2 6 JUL 2005 NOVEL EPOXY RESIN COWPCSI TI ONS FI ELD OF | NVENTI ON The present
I nvention relates to a novel epoxy riesin conposition suitable for ,
encapsul ating electronic devices. Mre particularly but not excﬁfuél’h/ﬁlﬂ@',

it relates to an epoxy j | L d es inproved strength,
decreased fl exural mdﬁ@?@ngﬁwwgﬁﬁtﬁ?@ﬁ%ss resi stance. A
resin conposition with these properties may be suitable for application
in, inter alia, the sem conductor industry. BACKGROUND Electronic parts

such aFIHIDOF INVENTIEOMNrs, integrated circuits and the |like are commonly
sealed with a therrmsettingéresin. I'n integrated circujts i articular, a
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(FO, non-lead packages and the like. Apart fromthe mniaturization of the
packages as well as the chip, the industry is going towards a nore
environmental concerned direction. The toxic materials within the epoxy-

mol di nq?&gm@ﬁmgch as bromne and antinony are regarded as hazardous
materials towards human body. Besides, the | ead used in the sol der paste
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JUL 200®8sistgpgehi n t he compound, the use of brorninated epoxy and antinony as
a flame retardant is

With higher integration of integrated circuits, chips have become larger and surface-mounted
packages have been gradually switched from DIP (Dual Inline Package) to thin flat packages
such as SOP (Small Outline Package), SOJ (Small Outline J-leads), PLCC (Plastic leaded
Chip Carrier), QFP (Quad Flat Package) among others. This is fo}lawed by the industrial
trend towards more condensed packages such as the BGAs, Chip Siie Packages (CSP), Flip
Chip (FC), non-lead packages and the like.

| Apart from the miniaturization of the packages as well as the chip, the industry is going
towards a more environmental concerned direction. The toxic materials within the epoxy-
molding compound such as bromine and antimony are regarded as hazardous materials
towards human body. Besides, the lead used in the solder paste which serve as a electrical
conducting path for the IC chip within the package to the outside environment also possess a

negative effect to the human health.

In order to eliminate the toxicity in the compound and during the back end packaging
process, a compound without toxic materials and a process without lead are critical in

achieving the ultimate goal.



optional. It can be replaced by another flane retardant system or even
totally renoved. During the surface mount process, the Pb-Sn sol dgg Jola 08
will be replaced by other system wthout the use of |lead. The elim nation
of the lead in the solder paste brings up the eutectic point in the phase
di agram The solder (without lead) wll only processable at a higher
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epoxy resin conposition which may be suitable for encapsul ating

sem cotftRrPredevi ces, which additionally or alternatively has a higher
sol der cracking resistance at |ead free solder reflow tenperature, which
additionally or alternatively behaves as a potential environnental
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resin conmposiiion risin rohneluding. 1. ar oxy.resin conmponent (A)
conpri §Pg° &éhﬁgﬁsﬁlg%%r f va?%%eé%\ga}e%ﬁnﬁalgdm ‘g’rﬂn%lﬁgﬁa ilhﬁlg'epoxy resin of

formula (1), and Il. a phenolic curing agent conponent (B) conprising or
i ncl udi ng@a par axyl ene- nodified phenolic curing agent of fornmula (I11). 3 2
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i's an ichipegfkichehywRee Feddc6h indiidise@etesifanBd.- RS is independently an atom or
group selected from hydrogen, a hal ogen and/or an al kyl group of 1-20
carbon atons. Preferably in Fornula (Il1) nis an integer between 0-20, and

each ol Fe OF THESR/ALCPIGN

It is an object of the invention to provide an epoxy resin composition which may be suitable

for encapsulating semiconductor devices, which additionally or alternatively has a higher
solder cracking resistance at lead free solder reflow temperature, which additionally or
alternatively behaves as a potential environmental friendly thermosetting material, and which

additionally or alternatively provides the public with a useful alternative.

SUMMARY OF THE INVENTION
According to a first aspect of the invention there is provided an epoxy resin composition
comprising or including:
I. an epoxy resin component (A) comprising or including a paraxylene-modified
phenol type epoxy resin of formula (I}, and
II. a phenolic curing agent component (B) comprising or including a paraxylene-

modified phenolic curing agent of formula (II).



an atom or group selected fromhydrogen atom a hal ogen and an al kyl group
Preferably the epoxy resin conponent (A) conprises 50-100% by weiphtiljlogl he
total quantity by weight of the padaxyl ene-nodified phenol type epoxy
resin of formula (1), and when this is less than 100% the epoxy resin

conponeitfetably ithe lephes resie (A1) i9UhCar0LMBLNtS QEBRAGANY BeE¥én 0.8SoNE2 epoxy
Preferably the phenolic curing agent conponent (Bg conpri ses 50-100% by

wei ght egpiveleats gea hasipreheronp gayivaentdmatotatie) efthe phenadienesin puing agenb(B). 1 )
and wherein this is less than 100% the phenolic curing agent conponent (B)
I ncl udes or nore other secondary phenolic resin curing agents. Preferably

the epm@tifefabhy th ESHNS(I) hafar iHiddee betwreh 0DDS afhEachroftRQt Ry 8findepbidendly an
inorganic filler, and/or (D) a curing accelerator. Preferably both™(C) and
(D) ar atqm esersupgalgctedifiam hydrogem iadla?qun and/psansalkykgraupipbki2@ sabonatamsit i ng
bet ween 70-92% by weight of the total epoxy resin conposition, and the
curing accelerator is in an anount substantially between 0.05-1w % based on

t he t otpabfefidPXih F&Shula CRYRGS hit itBger BeBi@haRby, dndeath OF IR Cis fihddpehdently
constitutes between 80 and 90% by wei ght. Preferably the curing accel erator
i s one asratgm pe gesupdelestediftope hpdregec@p, ¢ balogen and apllsyhargvsphi ne ( TPP) ,
benzyl di net hyi am ne (BDWVR), 2-nethylim dazole (2-Mz). 4 26 JUL 2005
Preferably wherein the secondary epoxy resin is a polynmer which possesses

epPoXy (réfeprbly thepexyp Feieéaiponchi @ )R aprdes 50-e00% by et df&hé@kﬂ@\h@ﬁiif&f om
one or nore of dicyclo- pentadiene type epoxy resins_of formula

bi sphey| weight ofcthe pasaxyleagimeditied p tyRe €po¥y) resincofefosmuladi) paé -w(he\y%biSepoxy
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Pr ef er abdiys.t he secondary phenolic resin curing agent is one or nore
phenolic curing agents of formula (VII1). Preferably the epoxy resin
conposition may further include one or nore of:

Preferably the phenolic curing agent component (B) comprises 50-100% by weight of the
paraxylene-modified phenolic curing agent of formula (II) and wherein this is less than 100%
the phenolic curing agent component (B) includes or more other secondary phenolic resin

curing agents.

Preferably the epoxy resin composition further includes one or both of:
(C) an inorganic filler, and/or

(D) a curing accelerator.

Preferably both (C) and (D) are present and,
e the inorganic filler is silicon dioxide constituting between 70-92% by weight of
the total epoxy resin composition, and
¢ the curing accelerator is in an amount substantially between 0.05-1wt% based on

the total epoxy resin composition.
Preferably the inorganic filler constitutes between 80 and 90% by weight.

