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A CURABLE COMPOSITION Technical Field The present invention
generally relates to a curable composition. The present invention also
relates to a curable comp it'&%'ﬁ %g%fé%%t@i/é?e of conventional
flame retardants such as those containing halogen and/or phosphorous.
10Background Curable resin compositions such as epoxy resin

compositions are plastics, whigh, ate qanmanly. yised to encapsulate a
variety of electronic components, ranging from capacitors and transistors

- to centralFro€esHing 15 units ahtdanernenedavices. Bpbxyeesiho a curable

coppgsitionsiave gradually evalyed into.a gomplex formulation; ..o,

containing as many as 20 different raw materials, which are added in
nitite ProceSegitépd, ach &tatisticaly confrahed #6 yietd Auunifémee  of

aﬁdlﬂ&@diﬁi&m&Endfﬁr&gé'Ct-r?eoaTé’JFﬂ%{Wsep@?SY:ﬁeSiQ§orEB%§.gon§ontaining
Cﬁgﬁgin at least f)'ve classes of raw materials, namely organic resins,

filtérs® E5FaIES / releddiig BYERE Hhd pigments or colorants, Fillers are
non-melting inorganic materials. Catalysts are compounds that are

included to accelerate 25 the cureBreaﬁtion. Rgleasing agents enhance the
ease of retrieval of the epoxy resin,avc\fhlgﬁ%uaré an adhesive nature, from

the mold:..Rigients oeedlorantsare-addecbtosgives thenfinad compesition resin
t [ ‘ . O r rials, such. as flame-retardants, adhesion
p?%r%%?e%%%&gg li%())gn trél%%r aagc{ivlsrart]%;sé%éﬁef gﬁéﬁé m%ealsg %%méjdl&e\ﬁ to'the: =°
epORy FSsia Tompasitionrdssappropriatel ect tnmécenttimpspiadustrial-anging
r%ﬁm%gﬁa@ﬂ@% d_lect%cﬁhm&? gﬁgcil.%acgﬁisz‘) neWopa(é%g?rgi%SIQE%’oc egsing
smaller device feature sizes and reliability of packaging have also i
réstifedl iftHe cHRfiRGoUs EvBiVerfent BPEpoXy FEsiAtompositensiFors have

exaawple loy siressyanti-papeory and:high thermal conductivity enoxy. : 1o ¢
resin compositions are subsequently developed to meet the specific

rSGirentents S of e HEVIRR Siz88 dndPabSeric vackaging propefiegdded  in

Imadditipn=the irdustralmeed forencapsidated:devices 10968}  controlled
irlgéeagigglg strir&%%l}tomechar%cal re uiregkgsgts, has led to_a push for the
formulation of nEw epoxy rédi c%rrﬁgols -Srypitaly T éYemperature

10 cyclemtgst (HC) ywhiehdnvolvesexposingreodevice 1e alternating at least
teﬁggratgﬁeagétégmegfdetermine the ability of a device to withstand .
mechanical stresses and isUse Eg a Jéaﬁic markTor t%étinars%alt%ﬁfe TESLRS,
epoxy-fesin coRpositiontcandidatés Bty favorablesactorsiinhieientelBm or
3 2POXY RS COMPOSILiPD sucheas loyy cpetficient ofm%%%'ne,;@a@% Rrials.
(CTE) as well as low modulus (which contributes™o low stress) , are also

defdrminathve of fife COPRSHivHEs Sultability ¥6 be bséd foicceftain accelerate

industrial:applications. Jhe impodance, gf alounstiess A0-6PQXY 188N ¢ o 20 of
composition_is accentuated when the chip size of the device to be

packdged htredses. MSuck #tances féducind e B TE 6Fthe®dpoxdihesive
resin compositian becomes particuashesignifieantdn minkmigngdnteradlded o
str%ssees.t,éde‘.5 pr gentl known epaoxy, resin Q%omp sitions are 25 typic%:g

filled with fused silica af 805 90 perdent Wiw ORTING: Sintethe CTE-GET rav
fusetksilical i5;abeut10% thatdfepoxywesiniantncreastinshedfillerromoters,
loading.will red TE. The tr ff, however, is that increasing filler
cc?r%léntt\ggg %e%%g%%s%h%e oswgt%ﬁ%éahd E%'ﬁoeclijtﬁﬁs 56 6t tﬁgsrﬁatgﬁal .a‘fiéi ed teo
oVERORRC IS Hitémna: Stress reliefradditivasrarerusiasily added into an

€poXxy resin %E@_%%t'oﬂfﬁé%\’,veril?x‘?jmw&rﬂemcl%éﬂgg%%geof larger
stresses by lowering the modulus of epoxy resin composition. In

kAW "epoxy TBSIRContIoEiticias one BEthe Fskeemmoripiiseg, smaller
stiess-reliefragants sisegdiinelydes-acrylanityilgsbutadieng rub €5caging have
Although butadiene rubber is known to be effective for modulus reduction,

the resultant epoxy resin composition tends to exhibit drawbacks such as

high dissipation factor (more signal loss of the encapsulated device) and

poor electrical performance (circuitry corrosion) in an environment of high
temperature and high relative humidity with 10 electrical biased voltage.
Moreover, known epoxy resin compositions that utilize other elastomeric
stress-relief agents as a substitute for butadiene rubber in an attempt to

reduce the problems of high dissipation and poor electrical performance,
Ao not 18 avhihit effeactivie ctrace ralievvina nroneartiee diie to Nnoor
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30 halogenated epoxy resin. As a substantial amount of preparations have
to be carried out in order to ensure the safe disposal of any unwanted or
excess Q%Io%natgd epoxy resins, increased ope atir:[g costs are incurred. .
ere is a need 10 p%ovicfe 5 clifable %gr%%%si‘ﬁo RafouercdnesBPaY esin
leastamseliorates.on€or meranbthe, disadvantagessdescrbed aboye.orn and
%?yr%ma{%ermAﬁcorggnr%%)c% g.i(i’sitaspeg’t C%-]{ere isép‘srgl\’l/idecg(ba Cgra |§ ns are
contposition co"r%prismg an epoxy resin i admixture Wwith a ﬁﬁraﬁ%y ot
pavticiesthavihgan&tastometit irer coretandtem epoxy-ftnctionakoryagic:nt s
pobymerouter, shell. 10Advantageously, (he paricles proyided inthe, o o

curable composition may function as stress relief agents:

Advantageousi thé particles mayzitintsibstantigdydmprovingstheapsulated
tlggmq{é:gcling: resistapge of ta%&y@@&elﬁewosit@@:ﬁ@yéﬂ@ge%é%amcal
the particles 15 can be used ata higher temperature than conventional
streSeeIRd Yy ehts. [Fot eX@mplié, the PafticldS maly e Gsedintheion of new
disslased curable cemppsition adstemperatyre degs than about 1806, O ture
about 110C to about 120C. According to a second aspect, there is . .
proWid&d U0 of tHe turabid tompoditisi 4§ TlafmetPirddima adsyce o
sealantforta semicenduatar dewice: x t vecardingito: a thirchaspeehidhese:i1icy
is_provided a.curable composijtion comprising. an epoxy resin in admixture

wit aapll%r%ﬁ%ycgf &?tic‘fgséhg\jﬁﬁrgl%nné%s Sr%%%fnnsegﬁ%gcso% a%rganlS used
ofganicpolyber duterrshell, iwhereit saidicampositionadoes noepoxy  resin
SHB% QE%%&%%“Q#ﬁ%fﬁdgéé%qnedgﬁ%@m9@5@6‘¥§§E“”9§@@8%s inherent
retardant, a phosphorous-containing flame retardant or antimony
hyéroxidé&sRdvantzeousIgotheccorhpesitiop-ofitheé third cigpect80fmayent of
netaguire adialogenaled epaxy resinccompoundar ahalogenafed, s ynicn

phenolic resin compound to be provided therein. According to a fourth
aSPECLE thete $ providediuse oTtRé lcurabié composifici oF e hiréve of the
aspegiasia sealant foa seaneanductor devicepaDefipitions  sIhe  certain
following words and terms used herein shall have the meaning indicated:
THE 8 FeHBtoRERCS 25 befiterpreted bEAly tingiude arfy ntdtéridl tress
tha és:papabie of uedergeing 10 deformatiem onelongatior whena stress size
iso%opggg, %g% to, gug%tagtiall refurn tq its ég\éigus con?'%uratiorg vv.hent
the stress is removed. ~ The term gJepoxi“/- tnctional is 1 bé“ﬂilr‘]:terplrzé ed T
brozdiyctonipclade afyt Srganic furecticrrad gyoupsthat areribacapablerofbecomes
fogming cqualent bonds, Wb AN epaxy ieein GADPRUN TS a ot rosses.
epoxy-functional organic polymer shell disclosed herein may have epoxy
groups that are grafed or attached toePpslymetie backborasychithabiite are
eRQYrgroups aredisposed-at the ferminakends afthe polymeyor2Q-farm. /.,

the pendant groups of the p(‘z_f%%]er. The term 'nano-scale' is to be
int&preted to meltide amFdimensiohs fhat dre Bélbiabobt 13jpput 10% that

preferably aboutH0i am te about 45948 ok abouth 400:Am: dhe tefilying will
'micro-size' is to be interpreted to include 25 any particle size that is

o gnt - abbBf £ Him™The & Ricro-size" further indige§2sing
ariyi pariclecsize: that is:abaut 26 g1 d@about b0 frawaboit 20.gmatod modulus

of tThe material. To overcome this dilemma, stress-relief
additives are usually added inte an epoxy  resin
composition to lower the thermo-mechanical shrinkage
stresses by  lowering the modulus of epoxy  resin

composition.
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 the description of a rangé shoult

about 100 gm, about 40 gm to about 150 gm or about 40 p.m to about 100
gm. 30The term 'C1-C4' is to be interpreted broadly to include any organic
functional group that has 1, 2, 3 or 4 carbon atoms. The term 'C1-C4 alkyl'

is to be ThterpPetél bidaUly tolifidiuble &R Rty thabhds P2, 86 4708t
casheidatoms. Thea1-04 adkd daeludes any straigit+chained esbranchetuges

methyl, ethyl, propyl], butyl, or isorp ric forms thereof. ,
ﬁ%ﬁ\%o!ﬁra%juibgp n%iaéﬂi}ic?o ]s%%?excﬁag%mcbn‘?ﬁlé R g P& EBfposRion PPer
wihich kstsubstantiallydreed fitm Yimay besecompletely fece fremutoivhere the

necessar Iche waord "substantially” may be omitted from the definition of . .. .
the ?ﬁi/ﬁe%n%%n. Uniess gpecjff?esalgtherffv%le? the 1felr(r)ﬁls "c?%%?%ing'gfo and ot

"comprise’k and gramnsaticdl variantsi theteef; areinteadedto répresents ignal
-98en’ o, nclusive” iangbiage suehdhatibey dnglud fgcited glemeniz Al .
also permit inclusion of additional, unrecited elements. As used herein, the

&P FABBIRNGR thé Tohtakt 'of Y15 eoméarftations éfcomponents.ebtireent  cf

fornaulationsfypically, means il 5%0f the stated malug, more fypically +/-;< o1,
4% of the stated value, more typically +/- 3% of the stated value, more
typically” 472306 R Stated A, even more typically +/- 1% of the

stated vahie; ang:gven-2Q;Mosg typjcally /n0 5% gb the: siated valbe. vrilize
Throughout this disclgsure, certain emb,odiments may be disclosed in a B

ré)ﬁgée%or%é??l? SR&dIN e i deriicoa that tha%deEchipfién th Ry fohmae £or
iSmezely dorcanviehience and brevity andtsheuldnotbesconstrued a5 Bfins  of

25.inflexible limitation on the scope of the disclosed ranges. Accordingly,

B Baarbuon o & 702 SR oS conEamE TonadE Spesiaaty o not
disciosedtallthégpossibte stbr-earges asiwell ag individealnweercad to poor
valyes.within hat yange. For example, descriplion of arange such as 3Q ; .y,
from 1 to 6 should be considered to have specmca?ly disciose

stbsad§esisigeh a8 froh 18618 fFom dotons fioks 11e15) fromrRao &, fropt the

2496, fropa 3:ta 6-elg-as well @s individual numbers within that range, for

In view of the apparent conflicting needs of low
dissipaticn, good electrical performance as well as the
superior stress relieving properties, there is a need to
provide a curable composition that exhibits all of these
ptoperties at the same time without compromising any one
of these properties at the expense of satisfying another.

Furthermore, in order to meet the reguirements of
flame retardancy, scme known epoxy resin compositions
incerperate halogenated epoxy resins. The incorpeoration of
nalogenated epoxy resins in some epoxy resin compositions
results in dispcsal problems due to the toxicity of
halogenated epoxy resin. As a substantial amcount of
preparaticns have to be carried out in order to ensure the
safe disposal of any unwanted or excess halogenated epoxy

resins, increased operating costs are incurred.
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mieg to, Z-ghvgdonvetyl.3 avcidaypropy shcdonbup,

example, 1, 2, 3, 4, 5, and 6. This applies regardless of the breadth of the
range. Disclosure of Optional Embodiments 5Exemplary, non-limiting
embodiments of a curable composition comprising an epoxy resin in
admixturE'itR alpludalifEeCpdricles Paviiy an Elastormeric et thid andthat
ap eppxyuactional grganic.palymerpuiershelbwill pow be disglgsed. 2 the
10The particles having an elastomeric inner core and an epoxy-functional
o=t BN AT CUtEPSHEIMMEY Feprdfided in the curable composition as
stress relief agents. The particles may be in the nano-scale range.The 15
particles may be substantially spherical in shape.The substantially

spherical particles may have a diam&téf'ififife range selected from the

group cansistingiefabeut 5@ nn i@ abous 45041, abput-30 Nk to@hout ded &
120nmbflbout 50 nm.to,about 100 nm,, about 50 nm to about 80 nm, about
80 207 Rt to-ABoUT 1501, SBBHTTO0AM o abott 150 T ahd HbotitL2g ~ 4 ®
nmitchaboup 156 nhi iy oné embadimént the: diametenofithessudstantially nner
spherical particles. may. be.about, 100 am, The particles may be provide
s B DTy Sl oA S S oy B E i Sblated
from thefgroaptconsistiag of siliconezart ethilenecpropyiéee dienehe curable
ManAmArTUBBAT AL ISoRENE bber 2 pille Jubbes Natypl e,
butadiene-styrene rubber, and ethylene-propylene rubber. 30In one
embodimERE e BRRYGMENC innéféore iskEsiiéoheiner ¢i&. The aid  in
sibig%ecmei&m@mgmﬁgo@ilﬁast@@giaﬁum@sﬂinl&%ﬂﬁes ®bsistance of
cross-linkable silicone composition are disclosed in US Patent No.

