1 3 OCT 2005 1 EPOXY RESIN COVPCSI TI ON FI ELD OF THE I NVENTION 5 The pﬁ?ﬁﬁf?
invention relates to an epoxy resin conpound used for sealing of 2005
sem conductor devices, which consists of well dispersed raw materials,
especially fine filler, and consequentlyqprovides an excellent flowability
epoxy resin conpound. 10 BACKGROUND OF THE | NVENTI ON El ectronic parts such

as diodes, transistors, inte@®ERORY RESINIGOMPOSIHISGN || ke have typically
been sealed with a thernosetting resin. In integrated circuits,

t hernosetting resins have been used. In particular, an epoxy resin obtained

by 15 curi ng1g_rb@plpggﬁlm1é@iol ac epoxy resin or di-cyclo-pentadi ene type

with a novolac type sin was found to have excel |l ent heat and
noi sture resistance. However epoxy resins cannot act as encapsul ants al one
due to tpeir high coefficient of thernal expansion (CTE) and |ow thernal
conductivity. 2bN@eRIpsenthsvention relates teuam epoxyneasiadompaundeused dfbor i ng

agent, str ral i.ef el er. r.and. etc are enpl qyed w th epoxy
rgsi nto en arilgg tOﬁes%gﬁﬁggHg@geb%@%pg@& eéqq?lséﬁn%fgmdﬁ%é(ﬁ?wrﬁﬁ‘ée Wyears,
wi t h hi ghermateriags, atespaciafly i fit@ofikdredad r eohdetueblly Pprddyes Becaggsichar ger
and surface: nounted have been gradually switched fromDIP 25 (Dual Inline
Package) to '\t'tyterﬁ’ioﬁyfr?%lf‘ CORMIMES such as SOP (Smal | Qutline Package),
SAJ (Small Qutline J-leads), PLCC (Plastic Leaded Chip Carrier) and the
like. Thus, large chips are sealed in a small thin package. This, however,
pr oduce$0 prBACKEBROUND OF JEEECINVENTION cracks caused by stress, reduction
in noi sture resistance caused by said cracks, and the like. 30 In the

sol dering step, in particular, the package is suddenly exposed to high

tenperature of 29@cfofit P ?uc%k%oﬂ@éﬁmﬁﬂ%@ lﬁ'h%f&f ﬂt%lﬁ%ﬁgfmeor

separation of sealing resin from chips, cau_ses reduc _ Sture
resi st ance.like lavedypizalp bgen Behlesh witlaethermbssttidg iresinp dx yntegeitas clrevitgyany

S50 e g AP Rafh obbbl Beo RS AR e e
addi tiors lyuringcareasthodress! havdies epBRY #84in or di-cyclo-pentadiene type with a
novolac type phenolic resin was found to have excellent heat and moisture
resistance.
However epoxy resins cannot act as encapsulants alone due to their
high coefficient of thermal expansion (CTE) and low thermal conductivity.

20 Many other additives, such as inorganic filler, coloring agent, stress-relief agent,
accelerator and etc are employed with epoxy resin to enhance the performance
of epoxy resin compounds.

In recent years, with higher integration of integrated circuits, chips have
becomes larger and surface-mounted have been gradually switched from DIP

25 (Dual Inline Package) to small thin flat packages such as SOP (Small Outline
Package), SOJ (Small Outline J-leads), PLCC (Plastic Leaded Chip Carrier)
and the like. Thus, large chips are sealed in a small thin package. This,
however, produces problems such as generation of cracks caused by stréss,
reduction in moisture resistance caused by said cracks, and the like.

30 In the soldering step, in particular, the package is suddenly exposed fo
high temperature of 200 °C or above, which invites cracking of the package or
separation of sealing resin from chips, which causes reduction in moisture
resistance.




in a conpound, |ower water absorption of epoxy resin can be achieved. This 5
w Il greatly enhance the noisture resistance of the conpound and in idesz5
inprove the final solder crack reliability of the conpound. However, by
increasing the filler |oading of a conpq?nd, i nteraction between fillers
will increase during nolding. As a resuft, flowability of conpounds often
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15 US Patent 6,054,222 and 5, 908, I scl ose epoxy resin —corposition
conpri sihg Wil geedly ensnte the unoistyregeststarzce: of ehaceahpoatdrand in aafbon

bl ack d Silic owder. In US Patent Q, 054,222, the silica powder
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tallinegefjller.and this could. result in poor reliability due to weaker
loxural o chrbn TvE N ehiedali Hepineath tordier BRRieapar edars asomn: ont
5,908, 88p, dderysidlireafilRevenl fiae @@eé‘fﬁ[b?@emaéddréé§thiﬁ?r@bléﬂ?tfmérsoéremt
nmore than 30 pm 5-30% and 15-45% by weight of silica having "an average
particle dicdiestuseddin esipounds inicentrolledrpartitle sigmdistsputions,eBy inaludinga t ot al

resin cont ey d ' icle di r of the.total resi cont ent
of “not nor AR b PARER B copfest YRS Buetiiitold: Mretstull thhe
ratio of crgduedd aneblerdiccon bdietd fldwabiigrdaer e ifhhvEd§¢]. osed conposition of
30 maxi mum particle dianeter of the total resin content of not nore than 150

pm coul d resul t29'Re FEBRPIELORMIANar Ak fallowabi 1 ity. US Patent 6, 005, 030
di scl osps an ePAXY TRkt COBBAYIA Odnd OBBALEES  MUGROXUn! Ridly, deLH ' "

agent and inorganic filler, wherein the Tnorganic .
conpose 15-co0%sifibr6Co@plising awiegbky oésinib at curligDagent; ia euné aesserabt®n a75 ~Lm

ar ol o PDUSTBIER 51 2/ ROVAEE dbATeI HalSh §. 0B g0 ne ISURRLASS and
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from 5 to 75 pm, 0.2 to 0.9 um and 0.01 to 0.08 pm and the mixing ratios based
20 on the total of silica powder is 50-90% 10-35% and 0.1-5% by weight
respectively. The composition disclosed did not include the use of crystalline
filler and this could result in poor reliability due to weaker flexural strength of
using purély fused silica powder alone.
In US Patent 5,908,882, the silica powder has an average particle
25 diameter of not more than 30 um, 5-30% and 15-45% by weight of silica having
an average particle diameter of not more than 7 um and 5 um respectively in
the total resin content and the maximum particle diameter of the total resin
content of not more than 150 um. The composition disclosed did not include
the ratio of crystalline/fused filler. Furthermore, the disclosed composition of
30 maximum particle diameter of the total resin content of not more than 150 pm
~ could result in poor flowability and moldability.
US Patent 6,005,030 discloses an epoxy resin composition comprising

an epoxy resin, a curing agent and inorganic filler, wherein the inorganic filler