Preferably the curing accelerator is one or more of diazabicycloundecene (DBU),

triphenylphosphine (TPP), benzyldimethyiamine (BDMA), 2-methylimidazole (2-MZ).



a silane coupling agent, a releasing agent (e.g., natural wax or synthetic
wax) , a stress-reducing additive .g., silicone oil or rubber), a
flame retardant system Preferably the flame retardant systemis %%ﬂ@cﬂ@ﬁ
froma brom ne/anti nony systemor the al um nium and/ or magnesi um hydr oxi de
system Preferably the specific conposition is: The Paraxyl ene-nodified

h | f I ' . .60C 6-,10 .S, b I gh '
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Aver agepestadiene 1gpaemxyresins gdi@aulsdVy tisphartlghype Epaxytresing pfi baphilan @11),TPP)
0.05-0.4 rts. by . weight Epoxy, function including.silane coupling 0.1-0.5
par ts BYCTRORGTHEC sy P08y riritmhertl AYelubBF PPRYIR Y 0. 1-0. 4 parts by

wei ght Carbon black 0.2-0.4 parts by weight Carnauba Wax 0.3-0.8 parts by
wei ght According to a second aspect of the invention there is provided a
met hod Rsefegabip in Fagnula (IBpakof Ret Rs sonpethivl gomupi andl aldoflys tor Re oriprdregeng t he
steps of: 5 2 6 JUL 2005 1. preparing an epoxy resin component (A)
incIudeﬂ“br conprising a paraxyl ene nodified phenol type epoxy resin of
formula (1); Il. preparing a phenolic curing agent conponent (B) including
or conmprising a paraxylene-nodified phenolic curing agent of formula (I11);
111. miBeefegpbly thetseeondabephenebe msiycuiing aggnt is oRe oppoke/ Pheaslin cameg agant

agents VA a mxture; 1V. obtaining the conposition therefrom

P?ef er a%ﬁ?@awtﬁf ° ™

(
Preferably the epoxy resin composition may further include one or more of:

» asilane coupling agent,
» areleasing agent (e.g., natural wax or synthetic wax),
e a stress-reducing additive (e.g., silicone oil or rubber);

¢ a flame retardant system.

Preferably the flame retardant system is selected from a bromine/antimony system or the

aluminium and/or magnesium hydroxide system.

Preferably the specific composition is:

The Paraxylene-modified phenol type softening point : 60°C., epoxy 6-10 parts by weight

epoxy resin (I) is of formula (V) equivalent : 238g/eq

The Paraxylene-modified phenol resin softening point : 62°C., hydroxyl 4-8 parts by-weight

curing agent (I1) is of formula (V1) group equivalent : 172g/eq

Fused silica filler Average size: 13 micron m B0-88 parts by weight

Triphenylphosphine (TPP) 0.05-0.4 parts by
weight

Epoxy function including silane coupling 0.1-0.5 parts by weight

apent

Di-methyl silicone oil additive 0.1-0.4 parts by weight

Carbon black 0.2-0.4 parts by weight

Camauba Wax 0.3-0.8 parts by weight

According to a second aspect of the invention there is provided a method of preparing an

epoxy resin composition including or comprising the steps of:



in Formula (1) nis an integer between 0-20 and each of R1I-R5 is

i ndependently an atom or group sel ect ed from hydrogen, a hal ogen? gl 285an
al kyl group of 1-20 <carbon atonms, and in Forrmula (I1) n is an integer

bet ween 0-20, and _each of R1-R5 is independently an atom or group sel ected
f r om hydr oglenPEPHARE 40 FROSY SASIAFOMERNentkiA) Hebdig opeemprisibg e wa@xelene- t he
total quantit | [ pe epoxy resin of formula (1)
in the epoxy}ﬁngqe\r@gg%&%en{%%kfésﬁgofﬁbg&ggl rIé of 50-100% by wei ght, and

when | ess IRt hppd:@6od phemitioX Yurigs iageo Hapeivat i(Bgl MR @r GonmRisthgtaher
secondary epoxy resins, and the total quantity wei ght of the
par axy| ene- noparexdengymedidicdehengliogyriagagentof formiadlDa (11) in the phenolic
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ot her secondagjnipaediol i ¢ curing agents. Preferably the method further

i ncl udes: conbi ning the epoxy resin and curing agent with an inorganic
filler, tHAY-ieolspigng ke compputioniiersfram.xed with the other conponents as part
of step 3), and/or conbining the epoxy resin and curing agent with a
curing accelerator, the curing accelerator being mxed with the other
conponent Pref&rablyt t of step 3). Preferably: 6 26 JUL 2005 t he inorganic
filler is silicon dioxide, and constitutes substantially between 70 92% by
wei ght of t e tiatFarmuladion isamiiptegerhsdasan Ga0 %mCthfé(IdéﬂSngd@@n@né\Nmor is

added to provi b n o - 1wt % hased on 1he total epo [ esi
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epoxy groups, p#ikbeatisyandel ected fromone or nore of dicyclo-pentadiene
type epoxy resins of formula (1V), bisphenol - type e OXP{ resins of
fornula (1119, icFesepla(Bysligan intggas beprsep Q‘%@»im,eﬂphéﬁ&r sis \independently

epoxy restns.  BRSLSE BPkub B8 ROAAKBRAIRA S RASIN ST, 1S one
or nore phenol ¢ curin
Preferably wherein
« the total quantity by weight of modified phenol type epoxy resin of formula (I) in
the epoxy resin component (A) is the range of 50-100% by weight, and when less
than 100% the epoxy resin component includes one or more other secondary
epoxy resins, and
» the total quantity by weight of the paraxylene-modified phenolic curing agent of
formula (II) in the phenolic curing agent component (B) is the range of 50-100%
by weight, and when less than 100% the phenolic curing agent component

includes one or more other secondary phenolic curing agents.

Preferably the method further includes:
e combining the epoxy resin and curing agent with an inorganic filler, the inorganic
filler being mixed with the other components as part of step 3), and/or
¢ combining the epoxy resin and curing agent with a curing accelerator, the curing

accelerator being mixed with the other components as part of step 3).

Preferably:



agents of formula (M 11). Preferably the epoxy resin conposition my
further include one or both of: ong or nore additives, added as parjtl 2809
step 3), selected fromnore of a silane coupling agent, releasing agent
(e.g., natural wax or synthetic wax), stress- reducing additive (e.qg.,

si | i cone oi|* ortheupergpyic fHkw is Bidicpn jdeoxides anil pepstitetes subgianteyly thetweatdéer as

part of step 3)a.0, LPreferab tep. 1V includes the steps of nelt kneading
of the m xtureb%ué’lWgwﬁlgf'??tt)%?g",t%ae%ﬁ%ée&&coé?pqsﬁlémti"lég; cool ing and
grinding or JDUinsehirfigidcQEratdiSs RAGAUGIprevide BEWeBE dWDD wit] BiRed DRGRE B0 tO
a third aspect of the invention there'is provided a nethod of encapsul ating
an el ectroni c dpwiycrsiorcoggeptinent conprising or including the steps of:
prepari ng an epoxy resin conposition as above, encapsulating or otherw se
treating the electronic device to produced an encapsul ated el ectronic

devi ce. ASLRIdhIYGhE @e@@nﬁaﬁlpiexﬁs&@ms &f pdipget Bé(ﬁ@slsh%”eﬁd&?r%%ﬁ;ﬁ, Rred¥afRd an

encapsul ated el éctronic ce or conponéent Wwherein the"electronic deévice
or conponsaitctéds fromt ape wramert wf tdiyelo-pantadierentypp wppxy assins ofrfounilai @N)as

above. 7 2 6 JU_. 2005 O her. aspects, o he invention may becone apparent
rom i e PSPIDRE A RIeORY JRBn oL ona UID. GFesah ISP LS. Shsk TR ES GHeRoand
wi th ref efanfi& %gew@x)a&gigg(panyi ng Exanples and or Figures. DEFI N TIONS
By "El ectronic vi ce ‘or Conponent" as used herein we refer to, inter alia

| C devices, Discrete (Transistor, D ode, Capacitor, etc) devices. By
"Curing celerator” as used, herein we nean a substance capable.of .

aceel ora PREFFENE. DecseRondRy Borain oo BHtR Go of Froror, MEe: BABSHE T8 and
t he hydr oxyehntOsfentla (VIE). conponent (B). This includes, but is not limted
to those curing accelerators widely used in sealing materials, such as

di azabi cycl oundecene (DBU), triphenyl phosphine (TPP), benzyl di methyi am ne
(BDVR) . 2pmmel byl il 9388) 18sih 20Mp)siRBH el Fulitief Sncld SR S HTROH¥IAS

e one or more additives, added as part of step 3), selected from more of a silane
coupling agent, releasing agent (e.g., natural wax or synthetic wax), stress-
reducing additive (e.g., silicone oil or rubber), and the like;

o a flame retardant system added as part of step 3).

