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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.
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
(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 stress,
reduction in moisture resistance caused by said cracks, and the like.

In the soldering step, in particular, the package is suddenly exposed to
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.

Fillers are employed in epoxy resins for many reasons. The main
functions of filler are to control the viscosity, and reduce the mold shrinkage



Fillers are enpl oyed in epoxy resins for many reasons. The main functions
of filler are to control the viscosity, and reduce the nold shrinkage -2-
-and coefficient of thernmal expansion. In addition, by increasing the filler

content in a conpound, |ower water absorption of epoxy resin can be
achieved. This wll greatly enhance the noisture resistance of the
conpound and in turn inprove the final solder crack reliability of the
conmpound. However, by increasing the filler loading of a conpound,
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filler,
usmg pure|y fused S|I|ca powder alone.

in US Patent 5,908,882, the silica powder has an average particle
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 pm respectively in
the total resin content and the maximum particle diameter of the total resin
content of not more than 150 pm. The composition disclosed did not include
the ratio of crystalline/fused filler. Furthermore, the disclosed composition of
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
compose 15-50% and 50-85% by weight of 75 to 150 pm and less than 75 pm
in particle size respectively. The composition disclosed did not include particle
size below 12 pum and thus could result in poor flowability and moldability.

Any discussion of documents, acts or knowledge in this specification is
included to explain the context of the invention. It should not be taken as an



“conpose 15-50% and 50-85% by wei ght of 75 to 150 mand less than 75 m in
particle size respectively. The conposition disclosed did not include
-particle size below 12 mand thus could result in poor flowability and
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According to the present invention, there is provided an epoxy resin

composition comprising:

(A) an epoxy resin,;

(B) a phenolic novolac curing agent,

(C) an inorganic filler, of mixed crystalline and fused type, with an amount of
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% to 20%

(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.

It may further include 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.

The resin may be formulated to have a spiral flow between 80cm and
130cm more preferably between 90cm and 125cm. It may be formulated to
have a flexural modulus between 1600kgf/mm?’ and 2200kgf/mm? more
preferably between 1800kgf/mm? and 2050 kgf/mm?.



total resin conmposition. The resin may be formulated to have a spiral flow
bet ween 80cm and 130cm nore preferably between 90cm and 125cm It nay be
-formulated to have a flexural nodulus between 1600kgf/m® and 2200kgf/ mm®
nore preferably between 1800kgf/m®2 and 2050 kgf/mm2. -4- BRI EF
DESCRI PTI ON OF THE DRAWNGS Figure 1 shows a spiral flow nold die.
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Fused filler, on the other hand, with its finer and wider particle size
distribution, provides less hindrance in compound flow and exerts lesser stress
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 and packing. Smaller particles, interposed between larger
particles, can act as a lubricant to facilitate the rotation of bigger particles. This
helps to reduce inter-particie impact, thus improving the flowability and
reducing the viscosity [1]. Applicant's have found a good combination of
crystalline and fused filler, with a wide particle size distribution, should give
good compound flowability and improved package reliability.

For high crystalline filler loadings, flowability becomes worse. Therefore,
even with a good combination of crystalline and fused filler with a wide filler
size distribution, the targeted flow and viscosity may still not be achieved. In
this case, it is preferable to use low viscosity resin and hardener to aid in



For high crystalline filler |oadings, flowability becomes worse. Therefore,
even with a good conbination of crystalline and fused filler with a w de
filler size distribution, the targeted flow and viscosity may still not be
achieved. In this case, it is preferable to use |ow viscosity resin and
hardener to aid in -5- conpound flow glotal filler content is preferably
between 70 -90% by wei ght, above which the flowability can be poor. Bel ow
70% by weight, the Misture Sensitivity Level (MSL) performance may
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wei ght particle size above 90 pm, and, particle distribution of fused silica filler between
25 to 45 % by weight for particle size below 10 pm, between 55 to 75 % by
weight for particle size between 10 to 100 pm and below 3 % by weight for
particle sizes above 100 um. In a preferred embodiment, the mixture of
crystalline silica filler has a particle distribution between 25 to 35 % by weight
for particle size below 12 um, between 55 to 65 % by weight for particle size
between 12 to 90 um and below 3 % by weight for particle size above 90 um
and fused silica filler has a particle distribution between 25 to 35 % by weight
for particle size below 10 pm, between 55 to 65 % by weight for particle size
between 10 to 100 um and below 3 % by weight for particle size above 100 pm.
For samples which use crystalline/fused silica filler, for crystalline silica