5 included to explain the context of the invention. It should not be taken
as an admi ssion that any of the material fornms a part of the prior hﬁﬂtbgmg
or the conmmon general know edge in the relevant art in Singapore or

el sewhere in the world on or before the,priority date of the disclosure and
clainms herein. Al statenents as to the“date or representation as to the
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the dates oih partitlerdize pdspcetissly. dIRLEENDEsItiGH IS didtHiot iNVENE IheMicle The

objective of this invention is to provide an epoxy resin conposition,
whi ch, t hr otigh belew d2amand thukcavld result inypeer filgwabiliydandusetiability.er s, can

achi eve good nojdability. and relijabilit especially . n encagpsul ating a
large, and high Aﬁy Ejl-'gccéﬁ_ﬁ'tonl % docngras, Qét_’SA%rc@?(a’?’lﬁagédhA?ﬁ'é ﬁﬂ’@?@_ﬁﬁon IS
inventiop, hBRided 1 SXAihARE IMESRVMNESRVENtITH TROSHJUIP Rof BBNaKEH B8 ar A an
epoxy resin; (B) a phenolic novolac curing agent; (C) an inorganic filler,

of m xed cradmigsiamehairany of dae yaterialfarmsan partoftthef pridsatase 60thdy
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(©)70%to 90% (D)0.05%to 0.8% and the ratio of (A to (B) is between 1.2
and 2.5. 13stefementgsag to therglate uet Heprasgoiaiige aar tsoihe| carkentshef daeson

bl ack b : | L. . 1 %1 Q.22 ' .
ek, B3 B el ABAL Y, S IR EGERL o
formul at ed ¢anstitute amysrimiskiohl astobtebveercissm ofiite datds3Octontent d¢fitréss abl y

bet ween 90cm and 125cm It nay be fornulated to
documents.

SUMMARY OF THE INVENTION

15
The objective of this invention is to provide an epoxy resin composition,
which, through the use of a mixture of crystalline and fused fillers, can achieve
good moldability and reliability, especially when encapsulating a large, and high
pin-count |IC package. _
20 According to the present invention, there is provided an epoxy resin
composition comprising:
(A)  anepoxy resin;
~(B) a phenolic novolac curing agent;
(C) an inorganic filler, of mixed crystalline and fused type, with an amount of
25 70 to 90% by weight based on the total resin composition; and-

(D) a curing accelerator
Suitably the weight percentages of the components of the total resin
composition fall within the following ranges:
(A) 6%to20%
30 (B) 3%to12%
(C) 70% to 90%
(D) 0.05%to 0.8%
and the ratio of (A) to (B) is between 1.2 and 2.5.



have a fl exural nodul us between 1600kgf/m® and 2200kgf/m®2 nore preferably
bet ween 1800kgf/mm® and 2050 kgf/m2. 10 BRI EF DESCRI PTI ON OF THE DRAWI‘QG;‘?SZUU{}
Figure 1 shows a spiral flow nold die. DETAILED DESCRI PTI ON OF THE

| NVENTI ON 15 A crystalline-filler based gonpound tends to give poor

nol dability, especially when used to encapsul ate | arge packages. During

O 2oy o) furtherinddd cRRAbISAPHE darbdl BLRETLANGE AL G OF

bet ween the sharp 9es of the regular, 'geonetrica ender

the flow ofaé%\fﬁb@uﬁd db 2% dyl weight, exipeessmueas am@ergﬁvﬁel’fcen’ca@eediﬁthéftotdﬂe”
l'iquid being &B)@Sg a0 the 20 uneven surface of the fillers, there is an
effective i ncreas A'PHe filler concentrati on, thereby makl ng the flow

difficult [1]. Thhe rubihi mely s muRBEU HayPacd éb?WblgM en B0 I%@@pound

flowability in turn creates other noldability wre
sweep and pb¥icradners prefembly hetween 90cmeand ciaﬁs:rral It memyf bl fermbiasst to

conpounds g es thin e 25 itself, thereby
subjecting t ﬁeet pée/l?%(ggélt Enq#ué ¥ S%?Vﬁ”&ﬁpl |1b§8’|‘§? angk £L00kaHmMM2 Mofehe
stress of aprb(&l%mbemeghusgox%ﬂmmg Qﬁdfzbbb%f/ﬁﬂﬂ?pund will give a very high
val ue. Fused filler, on the ot hand, with™its finer and w der particle

size distribution, provides |ess hindrance in conpound flow and exerts

| esser str i Ve s i .the benefits of high thernmal
conducti vi %Ra%%%%%@lw%mel er, applicant's have found
fused fidler can be added at a certain percentage to a crystalline-filler
conpound t n;_p ve flowability and reliability. |In addition, a wide filler
si ze distriHgy eoﬁsga Sl?egl%‘i%lﬂg‘ﬁ’éﬁolddj'énhance flowability 13 OCT 2005 5 and
packing. Smaller particles, interposed between |arger particles, can act as
a lubricant to facilitate the rotation of bigger particles. This helps to
reduce i ntRETAHED OESCRIRTION ORITHEWNVENTIDNhe flowability and reduci ng
the viscosity [1]. Applicant’'s have found a good conbi nation of crystalline
and fused filler, 5 with a wide particle size distribution, should give good

conpoungs f | owablA |é,ystaﬁm_ﬁ"§pr BY&H %‘h’fﬁ&ﬁ'ncf %h&@ lJOI gwe Venhm%%cowgt alline

filler loadings, flowability becones worse. erefor ‘ood
conbi nat i oﬁs@ﬁc@ﬂywmm |U$@daii®denm;mulatel Iaege isichagesyi clBuiflmg Ineoidirng &f a

di stributi Qpuethflfe FALE R ggdfclzoorﬁvpc?t?rgd VRS 9Std Y rition bent\(?vteegethaecgflmaer\éed' "
edges of the regular, geometricaily shaped filler render the flow of compound |
difficult. At the same time, due to layers of inert liquid being trapped on the

20 uneven surface of the fillers, there is an effective increase in the filler
concentration, thereby making the flow difficult [1]. This will give the compound
poor flowability. Poor compound flowability in turn creates other moldability
problems such as voids, wire sweep and poor adheéion. At the same time,
crystalline-filler based compounds exert very high stress within the package

25 itself, thereby subjecting the package to high reliability failure. Measurement of
the stress of a 100% by weight crystalline-filler compound will give a very high.
value.

Fused filler, on the other hand, with its finer and wider particle size
distribution, provides less hindrance in compound flow and exeris lesser stress

30 on the package. To retain the benefits of high thermal conductivity and low cost
of crystalline filler, applicant’s have found fused filler can be added at a certain
percentage to a crystalline-filler compound to improve flowability and reliability.