Preferably step I'V includes the steps of:
+ melt kneading of the mixture using hot rolls, a kneader or the like;
¢ cooling and grinding or pulverizing of the product of the kneading

step.

According to a third aspect of the invention there is provided a method of encapsulating
an electronic device or component comprising or including the steps of:

e preparing an epoxy resin composition as above,

e encapsulating or otherwise treating the electronic device to produced an

encapsulated electronic device.

According to a fourth aspect of the invention there is provided an encapsulated electronic
device or component wherein the electronic device or component is encapsulated within

or by an epoxy resin composition as above.



can be used alone or in conbination of two or nore. BRI EF DESCRI PTI ON OF
THE FI GURES The invention will now he described with reference tolfHbl 2608
Figures in which: Figure 1: illustrates the structure of the
par axyl ene- nodi fi ed phenol type epoxy resin_ of fornula %I); Figure 2:

efc

i |1 ust fhersasperds of thgdnvansiopfmankecomeappprignelramdhe fdlpving dedcription whigh isgent

of forml 1), I 1 rates the structure of the secondar
epoxy LSl ek ttete, SuL i MAt{¥sBRecs o bt dElotherd ine £RaRET PRA 9 gur e
4: il gggurad.es the structure of the secondary epoxy resin conponent of

formula (IV); Figure 5: illustrates the structure of a paraxyl ene-nodified
phenol type epoxy resin (V) the preferred paraxyl ene-nodified phenol type

epoxy hLEs; eral formula (l); Figure 6: illustrates the structure of
a par a%@ﬁmi ed phenolic curing agent (VI) , the preferred _
par axy IggneERBEolic Vevidte 60I0omporent tasa@eatheddin genesfad td, nidldia 1Q Idevicks,gur e

7. illustrates the structure of an ortho-cresol noval ac epoxy resin of
f or nul &isqrete (TrangistorDipde, Camsitor-pighdeviess. i | | ustrates the structure of a

phenol it gMrin nt . of. formyha (VIII1): Fi , i r flLow. mol d:
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DETAI LED DESCRI PTI ON THE | NVENTI ON_The present invention provides an
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agent of formula (11). We have fqund that resulting epoxy resin conposition
has hi §An Bt psdgiene orgf cprdiastign of two or more.

BRIEF DESCRIPTION OF THE FIGURES

The invention will now be described with reference to the Figures in which:

Figure 1: illustrates the structure of the paraxylene-modified phenol type epoxy resin of
formula (T);

Figure 2: illustrates the structure of the paraxylene-modified phenolic curing agent of
formula (II);

Figure 3: illustrates the structure of the secondary epoxy resin component - biphenyl

type epoxy resin of formula (III);

Figure 4: illustrates the structure of the secondary epoxy resin component of formula
(Iv);

Figure 5: illustrates the structure of a paraxylene-modified phenol type epoxy resin (V)
the preferred paraxylene-modified phenol type epoxy resin of general formula
@;

Figure 6: illustrates the structure of a paraxylene-modified phenolic curing agent (VI},

the preferred paraxylene-modified phenolic curing agent of general formula

(ID;
Figure 7: illustrates the structure of an ortho-cresol novalac epoxy resin of formula
(VID;



nodul us, high cure-ability and hi gher sol dering stress resistance, for
exanpl e at 260C as conpared with cqpventional cresol novol ac typeg9gio805
resin and phenol novol ac curing agent conpositions used for the sane
purpose. Ot her favourable properties include environnmental friendliness,

| ow t helfigtie Sex paridirgrmtesibe sevetwisiod aphenelssyripe iagent odfarmplat\ds. Such a
conbi naﬁi#‘gljgghas ngtspipﬁq{b“ah{toﬂ.ned with prior art. 1. Use as a Sem conduct or
Seal ant € ‘presentt epoxy resrn conmposition used for sealing conprises as
descri agurr@vi ouibstratéssa biphaitypelepooyReinaiftfosmda (BPPxy resin, a curing
agent, an inorganic filler and a curing accelerator. The resin conposition
may f urkigese ldonprillygratesta disyrdepantpdiepemodifed gaaxy resimoffommula %) si | ane
coupling agent, releasing agent (e.g., natural wax or synthetic wax),
stress-reducing additive (e.g., silicone oil or rubber), and the like. 2.
Epoxy RBETAILE® PESCRIPGION OFPHEEINVENTIONE in the present invention
includes or is exclusively an environnental friendly epoxy resin

r epr esehecriespt fryeptemprovydes S8 £pPRY) (s QOMpasionynEsthe Priacipgl empasfents
par a- xyl.ene qlycol di hyl he | yci her r. 1.1.h
Conventd ahepofitin PhiTRY MOl b lt) BERELDRCBRLRR S Pl e
rings thagdxybine-niedified pheio? tije «pory aéstfireptdamed aYy Yodsula &) 26d IBL i7€10&es orhi s
enabl es the flame retardancy properties of the ultinmte resin conposition
to be eﬁnéﬁie%aelwamarwbensr@%ﬁ%pwotlﬁeu%%%ﬂeet pllormula|(Bhe group. Thus the
sol dering stress resistance of the product conposition is enhanced by the
use of this paraxyl ene-nodified phenol type epoxy of formula (1). The

ar omat iWerhavg fhihdcthed résultinpe epmiyn rasimgompvsdton itgs diigly strengthe lowr fletunsle. |t
will result in high strength and npdu] us even at el evated tenperature. In

f or mul dnedulus, fygh suesability and higher gsolieping Strgsshresistanee rioF gRAMPIg AL 200§ from

0 to 20, -y | . I el | ANk di ng
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at |l east desirable that the total quantity b i ght of this paraxyl ene-
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of epo ' I ' i he epoxy resin conponent is in the
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1. Use as a Semiconductor Sealant

The present epoxy resin composition used for sealing comprises as described previously, as
essential components, an epoxy resin, a curing agent, an inorganic filler and a cunng
accelerator. The resin composition may further comprise, if necessary, various additives such
as silane coupling agent, releasing agent (e.g., natural wax or synthetic wax), stress-reducing

additive (e.g., silicone oil or rubber), and the like.

2. Epoxy Resin
The epoxy resin component (A) used in the present invention includes or is exclusively an

environmental friendly epoxy resin represented by formula (I} (see Figure 1) that possesses a
group of para-xylene glycol dimethyl ether (glycidyl ether) as compared with conventional
poly-functional epoxy resins. It is comprised of benzene rings that are very stable at elevated

temperatures.
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formula (V) (See Figure 5). 10 2 6 JUL 2005 3. Phenolic resin curing agent
The phenolic resin curing agent conponent (B) of the invention includes or
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conponent (B). ThHe resulting resin conposition is capable of providing

strength during soldering and preventing the deterioration of package

| ntegr i"f“}}/e &HEIJ Qp%x?rotjeggg (é’e%rlxcpa\f\g'r resins) may is used in combination with the paraxylene-

modified phenol type epoxy resin of formula (I) to make up the entire epoxy resin component

(A). These are generally ordinary polymers having epoxy groups. These include, for example
dicyclo-pentadiene (Examples 8 & 9) type epoxy resins of formula (IV) (see Figure 4),
bisphenol (Examples 8 & 9) type epoxy resins of formula (III) (see Figure 3), cresol novolac
(Examples 2 & 4, Comparative Example 2, 4, 5 & 6) type epoxy resins, phenol novolac type

epoxy resins and so on.