797,558 L tHe disclRtRe 8- Whith is hefSiR iictperRited by rétbfeng@rticles

Theepowy-funstignakerganicrpolymer may.gemprise at least-oNe@onventional
epo%éfunctional group selected from the grogg such as, but not limited to,

gy EidoRSakSt YiycidyFacrfate, epokyak§iGRd BpoxyyIdoali§l cteshgay be

epeadfunctional giowp may:be selectet-fremrthegreup:sueh as, butfotrature

5-9 ymdoxypen?y glyci e ﬁacry ,/A4-epoxycyclohexy )Oeot%yl,s-
(3,4-epokycycichiexyl)propylane4(¢3 4. emp@cycloh@gct)butyb proheded use
epexysfyactiongl.group may, be.graftsd onto the arganic poly mc?iatjhné [1oas e

backbone or may be a monomer that co- 15 polymerizes with ano

mePBhTerto f6rm the epéspnshctional stganikcepolymer. The organic

polymer gpay, be &ynytpolymer.The yiny polymer may.be selected frlomy.q
the group consisting of polyethylene, polypropylene, polybutadiene, .
pblySErefie, ZTPEIYHRYI AL StRR posvinG| ARoREI°HilyatRAchitile, 2dmixture

pelyvinyktokienespelymetyl piathacrylate, polyathyl methaeylatecric inner
polybutyl methacrylate, polyvinyl propionate, polyvinyl cyanides and ,
pgl ﬁ%thae%loﬁﬁr”e@:ganlc polymer outér “shell, wherein said

composition does not substantially comprise at least one
cf a halcogen-containing flame retardant, & phosphorous-
containing flame retardant or antimony hydroxide.
Advantageously, the composition of the third aspect
may not reguire a halogenated epoxy resin compound or a
halogenated phenclic resin compound to be provided

therein.
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The inner core may comprise at least about 90 wt% of an elastomeric

material, at least about 95 wt% of an elastomeric material or about 100

wt% of an elastomeric material. The elastomeric inner core may
compriséatisast about S5awt@ootthe tetabweight ofthegpaiticle; atlsabtd use

3Q,about, 60 wize. of the total weight ofthe particls, at least about o.wpP6 5,

of the total weight of the particle, or at least about 70 wt% of the total
weéijht ahthelpartieles emi ThehdHoscalé paricles may agglomerate to
form a micro-size agglomerated patrticle that may have a particle size of
about 20 pm to about 150 m, about 40 p.m to about 150 gm, about 60 p.m
to about 150 pm, about 80 pm to BB&G™SE-HH=about 100 pm to about

150 pm, about-120 pin teaboutd50pm, ahorh20 M do abeut 120.paN 1 nave
about 20 pm to about 100 pm, about 20 pm to about 80 pm, about 20 pm

to Aot BT B HE abfvit 28RM to about 40 p.m or about 40 pm to about

100 m. Thdhe amountokparialiesipresent indbe purable-ecampesitian broadly
may be in hedrange of about 4 wt% to b%ut 10 20 wt%b bout 8 wt%%%Z ,
about 20 W%, Abctit 12 Wive 1o about 26°Wid: Abolit 16 Wids t8 abdtit Fo- 779
wtd% f abouttd wit%odo abboh d6nwtsh, abott 4:wtSh teeaboutsl 2wit%; abputadd to

wt%.to _.abogt 8.wt% or about 6 wt% tq:about 12 wt% relativg.to the, .
S%PSLan ?FlL zé%urn 1L5 revious, contiguration when
unfilled curable co¥np03| ion. 15The epoxyresin'may be a conpound

cdmprigihg%ﬂedseafss twerepoxitde groups in its molecular form. The epoxy
resin may, he selgcied fram the group copsistng OIESI @oph%%Q' NOYOLAG, et ed

or ortho-cresol novolac type epoxy resin of Formula | 20 :
OCHZGHEZHR2O CHZEHEHZOL H2CHOHZ \ £vng0 iRz NemEsrmidlat are

1.zp¥herein p isandinteger %@@8@93@%%&0’ Qr Rimay be Qplsds Sresin
4,5,6,7,8,9,or10, and 25each R may be independently a hydrogen

atBRERFEEL C4 allkyF oréRs 2 dicyei6hentadienc B ehoxytedifsr  shell

Fermuwadk &ormula:Hn nwhereind is anwipteger sglectethirom,Qto;10.0kq or
nmaybeO,1,2 3,4,5,6,7 8/ 9, or 10, and 5each R may pbe
indEpefastly Shydrogeh atbif dfa J12E AT grotp  thet the epoxy-

groups are disposed at the terminal ends of the polymer or
form the pendant groups of the polymer.

The term ‘nano-scale’ is‘to be interpreted to include
any dimensions that are below about 1 um, preferably about
50 nm to about 150 nm or about 100 nm.

The term ‘micro-size’ is to be interpreted to include
any particle size that is between about 1 pm to about 1
I . The term ‘micro-size’ furﬁher includes any particle
size that 1is about 20 pm to about 150 um, about 20 um to
about 100 um, about 40 um to about 150 um or about 40 pm
to about 100 pm.

The term MC1-C4" 18 to be interpret@d broadly to
include any organic functional group that has 1, 2, 3 or 4
carbeoen atoms. The term ‘Cy-Cy alkyl’ 1s to be interpreted

broadly to include any alkyl radical that has 1, 2, 3 or 4

-~ F
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‘a biphenyl type epoxy resin of Formula il RRRR/ RR Formula IlI

10wherein each R may be independently a hydrogen atom or a 01-04

alkyl group; a biphenyl alkyl modified epoxy resin of Formula IV Formula

I\:d Bindvereirt nis an integer seleeted fedmdito 11nen ndway Bed, 2:3ght -
5.8,.7,829, 100r 11 argog}l each R may be independently a

hy ?og%%dzto?nror%”‘fa]f- eﬁkyl%?o%“&lf Lk b0y T8EH of biSpietiol  °F
typeomeparaxylene20tmedified epoxy resin; a multi-functional type epoxy

resin; ajaphthalene type epoxy resin; a triazine nucleus type epoxy X
resin; and mixtures thereof. Bu%]tgr% & %ggiment,gt%%sepoxff crJé‘asin jsHclude
coffpandiofiRormaladV OCHROR CH2OCH2GHTH2 No/NoksFormuta ally
IV e eWhepgign' is,an integen selected from 140 11.0r n' may be 1, 2, 3,
4,5,6,7,8,9,100r 11, a?nd eacxtf: R ma befingéepen%%%rﬁy 5;1!2" Where
hy8fsgeteatdom crE01904 40 alkipkgréapt 1 2 1ihd resaltanteurabletted  from

COMPOSHIEAMPHSING ane-0r:Mere-afithe above epoxy resin compounds
may have self-extinguishing properties such that the curable composition

may be CBp&BR of Rsihdving heat HORTHIFE in ofdér td- 25 8Bbstamiatylsing™
preventthespraad of thesfire. Fysthermere: due tggggﬂ%ar%@g%of, are
content of one or more of the epoxy regin compounds mentioned above,

the restttant clrabfé éSHpositior e6Hiprising on€ of AidrESor théapgsge such
epoxy resihepmpbuntsdeay besedpabie 0£2Qinhibiting the: spread-of figg v «

he curable ¢ osition.is burnt, a carbonized layer is first formed

gtgg éﬁ?fgé}e %éiﬁ%&t)tfﬁﬁﬁgrlﬁurﬁﬁﬁ%crﬁgf e SUB&ANtAlly inhibited. In

this embBedimeat, the carable composition nfapnat fequire flame context of

retaudants.such A hose 25 contgining halggen and/or.phosphorous {0 be
provided therein. The curable composition may &lso not require ARtimeny: °=-
ﬁﬁﬁéﬁé@%ﬁb@%ﬁéﬁdédThé@W@f the stated value, more typically
+/~ 4% of the stated value, more typically +/- 3%.of the
stated value, more typically, +/- 2% of the stated value,
even more typically +/- 1% of the stated value, and even
more typically +/- 0.5% of the stated value.

Throughout this disclosure, certain embodiments may
be disclosed in & range format. It should be understood
that the descripﬁion in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on  the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
sub-ranges as well as individual numerical vélues within
that range. TFor example, descripticn of a range such as
from 1 to 6 should be considered to have specifically
disclosed sub-ranges such as from 1 to 3, from 1 to 4,

from 1 te 5, from 2 to 4, from 2 to 6, from 3 to 6 atc.,

as well as individual numbers within +that range, Zfor
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The curable composition may further comprise a resin curing agent.The

resin curing agent may be a phenolic resin curing agent having at least

two phenolic groups per molecule. The phenolic resin curing agent
nf%f%@%@liecged onm e Grouprcoiiaitifig of Bebpidiiol hddolkedypelless of
resiz o Fermuia ¥EOHQHOM, g Formula VI wherein n is an integer
selected from 0 to 10, orn 10may be 0, 1, 2, 3, 4,5, 6, 7, 8, 9, or 10, and

each R may be independently a hydrogen atom or a C1-C4 alkyl group; a
biphenyl alkyl modified pheaekc rasinptteraulasl QHQELYS Formula

VII wherein n'is an integer selected from 1to 11, orn'may be 1, 2, 3, .
4,5,6, 73676, 0 ] 11, AR - Bdon PR B TiEpefdenty a curable
hydrogeniatbamorca20 Hil=C4qalkyh grotps a pasaxytenesmedified-phenolicth a

regsin of OEmula%/III OJ:TA%OHQH Formula VIl herein n'is an integﬂerr core
s

lected from 0to 1870rn Cr:nLéaySbeh@, 7% 3% 55677 85 or 10 A

eachi Ranaype independently:ahydrogeniatomanars 0-Catief goupl a will
d@gglqggn&qdég@g—g&qﬂiﬁed phenolic resin;a multifunctional phenoli(_: resin;

a naphthalene type phenolic resin; a triazine nucleus type phenolic resin;

and mixithes#gerebtles having an elastomeric inner core and an

epoxy-functional organic polymer outer shell may be

provided in the curable composition as stress relief

agents.
The particles may be in the nano-scale range. The
particles may be substantially spherical in shape. The

substantially spherical particles may have a diameter in
the range selected from the group consisting of about 50
nm to about 150 nm, about 50 nm to about 120nm, about 50
nm to about 100 nm, about 50 nm to about 80 nm, about 80
nm to about 150 nm, about 100 nm to about 150 nm and about
120 nm teo about 150 nm. In cone embodiment, the diameter

of the substantially spherical particles may be about 100

.

The particles may be provided in powder form. _

The elastomeric inner core may be a material selected
from the group consisting of silicone, an ethylene

propylene diene monomer rubber, an l1soprens rubbsr, a
nitrile rubber, natural rubber, butadiene-styrene rubber,
and ethylene-propylene rubber.

In one embodiment, the elastomeric i1nner core is a
silicone inner core. The silicone inner core may be at
least partially crosslinked, Types of cross-linkable

silicone composition are disclosed 4in US Patent No.
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10In the above compounds of Formula I, II, 111, 1V, V, VI, VII or VIII, in
embodiments where the R group is a CI-04 alkyl group, it is to be

appreciated that the C1-04 alkyl group may be selected from a methyl, an
ethyE abpropyl, atiutyl dorsisoericdfomTs thietedf. 15T Hecequivaléntratioofated
thgyepro&ergémctg.the phenolic resin curing agent, that is, the number of

epoxy groups of the epoxy resin per hydroxyl group of the phenolic resin

curing agént ispoparficulziiydimiled-arckmay bedn the rangevof abgertise at
0.649 8boyt, 1.4 05 about-200.8;19 ahout 1.2, SThe curablecompasition, ..,

may further comprise an inorganic filler Selected from the group consistin
offuSéd silfoa péWeler, "Stibstantrallyespherical silits povideraerysiallingLycidyl

silica-powder, sgcondanyi.agalomerated2a. silica powder, porous silica

powder, silica powder obtained from grinding secondary agglomerated

silica powd@r GFH6r8us Sifcaipovider SHIGHINA aKd RitxtGreSaRERsHT. Tan  the
amednbof sheinorggnicdiller indhe curable 30 eampaosition mayheabauty ,  3-
60 wt%,to about 95 wt%, about go wt% to about 90 wt%, about 60 wt% to
50U B0 P BBBRL60 wiok I6'2BEUTO WA bout 70 I ABGHLEER Y.
wtghyataytl80 widbite @abput 96 WtdE about 98widy toyabeut-95 W%t 1,  3-
about 70 wt% fg acbpéggo %.r%ége[i}son skilled in the grt may be able to 3 4
de(tefminep%eyarﬁoﬁn 5fifo d%\nl filfer to add to theCUrable composition (3
inarday tyadhieee alddsiredlsoldering stress resistance and moldability of

the curahle.compoeifion, phe yuable.composition may IUNSLemRlIS, the
a curing accelerator selected from the group consisting of
diazasieyclorrderens (DR rdplten@phosphin®¢TPP), monomer  that co-
bepzvdimethylaming (BDMA) 2 methylimidazole (2:Mz).and mixtyres o,

thereof. 10The amount of curing accelerator in the curable composition
mayHe-abaatlo. 2 iss {5 aBeut B2 int %, about 0.2 wt% to about 0.4 wtd%,

about 0.3¥4% 30 abeut0.4Wi%,ab0ut 0,1 W% tg akqut,0,3 W% Qrabout 7.
0.1 wt% to about 0.2 wt%. If the amount of curing accelerator is less than

15 8 wigt? thaRardhaEs BF tiesresultifg durel chposiiontdecrasded ing of

ang neid ielease characterstigsytend 40 deterigrate: Aktheramouptof styrene,
curing accelerator is more than 0.4 wt%ﬂ the uripé%i[eaction roceeds . .

undesirably fastStchthat flufdiity of the Fesditart dured c%ﬂ%p%asiﬂroynl?@ltmj“e'
decréasesiyThe curdblecempositidrymayfyrither conipriseadditives spehyethyl

a il ing agen .
egno@x%ﬁg%gg%g%ﬁinosilan%%g%fl%;gpane,a \_/ﬁ%%/%l%%}%aptlgement or 501yvmyl
caletiirig agent sichias taior-25 bladkvraed ilnloxide e relgasingtrile.
agent sugh.as;a fatly acid..a metallic salt of.a fafty acid, an %%%'h‘é’a?g Wwts Of

natural wax or synthetic wax. In some embodiments, the curab
cGipo&itidh TREY EbMpriseta flame retardant Afdteriakihatdoe8hot30 of an
substantially:pollute the enyironment. The-flame refardantmaterial may.-be . 1 -
a metal hydroxide. The metal hydroxide may be aluminium hydroxide. The

mB Hydidxide may be magnesium hydroxide. The curable

compositiaa may be-usee-toseal reeat ordpsulatenglectropigpate of &  1zast
seargigggdgctor glgvic sugh ats a cqpacitor % transistor, a central .
Progessing unit- & memohy device et Sthe clrable Sompositicn maybe 1225 ¢
maldeny giiffieieftlymixing ot blending=a shixtuse containing farmwatet: 1east
a nts of the above:described components using a mixer or the like to
obrgtgﬁllé% b%én e%(tjomg_t]tcfe?.C Ae SI%%argd r%%ft%%i sfﬂ%setrglueenﬁ;‘?l Jr:ﬁ’e]lt%%eéndo roat
knesded @é}'ﬁghof%”g‘x’:ca of the toetal weight of the particle.