In addition, a wide filler size distribution can be employed to enhance flowability



10 this case, it is preferable to use |ow viscosity resin and hardendrd 86 2005
aid in conpound flow. Total filler content is preferably between 70 -90% by
wei ght, above which the flowability can be poor. Bel ow 70% by wei ght, the
Moi sture Sensitivity Level (MSL) perforgance may deteriorate due to higher
wat er absorption and weaker flexural ength 15 A purely

crystalline % [
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epoxy resi n frﬂp(ﬂ‘@ 4(99%(&%@% 1. 8p0| se ICl at 150 C and phenolic
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the preferred enbodi ent” of the i nvent oh utilises epoxy resin wt
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with a particle distribution of crystalline silica | er between 30 25 to

45 % by wei ghmpeund flam i Total §IIIQrecmtBawSmreﬁerﬁblybl@etm@n B —00%r by weight,

Pbove 90 m 20t WA 1o Be R Befodt Bl Loty bl Meroft sRENGIEFe 557
45 % by weSghsitifity Leaet I(M&L)Spéﬁobﬁém Hap. datehietate edue Jot Righer %vater wei ght

for particle size bet 00 m and bel ow 3 % by wei ght for particle
sizes 13 0 @P%0Pbes V&éﬁ?ﬁﬂ%?@ Wengh- a preferred enmbodi ment, the nixture

f gl | I f t to o 35 %
by vel ght fLPepZ’;‘téL‘é' é%@“'gsffﬁ%r%%é‘?td?%@%ﬁ%ﬂ*“@? i, 26T et for
particl e siiilteroenterdrhak2poar rQOIdatmlltp,ndlthMtematB avtdbgxtewiad koidf moblmnlalgdi e size
b 90 L d d.si. fil 5 ha . ticle distr tion between
5% 32 bi P eBSRlBEp ol bl e Sele R bbb s ESaeaES 5oy

wei ght for @éﬁhd:lPUEBE@? M@éﬂe@@@&@.tmyl%%rmm@ ViR a%t%s%éth ggt for

particle size above 100°VLm For sanpleées which uSe crystalline/fused silica
filler, for~3Byatmpre.nByseplaeiag 35-rHéh btyefv@ghtzef hesrysielligetiilleowitbdfused | e

size b 658\’\’ ﬂl?er,v hg%agilﬂfﬂ/\/%;?r%ve/?i t@fgﬁ'}ﬁégmy with spiral flow increasing by up to 1.5
times and better moldability achieved. At the same time, package reliability is
able to achieve up to JEDEC MSL 2A and stress falling to ~3.0. In one aspect
of the invention, epoxy resin with viscosity of 0.8 - 1.8poise ICl at 150 °C and
phenolic resin with viscosity of 1.5 — 3.0 poise ICI at 150 °C are used although

25 the preferred embodiment of the invention utilises epoxy resin with viscosity of
1.8poise ICI 150 °C and phenolic resin with viscosity of 1.5poise ICI at 150 °C.

Studies based on different ratios of crystalline/fused silica filler shows

that longer spiral flow can be achieved with a mixture of crystalline and fused

inorganic silica fillers with a particle distribution of crystalline silica filler between

30 25 to 45 % by weight for particle size below 12 pm, between 55 to 75 % for

particle size between 12 to 90 um and below 3 % by weight for particle size

above 90 pm, and, particle distribution of fused silica filler between 25 to 45 %

by weight for particle size below 10 um, between 55 to 75 % by weight for

particle size between 10 to 100 um and below 3 % by weight for particle sizes



10 for particle size between 12 to 90 ~Lrn and above 3 % by wei ght for

particle size above 90 ~tm and, particle distribution of fused silita(QCT 2005
filler between below 25 % by weight for particle size below 10 j _tm above
65 wei ght percent for particle size betyeen 10 to 100 ~tm and above 3 % by
wei ght for particle size above 100 pmdrd not exhibit good flowability and
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tenperature in the rang)g of 100 to 25 1200C, and high concentrations of
corrosi on agshbselow3 % By weight foneartiske sizejabovg 100umor mul ation for this

because of i hel r Pt SRRV Bk, ERBIITIE oo I, B o eialine-Shida °
heat - di st orﬁuecwbetlmsr%twwmgwadi me%wbélawzrﬂwﬁ@bo%%%'bwepﬁfd al |

epoxy systens as the high tenperature novolac materials 30 were i nproved and
t he hydi6l y&)ailpladloler}smel legtweenelstov@d pndand ebobe 3ol ROppight fopartidleesibe nder
system of a plastic encapsul ant product consists of a resin of

cresol novolV& §Pemya P@ij‘!ﬂ'%%‘%’fﬁ‘?‘&lﬂi%‘?fefu?%§"'°ﬁaf“[§éﬁ@g"‘%ﬁn eelpndp %2 3 oCT
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COI’TpOUﬂdS own~as curing agents acco e con on (0] er ent

epoxi es fr ogize Ieiiesn S0aLE 100 e Ll abaVe 3t ebyEsdhtsRr iphridiatstze bBO\Pé“ s

case, |ncorforat|on of phenol novolac is used to increase cure 5 speed. The
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be any. Limr &9 Jo PASr FiskeBle il RBoaii Fdh ot pS: B Bnd BEIe2A #3E cpoxy
group of tiRferAANGraBKIAY e Meld2tierelyedesrey! group of the conponent (C).

There can be 10 widely used those curing accelerators generally used in
seal i ng mat eri al Ehe seafhest materials used for plastic packaging of microelectronic

devices were silicones, phenolics and bisphenol A (BPA) epoxies because of

their excellent molding characteristics. Silicones were used as molding
20 compounds because of their high-temperature performance and purity. - Poor

adhesion of silicons with the device and metallization resulted in device failure

in salt spray tests and flux penétrants during soldering. Although epoxy

materials offer much better adhesion than silicones, the common epoxides

such as BPA have a low glass transition temperature in the range of 100 fo
25 120°C, and high concentrations of corrosion agents such as chloride ions [2].