filler below 25 % by weight for particle size below 12 pym, above 65 % by
weight for particle size between 12 to 90 um and above 3 % by weight for
particle size above 90 pm, and, particle distribution of fused silica filler between
below 25 % by weight for particle size below 10 um, above 65 weight percent



for particle size below 10 m between 55 to 65 % by weight for particle
size between 10 to 100 m and below 3 % by wei ght for particle size above
-100 m For sanpl es which use crystalline/fused silica filler, for
crystalline silica filler below 25 % by weight for particle size below 12
m above 65 % by weight for particlegsize between 12 to 90 m and above 3 %
by weight for particle size above 90 m and, particle distribution of
fused silica filler between below 25 % by weight for particle size bel ow

;gdmabgbgvgorg‘}s%bmaé%!iﬁe t@&?\/@@ﬁt10ftt6_'1(fmﬁmp@fd_él§dv% 392 ®yhedigeetor partic _18_0 m .
. \Y . Y% we of ,particl. [ \ m di t

f1 owabi | i tf'z_&nﬁ&t"ﬁi & l.?ll%R(?g&éré!él? %%Féﬁﬁ%ﬁ'ﬁféé?q{a\@e‘qt@’m%‘r‘gwl e

wet t abi | i t woiding. dsmaiuedn penr wepakility, éalaminalimn o tapdie ajstr M&-é"n‘ﬂ‘q nt er nal

cr aﬁkl ng afl\]ESIE 2 NBhd Inteiaecrideking biter MIhe wereldetsttedrat eri al s used for plastic
packagi ng of m e ronig . _gdev .Sl , ' d

b sphenol A ( BPATS Bl oPaBualiCiEF Yor BieBiC pabkRHg of PRI or

char act er | stevises Waire istigpres, wbeaolisseandaisphsingl AgBFée RPOHIaLGaEIUCE of their
hi gh- t enperipéibr éxcererftORTOMIGE Endaqeristicy. Simones adbresiugsd ofis sinbldirns wi t h

t he device and Lizatl ul ' | ' [, I
tests and fﬁ°&?9§§§§%’?§%ﬁ%§ %rl}rh %ﬁ% ho@&@??a&g%vm@%%g%ggfywltﬁgr é?fglr 2yoffer
much bet t eradhgpiesiod silicermwih Fh&:gﬁé‘iﬁ, a’ﬂ%@eg%liﬁ@ﬁﬁn E9FOMPE é% deYER FRIlYE® BPA have
a | ow t@l' af_Sntd‘aﬂt“?ﬂ)rﬁ&Ot@sts_eﬁﬁ@rfﬁlb(up@wétﬂant&ﬁuﬁ@geld_efing.QOAttbouth@ﬁoxyaEd hi gh
concentratiQns . rr 0 S I :

Formul at | o Raaprter (Ao Beftfc Bbfesioft P s, B LOATA boolies 1€

di spl aced Brshrast BPADayerk iy giassitrangiéipp temgeraiisesin dee ranas ¢l f2y and

i tnrpr gylerre tr1t120ﬁ%,rv@rai high &bmddt@nomwmmtsiahﬁageml sdich @swblonde idree)]. noved
steadily towar , - : terial
were i nproved aﬁrgh{ehgprﬁg@'%al@&z@@?ea%'ﬁlrlrc}oglﬂi%‘t?%eé%?@qv@%%%%ﬁ%ﬁé% (r)r\?v (Za(r)lpgms
[2]. The bidispiacesy BPAmraateralp| kraause ebic HisEuhight epRidR dENEioRaitit g an
epoxy resiimppdveRictsoh Heav aisturtidry Fensaratiie. C Mib10-quenicatids rreveymeyedar dener

or curing , A }gal |

acti ve computiy RN AT SB5RLHRig: 33 1€ Y B RTho Vil TRfEhle ]

di fferent epdRiERrqiedAnd thgivErafzapl IMPUFiYUGYE!S Mere dEKt REIS¥ “APRM d st ate.

I'n this casg] incorporation of phenol novolac is used to increase cure
speed. The gl assrrbffif ) Qenfetd HdsicdmapalisiGrbdudRBhdL& e aflepdRy epoxi de
resin of cresol novolac type or di-cyclo-pentadiene type, hardener or curing
agent, and an accelerating catalyst system. The chemically active compounds
known as curing agents accomplish the conversion of different epoxies from
liquid state to tough, hard thermoset solid state.