The nanc-scale particles may agglomerate to form a

micro-size agglomerated particle that may have a particle

8
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10 kneader, an extruder or the like to obtain kneaded product. The

kneaded product is cooled and grounded into powder form to obtain

molding material. The molding material obtained can be used to seal, coat

ot instilade elestrpnicparisof-a semicondustor geyiceas.descibed to about
15above. Brief Description Of Drawings The accompanying drawings '
ilfsttatéta didefosedembdtiffent 8RN Serves t8exprie e SrihciBles of about
t 0 disclo badjment. Itis.to derstood, however, tha '
d@:svxglin S ére%(?&?ggrq]egq#g: p%}ppoégs ()%}glﬁlt{l%tra%séﬁ only ) an%%r?out Last%ltp& pm o
definition of thaimitabbihe ipventonto about 120 um, about 20 um to
Fig.lisanexemplarygraphshowingthe 25 determination of al and a2 using
aa%?éjrﬁa]r%cﬁ’énicﬁpﬁﬁélyfé} a&wilt e HesBRbed futfher BEloW: 20 hm
Fig,2isanexemplarygraphshowingthe, defermination,of siorage meduylys
and glass transition temperature using a Dynamic Mechanical Analyzer as
walbbe 301ldesgribed further below. Examples
Non-limjtingexamplesoftheinventionand comparative examples will be
further dL(;hs%ringi1 %il ﬁFeatéDrEdetgﬁ%Vfg‘e?gncé) Foeégg%fic I%Qam\é\),ié% and’ rable
Currparative & Examples; which sheuld oy de cdnsthyedeaséinany way about

O

-t

t

O

ligyiting. the %%@&toféh%{r%vemiogbouPeﬁ%"%@@a@ggﬁe %épme%ﬂ about

tests used in characterizing the curable compositions of Examples 1 to
anll Corhparative Exampies 190 Garetds llowis? 10 desimifatisr of0 about

Spiral Elow o1 A ceraipameunt.of molding materialihat gives geull. o opoue
thickness of 3 + 0.3 cm was weighed. A spiral flow mold die was placed in

a‘mBlding achirefromt KbtitakaL5 aRAWas heatédup 6B Where  the

th@lMQ@r@tl@mﬂg@gI@e@éﬁ§@Sg@@mding material was poured into a
transfer pot and a plunger, was lowered. The material was molded for

120s. Folitwifig WhicH, 3fie ndiaHhress Was BpBREE And B spiralflow ™ 1east

length {gipid the lgstsaus tiphwas sneasused 20aftes the mold dieswasy resin

taken Qut fronlw the olgingnm hine, Determination of Flexural Modulus
'Ilﬁaéymo%ir%gem%%é’ﬁa was molded ffitd’ EBmC'F’r?ﬁj %(ﬁblrﬁl%(\% X 4mm(t) test
pieces undehthecdonditions:gf 25 r176C; 150kglem2 and $20s using@e37epoxy
ton. transfer n%ngmlrgaghine. The molded test pieces were subjected to 4
hours post-mold-cure at 175C. Each of the test pieces was subsequently
placed into a Tensilon machine (from Orientec Co. Ltd) and 3 point

bending S ied on the 3 leces yntil fracture. %te
Tensilon%h%gg??gg?gg %&Iculate and(ale\%Elt F@qﬁd“iﬁ_ &%F flexural m J&%%\%‘“/?Hz
eraturg{25C) and Htg;e%@temt@ atures (erg, 260C) when
the res ec(tﬁég tempetature: Ii?termin%t%m of @ nts of
e molding material was motded in: .Omm(L)
x 4. 7mm(W) x 3.0mm(t) test pieces tnder thig,conditions of 175C;
150kg/cm2 and 120s using a 37-ton transfer-molding 5 machine. The
molded test pieces were subjectedftd #Rddrs post-mold-cure at 175C.
Each of the test pieces wagsubsequently placed-into #Fhgrmal o 10, or n

Mechanical Analyzer (TMAQ (fram Seiko Instruments USA Inc.).and its
tAthat expandion-over a range of femperature from25¢ to 306C

gach R may be independently a hydrogen atom, or a C;-

Cs alkyl group;

a dicyclopentadiene type epoxy resin of Formula II



1C

20

10 was tested. The coefficients of thermal expansion below and above the

glass transition temperature (Tg), known as al and a2 respectively, were
obtained as the slope of the curve below and above the inflection point, as
shown in 6@141@%.15 D@tgrmlnatlon of StaragerMoghus and Gla H,CH— CH,
Transition| Tern The mofding’ n@te)al Was moldecflgto N4
20mm(L) A 1. 6mrﬁQtest ieces under the cﬁndltlo s of 20" 0O

50kgic{2 fand 120susinga 37t trans idtin e. The
moldec GES.\ \\chte%\@é?o rspG ar 5C.

Each of the pieces was subsequently laced'into & Dyna

Mechanical Analyzer (DMA) (from Seiko instruments USA Inc. ) and tested

for 25 their storage modulus over asange af temperature from 25C to

300C at a fre uency of 10Hz. The storaé;e ddulusﬁf 5C anPd 260C

were ané“iyze Ty of the niatertal W Shtanedas htdr® where ©F ™
theawortandentlings interseéct, as ﬁ},ow"h,lnEFlgBZ 3a Dlefnernamatlon of '
Dissipation Factor The oIdln erial was molded into a circular
disc of 5. Omn?eﬁn%dlameteir/ arr% 3mm thi E3kncgss ?ryder th?e é:gnd?tlons o!‘%
1?56@45@&@%2@?@1@1205 using a 75-ton transfer- 17 molding machine.
The moldedl t¢ ilﬁ Ges were ggg}%}teg@tg A hours.post-mald-cure at
175C. Thin fo 8mm in diameter and 0.0275mm thickness were
adhered to both sides of the {est piecepusipg a thingayer of grease. 5
Measurement was done using recis}e.‘)n LCR Meter at a fixed frequency
of 1M-Hz. The following equati gre useg o calculate Dissipation

Factob{3ah-5) DIBRIHAL TOOCWIEH,-QZH,
Q value of Die ctrlc Tester Ad ithout test pleCQ /

T O a

Turnlng Capacitance (pF) To g Electrode $§pacing of Dielectric

Tester Adapter 15(16451A) (cm) Flammability Test (Underwriters

Laboratory Flammability Rating; Ebagzﬂu\ld) ULE94 V-1) The moIding

material rr@%deg in fyerﬁ imens, 20 each.wit meen ion.of about

127. Om x 13. Oma é\%/)V) x 3. m t) usﬁng %%37 ton transfer- mg%rr? enatom
m@éhlﬁeCBéf@réitHé-tee‘tawaS) Conducted all specimens were treated at

the followingconditians; femperaturerofabaut 23, 2C.with abeut-80. 5%, 1y

relative humi |tyf r at least 48 hours. 25 Each specimen was clamped

vertically and@drpt f@ﬁ—ﬁb@utm 0.5 seconds. A record W@@&I{gﬁpﬁ_thec}lz
flamlng time and of am( burrt reS|due dropplng off each semmen\the/

under the 'ﬁ"’iﬁ
seconds dng &

was repeated for all specimens. The test specimen was cI ssified as
V-1 or V-0 standard according to criteria sum rized in Table 1 below.
5Table 1 (UnderwritersLaboratoryFl ammébllltggatlng

UL-94:V@ 49 Oriteria Classificatiorger selected from 1 to 11, or n’

may be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or 11, and
each R may be independently a hydrogen atom or a
 Ci—Cyq 21lkyl group:
an epoxy resin of Dbisphenol type; a paraxylenes-

modified epoxy resin; a multi-functional type epoxy resin;

10



V-1 V-0 Number of specimens 5 5 Number of Ignitions :
Maximumflamingtimeperspecimenperflame application(seconds) 30 10
Totalflamingtime,fivespecimens, ignitions(seconds) 250 50 Flaming drips

ignite,cotionNe N Maximum.afterglow dime, .per, specimen (secondsLBQ e

30 Burn to holding clamp No No Determination of Stress Index
Stig¥E erehted fronfihe seafihy ot Sehiédiftiuktor devices may be

estimated:py $he Stess dex, Siress, ndeX oy resin is a compound of

Formula IV

OCH,CH— CH, OCH,CH— CH,

\O 7 R \O /
CHZ<Q>—<©> CH@} Hn

Formula IV

wherein n’ is an integer selected from 1 to 11, or n’
may be 1, 2, 3, 4, 5, &, 7, 8, 8, 10 or 11, and

gach R may be independently a hydrogen atom or a C:.-C
alkyl group.

The resultant curable composition comprising one or
more of the above epoxy resin compounds may have self-
extinguishing properties such that the curable compesition
may be capable of removing heat from a fire in order to
substantially prevent the spread of the fire.
Furthermore, due tc the high aromatic content of one or
more of the epoxy resin compounds mentioned above, the
resultant curable composition comprising one or more of
the above epoxy resin compounds may be capable of
inhibiting the spread of fire. When the curable
composition is burnt, a carbonized layer is first férmed
at the surface such that further Dburnings may be
substantially inhibited. In this embodiment, the curable
composition may not reguire flame retardants such as those
containing halogen and/or. phosphorous to be provided
therein. The curable compesition may also not reguire
antimony hydroxide to be provided therein.

The curable composition may further comprise a resin

curing agent. The resin curing agent may be a phenolic

11
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10 at various temperatures (-65C, 150C and 260C) was calculated using

the following formulas: For Tg smaller or equal to 175C, when T < Tg, 15

Stress Index = (al- achip) x (T-Tg) x El + (a2- aChip) x (Tg-175) x E2Eqn.

(bewhen duz-TgoStress: iIndexva (a2 -sachip)as(r-1¥b) Y k2o 2xroups per

whe{el% Ig= glass transition temperature al= coefficient of thermal .
moieciilE, .. . .

expansion below Tg a2= coefficient of thermal expansion above Tg achip

. = coeffidient of tkermial exparsion of chipElzgrodulus @ B5CsERected from

”1%@'%56@56%%5 §t£§§%8alocf|lzation temperature Assumptions: a. stress
index =0 at17

molalng temperature) b. stress = K x Stress Index
whereinK ig@&sonstany ol B FievuraleModulu$ or Storage NMbdulus d.
achip = 0.3 x 10-5 /C Temperature Cycle (T/C) Test For performance
testing at the semiconductor package 5 level, similar pellets were
prepared iptblvarious sizes. Depending on(i#st requirements, it can then OH
be molded|into (i) 100L-QFP packages 14mm x 20mm x 2.7mm, "
e sulating SIN (Silicen Nitride te ips ize 5.0mm x 5.
ackages 28pm x 28mnix"3:2mim, 10 encapsylating Si
size 9.5mm'X ¥5mm at\ﬁ/pééxtepﬁrat' re of 175C*transfer
the range 0t 80-120 kgf/cm2 and in-m qlcure time of 90 sec.
Subsequently the packages were sent for post mold cure at 175C for 4 hrs
before T/C test between -65C to 1500 ac¥drding to JEDEC testing
standarg,..- Jfie Rackageswers hen outallerewene 100 oycles ang, or o
packages were scanned using CSAM (C-mode Scanning Acoustic
Miérosespé) fot defaminatett interf&eces/witl focts 61 thelehipttBp, top pad
and the bottem- R0 Pregsyre,cooker-Biased Test (POE N rocBrefarmed o -
tablets were prepared from the Examples described further below, each
haviitg ddiskletér6H&50ut 48mm and weighing about 75g. The tablets
were used 19i23,seal1gold wire-honded kest klestic Gad (EEG) dier Formula
(vyfithlout passivation for protection) for 16-pin Plastic Dual Inline Package
(1& PDIP). These assembled units werethen subjected to PCBT
(Pressure CookgrpBiased Test).

OH
R R
| )

Formula VII

wherein n’ 1s an integer selected from 1 to 11, or nf
may be 1, 2, 3, 4, 5, 6, 7, 8, &, 10 or 11, and
sach R may be independently a hydrogen atom or a
Ci—Cyq alkyl group:
a paraxylene-medified phenolic resin of Formula VIII
OH OH - OH
R

R
CI—IZ@CHZ CHZ@, CH,

1
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Sealed 16p PDIP were stored in saturated steam (100% relative humidity

or RH), at a temperature of 121C (corresponding to about twe times
atmospheric pressure) and wired up in order for a voltage of 20 volts to he

5 applied, in a sealed autoclave centaiping geienised water. The

packages were suspended at a minimum height of about 1 cm above the

initial watefeFelinthe-éhatberirft&ival é@iﬁ%’é%eé%n%n@wéﬁ%’ or o
magde anhd the devices were; stosed §or up taggbayt 24-haurs. 1QWsing a

sample size of 5 packages with each encapsulated die having 6 circuits

on it yields a (8°0f 30ParallRF cirdtiE e Carabi¥ cdmpdSiiohe Fafi@brer @
eagh circuitigidepidedwhen open circuit was detected due to internal

device corrosion at the wired bonded lea i%S cgcuitr on the die or the,
formatiofi of CONGYE r?éf %%?t% Btivedit the leads. Tﬁé%?ﬁ)e“ taken for 209 &
o tircuitsi1to:-fadueelis tepimeddhe Time=tosEailure. Determjriationlafne type
Agglons Jasoluble Content (y4%) ;303009 of blanded MIACLUEIS . rosin;
cdilected after the components of the epoxy composwy n were mixed ’

togetherin buprotess described further below. 500g of acetone was added
into a botlle togethar with t@Sn%%’&q}%dsmé‘EerEJBﬁu%m%Y"aﬁs,hak%@ forry, vy,

20 minutes with a Shaker. After 25 shaking, the mixture was poured
thFidugh’a 212pnsiéve to-Fet&caiy - Msdlublepatitlesthatdig ot pass 2 Ci-

thrqughithe pores of the sieve.cthe sieye wassubsequently ripged Wit a11y1
acetone until only the insoluble particles remain and dried in an oven at
80C 1 ROBEY0PS mMmbttes: The 30 8ricd MSbiible pﬁﬁic%%h\%re fhenropyl, a

weighed, The acetenerinsolablencontent-as ealculated as follows: Acetone
Insoluble Content (Wt%i:%/)Veight of dried insoluble particles X 100% 300% he

ExampleSf and $ad Comiparafive Bxaftipled %0 5°FR& Weidhitratios
thercompdnrents making g the & espectiveatirable, carnpositiohs:af of epoxy

Exe}:mBIeSs 1 ajgd %hggd %omgaratingEQam Ieeg 1 19 graor% seen inoT%bIe ozf he
below. T Theé ortho-CreSol ovotac f)L/pe epoxy-resin éﬁ%rnﬁﬁalﬁ was~ =~
ohtamedlftom Néppon KayakuCogdddof TokyoyJapam fhephendly limited

navolagresin, (Farmula, Y1) wag obtained, 10 from sumitomo DUrez £0,,- ot

Ltd of Detroit of Michigan of the United States of America. The elastomeric
cdtehell paricies Eomprising a silicone inner core and an

epoxy-fuagtional PMMAshell (Genioperl() P33)wereobtained freBhorise  an

Wacker-Chemie AG of Munchen of Germany. 15 Table 2
inorganic filler selected from the group consisting of
fused silica powder, substantially spherical =silica
powder, crystalline silica powder, secondary agglomerated
gilica powder, porous silica powder, silica powder
obtained from grinding secondary agglomerated silica
powder or porous silica powder, alumina, and mixtures
therecof. _

The amount of the inorganic £filler in the curable
composition may be about 60 wt% to about 95 wt%, about
0 wt% to about 90 wt%, about 60 wt% to about BO wty,
about 60 wt% to about 70 wit%, about 70 wt% to about
95 wt%,  about 80 wt% to about 95 wt%, about 90 wt% to

about 85 wt% or about 70 wt% to about 90 wik. A person

13
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Example Comparative Example 1212345 parts by weight
Ortho-Cresol novolac type or epoxy resin(Formula I) Softening point:55C,
Epoxy group equivalent: 196g/eq 11.4 11.1 12.411.411.111.411.1

:;é&%g: gﬁ‘]’t%(g'%@ergﬁié‘('?é mula V), Rofteping Roint1G, Hydroxyharoup e of
inorganic filler to add to the curable composition in
crder to achieve a desired soldering stress resistance and
moldability of the curable composition.