In the formulation for this application, ortho-cresol-novolac epoxy resins
displaced BPA materials because of their high epoxide functionality and
improvement in heat-distortion temperature. Mold compounds have moved
steadily toward all epoxy systems as the high temperature novolac materials

30 were improved and the hydrolyzable impurity levels were driven below 20ppm .
[2].
The binder system of a plastic encapsulant product consists of an epoxy

resin of cresol novolac type or di-cyclo-pentadiene type, hardener or curing



as di azabi cycl oundecene (DBU), triphenyl phosphine (TPP),

benzyl di net hyl am ne (BDMWR), 2-nethylim dazole (2-MZ) and the |ike. CT 2065
conpounds can be used al one or in conbination of two or nore. The curl ng
accel erator used is preferably 0.01 to 0,6% by weight in the total epoxy
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the |ike; and the kneaded product is cooled and ground. The nolding nmateri al

t hus obt ai rRereieAtaieuseskls preferably 084, tocd&f% f@g weigbtiimthetotaleepoxyofesin

descr | bott- sgfbosiudt Jn 66 HhreRRt' dnpad B RERTD 4B R b BSS B o
forth so as(TﬂRP)mwe@ht phitectotd] epoxyiresinof slipHdnyiphdshhingy (TPR)ti& ugegonpl et e

di scl osure and scription of how to nake and use the present inventjo
and are not inte GU 189 [aCkeleratne '%EEﬁf@r%ﬁy Uﬁﬁﬁt‘nﬁﬁbamﬁt‘éhpﬁps‘l F%Béf@(ﬂas

their i nvearw fRidhein Fﬁeetottéleérﬁd ngtrsaﬂ%nfsaog.ﬁc@{ e a @Qum@&s gk BXPg hyrent s

bel ow are y expe nts or ne
weight, hardness of the resultlng molded product decreases and mold release

20 characteristics may tend to deteriorate. In an amount more than 0.4 % by

weight, the reaction can proceed undesirably fast and fluidity tends to decrease.

The present epoxy resin composition used for sealing comprises, as

essential components, an epoxy resin, a curing agent, an inorganic filler and a

curing accelerator. The resin composition may further comprise, if necessary,

25 various additives such as silane coupling agent, flame retardant (e.g.

brominated epoxy resin, antimony trioxide or hexabromobenzene, Phosphorus),

coloring agents (e.g. carbon black or red iron oxide), releasing agent (e.g.

natural wax or synthetic wax), stress- reducing additive (e.g. silicone oil or

rubber), and the like. In one embodiment of the invention, the epoxy resin

30 composition further includes carbon black. The carbon black may be present at

a level of 0.1% to 2% by weight, expressed as a weight percentage of the total
resin composition. ,

In producing the present epoxy resin composition for sealing as a

molding material, an epoxy resin, a curing agent, a curing accelerator, filler and



have been made to ensure accuracy with respect to nunbers used (e.g.

anounts, tenperature, etc) but sone experinental errors and devi atIOIT% DCTZ
shoul d be accounted for. In the Exanpl es, the anmpunt of each conponent glg
i n compounding is parts by weight. 15 EXAMPLES Exanple | The foll ow ng
conponents of the follow ng proportions are m xed at roomtenperature in a

' . Part t A d of tenin
bornt . 51218t AURITES af fie BAMBICA kPR HorkRP YRR AR RART 7S 2o
Phenol i ¢ nothel like; andithg kngaded (pmdimcntng cpoleait and gréundly ThexyoldRglmuedriimt

=105¢gl e resent ed b Formul a || 18 Tri phenyl phosphi ne (TPP)
Cr ys?al ﬂl) ne?‘@?l ‘i’t&tég@%ﬁ LR%HS§$IfPE§§§[' Q%ﬁptl%ln ippigation, 3@tc€10ﬁé?|§0t(%€int ity

of in exanphgdof ﬂ, wll vary)3.70 CH2CHCH2 CH2CHCH2 | 0 0 CH2
CH2 CHCH2 Ib.l 8 Qle ;g%ris13 O CT 2005 9 wherein R which nay be the sane or

differenp, is anTlae cmeeentgrrweptlelel|ech@ﬂ|neffheordéslmﬂbgd ospeaifinatly sby vy bf
hydrogen at E%mgfgs(?gerrﬁea%oﬂgﬁwn%n%xg}npﬁeos g?e %lut%orth so as to provide those of
| ordinary skill in the art with a complete disclosure and description of how to
make and use the present invention, and are not intended to limit the scope of
what the inventors regard as their invention nor are they intended to represent
10 that the experiments below are all and only experiments performed. Efforts
have been made to ensure accuracy with respect to numbers used (e.g.
amounts, temperature, etc) but some experimental errors and deviations
should be accounted for. In the Examples, the amount of each component
used in compounding is parts by weight. |
15
EXAMPLES
Example 1
The following components of the following proportions are mixed at room
temperature in a mixer:

Parts by weight

Cresol novolac type of epoxy compound (softening point: 55 12.33
°C, epoxy equivalent: 196g/eq) represented by Formula |

Phenolic novolac curing agent (melting point: 75 °C, hydroxyl 6.20
equivalent =105g/eq) represented by Formula

Triphenylphosphine (TPP) . 0.18
Crystalline silica 38.44
Fused silica 38.44
Carbon Black 0.30
Others (quantity of in example 1 in Table 1 will vary) 3.70

CHchCHz CHZCHCHZ CI—I2CI—ICH2 (1)

S g



groups; and nis an integer of 0-10 OH 1 HR fICH2 OHR OH (2) 5 wherein R
I s i ndependently an atom or group selected from hydrogen atom a ha]-fb@ehzgm;
and an al kyl group; and n is an integer of 0-10. The m xed powder was
kneaded at 70 to 100 C. using a bi-axial,roll, cooled and ground to obtain
a nolding material. Then, the epoxy resi% conposition was subjected to the
fol |l ow ng I [ : i ral. reasuy enent A certain anpount
of nol di ng \?gﬁtegérfﬁﬁ’ Q‘LHUJ In](i:elﬁéh? tp é%n\?@é Oéadéﬁfj%'JPRwHch{hggoy(ﬂf gr@“"(ﬁeﬁﬁﬁ?‘?%s

vei ghed. A Boirrthie droapy cumisistidy ef dsydsdysmaiomn, agogen tovas andl @f &80, ke

mol di ng machi ne and was heated up to 175 C. Wen the 15 tenperature reached
175 C, a ne@@&'Péda'&qrﬁdﬁlandf’te@BTB]pﬂﬁormteri al was poured into the transfer
pot and plunger was | owered. The nolding pressure wused is 63kg/cnR2. The
material was mgtded for 3g0sec thgg the nold press was opegfz)d, t he spiral
flow length (up tpo the lusgrous t|pg was nmeasured after the™nold die was

taken out fr e ny| maghi 20 (2) Stress neasurenent Stress at T C .
((Xi - ah, =—Tgp CH Tg-175)E2 Stress = 0 at 175 C (Mol d
Tenp.), ahip =67 3*E-5 where - coefficient of thermal expansion of
conpound bel ow the grass trandition tenperature, Tg achip - coefficient of
thermal expansion of IC chip, -0.3E-5/ C E, - flexural nodulus of conpound