In order to obtain high soldering stress resistance, it is desirable to use the biphenyl type
epoxy resin of formula (III) in combination with (I}. Such epoxy resin composition will result
in reduction of water absorption, and excellent soldering stress resistance. In formula (III), it

is preferable that R; to R4 be each methyl group and Rs to Rg be each hydrogen atom.

One preferred distribution of chain length of paraxylene-modified phenol type epoxy resin is

that of formula (V) (See Figure 5).
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It is preferred that the total quantity by weight of this paraxylene-modified phenol type

phenolic resin curing agent of formula (II) in relation to other type of phenolic resin curing
agent in the phenolic resin curing agent component (B) is in the range of 50-100% (Examples
3 &4).

In case of less than 50% of this paraxylene-modified phenol type phenolic resin curing agent
{Comparative Examples 1, 3, 5 & 6) based on the amount of total phenolic resin curing agent
component (B), the resulting epoxy resin composition appears not to achieve as high a

performance of solder crack resistance and the resistance for flammability.

In comparison to the combination of the use of ortho-cresol novalac epoxy resin of formula
(VII) (see Figure 7} and phenolic curing agent of formula (VIII) (see Figure 8) in comparative
example 6 (Table 2), the resulting composition will not be able to withstand the solder crack

requirement as well as the reliability requirement of IC industry.
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to deteriorate. In an anount nore than 0 5w % the reaction proceeds
undesi 7ably fast and fluidity tends to decrease. 7. Production of the
Conposition In producing the present epoxy resin conposition for sealing as
a nolding material, an epoxy resin, a curing agent, a curing accelerator,
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We have found that in the case of less than 70% by weight of amount of silica oxide
inorganic filler (Comparative Example 7), the resulting epoxy resin composition does not

exhibit as high performance of solder crack resistance and resistance for flammability.

In the cases of use of silica oxide at greater than 92% by weight (Comparative Example 8),
the resulting epoxy resin composition does not exhibit suitable flowability during transfer
molding of semiconductor packages. Hence, its corresponding reliability performance

(HTSL) is poor due to the pre-test occurrence of delamination.

A typical filler distribution that can provide a better flowability even in a narrow flow
channel should preferably exhibit bimodal distribution in the regions of (i) 0.5-10.0um, (ii)
20.0-100.0ptm. The smallest peak (1) is fine silica filler. These fine fillers serve as lubricating

“bearings™ that promote flowability as well as minimising air-vent flashes during transfer
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curability and electric characteristics. 8 EXPER MENTAL The present
i nvention is hereinafter described specifically by way of Exanples. In the

E);?{rgl &S p,ddlEi L YmSRkRcomponent used in conpounding is given in

In producing-the present epoxy resin composition for sealing as a molding material, an epoxy
resin, a curing agent, a curing accelerator, a filler and other additives are mixed sufficiently
and uniformly using a mixer or the like; then, the mixture is melt kneaded using hot rolls, a
kneader or the like; and the kneaded product is cooled and ground. The molding material thus

obtained can be used for sealing, coating, insulation, etc. of electronic parts or electric parts.

As a safety consideration, molding compound must achieve UL-94 flammability standard.
The addition of a flame retardant to the recipe of molding compound is common to attain the
said flammability standard. The conventional bromine/antimony combination can effectively
prevent the flaming to occur when package reaches flame ignition point. Recent
environmental considerations rule out the use of bromine/antimony based flame retardant
system. It has been replaced by another flame retarding technology that has been developed

in the molding compound industry. The removal of bromine/antimony flame-retardant system
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del ami nated interfaces with focus on the chi op and the bottom di e pad
with tPesm®sehi ps to obtain devices for solder cracking test. The tablets
are also made into 16p DI Ps (16-pin Dual -

By using the epoxy resin compositions for encapsulating of semiconductors of the present
invention, there are obtained semiconductor devices containing no bromine compounds and
no antimony oxide and excellent in flame retardancy, moisture resistance, moldability,

curability and electric characteristics.

8. EXPERIMENTAL
The present invention is hereinafter described specifically by way of Examples. In the

Examples, the amount of each component used in compounding is given in parts by weight.

Example 1
The following components of the following proportions are mixed at room temperature using
a mixer, then kneaded at 70-100°C. using a biaxial roll, cooled and ground to obtain a

molding material.
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mold cure (PMC} at 175°C for 4hrs before MSL (Moisture Sensitivity Level) evaluation. (ii)

Similarly the pellets are also molded into 80pin QFPs (14x20mm) encapsulating PI (Poly-
imide) and SiN (Silicon Nitride) coated chips of size 7.5x7.5mm at a temperature of 175°C,
100kgf/em” and 120sec. Subsequently the packages are sent for PMC at 175°C for 4hrs.

Thereafter the packages are sent through a varying temperature profile according to the
JEDEC standard with peak temperature 260°C in an infrared (IR) oven. Thereafter, any
cracks present at the surfaces of the devices are observed using a microscope. In addition, the
packages are also scanned using CSAM (C-mode Scanning Acoustic Microscope) for
delaminated interfaces with focus on the chip top and the bottom die pad with these chips to
obtain devices for solder cracking test. The tablets are also made into 16p DIPs (16-pin Dual-
Inline Packages) for HTSL test at 175°C, after which circuit resistance are examined for
values exceeding 1.0 Q (value of electrical resistance after mold is typically <0.8Q2. During
prolong exposure to high temperature, free ions present within the encapsulant material,
especially bromide and antimony can corrode the gold ball bond to form for example
Kirkendall void which in turn leads to higher electrical resistance). The results are expressed

by average life.
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UL-94, developed by Underwriters Laboratories, is one of the most widely used flammability

test for plastic materials. In the test, the specimens are clamped vertically. The materials are
classified V-2, the least stringent classification, or V-1 or V-0, which are the most stringent

classification for the test. Table 1 below summarizes the requirements for each classification.

Table 1 : Summary of UL 94 Vertical Burning Test for Classification Materials V-0, V-1, V-2

Criteria Classification

V-2 V-1 V-0
[Number of specimens 5 5 5
|[Number of Ignitions 2 2 2

Maximum flaming time per specimen

per flame application (sec) 30 30 to

250 250 50

Total flaming time, five specimens, 2
ignitions (sec)

[Flaming drips ignite cotton Yes No No

Max_lmum afterglow time, per 60 60 30
i specimen (sec)

ﬂBum to holding clamp No No No

The test is conducted on a 1/2x5 in. specimen with a range of thickness from 0.12-0.50 in. A
small % in. high blue flame is applied to the bottom of the specimen for 10sec. Withdrawn,
and reapplied for an additional 10 sec; the duration of flaming and glowing is noted as soon
as the specimen has extinguished. A layer of cotton is placed beneath the specimen to

determine whether dripping materials will ignite it during the test period.

