhekent@@PblySi Ng a cyanate ester. 20.
The conposition according to Caim19, wherein the cyanate ester is a
nmenber selected fromthe group ggns sti ng of di cyanat obenzenes,

tri cyanat obenzenes, di cyanat onaphtijppteges, tricyanat onapht hal enes,
di cyanat o- bi phenyl, bis(cyanat@Qp w amee and al kyl derivatives
t her eof , bi s(di hal ocyanat ophenyl N\o#Opars *o s(cyanat ophenyl ) et her s,

bi s(cyanat ophenyl ) sul fi des, bis(cyanat opgegyl ) propanes,

tri s(cyanat ophenyl ) phosphites, tris(cyanatofttnyl)phosphat es,

bi s( hal ocyanat ophenyl ) net hanes, cyanat ed novol ac,

bi s[ cyanat opheny| (rrét7hyl &t FPPPABRE) FERhssRBEeEy BiYat ed  bi sphenol - t er ni nat ed
t hernopl astic oligoners, and conbinatiqps thereof. 21. The conposition
according to Caiml, which is capable jok sealing underfilling between a
sem conductor device including a semfa \Oor chip nounted on a carrier
substrate and a circuit board to whic} = i conductor device is

el ectrically connected. 22. The, .conpdgition according to Claim1l, which is
capabl e of sealing underfilli n(SH@et e a sem conductor device including a
sem conductor chip nounted on a carrier substrate and a circuit board to
whi ch the sem condugBor adewigeuns ekfebtiealkhyncenaesgtedy WoeLih ithhe .
curable resin conponent is present in an anount wthin tﬁe range of "about
10 to 70 i‘'ght percent, based on the total weight of the

CHj3 CH;3 CH,
o o
CHg
CH;
CH,
o o
CHj CH,
CH,
O
CH;

39. A compound represented by:

o 1

O o



conposition; the curing agent conponent is present in an anmount within the
range of 1 to about 100 wei ght percent, based on the weight of the curable
resin cowponent798 and further conprising an inorganic filPer/usamsenent in
an anount up to about 70 wei ght perc;nt based on the total weight of the
conposition; and a flowability agent an . anount up to about 2 weight
percent, based on the wei ght cAMENDERCHADMSt i on. AVENDED SHEET (ARTI CLE
19) WD 01/ 74798 [R&EEIS0hE Bficdation Buehu pil DVAGHusiRoan(0logfoipi cal |y

unsat urat ed coorpiiahélaimdas bitiB22dmeh@dsfentaitihg@laghd WicBankbdeages)) at | east one
of which olefinic |linkages being substituted on at |east three of the
substitutabl e positidits ofhieheocwbeéinicardigrsdintthtanchhkyl17, al kenyl or

aryl substi RH@P&l@%@%&eﬁﬁﬁongQ&@t 10fa %e%eragggécﬁwl%np%%gon

atons, with or without substituftion_ or interruption one or nore
het er oat ons 9P R af FyEiE-1 @£ ( B} Y& o‘iwe&ﬁm@’éﬂaa?u o‘-ﬁa‘%?g?erﬂm%nﬁ’ an
anount andpuopel Toreditoxyed lappr opnd atendiimatdact wheéhedhie ol efinic

linkages to formthe japoxigle eempeyf&oé%qc/éfa%gogo0&1£{£&ar'f?lgft%@r

epi sul fide compound for use in a conposition according to an
dains 1- 25P"PHESNBFs YRRhPCcRSESFpri se: (a) providing an oI efinically
unsaturated conmpouncochavimhg abmpeasiidivacaloetiingctbi okapges,e,at | east one

f which ol I bst i n threof t he
gubst: 'fut gb?felé%%)%} tffl%ﬁgg%?llate%e \:éyflﬁlljs;g céalr\%%e% sggﬁégﬁéaﬁﬂoq al kenyl or
aryl substiFHeWR IRRALRE 1RIcESGFY288RPRARZIC, ttdflafb'éﬁﬁtmelfl%%n%rr bon