measur edS at wherein Bbissndependsiilyaan mtem| arsgrotipcsaiected drome dydrageraatopa0a C 13
OCT 2005 10halogerz and an alkyl group; and n is an integer of 0-10.
The mixed powder was kneaded at 70 to 100 °C. using a bi-axial roll,
cooled and grbund to obtain a molding material.
Then, the epoxy resin composition was subjected to the following
10 evaluation tests:
(1) Spiral flow measurement
A certain amount of molding material sufficient to give a cull thickness of
3 + 0.3mm was weighed. A spiral flow mold die as shown in Figure 1 was
placed in the molding machine and was heated up to 175 °C. When the
15 temperature reached 175 °C, a measured amount of molding material was
poured into the transfer pot and pilunger was lowered. The molding pressure
used is 63kg/cm®. The material was molded for 120sec then the mold press
was opened, the spiral flow length (up to the lustrous tip) was measured after
the mold die was taken out from the molding machine.

20
(2) Stress measurement
Stress at T °C =~ (a1 . cenip)(T-TQ)E1+(0t2 - 0tonip)(Tg-175)Ez
Stress = 0 at 175 °C (Mold Temp.), ctenip =0.3*E-5,
25 where

aq - coefficient of thermal expansion of compound below the grass transition
temperature, Tg

acnip — coefficient of thermal expansion of IC chip, ~0.3E-5/ °C

E, — flexural modulus of compound measured at 25 °C

30 E - flexural modulus of compound measured at 240 °C



encapsul at

(3) Measurenent of coefficient of thermal expansion The nolding material was
made into tablets and then nolded into specinens of dianeter 152mm 4

t hi ckness 3-5mm wusing a 75ton transfer 5 nolding machi ne. The speci Jngrpsm 2005
were subjected to testing by the Ther rral chani cal Anal yzer that neasured
the glass transition tenperature, Tg, the coefficients of thermal
expansi on bel ow and above Tg. (4) I\/basurement of flexural nodulus 10 The

nol ding material was made into tablets and nol ded into speci nens of

di mensi ons (3)LMa@$UTeme1ritnfawfﬁ6i@ntmfﬂiedhhl exddisidom Thi ckness : 40.2mm 15
The speci nens we t hen,.subj e to testing, by Tensi | on machi ne at 20
Lo° 25°C wni oh i MERIB fardll us JTREh oY SabIcE: ek nemmaled Bo he
conpound V\h%é‘clm@ngxﬁf %lkarﬁétre?”fﬁﬁ?mmt hRicRRESS t#?ﬁmfm USRIGEG! ?JStoﬁwotr%%ﬂ?tand
bendi ng forces applied 20 perpendicufar to Its ong'ltudl nal axis w nply

supported madingagathindef Tie dpasiniérexwiead stibjezted o :teﬁfrlg/b? the Wdrdlv =
= Load_applied to

span of suppor W= width of test specinen

fracture t e@%cbﬁé%ab’%ﬁf %aqqneawieght?leoglag%gqa%gp& tﬁE}Pe(fW el @xanadl

modul us :  atHEEEsE#H f f uring the first or
initial pariof th@e@%nﬁﬁﬁ%ﬂéﬁ%@g@aﬁg]@% fg)"’s‘{% g lity The nol di ng
material was made into cylindrical tablets of dianmeter 40mm by 28. 60g

before it | ded in 0oL I at - Packages (QFP), 14mx20mMmx2. 7nmm
Y@é“ﬁo %ﬁe@renip% wre'%ﬂaw? 5 nmunder the conditions of 175 C,

100kg/ cng and 129hsek8H mH&!rBﬂv@zs' PRdR i StabRtd aRd thdldé80Rto gﬁpécrrﬁaﬁ%er

nmol di ng machi ne. The pacKages sealed wth these chips are use
devi ces forohdimgmsianst:y check, in this case, internal and external void and

Length : minimum 60mm
Width : 10+0.5mm
Thickness : 4+0.2mm
15 The specimens were then subjected to testing by the Tensilon machine at 20 to
25 °C which measured the Flexural strength and Flexural modulus of the
compound where:
Flexural strength : the ability of a material to withstand bending forces applied
perpendicular fo its longitudinal axis with simply supported
20 ends may be defined as
Flexural strength = 3*Lv*P
2*W*H?
Lv = span of support (mm)
W = width of test specimen (mm)
25 P =Load applied to fracture test specimen (kgf)
H = Height of test specimen (mm)
Flexural modulus : a measure of the stiffness of the material during the first or

initial part of the bending process [3].

30 (5) Moldability
The molding material was made into cylindrical tablets of diameter
40mm by 28.60g before it was molded into 100L Quad-Flat-Packages (QFP),
14mmx20mmx2.7mm, encapsulating chips of size 7.5 mm x 7.5 mm under the
conditions of 175 °C, 100kg/cm? and 120 seconds, using a low pressure



for the solder crack resistance test. 5 (6) Solder crack resistance test The
devices for the solder cracking test were allowed to stand in an fTﬁﬁBPere
of 30C/ 60%RH for 192 hours for MSL 3 testing according to JEDEC (Joi 2005
El ectron Devi ces Engi neering Council) st alndard Then, the devices were
passed through the IR refl ow oven of 26(3] C as peak 10 tenperature for 10

seconds thrgg, %Fﬁ%lglﬁg%ﬁéﬁlhsr Tﬁ@@a&{ se%l%&ﬁ]{ oﬁ’ %h(‘g'llp%gl@;gggé t(g]; et

devi ces were observed tsing a mcroscope. 1h a

al so scanneobtar dwlwfdr(rﬁ‘sldadmt;scmﬁ hgthis easé, interhhicarab egietalvaid and

del am nated_ i nterfaces. CLJ resul t. was expressed as the nunber of

cracked/ del%n'ﬁ%ﬁg ehelackdsristanca tefunber . The test was repeated 15 for

Moi sture Sensitivity Level -2A testing where the devices were soaked in
conditions of 60 C/60%H for 120hours before passing through IR reflow oven
at 260 CS5t hi&aldersyrack hesistanoé testof t he above-nentioned tests are shown in

