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A CURABLE COMPOSITION Technical Field The present invention
generally relates to a curable 5 composition. The present invention also
relates to a curable composition that is substantially free of conventional
flame retardants such as those containing halogen and/or phosphorous.

10 Background Curable rtgsi‘?\%#é‘ési §ﬁ%‘ gﬁégg%poxy resin
compositions are plastics, which are commonly used to encapsulate a

variety of electron@c compoper&té [—%‘9&% fléo{n ef&lpacitors and_ transistors

to central processing 15 units and memory dévices. Epoxy resin
composktionsiaves graduaity evolved datocarediplexdbemakation 2 curable

capfaining.as, many-as 20 different raw materialg, which are addedin -
multiple processing steps, eac statlstlcaYIy conirolled o ylel%l a tniform
aRbredictablecsms produtt. 20Thically, epoxdriesimodompbsitionsree  of

coptain at least ffive-classes of raw matesials, namely.organic resips,. - - ining

fillers, catalysts, releasing agents and pigments or colorants. Fillers are
NBALTERAgIRBIGHNIE tBRASC Catalysts are compounds that are

included to accelerate 25 the cure reaction. Releasing agents enhance the
ease of retrieval of the epoxy resin, which has an adhesive nature, from

the mold. Pigments or colorants at& &RE348%jive the final composition

the desited eblos. Othes taw makeriads, suehas flame-retagantsoxy  resin
adhesmni%:ogwnoster% 30 |orgtar1%[%% agd str%sis(-:rgllef agents maé?{also be

added 1o the epoxy Tesin'composition ad appropriate. Iy FEEEHt timeg S84 to

irfustielrégbigementsaaflatger dies sthinner packagesynewspackage anging
designs. smpaller device feature.sizes apd reliability of packaging have 1
units and memory devices. Epoxy resin compositions have
gradually evolved intc a complex formulation containing as
many as 20 different raw materials, which are added in
multiple processing steps, each statistically controlled
to yield a uniform and predictable end product.

Typically, epoxy resin compositions contain at least
five classes of raw materizls, namely organic resins,
fillers, catalysts, releasing agents and pigments or
colorants. Fillers are non-melting inorganic materials.
Catalysts are compounds that are included to accelerate
the cure reaction. Releasing agents enhance the esase of
retrieval of the epoxy resin, which has an adhesive
nature, from the mold. Pigments or colcorants are added to
give the final composition the desired colcor. Other raw
materials, such as flame-retardants, adhesion promoters,
ion traps and stress~relief agents may also be added to
the epoxy resin composition as appropriate.

In recent times, industrial requirements of larger
dies, thinner packages, new package designs, smaller

device feature sizes and reliability of packaging have
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also resulted in the continuous evolvement of epoxy resin compositions.
For example, low stress, anti-popcorn and high thermal conductivity
epoxy resin compositions are subsequently developed to meet the

spegific requirements 5 of the devige sizes aQQ&‘%P&E‘Qﬁ?%‘?‘%%%% resin

properties. In addition, the industrial need for encapsulated devices
raeepineidasingly stringertasechanicall Yequireifehts, has fed rapesh and

fRx the fermylation 056‘1%&(1@P%Hg.s%%iélg?osl%@éﬁﬂye' ¥tl€ions are
temperature 10 cycle test (T/C), which involves exposing a device to
SHEPREENG TémpPerdftife eXtefes Cdetémtinds the BBty ‘ofa devite foments

withstaad qeechanical stresses andds tised as ahenchinarkpetesting.
suitable epoxy resin composition candidates. Other favorable factors
inherent™5 M5 ehoky resih ompBSitichsueh ad o codffitiertgtpsutated
thermakexpansion (GZE} as weltas low maadulus éwhichgeantributestanical
low stress) , are also determinative of the compositions suitability to be
J&ﬁ?ﬁf%eﬁ%ﬁ?1;}' —ég QMPOSION. S quity 19 ofonew

as . Fo u Oxm
Ustrial app ications. The importance of a low stress
epoxyyresireeompositiopds accemtsiated whenihe chip sizehef thesdewiceture

ta be,packaged increases. I SUch insfas eé? Jeduging. the CIE otfbe, ..
€epoxy resin composition becomes particularly significant I minimizing
intehsalrstieisse s, preserittkoWIREPERE Fosindsuepositions dipe2zbility
typically jilled vath.fused silica at 80 to. 90 pereent wiw,- loading. 3ipce ey geq
CTE of fused silica is about 10% that of epoxy resin, an increase in the ‘
filér lo&ding"WiCFetiiice CIE “The thadidoff howévert ’dthat indleasing resin

filler,gontent also degrades-the flowability angdupeduytus 30 of the matefialrent

To overcome this dilemma, stress-relief additives are usually added i'ntoJr
anepdXyRSSHY cBfpositiGRTE fawer e tidtio-machinical ShrMkage ™t °F
stresses by lewesingitbe modulus okgpowyIesinas low modulus (which

contributes to low stress), are also determinative of the
composition’s suitability to be used for certain
industrial applications. The importance of a low stress
epoxy resin composition is accentuated when the chip size
of the device to be packaged increases. In such instances,
reducing the CTE of the epoxy resin composition becomes
particularly significant in minimizing internal stresses.
At  present, known epoxy resin compcsitions  are
typically filled with fused silica at 80 to 90 percent w/w
loading. Since the CTE of fused silica is about 10% that
of epoxy resin, an increase in the filler loading will
reduce CTE. The tradeoff, however, 1s that increasing
filler content alsc degrades the flowability and modulus
of the material. To overcome this dilemma, stress~relief
additives are usually added into an  epoxy  resin
composition to lower the thermo-mechanical shrinkage
stresses by lowering the modulus of epoxy resin

compesition.
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composition. 2 In known epoxy resin compositions, one of the most
commonly used stress-relief agents used includes acrylonitrile-butadiene
rubbers. Although butadiene rubber is known to be effective for modulus

reductiqn, tqqe 5 resultant epoxy resin composition tends to exhibit .
drawbabks SUEH'Ds HIGR HbsPATaR factor {Tiore gl 1588 ofthe the most
enecapsulafed dewiee) and poetelectricat perfarmance (Cirewisy corroston)des
" an.sndronment of high.temperare and high relative humidiy with 19,
electrical biased Vo age. Moreover, known epoxy resi cOmpositions that

utitize kothen eldstomesic stressaeligfeagents asme substitute-fotubutaciene the

r0ehin.an. attemat o rediice the prapiemeqf, Digh disslpationand Ragrsps ¢
electrical performance, do not 15 exhibit effective stress relieving
prépErtias thie 1 psor acé’onﬁiaﬁbilitﬁéﬁﬁ@élﬁéwmeﬁécsm@“@s-r@i@fageﬁgnal
with ghe gesing whichusyally forms; the;majn.companent of the  ePOXY: »: ¢z 1
resin composition. In view of the apparent conflicting needs of low 20

FSSIp ISR Rodd dlettifcat paiformants B5aell asthe? Buphisr pegent  of

relieying preperies: these is aneed tg provide-a gurahle compasition that,s
exhibits all of these properties at the same time without compromising

ARy one” of tHese froperiies- affhe-expense of satisfying another. 25
Furthermoredn<@rdeiocneetihexrequisementsoal flamei refardangy, utilize

SoMme.knawn epoxy fesin compositions, incorporate halogenated epoxy, . .
resins. The mcorpora%lon 0 héslogenate% epo?<y réSinsin Some epoxy
résih cohipesitionsbeesults inedisposatprablems dedio¢hectoxicity @f 38ms of

Eﬁigggﬁ?g;fgﬁt@%%?g:dﬁe?ﬂgﬁés l?g&iﬁitagﬁékad?%Q&Ofpeﬁeﬂ%&}%@%. ghaveto, .

exhibit effective stress relieving properties due to poor
compatibility of the elastomeric stress-relief agents with
the resins, which usually forms the main component of the
epoxy resin composition.

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

Furthermore, in order fo mneet the reguirements of
flame retardancy, some known epoxy resin compositions
incorporate halogenated epoxy resins. The incorporation of
halogenated epoxy resins in sdme epoxy resin compositions
results in disposal problems due to the toxicity of
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 halogenated epoxy

resins, increased operating costs are incurred.
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safe disposal of any unwanted or excess halogenated epoxy resins,
increased operating costs are incurred. 3 There is a need to provide a
curable composition that overcomes or at least ameliorates one or more

of the disadvantages described above. 5 Summary. According to,a first __
aspect, tHEfSis providBd % curabié R8hiPosition demprsiigEn apdxy”” ©hat
resiarincatisixtae with alplarality ofipattictes bavinghan elastameric inner the
core and an epoxy-functional grganic_polymer outer shell. 10
A%lv%%?ggeno&ﬁe,%lgépsa?ﬁéngg%%%ﬁ ggin the curable composition may
function as stress relief agents. Advantageously, the particles may aid in
substantially improving the thermalgygling.resistance of the curable
composition. Advantageously, the particles™ 15 can be used at a higher
tempera&tofe tiskmeon¥entiénal $tress-rélfefegents theréxamplepievided a
péﬁ%fﬁ%ﬁ@%ﬁ%o@e@imhe&ﬁ?%%% urable.composition at &, aamixcure
temperature_less than about 150C, or about 110C to about 120C. =~
Atcordifig B-252Eo6hd aSpedtifiete 1$provied ise* 20%F I5é elifdble  inner
cempositien as claimed-inclaim: asa seglantdorna serugoRAUEier shell.

device. According to a third aspect, there is provided a _curable

compositiorf Bomphsing ai epdky Rt i admixkn@’ with plurdiity of *r221¢
pattictes having am elastormetiednrer 25 ceresandan o©fganiepotymer
outer st}gclil{fwherein saiq composition does n tis bstantialrl% comprisE dat
least orié" of & ata('i’c'?(ffélns-cgﬁtainin‘g ame retardan ,easphosp Sorous-
centasniagfiamé yetardant oi aptimoay hydroxide. Advantageoeslystience of
composition ot the dhiyd aspeqt, 30 may, oLieaue f,08pgenated eowy; oo s
resin compound or a halogenated phenolic resirn compound to be

pﬂ@ﬁdege used at a higher temperature than conventional

in

stress-relief agents. For example, the particles may be
used in the disclosed curable composition at a temperature
less than about 150°C, or about 110°C to about 120°%C.

According to a second aspect, there is provided use
of the curable composition as claimed in claim 1 as a
sealant for a senmiconductor device.

According to a third aspect, there is providéd 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
cemposition deces not substantially comprise at least one
of & halogen-containing £lame retardant, a phosphorous-
containing flame retardant or antimony hydroxide,

Advantageously, the composition of the third aspect
may not regquire a halogenated epoxy resin compound or a
halogenated pheneclic resin compound to be provided

therein.
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therein. 4 According to a fourth aspect, there is provided use of the

curable composition of the third aspect as a sealant for a semiconductor
device. 5 Definitions The following words and terms used herein shall

have the meaning indicated; The term "elastomeric' is to be interpreted
broadly’t& Mcfide arly’ materighthat istapable of UHtefgoig 467796 use
deforroation ©r elongatiarowhen i stess isfapplied, anditodssubsiastially 2s  a
returT E'i[ojts previous conéigu&%&n Wh%g the stress is removed. The term

‘gﬁgxy-?ﬁnciti%%a? i$ 0 bEin erpre?é:d rgégﬂ?/'to include any organic

functional groups that are 15 capable of forming covalent bonds with an

epoxy resin compound. The epoxyfynctional grganic polymer shell
disclosed herein may have epoxy groups that are grafted or attached to a
polymefi&backBoriersuch that dfe eépokyt groudpsiaredisposetratthe 1l have

t@gginﬁgggq%gf the,palymer.or 20 form the pendant groups of the

polymer. The term "nano-scale’ is to be interpreted to include any
dimensiBing tHetdte DBIOW ABBEET M, pteferably ot 5DTHhT6 UbotE 0241 Y

150 nivenabeut 109 nmsThe term “migro-size' itohe interpreted4@ergoing
include 25 any particle size that is between about 1 m fo about 1 mm.

THeL AR Ticfo-Sz e SR Indiied &Ry fartich® Se'thaf BoAbdt 27 M +°

osht:abetti 50 ¢:, abeulx20 mdo abeut 106-mpakout-460 Mm taaboiti50sihen
m or about 40 m to about 100 m. 30 The term "C1-C4' is to be interpreted
btf’glgdl)s/%elﬁ%luldse é:ne;?a(%?@%nic functional group that has 1, 2, 3 or 4

carbon atoms.tEneterne fCEC4 alkyl istoalié intépreted be interpreted

broadly to include any organic functional groups that ar@'
capable of forming covalent bonds with an -epoxy resin
compound. The epoxy-functional organic pelymer shell
disclosed herein may have epoxy groups that are grafted or
attached to a polymeric backbone such that the epoxy-
groups are disposed at the terminal ends of the polymer or
form the pendant groups of the polymer.

The term ‘nano-scale’ i3 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 ‘micre-size’ 1s to bhe interpreted to include
any particle size that 1s between about I pm to about 1
mm. The term ‘micro-size’ further includes any particle
size that is abcut 20 um to akocut 150 um, about 20 um to
about 100 pm, about 40 um to about 150 um or about 40 um
to about 100 um,

The term ‘C1-C;° 1z to be interpreteé broadly to
include any organic functional group that has i, Z, 3 or 4
carbon atoms. The term ‘C;-Cs alkyl’ 1s to be interpreted

broadly to include any alkyl radical that has 1, 2, 3 or 4
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- broadly to include any alkyl radical that has 1, 2, 3 or 4 5 carbon atoms.