In this case, incorporation of phenol novolac is used to increase cure
speed. The glass transition curing temperature is maximized at an epoxide to
hydroxy! of about unity.

The curing accelerator used in the present composition can be any
material as long as it can accelerate the reaction between the epoxy group of
the component (B) and the hydroxyl group of the component (C). There can
be widely used those curing accelerators generally used in sealing materials,
such as diazabicycloundecene (DBU), triphenylphosphine (TPP),
benzyldimethylamine (BDMA), 2-methylimidazole (2-MZ) and the like. These
compounds can be used alone or in combination of two or more. The curing
accelerator used is preferably 0.01 to 0.6% by weight in the total epoxy resin
composition. In the preferred embodiment, 0.1 to 0.4% of triphenylphosphine



hydroxyl of about unity. The curing accelerator used in the present
conposition can be any material as long as it can accelerate the reaction
-bet ween the epoxy group of the conponent (B) and the hydroxyl group of the
conponent (C). There can be wi dely used those curing accel erators
generally used in sealing materials, _guch as di azabicycloundecene (DBU),
tri phenyl phosphine (TPP), benzyl di nethyl am ne (BDMA), 2-nethylim dazole
(2-Mz) and the like. These conpounds can be used al one or in conbination
of two or nRppe) bJWeugﬁum the totaleRIxg redivbf wipRehyishaspaiher(@BPyisused. t o 0. 6% by

wel ght in t he t?b?ﬁHﬁﬁ@?é%é&%k& is %Pé;@)r%?l.?(t' 24 m'a’ﬁ érﬁﬁurﬁrcgf(ﬁ“@@ ggpodi nent,

0.1 to 0.4% of ?tal epoxy

resin of t hypyeightiiptssiotal geoxymesi Q%“R%é'én rl"ﬁ’e’é‘ %U?H“'ﬁ sscban 8rlatedd i s
preferably Vvéi@d hardA8sBMB treifiting mofded prédidét dbyremsgland imold heleaset al epoxy

resin composiil pngln o AMRUBLadERSakhal Gn LAY mifel @Bh.o har dgess of the

resul ting eCreases ease aracter|st|cs may
tend to detwsigldr db@. repatieh C‘@ﬁolﬁmceﬁﬁrén‘i%ﬁﬁbw ?S%W Wtqtéih fendsnle reacti on
can proceediedredgei rably fast and fluidity tends to decrease. The present

epoxy resin Congﬁgxéfegghtu%%QX BEinSERhpIStioh TR ﬁ)‘?%ea c@?ﬁ

conponent s, ¢uri ng -agent, an I nor r%ér aéasnd a
curing acceﬂséef&t&bﬁomWﬁ@eﬁtésﬁmeB@Wﬂ%‘ﬂt?GHF"Pﬁﬁg?’ﬁr?rh t‘ heg @nd;g
necessary, cuyif§iaetsersH tThee&smuaim;&Sltmnlmapfwtbnpbonmgnageﬁhecdsbanye

retardant (g iy Eécgn{po daLhth %‘?Xé’laﬁgsb&z uﬁg 2GR fdrh@letifagt (eg

hexabr onobet car bo or red
i ron oxi de)bromiatessi r?@oxhgéﬁﬁ'n( e 2iMRRY urtHPX'Q%x ‘Hr 89’@95%‘[“9& stress-
reduci ng adehidspHerus):- c@lorm@l adedtN(e.@i darbon blasker)red dod dxicke)| rd{msn’m one

car bon bl aclbenE SRR B bF SapPRREWdRS shos ARG SRadiie, 16, | 0¢0 by

wei ght , exmﬂ@@@@dﬂ'e@f rabWér) g#nd t"}?e'ﬂ‘@en'l”a‘@j’@ embegiment ok ther WYERide ifsi t i on.

! nt pr od:JCI N&hoxh @i @am@bs.emmweemcmd@empamntmm f Diie sarabhmwgpcksmay ol di ng
materi a N epoxy, resl i, t o] Il er and
ot her addit é’g fﬁ a& ﬁupé@ﬁ(?%ﬁ b%%&%t nP %%8%# %sa%ogvepm a
kneader or quﬁ%”t?gek@ftharﬁ‘?}a't'ﬁé'nl&‘?éﬁ’d’éﬂoﬁroduct is cooI ed and ground. The
nol di ng materi alin grbtscindttae nedserdnegoay uesth Eompsstidn rig, seaingi ay,a

I nsul ation, 6hfq RhteRb€Gh BBk resin, a curing agent, a curing accelerator, filler and
other additives are mixed sufficiently and uniformly 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.