Table 1. 20 Ex t le 1-3 A d to the
o0 o S WL Bt R, o G et
conposi { | ONGtrShoRbIGH I6T/BOSHI o} OfizS NHBFE IGMBINGY téQind. BECS AR Enner

as in Exanple 1. The test results t al ne are shown
resul ts cl edeDiECsiidoist Elaa’urom Revices dEngingeting | Coencil) dstandart. Thengainé c

| Fill thip the defined tical d |
ool i |11y Taleeh NGt wheslal MRSHGh K IR gBliol Sans f 4250 LGRS Yaenk  ance
in terng ofenffRiraflirodbi 90 s@Boh@P 18 tived. a%e?é%ﬁtér”ﬂw%r&%b@

m xture of crystalline and fused inorganic silica fillers I’E'[IO outS| de of
30 the defi qesngle thendsuidesiwerlef bbagivied ysing er nitosabpei try adtitioh, ithe t ur n

cont i but ek 1 9eoRBnees ™ SR cropRblS et cPaN Lo RRE HoiviBar Amusic T

turn CaUSed\/lldi@i;(ﬁme)afdrod'elémnﬁét@dt Pitlerfhcass wﬁ@%samduégdeiﬁ?esﬁcﬁrdsalthér acks.
13 OCT 2005 12 On_the other hand, m xtures of crystalline and fused

i nor gani ¢ sMYmear ef P'I%*@d%eiarm'ﬁaf%d@éﬂ?ﬁetéw angeberndi hete yvaerapegie® to
conbi ne (i t4y, %lhﬁgﬁ(ﬁéﬁgiﬁ\ﬁw PGyl téé'tﬂ gQ%‘éﬁ*eaﬁegﬂ%yw%n%ngal?%f H};a.” ous

softenlng poi nt resi'n curing ag en I eve accepta bility
and sol der mruhﬂmna%ofr&ﬁs‘i’@fﬁﬁﬁ(dél—[cfm 1lmhtca1rs Beforel prsging threlidEpIRp peflow eeeriExanpl e
43 at 260 °C three times.

The results of the above-mentioned tests are shown in Table 1.
20 Example 2-6 and Comparative Example 1-3

According to the formulation shown in Table 1, the components were
blended and resin compositions were obtained and the tests were obtained in
the same manner as in Example 1. The test results obtained are shown in

25 Table 1. The results clearly showed that mixture of crystalline and fused
inorganic silica fillers within the defined range is critical in determining
moldability namely external and internal voids, and solder crack resistance in
terms of delamination on top die surface and internal cracks.

The mixture of crystalline and fused inorganic silica fillers ratio outside of

30 the defined range caused significantly poorer flowability which in turn caused
internal and external voids. This poor flowability behaviour also contributed to
weaker adhesion due to poorer wetting behaviour and it in turn caused

delamination on the top die surface and led to internal cracks.



According to the formul ati on shown in Table 1, the conponents were 10

bl ended and resin conpositions were obtained and the tests were obt aw?hiﬂfb
the sane manner as in Exanple 1. The test results obtained are shown i 5
Table 1. The results again showed t hat g m xture of crystalline and fused
inorganic silica fillers within the defiaed range is critical in determ ning

nol dability na t ennal ﬁ{lp ' a ' .and | der . crack resistance
in 15 terms omél% ﬁgr{é?oql on @%S@ebgﬁﬂsg@gn%ﬁ?qsﬁfseﬁ%éﬂorg?%fgk@.'carhe
above- nment i fiiees! vethimthe dafined rangd uarice eativst Wepe \abld & icomiife 200h Diriv@l ght of
the total fil]er content. The m xture of crystalline and fused 1inorganic

silica fillSH€eNng peineresqldayelacereiet resin andngaicus sitening noimt aenoy

poorer flovakid i dufinan efJ OhLhidH ch.d n ' [,0 t he
top 20 die surfaécd’ehrgnga egdﬁjt o&%hﬁ% n%?d{b;%@és.ﬁﬂﬂéﬁgwg%o n%raﬁﬁérs%gﬁ% as
for Conparrasistandexeritplti®. 1-3. On the other hand, m xtures of crystalline and

fused inorganic silica fillers ratio within the defined range are able to
achi eve acceptable noldability and solder crack resistance criteria. 25

Exanpl e 9 and Conpar ati vgxg,‘ﬁa[g;*_gn Seoriirag,d Exérﬂglé&’-%”m ation shown in

Tabl e 1, the conponents were ed and resin-conpositions were obtained
and the tests were obtained in 30 the sane nmanner as in Exanple 1. The test
resul ts obtained, are shown_i a

in, Table 1. The r | ts again showed that a
m xture of cr yst‘%?q(ﬁrﬂ'_é'gatﬁdm%@ﬁ'” ?t_l%‘_r §anve 'E?f"h_&'ﬁ_ 1 ‘T?Neei;%mﬁpﬂﬂ'i‘tﬁ VR
def i ned; ¢ angendesd ahii tro6m! cdrﬁp@gii@ﬁmré%btémé&*aawtd' fhbyteeg@@lgf/e B Rl and

i nternal voids, and solder crack resistance In erns o am nation on the

“top di e surthaczanedamear aalin @a@cpe 1. JheCkst0esulls obHirae: dreshexanin es

wer e condu j t h ition of 5% wei ght of the total filler content
with Di cycﬁ)a}i?\gfdi end ?%glﬁ% a3 %’1%’%& gxﬂtf a:PyEerE IO% .r?éystglhgequng@ rgani c
silica fillinoyahits isMicautfiieste withih hthedaddiined range iBO2tticdlais btermining

significantly poorer flowability though the solder crack resistance was abl e

to 5 pass Mhldability Bpmely retesnalrand intemabiveirtsy andr selder/crarieisisisggnast inFi | | ed
Do\ ef RN P8R er M MBI, PO 247 150 10 2
The above-mentioned examples were conducted with a variation of 2%
by weight of the total filler content. The mixture of crystalline and fused
inorganic silica fillers ratio outside of the defined range caused significantly
poorer flowability and adhesion, which in turn caused delamination on the top
20 die surface and lead to internal cracks. The phenomenon is same as for
Comparative Example 1-3.
On the other hand, mixtures of crystalline and fused inorganic silica
fillers ratio within the defined range are able to achieve acceptable moldability
and solder crack resistance criteria.
25

Example 9 and Comparative Example 6

According to the formulation shown in Table 1, the components were

blended and resin compositions were obtained and the tests were obtained in

30 the same manner as in Example 1. The test results obtained are shown in
Table 1. The resul‘ts'égain showed that a mixture of crystalline and fused
inorganic silica fillers within the defined range is critical in determining
moldability namely external and internal voids, and solder crack resistance in

terms of delamination on the top die surface and internal cracks.