Examples 2-8




Di cycl o- pent adi ene nodified epoxy resin of fornula (X) (Figure 11)
(softening point : %2.19 2.59 60(';[J epoxy equi val ent 260g/eq) 26 JUL 2005
Par axyl ene-nodi fi ed phenol resin c 6ri ng agent of formula (VI) (nelting
point : 62C., %5.94 6.23 2.78 2.95 10.65 10,65 3.91 592 2.81 10.6 1.16
6.55 6EpeXy IS ¢omgositigs arnwarrrmyndegir I@utbe e@ﬁpssxmeanclp@_srzlgmqu) Tableehaind

I f f VI | | t 222 2.30. 3. 6431
5 56 aguTeh O SRt i an Bl e oo lRedn e, Dhris St iy e
Si | catdst bluglosds iuer ré’@ dgide theSdmdldifg nbterfhleshd/ bR tPio0fe 81 iMNi§4e 3
94.23 90A0 94.23 8 38423842384 3 24.23 6r 94 sin: 13 mcron m

Al um ni(asprhdqfwa@umgiéesw/oand dnelrmtwm@turﬁ ptosage desyy BUISLYr Thé eespltpros shows (iiPP) %
0.2 0. ﬁl 0.2 0.20.20.20.20.20.20.20.20.20.20.20.20.20.2
Epoxy f@R€t3on including ~a 0.3 0.3 0.3 0.3 0.3 03 0.3 0.3 0.3 03 0.3 0.3
0.30.30.30.30.30.3 silane coupling agent D -nethyl silicone oil %
0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
on 0.2Hable@s Resatibt i ve Car bon bI ack %0.3 0.3 0.3 0.3 0.3 0.3 03 0.3 03 03

030 nqolqn_qnqnqn f‘nvnnka\vj\mtl/mnl:

A4 D~

0.55 0. 55 0.55 0. 55;En55 %amgf’ﬁ 55 lgss Q. 55 0 3 Compasatiye examples 1t o g
N 100_100.100_100 2003 NF 1 o714 nr‘q M 160 Bog?1gn_3%0l7 d8i dal

flow ¢ ”'Qg‘c m”mfs?n fgf;;':;bz 96 $5 B8 |75|75| 79 80 n| 77 6% 58 1R0 |30 UL- 9/ 3.
mm t h|| R&GEng Yoidd): &0@. - O P27V [ Q4R [ (?‘-5‘\/ MR L 27 EaV2 Tf’-“l“‘/—zfz V-1 |'"N- (2 -
V-1 V-[eony bayipgnt 1 38e/e0

Ortho-cresol novolac epoxy
resin - of formula (VID)
(softening point : 65°C.,
[ epoxy equivalent : 200g/eq)
' Biphenyl type epoxy resin off
formula (IX) (Figure 10)
(melting point : 102°C,,
epoxy equivalent : 198g/eq)
Dicyclo-pentadiene modified
epoxy resin of formula (X)
(Figure 11) (softening point :|% 2119 (238
60°C.,, cpoxy equivalent :
260g/ea)
Paraxylene-modified phenol
Jresin curing agent of formula
(V) (melting point : 62°C.,|% soale2s 278 295 |10.65 [10.65 |3.94 |598 (281 {106 f[LI6 [6.55 6331 [rs3 128 (185
hydroxyl group equivalent :
172g/eq,)

Phenol novolac of formula
(VIIT) {melting peoint : 90°C.,
hydroxyl group equivalent :
104g/eq)

Brominated Epoxy 20
Fused silica filier (Average
size: 13 micron m})
Aluminium Hydroxide Yo 40
antimony Trioxide Y 30
{ Triphenylphosphine (TPP) (% 02 Jez Joz Joz foz |o2 o2 oz o2 ez for ez oz Joz oz |oz [o2 o2
Epoxy function including
silane coupling agent
Di-methyl  silicone  oil
additive

Carbon black Ya e3 fo3 fo3 fo3 o3 Je3 Jo3 o3 o3 jo3 Qo3 o3 o3 [e3 o3 Je3 joa |03
Carnauba Wax % cssfoss [oss |oss {ess foss [oss |ess {oss |oss {oss joss oss |ess joss joss Joss [oss

Y% 31.57 397 762 545 |66 l932

Y 15 [us

% 228|240 2.3 3.46 41 156 |4.85

Yo 342 84.23 134.23 [8423 [73.00 |69.00 8900 |84.23 |84.21 |70.00 [B4.23 |834.23 |B4.23 |84.23 |84.23 [B4.2] [62 %

Yo 03 o3 0.3 Qa3 .3 a3 0.3 0.3 03 |03 0.3 0.3 03 0.3 0.3 0.1 0.3 0.3

% O.ZSJB.ZS 0.25 10.25 (0.2 Q.25 10.25 (025 [0.25 |025 Jo.2s [0.25 [o25 Jo2s |0.25 |0.25 [0.25 |0.25

Total Yo 100 {100 100 [icOo MO0 1100 100 100 {100 [100 100 [100 f100 (100 J100 Y100 100 f1oo

Spiral flow cm 90 Je3 |74 |70 foz 96 (85 a8 |75 s #® 80 {n |17 |6 [s8  Jizo0 [30
UL-94/3.2mm thickness
{(V-0/v-1)

Soldering crack test (28L-SOWB, after 85C/85% RH for 168Bhrs soaking)

No. of cracked devices
/Total no. IND'

Delamination Check Die Top{onzfenz |anz Jonz Janz jonz jenz fenz Jonz fonz Jonz J2nz @2 fonz [shz [wnz janz sz

Bottom
Pad

Soldering crack test (BOL-QFP, after 60C/60% RH for 168hrs soaking)

No. of cracked devices/
Total no.

Delamination Check Die Top |mz2]w2 [z [onz jonz |ocz (o2 joaz [onz |onz Jonz (212 |snz o2 |enz fenz fsaz |onaz

VO VO VG VD VL VD (VD EYSD (VG (VA0 V-1 V-1 V-1 V-1 [V-1 .1 V-l V-0

MWi2R0A2 oAl joAz o2 (o2 oAz |02 (o412 |62 IDII! 12 |02 |01 (212 |12N2 |42 (W12

WrzyW12 o2 oA 1012 (A2 (o412 (o2 (042 fo2 jI12 |TN2 162 IS (10012 [ 1212 1oL (a2

No. iz oz |ohz (o2 ez o2 oAz (enz |oniz o2 oz (o2 otz JoA2 (3412 a2 (122 (942




Sol dering crack test (28L-SOAB, after 85C/ 85%H for 168hrs soaking) No. of
cracked devices No. 012 0112 W2 Wip; W2 0/12 0/12 1812 W2 W2 \M?E\/}g? Zgggz
0/12 212 12/12 4/12 9732 /Total no. Delam nati on Check Die Top 2/ 1
0/12 W2 0/12 0/12 0/12 0/12 0/12 Q112 0/12 1812 212 0/12 5112 10112 ul2
8/12 Pottom Pad 211 n Y2200/ |02 |t Pr=0fprt don O o 2otz Va2V 22 St 3319122%;

T T

512 | LIat/Tie O0h 1k rjs.li >:?§3>.d ri %w;{mﬂ;r%o >Lle>>|tmﬂ 8at—1 Fter—5066 PH

for 16 soaki na) f [cracked [dey i cesi Re ™ 071Y ﬁZ”ﬁlT"Z W PP W%

0112 0/12 0/12 0O/12 0/|2 W2 W2 W2 3112 12/12 1212 W2 Total no.

Del am nati on Check Die Top W2 0/12 W2 0/12 012 W2 0/12 0/12 012 0/12 Nz

212 3/12 0/12 6ri2 ant Nz INI2 17 2 6 JUL 2005 Bottom 0112 0112 0112 012

0112 O 0 : : 2 / Pad
TLgle ilp?roH@lgs Qtthds szthélﬁgfeﬁ/eé%oﬁ{g%%nﬁﬁ]& th8 Ligy 6)11 The %%#éﬁ% 00

HTSL at 17/5C (hr to 1st Hrs >1000 >wou >1000 >1000 >10 >1

>1000 ﬁﬁ@hﬂ@p%@l Ity [Boepo2 OeSA®f geBeral &irtmmtzel) Tsabferﬁerﬂedpﬁoolw thespaetydenes of
the prefer osition of th The | en I fi.ed phenol
ype: eI RERIROL B RSARBRAFsit PTEIA §V's S g DU B BOEARI g Sheno.
modi i egriph ap&it otfxgeﬁerapmuraem)ns%ffeféaém Be {hY) araawedehﬁ dified phenol re

par axyl ene-nbdi fi ed phenol resi'n “curing agent of genera ? rguf (rTlfl S
pr ef er cadng agdné of frempda @XY.| ene- nodi fi ed phenol resin curing agent of
formula (VI). Table 3 : Paraxyl ene-nodified phenol type epoxy softening
point : 60C., epoxy equivalent 6-10 parts by weight resin of forrmula (V)
238¢g/ eq-aa%rpxyl ene-nodi fied phenol resin curing softening point : 62C.,