The present invention is hereinafter described specifically by way of
Examples. The following examples are put forth 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
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.



‘parts or electric parts. The present invention is hereinafter described
specifically by way of Exanples. The follow ng exanples are put forth so
-as to provide those of ordinary skill in the art with a conplete

di scl osure and description of how to make and use the present invention,
and are not intended to limt the scoge of what the inventors regard as
their invention nor are they intended to represent that the experinents
bel ow are all and only experinents perfornmed. Efforts have been nmade to
ensure accyEgPMESh respect to nunbers used (e.g. anmounts, tenperature,
etc) but some experinmental errors Eggﬂﬁgwiations shoul d be accounted for.
In the Exanpl es, the anount of eac onent used in conpounding is parts
by wei ght. -8- EXAVMPLES Exanple 1 The followi ng conponents of the foll ow ng
proportions areTh& ¥elbwilhg dobponkatspef tieufaowmgapripogions Raret sixed akei ght
Cresol novql - onpound (softening point: 55 12.33 C, epoxy
equivalent?oﬁgg%%@%fﬁﬁggfgéﬁﬁ ed by Fornmula | Phenolic B Xoé o} “Eing agent
(melting point: 75 C, hydroxyl 6.20 equival ent :1059/eq§ ¥ grggknted by
Forrmula 1l Triphenyl phosphine (TPP) 0.18 Crystalline silica 38.44 Fused
silica 38. 4%esdlaidvoncBipe st Op@Y cahpring (6oftening pyinbf55 n exanpl ®.33i n Tabl e
1 will varyp 8pd¥ eduiiditHbagradriprdssrt@ChicH3rmiz 10 0 0 OR 1 R O H2 CH2
wherein R mhicﬁ nmay be the sane or different, is an atomor group sel ected
fromthe grriepoR®ASIdidd agingfadent(ragieing pbiotn75had, dgdroxgt ons and &.2@o0 C4

al kyl  gr ousivafne=105Fe@repiticentet byfFdomiid It 9-

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
CH2CHCH? ?Hzcgg}lz CH2CHCH? (1)

o O

0
o © O
| R | R I R
Ve Ve
n

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



OHOHOH(2) RPR CH2 CH2 n wherein Ris independently an atom or group
sel ected from hydrogen atom a hal ogen 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 resin conposition was subjectedgto the follow ng evaluation tests:
(1) Spiral flow neasurenent A certain anmount of nolding material sufficient
to give a cull thickness of 3 0.3mmwas weighed. A spiral flow nold die
as shown in Figure 1 was placed in the nolding machi ne and was heated up
to 175 C. thg the te ature reggched 175 C, a neasurgd)anmount of nol di ng
mat eri al was ﬁogred inq the trapster pot and plunger was | owered. The

nol di ng pres used Fe3ky/ he materi al was nol ded for 120sec then
t he nol d pre@n@m%@cm ral flow length (up to the lustrous tip)
was measured er th | d di s taken out from the nol ding machi ne.
(2) Stress neasurenent Stressfat T C (ai - aCh; P)(T-Tg) El+(a2 - (Xh;
P)(Tg-175)E2 Stress = 0 at 175 C (Mol d Tenp.), ahip =0.3*E-5, where a, -

coef fi ci entyrfeih FefsBle @RSy an a@im o0 grmipnskldtéd fromhieydyogessatormansi ti on
tenperature, Tg ah.P - [Cl : epppansi on of |1 C chip,

-0. 3E- 5/ c%atgg%." a?P&’u%‘@ﬁgﬁ%dgukﬁQEé?g%g%ﬁgOﬁle)@asured at 25 C E2 -

fl exural nodul us of conpound neasured at 240 C -10- (3) Measurenent of

Cogf f ihci ent | gf trRe rRdd SowpdstSiayknEagedrat T IOOBCeusing awhaxiabé, i nto tabl ets
and then np int Cj i 152mm thickness 3-5mm using a
B 4o P ntERE AheieiaLn ! usi g

75t on transf8 _ e~specl nens were suggect ed to testing by
the Thermal Medhemitbaepmaalepiresompositionpas subiectsrtoghe lomngysi i on

t enper at ur evail@tio ftdts:

(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
temperature reached 175 °C, a measured amount of molding material was
poured into the transfer pot and plunger 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 moid die was taken out from the molding machine.