ﬁt ons, W t hdbeyamdtwidphtdsbshibyt tﬁbﬁndﬂ'ﬁrﬁ@hﬁﬁhl@ﬂe@y NS o DT €
aﬁéeLﬁSL?”ion%ht%'n%%%Z‘; SoRbsPERYAP I BB LR A v iR Rges to.
form an epokiefeed nﬁiﬁr{éﬁlh&ﬂléci’@lyaiﬁ?ﬁwwlﬁ@m’ﬁa@sﬁsuI fidizing agent in an
amount and bpdedyLedivhicdns ) 3pRELP/ |18t dﬁn&@@ﬁheﬂylhsﬁﬂ@lde%oom de conpound
to forman ggé?é&gﬂé¥%ﬁﬂ%negygrop§&és[%¥¥¥Q(%9a8ggogﬁeny fﬁﬂgﬁihiE%glthe

tris(cyanatophenyl) phosphates,

bis (halocyanatophenyl)methanes, cyanated novolac,

bis[cyanatophenyl (methylethylidene) Jbenzene, cyanated

bisphencl-terminated thermoplastic oligomers, and

combinations thereof. '

21. The composition according to Claim 1, which

is capable of sealing underfilling between a semiconductor

device including a semiconductor chip mounted on a carrier

substrate and a circuit board to which the semiconductor

device is electrically connected.

22. The composition according to Claim 1, which

is capable of sealing underfilling between a semiconductor

device including a semiconductor chip mounted on a carrier

substrate and a circuit board to which the semiconductor

device is electrically connected, wherein the curable resin

component is present in an amount within the range of about

10 to 70 weight percent, based on the total weight of the

composition; the curing agent component is present in an

amount within the range of 1 to about 100 weight percent,

based on the weight of the curable resin component; and

further comprising an inorganic filler component in an

amount up ﬁo about 70 weight percent, based on the total

welght of the composition; and a flowability agent in an

amount up to about 2 weight percent, based on the weight of

the composition.

AMENDED SHEET (ARTICLE 19)



conpositions according to any one of Clains 1-25. 32. An electronic device

conprising a sem conductor device and a circuit board to which said

sem condweo or/74de8/i ce is electrically connected assenbl ed POBURY/(R624

t hernosetting resin conposition accordi ng760 any one of Cains 1-25 as an

underfill seal ant between the sem conductor device and the circuit board,

wherein reaction products of the conposition are capable of softening and

| osi ng their adhesjve .ynder Iy e I C i tians in

excesg of those 5(s%e)d ?)g%gﬁ?ggghzgéﬁp%&sﬁ%ag%& %&%&Dé%f%@gﬁiﬂ CLE 19)
having at least two olefinic linkages, at least one of which

olefinic linkages being substituted on at least three of the
substitutable positions on the olefin carbons with an alkyl,
alkenyl or aryl substituent having a carbon content of 1 to
about twelve carbon atoms, with or without substitution or
interruption by one or more heteroatoms or halogens; and

(b) providing an epoxidation agent in an amount
and under conditions appropriate to react with the olefinic
linkages to form the epoxide compound.

30. A method of preparing an episulfide compound
for use in a composition according to any one of Claims 1-
25, the sgteps of which comprise:

(a) providing an olefinically unsaturated
compound having at least two olefinic linkages, at least one
of which olefinic linkages being substituted on at least
three of the substitutable positions on the olefin carbons
with an alkyl, alkenyl or aryl substituent having a carbon
content of 1 to about twelve carbon atoms, with or without
substitution or interruption by one or more heteroatoms or
halogens;

(b) providing an epoxidation agent in an amount
and under conditions appropriate to react with the olefinic
linkages to form an epoxide compound; and

(¢) providing an episulfidizing agent in an
amount and under conditions appropriate to react with the
epoxide compound to form an episulfide compouﬁd.

31. Reaction products formed from the
compositions according to any one of Claims 1-25.

32. An electronic device comprising a
semiconductor device and a circuit board to which said
semiconductor device ig electrically connected assembled
using a thermosetting resin composition according to any one
of Claims 1-25 as an underfill sealant between the
semiconductor device and the circuit board, wherein reaction
products of the composition are capable of softening and
losing their adhesiveness under exposure to temperature
conditions in excess of those used to cure the composition.
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