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TITLE OF THE | NVENTI ON I norganic Filler, Epoxy Rei.ﬁﬁa'b? -8 .
:Conposi tion, and Sem conduct or Device BA :

THE |1 NVENTION Field of the Invention This invention relates to a novel
inorganic filler which can be highly |oaded in resin conpositions,
typically epoxy resin conpositions w thout increasing viscosity, thus
providing resin conpositions having a low nelt viscosity enough to nold. It
also relates to an epoxy resin conposition loaded with the inorganic filler
and a sem conductor device encapsulated with a cured product of the

conposi tion. Prior Art PrITIE SR FHE XINVERIIONConposi ti ons used for

t he encapsul ati on of sem conduct or .devi.ces geperally contain | ess than 80%
by weight of an inorganic flPPEFANTE Fﬁgi%Ee gﬂ%x¥e¥?%h?soldering
resistance, it becomes Tomposit iohi, nahdesemi eohduciter thevice | ow vi scosity
resin is as a main conponent and a | arge anount of an inorganic filler is
bl ended in the resin to reduce a percent water absorption. Wien such highly
| oaded resin conpositions having a very |ow content of the resin conponent
are produced by conventional well-known continuous kneaders, the resulting
conpositions have a high viscosity and poor noldability because the wetting
of the filler with the resin is insufficient. In this regard, we

found that a substantial dropxfkcROUNIAIDF MHE gEVERFIGNen the inorganic
filler used contains a .
Field of the Invention

This invention relates to a novel inorganic filler
which can be highly loaded in resin compositions, typically
epoxy resin compositions without increasing viscosity, thus
providing resin compositions having a low melt viscosity
enough to mold. It alsoc relates to an epoxy resin
composition loaded with the inorganic filler and a
semiconductor device encapsulated with a cured product of
the composition.

Prior Art

Prior art epoxy resin compositions used for the
encapsulation of semiconductor devices generally contain
less than 80% by weight of an inorganic filler. To improve
the reflow soldering resistance, it becomes a recent
mainstream technique that a low viscosity resin is as a main
component and a large amount of an inorganic filler is
blended in the resin to reduce a percent water absorption.
When such highly loaded resin compositions having a very low
content of the resin component are produced by conventional
well-known continuous kneaders, the resulting compositions
have a high viscosity and poor moldability because the
wetting of the filler with the resin is insufficient.

In this regard, we found that a substantial drop of
moldability occurs when the inorganic filler used contains a
large proportion of a filler component having a specific
surface area in excess of 10 m’/g and a particle size of less
than 2 uym, especially less than 0.5 pm. Also, when a filler



| arge proportion of a filler conponent having a specific surface area in
-excess of 10 nferr]/g and a particle size of less than 2 [err]m

especially less than 0.5 pm Al so, when a filler

-2- is produced by a conventional method, the content of subm cron

particles (having a particle size of less than 1 [err]m sonewhat varies

between lots. Then noldability depends 2on a particular ot of filler. Such
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particle sWd@hdmmgh Boadanganafspnorganicufibterarea, there is obtained a
particulate inorganic filler which can be blended with a liquid or solid

powder resin, typically epoxy resin to forn1a resin composition having
stabl e flow properties and i SUMMARY OF TR ENTION  Npre particularly,

the flow propertf e of the invention is to provide an inorganic
filler which can be highly loaded in resin compositions
while maintaining a low melt viscosity enough to mold.
Another object of the invention is to provide an epoxy resin
composition loaded with the inorganic filler. A further
object of the invention is to provide a semiconductor device
encapsulated with the epoxy resin composition.

We have found that by removing a fraction of fine
particles having a particle size of less than 2 ym from
starting inorganic filler particles as by classification or
wet sieving and thereafter adding fine particles having a
controlled particle size, particle size distribution and
specific surface area, there is obtained a particulate
inorganic filler which can be blended with a liquid or solid
powder resin, typically epoxy resin to form a resin
composition having stable flow properties and improved
moldability. |