'Tﬁe curable composition may further comprise a curing
accelerator selected from the group consisting of
diazabicycloundecene (DBU), triphenylphosphine (TPP},
benzyldimethylamine (BDMA), Z-methyliimidazole (2-MZ), and
mixtures thereof. '

The amount of curing accelerator in the curable
composition may be about 0.1 wt% to abcocut 0.4 wt%, about
0.2 wt% to about 0.4 wt%, about (0.3 wt% to about 0.4 wt%,
about 0.1 wt% to abkout 0.3 wt3 or about 0.1 wt% to about
0.2 wt%. If the amount of curing accelerator is less than
C.1 wt%, the hardness of the resulting cursd composition
decreases and mold release charécteristics tend to
deteriorate. If the amount of curing acceleratcor is more
than 0.4 wt%, the curing reaction proceeds undesirably
fast such that fluidity of the resultant cured composition
decreases.

The curable composition may further comprise
additives such as a silane coupling agent such as an
epoxysilane, an aminosiliane, an .alkylsilane, a
vinylsilane; a pigment or a colouring agent such as carbon
black or red ircn oxide; a releasing agent such as a fatty
acid, a metallic salt of a fatty acilid, an ester wax,
natural wax or synthetic wax.

In some embodiments, the curable composition may.

comprise a flame retardant material that doss not

substantially pollute the environment,w The  flame
retardant material may be a metal hydroxide. The metal
hydroxide may be aluminium hydroxide. The metal hydroxide

may be magnesium hydroxide.
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464.75.24.84.74.8 4.7 Fused silica powders 72.2 72.2 72.272.272.2
72.2 72.2 Aluminium hydroxide 8.5 8.5 8.5 8.5 8.5 6.5 8.5 Carbon black
0.30.30.30.30.3

The curable composition may be used to seal, coat or
insulate electronic parts of a semiconductor device such
as a capacitor, a transistor, a central processing unit, é
memory device, etc.

The curable compositioﬁ may be made by sufficiently
mizing or blending a mixture containing formulated amounts
of the above-described components using a mixer or the
like to obtained blended matter. The blended matter is
subsequently melted and kneaded wusing hot rolls, a
"kneader, an extruder or the like to obtain kneaded
product. The kneaded product is cooled and grounded-into
powder form to obtain molding material. The melding
material obtained can be used to sesal, coat or insulate
electronic parts of a semiconductor device as described

above.

Brief Description Of Drawings
The accompanying drawings illustrate a disclosed
embodiment and serves to explain the principles of the.
disclosed embodiment. It " 1s tTo be understood, however,
that the drawings are designed for purposes of
illustration only, and not as a definition of the limits

of the invention.

Fig. 1 is an exemplary graph showing the
determination of ol and o2 using a Thermal Mechanical

Enalyzer as will be described further below.

Fig. 2 is an exenplary graph showing the
determination of storage modulus and glass transition
temperature using a Dynamic Mechanical Analyzer as will be

described further below.

Jot
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0.3 0.3 Silane coupling agent 0.4 0.4 0.4 0.4 0.4 0.4 0.4 Trip
enylphosphine(TPP) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 Releasing agent:
Carnauba wax Polyethylene wax 0.2 0.6 0.2 0.6 0.2 0.6 0.2 0.6 0.2

Examnples

NWon-limiting examples of the inventicn and
cemparative examples will be further described in greater
detail by reference to specific Examples and Comparative
Examples, which should not be construed as 1n any way
limiting the scope of the inventibnn

Details regarding the experimental tests used in
characterizing the curable compositions of Examples 1 to 3

and Comparative Examples 1 to 6 are as fcllows.

Determination of Spiral Flow

A certain amount of molding material that gives a
cull thickness of 3 + 0.3 cm was weighed. A spiral flow
meld die was placed in a molding machine {from Kohtaki)
and was heated up to 175°C. When the temperature reaches
175°C, the molding material was poured into a transfer pot
and a plunger was lowered. The material was molded for
120s. Folleowing which, the mold press was opened and the
spiral flow 1en§th (up to the lustrous tip) was measured

after the mold die was taken out from the molding machine.

Determination of Flexural Modulus

The molding materizl was molded into &0mm(L) X
10mm(wj ¥ 4dmm(t) test pieces under the conditions of
175°C, 150kg/cm’? and 120s wusing a 37 ton transfer molding
machine. The molded test pileces were subjected to 4 hours
post-moid-cure at 175°C. FEach of the test pieces was
subseguently placed into a Tensilon machine (from Orientec
Co. Ltd) and 3 point bending stress was applied on the
test pieces until fracture. The Tensilon machine can
caiculate and give readings of flexurzl modulus at room
temperature (25°C) and at elevated temperatures (e.g.

260°C) when set to test at the respective temperature.

16



0.6 0.2 0.6 0.8 - Stress-relief agent-" -.---  Silicone core and an
epoxy-functional PMMA shell 1.8  Silicone core and a PMMA shell
1.4 1.8 Acrylic-butadiene-acrylonitrile copolymer

N

10

15

20

25

30

Determination of Coefficients of Thermal Expansion

The molding material was molded into 15.0mm{L) =x
4.7mm (W) =x 3.0mm(t) test pileces under the conditions of
175°C, 150kg/cm® and 120s using a 37-ton transfer-molding
machine. The molded test pieces were subjected to 4 hours
post-mold-cure at 175°C. Each of the test pieces was
subsegquently placed into a Thermal Mechanical Analyzer
(TMA) (from 8Seiko Instruments USAE Inc.} and its thermal
expansion over a range of temperature from 25°C to 300°C
was tested. The ceoefficients of thermal expansion below

and above the glass transition temperature (Tg), known as

ol and o2 respectively, were obtained as the slope of the

curve below and above the inflection point, as shown in
Fig. 1.

Determination of Steorage Modulus and Glass Transition

Temperature

The molding material was molded into 20mm(L) x
10mm (W) = 1.6mm{t} test pieces under the conditions of
175°C, 150kg/cm® and 120s using a 37-ton transfer-molding
machine. The molded test pileces were subjected to 4 hours
post—mold-cure at 175°C. Each of the test pieces was
subsequently placed into a Dynamic Mechanical Analyier
(PMA)Y {from Selke Instruments USA Inc.) and tested for
thelr storage modulus over a range of temperature from
25°C to 300°C at a freguency of 10Hz. The storage modulus
at 25°C and 260°C were analyzed. Ty cof the material was
obtained as the temperature where the two tangent lines

intersect, as shown in Fig. 2.

Determination of bDissipation Factor

The molding material was molded into a circular disc
of 50mm in diameter and 3mm thickness under the conditions

of 175°C, 150kg/cm® and 120s wusing a 75-ton transfer-
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1418 The components were sufficiently,and uniformly mixed using
a high speed mixer for about 10 minutes at about 20C to obtain blended
matter. The blended matter was 5 subsequently melted and kneaded at

71991@3%0%381@9:%“ apial rll, cooled-and grounded tQ obiainhetesing o

compositi Examples 1 and 2 and Comparatlve Examples 1t6 5
répr %urﬁﬁﬁetcémiaéguﬁéﬁ§ CGHRprising & flamE-10 retardantct 38mm in

Examples 1 and? and Comparative Examples 140 piwere-subjectsd4@ s:des

the experimental tests detailed above and the results of these

eXperiniéfital tesfCareshddh in T3 bBlow 15T able 3 Exanfple  Jrease.
Comparative fexample Hbreperties d 2rk 23 4 bogpitaiflowdenn) 60616551 zeq

%requency of 1M-Hz. The fcllowing equations were used to

calculate Dissipation Factor {(ftan &)

#(QVWO )
O, xQ

Where, Q) = Q value of Dielectric Tester Adapter (16451R)

Dissipation Factor (tan 3) xC, xT,

without test piece

0, = Q wvalue of Dielectric Tester Adapter (16451R)
with specimen |

Cy = Turning Capacitance (pF)

Ty = Electrode Spacing of Dielectric Tester Adapter
(164512} (cm)

Flammability Test (Underwriters Laboratory Flammability

Rating; UL-9%4 V-0, UL-54 V-1)

The molding material was molded into five specimens,
gach with dimension of about 127.0mm{L) = 13.0mm{W) =x
3.2mm(t). using a 37-ton transfer-molding machine. Before
the test was conducted, all specimens were treated at the
following conditions: temperature of about 23 £ 2°C with
about 50 * 5% relative humidity for at least 48 hours.
Each specimen was clamped vertically and burnt for about
10 £ 0.5 seconds. A record was taken of the flaming time
and of any burnt residus dropping cff each specimen. After
the flames of the specimens died out, the burner was
immediately placed under the specimen again. The burner
was removed after about 10 seconds and a record was Tzaken
of the flaming time, the glowing time and of any burnt
residue dropping off each specimen. The same procedure was

repeated for all specimens.
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44 59 56 Water absorption(%) 0.30 0.31 0.30 0.31 0.32 0.30 0.31
al,x10-5/C (Coefficient of thermal expansion below TO 1.21.21.31.31.4
1.2 1.2 u2,x10-57C (Coefficient of thermal expansion above TO 6.2 6.3

6.16.0 6::6.3t63t specimen was classified as V-1 or V-0
standard according to c¢riteria summarized in Table 1

below.

Table 1

(Underwriters Laboratory Flammability Rating;  Classification

UL-84: v~0, V~1} Criteria V-1 V-0
Number of specimens 5 5
Number of Ignitions 2 2
Maximum flaming time per specimen per flame 30 10
application (seconds)

Total flaming time, five specimeng, 2 250 50
ignitions {(seconds)

Flaming drips ignite cotton No No
Maximum afterglow time, per specimen (seconds) 60 30
Burn to holding clamp No No

Determination of Stress Index

Stress created from the sealing of semiconductor
devices may be estimated by the Stress Index. Stress Index
at wvarlious tTemperatures {(-=65°C, 150°C and 260°C) was

a

calculated using the following formulas:

For Ty smaller or egual to 175°C,

when T < Ty,
Stress Index = {alé ochip) x (T-Tg) = El + (a2- oChip) x
(Tg-175) ®x E2 ---- Eagn. (1}

when T 2 T,

Stress Index = (oaZ- oachip) x {(T-175) =x B2 —~——- Egn. (2)
whereby,

Ty = glass transition temperature

ol = coefficient of thermal expansion below T4

aZ = coefficient of thermal expansion above T4

ochip = coefficient of thermal expansion of chip

El = modulus @ 25°C
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TO(C) 155 154 156 157 159 155 156 Flexural Modulus @25C,kgf/mm2
1940 1935 2200 1880 1830 1945 1960 Flexural Modulus @260C,kgf/mm2
105 115 150 120 120 115 115 Storage Modulus @25C(kgf/mm2) 1714 -

1714 1850 1748
E2 = modulus & 280°C

T = stress calculation temperature
Assumptions:

a. stress index = 0 at 175°C (molding temperature)

b, stress = K % Stress Index wherein K iz a constant

™

E = Flexural Modulus or Stcorage Modulus

@]

d. achip = 0.3 =% 107° /°C

Temperature Cycle {T/C) Test

For performance testing at the semiconductor packagse
level, similar ?ellets were prepared into wvarious sizes.
Depending on test requirements, it can then be molded into
(1) 100L-QFP packages 1lémm x 20mm x 2.7mm, encapsulating
SiN (Silicon Nitride) ccated chips of gize 5.0mm x 5.0mm
or {ii) 208L-QFP packages Z28mm X 28mm % 3. 2mm,
encapsulating SiN ccated chips of size 9.5mm x 9.5mm at a
temperature of 175°C, transfer pressure in the range of
80-120 kgf/cw® and in-mold cure time of 90 sec.
Subsequently the packagss were sent for post mold cure at
175°C for 4 hrs before T/C test between -65°C to 150°C
according te JEDEC testing standard.

The packages were taken out after every 100 cycles
and packages were scanned using CSAM {(C-mode Scanning
Accustic Microscope) for delaminatsed interfaces with focus

cn the chip top, top pad and the bottom.