hydroxyl_droup 4-8 parts by-weight agent of formula (VI) equivalent :
1729/ ¢Harpiyleagimedifigdphenp] typegpoxpy e sofigringgioint: 6093 epixy epwivalent |90 1Bt weighby

wei ght msﬂ.’rofﬁhmw(ivphosphl ne (TPP)23@gQp-0.4 parts by weight Epoxy functifon
i ncl uding_silane 1- 0.5 parts h\/ \Aa_q.h.t_mu.pu_mz_a.ge.ulr Di-nmethyl siliicone
oi | ada‘i“f’?y%vfé"'ﬁ'°‘i'ﬁ?5’ phenglresiheupive | safigrhite POk 9Bt bydrarykerereo |t ﬁpaﬁéf’if weight \eilght

agent of formula (VI) equivalent : 172g/eq

Fused silica filler Average size: 13 micron m §0-88 parts by weight
Triphenylphosphine (TPP) 0.05-0.4 parts by weight
Epoxy function including silane 0.1-0.5 parts by weight
coupling agent

Di-methyl silicone oil additive _ 0.1-0.4 parts by weight
Carbon black 0.2-0.4 parts by weight
Carnauba Wax 0.3-0.8 parts by weight

With the filler content in the range of 80 to 88wt%, the compound demonstrates good
mechanical performance with excellent solder crack resistance. The corresponding
paraxylene-modified phenol type epoxy resin of formula (V) falls in the range of 6-10wt%
whereas the paraxylene-modified phenol resin curing agent of formula (VI) is in the range of

4-8wt%.

Although the invention has been described by way of example and with reference to
particular embodiments, it is to be understood that modifications and/or improvements may

be made without departing from the scope or spirit of the invention.



Car nauba Wax 0.3-0.8 parts by weight Wth the filler content in the range
of 80 to 88wt % the conpound denpnstrates good nechanical performahgdliwzad
excel l ent sol der crack resistance. Thejgorrespondi ng paraxylene-nodified
phenol type epoxy resin of fornula (V) falls in the range of 6-1Oat %

wher eas the paraxyl ene-nodi fi ed phenol resin curing agent of formula (V)
Is in the range of 4-8wm % Although the invention has been described by
way of ex@E@LeM8d with reference to particular enbodinents, it is to be
understood that nodifications and/or inprovenents may be made w t hout
departing fromthe scope or spirit of the invention. 26JUL2005 18 THE

CLAI M5 1. . ' Lt o) LSing or including: 1. an epoxy
resin c%’m@ﬁ@%ﬁlﬁg@l ?ﬁq@%‘g&o‘&ﬁsﬁ%ﬁ}g@hgﬁg' par axyl ene-nodi fi ed phenol
type epoxy rEsian epbxy fosiidoingonnt (&) @oltprising be fiehidingalparagylagemodifiraponent
(B) conprising or including a_ paraxylene- npdified phenolic curing agent of
formula (11); aherelitype epogy gesimof foympladDzad cH cHoCHCH, R2 3 R2 3 Rl

R 7~ CH=O L0 Ny ' f 0-20
and each RI - ?1?%%%‘%‘%&%{“1 Jé%ﬁﬁg?tﬁﬁ? (E)i?r)rll %@%@Bﬂ%‘gd@@*&ﬁq&%d?ogen
atom a hal ogemedifledphetiokiy cugngagent of formuladlf;l 1) HHH R2 R1L\ RL Rl

wherein :

Formula (I)

CH,CH— CH, CH,CH— CH,
~_ ~
ORZ 3 ORZ 3
Y R1 ) R1
CH, CH, CH, CH@
/ n _/ \
R4 RS R4 RS

W herein n is an integer of 0-20 and each R1-R5 is independently an atom or
group selected from hydrogen atom, a halogen and an alkyl group.

Formula (II)

H H H
R2
Rl \ Rl Rz\ }23 R1
e\ CHZ@CHZ
/A Y e
R4 RS R4 RS

Wherein n is an integer of 0-20 and each R1-R5 is independently an atom or
group selected from hydrogen atom, a halogen and an alkyl group

2. An epoxy resin composition as claimed in claim 1 wherein the epoxy resin (A) is in an
amount substantially between 0.8 to 1.2 epoxy equivalents per hydroxyl group equivalent

(mole ratio) of the phenolic resin curing agent (B).

3. An epoxy resin composition as claimed in claim 2 wherein, in Formula (I) n is an integer
between 0-20, and each of R;-Rs is independently an atom or group selected from
hydrogen, a halogen and/or an alkyl group of 1-20 carbon atoms.



CHZ OCHZCHZrCHZ | f 1 RA RS NR4A R Wereinnis an integer of 0-20 and
each RI -R5 is independently an at ogg or group selected from hydrquym_angn
a hal ogen and an al kyl group 2. An €poxy resin conposition as claimed In

claim1 wherein the epoxy resin (A) is in an anount substantially between
0. 8 t 0 4. Angpoxyrasyusorapasiion asetaiingd mosgim §vdgpeie quFomwdat(ll) oo ke imtegéro) of

ol ai roa 1 PEBERT A2tk B OF ot ™h dep iRy 4 5, Pe 2P Seetid Fmao

and each RydrBberRonSa hAdeaeAsELT dliyiagtod OM or group sel ected from
hydr ogen, ‘a hal ogen and/or an al kyl group of 1-20 carbon atons. 19 2 6 JUL

2005 4. An epoxy resin conposition as clained in claim2 wherein in

Formula (L1) n_is an integer between, O-2 d,each.of Rl -R5.is

| ndependefitiopos Tedt spBpCgRbe A SEFER! duehim WG L8 PRk R SREPGREH and
an al kyl EdinpriseA SR DI By Selpht QFRRS kdthlOQuaAGityS b WEEht Hf fleaparhd/¥her ei n
t he epoxygpce)_si nér(lzsorrponent A ic_,gorrpri ses SO%OO%bg \A_/elg_lglght ofeaqt) he t ot al
quant ity mmpdifedgihenof typheppry assjn ehdormidali(Pi aefl phen dhistiy pessehax 1 00%sthe of
formula (| and when this,{s ss than 100%t he oxy resin _conmponent (A)
el udes Gy gRinEnaBapett Al bebRESot ns i hon8BY ek LRisly  eei n
conposition as clainmed in claim4 wherein the phenolic curing agent
conmponent (B) conprises 50-100% by wei ght of the paraxyl ene-nodified

phenol ife Aardpeyy rage rrompositionrasl daimed)inglaim\Aevhareint the phesolice suring, 4gent00%

the phe”"é&ﬁ?o%‘éhi RAfRse %W%}?v&é@t Jr i ﬁ%@rl%-:ﬁ?@iﬁe&bﬁ@ﬁolﬁ%ﬁ%ﬂ ay

phenolic resin curi’ng agents. poOXy re onpositionras clalne
claimb5 odgeat wicheanholat (I smbxheredsithis i dagzothiah i I00% uhd phendliecturiies agée or
both of: (C an ingrganic filler, and/or EPB) q:ixj&cur,i ng.accel erator. 8. An
epoxy r esPHMRAIFBLEDIREIHdEOTRore REEr Ssroafary pIonolitdPUn AUHRE PEYOEY and (D) are
present and, the inorganic filler is silicon dioxide constituting between
70-92% by wei ght of
7. An epoxy resin composition as claimed in claim 5 or 6 wherein the epoxy resin
composition further includes one or both of:
(C) an inorganic filler, and/or

(D) a curing accelerator.