Ecapsul ated M croel ectronics (1995) John WIley and Sons, New York, pg
25-29. 3. Shah, Vishu, Handbook of Plastic Testing Technol ogy (1998) Zg
Wley & Sons, New York, pg 56-59. 15 All references cited herein are here gﬁ
i ncorporated by reference in their entiygties, whether previously
specifically incorporated or not, for all” purposes. Gitation of any

reference her el nThasg Bho ieX:ASIE W HanaEL GERWAR 1O TaRY, 6%y weRlEIL00

is pertinent prior art, nor const ute an

cont ent s or ofithrestoddl fﬂllaesentmtWErDsyclblaeiad@nmmsﬂml Mhednixture if Erydtaline
illed in the art that the sane

I nventi on, ] | a t hose ! )

can be perfgpgn\fl 'PH(QFP"E '8@ f‘ﬁﬁl}?g'ét'efom'@aﬁﬂéél%ﬁﬁ fined rARgespgain caused
concentrati t t scope.
of the nveﬁ??"":fﬁagﬁ‘é%ﬂﬁ%ﬂ‘?’“ﬁ%‘mﬁ?%z?‘ﬁ%@%‘%‘%@?’%ﬁn&‘*?&S(ﬁﬁ%ﬁ%s i Sancton
has been3deba$s Bwdcritariaonnection with specific enbodi nents thereof, it will
be understood that it is capable of further nodifications. This application
is intended to cover any variations uses or adaptations of the invention
foll owi ng i Refi@BRE® , the principles of the invention and including such
departures fromthe present disclosure as conme within 30 known or custonmary
practice withiln Bhenay.t AtapniMi Rhadiegy nt iltsidoRolymeraSpstearsd (1999) rdiywee

ggph;2€/~goobhﬁlr e&ﬁ@é@ATﬁﬁqﬁ#@ah rei n@ %ESCsDe'{NL\(I)rt h. 1.3 0 C T 2005 -14

10 2. Pecht, Michael G., Nguyen, Luu T., Hakim, Edward B. Piastic-

Ecapsulated Microelectronics (1995) John Wiley and Sons, New York,

pg 25-29.

3. Shah, Vishu, Handbook of Plastic Testing Technology (1998) John Wiley

& Sons, New York, pg 56-59.

15

All references cited herein are hereby incorporated by reference in their
entireties, whether previously specifically incorporated or not, for all purposes.
Citation of any reference herein is not intended as an admission that any of the
foregoing is pertinent prior art, nor does it constitute any admission as to the

20 contents or date of these documents.

Having now fully described this invention, it will be appreciated by those
skilled in the art that the same can be performed within a wide range of
equivalent parameters, concentrations, and conditions without departing from
the spirit and scope of the invention and without undue experimentation.

25 While this invention has been described in connection with specific
embodiments thereof, it will be understood that it is capable of further
modifications. This application is intended to cover any variations uses or
adaptations of the invention following in general, the principles of the invention
and including such departures from the present disclosure as come within

30 known or customary practice within the art to which the invention pertains and
as may be applied to the essential features hereinbefore set forth.
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CLAIMS:

1. An epoxy resin composition comprising:
(A) an epoxy resin;
(B) a phenolic novolac curing agent;
(C) an inorganic silica filler of mixed crystalline and fused types with:
(i) total filler content at 70-90 % by weight based on the total resin
composition;
(i) ratio of crystallineffused: 0.3-1.5; and
(ili) the said inorganic silica filler comprises crystalline silica filler with
particle distribution between 25 to 45 % by weight for particle sizes
below 12 um, between 55 to 75 % by weight for particle sizes
between 12 to 90 pym and below 3 % by weight for particle sizes
above 90 pm and fused silica filler with particle distribution between
25 to 45 % by weight for particle sizes below 10 um, between 55 to 75
% by weight for particle sizes between 10 to 100 um and below 3 %
by weight for particle sizes above 100 um; and

(D) a curing accelerator.

2. An epoxy resin composition comprising:
(A) an epoxy resin;
(B) a phenolic n.ovolac curing agent;
(C) an inorganic silica filler of mixed crystalline and fused types with:
(i) total filler content at 70-90 % by weight based on the total resin
composition;

(i) ratio of crystalline/fused: 0.3-1.5; and
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CLAIMS: 1. An epoxy resin conposition conprising: (A an epoxy resi ;3 Q[H)ZUUS
a phenolic novolac curing agent; 5 (C) an inorganic silica filler of m xed
crystalline and fused types with: (i) total filler content at 70-90 % by
wei ght based on the total resin conposition; (ii) ratio of

~crystalline/fused: 0.3-1.5; and (iii) the said inorganic silica filler

conprises crystalline silica filler with6 10 particle distribution. between
25 to 45 % by weight for particle sizes below 12 pm between 55 to 75 % by
wei ght for particle sizes between 12 to 90 pm and bel ow 3 % by wei ght for
particle sizes above 90 pmand fused silica filler with particle

di stribution b ﬁé)‘"’elﬁatyg%é iher Fﬁléa"ﬁl'egrl{qrﬁ seB2ry féﬁlﬁm%ﬁ?% f{ﬂg} %10 pm

bet ween 55 to y welg part Sl zes et ween pm and
below 3 % by wei gﬁértlél@rdlﬁtﬁbhhé‘ﬁ Befldds 28855 4PByRNRighNfbr(FArtide Wdshd

accel erator.
below 12 um, between 55 to 65 % by weight for particle sizes
between 12 to 90 ym and beiow 3 % by weight for particle sizes
5 above 90 pm and fused silica filler with particle distribution between
25 to 35 % by weight for particle sizes below 10 ym, between 55 to 65
% by weight for particle sizes between 10 to 100 pm and below 3 %
by weight for particle sizes above 100 ym.
(D) a curing accelerator.
10
3. An epoxy resin composition according to claim 1 or 2 wherein the
weight percentages of the components of the total resin composi.tion fall within
the following ranges:
(A) 6% to20%
15 (B) 3%to12%
(C) 70% to 90%
(D) 0.05%t0 0.8%
and the ratio of (A) to (B) is between 1.2 and 2.5.

20 4. An epoxy resin composition according to claim 1 or 2 including 0.1% to
2% carbon black expressed as a weight percentage of the total resin

composition.