Pressure Cocker Biased Test (PCBT)

Preformed tablets were preparsed {from the Examples
described further below, each having a diameter of about
48mm and weighing about 75g. The tablets were used to
seal gold wire-bonded Test Electric Grid (TEG) die
(without passivation for protection) Zfor 1é-pin Plastic
Dual Inline Package (16p PDIP). These assembled units-were

then subjected fTo PCBT (Pressure Cooker Biased Test).
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1619 1708 1712 Storage Modulus @260C(kgf/mm?2) 164 165 190 173
171 165 165 SL-94 Flammability Test(3.2mm thickness) V-0 V-0 V-0 V-0
V-0 V-0 V-0 Temperature Cycle Test The results of the temperature

cycle testas oytlingd a@%‘f%fomﬁgg‘ mé)%%%%cing 2 an QQQJF%& Ve, o (1008
Examples 1 to 5 are"seen'in Table 4 below. able f@xamp € omparatlvse
Example FemheraiuCyciTese @ RGH4CI cat  a temperature of 121°C
{corresponding to about two times atmospheric pressure)
and wired up in order for a voeltage of 20 volts to be
applied, in a sealed autoclave containing deionised water.
The packages were suspended at a minimum height of about
1 cm above the initial water level in the chamber.
Interval electrical measurements were made and the devices
were stored for up to about 24 hours.

Using a sample size of 5 ©packages with each
encapsulated die having 6 circuits on it vields a total of
30 parallel circuits per curable composition. Failure of
each circuit is decided when open circuit was detected due
to internal device corrcsion at the wired bonded lead,
clrcuitry on the die or the formation of conducting matter
between the leads. The time taken for 20% or 6 circuits to

failure 1is termed the Time—to-Failure.

Determination of Acetons Inscluble Content {(wig)

300g of Dblended matter were collected after the
components of the epoxy composition were mixed together in
a process described further below. 500g of acetone was
added into a bottle together with the blended matter. The
bottle was shaken for 20 minutes with a Shaker. After
shaking, the mixture was poured through a 212um sieve to
retain any insoluble particles that did not pass through
the pores of the sieve. The sieve was subseguently rinsed
with acetone until only the inscluble particles remain and
dried in an oven at B80°C teo 100°C for 5 minutes. The
dried insoluble particles were then weighed. The acsetone
insoluble content as calculated as follows:

Weight of dried

insoluble particles
300g

Acetone Insoluble
Content {wt%)

X 100%
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212345 14mmx 20mm 100pin QFP, 5mm x 5mm SiN die # cycles
before full die paddle delamination a)Cu leadframe(Ag-plated Pad) 300
300 50 100 100 200 200 )Pre-plated 1eadframe 400 400 100 300 300 400
400 Table 4 indicates that the curable compositions comprising the
silicone core-epoxy functional PMMA shell 10 particles performed better
than curable compositions that do not comprise the silicone core-epoxy
functionabi2ivipl A shibll padicle ssddirthenmare; icivab Bscamiesitions tha
comprisg, silicone core-epox funcg(%naltEEI\E/IMA shell p%r%iglesmg_:j,xam

ples 1 .
and 2) have swghjiﬁ/ better I (t)ésmperature cycﬁgr%%cr)%?mance g&ings up the

cgﬁw@dioreurabhgaédmposﬁmsa:bmmsingcﬁliqﬁmempﬁe}PMMAqs@gll2 and
pe%%srg%%@@a@g\eﬁg%é Rles 4 and ). dug 1o impr O'f"ae&%orﬁp%té‘i'!ﬁwu

of the silicone core-ep unctional PMMA shell particles with the epoxy
resin matfig agdpoxy-resol novolac type of epoxy resin (Formula

I} was obtained from Nippon Kayaku Co., td of Tokyo,
Japan. The phenol novolac resin (Formula VI) was obtained
from Sumitcemo Durez Co., Ltd of Detroit of Michigan of the
United States of America. The elastomeric core-sheil
particles comprising a silicone inner core and an epoxy-
functional PMMA shell (Genioperl® P53) were obtained from

Wacker~Chemie AG of Minchen of Germanvy.

Table 2

Example Comparative Example

1 2 1 i 2 l 3 l 4 \ 5

parts by weight

Grtho-Cresol novolac type of epoxy

resin (Formula I}

. 11.4 11.1 12.4 11.4 il.1 11.4 11.3%
Softening point: 55°C,

Epoxy group equivalent: 196g/eq

Phenol novolac resin (Formula VI)

Softening peint: 81°C, 4.4 4.7 5.2 4,8 4.7 4.8 4.7
Bydroxyl group equivalent: 105g/eg

Fused silica powders 12.2 T2.2 ¢ T72.2 4 12,2 | 1202 ] 72.2 7 72,2
Aluminium hydroxide 8.5 8.5 8.5 8.5 8.5 8.5 8.5
Carbon black 0.3 3.3 0.3 G.3 0.3 0.3 0.3
Silane coupling agent 0.4 0.4 0.4 0.4 0.4 0.4 C.4d
Triphenylphosphine (TPP) 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Releasing agent:

Carnauba wax 0.2 0.2 0.2 G.2 0.z 0.2 a.8
Polyethylene wax .8 0.6 0.8 0.6 0.6 0.6 -

Stress-relief agent:it

Silicone core and an spoxy-

functional PMMA shell

Silicone core and a PMMA shell 1.4

(=
fo

Acrylic-putadiens~acrylonitrile

copolymer

22



>

10

15

20 functionality on the shell can link the particles with the resin matrix
covalently. Stress Index Calculation Stress created from the sealing of
semiconductor 25 devices was estimated by the Stress Index procedure
as outlined above. Stress Index at various temperatures (- 65C, 150C and

260C) was.caleylated.ysing Eguations:L and 2 ahove, Erom the-Stress 3. .4

Indexes calculated, curable compositions comprising silicone core.-eboxy
futfctiohaPPVIMIA shiefigsaridhes [EXampiés 1y and @) have i6wer Strelggut 20°C

Indexes ascompared ig curable compositions-gamprisingnasstregscreliel ;s
agent (Comparative Example 1) or curable 5 compositions comprising

ACHAR B ehe-AGy fdtfitriR CbpBlyRRerE oftiparative Examples & akding &
3k particular.atlow terpperatusesisughas65€. DetailsargiseeniR resin
Table 5 below. 10Table 5 Example Comparative Example Stressgex
Catdiiiaior St8ss index at -65C (Flexural Modulus),kgf/mm2 1212345
-3.97 -3862:5:03:4.30 -4:62 -3.9%4D3Conparative Examples 1 to 5

represent curable compositions comprising a flame~
retardant. Examples 1 and 2 and Comparative Examples 1 to
5 were subjected to the experimental tests detailed above
and the results of these experimental tests are shown in

Table 3 below.

Table 3
Example Comparative Example

; e : * 2 : 2 3 4 3
“Spiral flow (cm) 60 TETUTTES 52 [ 44 53 | 56
Water absorption (%) 0.3010.3210.3010.310.32 0.30 0.31
al, =107%/°C

{Coefficient of thermal 1.2 1.2 1.3 1.3 1.4 1.2 1.2
expansion below T)

a2, x107%/°C

(Coefficient of thermal 6.2 6.3 6.1 6.0 6.0 6.3 6.3
expansion above T.)

Ty (°C) 155 154 156 157 159 155 156
Flexural Modulus E25°C, kgf/mm° 1940 1935 2200 | 1880 | 1830 { 1945 | 1960
Flexural Modulus BZ60°C, kgf/mm? 105 115 150 120 120 11k 115
Storage Modulus E25°C (kgf/mm?) 1714 | 1714 7 1850 | 1748 | 1619 | 1708 {1712
Storage Modulus 8260°C (kgf/mm") 164 165 190 173 171 165 165
UL~94 Flammability Test (3.Zmm

thickness] V-0 V-0 V-0 V-0 V-0 V-0 V=0
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Stress Index at 150C (Flexural Modulus),kgf/mmz2 -0.21 -0.21 -0.30 -0.26
-0.29 -0.23 -0.24 Stress Index at 260C (Flexural Modulus),kgf/mm2 0.53
0.59 0.74 0.58 0.58 0.59 0.59 Stress Index at -65C(Storage

Modulus),kgf/mm.2 -3.59 -3.59 -4.30
Temperature Cycle Test

The results of the temperature cycle test as outlined
above for Examples 1 and 2 and Comparative Examples 1 to 5

are seen in Table 4 below.

Table 4
Example Comparative Example
1 2 1 2 3 4 5
dmm :;;: éOmm .i.fJOpin QFR, # aycles before full die paddie
Smm =z Smm SiN die delamination

a) Cu leadframe (Ag-plated Pad) 300 ¢ 300 50 100 100 ¢ 200 | 200

b} Pre-plated leadframe 400 | 400 | 160 | 300 | 300 | 400 | 400

Table 4 indicates +that ths curable compositions
comprising the silicone core-epoxy functional PMMA shell
particles performed better than curable compositions that
do not comprise the silicone core-epoxy functional PMMA
shell particles. Furthermore, curable compositions that
comprise silicone core~epoxy functicnal PMMA, shell
particles (Examples 1 and 2) have slightly Dbetter
temperature cycle performance as compared to curable
compositions comprising silicone core-PMMA shell particles
{Comparative Examples 4 and 5) due To improved
compatibility of the silicone core-epoxy functional PMMA
shell particles wit the epoxy resin matrix as epoxy-
functionality on the shell can link the particles with the

resin matrix covalently.

Stress Index Calculation

Stress created from the sealing of semiconductor
devices was estimated by the Stress Index procedure as
cutlirned abovs. Stress Index at various tfemperatures (-
65°C, 150°C and 260°C) was calculated using Equations 1

and 2 above. From the Stress Indexes calculated, curable
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-4.05 -4.15 -3.58 -3.59 Stress index at 150C(Storage Modulus),kgf/mm2

-0.27 -0.27 -0.32 -0.29 -0.32 -0.28 -0.28 Stress Index at 260C(Storage
Modulus),kgf/mm2 0.82 0.84 0.94 0.84 0.83 0.84 0.84 Pressure CoOker
Biased Test PCBT) Devices for test purposes were prepared using the
roTAI ateiis oBERIRG frofPihe ST RompoUTonEes 81 Exdiplet onaL
JPafmﬁaCshmaraMExam@hes (Eana2; and subjedted)to }paa%u[@@@@ke}tre SS

b{asci-:‘d test as outlined abgv% The resgg are shown jn Table 6. Tahle
n compare o Ccura g CampOsSilTlons Ccompr lSlI‘lg o

stress relief agent (Comparative Example 1)} or curable

5 compositions comprising Acrylic-Butadiene-Acrylonitrile
copolymer {Comparative Examples 2 and 3}, in particular,
at low temperatures such as ~63°C. Details are seen in
Table 5 below.
10 Table 5
Exanple Comparative Example
Strees Index Calouiat 1 2 1 2 3 3 5
Stress Index at ~65°C
-3.87 | -3.96 | ~-5.03 | -4.30 | -4.62 | -3.99 | -4.03
(Flexural Modulus), kgf/mm?
Stress Index at 150°C
~0.21 1 ~0.2Y | -0.30 | ~-0.26 | -0.29 ] -0.23 | -0.24
(Flexural Modulus), kgf/mm?
Stress Index at 260°C
0.53 0.59 .74 0.58 0.538 0.59 0.59
{Flexural Modulus), kgf/mm®
Stress Index at -653°C (Storage
~3.59 1 ~3.59 ] -4.30 | ~4.05 | ~4.15 § ~3.58 | -3.598
Modulus), kgf/mm?
Stress Index at 150°C (Storage
-0.27 41 -0.27 1} -0.32 | ~0.29  ~0.32 | ~0.28 | -0.28
Modulus), kogf/mm?
Stress Index at Z60°C (Storage
0.82 0.84 0.94 0.84 0.83 (.84 0.84

Modulus), kgf/mm®

Pressure Cooker Biased Test (PCBET)

Devices for test purposes were prepared using the
molding materials cobtained from the curable compositions
of Example 1 and Comparative Examples 1 and 2, and
subjected to pressure coocker Dbiased test as outlined

above. The results are shown in Table 6.
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Example Comparative Examplet 2 1.4% silicone core-epoxy functional
PMMA shell particles No stress relief agent 1.4% Acrylic- butadiene-
acrylonitrile copolymer Pressure Cooker Biased Test 121C /100% RH /
20voltbiased(On Cu L/F) of hrs till Z_Lpa?@lugitg ailed by open circuit @ 200

Example Comparative Example
1 i 2
1.4%
silicone No 1.4% Acrylic-
core—epoxy | stress butadiene~

functional | relief | acrylonitrile

&4 PMMA shell | agent copolymer
_ i : particles
.Pﬁessure Cookef Biased Test @&
121°C / 109% RH / 20volt-
biased (On Cu L/F) 200 180 90

# of hrs till 20% units

failed by open circuit

When 20 volts o¢f biased voltage was applied to the
device at high temperature (121°C) and high relative
ﬁumidity (100%) conditions, the circuitry corrosion would
be accelerated as Compared to actual cperating conditions.
As depicted for Example 1, the presence of 1.4% of
silicone core—epoxy functional PMMA shell particles
exhibits the longest tTime among the test devices for 20%
of the units to fail. 2Although the test device from
Comparative Example 1 showed just zbout 10% (180 hrs vs.
200 hrs) earlier time-to-failure, this curable composition
doeg not possess the desirable low modulus properties.
Final;y, in Comparative Example 2, the curable
compositions with 1.4% of Acrylic-Butadiene-Acrylonitrile
copolymer displayed a much shorter time-to-failure of
S8Chrs. Therefore, curable compositions comprising silicone
core—epoxy functicnal PMMA  shell particles result in
superior PCBT performance when compared to curable
compositions without any stress relief agents or to
curable compositions comprising Acrylic-Butadiene-~

Acrylonitrile copolymer as stress relief agents.
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180 90 When 20 volts of biased voltage was applied to the device at
high temperature (121C) and high relative 5 humidity (100%) conditions,
the circuitry corrosion would be accelerated as compared to actual
0 lesrggggtcggrgit}%g .O@s eespticted for Example 1, the presence of 1.4% of

= | PMMA shell particles exhibits the longest
time améngthedtestdevices for20%k0obthe Grits tocfait.sAlthoagh thiet Lined
test levics fiom Somparative Sxample d.shawed Just apout 1026 (BB oo
vs. 200 hrs) earlier time-to-failure, this curable composition does not
pb5sEss the desifableddranbduhissproperties atinatly, ih Contbafativearative
Example 25 the curable 15 sompositionswith-1.4% 9f in Table 7.
Acrylic-Butadiene-Acrylonitrile copolymer displayed a much shorter
time-to-failure of 90hrs. Therefore, curable compositions comprising

silicone core-epoxy functional PMM#=ghell particles result in superior
PC 20 compositions-without
any stress relief agents or to_curable GoMPOSKIONS coMpHaNg — - = or-e
Acrylic-ButadieneAcrylonitrile copolymer as Stress felieftagents. 2

Digs E { dissipagion factor test/as outlined

abpve wer ing materigls abtaitfed | from Aeryie”

cufe ;dﬁgi%rp arativesS*Examplési=aher2:
The results are s e 7 xample Caamparative onitriie
EXM e functional

: agents copolymer

1 PMMA shell

.Dlssipatlon Factor (1M-HZ) 0.007 0.008 0.014

Higher dissipation factor denotes higher eleétrical
signal loss when the encapsulated device 1is in operation
and is hence undesirable.