(2) Stress measurement

Stress at T °C = (at1 - ochip)(T-T@)E1+(ct2 - 0tenip)(Tg-175)E2
Stress = 0 at 175 °C (Mold Temp.), aichip =0.3*E-5,
where
ay - coefficient of thermal expansion of compound below the grass transition
temperature, Tg
aenip — coefficient of thermal expansion of IC chip, ~0.3E-5/ °C
E; — flexural modulus of compound measured at 25 °C
E, — flexural modulus of compound measured at 240 °C



‘the coefficients of thermal expansion bel ow and above Tg. (4) Measurenent
of flexural nodulus The nolding material was made into tablets and nol ded
into specinmens of dinmensions : Length : mninmm60mm Wdth : 100. 5mm

Thi ckness : 40.2mm The speci nens were then subjected to testing by the
Tensilon machine at 20 to 25 C whichygreasured the Fl exural strength and
Fl exural nodul us of the conpound where: Flexural strength : the ability of
a material to withstand bending forces applied perpendicular to its

| ongi t udi n@dg Medstirarhénmt of icopffiviestgfaeriellexgrdonmay be defined as Fl exural
strength = 3*Lv*P 2*WH2 Lv = span of support (mm W= wdth of t est
specinmen (mm) P = Load applied to fracture test specinhen 4 = Hei ght
of test speci ma'ﬁh% rfﬂ?'d'PBeSE‘@FGdla gumasie: ingp ﬁi*ﬁ%tér%”%fth?%éngg? f"r"ut@ss of the

Eﬂg; eu) ?11 gldﬁgdamehb%ffdulé@teteemsﬂzmml lﬁiuckpasst 3odminh eusirendi n@oprmtssesrbl[ 3]. - ].:Ll-
abi i nt ets o
di anet er Iélx%m%gn%o ﬂ'ﬁ&fsgé&ﬁ{ehé wé’?@%uﬁ%@%d @ t%s EV&é S%IE rg? Packages

(QFP) , 14Mﬁ@2€ﬂ'ﬁ%‘2“’ﬁ+¥ﬁeré'ﬁﬁfd'ﬁ§%ﬁ%?q H{?%‘ﬁ?%ga%'t'%’? fenperatupg, 1o 73”5 nm under
the condi thessefiidierty bf BerABspansién beldwldd@d sweeMds, using a | ow pressure
transfer nol ding nmachine. The packages sealed with these chips are used to
obtain devices for noldahility check, in this case, internal and external
voi d and K@rM‘F?fé"%’B?@Feqfﬂ@?“d@ﬁm%%'%tance test. (6) Solder crack resistance
test The devi ces for the sol der cracking test were allowed to stand in an

at nosphere of 30 idedd g to  JEDEC
(Joint E ectf(rjon VI Ces E%é?rrﬂ?zg”ra?gﬁé hﬁ)(r:tla Es%a%ﬁ%rdgp %ﬁg‘%@ t he
of dimensions :

Length : minimum 60mm

Width : 10£0.5mm

Thickness : 4+0.2mm

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 to its longitudinal axis with simply supported
ends may be defined as

Flexural strength = 3*LVv*P
2*W*H?
Lv = span of support (mm)
W = width of test specimen (mm)
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].



‘devices were passed through the IR refl ow oven of 260 C as peak

tenperature for 10 seconds three tines. Thereafter, the cracks present at
‘the surfaces of the devices were observed using a microscope. In addition,
the packages are al so scanned usi ng CSAM ( C-nbde Scanni ng Acoustic

M croscope) for delam nated interfacegq. The result was expressed as the
nunber of cracked/ del am nated devi ces/ total nunber. The test was repeated
for Miisture 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 C three tines. The results of the above-nentioned tests are
shown in Table 1. Exanple 2-6 and Conparative Exanple 1-3 According to the
f ormul at i on5pkiolarability Tabl e 1, the conponents were blended and resin
conposi tions were obtained and the tests were obtained in the same manner