The 'C1-C4 alkyl' includes any straight- chained or branched methyl, ethyl,
propyl, butyl, or isomeric forms thereof. The word "substantially" does not
exclude 5 "completely” e.g. a composition which is "substantially free"

fOPT 9 Mhay? bEEdmpletEi\Ffreciroft Y AWAEk neBEEsStheWordt raight~
"stkstaatiallys may be-emitted framnthe, definition of the invention, Unless .
sfee'cified otherwise, the terms "comprising” 10 and "comprise”, and

g

Sfatical vardrts therot ~are intended to represent "open” or

“inclusivetidanguage such ‘thattheyrinclude yecited glements byt alsO e x -1 ude
p*e{r:rgli”[t1 i:[lg][lt,l jon,of additional, unrecited elements. As used herein, the

S Y W > -
term "about”. in the context of “T5eGHcentrAtions oF Componertdrtrg tLal 1y
fdrmmd4tionts; otypicallymeanso+/- 5%nbtherstated Yalue, moredypigally where

+- 4% of t_lg stafs value, mare typically +/- 3% of the stated value, mor
typeicalﬁ/, i/%% oePt e%lg%gt(:e{g VSIL&%F?S %ea\llrg%lr%grlé/ typfggﬁy J;%/? 195°6F the ¥ Eron
stated Yafue) vhdcevert 20 mote wepicdllyr+/- 0.5% of the stated value.

ThrOUghMé@@ di§ﬁ'@§9@e§§rt%@ﬁmd§.@,ent%I%ayt%%ggsc'q%%d i r%sing"

range fo"rmat. It shoyld be understood that the description in range format
i€RerelyF6rohvenience éhd Brevigand-should #ot detconstivettas an are

2brintexible limjtation anstherscopg of thediscloged  ranges. @%%{gg@gy, such
the description of a range should be considered to have specifically

distidsed difthe pHeSibIE SsubbaRbEEhs WetFaS Haivid bl hunferk@al  permit

valuesukithin that sange.:ker=exanple - description-efa range such as 30
from 1 tg 6 shougj be considered to have specifically disclosed

S s ner " ]
sub-rangés such ad from I 1o 3 ffomr 39 4, 2PCUL", in the context of
concentrations of components of the formulations,

typically means +/- 5% of 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 wvalue, and even
more typically +/- 0.5% of the stated value.

Throughout this disclosure, certain embodiments may
be disclecsed in a range format. It should be understood
that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope o©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 wvalues within
that range. For example, description 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 fo 4,
from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,

as well as individual numbers within that range, for
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from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual
numbers within that range, for 6 example, 1, 2, 3, 4, 5, and 6. This applies
regardless of the breadth of the range. Disclosure of Optional

%@Qﬁgi‘%‘?”tﬁ 2 Exemplayy, ngp-lgpllgn%_emggggngg%fgeagcu?@%em ess of
composition comprising an epoxy resin in admixture with a  plurality o
particles fawvidy an etdstomericdnner core and an epoxy-functional

organic polymer outer shell will now be disclosed. 10 The particles having

an elastomeric inner core and an epoxy-functional organic polymer outer

shell may be provtREiAtHESUPEbIERBRATGSHIGTRSStBRB F&lief agents.

The partiglagmay-pe inthe nang:scale rangg. Jheqdaparticles may be rapie
substantially spherical in shape. The substantially spherical particles ma

1y
HaVB= Biaméter P The range sélect&d frof Wdfbub%oﬁ@%ﬁﬁﬁ‘b‘f%b%?h a
5601 i 10 abous 4 5@ B abouE 50 ARitecabaut 120881.A3Rott 50 iRMde core
abOéJt 100 nm, aboyt 50 nm%%;bout 80 nm, about 80 20 nm to about 150 | . N
rith Cabdlt T80 A o BI5GB nifi B atfout T2 i 15 abdtit TBT Am. 1
Inonetembodimientethe diameter of the substantially spherical particles

may beﬁbout 109 ., The particles may, be grovided in gowder form. 25
= gar. 1LCles aVlL an las OI?@rlCé ]g. 1’1@&] core ‘and an
The elastomeric innér core may be a material selected from the group

_C@psiislfinékmcsﬂib@ne}a}n ethydene pr@mﬂlmdieneuh@_momehﬂlkiberﬂm be
isopreng rubber, a pitdle rybber, natugal rubber, byfadigne-styrene,  o1i0¢

rubber, and ethylene-propylene rubber. 30 In one embodiment, the
efsstdmeric inner core is a silicone inner core. The silicone inner core

may beBle particles may be in the nanc-scale range. The
particles may be substantially spherical le.shape. The
substantially spherical particles may have a diameter in
the range seiected from the group consisting of about 50
nm to about 150 nm, about 50 nm to about 1Z0nm, about 50
nm to about 100 nm, zbout 50 nm to about 80 nm, about B0
nm to about 150 nm, about 100 nm to about 150 nm and about
120 nm to about 150 nm. In one embodiment, the diameter

of the substantially spherical particles may be about 100

nm.

The particles may be provided in powder form.

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

propylene diene monomer rubber, an isoprene rubber, a
nitrile rubber, natural rubber, Dbutadiene-styrene rubber,
and ethylene~-propylene rubber.

In one embodiment, the elastomeric inner core 1s a
gilicone inner core. The silicone inner core may bes at
least partially crosslinked. Types of cross—linkable

silicone compositicon are disclosed in U3 Patent No.
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least partially crosslinked. Types of cross-linkable silicone composition
are disclosed in US Patent No. 7 7,276,556, the disclosure of which is
herein incorporated by reference. The epoxy-functional organic polymer

a ise at, least.one epoxy-functional group selected from the
GrOURCS Seh a5 ButHOU TR, i cibxyalkyI oSSt Acrviitar Poraced

epoxyaligtandepoxycylcoalkyl. The epoxy-functional group may be

selecteqk[roné e gr iggg% ibL(JDt at limite 19, 2- chgndoxy th 3 .
glycidoxyp?rop ,O E—%I% oxy"buﬁ,”S-gT c?élol%pgr?ty}: 1e.'ltgrglycifllgylgg%”lSe aF
méthalerylate, 2(3:43epoxyeyélohexyl)etin3-selected from the group

(3kgpoxycyclehexylpropyl and 4:(3,4= gpoxycyeclohexyl butyl The, s ci 6y
epoxy-functional group may be grafted onto the ‘organic polymer
backBOAE Br &P bE A Hohofist tRECEY-CYS pBFHTetizes with another

monomer {0 fopm:the apoxy1 functional arganie polymer Theeiganiey om the
polymer may be a vinyl polymer. The vinyl polymer may be selected from

tE Yreupcbnsistiig of polyBfhylehé™poiyPropylend darppethyl, 3=
polystyreney 20 aopvinyl acetate; pplyvir @icohol, polyacrylenitite,ypentyi,

polyvinyl toluene, polymethyl methacrylate, polyethyl methacrylate, _
O et A T GOy Trop oA BT AR Syl 3
polimethacrylonitrile nEhe inmercgore may comprisezatdeast about 90 wi%3, 4-
0 tomeric. material, at least about 95 wt% of an elastomeric
T

about wi% of an elastomeric material. The elastomeric
inner corémagrcormprisenat feast -abaucs® wigs vf the totalaweighit ofithe  the

Pariicleat legst 30.aboyt 6wtk ofthe tptal weightof the.particle. al. . oo-
Ii%iymerizes with ancther moncmer to form the epoxy-
functional corganic polymer.

The organic polymer may be a vinyl polymer. The
vinyl polymer may be selected from the group consisting of
polyethylene, polypropylene, polvbutadiene, polystyrene,
polyvinyl acetate, polyvinyl alcohol, polyacrylonitrile,
poilyvinyl  toluens, polymethyl methacrylate, poclyethyl
methacrylate, polybutyl methacrylate, polyvinyl
propicnate, polyvinyl cyanides and polymethacryleonitrile.

The inner core may comprise at least about 90 wt% of
an elastomeric material, at least about 95 wt% of an
elastomeric.nmterial or about 100 wt% of an elastomeric
material.

The elastomeric inner c¢ore may comprise at leasﬁ
about 55 wt% of the total weight of the particle, at least
about 60 wt% of the total weight of the particle, at least
about 65 wt% of the total welght of the particle, or at
least about 70 wt% of the total welight of the particle.

The nano-scale particles may agglomerate to form a

micro~size agglomerated particle that may have a particle

8
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about 65 wt% of the total weight of the particle, or at least about 70 wt%
of the total weight of the particle. The nano-scale particles may
agglomerate to form a micro-size agglomerated particle that may have a

particle 8 size of about 20 pm to about 150 pm, about 40 m to about 150
PmMZ&bStt 65PRYD afoutsd Pnilitut B0t aBBat 56 hmtakcutabout

L0y pmyto about 159 pmy,about 120,0m {Q abgut 150 pm, aboul g0m g,

about 120 m, about 20 m to 5 about 100 pm, about 20 pm to about 80 pm,

aibout 26 pmefocabout B0 pam about 200pm td &boutd0 pabor:abalit @0 jpm to
to_about 100 pm. The amount of particles present in the curable

CoNipdsitior mAY beERIRE raigd df aBodt A Wioo 6 Andht RPOF g Hm to
about 8 wih 1Q abouf;20,wi% about 12 wigh, Ig akout g0 wigh, AROUE 46, +o
wt% to about 20 wt%, about 4 wt% to about 16 wt%, about 4 wt% to

afouit 11 2 a4tosyab ot 4uitds fo HbvotHo 8ali9s br ABowt6 widababoué A2um to
Vg&?%J?'%}B’@ to the unfilled curable composition. 15 The epoxy resin may

be a compouﬁﬁ“éomprising at least two epoxide groups in. its molecular
form. Theepoxysesin may besselectetfsom ihe grawp cansisting:of @irable

phenol n0\t/olac or ortho-cresol rh%/olac%s%e epgxy esir% of Fort[_r;ul 120, .
OCHE CH CH. HIGH- 2 OCH EHE CHE - 1 REOR="G\ 123 GR, =00+
CH, Formuieebwhefein htisan integer selectéd froapOud 107 owh® niay Béout
%é" xgt;:’; 4a§o@1’t7’1% QRHQ% lpoaggg@tea}@ ﬁﬂg‘?y %dﬂqe@emﬂyoa about
h%/drogen atom, or a C1-

6 wt%, about 4 wt% to about 12 wt%, about 4 wt% to about
8 wt% or about & wt% to about 12 wt%, relative to the
unfilled curable composition.

The epoxy resin may be a compound comprising at least

two epoxide groups in its molecular form. The epoxy resin

may be selected from the group consisting of:

a phenol novolac or cortho-cresol novolac type epoxy

resin of Formula I

OCH,CH— CH, OCH,CH- CH,
N S
R l -
\wqﬁgi\‘“w O R“\,/ i O
4l CH, —% j
o T
= 1

Formula I
wherein n is an integer selected from 0 te 10, or n
may be 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10, and
each R may be independently a hydrogen atom, or a Ci=-
Cq alkyl group:

a dicyclopentadiene type epoxy resin of Formula IT



C4 alkyl group; a dicyclopentadiene type epoxy resin of Formula Il 9
OCH2CH- CH, OCH2CH- CH, OCH,CH-CH, R{ACV/ORO LR
Formula Il wherein n is an integer selected from 0 to 10, or n may be 0, 1,
2,3,4,5,6,7, 8,9, 0r 10, and 5 each R may be independently a
hydrogerﬁ:}%rﬁ\ ra @11-:(:4 alkyl gro@E,Ha if er%}]iiype epoxyé@ﬁmcéf_ ';H° '
’ -CHI yOORRRR
€ ) n, atont” or
: poxy restef Farmula IV
H. OCH2CH=-€HZ 0| CHZ'®Z CH-H 04 F--Formula
IV 15 wherein n*is an integer selected frordt 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

wherein n is an integer selected from 0 te 10, or n

may be 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10, and .

5 each R may be independently a hydrogen atom or a
Ci=~Cy alkyl group;

a biphenvyl type epoxy resin of Formula III

R R R R
- N/

H,C— CHCH,O OCH,CH- CH,

N,
AN NI
O 5\ O
R R R R
Formula IIZI
10 wherein each R may be independently a hydrogen atom

or a C1~Cs alkyl group;

a biphenyl alkyl modified epoxy resin of Formula IV
@]

R NS = N,
OO *5@}

~—

Formula IV
15 wherein n’ is an integer 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
C1~Cq alkyl group;
an epoxy resin of bisphenol type; a paraxylene-

20 modified epoxy resin; a multi-functional typs epoxy resin;

10
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C1-C4 alkyl group; an epoxy resin of bisphenol type; a paraxylene- 20
modified epoxy resin; a multi-functional type epoxy resin; 10 a
naphthalene type epoxy resin; a triazine nucleus type epoxy resin; and
mixturesbtfkeér of. In gne embodiment, the epoxy resin is a compound of .
FormiaR v %ii‘fcrﬁyé’ﬁ, GERPEH-TH2' 'R 6 ROTTHZ THZH 55 R ~YP°
Fepmkia D whereinml i antinteger salectedtfrom 1 to 11, or ' may be 1,
2,3,4,5,6,7,8,9, 100r 11, and each R may be independently a
hydrogeﬁnhatgrr%eoreén %igé%eﬁ‘}g hlkgpésroﬁﬁ? e fesultant éurable ompound ot
compusitionidomprising one or more of the above epoxy resin
compounds may have self- extinguishing properties such that the curable
Qré\%?lb@ f removing heat from a fi inldrleio14-H,
subsigiantially prevent\the sﬁread of the fire. Furtlﬁ(_-:‘rmore due to the hig/h
aromatic content of e tore, of the-epgxy resin ) O

mention theresy | APOgiigN Sing pne or
more of the-abgve epoxy ' may be’ capabte of| 20
inhibiting the"Spread_of fire. W arable composition is Burng, a

carbonized layer is first formed at the surface such that further burnings

may be substantially inhibited. In#hisrgembodiment, the curable

composition may nof require flame retardants such as_those 25 containin ,
halogenngr?cﬁg% 1éh(r)lsphlc%roﬁ‘él to BE.@ﬁr@ff/idseé%ifEf:'hcézr%(lcﬁ.%‘IhoemculrabfjerH P o8 R
commposition,may also Aot fequire 7, 8, 9, 10 or 11, and

each R may be independently a hydrogen atom or a (C1-C4
alkyl group.