2. An epoxy resin conposition conprising: 20 (A an epoxy resin; (B) a
phenol i ¢ novol ac curing agent; (C) an inorganic silica filler of m xed3 (7 2005
crystalline and fused types with: (i) total filler content at 70-90 % by
wei ght based on the total resin conposition; 25 (ii) ratio of
crystalline/fused: 0.3-1.5; and 13 OCT 2005 16 (iii) the said inorganic
silica filler conprises crystalline silica filler with particle

di stribution between 25 to 35 % by wei ghY for particle sizes below 12 pm
between 55 to 65 % by weight for particle sizes between 12 to 90 pm and

bel ow 3 % by weight for particle sizes 5 above 90 pmand fused silica filler
with particle distribution between 25 to 35 % by weight for particle sizes

bel ow 10 pms bet wRn oA o blkn s IroBRid EhExPEER pStieRn 10 to

100 pm and below 3 % by weight for particle sizes above

curing accelsycatdance MitlBFormiulg P9 Xand ks 8 viseBEiesHit 0.801 8p6REJCNE: 450°¢).ai m 1 or
2 wherein the weight percentages of the conponents of the total resin
conposition fall within the follow ng ranges: (A 6%to 20% 15(B)3%to 12%
(O 70% to 90%CHRCHOHE to 0. SHe@HdHhe rat iCHBCHCAR to (B) @15 between 1.2
and 2.5. 20 4.] An ‘Egoxy resin cmq({osi tion dccording to claim1 or 2

i ncluding 0.1%to % car borp bl ack expressesl asa wei ght percentage of the

total resin cl r’rﬁbsi tion. QKIT 2005817 9, PBhe conposition of claimi1 or 2
wherein the y _resin in__accqrd with Formula (1), and has a
vi scosity of -4Hapois CHocTn CH2

n
5 wherein R which may be the same or different, is an atom or group selected

from the group consisting of hydrogen atom, halogen atoms and C; to C, alkyl
groups; and n is an integer of 0-10.

6. The composition of claim 1 or 2 wherein the phenolic novolac curing
10 agent (B) is in accordance with Formula (ll) and has a viscosity of
1.5~3.0poise ICI at 150°C.

CH OH OH @
| R | ® | R
Sl
n

wherein R is independently an atom or group selected from hydrogen atom, a

halogen and an alkyl group; and n is an integer of 0-10.
15

7. The composition of claim 1 or 2 wherein said curing accelerator (D)

comprises one or more curing accelerators selected from the group consisting

of ©  diazabicycloundecene  (DBU), triphenylphosphine (TPP),

benzyldimethylamine (BDMA), 2-methylimidazole (2-MZ) and mixtures thereof.
20



| 4f (1) 5 wherein R which may be the sane or different, is an atom or group
selected fromthe group consisting of hydrogen atom hal ogen atonms and §57 7005
to C4 alkyl groups; and n is an integer of 0-10. 6. The conposition of
claiml or 2 wherein the phenolic novolac curing 10 agent (B) is in
accordance with Formula (I11) and has a viscosity of 1.5-3.0poise |ICl at

150C OH | Rrr~f-=CH2 -10 (2) wherein Ris independently an atom or

group selected fromhydrogen atom a Hdlfogen and an al kyl group; and n is

an integer of 0-10. 15 7. The conposition of claim1l or 2 wherein said

curing accelerator (D) conprises one or nore curing accelerators selected

fromthe group cansisting .. of diazabjcycloundecene (DBU), triphenyl phosphi ne
(TPP), benﬁﬁ di Wlaﬁg%oq egﬁ%m b ket Wherein &8 sHEng Zokpipratan (B &t ur es
thereof. OH tGhhefitbshhihe FPR3005 17A 8. The conposition of claim1 or 2

wherein the curing accelerator (D) is triphenyl phosphine (TPP). 9. The
conposition of claim8 wherein said triphenyl phosphine (TPP) 5 conprises

ci ai m 4 uher & n"tHE caPBbiE -3 2o T MnRIE S itherybas oG BN of
the totals resinprizesdostd 069% biveldht of iite RedNesihidoipoeftionl ai m 1 or 2 wherein

the said conposition conprises at |east one nenber selected fromthe group
consisting of a silane coupling agent, flane retardant, releasing agent,

stress-reduciglg agfl LomBoditish of ikl 8Swh8RiP e carbon black (E) comprises

about 0.30 % by weight of the total resin compaosition.

10 11. The composition of claim 1 or 2 wherein the said composition
comprises at least one member selected from the group consisting of a silane
coupling agent, flame retardant, releasing agent, stress-reducing additive and
mixtures thereof. '

16 12.  An epoxy resin composition according to claim 1 or 2 when used for
encapsulating semiconductor devices.

13.  An epoxy resin composition according to claim 1 or 2 formulated so as
to have a spiral flow of between 80cm and 130cm.

20
14.  An epoxy resin composition according fo claim 13 formulated so as to

have a spiral flow between 90cm and 125cm.

15.  An epoxy resin composition according to claim 1 or 2 formulated so as
25  to have a flexural modulus between 1600kgf/mm? and 2200kgf/mm?>.

16.  An epoxy resin composition according- to claim 15 formulated so as to
have a flexural modulus between 1800kgf/mm? and 2050kgf/mm?.



15 12. An epoxy resin conposition according to claim1 or 2 when used for
encapsul ati ng seni conductor devices. 13. An epoxy resin conposition 13(ry 2005
according to claiml or 2 fornmulated so as to have a spiral flow of between
80cm and 130cm 20 14. An epoxy resin conposition according to claim13
formul ated so as to have a spiral flowl8etween 90cm and 125cm 15. An epoxy
resin conposition according to claiml or 2 fornmulated so as 25 to have a
fl exural nodul us between 160ERMOXNTRESINICONMPKOSITION. 16. An epoxy resin
conposition according- to claim15 fornulated so as to have a flexural

nodul us between 1800kgf/nm®2 and 2050kgf/m®. 13 OCT 2005 18 EPOXY RESI N
COVPCSI TI ONABSTREET S5An epoxy resin conposition suitable for encapsul ating
el ectronic parts such as diodes, transistors, integrated circuits and the

| i ke conprising: (A) an epoxy resin; (B) a phenolic novolac curing agent

(©an ingrganic gilica filler of mxed ¢ talline and fuse es with: (i)
Lotal 11H1or corfBPoy ralsaepSHEnaHiabie By eRCamuiatitapectohi pafts
conposi ti ongucings dRBLE! irandistor® iegPAtéd (ctLitd8hd e fke Qon%g?isﬁ' :and a curing
accelerator. Suitably, the weight percentages of the conponents of the total
resin 15conff)si tarmepexy resm;t hin the foll owi ng ranges: (A)6%to 20% (B)3%to
12%(C)70%(KEB QO%EDQIO.OS%to 0.8%20antd the ratio of (A to (B) is between
1 21t0 25 a phenolic’ novelac curing agen -
(C) aninorganic silica filler of mixed crystalline and fused types with:
10 (i) total filler content at 70-90% by weight based on the total resin
composition; and
(if) ratio of crystalline/fused: 0.3-1.5; and
(D) acuring accelerator,
Suitably, the weight percentages of the components of the total resin
15 composition fall within the following ranges:
(A) 6%to20%
(B) 3%to12%
(C) 70%to80%
(D) 0.05% to 0.8%
20 and the ratio of (A) to (B) is between 1.2 to 2.5.