Exanpl e 1. Th t |t =
Fosul'ts ol bar | y RO 402 %ﬁ‘fﬂ?ﬁ%?“crys?‘gﬁr?ﬁ%mab'@ts Ep Yidtéter The

rgani c
silica fill4msmviyt28.60g hefogefti wasimokdegantost QAL @P%%IF% a&E q{nﬁ °

imr)1| digﬂ Itte)r/ Wﬁ%ﬁ.&é??ﬂ;ﬁ: erﬁ:'éﬁsulﬁﬂirgj%aﬂ)s ufos:fﬂ m%samrcm%n@gugﬁ? sgrﬁgce
m xture of Wg'PHFI‘?f ?Q [C} @Qgg{c‘\wnoarn aﬁlzgugslcp alf ng? rs ratio.outside of
ch d o

t he def i nedtrarsfeyemaidingetadiiomi Fh@@ﬁ@ﬁ%@eﬁ&@?@t‘j W‘F"bW&ﬁ?l 5 ARIYSRID turn

caused i nt eghigh d%@ﬁ:e§¥érﬁﬁ6!§bblm‘9lcﬁ§ck Tinirss cemet intdroaledrid extgrnblevead odir al so
contri buted tg@me ker a eS|P gg e.t0 poorer wetting behaviour and it in
turn cause®’ HATCH R A Gfop die surface and | ed to internal

cracks. On the other hand, m xtures of crystalline and fused inorganic

silica fil{eggrsplobrchick redistaded tesed range and ratios were able to conbine
wi th various softening point cresol novolac epoxy resin and various

o dbi 1 1ty and 5% derces iydhe SR o oA M0l IR 2y
Conpar at i veafmasppbre 4f 3022/66%dRthdor 92 Heufso faruMat | %ﬁe%tf'i@v\ﬁc‘?% “”I‘%BPe 1, the
wer & bt al neaOLy (LG Chedon %ﬁ“ﬁ?é%t???f%;g%ﬁ‘g‘ﬁf’r Srosont seadds o
obt ai ned ar 88¥RFWVER PFER5de OV Pesul TS Agal n showe 5%1 g mxture of
crystal | i netanperatuse for 10 seconds three times. Thereafter, the cracks present at the

surfaces of the devices were observed using a microscope. In addition, the

packages are also scanned using CSAM (C-mode Scanning Acoustic

Microscope) for delaminated interfaces. The result was expressed as the

number of cracked/delaminated devices/ total number. The test was repeated

for Moisture Sensitivity Level -2A testing where the devices were soaked in

conditions of 60 °C/60%RH for 120hours before passing through IR reflow

oven at 260 °C three times.

The results of the above-mentioned tests are shown in Table 1.

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
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



inorganic silica fillers within the defined range is critical in
determining noldability nanely external and internal voids, and sol der
crack resistance in ternms of delam nation on top die surface and internal
cracks. The above-nenti oned exanpl es were conducted with a variation of 2%
by weight of the total filler content4y.The m xture of crystalline and fused
inorganic silica fillers ratio outside of the defined range caused
significantly poorer flowability and adhesion, which in turn caused

del am nat i gimnbfldeRimieftiondbretopwid ewrtacaruhdlistachd oracks.er nal cracks. The

phenonmenon is S?ﬁ% ﬁ'?Xtur%rOfa&fuse gha/ﬁjsgé%‘g}égml ggica?m?rgi}gt,(%n@rdehand

m xtures of cry |nor ani c ratio within
t he defi ne@f i@ giefiapd rapoe “E%Jsﬁéhﬁ%@‘:%'léeﬁ?%{ﬁ'i dIoWaPELIW 'Cti/ N 38 sol der
crack resi ghagie intéinabrand. ekbsaraplwoidd. arthiCowparfawabditybbehpyieus akocor di ng to
the fornmul éht?Bur%quﬂwéd?(eFQBh% cgrhd&g'?o ?8&@9%&@% U@fa@guplaﬁﬂqﬁﬂ taid resin

conposi tio wer e obtal ne |0 he same manner
as in Examspesed defprainadien op ke fopdie, purfacecndied taRiRinal Grackss. Taple 1. The
results again showetletdinér Rand, >¢t1|utuaesobf crystllimel anefused ihorgadic silicar gani ¢

silica fillgrs %] n\@ﬁ# tﬁ'eE tdgﬁneﬂle daﬂﬂie 'v?er&c?bﬁé ﬁf‘[:oth@e\Mﬁ{ TaiduRg