The resultant curable composition comprising one or
more cf the above epoxy resin compounds may have self-
extinguishing properties such that the curable composition
may be capable of removing heat from a fire in order to
substantially prevent the spread of the  fire.
Furthermore, due to 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
compesiticon is burnt, a carbonized layer is first férmed
at the surface such fthat further burnings may be
substantially inhibited. In this embeodiment, the curable
composition may not reguire flame retardants such ag those
containing halogen and/cr phosphorous to be provided
therein. The curable composition may alsoc not reguire
antimony hydroxide to be provided therein.

The curable composition may further comprise a resin

curing agent. The resin curing agent may ke a phenolic



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 resin curing agent having at least two phenolic groups per
rgolegule. Thenphenolicgels]ier;vqunring Qg%[néarrsl%y Q&gel céencclg#rgm the ber
gr%ﬁﬁ%o%%i@fihﬁ of &5 I<'31“phenoT‘n%V(‘?)llélc ype resin of Eormura Vvl OH Ol *
OH1RRIEH2 CHZ Formula. VI wherein n is an integer selected from O to

10, or n‘“%'g rg%)ébe Q4. J?égié’ %’u6ri7r198 O’maa %%Chs § from

. : r R-may
indeperfdentl'y a H)?&r%céen atom or a Cl-C%%%%}I group; a bipﬁér%% a%)kyl
modified phrenolio tesiniofForfmula VIIOH OH RR CHZ O\CHZ ~&j H

5 15n Farmula i} whereiny. is gpdnteger seleeted from 1 tg 41, or n' may
bel, 2, 3,4,5,6,7,8,9, 10 or'1l, and each R may be independently a -

hydrogen atom or a 20 C1.-C4 alkyl group; a paraxylene-modified
phenolic r@)sELp of Formula VIII OH OH OFH5R R IR CH2 -~\CH2 CHI O 4

CH
R R\*(J\\] R
CH, S CH,

Formula VI

wherein n 1ls an integer selected from { to 10, cr n
10 may be 0, 1, 2, 3, 4, 5, ¢, 7, 8, 9, or 10, and
each R may be independently a hydrogen atcem or a
Ci-C4 alkyl greoup;
a biphenvl alkyl modified phenolic resin of Formula

VII
OH

R
CH, O* <>>—CH2

Formula VII

15

wherein n’ 1s an integer selected from 1 to 11, or n'
may be 1, 2, 3, 4, 5, &, 7, 8, &, 10 or 11, and
each R may be independently a hydrogen atom or a
20  C,-Cys alkyl group;
a paraxylense-modified phenolic resin of Formula VIII

OH OH OH

|

R | R
(j} CHf{giEDWCH;{giE?%WCH?<E§§>MCH;§§§§]

n

R
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12 Formula VIl wherein n is an integer selected from 0 to 10, or n may be
0,1,2,3,4,5,6,7,8,9, or 10, and each R may be independently a
hydrogen atom or a 5 C1-C4 alkyl group; a dicyclopentadiene-modified
phenolic resin; a multifunctional phenolic resin; a naphthalene type

phenolic resin; a triazine nucIeié%%@% e(rj%ség resin; and mixtures
thereofwh@ 1= the abave campounes<af Feshatakbdl, HEdW, 8, Vb, Vlor or n

VIII, in embodiments where the R group is,a G1- C4 | group, itis to be
%a&e%i%te% thia't tr%é (\Dl{f-’Cfélk% g%)ulg 'ngy t%se?erc%?fro?ﬁlgomethyl, an
ethyl, a propyk ahbitylney isomericformnsdhertenof. k5 Thyeleguivalenteaticor a
cgltbgqeg%weaiggg I?e phenolic resin curing agent, that is, the number

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

resin cuting 8géntis Hot partciiady imitéd 1a6d mapedd tie radgeon; 2
ahout 06.10-abaut}.4 opahaut; 20 0.8t9ahout 1.2. Theswablerene type

composition may further comprise an inorganic filler selected from the ,
groGp consistiriPof fusdd Sifida podler stibstantialiypheical liica  resini
povvdler; envstaline siliea ppwder, secondary agglomerated 25 silica

powder, porous silica powder, silica powder_ obtained from grindin :
secondgi% agforbratéd SitB°pBwderor E&Sﬂggﬁica’po er,%lgmir%a\{,’ Vi
and, mixturesrtheraaf, The asnmbunticidhe inorganie fillee irkthgreurables 38 C1-

cemMpo ition may be ahout 60 wt% to about 95 wt%, about g} wit< t% .
about E?é’ Wi, abolt 60 wide 0 absut 80 Wdh V;ébeout Wit9% 16 about' 70" Y
wi%6;about 70wto6td abbett from a methyl, an ethyl, a propyl, a

putyl, or isomeric forms thereof.

The eguivalent ratio of the epoxy resin to the
phenolic resin curing agent, that i1s, the number of epoxy
groups of the epoxy resin per hydroxyl group of the
phenclic resin curing agent is not particularly limited
and may be in the range of about 0.% Lo about 1.4 or about
0.8 to about 1.Z.

The curable composition may further comprise an
inorganic filler selected from the group consisting of
fused silica powder, gsubstantially spherical silica
powder, crystalline silica powder, secondary agglomerated
silica ©powder, porous silica powder, silica powder
cbtained from grinding secondary agglomerated silica
powder or porous silica powder, alumina, and mixtures
thereof.

The amount of the inorganic filler in the curzble
composition may be about 60 wi% to about 93 wt%, about
60 wt% to about 90 wt%, about 60 wt% o about 80 wt%,
about 60 wt% to about 70 wtd, about 70 wt% fo about
9% wt%, about 80 wt% to about 95 wt%, about 90 wt% to

about 95 wt% or about 70 wt% to about 90 wtk. A person
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95 wt%, about 80 wt% to about 95 wt%, about 90 wt% to about 95 wt% or
about 70 wt% to about. 90 wt%. A person 13 skilled in the art may be
able to determine the amount of inorganic filler to add to the curable
compasition in order to achieve a desired soldering stress resistance and

Midittabitity oftheurabie dBpdeftion” 5T he cutablereb mpositin ilig ™t ©F
furbeneompriseia cufingtaccelefator selected fromethezgrouprgonsisting:  in
of diazabicycloundecene (DBU), triphenylphasphine (TPP), :
St e HONRS 2 AL A Gos  ard hisdne and
theredf 10 The amotihteofcuriiglacceterateriin the curable composition

may beﬁlbout 0,1 wi% to_about Q.4 wto%, a)éb)oﬁ‘ﬁ Q..2 Wt % 1« boutQ.4_ .,
Wi3%, BOU 0. 3 9 to S0t 0. 44t o SboUtd:L at 9 t About0” 3 g 7
% orabout 0wt %aobord 0.ZWi. If thecamalii @b curingacceiernggor of

is;less than.15,0.1 Wi the hardpess of the ﬁ%ﬁ@%g%@@mggsiﬂompp) ,

decreases and mold release characteristics tend to deteriorate. If the

arfoumt ot diringEceidtator e tHame Wiitoh™f &Gy réactién »  and
preceeds-undesirablys fast such that fluidity of the resultant cured

composition 20 decreases. The curable composition may further

comprise’ &dditResSuchds aSiand CoupMig aGeAtsSdch 45 an-he  curable
e@@?@ﬁlﬁﬂﬁi@ﬂ aﬁaposilan@malkyjsﬂama;% yinylsitang; acpigmert or about

colouring agent such as carpon 25 black or red iron oxide; a releasing ,
agé%]t ‘é’l?é’hg&éa a gjt%f 1{élacrg‘or ,J; r‘f’{%a*falIic"s“alsgaﬂfl of g) fa‘ttywa“c"dc,itéﬁn é‘gtcé‘r%vgg,' e
natyrabwax or syfithetic waxuln sonte embodimenits; .the Guiables to about

Sorpasln e St Alneasa e LR e 2L, o
0.1 wt%, the hardness of the resulting cured composition
decreases and mold release charécteristics tend to
deteriorate. If the amount of curing accelerator is more
than 0.4 wi%, the curing reaction proceeds undesirably
fast such that fluidity of the resultant cured compositicn
decreases. _

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

In some embodiments, the curable composition may

comprise a flame retardant material that does not

substantially pollute tThe environment. 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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retardant material may be a metal hydroxide. The metal hydroxide may
be aluminium hydroxide. The metal hydroxide may be magnesium
hydroxide. 14 The curable composition. may be used to seal, coat or
insulate_electronic parts of a semiconductor device such as a capacitor, a

il

transistor% CeHtral procelSing uhit A Mémory detics ete. 5 Fhe curabte ©F
compadsitien maydermate by:stifficiently amixingiardlendingra msdure: such
containing formulated a ounts ,()Sl‘Jh% abgv%-ge§%gbe%gognéosoge§ts using
a mixer of the ke to Sbtained blénded niatter. THe blénded matteris
subsequenty meltedeannd kneaded using hot rolls, a 10 kneader, an

extrudeg ot theJiks, {o.obtain kneaded, praduct  The kgaded PLOdugtis epe.

cooled and groun into powder form to obtain molding material. The
MiGIdiney niateralksistaiiedecanibé used teséall eobatorlinsliate taldchanient s

pagts of,a semicpndyctor deyice asdescribed -15.abaqve. Brief Deseription 1o
Of Drawings The accompanying drawings illustrate a disclosed

emBGdirhent dMieFseives to-explam tHe brigiples ofthe P DordisdoddFter 1s
empoediment.dt is to-he waderstood, howevers that the driawings arec11s, 2
designed for purposes of illustration only, and not as a definition, of the
liffe B fhe invBntiGH: Fig tFs afi exemplary graph showirtftiet 25 Freaded
determination af-al andaziusing @ thermal Mechahical Awalyzenasiwill into
be decfcribegl furthe{ beIO\g.tFi .21s dexemplar)égﬁpq showi %hemo] din
determination %?stor%geomo%u bs ant gh%% transition ater'npera uré using ¢
aRyranmiciMecthamicalAnalyzelbas willdie 30 desoribed fuhierbelomsuliate
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 is to be understood, however,
that the drawings are designed for Durpcses of
illustration only, and not as a definition of the limits

of the invention.
Fig. i is an exemplary graph ghowing the

determination of ol and @2 wusing a Thermal Mechanical

Analyzer as will be described further below.

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

described further below.
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15 Examples Non-limiting examples of the invention and comparative
examples will be further described in greater detail by reference to
specific Examples and Comparative 5 Examples, which should not be
construed as in any way limiting tgg SCO es_?f the invention. Details
regarding the experimental tests used ih &aracterizing the curable
compositions ofExamples kimB8prard ComparativenExamplesdntoi@are and
lows. 10 Determination of Spiral F ai t |di -
Tl it ghies A Bl hicknioss o3 04 Shriad MiIGhGa A spirl <"
fioWE arholdelie was pregeekin bomasidighmachiRa {roreikohitaki) fompgrative
was hieated up.fo175C Whenithe, tempgrature teaches, 128C, he apy way
molding material was poured into a transfer pot and a plunger was
lowBied-TFhe- RfatsialRfas inotdéd f6t” $203.Following which, the mold
press was.epened aad the;spiral fiew leagii(upitonthellustraus 8p) wasq  in
measured 20 after the mold die was taken out from the molding machine.
Dterfitation of Flexiial MottilS TREMRAGnG Maferfat wakihbrded ifto-° °
69mMeloine SHmmeW)xdmmEktest piecesamges the conditions of 25
175C, 150kg/cm2 and 120s using a 37 ton transfer molding machine. The
molded test pieces were subjected to 4 hours post-mold-cure at 175C.
Bacheofithe:destpiecés Wasr subseqguently placed into a Tensilon machine
(from.OzEJe'ES%jf Qnu@m%@h%? pQipt br?@fiéﬂh §”%§§é’%ar%r%§p“%gaq{‘ t'_E\;;%§Qs a
test pieces until fracture. The Tensilon machine can calculate and give
réadings ot fléxgrabmodulds dt réem tempetature (ZBG)Candrat eldvated ©low

tempgrayres (g.g- 26acLwhen set i lest At therespegiive (temperaiire . y

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. Following which, the mold press was opened and the
spiral flow length (up o the lustrous tip) was measured

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

Determination of Flexural Modulus

The molding material was molded into &0mm(L) X
10mm (W) =x  4dmmi{t) Test pileces under the conditions of
175°C, 150kg/cm® and 120s using a 37 ton transfer molding
machine. The mclded test pieces were subjected tc 4 hours
post-mold-cure at 175°C. Each of the test pleces was
subsequently placed into a Tensilon machine {from COrientec
Co. Ltd) and 3 point bending stress was applied on the
test pileces until fracture. The Tensilen machine can
calculate and give readings c¢f flexural medulus at room
temperaturse (25°C) and at slevated t{emperatures (e.g.