As seen 1n Table 7, the dissipation £factor Ifozr
Example 1 1s comparable to that of Comparative Example 1.
However, the curable composition cof Example 1 1s superior
to that of Comparative Example 1 due tc its lower modulus
value at both room and high temperatures as seen in Table
2. Accordingly, the low modulus wvalus of the curable
composition of Example 1 indicates that it is capable of
reiieving stress better than that of Comparative Example
1.

On the cther hand, in comparing between the
dissipation factors o©f Example 1 and Comparative Example
2, the use of 1.4% acrylic—butadiené—acrylonitrile
copolymer as the stress relief agent in the curable

composition of Comparative Example 2 results 1in  an
e P

h

undesirable increase in  the dissipation factor o

Comparative Example 2 to 0.014. Therefecre, the use of
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silicone core-epoxy functional EMMA shell No stress relief agents 1.4%
Acrylic- butadiene- acrylonitrile copolymer Dissipation Factor (1M-HZ)

0.007 0.006 0.014 Higher dissipation factor denotes higher electrical

10 signal loss when the encapsulated device is in operation and is hence,
uRdesifaBle. RS Se&R T able 7 the Gis8ipation factor foF Examphé 1 g c1es
campatable tovithat ebh.Camparative-Examptenl . Hawever,itbe«curablesipation
dué To its IGWer modulus valde at both room and high temperatures as

seen in Table 2. Accordingly, the low modulus value of the curable
C%Eg%iiiogﬁo&gxample 1 indicates that it is capable of relieving stress

b f Comparative Example 201. On the other hand, in
comparili§ bebneemthesdissipatiorfazioredf Examplev ahd onmparativeg ions
Example.2.the use of 1.4%actylic-hutadienesacrylonitrile copalymer 8s; o o+ oq
the stress relief agent in the curable 25 composition of Comparative
EXample i rastits int&F uridesirable in@tasesinihé dissibation frctopepcedure

Cemparative Example 2 to 0:014. Therefore, theyse oh siliconesre  further
core-epoxy functionqﬁl PMMA shell particles resqlts in a curable ,
cOMPBBSition witHa fowdrdisSipation fittorand motullisvHiue s Spaprative
Fiosemp IMoldingwhatesials ohtaised fom curabler compositionssofaddaed. The
E)g@gle 2 aggeC%rggggatgve I?é%rfgl? 1 and 3 were tested' to determine

the spiral flow valdes Using the procedure outlined above. The spiral flow
values are further

c%@%)smogno& %(a%% le 1 IS superior 15 to that of Comparative Example 1

Table 8
Example Comparative Example
2 1 3
1.8%
o No 1.8% Acrylic-
silicone
stress butadiene-
COre-epoxy
_ relief acrylonitrile
functional
agents copolymer
Ee PMMA shell POy
Spiral flow {cm) 51 65 44
Relative Spiral flow (%)
(with respect to Spiral flow 78 100 68
of Comparative Example 1)

In comparing the relative spiral flow of Example 2 to
that of Comparative Example 3, the use of silicone core-
epoxy functional PMMA shell particles in the curable
composition of Example 2 causes lower degradation in
spiral flow as compared to that of Comparative Example 3
which uses Acrylic-Butadiene-Acrylonitrile copolymer in

the curable composition by a magnitude of 10% or more.

Hence, better flowability can be achieved using silicone
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10 tabulated relative to the spiral flow value of Comparative Example 1,
whereby no stress-relief agent was added. The results are shown in Table
8. Table 8 Example Comparative Example Spiral flow(cm) 213 1.8%

_ siﬁgo,ge_gggg{- po&r{%r%c?é%r)ﬁr%%#El\/g}q hel I\é(%%tress r@clijreétfgsents 1'80@’[1:658"

Acrylic- butadiene-"acry e copolymer. 5 &% Retative Spital
flaw(%s fwithapspedtrte Spichl fi6wiof CaohmparativerExample 1)

Acetone Inscluble Content of Blended Matter

The acetone insoluble contents of the blended matter
obtained from Example 2 and Comparative Example 3

according to the procedure outlined above are tabulated in

Table 9 below.

Table 9
Comparative
Example
Example
2 3
1.8% silicone 1.8% Acrylic-
COre—epoxRy butadiene-

functional PMMA | acrylonitrile

shell copolymer

Acetoné Iﬁsoluble
Content of blended 2.3 4.4

matter (wt%)

Comparing the acetone insocluble content of blended
matter of Example 2 tc that of Comparative Example 3, the
blended matter of Comparative Example 3 contains about
twice as much acetone insoluble content than that of
Example 2. Generally, high acetone insoluble content in
the Dblended matter can lead to higher occurrsnce of
incomplete fill during the transfer molding process of the
final molding material and is hence undesirable.
Therefore, the use of silicone core-epoxy functional PMMA
shell particles as a stress relief agent aids in

decreasing the acetone insoluble content of the curable

composition.
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78 100 68 15 In comparing the relative spiral flow of Example 2 to that of
Comparative Example 3, the use of silicone core- epoxy functional PMMA
shell particles in the curable composition of Example 2 causes lower

degradation in 20 spiral flow as compared to that of Comparative Example

3 which uses Acriiic2BRiRlich AL HERRRE 2EHBRnTeraRRie clrable

compositige by,araagnituee 0f 10% or mere. Hengenbetter flowabllity cap  +he
be achieved using silicone core-epoxy functional PMMA shell particles as

stréed Sfetidf Sgenfehdlesd of HUTARRMELBBEr. ABdtonetiRgBlube 3 and

Content of BlendatkMattee 54Theracetene insolublecententgefithe.
blended Jr'natterrggtair&edfror[ﬂ Example2andComparativeExample3

according to the procedursoutifed abdve are tabtiatgd iy resin (Formula
1}, novelac epoxy resin of biphenyl type (Formula IV) and
paraxylene-modified phenolic resin (Formula VIII) were
obtained from Nippon Kayaku Co., Ltd of Tokyo, Japan. The
novolac phenclic resin of biphenyl type (Formula VII) was
obtained from Matsui Chemicals Company Ltd of Kyoto,
Japan. The elastomeric core-shell particles comprising a
silicone inner core and an epoxy-functional PMMA shell
(Genioperl® P53) were obtained from Wacker-Chemie AG of

Minchen of Germany.

Table 10
Comparative
Example
Example
Formulati 3 8

Orthd—Cresol_novolac type of epoxy resin

(Formula I}

[¥8)
+

B
a2
Ln

Softening point: 35°C, epoxy group equivalent:
196g/eq

Novolac epoxy resin of biphenyl type

(Formula IV)

3.2 3.5
Softening point: 80°C, epoxy group eguivalent:
272 g/eg '
Novolac phenolic resin of biphenyl type
(Formula VII)
. . 2.5 2.7
Softening point:107°C, hydroxyl group
eguivalent: 198 g/eg
Faraxylene-modified phenclic resin {(Formula
VIIT}
. 2.4 2.6
Softening peint: 62°C, hydrozyl group
eguivalent: 174 g/eq
Fused silica powders . 86.5 86.5
Carbon black 0.3 G.3
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Table 9 below. 10 Table 9 --- Example Comparative Example Age 2 3
1.8% silicone core-epoxy functional EMMA shell 1.8% Acrylic- butadiene-

acrylonitrile copolymer Acetone Insoluble Content of blended matter(wt%)
2344

“Coupling agent
Gramma-mercaptopropyl trimethoxysilane

3-Glycidoxypropyltrimethoxysilane

)
=
o)
;..,J

Fhenylaminopropyltrimethoxysilane

Curing accelerator:

Triphenylphosphine (TPP) 0.2 0.2

Releasing agent:

Montanic aclid ester wax C.15

Lun R e
(SR WY
[EEE 2]

Oxidized Polyethyvlene wax 0.15

Stress-reld

Silicone core and an epoxy-functional PMMA shall

The components were sufficiently and uniformly mixed
using a high speed mixer for about 10 minutes at about 20°C
to obtain blended matter. The Dblended matter was
subseguently melted and kneaded at 70°C to 100°C using a
bi~axial roll, cooled and grounded tce obtain the resin
composition.

Example 3 and Comparative Example 6 represent curable
éompositions free from flame-rvetardants, as they comprise
of self-extinguishing multi-aromatic-type resin to achieve
flame retardancy. Example 3 and Comparative Example 6
were subjected to the experimental tests detailed above

and the results of thess experimental tests are shown in

Table 11 below.
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Comparing the acetone insoluble content of blended matter of Example 2
to that of Comparative Example 3, the blended matter of Comparative

‘Example 3 contains about 15 twice as much acetone insoluble content

than that of Example 2. Generally, high-aceigne insoluble content in the
blended matter can lead to higher occurrence of incomplete fill during the
transfer molding process of the final molding material.g aQ |§eheﬁ€’éparat”e
undesirable. 20 Therefore, the use of S|I|cone core- epoxy fun tionalanpl.e
PMW@%@&Q@UU% asastess reliefat decrgasingthe 5
acetope-f bieee@enteftheeeara tion—Example-3-and
Comogratlve xamofe 6 The weight ratios of the components maﬁhnq
up thé¥espéstveiurablétéompositions of Example 3 afd:€omparalive
Example 6.aresseen in Jahle 10.below,,. ...1he ortho-Cresol npvolac type
of epoxy resin (Formula 1), novolac epoxy resin of bipheiwd type (Fofmula
IV) asdparabeylereleodified phenolic resin (Formula VIII) were obtained
from g}hppqﬂ d(a)/c%kq &Q.-.1d oI TokyqQ, Japan. The novola¢ phenolic
resih of biphenyl type (Formula VII) was 10 obtained fromMatsui 3.6
Chemieads Company<Ltd 'of Kyoto, Japan. The elastpmeric core-shell

part c&es @@mprismg a siiicone inner core and anepoxy-fypctional Hymvll-\

. aniaonarl Iacnlcar.

sheli- chnlugf Moﬁi‘i’?dsi \@lfggcuukalf - HOM-VWacKet vh&'}é‘.&e AG-of YUh
MiAnchen of Germany. 15 Tahble ({:Examnle Comparative Example

- Forfmiation 3" Sitho-E48di né\‘-?&%f?fntype of epoxy refi (Formuld 1
Softehing pEintEECrepdXy grotp Eguivalent: 196g/eg 3<2:3.5 Novolags0
epo’ ﬁfegga}@hmamerMMe {FOrmgEfa:H¥) Softening Point:60C, epoXy Group
equivalent 2 12 e 32 30T 3 Zom thicimess) | V-0 V-0

Temperature Cycle Test

The results 0f the temperature c¢ycle test as outlined
above for Example 3 and Comparative Example 6 are seen in

Table 12 below.

Table 12
Example | Comparative Example

3 6
28mm x 28mm 208pin QFP, # cycles before onset of die
©.5mm x 9.5mm SiN die corney delamination
Cu leadframe (Ag-plated .

300 150
Pad)

Table 12 indicates +that the curable composzition of
Example 3 comprising the silicone core-—-epoxy functional
PMMA shell particles performed better than the curable
composition of Comparative Example 6 which does not

comprise the silicone cors-epoxy functional PMMA shell
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Novolac phenolic resin of biphenyl type (Formula VII) Softening
point:107C,hydroxylgroup equivalent:199 g/eq 2.5 2.7 Paraxyiene-mod -
ed phenolic resin (Formula VIII) Softening point:62C,hydroxylgroup

eguivalent:1y4 g/eq 2.4, 2.6Fused.silicapowders 86.5 86.5,Carhon blagk. . ¢
0.3 0.3 Coupling agent 0.2 0.2 Gramma-mercaptopropy!
tﬁﬁ@ﬂﬁ&y Gaxpfs rellef agents such as silicone core-

epoxy functicnal PMMA shell particles were used in the

curable composition.

Stress Index Calculation

Stress created <£from the sealing of semiconductor
devices was estimated by the Stress Index procedure as
outlined above. Stress Index at various temperatures (-
65°C, 150°C and 260°C) was calculated using Eguations 1
and 2 above. From the Stress Indexes calculated, the
curable composition of Example 2 comprising silicone core-
epoxy functiconal PMMA shell particles had a lower Stress
Index as compared to that of Comparative Example € which
does not have any stress relief agents therein. Details
are seen in Table 13 below. Therefore, the use of
silicone core-epoxy functional PMMA shell pérticles as
stress relief agents aided in decreasing the stress of the

curable composition.

33



15

20

3-Glycidoxypropyltrimethoxysilane 0.1 0.1
Phenylaminopropyltrimethoxysilane Curing accelerator:
Triphenviphosphine(TPP) 0.2 0.2 Releasing agent: Montanic acid ester
wax 0.15 0.15 Oxidized Polyethylene wax 0.15 0.15 ...$tressr Olief agent
Silicone core and an epoxy-functional PMMA shall 1.0 -

Table 13
Comparative
Exampla
Example
SEfces Tndex Calomation | | 3 6
ﬁstr@ss.iﬁdek at w—65°C.1 {Flexural
i . -2.34 -3.17
Modulus}, kgf/mm
Stress Index at 150°C (Flexural
5 -0.07 ~0.08
Modulus), kgf/mm
Stress Index at Z260°C (Flexural
. ) 0.23 0.28
Modulus), kof/mm
Stress Index at —-65°C (Storage
B -2.32 -2.01
Modulus), kgf/mm
Stress Index at 150°C (Storage
. -0.11 -0.13
Modulus), kgf/mm
Stress Index at 260°C {Storage
0.37 0.44
Modulus), kgf/mm?
Applications

The disclosed curabhle composition ig a epoxy resin
composition suitable for use 1in sealing semiconductor
devices and also one which can improve the thermal cycling
resistance of the epoOxY resin composition while
maintaining good flowability at high filler loadings.