nnldablllty erna erna VOl ck resistance
in terns @Pﬁ@@P&@PH‘éﬂQﬁ@ ﬁVQWfFeeP% gse %riﬂY%{toé‘saﬁﬁ’geP'Hﬂm‘fglp?@ Qcks. These
two exanpl egsinecgrirgordient ed ‘achibvé haccagtiibté onoldébiliyo byd wedldét cradk t he t ot al
filler cont, ﬂgta}%é thggycl opet adi ene resin. The m xture of crystalline and
fused inorg nic silica fillers ratio outside of the defined range again
caused significantly poorer flowability though the sol der crack resistance
was able to pass the cExdrepled-8 &ed Eomparmsive ExaSpeEnd$, Aroon V, Rheol ogy of
Filled Pol yner Systens (1999) Kl uwer Academ'c The Net her | ands pg
147-150. 2. Pecht, M chael % Haki m Edward

Pl ast i c- Ecapsul afeerrdiggdpdbe é‘ért"i Ioé‘ss'"(oi‘%'ﬁ)ﬁﬂﬂﬂ el %%r“%fﬁlf”%wsre New York,
pg 25-29. Cblerﬁfeaafand\:fiesmbodrhwﬂhmekweyé oBlairstd andTtret testy Werernbddiogy i 1998)

John Wley & 3 E‘ﬁg\‘ X#’H‘Exgﬂp@&l S% hepﬂegt FRURS SBERTeChlethd@i i N are
her eby |ncorpora
1. The results again 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 top die surface and internal cracks.

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
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.

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
the same manner as in Example 1. The test results obtained are shown in



entireties, whether previously specifically incorporated or not, for all
purposes. Citation of any reference herein is not intended as an adm ssi on
‘that any of the foregoing is pertinent prior art, nor does it constitute
any adm ssion as to the contents or date of these docunents. Having now
fully described this invention, it w_h4 be appreciated by those skilled in
the art that the sanme can be perforned within a wi de range of equival ent
parameters, concentrations, and conditions w thout departing from the
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1. Shenoy, Aroon V, Rheology of Filled Polymer Systems (1999) Kluwer

Academic, The Netherlands, pg 147-150.

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

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
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.

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
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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~ W1 WOHVI[4 NV ~n W-15- CLAIMS 1. An epoxy resin conposition
-conprising: (A) an epoxy resin; (B) a phenolic novolac curing agent; (O
an inorganic silica filler of mxed crystalline and fused types with: (i)
total filler content at 70-90 % by weight based on the total resin
conposition and (ii) ratio of crystalline/fused: 0.3-1.5; and (D) a curing
accelerator. 2. An epoxy resin conmposition according to claim1l wherein the
wei ght peiorgamgges of the conponents of the total resin conposition fall
within the follow ng ranges: (A) 6%to 20% (B) 3%to 12% (C) 70%to 90%
(D) 0.05%t 00 % and the rati (B) is between 1.2 and 2.5. 3. An
epoxy resin on%B&P?XV rr?s%?c%oﬂ%ﬂsﬁém C%)m n%tnﬁ] 1 including 0.1%to 2% carbon

bl ack expr é8s¥deraxyaesiBi ght percentage of the total resin conposition. 4.
The corrp05|(3)@ h@iohgln@w[b&cuhﬁg@géhtt he epoxy resin (A) is in accordance

Vc\:"l_ltzg_lgarzw éﬂq@ a\nl ? f'icia fﬂle}iof %ﬁ(%' tc¥36?%hr8 %\C%USQ@@%SI\IHh at 150C. CH2CHCHZ
total f|IIer content at 70-90 % by weight based on the total resin
composition and
(ii) ratio of crystalline/fused: 0.3-1.5; and
(D) a curing accelerator.

2. An epoxy resin composition according to claim 1 wherein the weight
percentages of the components of the total resin composition fall within the
following ranges:

(A) 6% to20%

(BYy 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.

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

4. The composition of claim 1 wherein the epoxy resin (A) is in accordance
with Formula (1), and has a viscosity of 0.8~1.8poise ICI at 150°C.

CHACHCH? CH2CHGH? CH2CHCH? (0
~ ‘,f I N N )o’
0
o © 0 o ©
[ R |

7 /R N
Glow—{ -G -0

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,4 alkyl
groups; and n is an integer of 0-10.