260°C) when set to test at the respective temperature.
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i6 Determination of Coefficients of Thermal Expansion The molding
material was molded into 15.0mm (L) x 4.7mm(W) x 3.0mm(t) test pieces
under the conditions of 175C, 150kg/cm2 and 120s using a 37-ton
tlbar]csfer moI(%m [ he. molded testrgleces W%re subéected to 4

-ctife pteceswas—stbsequently
placed irite a fﬁbét:tmalqvleﬁham:camnatﬁer (MMARfrommSeikol 5. Cmm (L) %
Iqsu; s USA I its the[mal xpansi ver g.range
temp%élpa%[ﬁre 12< 0232 rgm OOC 10w sl %é:;%ted uorgl}:e%coeﬁlclg‘entsoofj t %%r%%
ekpahgion beldw/and above 176 glass iransiiorsferaperature (F§) kriowiiing
45a2h30d B24ESDelial. wer obiained.as e SI0DE0f 406 LHIVE Delow, s
and above the inflection point, as shown in Fig. 1. 15 Determination of
StefagE"MbeTfis-&nd Tlass ﬁaﬁsmoﬁa‘FEmﬁQfatd?@eT hé &fdtding matérial as

wag-molded, into 20madl)x  10mm(W) xm-emm(l) test piegesundenther yzer
conditions of 20 175C, 150kg/cm2 and 120s using a 37-ton

tririeher-midiamy migchife. The ol @st piecesMere sibfécttito aDermal
hours rpost-mald-curesat A5 Each ot te:test pieceswas sBbsequenty0°cC

laced int Mechanical Analyzer_(DMA) (fram Seik
AR uicFs oA B afd Taae 16758 e SErfSodtiR vl ey belov

ramge ebiemperaturerfrons 25€40300Cat & freqeency 0 10HZ) Thénown as

storage modulus at 25C and 260C were analyzed. Tg of the material was
o%%al%@t?ag%herféﬁﬁérafu & WHerB SRS 1B tanget |I%8$ SHferdectPgs ©F the

shawndn bigl v 3@ Determirationtof Dissipationi Bactesihe moldingshown  in
rrﬁ[griallwas molded into a circular disc

Determination of Storage Modulus and Glass Transition

Temperature

The molding material was molded inte Z20mm(L) =
10mm (W) =% l.omm(t) test pleces 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
poét—mold—cure at 175°C. Each of the test pieces was
subsequently placed into a Dynamic Mechanical Analyzer
(DMAY  (from Seiko Instruments USA Inc.) and tested for
thelr storage modulus over a range of Temperature Ifrom
25°C to 300°C at a frequency of 10Hz. The storage modulus
at 25°C and 260°C were analyzed. Ty of the material was
obtained as the temperature where the two tTangent lines

intersect, as shown in Fig. 2.

Determination of Dissipation 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 using a 75-ton transfer-
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of 50mm in diameter and 3mm thickness under the conditions of 175C,
150kg/cm2 and 120s using a 75-ton transfer- 17 molding machine. The
molded test pieces were subjected to 4 hours post-mold-cure at 175C.
Thin foils of 38mm in diameter and 0.0275mm thickness were adhered to
goth Sides BffHe!telt piece u@%ﬂnﬁ%‘%r%ﬁ@%e@ﬂ\ﬁeaﬁﬁeﬁmﬁfd to
was doneusingsrracisign GR Meter atia fixed freguencyiofsIMrHZ 3BR® in
following equations were used to  calculate Dissipation Factor (tan 5)
cﬂé&ﬁ%ﬁ%ﬁ Fator {tah’ 8P 2RI =02 Ke5 3T o BAX 2 WitdreT ), 259" 529¢S
value affielectriccTesterAdaptet (16451A) 1£)h/y|ﬂihoul iestpiecerQ2 &Qase.
Iue of Dielectric Tester Adapter (1%51'66) with specim en C1 Turnin a
eaascutaﬁcg?%F) TS =Electrode %%acmg of i‘)“el% ctric es?er /&daﬁter 1 1ue
(X645 AN Em) cFﬁarﬁlmaIbﬂliy Téest (lﬂndéwwﬂeg laboratory & lamemabilityed to
Rating; UL-94 V-0, UL Aiéa/nl he molding. 1 mgéerlal was molded into five
speC|mens 20 each wit d|menS|on of about 127 Omm(L) x-13.0mm(W) x
3.2mm(t) using a 37-ton transfer-moldin mac% e. B@f@f@zbhe es%was
conducted, aII%b%%ﬁn?@nslw%rf frehteld atthe c)n llowigg cnditions: ®
temperature of about 23 2C with about 50 5% relatlve humldlty for at
|eHsE 48, hdurs =25 E&eR speditheR Wwds:claiiped Resticdlly skrbgrnt fore451A)
ahout, 10t Q.9.seconds.A record was taken of the flaming time and of
any burnt residue dropping off each specimen. After the flames of the

specimens’died dut, the Burier was® ififietidtely Placed dhdertRe (164°51A3)

speeimeisagainedhe burner 30 was removed after about 10 seconds and

a record was taken
C1 = Turning Capacitance (pF)

Ty = Electrode Spacing of Dielectric Tester Adapter

(164518} {cm)

Flammability Test {(Underwriters Laboratory Flammability

Rating; UL-94 V-0, UL-94 V-1)

The molding material was meolded intc five specimens,
each with dimension of about 127.0mm(L) = 13.0mm(W) =x
3.Z2mm{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 residue dropping off each specimen. After
the flames of the specimens dised out, the burner was
immediately placed under the specimen again. The burner
was removed after about 10 seconds and a record was taken
of the flaming time, the glowing time and c¢f any burnt
residue dropping cff sach specimen. The same procedure was

repeated for all specimens.
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of the flaming time, the glowingtime and of any burnt residue dropping off
each specimen. The same procedure was repeated for all specimens. 18
The test specimen was classified as V-1 or V-0 standard according to

criteria summarized in Table 1 below. 5 Table 1 (Underwriters Laboratory
Flammalbifity R&titty;; SPassification” 01 -0# 9% VE1F Eritérfa VT v-0°% ~ V70
Numberebspecimensing Numberrafdgnitions 2:ZrMaximeam flaming:time 1
per ecimen per flame, 30 10 application (seconds) Total flaming time,
fluas yetimens, 21 250 jjo ignitions (seconds) Flaming drips ignite cotton

No No Maximum afterglow time, per specimen (seconds)l 60 Burn to

holding clamp No Determination of less Ir_ﬂdex Stress created from the
sealing of semiconductor devices may e estimated by the Stress Index.

(Stresswadex 10 alalasipusdempelaiures(:65C,y1 506 and 260C) wasf i cation

Ugalgglat@d@smg_t{lp f@ygwmg)rmulas For T. smaller or equalw.175® V-0
\4 T T=<F index=+(at-—achip) x(F=Tg)x El+(a2-a lllp)x w
N{’L{ P %;;fe f;'ﬂ&?%{l\ when-T>—Tg;-Stress-index=-{az ac??'p) X -
?19%3 g%fE g@-lﬁéﬁn&\ wherehy, Tg = glass transition temperdture al =
MEgefielentiorfieaal ekPaNSIGIT belew T a2 =RvefficieHtef thesmal 10
aprpansion above Sgpnds)
Total flaming time, five specimens, 2 250 50
ignitions {(seconds)
Flaming drips ignite cotton No No
Maximum afterglow time, per specimen (seconds) 60 30
Rurn to holding clamp No No
Determination of Stress Index
Stress created from the sealing of semlconductor

devices may be estimated by the Stress Index.

Stress Index

at wvariocus temperatures (—65°C, 130°C and 260°C) was

calculated using the following formulas:

For T, smaller or equal te 173°C,

when T < T,
Stress Index = (al- achip) x (7-Ty) x El + (a2- aChip) x
(Tg-17%) x E2 -——- Egn. (1)

when T 2 Tg,

Stress Index = (0Z- oachip) x (T-175) x E2 ---- Egn. (2}
whereby,

Ty = glass transition temperature

ol = coefficient of thermal expansion below T

oz = coefficient of thermal expansion above T,

achip = cecefficient of thermal expansion of chip

E1 = modulus @ 25°C
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achip coefficient of thermal expansion of chip El = modulus @ 25C 19 E2
= modulus @ 260C T = stress calculation temperature Assumptions: a.
stress index = 0 at 175C (molding temperature) b. stress = K x Stress
Index wherein K is a constant_c. E = Flexural Modulus or Storage
Modulus d; adhiF26'8 x“16-89CC Temperature Cycle (T/C) Test For
performanee testiag at the samiconshucterpackagerd level, similar pellets
were prepared into various sizes. Depending on test requirements, it can
then be THOIIEEht i) 100L-QFP packages 14mm x 20mm x 2.7mm,
encapsutating SiN(Sikcon Nitridépcaatédchips:of sizee@rbr x5.0mm
q (i) 208L-QFP packages 28mm x 28mm x 3.2mm. 19 epcapsulaling SiN
coated chips of size’9.5mm x 9.5mm at a temperature of 17! 8 transfer

presstreirf thexange dfo80-120 kgf/cin2 anddnimdldicure time of 90 sec.

Subsequently th ckages were sent for post mold cure at 175C for 4
hOrPé b(ej‘%lgrle:L T/1C tegs'%e}fvé\tggn é%é to 150C [5 according to JEDEC testing

standard. The packages were taken out after every 100 cycles and

_grgag%% were s agggd HIQ’V@ C§ M (C-_mode Scanning Agoustic
%m&cope“ﬁm%mnmfedﬂmeré%es with focus on the chip top, top

pad and'the Wottohn 120 Pressure Cooker Biasde Test(PCBT ) Preformead<age

 tahlets were;prepared frgmdhe Egg@gl@legr_g%gq&@dﬁgger\gquymgaql zes.

having a diameter of about 48mm and weighing about 75g. The tablets
e aise e 9 sdd Yold MFelFGHdE Testitettic GRETTES)HReded into

(i) 100L-QFP packages ldmm x 20mm x 2.7mm, encapsulating
SiN (Silicon Nitride! coated chips of size 5.0mm x >.0mm
or {ii) 208L-QFP  packages 28mm X 28mm x 3. 2mm,
encapsulating SiN coated chips of size 9.5mm x 9.5mm at a
temperature of 175°C, transfer pressure in the range of
80-120 kgf/em® and in-mold cure time of 90 sec.
Subseguently the packages were sent for post mold cure at
175°C for 4 hrs before T/C test between -~653°C to 150°C
according to JEDEC testing standard.

The packages were taken out after every 100 cycles
and packages were scanned using CSAM (C~mode Scanning
Lcoustic Microscope) for delaminated interfaces with focus

on the chip top, top pad and the bottom.

Pressure Cooker Blased Test (PCBT)

Preformed tablets were prepared 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) for 16-pin Plastic
Dual Inline Package (16p PDIP). These assembled units were

then subjected to PCBT (Pressure Cocker Biased Test).
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(without passivation for protection) for 16-pin Plastic Dual Inline Package
(16p PDIP). These assembled units were then subjected to PCBT

(Pressure Cooker Biased Test). 20 Sealed 16p PDIP were stored in
saturated steam (100% relative humidity or RH), at a temperature of .
121C &dPrepondifg 1 abotftinvo thnes %ﬂn&ébh%?i@p"r%g%e?%ﬁ?d“ (100%
wired upip orderfas a-voltage of2Q volts to be 5 applied-ina.sealed  121°c
autoclave containing deionised water. The packages were suspended at

al ATERSERAEGRCO &5outPPEm abtive thelffifial WaterRVEFHtheressure)

chamber.-dnferyal electricabmeaswements were gaadeandjhe devices o be
were_stored for up to about 24 hours. 10 Using a sample size of 5

FEkAYBS withedch® BRcEps\ HRtet did Haviriy'6 Tirdditd ofi Tt yiBidfs otai-e* -
ofh30 paralleteiscuitsper curabie compesitien. fatlureaf eachicircuitisabout
decided when open circuit was detected due to internal device corrosion

at the Wira'e}‘-fjot‘)rc?ndetoh fead; 15 c‘f‘r%ﬁitry“bagi%re digeow e f&rrrlnat(i;t%eof SRaMber .
comdeicting mdttert bétweenthedeadsicThe timertaken far 20% orré:cireuitsces
to failure is_termed the Time-to-Failure.,D. jnation of Acetone

Igsegléb (SC 86§§en$%v%tf%§2%830 gogfjékj)lgﬁldég qung}tfer were collected after

the coMpénents of thecapoxg coripositionvere mixedtogether inigh each
Pracessdescribedfudher below. 5009.of acetong was gddadiintg abatlle o«
together with the blended matter. The bottle was shaken for 20 minutes

with #Shaker After-25'shBRing Sthe Riixitié fvaS PErréd thivugh B2212mR ©f
sievento: retain: any, insgluble; partigles that did natpassithigughidhe poses due
of the sieve. The sieve was subsequently rinsed with acetone until only

the indBILBIE Farti 6T Péifiair GhHC S in%Hn ovEf at'86ETo THBET6r 51522
minutes: The 30 dred insoluble pariclesswere: then weigheddtbeacetane ter

hetween the leads. The time taken for 20% or 6 circults Lo

failure 1s termed the Time-to-Failure.

Determination of Acetone Insoluble Content (wt%)

300g o¢f blended matter were collected after the
components of the epoxy composition were mixed together in
a process described furﬁher 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 21Z2um sieve to
retain any insoluble particles that did not pass through
the pores of the sieve. The sieve was subseguently rinssad
with acetone until only the insoluble particles remain and
dried in an oven at 80°C to 100°C for 5 minutes. The
dried insoluble particles were then weighed. The acetone
inscluble content as calculated as foilows:

Weight of dried

Acetone Insoiuble - insoluble particles .
Content {(wt%) 3009 X 100%
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insoluble content as calculated as follows: Weight of dried Acetone

Insoluble = insoluble particles Content (wt%) 300g X 100% 21 Examples

1 and 2 and Comparative Examples 1 to 5 The weight ratios of the
components making up the 5 respective curable compositions of

Examples 1 and 2 and Comparative Examples 1 to 5 are seen in Table 2
below. The ortho-Cresol novolac type of epoxy resin (Formula 1) was
obtainegfeoip Nippan &ayaku £, CishelakeleyDrelapampghesphienal 5
novolac resin (Formula V%was obtained 10 from Sumitomo Durez Co.,
Ltd of Détroit bt W@ﬁigﬁ fftie United StateéS BF Rividhica, e t"9 up the
elastomericreoresshelt | particles cemnptising acdilicbreripierscote andiark and
oxy- functional PMMA shell (GenioperlO P53) were obtained fro

e oo AG B Rchcheriof Gacmay 16 TanieY hamie ="
CompaFativecExamplere 201 2134 61 Formulation pastsdsyyweightn  (Fornula
Qitho;Gesalhoalac e gfengryiesin (EarIia 114 13124 1y,
11.1 11.4 11.1 Softening point: 55 C, Epoxy group equivalent: 196g/eq
RHaret novélae resirFormulEoVSoftehing poineBile, X814 752 gg-ained
4 48 Sufn Hydioxy) group egquivalent: 105g/eq Fused sHica; ROWders of the

72.272.272.272.272.272.272.2 Aluminium hydroxide 8.5 8.5 8.5 8.5 .
gEpteg gStates of America. The &elastomeric core-shell

particles comprising & sgilicone

inner core and an epoxy-
functional PMMA shell (Genioperl® P53) were obtained_from

Wacker-Chemie AG of Minchen of Germany.