8. An epoxy resin composition as claimed in claim 7 wherein both (C) and (D) are present
and,
o the inorganic filler is silicon dioxide constituting between 70-92% by weight of
the total epoxy resin composition, and
o the curing accelerator is in an amount substantially between 0.05-1wt% based on

the total epoxy resin composition.

9. An epoxy resin composition as claimed in claim 8 wherein the inorganic filler constitutes

between 80 and 90% by weight.

10. An epoxy resin composition as claimed in claim 8 wherein the curing accelerator is one or
more of diazabicycloundecene (DBU), triphenylphosphine (TPP), benzyldimethyiamine
(BDMA), 2-methylimidazole (2-MZ).




the total epoxy resin conposition, and the curing accelerator is in an
anount substantially between 0.05-1w{% based on the total epoxy mg&
conposition. 9. An epoxy resin conmposition as clainmed in claim38 LnZl]ﬂﬁ
the inorganic filler constitutes between 80 and 90% by wei ght. 10. An
epoxy resin conposition as claimed in claim8 wherein the curing
accelerator is one or nore of diazabicycl oundecene (DBU),

tri phen?/I phosphi ne (TPP), benzyl di methyiam ne (BDMA), 2-nethylim dazole
(2- M2). rgewwsma@mpogmonm cépmcgi In @8y wne @filos pteceding slaimeaiviRgeih Ahany
one of th (R)rggre g clains Ee seconda epoxy resin is a polymer
whi ch posSESTEEYeRo%y "gHotifP &rger\ﬂhlc BBWSSF%I? YESMWRSsi tion as clained in
claim1l wherein the secondary epoxy resin is selected fromone or nore of
di cycl o- pent adi ene type epoxy resins of fornmula (1V), bisphenol - type
epoxy rEE BRQPinrme@meltlm)as clabsed inmbaiol hbwhtxppethepeoqnda@sem redig ol
novol ac t resins, wherei.n For mul I %2 \ 96 HICG CHCH O O
O OCHZCH ¥%§|§SE%¥I& B%7 O R & iy - Pesa %P'ie 51{% POFY Geingjoftformupla dVons or
groups sebgphérblf-r rx@ﬂﬁ@ofhﬁhﬁﬁﬁ r r

oo o eapat e . SR il B é‘(}a{rg\%il“%wéhéﬁl of
0-20 and é&hq{a@fﬁ%epﬁ@éﬁéMwaﬂyman atom or group selected from hydrogen
atom a halogen and an al kyl group 13. An epoxy resin conposition as
clainmed in claimlg, ézg 1§) in Formula (I111) all of RR to R4 is a nethyl

group and all of R5 to I’s hydrogen atom 14. An epoxy resin conposition
as claimed in claim 1l wherein thmsec/ﬂﬂdery)amenol ic resin

’ H,C— CHCH,0 @ OCH,CH— CH,
\0/ > <

R3 R4 R7 RS

Wherein R1-R8 are the same or different atoms or groups selected from
hydrogen, halogens and alkyl groups

Formula (IV)
OCH,CH— CH,
R ANVZ

Wherein n is an integer of 0-20 and each R is independently an atom or group
i selected from hydrogen atom, a halogen and an alkyl group

13. An epoxy resin composition as claimed in claim 12 wherein in Formula (III) all of R to

R4 is a methyl group and all of Rs to R; is hydrogen atom.

14. An epoxy resin composition as claimed in claim 11 wherein the secondary phenolic resin

curing agent is one or more phenolic curing agents of formula (VIII), wherein



o

curing agent is one or nore phenolic curing agents of formula (M11),
wherein 2 6 JUL 2005 21 Fainia(VIIl) GH CHCH2 n Werein n us amgg JUL 2005
interger of 0-5 and ratio of nolecularapnmount of each n is n=0: 0.21, rFi:
0.34, rr=2 0.45, rr=3: 021, r-4: 0.17, n=5: 0.04 15. An epoxy resin
conposition as clainmed in claim13 or 14 wherein the epoxy resin
conposition may further include one or nore of: a silane coupling agent,

a releasing agent (e.g., natural wax or synthetic wax), a stress-reducing
additive (e.g., Bomda(eélDi| or rubber); a flame retardant system 16. An
epoxy resin conposition as claimed in claim15 wherein the flame retardant
systemis selected om a broni ne/ afH nony system o he al um ni um and/ or
magnesi um hydroxi de| system 17. An epoxy re5|n conpgsition as clained in
claim15 wherein t | fA axyl ene-nodi fi ed
phenol type softe wei ght epoxy resin
(I') is of fornula : e-nodi fi ed phenol
resin softening po . 62C., hydroy 448 parts by- ght curing agent
(1) is of formula (V1) gr. uivalent2 1 72 e Fused silica filler
Average si ze: 13“@%%@%@8& wtiogf nplspulas emourk of gachAYa B o phi ne  ( TPP)
0. 05-0. 4 parts b021,wel:§i34, @S, =300 redk: 0. ¥Te500.04g si | ane coupling 0.1-0.5
parts by weight agent Di -neth 1 silicone oil additive 0.1 0.4 parts by
wei ght Carbon black 0.2-0.4 parts by weight Canauba Wax 0.3-0.8 parts by
wei ght

15. An epoxy resin composition as claimed in claim 13 or 14 wherein the epoxy resin
composition may further include one or more of:
* asilane coupling agent,
» areleasing agent (e.g., natural wax or synthetic wax),
» astress-reducing additive (e.g., silicone oil or rubber);

* a flame retardant system.
16. An epoxy resin composition as claimed in claim 15 wherein the flame retardant system is
selected from a bromine/antimony system or the aluminium and/or magnesium hydroxide

system.

17. An epoxy resin composition as claimed in claim 15 wherein the specific composition is:

The Paraxylene-modified phenol type softening point : 60°C., epoxy 6-10 parts by weight
epoxy resin (I) is of formula (V) equivalent : 238g/eq
The Paraxylene-modified phenol resin softening point : 62°C., hydroxyl | 4-8 parts by-weight
curing agent (II) is of formula (VT) group equivalent : 172g/eq
Fused silica filler Average size: 13 micron m 80-88 parts by weight
Triphenylphosphine (TPP) 0.05-0.4 parts by
weight

Epoxy function including silane coupling 0.1-0.5 parts by weight

| agent
Di-methyl silicone oil additive 0.1-0.4 parts by weight
Carbon black 0.2-0.4 parts by weight |
Camauba Wax 0.3-0.8 parts by weight |

wherein



wherein 22 2 6 JUL 2005 Fornula (V) OCH2CH CH2 OCH2CH CHZ CH20CH2
CH2OCH2 n Wherein n is an integer ¢4 0-5 and ration of nolecul ar pgqmp?mgf
each n is n=0: 0.02, n=1: 0.12, n=2: 0.24, n=3: 0.35, n=4: 0.42 and n

0.23 Formula (VI) OH OH OH CCH2- ) }-CH2 Wherein n is an integer of 0-5
and ration of nol ecul ar anount of each nis nom 0.08, n=1: 0. 18, n=2:
0.30, n=3: 0.43, nom 0.28 and n=5: 0.17 18. A nethod of preparing an epoxy
resin conp03|t|5ﬁﬂnﬁ@ﬂﬁalng or conprising the steps of: |. preparing an
epoxy resin conpon@@mc§ﬁ¢(nqcludlngogncnpnpnq5|ng a paraxyl ene- nodified
phenol type epoxy e5|n\gf formula (1); N1 preparing a phenolic curing
agent conponent ( i ncludi ng or co rlsth a paraxyl ene-nodified phenolic
curing agent of formula (11); Il1l. fixing or_otherw se conbining at |east

t he epoxy resin rin ent s > |'V. obtaining the
conposition ther - y resin conposition
as clainmed in clarm 18 whe n: myl a n i s~dn i nteger between
0-20 and each of RI-R5 is independently an atomor group selected from
hydr ogen, a hal o¥aereiamdy avrintegar ¢fI0R5\and ratien ph molecular 2@ountefrelebm ist<6ns, and in
Formula (I1) n i80an~i:Aldge?: 028t vweeh3on200-42andneabR3 of R -R5 is

i ndependently an atom or group selected from hydrogen atom a hal ogen and
an al kyl group. 23 2 6 JUL 2005 20. A nethod of preparing an epoxy resin
conposition as %Ial n claim19 wherein the total quantity by wei ght of
nodi fi ed phenol y resin of fornula (1) in