Il IRI H2 Q7~1 ) -@ n wherein R which may be the sanme or different, is
an atom or group selected fromthe group consisting of hydrogen atom

-hal ogen atonms and C, to C4 alkyl groups; and n is an integer of 0-10. -16-
5. The conposition of claim1 wherein the phenolic novol ac curing agent

(B) is in accordance with Formula (Il j)gand has a viscosity of 1.5-3.(Qpoise
ICl at 150C. OHOHX™H (2) RRRCHR CH2 n wherein Ris independently an
atom or group selected from hydrogen atom a halogen and an al kyl group;
and n is ag i ntegeeo@dpboditid® of BlainT NewBengpotiet prasmolid novelaenclrindagentn t he

i sty outi 0 B Akt 8T ES e g N eRyR B Jecos el LeeSEpk IRERL, 1%

bet ween 55156075 % by wei ght for particle sizes betvveen 12 to 90 um and
bel ow 3 % by weight for particle sizes above 90 um and fused silica filler

with particle gl stributi betwee(gHZS to 45 % by wei ght @pr particle sizes
bel ow 10 um tween 55 75 %by ypei ght for particle sizes between 10 to
100 umand b %(h i gh article sizes above 100 um 7. The
conposition @H Cei2 inorganic filler (C conprises
crystalline ica fiJ W t icle distribution between 25 to 35 % by

wei ght for particle sizes befow 12 um between 55 to 65 % by wei ght for
particle sizes between 12 to 90 um and bel ow 3 % by weight for particle
Si zes abovevHeeeinR isandedemaentiysah it bt ot selddtediromi pldeoginsatombat i on

0 3 .
DEt WESn 29 hihad shelah ) B! 95 R ilder 69 bel oW 10 um betueen S5 to
wei ght for particle sizes above 100 um 8. The conposition of claim1
wher ei n saisd cuwh@@omehuen aif wlaifiD) wheoeiprthe ésorgartic dillen(C)ecarprisey
?E)E?Jl) er ﬂ Ior s?aefl n‘:éhél Ilrepazl fﬂé‘é HCHBiBARH 53tvB8n 280 9535 8 ivkigtiiqundecene
’ partlce snzes beIow um, between 55 to 75 % by weight for particle sizes
between 12 to 90 um and below 3 % by weight for particle sizes above 90 um
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.

7. The composition of claim 1 wherein the inorganic filler (C) comprises
crystalline silica filler with particle distribution between 25 to 35 % by weight for
particle sizes below 12 um, between 55 to 65 % by weight for particle sizes
between 12 to 90 um and below 3 % by weight for particle sizes above 90 um
and fused silica filler with particle distribution between 25 to 35 % by weight for
particle sizes below 10 um, between 55 to 65 % by weight for particle sizes
between 10 to 100 um and below 3 % by weight for particle sizes above 100
um.

8. The composition of claim 1 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.



benzyl di net hyl am ne (BDVR), 2-nethylim dazole (2-MZ) and m xtures thereof.
-17- 9. The conposition of claim1 wherein the curing accelerator (D) is
‘tri phenyl phosphine (TPP). 10. The conposition of claim9 wherein said

tri phenyl phosphine (TPP) conprises 0.1 to 0.6% by weight of the total
resin conposition. 11. The conpositioy.of claim3 wherein the carbon bl ack
(E) conprises about 0.30 % by weight of the total resin conposition. 12.
The conposition of claim 1l wherein the said conposition conprises at | east
one mnenber 9sel eTHeedofpoBitibheolgcim tonisérsin tige @luring sadcateeatooyd)iisg agent,

flame reta i gent, stress-reducing additive and m xtures
t her eof . 1§$ﬂ§hy|%%€§£§ﬁ%é2?rﬁconposi tion according to claim1 when used for

encapsul ati ng sem conduct or devices. 14. An epoxy resin conposition
accordi ng t0. cl Biencdnipositioh adfedlaimo SsvHevein heaie tepiseriyiptosphiowr @PR)et ween

80cm and 13GaBlisek. 1 410 BAPKY wifiht Br (RTRAPILNARALEREA Ng 10 claim 14

formulated so as to ave a sp et ween cmand 125cm 16. An
epoxy resin conposition according to claiml fornulated so as to have a
fl exural madul uBhdebmpesitidd &P kadimnBRviserdin2theOtaybomintack1(E) dommjsesy resin

rodut us. bensene SEHORHAaRL T By pRgbess. as fo have & Thexura

12.  The composition of claim 1 wherein the said cdmposition 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.

13.  An epoxy resin composition according to claim 1 when used for
encapsulating semiconductor devices.

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

15.  An epoxy resin composition according to claim 14 formulated so as to
have a spiral flow between 90cm and 125cm.

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

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