Table 2

Example Comparative Example
1 2 1 [ 2 ! 3 % 4 [ 5
parts by weight

CrthOwCresol novolac type o epoxy I
resin (Formula T}
Softening point: 53°C, 11.4 11.1 § 12.4 7 13.4 | 11.1 | 11.4 ¢ 13
Epoxy group egquivalent: 1%6g/eg
Phenol novolac resin {(Formula VI)
Softening point: 81°C, 4.8 4.7 5.2 4.8 4.7 4.8 4.
Hydroxyl group eguivalent: 105g/eq
Fused silica powders 72.2 72,2 1 7202 | 7202y 72,2 72,2 T2.2
Aluminium hydroxide 8.5 8.5 8.5 B.5 B.5 8.5 8.5
Carbon black 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Silane coupling agent 0.4 0.4 0.4 .4 0.4 0.4 0.4
Triphenylphosphine {(TPPE) 0.2 0.2 .2 0.2 0.2 0.2 0.2
Releasing agsent:
Carnauba wax 0.2 0.2 0.2 0.2 6.2 0.2 0.8
Polyethylene wax 0.6 0.6 6.8 0.6 0.6 0.6 -
”Str@ss;reliei aggq?:ﬁ- - ‘ .
Siliconé‘;ore énd.én‘epégf; .....
functicnal PMMA shell b L8
Silicone core and a PMMA shell 1.4 1.8
ABerylic-butadiene~acryionitrile 14 13
copelymer
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Carbon black 0.3 0.30.30.30.30.31 0.3 Silane coupling agent 0.4 0.4

0.4 0.4 0.4 0.4 0.4 Triphenylphosphine (TPP)0.210.20.20.20.20.20.2
Releasing agent: Carnauba wax 0.2 0.2 0.2 0.2 10.2 0.2 0.8 Polyethylene
wax 0.6 0.6 0.6 0.6 0.6 0.6 - Stress-relief agent: Silicone core and an

epoxy functional PMMA shell 1.4 1.8 i Silicone core and a PMMA shell

1.4 1.8 "RéryREBHRAETE ali§Tohitrile £ AL §"dpbiyitier 22 Thgrm-y mized
cegipanents were suficieatiy: mndauniforpdy mixed rising ashigh speedt 20°C
mixer for about 10 minytes at about 20C to gptain blended matter. The
bléhded hattar W%én sHu g‘seqﬂ%ﬁﬁ? Trielted an ne%%%a%aﬁ%ocﬂ%t%ﬁdc as
usingsa dhisaxiakrothedaoted and giouneteeto abtait fiie resinléémpositiong 2
Exemples 1 and.2 and Gomparaliye Examples o 5, represant owable. oo;
compositions comprising a ame- 10 retardant, xamples 1 and 2 and
Comparativé Examples 1 to 5 were subjected to the experimental tests
detailed-ahoye and the results of theseexperimentaliests are shawnin .o 5
Table 3 below. 15 Table 3 Example Comparative Example Properties 1 2
112B2E54Spiral fEWAERT) 60 SPEB 52 BABF56 WAREF aBsdiptiorf0. 315 +ame-
0:30-931:0.32 0.30 03t A, XI0d6y 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.

Example Comparative Example

thickness)

i i 1 2 1 2 3 4 5

Tépigéi"fiow téﬁ)._ e o .60 . = - . - -
Water absorption (%) 0.30 | 0.3110.30|0.32|0.32) 0.30 | 0.31
ai, x1¢67°/°C

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

aZ, x107%/°C

{Coefficient of thermal 6.2 6.3 6.1 6.0 6.0 £.3 6.3
expansion above T}

Ty {°0) 155 154 156 157 159 155 156
Flexural Modulus €25°C, kgf/mm’ 1940 1935 2200 | 1880 | 1830 | 1945 | 1960
Flexural Modulus 2260°C, kgf/mm* 105 115 150 120 120 115 iis
Storage Modulus €25°C {kgf/mm’) 1714 | 1714 | 1850 | 1748 | 16191 1708 | 1712
Storage Modulus R260°C (kgf/mm®) 164 165 190 173 171 165 165
UL~%4 Flammability Test (3.2mm - _ - _ _— _ V-0
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(Coefficient of thermal 1.2 1.21.31.31.4 1.2 1.2 expansion below Tg) a2,

x10-5/C (Coefficient of thermal 6.2 6.3 6.1_ 6.0 6.0 6.3 6.3 expansion

above Tg) 155 154 156 157 159 155 156 Flexural Modulus @25C,

kaf/mm2 1940 1935 2200 1880 1830 1945 1960 Flexural Modulus

@2606 tkgfimm 205.815¢50 120 120 115 115 Storage Modulus @25C

(kg -1=23A7141714. 18501 148 161907081712 SjorgeMOduls ouc1ineq

@260C (kgf/ 2') 164 165190 173 171 165 165 UL-94 Flammability Test

(312mrh VOOV ves V00 %00 V20 ahiEkRessp23 Terparafiie Gycld to ©

Test Thedesylts of the-tempgratyre cycle test as outlined above for

Examples 1 and 2 and Comparative Examples 1 to 5 are seen in Table 4

below. 5 Table 4 Example Comparative Example Temperature Cycle.

Test @- 65C 12121345 to 150@5,;151:[@11@( 20mm 100p|n QFP, # cycles

(Ag-plated Pad) 300 300 50 100 100 260°280° b) Pre-piated eadframe -
¢ f icafes that th cu}ragle 5

epoxy functional FMMA sﬁel

ralfe GTROSIHE IS (Rt 108 10baad1 =

comprisg the silicone core- epoxy functional PMMA, shell particles.

ami 10N
urthermare, curable compaositions that
a) Cu leadframe (Ag-plated Pad) 300 7 300 50 ! 100 ¢ 100 | 200 1 200

b Pre-plated leadframe 400 4 400 100 | 300 | 300 | 400 ¢ 400

Table 4 indicates that the curable compositions
comprising the silicone core-epoxy functiconal PMMA shell
particles performed better than curable compositions that
do not comprise the silicone core-spoxy functional PMMA
shell particles. Furthermore, curable compositions that
comprise silicone COre~-apoxy functiconal PMMAE  shell
particles (Examples 1 and 2) have slightly Dbetter
“temperature c¢ycle performance as compared to curable
compositions comprising silicone core-PMMA shell particies
{Comparative Examples 4 and 5} due to improved
compatibility of the silicone core-epoxy functional PMMA
shell particles with 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 3Stress Index procedure as
cutlined above. Stress Index at various temperatures (-
65°C, 150°C and 2¢0°C) was calculated using Eguations 1

and 2 above. From the Stress Indexes calculated, curable
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comprise silicone core-epoxy functional PMMA shell particles (Examples
1 and 2) have slightly better 15 temperature cycle performance as
compared to curable compositions comprising silicone core-PMMA shell
particles, (Comparative Examples 4 and 5) due to improved compatibility
SFHHB Sicone tore EPBRY FinctbnaPBMMA EhelFparticedFith the'8poxy 21
regimmatiixias epexyi 20 dunctionatity orsthe shell can link #he patiiglesstress
with the resin matrix covalently. Stress Index Calculation Stress created
fr"&%@tﬁé%eﬁﬁng%f“é%%ﬁf%%n&&ct&ru%bd‘e‘?/ic‘é%ﬁ&ss s5timated by the = +1¢ °
Stresssidexeptocedurg ast outlined-abeve. Siregs ingedeat Various curable
temperatures (- 65C, 150C .and 260C) was.calculated usin uations.1 .
S e o e St Texch s e b g BB e

cobeasitiens compsing silicend& seraepoxyfurictional) PMMA shelticular,
particles, (Examples 1, and.2) have lower Steess Indexes.as comparedto, :,
curable compositions comprising no stress relief agent (Comparative
Example™ 6t Gitable 5 compositions comprising
Acrylic-Butadiene-Acrylonitrile copolymer (Comparative Examples 2 and
3), in particular, at low temperatures such as -65C. Details are seen in

10 Table 5 below. 10 Table 5 ExampIeTéBr]rﬁJa"?ative Example Stress Index

Calculation 1212345 (Stréss Inelaxakb5C[-3.97 -3.Yorbddd cikd(Exampie

at-Madutys); kgffgimz-Stress-index-atr15€ =021 5
24 (F!ng“’ﬂ' Modulus),tkgf/mm2
-3.87 | -3.86  -5.03 | ~4.30 -4.62 ; -3.99 | -4.03

Stress Index at -65°C

(Flexural Modulus), kgf/mm?

Stress Index at 150°C .
-0.21 1 -0.21 ] -0.30 | -0.26 | -0.29 | -0.23 ] -0.24
(Flexural Modulus), kgf/mm®

Stresgs Index at 260°C

0.52 0.59 0.74 0.58 0.58 0.58 0.59
{(Flexural Modulus), kgf/mm? 7

Stress Index at -65°C (Storage
-~3.59% 1 -3.59 | -4.30 | ~-4.0% | -4.,15 | ~3.58 ; -3.5%2
Modulus), kgf/mm®

Stress Index at 150°C (Storage
-0.27}-0.27 7 -0.32 | -0.29 | -0.32 | -0.28 | ~0.28
Modulus’, kgf/mm?

Stress Index at 260°C (Storage

qul W 0.82 0.84 0.94 0.84 0.83 0.84 0.84
Modulus), kgf/mm

Pressure Cooker BRiased Test (PCRT)

Devices for test purposes were prapared using the

molding materials obtained from the curable compositions

15 of Example 1 and Comparative Examples 1 and 2, and
subjected to pressure cooker biased tast as outlined

above. The results are shown in Table 6.
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Stress Index at 260C 0.53 0.59 0.74 0.58 0.58 0.59 0.59 (Flexural
Modulus), kgf /mm2 Stress index at -65C (Storage -3.59 -3.59 -4.30 -4.05
-4.15 -3.58 -3.59 Modulus), kgf/mm2 Stress Index at 150C (Storage
Modulus), kgf/mm 2 -0.27 -0.27 -0.32 -0.29 -0.32 -0.28 -0.28 Stress Index
at 260C (Storage 0.82 0.84 0.94 0.88%183 8.84 0.84 Modulus), kgf/nm2

Pressure Cooker Biased Test (PCBT) DeViGEs 0T (e JRaseS Ve Bnple

pr hnl’nt‘l IIclnn fho mnldlnﬂ mﬁfﬂl"lﬁl nhfﬁlnorl fram tho r\llrﬂhln
r.l 3 s LILUI.II,JI-\J\.A TmoTTrTratT UUITAN TGO

compositions 15 of Examipl | Comparative Examples|1 and 2% and
jected to ¢ test as btitlined above, The results
mplelComparativeeExarnplé Act2ic-
Relief-Agents, coresepoxy sieassne-
=*fﬁm@@@%ﬁﬁﬁe”§§¥%@ECO£E¥¥D$EEtr11e
st @ 121C/100% RH/20volt
histilt 6% unit& Failed| by Bpen ™"
e WS appiied to the

Dreésﬁrencboker Blased Tes*.@
121°C / 100% RH / 20volt-

biased (On Cu L/F}Y 200 180 20
# of hrs +ill 20% units

failed by open circuit

When 20 volts of biased voltage was applied to the
device at high temperature (121°C} and high relative
Humidity (100%) conditions, the circuitry corrosion would
be accelerated as compared to actual operating conditions.
As depicted for Example 1, the presence of 1.4% of
gsilicone core-gpoxy functional PMMA  shell particles
exhibits the longest time among the test devices for 20%
of the units to fail. Although the test device from
Comparative Example 1 showed just about 10% (180 hrs vs.
200 hrs)_earlier time~to-failure, this curable compcesition
does not possess the desirable low modulus proparties.
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
90hrs. Therefore, curable compositions comprising silicons
core—spoxy functional PMMA shell particles result in
superior PCBT performance when compared to curable
compeositions without any stress relief agents or to
curable compositicons comprising Acrylic-Butadiene-

Aerylonitrile copolymer as stress rellef agents.
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device at high temperature (121C) and high relative 5 humidity (100%)
conditions, the circuitry corrosion would be accelerated as compared to
actual operating conditions. As depicted for Example 1, the presence of

1.4% of silicone core epoxy functional PMMA shell particles exhibits the
I&@Mﬁ%@%&ﬁeﬁ%ﬁdevices for 20% 10 of the units to fail.
Althougtcihe test devicé droms Comparative EXamplerl showedsjaista@aboutned
10% (180 hrs vs, 200 hrs) earlier time:to-fail .this curable. paositi
(foe%v(r?ot%%gges%ﬁﬁgad%%%rabﬁseﬁg\% mgofullﬁog%%%?ties?%ﬁél qr?n tdlnes
Commparative Exampler®; dhé turalsle 5 comapoyitions witkidogefparative
Acrylic;Butadieng-Acyylonitrile copalymer.displayed a myich shoxtes
time-to-failure of 90hrs. Therefore, curable compositions comprising

silicone core-epoxy functional PMMA shell particles result in superior

PCBT performance when compareg g cairable 20 compositions without

any.stress relief.agents or to_curable compaositions comprising

Adrylic-Butadiene- Acrylonitrile copol mEF R Stresls rSREPATEHES 8>t |
Dissipation Fac st Mold discs for dissipation factot test as outlifed

ab ng materials pbtained from curable
co aratiye 5. Exampfes 1 and2he- <"
res Egg@p@ }QO'rr}pal”aiw Exarrplesiet
21 ress Relief Agenisssiressvionitrile
bUF functional . N
Adernts CopRoe mexr
:: PMn shell | oo pesy
Dissipation Factor (1M-HZ) i 0,007 0.006 0.014 ;

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

As seen in Table 7, the dissipation factor for
Ekample 1 is comparable to that of Comparative Example 1.
However, the curable composition of Example 1 is superior
to that of Comparative Example 1 due to its lower modulus
value at both room and high temperatures as seen in Table
2. Accordingly, the low modulus value of the curable
composition of Example 1 indicates that it 1s capable of
relieving stress betfer than that of Comparative Example
1.