 GRO-O0-0

Wherein n is an integer of 0-5 and ration of molecular amount of each n is n=0:
0.08, n=1: 0.18, n=2: 0.30, n=3: 0.43, n=4: 0.28 and n=5: 0.17

18. A method of preparing an epoxy resin composttion including or comprising the steps of:
I. preparing an epoxy resin component (A) including or comprising a paraxylene-
modified phenol type epoxy restn of formula (I);
II. preparing a phenolic curing agent component (B) including or comprising a
paraxylene-modified phenolic curing agent of formula (II);
III. mixing or otherwise combining at least the epoxy resin and curing agents to provide
a mixture;

IV. obtaining the composition therefrom.

19. A method of preparing an epoxy resin composition as claimed in claim 18 wherein:
e in Formula (I} n is an integer between 0-20 and each of R;-R; is independently an
atom or group selected from hydrogen, a halogen and/or an alkyl group of 1-20
carbon atoms, and
¢ in Formula (II) n is an integer between 0-20, and each of R;-R; is independently

an atom or group selected from hydrogen atom, a halogen and an alky! group.



t he epoxy resin conponent (A) is the range of 50-100% by wei ght, and when
less than 100% the epoxy resin conpgnent includes one or nore otherZ6 JUL 2005
secondary epoxy resins, and the total quantity by weight of the

par axyl ene-nodi fi ed phenolic curing agent of fornula (11) in the phenolic
cur i ng Rg8rinchad SHRERANISID PROXYITESIA SpgROBHOGES claiows ipglajmil§nwhereind when

| ess than 100%t Lie Ccuri e opent includes.one or,.nore
ot her seconcrar(%/hep %aﬁgﬁ{&gl%%ﬁ%eglglgg)ﬁﬁﬁ%ﬁﬁ?ﬁ& R"E@Pﬁ&&‘”&f reﬁ’r"e‘bfat?)flﬂ a4l Wooxy
resin conposit Hpfepdsy eésih BBHpbrent (&) HROrNBELEFO100% by ReRAL ahl WHM less

i ncl udes: conbining the epoxy resin and curing agent 'with an inorganic
filler, the i ng@amg o the |epexy pesimgomipeatehtyineidesh ene tohenorcontben eeondary par t
of step 3), angllfor e(;orrbi Hi ng the epoxy resin and curing agent with a
curing acceler Y, " 2dr i ng accelerator being mxed with the other

conponents as PRl tbtadlqusdep bl})weiggt- o thERaRR Y RE-IBRAT pRhofiB cﬁfiﬁ%i&g%{?%fn

conposition as clained in clfaim2l whereini the inorganic fi

silicon di oxi dégrmastad(IBoinshe pheredicaubiog agent abmpobatt B ms the-ra®R6hi0-hed%ght of
the total epoxy resin conposition, ,and,.t.he curing,.accelerator is added to
provi de bet wee§y OWf)‘ggtl %g&wﬁ'g d Ssoﬁlaphéoq‘@t'gle pk&}g&%ﬁ/ GHEBE PEEBTOEIPOPEH. 23,

A et hod of pr gRAIdes 8nébr @BAXMthéEREMIABRIRAbLE StirSagehadl med in cl ai m 22
wherein the secondary epoxy resin is an pol ymer possessi ng epoxy groups,

preferably selected from one or nore of dicyclo-pentadi ene type epoxy

resi ns ,of ,for ( . hi sphenal __-. t .eDOX esins of .foymula (11),
cresol 2?1‘0‘\% g@h% ;ﬁé‘%a:ﬁggyﬁrpg)lx sr?SIBﬁéﬁ%PS]ﬁgl\%g gc?"f“f/ & Cf;abrg%) Wh%rieﬁ'sg.hem. A
met hod of mpthedduithe iactudgoxy resin conposition as clained in claim23
wherein the secondary phenolic resin curing agent is one ore nore phenolic

curing agent’s SPOTORIARLEE oYY resjn apdcuwrme pgent an pRrganiqelierothednorgpnigar i ng

an epoxy resin gn@g | I 4 | | ' I\N e epoxy resin
conposition magliﬁ ur t%{mfé&ﬁ%@ei&%@@ g?hlgglt%lﬁﬂo#p &gtnaglgcrlp ejr?bzr";ed)(gddi tives,
added as part odmbingiy B epsey esireshd erMgnapest witha Girdn@nRcelerator, the curing

accelerator being mixed with the other components as part of step 3).

22. A method of preparing an epoxy resin composition as claimed in claim 21 wherein:
« the inorganic filler is silicon dioxide, and constitutes substantially between 70-
92% by wetight of the total epoxy resin composition, and
« the curing accelerator is added to provide between 0.05-1 wt% based on the total

epoxy resin composition.

23. A method of preparing an epoxy resin composition as claimed in claim 22 wherein the
secondary epoxy resin is an polymer possessing epoxy groups, preferably selected from
one or more of dicyclo-pentadiene type epoxy resins of formula (IV), bisphenol - type
epoxy resins of formula (III), cresol novolac- type epoxy resins, phenol novolac type

epoxy resins.

24. A method of preparing an epoxy resin composition as claimed in claim 23 wherein the
secondary phenolic resin curing agent is one ore more phenolic curing agents of formula
(VIID).




coupling agent, releasing agent (e.g., natural wax or synthetic wax),
stress- reducing additive (e.qg., si ?hcone oil or rubber), and the “ He: 2008
flame retardant system added as part of step 3). 26. A nethod of preparing
an epoxy_ resin conposition as clained in claim25 wherein step 1V includes
t he st efps Aomethodedft PIRPAHY #YyCRIFXYt I§8INrHomNesBiongisedpimed in cldim, 24 wheredal ¢re or

he Iike; Ls f h d f th
ncadi n. RPN oo Bl OBy AT O WRAROE et omi o devi ce o

conponent CaiPbhsioRInéte ddarlvesli dded tab Hasit GPsiePh), seféﬁﬁeﬁaﬁérﬂgméﬁ @P%Maﬁees' n
conposition as clainmed in claim18 to 26, encapsulating or otherw se

treating the ep@mlmgnagexﬂ,ewlwmgoammd natnral ewaa s ubaittedice vag], r strdss-
device. 28. An_e L(Jj g g el eq Ironli E‘l\.ﬁb 3\ d\kﬁ onent wherein the

el ectroni c devf% addBRSdfiEn e fi SHERPEY AR f or by an epoxy resin
conposi tion as acﬂﬁhg%arugn@?ﬁeﬂrh@de@gs ﬁ@bme o 17. 29. The use of an
epoxy resin conposition as clainmed in any onée of claims 1 to 17 in

encapsul ati ng an electronlc devi ce.
26. A method of preparing an epoxy resin composition as claimed in claim 25 wherein step
IV includes the steps of:
¢ melt kneading of the mixture using hot rolls, a kneader or the like;
e cooling and grinding or pulverizing of the product of the kneading

step.

27. A method of encapsulating an electronic device or component comprising or including
the steps of:
e preparing an epoxy resin composition as claimed in claim 18 to 26,
e encapsulating or otherwise treating the electronic device to produced an

encapsulated electronic device.

28. An encapsulated electronic device or component wherein the electronic device or
component is encapsulated within or by an epoxy resin composition as claimed in any one

of claims I to 17.

29. The use of an epoxy resin composition as claimed in any one of claims 1 to 17 in

encapsulating an electronic device.