The disclosed curable composition exhibit a variety
of desirable properties such as low dissipation, good
electrical 9performance and enhanced stress relieving
properties together at the same ftime, which is not
possible 1in known compositions due to the conflicting
nature of the desirable properties. Advantagsously, the
disgipation and electrical performance of the disclosed
composition will not be undesirably compromised 1in an
environment of high temperature and high relative humidity
with electrical biased voltage. More advantageously, the
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The components were sufficiently and uniformly mixed using a high speed
mixer for about 10 minutes at about 20C to obtain blended matter. The
blended matter was 5 subsequently melted and kneaded at 70C to 100C

using.a Bkééia'égﬂa%‘ioée%%”d %ré’”%%eeddtoeo%%@é'%ﬂ%ﬁ?” QSmB%%iQrggumte
Example 3 and Comparative %xample 6 represent curableé compositions
free fromrfrieaetardantss as theyp comprisel ot saif-extingdishinge s and

multharomaticityne [esin (o aclugue flame tetardancy. Example 3and -5,

Comparative Example 6 were subjected to the experimental tests detailed
above afd thé feStiEOfIRESe EXFEMEntaPERts afd slown P TABBCTE ses a

below. 15; Tablerl 1 saPPic 1@@%@713&%6‘&3}5’&%&@?9@ @%Qépirélore,
flowCcnO Water absorption(%) 0.15 0.14 a 1, x1025/C(Coefficient of
thetfal expaision BEBRPFO0-8.9°8 25 %1 6-5/6FE6efickett o tnatmaanical

expansion @bove Tk ses due to the lowering of the modulus of
composition, without degrading the flowability and of the
whole composition. Advantagedusly, the Ilower shrinkage
stresses translate into lower CTE and the disclesed
composition is able to pass the T/C tests required by
variouns industries. More advantageously, the filler
lecading does not have to be increased to minimize internal
stresses. Even more advantageously, the particles used in
the disclosed compcsition cause less degradation in spiral
flow as compared  to epoxy resin compositions comprising
butadiene rubber of the same loading. In addition, the
blended matter of the disclosed epoxy resin compositions
comprising silicone core-shell oparticles contain less
insoluble content in acetone as compared to blended matter
opbtainead from EDOXY resin compesitions comprising
butadiene rubber as stress—relief agent.

Due to the fact that the particles of the disclosed
composition comprises an epozxy-functicnal organic polymsr
cuter shell, the compatibility of particles with the resin
matrix is enhanced which in Turns improves the
effectiveness of particles as stress-relief agents. While
not being bound by theory, it is believed that the epoxy-
functionality on the shell can link the particles with the
resin matrix covalently resulting in better temperature
cycle performance of the disclosed composition as compared
to one which does not have particles comprising an epoxy-

functional organic polymer outer shell.
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3.5 3.6 lllill 46 147 Flexural Modulus@25C,kgf/nme 2142 2420 Flexural
Modulus @260C,kgf/nm2 85 100 Storage Modulus @25C(kgf/mm2) 2085
2250 Storage Modulus @260C(kgf/mn2) 135 158 01-94 Flammability

Test(3 2m thiekpess)on OcbR TEMPRIAIE CYple Testy ¢ o ISR, <n
of the temperature cycle test as outlined 5 above for Example and”

Conmpzeatives Exaimplec6aire eefi inFablee 82 bélow. Table 12hExamples, as
CQHgnHaQ%%g§§gﬂﬁe %tresses inherent in the disclosed

composition is minimal.

Advantageously, the elastomeric core of the particles
use in the disclosed composition has high-purity and high
temperature properties and are effective as stress-relief
agents. More advantageously, the elastomeric core of the
particles wused in the disclosed composition has low
temperature fléxibility (due to low lass transition

temperature, Tg of about =-120°C relative to -35°C for

- acrylonitrile-butadiene systems) and is able to withstand

harsh weather conditions and is moisture resistant.

The disclosed composition may also be substantially
free of a flame retardaﬁi: material containing a halogen
and/or a phosphorous. The discleosed composition may not
comprise antimony hydroxide. Advantageously, since the
composition does not comprise a halogenated epoxy resin,
additional disposal costs associated with the disposing of
the toxic halogenated epoxy resin would not be incurrad.
More advantageously, the constituents of the disclosed
curable compositicon may not contribute te environmental
pollution.

While reascnable efforts have Dbeen employed to
describe equivalent embodiments of the present invention,
it will be apparent to the perscn skilled in the art after
reading the foregoing disclosure, that various other
modifications and adaptations of the invention may be made
therein without departing from the spirit and scope of the
invention and it i1s intended that all such modifications
and adaptations come within the scope of the appended

claims.
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6 TemperatiarCY l1le Te -65C - 0 150C ] 28mm x 28mm 208pin QFP,
9.5mm x 9.5mm SiN die # cycles before onset of die corner delamination
Cu leadframe(Ag-plated Pad) 300 150 10Table 12 indicates that the
curable composition of Example 3 comprising the silicone core-epoxy
functional PMMA shell particles p&d@rimsd better than the curable

C.O.mpP?i“O%Ofc%%ng%@tﬁ%% %@PL%@M@%%%?%E%%C%P@S&Q? esin
silicone core-epoxy functional PMMA shell patrticles. There is a two-folEI
1incredsaii teenumiter of Tyclesuwhiern stress feliefagehts sich agving  an

o Sllicopg core-epaxy functional PMMA shell particles wereusedinthe oo ;

curable composition_ 5 Stress Index Calculation Stress created from
PeheRedling6fserfiltdaductor devices was estimated by the Stress Index

procedure as outlined above.Stress Index at various temperatures (-

1065C, 150C and 260C) was calculated using Equations 1 and 2

abové Fromthe Stesslihdexesartidtédrthe turableléGfiposiiontsrin 1.

wixample 3 compusing siliegne - cqien £poxyfypetional RMMAshell oo -2 se s
particles had a lower Stress Index as compared to that of Comparative

2 ExdmpRte Vfieh BPades ActHavE AR stréddrlief 3 bRtEtRdreif D8tailkhe
g Be,seeninsfable A3 belew. Theyeforedheuseof giycidyl acrylate,

epoxyalkyl and epoxycylceoalkyl.

3. The curable composition as claimed in claim 2,
wherein said epoxy-functional group 1s selected from the
group consisting of Z-glycidoxyethyl, 3-glycidoxypropvl,
4-glycidexybutyl, 5-glycidoxypentyl, glycidyl
methacrylate, 2-(3,4-epoxycyclohexyl)ethyl, 3 (3, 4
epoxycyclohexyl)propyl and 4~ (3, 4-epoxycyclohexyl)butyl.

4, The curable composition as claimed in claim 1,

wherein said organic polymer 1s a vinyl polymer.

5. The curable compesition as claimed in claim 4,
wherein sald vinyl polymer is selected from the group

consisting of polyethylene, polypropylene, polybutadiene,

polystyrene, polyvinyl acetate, polyvinyl alcchol,
pelyacrylonitrile, polyvinyl toluene, polymethyl
methacrylate, polyethyl methacrylate, polybutyl

methacrylate, polyvinyl propionate, polyvinyl cyanides

and polymethacrylonitrile.

G. The curable composition as claimed in claim 1,
wherein said elastomeric inner core comprises a material

selected from the group consisting cof siliccene, an
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silicone core-epoxy functional PMMA shell particles as stress relief agents
aided in decreasing the stress of the curable composition. Table 13
Example Comparative Example J3t.dciliation , Stress Index at
-65C(Flexural Modulus),kg.ffmm2 3 6 -2.34 -3.17 Stress Index at

e t5PCLRlexurat Madulus) kafhiam2 -0y Stressitedex atan  isoprene

ru_zéigoﬁc (l,:slte (;(I%rgaéril\\gl%da%llg%))’ ig%%%rng r?ézi:Sura tresrsulg %)1(: ?t butadiene-

styrene rubber, and ethylene-propylene rubber.

7. The curable composition as claimed in claim 6,
wherein said silicone inner core is at least partially

crosslinked.

8. The curable composition as claimed in claim 1,

comprising 5 wtd to 20 wt% of said particles therein.

9. The curable composition as claimed in claim 1,

wherein said particle has a size in the nano-scale range.

10. The curable composition as claimed in claim I,
wherein said particle size is in the range of 50 nm to

150 nm.

11. The curable composition as claimed in claim I,
wherein said epoxy resin is a compound having at least

two epoxide groups per molecule.

12. The curable composition as claimed in claim 11,
wherein said epoxy resin 1g selected from the group

consisting of:

i. & phencl novolac or ortho-crescl ncvolac

type epoxy resin of Formula I

OCH,CH-—— CH, OCH,CH— CH, OCH,CH— CH,
NS NS
R\\f/i\\~ 5 © R\\ ©
(O |
~I ) \\\///
I

Formula I

wherein n is an integer selected from 0 to 10 and
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-2.32 -3.01 Stress Index at 150C(Storage Modulus),kgf/mm2 -0.11 -0.13
Stress Index at 260C(Storage Modulus),kgf/mm2 0.37 0.44 Applications
The disclosed curable composition is a epoxy resin composition suitable
for use in sealing semiconductor devices and also one which can improve
the thernial 8ycling lesistarceieftheepaxyesirocempasition while 0 C,-Cy
alrﬂaiftair%ing ood flowability at high filler loadings. The disclosed
citablé co position exhibit a variety of desirable properties such as low
dissipation, gbod electricay pérforndarce.and:enhapeed sresyreliewingn  of
Fd%%ﬂel‘%ief fogether at the same time, which is not 15 possible in known
compositions due to the conflicting nature of the desirable properties.

Advantageeusly.- thedissipation andglegtricalpgrformance efithe,cH-— CH,

disclosed composition will not be 4 ndesirably.compromised in an ™

‘environment of high tempéﬁ@qﬁ&gh ive hurRidity 20 with ©
% albidse - More~advaritageausgly, the disclpgédhCurable
T bk eatoc o

3 sed effactively ta enda%iaie or pagkage_el élgctronic
devices and\semiconductor devices such as capacitors and transistors. As
the disclosed curable composition also comprises a 5 plurality of particles
having an elastomeric inner coFe;the tardlile composition possess lower
thermo-mechanical shrink stresses due to the loweri f the modulus
of cOBato, WUt dogi he TOHCOIt andoh tha whores - Shd
composit@atlAdvahtageodstystihécowesy shrifkagectestresses transtat€: —C
a liQ Ioggi T;E and the disclosed composition is able to pass the T/C tests
requir various industries. More advantageously, the filler loading
does not haveite Belingrégased totmirdmizecinternalsstressés FEvenimore I 1
advantageously, the particles used in 15 the disclosed composition cause
less degradation in spiral ddmpared to é%oxy resin compositions
e same.loa ”{,g_ In addition, the blended
tter of the disclosed epoxyTe OSitioRs compyisi ljicone
3{?@” attidid=donita Q ) & [ent’in ggfé%gm%ﬂ*“ CH,
compared to blended matter obtgined from_epoxy resin compo ition€’
comprieing butadiene rubbef as Stress-refief agent.  Due to th@fact that
the particles of the discloBed comﬁ%siﬂ%n complises an epoxy-functional
organic polymer 25 outer shell, the compatibility matrix is enhanced which
effectiveness of particles as noPbaingbotht by theory, it functionality on
the shel:cain obparticles withithe¢esiAdently a hydrogen atom or a

C1~-Cy alkyl group:;
iv. a Dbiphenyl alkyl modified epoxy resin of

Formula IV

OCH,CH-— CH, OCH,CH— CH,
R \O S R \\O S
CI—I2<O>—<O> CH, H
. N

Fermula IV
wherein n’ is an integer selected from 1 to 11, and
each R 1is independently a hydrogen atom or a C;-

Cq alkyl group:;
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in turns improves the stress-relief agents. While is believed that the
epoxy-link the particles with the 30 resin matrix covalently resulting in
better temperature cycle performance of the disclosed composition as
compared to one which does not have particles comprising an
epoxyfunctional oeganie palymerautercshell i sphefhe disglosed
compositionvif also suailtlab:[;e fpr use i% Clﬁrgg ggalg lc,|ooa}§:kaging:.Lof devices
with large chlp"sizcés,pas the intermnal stresses inherent in tha disclosed
compositiorvisimininral 1 £ 1 -Advartageously; the elastoryericedre;of the
particles use in the disclosed compasition has_high-purity and high
temperaturéV 6rlolp'er%lle§1 an %}g%?ge%ti\%g s st?gggs%yglfé?éégﬁts. More
5  ixadvamtageously; therelastomeric/perecofabiey paricles usedbinthatures
th%i%%@%‘?d composition has low 10 temperature flexibility (due to low glass
transition temperature, Tg of about -120C relative to -35C for
acrylonitrile-butadiene systems) and is able to withstand harsh weather
condjtions anclis maisture resistants The disclosed egmposition may.alsp ;|
be substantially 15 free of a flame retardant material containing a halogen
fuaRdIei-a pROBpHETONS. Thé aistibsed tomposithtmay not comprise
10 antimony hydroxide. Advantageously, since the composition does not
comprise a halogenated epoxy resin, additional disposal costs associated

with #fe dispbsing'6f 20 tRe tGXPREI0GeAAted BpEXT HESHA whlildFhdt B 13
whibgdrred. Morejadyantageously; the canstituents of the dis¢losedicurables i
composition may not contribute to environmental pollution. While
CUisHEBnaBRCEHorts A¥ve Beehempfiyell to D5 deBEB¥ eqGivalert uPs  per
moe@badiments of the present invention, it will be apparent to the person
skilled in the art after reading the foregoing disclosure, that various other
15 modifications and adaptations of the invention may be made therein
withqut departing-fremiihe spistt,and seopa obthedQ invendtiamard Kis 14,
intended that all such modifications and adaptations come within the
Wh@&beifenofstﬁé'%pBEﬁ&’@&&Iﬁirﬁ&sﬁhirﬁgrm(jl). PElrablecompesiion T F o
theonyprsipg @nrepoxy rasind admixture with a plurality of particles having
an elastomeric jnner gore anq an eé)oxg-functipnal %rgkalnic 5 J;_)oly\r;}er outer
shel© 2 T%éecrﬂ?ablg%%?n&o%itl 4s Claimed i claﬁﬁ“ﬂnlﬂfwﬁereln said
20 epoxy-functional organic polymer comprises at least one epoxy-functional

groupji?fcted from the 10group consis Eg of glycidoxyalkyl, glycidyl Ol
]

acryla poxyalkyl and epoxycylcoalkyt. 3. The curable
g compgsition as claimed in claif 2, whetein said epoxy-functiongl group jis

“-&@s‘ the 1
+

and 4-(3,4-epoxycyclohexyl)butyl. 204.The curabje composition as

claimed in claim 1, wherein said organic %olymer is a vinyl polymer.
Formula VI

group consisting-af 2-glycidoxyethyl,

wherein n is an integer selected from 0 to 10, and
gach R 1s independently a hydrogen atom or a C;-Cy

25 alkyl group:
ii. a biphenyl alkyl modified phenolic resin of

Formula VII
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5. The curable composition as claimed in claim 4, wherein said vinyl
polymer is selected from the group 25 consisting of polyethylene,
polypropylene, polybutadiene,
polystyrene,polyvinylacetate,polyvinylalcohol,

polyacrylonitiijg,polyvinyltoluene,polymethyl OH
methacrylate,polyethylmethacrylate,polybutyl methacrylate, polyvinyl
pr@pionate, 6. The
curab IS iMeg [ S ericinner
core cojmj e,
an ethylene

nitrile rubber, nat n'

ethylene-propylene rubber. 7. The curable composition as claimed in

claim 6, wherein said silicone ffereéfe i§%at least partially crosslinked.