Cn the other Thandg, in comparing Dbetwsen the
dissipation factors of Example 1 and Comparative Example
2, the use of 1.4% acrylic-butadiene-acrylonitrils
copolymer as the stress relief agent 1in the curable
composition of Comparative Example 2 results in an
undesirable increase in the dissipation  factor of

Comparative Example 2 to 0.014,. Therefore, the use of
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core-epoxy relief acrylonitrile functional agents copolymer PMMA shell
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 undesirable. As seen in Table 7, the dissipation

factor $6F Examplés T §8 egmparabis-to- PRt of CoMparative ExampRe It cles
Hewegver; the,curablecomposition ek Examplesd is:superiondb tathatighktion
Comparative Example 1 due to its lower modulus value at both room and

High tehperstuPss’ad S8er i Table 2. Accordingly, the low modulus

value of the curable composition of Example 1 indicates that it is capable
o§ r.elieyizl% stress better than that of Comparative Example 20 1. On the
11 oW . L. . .
; omparing between the dissipation factors of Example 1
and Corfipasative Exdmplez 25 thebyselobti4%rom curable compositions

agiesfasiens achloniie caRAYIeE a5 e sess thlg 306RLR e steq
curable 25 composition of Comparative Example 2 results in an
UrlesiFdsiemicreaseia ticdissipaticy factor bR cCompaiaiive Exampie-gdure
19,0.0%4,thergforg .the usegf, 27 silicane ceresgpoxy. functional EMMA, ¢ e r
shell particles results in a curable composition with a lower dissipation

fACIBF aRETRodMNS Vallfe. 5°SPirdl Figw Molding ihatétals obtaiféd frohs tve

corakle composifiaas of Exampie 2and-Comparativedexamples agh3  The

were tested to determine the s%iral flow values using the procedure
results are shown in Table 8.

Table B
Example Comparative Example
2 1 3
1.8%
No 1.8% Rcrylic-
silicone
stress butadiene-
COre-epoxy
relief acrylonitrile
functional
agents copolymer
4 PMMA shell
Spiral flow {(cm) 5% 65 44
Relative Spiral flow (%)
(with respect to Spiral flow 78 100 &8

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 1in the curable
composition o¢f Example 2 causes lower degradation in
spiral flow as compared fo that of Comparative Example 3
which uses Acrylic-Butadiene-Acryleonitrile copolymer in
the curable composition by a magnitude of 10% cor more.

Hence, better flowability can be achieved using silicone
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outlined above. The spiral flow values are further 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 2 1 3 No 1.8% Acrylic- Stress Relief Agents
silicohestress butadichec cote-cpiiy: relfdfackyloniilel fureBonalsagearitsess -
cecalymer, LMMA shell Spital flow,(cm) 5L 85 44, Relative spiral flow (%)
(with respect to spiral flow 78 100 68 of Comparative Example 1) 15 In
comparing the relative spiral flow of Example 2 to that of Comparative

Example 3, the ysgrof siliconesore-epexy:functiopal-RMMA shell
particles In the curable  composition of Example 2 causes lower

degradatish iR FO-EBiRal HORHSEomp & that SFCompBaratife ESanipe oL
3cwhichhuges Aenytic-Butadiene-Actylonitrile copelymer:inithe curableple 3
com osé%on by a rg Qnitude of 0% or more. }gen%e, better flow bil'% can
b achicvet! using silicoRie 28 Coré-epbxy tikttio Pﬁﬁnnff‘&%h&ﬁq%‘é Ges
a$ stress? réliefagents instead of butadiene rubber. Acetone Insoluble
Content of Blended Matter 5 The acetone insoluble contents of the

blended matter Table 9
Comparative
Example :
Example
2 3
1.8% silicone 1.8% Acrylic-
core—epoxy butadiene-

functional PMMA acrylonitrile

shell copolymer

'Acetone Insoluble

Content of blended 2.3 4.4

matter (wtd)

Comparing the acetone inscolulkle content of blended
matter of Exémple 2 to that cf 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 inscluble content in
the blended matter can lead to higher occurrence of
incomplete £i1l during the transfer molding process of the
final molding material and is hence undesirable.
Therefore, the use of silicone core-epoxy functional PMMA
shell 9particles as a stress relief agent aids in

decreasing the acetone insoluble content of the curable

composition.
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obtained from Example 2 and Comparative Example 3 according to the
procedure outlined above are tabulated in Table 9 below. 10 Table 9
Comparative Example Example 2 3 1.8% silicone 1.8% Acrylic Stress

Relief Agents core-epoxy butadiene unctionai PMMA acrylonitr_.le shell
copolymer Acet@xanmstbiufle@shtiCorpixiatdae Exaup knafer (wt%o)
Comparjag.the acefone jasglule cantary of blgpded mater ol BXAPIE2 cne
to that of Comparative Example 3, the blended matter of Comparative
EXafiie Bidthtaifs dBbutEl5 twikBassmiehTatetofé inséltiBEdshtent  and
than-that of ;Example.21Geperally, bigh-aceionginsolublecontent in the

blended matter can lead to higher occurrence of incomplete fill during the
transfer THGIA MG Process oF the A Afoldikg TaterigPary istienide (- ormula

undesirable.12@: Theraforer the Hse of siligone-careepoxy funetionad Iv) and
PMMA ,sEeII articles, as a stress religf agent aids in Fdecre?sinthheI ;
BBl hSOITBT Content of HEEirable conbosition. 29 Example 37and ¥o*®

Comparative Exampié fobhe Weighituatios of theccamipanents makipgup The
the_ respective curilble com ositiops of Example § and mpar tivq]

DV a%eﬁneno LcTr%#iT % joxl Qgi g%? or ufa IT}  was
E};<ampe e seen'in Table 10 below. ortho-Cresol novolac type of
epoxyglesid (Formula Matsul Chemicals Company Ltd of Kyoto,

Japan. The elastomeric core-shell particles comprising a
silicone inner core and an epoxy-functional PMMA shell

(Genloperl® P3) were obtained from Wacker-Chemie AG of

Ménchen of Germany.

Table 10
| Comparative
Example
Example
 Formulation 3 6
Ortho~Cresbl novolac type of epoxy resin
(Formula I)
3.2 3.5
Softening point: 55°C, epoxy group equivalent:
196g/eq
Novolac epony resin of biphenyl type
{Formula IV)
3.2 3.5
Softening peint: 60°C, epoxy group equivalent:
272 gleg
Nowvolac phenolic resin of biphenvl type
{Formula VII)
2.5 2.7
Softening point:107°C, hydroxyl group
eguivalent: 199 g/eqg
Paraxylense-modified phenclic resin (Formula
VIIT)
: 2.4 2.6
Softening point: 629C, hydroxyl group
equivalent: 174 g/eq
Fused silica powders 86.5 86.5
Carpon black 0.3 0.3

30



16

15

), novolac 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 phenolic resin of
biphenyl type (Formula VII) was 10 obtained from Matsui Chemicals

Cohipany LtéE6F Kyoto, Japan. The elastomeric core-shell particles ,

comprisingaasilicone innercereandamkepoxy-functional PMMA shell

(Genioperln)R53), weke obtained: from Wacker-Chemie ACQ '&T Munc?w‘éh
r%g% any. O%?g‘lr;gpt%;ngt%gxyggragge Example Example®Formulatfon 3

0-Cresalnovolac type of epoxy resin (Fnrmula N3235 %nf’rpning

pb‘i‘ﬁf“@SCCC@ﬁSXV%up equwalent 196g/eq Novolac| epoxy resin of
biphawyl typesstRormUleflV) 3.2 3.5 Softening point: 60C,%pgoxy group - <
equivalent: 272 g/eq Novolac phenolic resin of biphenyl type (Fprmula

ivatent--199-gfeq

MIDT2R 2:4 - Spftening point:167C; hydroxytgroup-equt
P&%xgllene modified phweagolic resin (Formula VIII) 2.4 2.9. -

nic acid este 0.15%

Oxidized Polyethylene wax 0.15 0.15

Silicone core and an epoxy-functional PMMA shall

ot
o

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 blended matter was
subsequently melted and kneaded at 70°C to 100°C using a
bi-axial roll, cooled and grounded to obtain the resin
compositicon.

Example 3 and Comparative Example 6 represent curable
compositions free from flame-retardants, 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 these experimental tests are shown in

Table 11 below.
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Softening point: 62C, hydroxyl group equivalent: 174 g/eq Fused silica
powders 86.5 86.5 Carbon black 0.3 0.3 30 Coupling agent 0.2 0.2
Gramma-mercaptopropyl trimethoxysilane 0.1 0.1

3-Gl.ycidoxypropyltrimethoxysilane a(_)E 0.

Phenylamlnopropyltnmethoxysnaﬁ['e u?ng]accelerator

Triphenylphosphine (TPP) 0.2 0.2 Releasing ager

wak 0.15 0.15 Oxidized Polyethylene wax 0.15

al.PA

ViV ‘FI |nr\+
T LN AT

0.

t: Mon}a iCCacid=stere
15*%Fass

I\oh 111

religf-ageat:

maoouhaent

_|||v1

Jdﬂ"soeed mi

he
ot 70 ne-€

III|JUI Igl ILO
er for about

n‘rﬁﬁ’&ﬁeé étl%oiﬁ“?OC' to obtaln blended matter

10 Théblended m&kter
wa‘>v5asabgeqmentiquedﬁ-ed and kneaded at 70C tg 100C:using a bilaxial
roll comeo gr},EgO%rOL#nae a1 organg e resin Composition. Example 3 and
Co npafafX Ivé Example represent clrabie compositiong free fromo. ¢
f|am@xli&tﬂ£dazmt5eamth§y comprlse 10 of self- extlngwshlng
multFaromatic-type H:'blllflU achieve ftame retardancyExampte 3and
Coinbarative E/ mpI&°6 - Werd subjettedto'the exgderimental/tests detailed
abava.rand:the resulisof these experimental tests are shown in Table 11
belz'vyg. 3(531 146 147
Flexural Modulus €25°C, kgf/mm’ 2142 2420
Flexural Modulus 8260°C, kgf/mm’ 85 100
Storage Modulus 825°C {kgf/mm2) 2085 2250
Storage Modulus @260°C (kgf/mm2) _ 135 158
UL-94 Flammability Test (3.2mm thickness) V-0 V-0

Temperature Cycle Test

The results of the temperature cycle test as outlined

above for Example 3 and Conparative Example 6 are seen in

Table 12 below.

Table 12

Example

Comparative Example

3

28mm x 28mm 208pin QFF,

9.5mm x 9.5mm SiN die

| # cyeoles before onset of die

corner delamination

Cu leadframe (Ag-plated

Pad)

| )

50

Table 12

Example 3 comprising the

PMMA shell particles

of

performed
composition Comparative

comprise the silicone

32

better

Example

6

core-epoxy functional PMMA

than the

which

indicates that the curable composition of .

silicone core-epoxy functional

doeas

curable

shell
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Table 11 Comparative Example Example Properties 3 6 Spiral flow (cm)

72 80 Water absorption (%) 0.15 0.14 a 1, x10-5/C (Coefficient of

thermal 0.8 0.9 expan.sion below Tg) a2, xi0-5/C (Coefficient of thermal

3.5 3.6 expansion above Tg) Tg (C) | 146 147 Flexural Modulus @25C,
KGFiM© 232 2456 Efexdral Modtiftist @260 Kofifit 85 160°Stbrage” °F
Modillus @25G (kgt/mp2) 2085:2250:Sterage Moshulus@26QC cone core-
(kaf/mm2).135 158 UL -94 Flammability Test (3.2mm thickness) V-0 V-0

Te O&é/rat%‘ﬁé“é%i’e“ﬁ%st Pr%“e@fes%i‘t%% th%atéf*%%‘%t%re‘*@y%?e tgétea% o the
outliregdl & abovesfor Example 3 and Comparative Example 6 are seen in
Table 12 below. Table 12 Example Comparative Example Temperature
Cycle Testat 36 -65C to 150C 28mm x 28mm 208pin QFP, # cycles
beforesshset @ did” 0l 5mha XI2Bmm SiN die corner delamination Cu

leadﬂm@%ﬂéggﬁag¥gg¥%&50f?@ﬂ)Ithe 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 Equations I
and 2 above. From the Stress Indexes calculated, the
curable composition of Example 3 comprising silicone core-~
epoxy functicnal PMMA shell particles had a lower Stress
Index as cdmpared to that of Comparative Example 6 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 particles as
gstress relief agents aided in decreasing the stress of the

curable composition.
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10 Table 12 indicates that the curable composition 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 core-epoxy functional PMMA shell
32 particles. There is a two-fold increase in the number of cycles when
stress relief agents such as silicong£e1e- Q[30Xy functlonal PMMA sheII
particle , able Rdex-C3
Stress created from the seallng of sem|conduct@5ca(1@mges wa aflmataed
by the Stress Index procedure as outllned abgve. Stress| IndBxagpjarious
tempefz KBS T Was calcugted using Eguationy |
and 2 = ':;_:-_. ; i i . Lable———-——m
compos?ﬂzoﬁﬁ? ?ﬁ’ é?aqﬁﬁlea?, c%p%s%ﬁé ﬁ%&te core- @goxy functional
PMMA shelh batticlesofadm’ lower Stress Index as compared to that of | -
Commn@{@g‘@@W ppEs oL aye any stressTefief agents
therein. Details are seen in, Table 13 below. Therefogé, the uselof0s
silicone €58 &6y ]ﬁ?nféﬁghal PMMA shell particles as stress relief
agents aidedsin decreasingzbestress etithe lcurable composition, 33
Table :L%Cg;lgmpsqrgtiggf%nple Example Stressinéex Calculdtioh 3 6
StressUndex at -65C (Elexural 2.34 -3.17

Stress Index at -65°C (Storage

) -2.32 -3.01
Modulus), kgf/mm
Stress Index at 150°C (Storage
-0.11 ~0.13
Modulus), kgf/mm?
Stress Index at 260°C (3torage

0.37 0.44
Modulus), kgf/mm? -

Applications

The disclosed curable composition is a epoxy resin
composition sultable for use in sealing seniconductor
devices and also cone which can improve the thermal cycling
resistancs cf the EPOXY resin composition while
maintaining good flowability at high filler loadings.