8. The-eurable composition as, clajmed in.claim 4y 10 comprising § W%, 1o,

20 wt% of said particles therein. 9. The curable composition as

claimed in@&ith R witerem e paficielasta Bivd iR #fdinaic8cale & Ci-
c,range:11510-:The curable composition as claimed in claim 1, wherein said

particle size is in the range of 50 nm to 150 nm. _ 11. The curable

compasitior ad eaftied i @amr 1L 56 Stheréif Raid- Epd§Tedings aformula
v1gompound haying at least two epoxide groups per molecule. 12.

The curable composition as claimed in claim 11, wherein said epoxy resin

is sel&ctéd from the group 25 consistﬁﬁlof: i. a phenol novola

kf Formula | wherein n is ag integer

' penden droge

mula atéger selected from O to 10, a
each R is independently a hydrogen atontofta 01-C4 alkyl group; 10iii.a
biphenyl type epoxy resin of Formujalll H2ECHCH20 No / OCH2CHCH2

wherein n is an integer selected from 0 to 10, and

each R 1is independently a hydrogen atom or a C:-Cy
alkyl group:;

iv. a dicyclopentadiene-modified phenclic resin:

V. a multifunctional phenclic resin;

vi. a naphthalene type phenolic resin;

vii. a triazine nucleus type phenolic resin; and

mixtures thereof.

16. The curable composition as claimed in c¢laim 1,
further comprising an inorganic filler selected from the
group consisting of fused silica powder, substantially
spherical silica powder, crystalline silica powder,
secondary agglomerated silica powder, porous silica
powder, silica powder obtained from grinding secondary
agglomerated silica powder or porous silica powder,

alumina, and mixtures thersof.
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No / Formula lll wherein each R is independently a hydrogen atom or
a C1-C4 alkyl group; 15iv. a biphenyl alkyl modified epoxy resin of
Formula IV Formula IV wherein n' is an integer selected from 1 to
11, and 20each R is independently a hydrogen atom or a C1- 04 alkyl
group; Vv, an epoxy resin of bisphenol type; vi, a paraxylene-modified

epoxw?swié;amiur'g-éﬁ%cﬂ%ﬁﬁxg% £pQxy resin;.viij;a naphthalgne type,
epoxy resin; 5 ix. a triazine nucleus type epoxy resin; and mixtures
fuhéreaf. IMhelcurableacompositibnzas-claimad inclaml g fhfte rom the

g:APrIsing Aesin ying agent. 144106 surpdle.semposltianas claimsg)
in claim 13, wherein said resin curing agent is d phenolic resin curing

 rHgent havipgoatdeastawd BREnolicigeoups  perimsletlrn 1B THERUfable <~
meGAmRgsiien ag claimed\n claim 14, whereip said phenolie resin curing

agent is selected from the group consisting of: i.a phenol novolac type
resin of Formula VI OHOHOH Formula VI wherein each 25alkyl group;

ii. a biphenyormulaMil e composition as claimed in claim 1,
further comprising a flame retardant selected £from a

metal hydroxide.

1%, The curable composition as claimed in claim 1,
wherein saild metal hydroxide is at least one of aluminium

hydroxide and magnesium hydroxide.

2G0. Use of the curable composition as claimed in
claim 1 as a sealant for a semiconductor device.

21. A curable composition comprising an epoxy resin
in admixture with a plurality of particles having an
elastomeric inner core and an organic polymer outer
shell, wherein said composition excludes at least cone of
a halogen-containing flame retardant; & phosphorous-

containing flame retardant and antimony hydroxide.

22. The curable composition as claimed in claim 21,
wherein said organic polymer 1s an epoxy-functicnal

crganic polymer.

23. The curable composition as claimed in claim 22,
wherein said epoxy-functional organic polymer comprises

at least one epoxy-functiconal group selected from the
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alkyl modified phenolic resin of OHOH Formula VII  wherein n' is an
integer selected from 1 to 11, and each R is independently a hydrogen
atom or a C1- 5 C4 alkyl group; iii, a paraxylene-modified phenolic resin of
Formula Formula VIl 10wherein n is an integer selected from 0 to 10, and
geach Résimgdependgntlyp 8 hydrggéniatom Dk alCl-C4A atkybHgrouppdrdlate,
o d(;n}:{ycég perga%igge-moqyi%d EQ%”%'HQ resin; v. a multifunctional phenolic
Hesi ; 5vi. a naphﬁ’lpa(fer}/e K/pe pghén IC resin; vii. a triazine nucleus
type phenolic resin; and mixtures thereof. 16. The curable composition as
clairrﬁgnin %@ %uzro uEthr com rsigii_g an igorgggicifillg&sglﬁctggafr%m23’
the group consisting o tsed silica powder, su%stanﬁaﬁrﬁ/ spherical Silica
wipoweder, crystallinesiiga bowdel csecbndary aygliomeratedsilich powder the
Us silica silica.po obiai grindi .
oA ST oo or o018 Sl poudor. altiia.SadDeeBy L,
dahygredanereet.yl,  17. TheScurablelcbrmpesitioryas claimed inddlaipd dy L

ndUffher-compusing a cyring ?@%@5@59&%'?&?@%’2 dhey 1, 3-(3,4-

groupcon5|§tingofdiazabicycloungecene(080), 5 friphenylphosphine
eNTPRYYBérAfdimethylamine (BOMAY, 2 rhetiyfirmidazelems)) ardg v .
mixtures thereof. 18. The curable composition as claimed in claim 1,

further comprising a flame retardant selected from a 10 metal hydroxide.
19. Fhe-curabR compBsiforcaselaitned ificlain ElwhBRM said Fedm 21,

wHydroxide is at leastone-obalumipium: hydroxide and-maghesium

hydroxide. 15 20. Use of the curable composition as claimed in claim

1 as a sealant for a semiconductor device. 21. A curable composition
comprsing BnLpoxy sesia 204madaixture with apluralityof particlesm 25,
having an elastomeric inner core and an organic polymer outer shell,

"IhErdn s3id Bonpdsition BRAIUTES at i€asténe 678 Ralogeticohtdinirfyr © 4P

coflame retagdant, aphesphorauseqntaining-flame retasdant andiaptinomne ,
hydroxide. 25 22. The curable composition as claimed in claim 21,
DOhKETA SaRr orgaRC DERTEs arfEEbRERctioRS SFIaRE polyEohoL

polyacrylonitrile, polyvinyl toluene, polymethyl
methacrylate, polyethyl methacrylate, polybutyl
methacryiate, polyvinyl propicnate, peolyvinyl cvanides

and pelymethacrylonitrile.

27. The curable composition as claimed in claim 21,
wherein said elastomeric inner core comprises a material
selected from the group consisting of silicone, an
ethylene . propylene diene monomer rubber, an isoprene
rubber, a nitrile rubber, natural rubber, butadiene-

styrene rubber, and ethylene-propylene rubber.

28. The curable composition as claimed in claim 27,
wherein said silicone inner core is at least partially

crosslinked.
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3023. The curable composition as claimed in claim 22, wherein said
epoxy-functional organic polymer comprises at least one epoxy-functional
group selected from the group consisting of glycidoxyalkyl, glycidyl
acrylate, epoxyalkyl and epoxycylcoalkyl. 24. The curable
compbsitionTas:=claimedb ineclainr®3d,s5 whereir saidleporydurictionakgroupl,
is selected fram the group,consisting.of 2-glycidoxyethyl .
C%TE‘&%%%%EW ﬁ-g ?c%gxy"ﬁ%ﬁylfg -gfyachq o@%g%@f%?ysci&ykfemlm
methacrylate,2-(3,4-epoxycyclohexyl)ethyl,3-(3,4- epoxycyclohexyl)propyl
and 4563, 4-epoxyeyclohexyuy 40; . ,25..The curable pomposiion as, ;|
claimed in claim 21, wherein sal(f)organlc polymer is a vinyl polymer.
wi26rFhe cerablecompositionassclainged in dlaint 25, 18 whesain saidvinglke .
polymer is selected from the group consisting of polyethylene,
polypropylene, polybutadiene, polystyrene, polyvinyl acetate, polyvinyl
alcohdl, -pol\Hctylonitdle jpolysitokiehegpolyirethye ined in claim 21,
w{nethagrylate, polyethylmetbacrylate, polybutyl 20 methacpdate spolyyingl, -
propionate, polyvinyl cyanides and polymethacrylonitrile. 27. The
1 ZéraBle composition as claimed in claim 21, wherein said elastomeric
inner core comprises a material 25 selected from the group consisting of

silicone, an ethylene .propylene diene monomer rubber, an isoprene _
rubber? a nitrile rubbér, fatifral fibbertRitadieRs-siferre ket afd claim

2 ethylens-prapylenequbber,, 3028. The cyurable.gampasitionas.claimeddn oup
claim 27, wherein said silicone inner core is at least partially crosslinked.
CoIgs ThHe'ctFablé ‘composition as claimed in claim 21, comprising 5 wt% to
20 wt% of said particles therein. 30. The curable composition as
claimed in claim 21, 5 wherein_said particle has a size in the nano-scale
range.:  B1PTREChrabREoHisosifion & daméd FEddim Y IireirtYPe
ersaid; padicle size isrthe range of 50 nm to 150 rum 10 32. The
curable composition as claimed in claim 21, wherein said epoxy resin is
selected from the group consisting of: 15i. a phenol novolac or

ortho(gcqngpp_\@l@gtype epoxy r%gtﬁpjr_m&% Formula | OCH,CH— CH,
NS

Formula I
wherein n is an integer seliected from 0 to 10, and
each R 1s independently a hydrogen atom, or a {1~y
alkyl group;
ii. a dicyclopentadiene type epoxy resin of Formula

1T
OCH,CH— CH, OCH,CH— CH, OCH,CH~— CH,

r NS R\/j\ N R, | N7
FOHOZO

<

Formula I

@
\

i

wherein n is an integer selected from 0 te 10, and
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20wherein n is an integer selected from 0 to 10, and each R is
independently a hydrogen atom, or a CC4 alkyl group; . a
dicyclopentadiene type epoxy resin of Formula OCH2CH- CH2 N OC
2CHCH2 iNo / n Formula Il wherein n is an integer selected from 0 to 10,
and eamach R is indeperdehilyta hydrogen atgraror atCi-ChralkylC.-C,
a%o p; iii.g biphenyl type epoxy resin of Formula 11l H2ZCCHCH20 \c) /
¢A2EH CH2 No / RR Formula 111 wherein each R is independently a
hydragen. atornigrreeCiC4 wiky| groupy vk aipheny| BtkyinmbaifietiZepoxy
resin of Formula 1V 10

R R R R
SN/

H,C— CHCH,O @ @ OCH,CH— CH,
NS NS
O 0
R R R R

Formuia III
wherein each R 1s independently a hydrogen atom or a
Ci1-Cq alkyl group;

iv. a biphenyl alkyl modified epoxy resin of Formula

v
OCH,CH— CH, OCH,CH— CH,
. N . NS
CH2<O>—<O>— CH, H
.

Formula IV
wherein n’ is an integer selected from 1 to 11, and
gach R is independently a hydrogen atom or a Ci-
Cy alkyl group;
v. an epoxy resin of bisphencl type;
vi., a paraxylene-modified epoxy resing
vil. a multi~-functional tType epoxy resin:
viii. a naphthalene type epoxy resin;
ix. a triazine nucleus type epoxy resin; and

mixtures thereof.

33. The curable composition as claimed in claim 21,
further comprising a phenolic resin curing agent selected
from the group consisting of:

i. a phencol novolac type resin of Formula VI
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Formula IV wherein n' is an integer selected from 1 to 11, and each R is
independently a hydrogen atom or a C1- C4 alkyl group; 15v, an epoxy
resin of bisphenol type; vi. a paraxylene-modified epoxy resin; vii.a
multi-functional type epoxy resin; viii, a naphthalene type epoxy resin;

iX. a triazine nucleus type epoxy resin; and 20 mixtures thereof. 33.

The cuable composition as claimed in claim 21, further comprising a OH

pheno sin curing agent selected fro e group consisting of: 25i.a
Rphenol novolac type resin of Fo&nula VI; OHOHOH Formula \ﬁ wherejn
is an’integer selected from 0 to 1Q, chR is independently
hydt i- Ik ' atkyl ifi
ph mula VIl OHO VII whereinn'is a

integer selected from.1 to 11, and each R is indeggndently a hydrogen
atom or a C1- 04 alkyl group; iii, a paraxylene-modified phenolic resin of
Formula 15VIIl Formula VIl E4HBYdiA n'i§ an integer selected from 0 to

10, apdgach-Ris indepgndentlya hydrogen @demaf @:05-04 20 alkyla ng

group; iv. a dicyclopentadiene-modified phenolic resin; v. a multifunctional

2 phenolic &Sift; Vi. BhapMtFAEnE fipe'phenoli¢ fegAen atom or a (-G
alkyl group;
ii. a biphenyl alkyl modified phenolic resin of

Formula VII
OH

7@{“@%@ wE 3

Formula VII

wherein n’ 1is an integer selected from 1 to 11, and
each R is independently a hydrogen atom or a Ci-
Cy alkyl group;
iii. a paraxylene-modified phenclic resin of Formula
i5 VIIT
?PI

OH OH
R | R R
jeoe LRe
kol

Formula VIII u
wherein n is an integer selected from 0 to 10, and
each R 1s independently a hydrogen atom or a Cy~Cy
20  alkyl group:
iv. a dicycleopentadiene-modified phenclic resin;

V. a multifunctional phenclic résin;
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vii, a triazine nucleus type phenolic resin; and mixtures thereof. 34.
The curable composition as claimed in claim 21, further comprising a
flame retardant selected from a metal hydroxide. 35. The curable
composition as claimed in claim 21, 10 wherein said metal hydroxide is at
leastone ofalum@jhm@ydmid@@m nagnesium hydroxide. 36. Use
of the curable c osmon as clai ed in ¢claim 21 ?ﬁ‘ sealant for g

semiconductor eV|ce CIBCAL MPOS Abstra&a®/  and

matable sontpesition .comprising an epoxy resin in admixture with a
plurality of particles having an elastomeric inner core and an
epoxy-functional organic polymer outer shell. (No suitable figure)
34. The curable composition as claimed in claim 21,

further comprising a flame retardant selected from a

metal hydroxide.
35. The curable composition as claimed in claim 231,
wherein said metal hydroxide is at least one of aluminium

hydroxide and magnesium hydroxide.

36. Use of the curable composition as claimed in

claim 21 as a sealant for a semiconductor device.
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A CURABLE COMPOSITION

Abstract
A curable composition comprising an epoxy resin in
5 admixture with a plurality of particles having an
elastomeric inner core and an epoxy-functional organic

peolymer outer shell.

{(No suitable figure)
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