The disclesed curable composition exhibit a variety
of desirable properties such as low dissipation, good
electrical performance and enhanced stress relieving
properties together &t the same time, which 1s not
possible in known compositions due to the conflicting
nature of the desirable properties. Advantageously, the
dissipation and electrical performance of the disclosed
com@osition will not be undesirably compromised in an
environment of high temperature and high relative humidity

with electrical biased voltage. More advantageously, the
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Modulus), kgf/mm2 Stress Index at 150C (Flexural -0.07 -0.08 Modulus),
kgf/mm2 Stress Index at 260C (Flexural 0 Modulus), kgf/mm2 0.23 0.28
Stress Index at -65C (Storage -2.32 -3.01 Modulus), kgf/mm2 Stress

Index at 150C (Storage -0.11 -0.13 Modulus), kgf/mm2 Stress Index at
%@ﬁggéé.@b&.ﬂ NG dUiGs) “Ktfnifi2 SeAPpITGatonS hé BrRAEGEed < ¢

csirable eRIPQSHIoN isa ep@xyikesin composiiensuitable ferdisecias and
sealing semiconductor devices and also one which can improve the

tREMNACEYTingC FeSiStANEE Bf THEBpoXy Fédi Comiposition whifé 16~ ===
maintainingrgeodifiewabilityathigh filler loadings: Therdisclesed-cunableses a
cop%%siitiqn exhibit a ﬂyggielt‘y of %esirable properéies*such aslow e
le)ssl‘l‘patlc}n“,ygo%%i alactrica Sesrforr%%ﬁ%g and enhanced stress r‘éﬂg\%hg coLey
propertiesrmgbthecatithesame timg,askiehds notdSrpossiblerinkmpwranical
compasitions dus o the conflicting. nature of e desirable properieguyus of

vJéntag usly, the §S|patlon and electrical performance of the
diselesed- ‘dormpositichwilthol berartiesirablyccompromiisdd ivarpnd of the

epviroament.of high temperature.and. Bigh relafive humidity 2 withs e i nkage
electrical biased voltage. More advantageously, the 34 disclosed curable
nFay BEIRed EffSetiveR 8 entApsulate tipackage efdtdricat Electrofictosed

devigesandion is able to pass the T/C tests required by
various industries. More advantageously, the filler
loading does not have to be increased to minimize internal
stresses., Even more advantageously, the particlies used in
the disclosed composition cause less degradation in spiral
flow as compared to epoxy resin compesitions comprising
butadiene zrubber of the same loading. In addiﬁion, the
blended matter of the disclcsed epoxy resin compositions
comprising silicone core-shell particles .contain less
insoluble content in acsetone as compared toe blended matter
obtained from epoxy resin compositions comprising
butadiene rubber as stress-relief agent.

Due to the fact that the particles of the disclosed
composition comprises an epoxy-functional organic polymer
outer shell, the compatibility of particles with the resin
matrix is enhanced  which in turns improves the
effectivensess of particles as stress-relief agents. While
not beilng bound by theory, it is believed that the epoxy-
functionality on the shell can link the particles with the
raegin matrix covalently resulting 1in better temperature
cycle performance of the disclosed composition as compared
to one which dees not have particles comprising an epoxy-

functional organic polymer ocuter shell.
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semiconductor devices such as capacitors and transistors. As the
disclosed curable composition also comprises a 5 plurality of particles
having an elastomeric inner core, the curable composition possess lower
thermo-mechanical shrinkage stresses due to the lowering of the

modulud'st coMpositiGH, Withs degtatingtha flowabiity Sndof the =€ 10

whote omposiian Advantageotishk the towerishitinkage<l -stfesseszes, as
tr%lnslate into lower CTE gpd the disclos%d corr%position IS ggle to pass Losed
the T/C tégltgerjéaf]' ed bi/LvﬁF’l'Sﬁg industries. Wore a(]:'ii‘r/lantageguslyatlhsec s

fitermpeading does=notihaive:1d.be increased to minimize internal stresses.

Evenm %2‘%%%”@@89 sly, %'c}i?epae@%'s%o%e?-ig 15.the disclosed v 1es
composition cause less &/e’gra ation in splra? flow as compared to epoxy .

resin compoiitiods sohprising: dutadiene pabldersof thakamerioadingnih high
addition, the, ,hlended mafter of the disclosed-£poxy: resin.comnositions. ¢ 1 ; o £

comprising silicone core-shell particles contain less 20 insoluble content in
aeEfitiesas dompared e bierdet matter ‘Obtairtdd frbANEpARY resiFe ©f the

compesitions cqmpsing rbutadiene subberas stressreliaf agent. Dueto 1w
the fact that the particles of the disclosed composition comprises an o
epBRFdrictional ofganic polyhiet 28 Giffer Shell, e corfpaiitility gf2rst+on
padigles-withithe resin matrixds ephancedovhich-Hatamsimprayvesthe’c for
effectiveness of _particles as stress-relief agents. While not being boun

o9 TS 1% DA SR THE Sy iy o (8 Shol dar s tand
theapatticlesawith the S0desitomatrincovale ntlyl resuttingrinshetternt .

temperaurg, cycle performance gf e, disclosed LOMROSIION 88y, ot sa11y
compared to one which does not ‘have particles tomprising an epoxy-

fuiictionat Drganitlpolpmercdutershéll. 835 tTheldisclosed edmposition isalogen

a@@&*@Qb@f%&%ﬁﬂﬂorous. The disclosed composition may not
comprise antimony hydroxi&e. Advantageously, since the
composition does not comprise a halogenated epoxy resin,
additional disposal costs asgsociated with the dispesing of
the toxic halogenated epoxy resin would not be incurred.
More advantageously, the constituents of the disclosed
curable composition may not contribute to environmental
pollution.

While reasonable e«fforts have been employed to
describe equivalent embodiments of the present invention,
it will be apparent to the person skilled in the art after
reading the foregeing 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 is intended that all such modifications
and adaptations come within the scope of the appended

claims.
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large scale packaging of devices with large chip sizes, as the internal
stresses inherent in the disclosed composition is minimal. 5
Advantageously, the elastomeric core of the particles use in the disclosed
composition has high-purity and higliate erature properties and are
effective as stress-relief agents. More advantageously, the elastomeric
core of the partictesaiskd inthediscidsad compasitibnhasowrrory resin

t?bmpegswgél?ggbi'im@ye Ip low glassitransifien temperatiie, fgofng  an
about -120C relative to -35C for acrylonitrile-butadiene systems) and is
able t0- Withstehd 19arsh weatifer eontitivhs &RG TS moisttre Pésistarty The*©

disclosed cemposition.may also be substantially 15 free of a flame
retardant material containing a halogen and/or a phosphorous. The
disclosed composition may not comprise antimony hydroxide.
Advantggeoushy sinserthel eompasitiondaas not compiiseda halogenated?,
epoxy resin, additional disposal costs associated, with the disposing of 20

RS Ral 6 el BhSy s vt notE B TN ohgteles
advantageduslynthe epnstitténtscofitheadisclosedp cusabledormiposition  the

may_nat contribute ta enviren al pollutign. While onable gfforts.. .
hgvgll%)pt)aencgrr%]pjfogyeézl ?b 25 dg&s;:r}i;be eqwk%/aler%it emb%rjd?%an?ent% of the PRate
prasent riventiorn dt AllPBE appagentits the person skilled in the art after
reading the foregoing disclosure, that various other modifications and

adaptations of the invention may be made therein without dep,arting from

the spirifand sEbpe Of 1&38 irkdHEOR AN istiftentRethat afsiycH ™ 27
magdifications ;aad agdaptations comewithigtbe;scope sbihecappentiedn the
dgggﬁigﬁégggggting of 2-glycidoxyethyl, 23-glycidoxypropyl,
d—glycidoxybutyl, S5—-glycidoxypentyl, glycidyl
methacrylate, 2~ {3, d-epoxycyciohexyl)ethyl, 3-(3,4~

epoxycyclohexyl)propyl and 4- (3, 4-epoxycyclohexyl)butyl.

4. The curable composition as claimed in claim 1,

wherein sald organic polymer is a vinyl polymer.

5. The curable composition as claimed in claim 4,
wherein said vinyl polymer is selected £from the group
consisting of polyethylene, polypropylene, polybutadiene,
polystyrene, polyvinyl acetate, polyvinyl alcohol,
polyacrylonitrile, polyvinyl toluene, polymethyl
methacrylate, rpolyethyl methacrylate, polybutyl
methacrylate, polyvinyl propionate, pelyvinyl cyanides

and polymethacrylonitrile.
c. The curable composition as claimed in claim 1,

wherein said elastomeric inner core comprises a material

selected from the group consisting of silicone, an
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1. A curable composition comprising an epoxy resin in admixture with a
plurality of particles having an elastomeric inner core and an
epoxy-functional organic 5 polymer outer shell. 2. The curable
compasition as claimed in claim 1, wherein said epoxy-functional prganic
poly e BEmpriseE Yat st Oh& EpoxyFinttidnal ototp selectid fromths "
1ogresp, consisting-efiglycidoxyalky|, glycidylacrylatebepoxyalkykand ene~
epoxycylcoal’.kyl. 3. The curable.compasition as claimed in claim 2,
W%t&%%gaia %%%%(ﬂf/-’fuﬁgtcﬁ)ﬁgﬁb“ r%)%lblefs QE%Ye%ﬂ%mrt%gbel% group
consisting of 2-glycidoxyethyl, 3-glycidoxypropyl, 4-g|ycidoxybuty|,
5-glycidoxypentyl, glycidyl, methagrvlate, 2:(3.4-epoxycyclohexyletty; -, ¢,
3-(3,4- epoxycyclohexyl)propyl and 4-(3,4-epoxycyclohexyl)butyl. 20 4.
Thessifrable edhthositiohey ElaitistEin AL, Afhetéin SaRFérganict a1y
pelymenis.a.vinyl polymer. 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, polyvinyl
acetate gpolyvimykaleohaclh Jpolyagrylosnitritec polywinyliteluene, polymethyl 1,
methacrylate, palyethyl methacrylate, polybutyl methacrylate, polyvinyl
il erer i Wit e Cree Wbttt e i S
curable composition as claimed in claim 1, wherein said elastomeric inner
core comprises. A material selected from the,group consisting of siliggne, 1,
an 37 ethylene propylene diene monomer rubber, an isoprene rubber, a
nitfile TEbber Halu s Fiiblser: bidadiené- g§rerie fibberaangscale range.
ethylene-propylene rubber. 5 7. The curable composition as claimed in

laim 6,
claim 1 The curable composition as claimed in claim 10,
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 epoxry resin is a compound having at least

Two epoxide groups psr molecule.

i2. The curable compoéition as clalmed in cliaim 11,
wherein said epoxy resin 1is selected from the group
'consisting of:

i. a phenol novolac or ortho-crescl novolac

type epoxy resin of Formula I

OCH,CH— CH, OCH,CH— CH, OCH,CH— CH,
i . . e

~ ~ S _ g
AN «*J*\ Df R\..Je:fx N © R\.)\ ©
\({ H CH, A CH, 1@]
o & = J o
| J.

53

N

Formula I

wherein n is an integer selected from § toe 10 and
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wherein said silicone inner core is at least partially crosslinked. 8. The
curable composition as claimed in claim 1, 10 comprising 5 wt% to 20
wt% of said particles therein. 9. The curable composition as claimed in
claim 1, wherein said,paJticIe as a.size in.the nano-scale range. 15 e
The curabie' cdmpdsitidh a8 Tiaimed ik ciiail%y%)[, WWérein said particte size ™
is in<the rangecof 50 nm to 150 nm. 11. The curable composition as
claimed in clai{r_{ 1 a20 \/c\:/@(-%reciﬁgaie(jn%@E y g}esin,és ecorgggg( d hgé/gl%at of
least two epoXide groups pgr molscule. 12. The curable composition as
claimmadlia dldim 11, wherein said epoxy resin is selected from the group
25 consisting aof: i. a phenol novola 0-cresol novolac Xy
resin of &}gﬁﬁgl_Oé ZCH-CH2 E,&EI}“CMI;‘% H2CH- C%i@ﬁwﬁ/EH”
R® Oz |CH2 CTb—C~ n 30 Fgr@ula Qeréig n,is an irgeger $electe\d§0m
S _ ho _

0 to 1Q-aAcH3 qagh .

alkyl grou

1 ' hydroger gF-C1-C4
f@l ; 7C - dier T EpOKYLresil ;i m |
OCH2CH-CH2 O CHO OEH,CH- “Fin 57Jn Formdla Il

Formula I1

wherein n is an integer selected from 0 to 10, and
sach R 1s independently a hydrogen atom or a C;-C4
alkyl group;

10 iii. a biphenyl type epoxy resin of Formula IIT

R R R R
N

H,C— CHCH,O Q OCH,CH— CH,
ANV N S
Q O
R R R R
Formula III

wherein sach R is independently a hydrogen atom or a

Ci~Cq alkyl group;
15 iv. a biphenyl alkyl modified epoxy resin of

Formula IV .

~
]

N7 R L
OHlOHO)- =

0

R

Formula IV
wherein n’ 1s an integer selected from 1 to 11, and
Z0 each R is independently a hydrogen atom or a Ci-

Cy alkyl group:
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wherein n is an integer selected from O to 10, and each R is
independently a hydrogen atom or a CI-C4 alkyl group; 10 iii. a biphenyl
type epoxy resin of Formula Il R R R R OCHZCH- CHZ HzZC- CHCH20
O O O0RRRR Formula lll wherein each R is independently a hydrogen
atom or a C -CG4 alk§lgfRipt 155 5 higHerH 8 ATodified 8poxy resin
of Formula IVQCH2CHz £H2 QGHZAGHH EHd ReEcR O rH:GH2 CH2 (Di
n, Formula IV wherein n' %ag_lnteggr seleftecd from 1to 1-1, and 20
eachR is indegéﬁdeantﬁ}ua ﬁdrb%%n“ét%%aor a@-ecipaﬁ’@i grrgﬁﬁ;n 39v. an
epoxy resin of bispherolitypé;t i Beparaxylenesmodifiedeepaoxy resin; Vil.

s aultfunctional {ype epoxy tesin; i & aphihalene e Xy tesin; S
IX. a triazine nucleus type epoxy resin; a d nixtures thereof. 13. The
clifalée edmposition as claimed in claim 1, further comprising a resin
curing agent.

13. The curable composition as claimed in claim 1,

further comprising a resin curing agent.

10
14. The curable composition as claimed in claim 13,
wherein said resin curing agent 1s a phenolic resin
curing agent having at lsast two phenolic groups per
molecule.
i5
15. The curable composition as claimed in claim 14,
wherein said phenclic resin curing agent is selected from
the group consisting of:
i. a phencol novolac type resin of Formula VI
20
OH OH OH
R R R
CH, CH,

n
Formula VI
wherein n 1s an integer selected from O to 10, and
each R is independently a hydrogen atom or a Ci=Cy
25  alkyl group; '
ii. a biphenyl aikyl modified phenclic resin of

Formula VII
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10 14. The curable composition as claimed in claim 13, wherein said
resin curing agent is a phenolic resin curing agent having at least two
phenolic groups per molecule. 15 15. The curable composition as claimed
in claim 14, wherein said phenolic resin curing agent is selected from the

R is independentiy
yl &l qdified
=

VIl OH OH OH Formula VII

wherein n’ is an integer selected from 1 to 11, and
each R is independently a hydroegen atom or a C;-
Cy alkvyl group;
iii. a paraxylene-modified phenclic resin of Formula
VIIT
OH O

H OH
| | |
R . R R
O DO~

Formula ViII
wherein n is an integer selected from 0 to 10, and
zach R lis independently a hydrogen atom or a Cp-Cy
alkyl group;
iv. & dicyclopentadiene-modified phencolic resin;
V. a multifunctional phenclic resin;
vi. a naphthalene type phenclic resin;

vii. a triazine nucleus type phencolic resin; and

mixtures thereof.

16. The curable composition as claimed in claim 1,
further comprising an inorganic filler selected from the
group consisting of fused eilica powder, substantially
spherical silica powderx, 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 thereof.
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RiR~R eHZCHZ CHZ* OHZ ~ n Formula VIII 10 wherein n is an

integer selected from 0 to 10, and each R is independently a hydrogen
atom or a C1-C4 alkyl group; iv. a dicyclopentadiene-modified phenolic
resin; v. a multifunctional phenolic resin; 15 vi. a naphthalene type

phenolic resin; vii. a triazine nucleus type phenolic resin; and mixtures
thereof. 116. TH&:6urableaédmposition astclaimedsin elammed 20 furtherin 1,

cemprising an pgrganic filler selegted from.the, graup consisting ot fuged: e

silica powder, substantially spherical silica powder, crystalline silica
PBWRIEP, secontiaiyagfdmeratéd silicH peREEF Y5orous Sk PowdeBY) /
sificapowder-obtained-from grindingsecondan<s rgglomeratedsilica, 2-
powder or porous silica powder, alumina, and mixtures thereof. 41 17.

THE U abie SEHpoSition a&claimBd it ¢faim S Subthet Tdmprising a

curing accelerator selected from the group consisting of
diazabicycloungecene (DBU), 5 triphenylphosphine {TPP . .
oyl e (EOMA), 5 TR ar O (2.0 Snd Pl
thieredh d8. Thewsurable:gomipositiemas claindadimn¢laimel, efurther from a
cg{gpéi]ﬁin[gy@{lggl%éqtardant selected from a 10 metal hydroxide. 19. The
curable composition as claimed in claim 1, wherein said metal hydroxide

is at least one of aluminium hydroxide and magnesium hydroxide. 15

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

hvdroxide and magnesium hyvdroxide.

20. Use of the curable composition as claimed in

claim 1 as a sealant for a semiconductor device.

21. A curable compesition comprising an epoxy resin
in admixture with a plurality of particles having an
elastomeric inner core and an organic polymer outer
shell, wherein said compesition does not substantially
comprise at least one of a halcgen-containing flame
retardant; a phosphorous-containing flame zretardant or

antimony hydroxide.

22. The curable compesition as claimed in claim 21,
wherein said organic polvmer 1s an epoxy-functional

organic pclymer.
23. The curable composition as claimed in claim 22,

wherein sald epcoxy-functional organic polymer comprises

at least one epoxy-functional group selescted from the
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20. 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 20 in admixture with a plurality of particles having an elastomeric

ij’?glséu Ore %dsE‘Qt"{l%”i%80'@;12?0%8%gi‘fﬂ¥wher8£’}%%ig mpesion. .

ot substantially” compri least One of a hafogen-containing
flapfex Yataedan® adpleosphivtgus-edhtaiding flame retardant or 25
antimony hydroxide. 22. The curable composition as claimed in claim 21,

wherein said organic polymer is an epoxy-functional organic polymer. 30
23. The‘irableorfipddifion as Crifrettinlaint 22 WwHErdin'saiglaim 23,

epaxy-dynctionaliorganic pelymer comprisgscableast one epexysfuncsanale
group selected from the 42 group consjsting of glycidoxyalkyl, glycidyl
FRA curdbid o1

aBRIAR, &PDRydlkyFshd epogySyiesaikyl* 24 “The cural Getor RS
claimeddn ¢taigb23,y 5,wherein sdid €ppxydungtianalygroup is selegtegeidyl
from the_group consisti 2-glycidoxyethyl, 3-glycidoxypropyl, _ _
TR BT 5-glyclm I ST ey Bt 33,4
24B+Bpoxycyciohaxyfetiy 1348 @- epoxyéyciohesid)propyeand ) butyl.
4-(3,4-epoxycyclohexyl)butyl. 10 25. The curable composition as claimed
in claim 21, wherein said organic polymer is a vinyl polymer. 26. The
curable é8mpoSiton-as éRirfed T eRIM 25115 fvHeréifsald vinyplaim 21,
pelymeris selecied fiom the groupnconsisting-of Pelyesbylener .
polypropylene, polybutadiene, polystyrene, polyvinyl acetate, polyvinyl
alcohol, polyacrylonitrile, polyvinyl toluene, polymethyl

26, The curable composition as claimed in claim 25,

wherein said vinyl polvmer 1s selected from the group
consisting of polyethylene, polypropyvlene, polybutadiene,
polystyrene, polyvinyl acetate, polyvinyl alcohol,
pclyvacrylonitrile, polyvinyl toluene, rpolymethyl
methacrylate, polyethyl methacrylate, polvbutyl
methacrylate, polyvinyl propiconate, pelyvinyl cyanides

and polymethacryionitrile.

27. The curable composition as claimed in claim 21,
.wherein said elastomeric innmer core comprises a material
selected from the group consisting of silicone, an
ethylene propylene diene mwonomer rubber, an isopreane
rubber, a nitrile rubber, atural rubbkber, butadiene-

styrene rubber, and ethylene-propylene rubber.

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

crossliinked.
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methacrylate, polyethyl methacrylate, polybutyl 20 methacrylate, polyvinyl
propionate, polyvinyl cyanides and polymethacrylonitrile. 27. The curable
composition as claimed in claim 21, wherein said elastomeric inner core
comprises a material 25 selected from the group consisting of silicone, an
ethylené propyléfie digre monoiérTabher anitopretd Tdbbet, &ftrile <
rulbesr aturabrubbet sbutadienesstyrenesubber and ethylenerprepyiene
rubber. 30 28. The curable composition as claimed in claim 27, wherein
said silicone inner core is at least partially crosslinked. 43 29. The curable
compositibn ag claimed i Chaim@i;cearnprsingss wi%ito:20 widodfesiaid 21,
5 Padicles thegein, 30, The curable composition asiclaimed in ¢laim 21, .3,
wherein said particle has a size in the nano-scale range. 31. The curabl%
composition as claimed in claim 21, wherein said particle size is in the
range 0f:30 nnyiQ. 150.am: 10 32 Jheicurablecorapasition as.claimediing 1,
claim 21, wherein said epoxy resin is selected from the group consisting
of BET & Phetfot NoVBIAE of orthdctEsct iovdlac type “6pky rasinvt 1 ©°
Fosoulad .CH.CH- CHZ OCH,CH- CHZ OCH2CH- CH. OO O CH, J(") ~I
CH7 n Formula | 20 wherein n is an integer selected from 0 to 10, and
each R is independently a hydrogen atom, or a C1-C4
32. The curable composition as claimed in claim

1C

21, wherein said epoxy resin is selected from the group

consisting of:

15 i. & phencl novolac or ortho-cresol novolac type

epoxy resin of Formula 1

OCH,CH-— CH, OCH,CH— CH, OCH,CH— CH,

NS ANV4 j NS

R g [ I R'm L ! 0 R~ . Q
Tﬁﬁ - \??«\ 1{ j Csz.q@
e I J S
n

Formula I

20 wherein n 1s an integer selected from 0 to 10, and
cgach R 1is independently a hydrogen atom, cor a (-0
alkyl group;

ii. a dicyclopentadiene type epoxy resin cf Formula

IT
OCH,CH— CH, OCH,CH— CH, OCH,CH-— CH,
" NV /L N R N
N 7 ~ YR T T N
OO CHOTO
- IR N \/’}JJ L‘\ o >
e - n

Formula II

wherein n is an integer selected from § to 10, and
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26

25

V. an epoxy resin of bispheno)'type; vi. ap
resir};{z‘@._a_mmq Bationa .A =
N S

alkyl group; ii. a dicyclopentadiene type epoxy resin of Formula I
OCH2CH- CH, OCH2CH- CH, OCH,_CH- CH, Row R a R 0 25 Formula
I wherein n is an integer selected from 0 to 10, and 44 each R is

independently a hydrogen atom or.a C1-C4 alkyl.group; iii..a biphenyl ~
type epoxy ?gs% o)é Fo mh?gﬁ?%?‘ﬁfﬁtﬁ%fc- lﬂ—l%i-?;@ GEHZCH- %I—FZ””
Q020 RPREVR 5 Formula Il wherein each R is independently a
hydrogen.atom qr.a,C1-C4 alkyl group;.iv. a biphenyl alkyl modified epoxy
rosin of Favintiec 1 BCHz G e SR R o R ORA R gy oh

0 CHz H n 10 Formula IV wherein nzis @n integep selected from 1 to 11,
and each R is independently‘a hydrogenatom of a C1- C4 alkyl group; 15
lene-modified epoxy
OCH,CH— CH,

NS
0

R R R R

Formula IIX
wherein each R 1s independently a hydrogen atom or a
Ch-Cy alkyl group;

iv. & biphenyl alkvl modified epoxy resin of Formula

bt
<

OCH,CH— CH, OCH,CH— CH,

\O /! | R \D e
rmz@@\/m@i

Formula IV

wherein n’ is an integer selsected from 1 to 11, and

each R is independently a hydrogen atem or a Ci-
Cy alkyl group;

7. 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 triézine nucleus type epoxy resin; and

mixtures theresof,.

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

i. a phencl novelac type resin of Formula VI
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viii. a naphthalene type epoxy resin; ix. a triazine nucleus type epoxy

resin; and 20 mixtures thereof. 33. The curable composition as claimed in

claim 21, further comprising a phenolic resin curing agent selected from

the group consisting of: 25 ~. a phenol novolac type resin of Formula VI

45 OH OH OH R R )6--f CH2 CHZ L6 Formula VI wherein n is an integer

selected f#d O to 10, and 5 each R is infl8@endently a hydrogen atom &H

odified phenolic resinﬁ?f

ormdla VII wherein n*i

ci'R'is Independentjy;a hydro

xylene-modified phendlic res
Z{)./GHZ CHZ- CHZ n ~~

Formula VI
wherein n is an integer selected from 0 to 10, and
5 each R is independently a hydrogen atom or a Ci-C,
alkyl group:
ii. a biphenyl alkyl modified phenolic resin of

Formula VII

OH OH
R | R
L N
10_ Formula VII

wherein n’ is an integer selected from 1 to 11, and
each R 1s independently a hydrogen atom or a C;-
Cs alkyl group: |
~iii. a paraxylene-modified phenclic resin cof Formula
15 VIII |
OH CF{

e} O SO

Formula VIII
wherein n is an integer selected from 0 to 10, and
each R 1s independently a hydroqen atom or a C1-Cq
20 alkyl group:;
iv. a dicyclopentadiene-moedified phencolilc resing

V. a multifunctional phenolic resin;

a8
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Formula VIl wherein n is an integer selected from 0 to 10, and each R is
independently a hydrogen atom or a C,-Cc 20 alkyl group; iv. a
dicyclopentadiene-modified phenolic resin; v. a multifunctional phenolic

resin; 46 .vi. a paphthaleng type phenoli.tesin; vii. atuagine nucleus type
phenolic resin; and mixtures thereof. 5 34. The curable composition as
claimed‘iriclaitn 295 Hffthe? comtising a flame ratarant selectéd fom gnd
metak hydroxide, 35, A he curable composition as claimed in claim 21, 10
wherein said metal hydroxide is at least one of aluminium hydroxide and
magnesium hydroxide. 36. Use of the curable composition as claimed in
claim 2L as a sealant:fofialsemiconductor glevice. d5aifned in claim 21,

further comprising a flame retardant selected from a

metal hydrexide.
35. The curable composition ez claimed in claim 21,
wherein said metal hydroxide 1s at least cne of aluminium

hydroxide and magnesium hydroxide.

36, Use of the curable composition as claimed in

claim 21 as a sealant for a semicconductor device.
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