More particularly, the flow properties of an
encapsulating resin composition largely affect the molding
of modern thin packages and multi-pin large-size packages.
For resin compositions serving as an encapsulant, the
current approach taken in order to find a compromise between
filling improvement and low water absorption is to blend a
spherical filler containing a large proportion of a
submicron filler component having a mean particle size of
less than 1 pym, desirably less than 0.5 ym. Such a




encapsul ating resin conposition largely affect the nolding of nodern thin
-packages and nmulti-pin | arge-size packages. For resin conpositions serving
as an encapsul ant, the current approach taken in order to find a
conprom se between filling inprovenent and | ow water absorption is to
blend a spherical filler containing a |large proportion of a submcron
filler conponent having a nean particle st ze of Iess than 1 [err]m
desirably less than 0.5 pm Such a - 3-
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a fmean and having a greater specific surface area from starting
inorganic filler particles and adding thereto controlled
fine particles having a mean particle size of 0.1 to 2 um
and a specific surface area of 3 to 10 m’/g. Using this
particulate inorganic filler, a resin composition, typically
an epoxy resin composition free of the above-mentioned
problems is obtained. _
According to a first aspect of the invention, there is
provided a particulate inorganic filler having a mean
particle size of 5 to 40 um, which is obtained by removing a
fraction of fine particles having a particle size of less
than 2 ym from inorganic filler particles having a mean
particle size of 10 to 50 uym and adding thereto particles
having a mean particle size of 0.1 to 2 um and a specific
surface area of 3 to 10 m?*/g as measured'by a nitrogen
adsorption BET method. Preferably, 1 to 30 parts by weight
of the particles having a mean particle size of 0.1 to 2 um
and a specific surface area of 3 to 10 m’/g is added to 100
parts by weight of the inorganic filler particles from which
the fine particle fraction has been removed.
In a second aspect, the invention provides an epoxy
resin composition comprising an epoxy resin, a curing agent,
and an inorganic filler which is as defined above.



particle size of 10 to 50 [err]mand adding thereto particles having a nean
:particle size of 0.1 to 2 [err]mand a specific surface area of 3 to 10
nferr]/g as measured by a nitrogen adsorption BET nethod. Preferably, 1 to
30 parts by weight of the particles having a nmean particle size of 0.1 to 2
[err]mand a specific surface area of 3 ao 10 nferr]/g is added to 100
parts by weight of the inorganic fill@&r®particles fromwhich the fine
particle fraction has been renoved. In a second aspect, the invention
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the mean particle size is less than 10 uym, which means that
the filler has a too small particle size, an epoxy resin
- composition loaded with a large proportion of the filler
would become too viscous to mold. If the mean particle size
is more than 50 pym, a cured product would become low in
strength. The starting inorganic filler contains fine
particles having a particle size of less than 2 uym. The
starting inorganic filler containing 0.5 to 25% by weight,
especially 0.5 to 15% by weight of fine particles having a
particle size of less than 2 um is convenient because the
removal of the fine particles is easy and inexpensive.
Further, the starting inorganic filler should preferably
have a specific surface area of 0.5 to 4 m’/g, especially 0.5
to 3 m’/g as measured by a nitrogen adsorption BET method
In the first step of the invention, a fraction of fine
particles having a particle size of less than 2 im

originally contained in the starting inorganic filler is
removed.

The fine particles can be removed by passing the
starting filler through a classifier such as a cyclone or a
wet screen during preparation of the filler. The particles
to be removed are fine particles having a particle size of
less than 2 um, especially less than 0.1 ym and a specific
surface area of more than 50 m?/g. The content of fine
particles in the starting inorganic filler varies between



particle size of less than 2 [err]mis convenient because the renmoval of
‘the fine particles is easy and i nexpensive. Further, the starting inorganic
filler should preferably have a specific surface area of 0.5 to 4 nferr]/g,
especially 0.5 to 3 nmferr]/g as neasured by a nitrogen adsorption BET
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fine particles are
particle size of 0.1 to 2 um, preferably 0.3 to 2 um, more

preferably 0.5 to 1.5 ym and a specific surface area of 3 to
10 m’/g, preferably 4 to 7 m’/g as measured by a nitrogen
adsorption BET method. Such controlled fine particles are
commercially available as spherical silica and alumina
fillers having a mean particle size of 0.3 to 2 ym and a
specific surface area of 3 to 10 m’/g, for example, under the
trade names of S025 and S032 from Admatechs K.K. Also
useful are spherical fine particles which can be prepared by
a sol-gel method and have similar characteristics. One
exemplary filler to be added can be prepared by a method of
burning metallic silica in a flame for oxidation. This
method ensures that the particle size-distribution and
specific surface area are readily controlled.

The addition of the controlled fine particles results
in a particulate inorganic filler having a mean particle
size of 5 to 40 ym, especially 10 to 35 ym. If the mean
particle size is less than 5 um, such a filler would
increase the viscosity of a resin composition loaded
therewith so that the filler cannot be added in a large:
proportion. A mean particle size of more than 40 pm
indicates a larger proportion of coarse particles which can
cause gate clogging. The inorganic filler should preferably



commercially avail abl e as spherical silica and alumna fillers having a
-mean particle size of 0.3 to 2 [err]mand a specific surface area of 3 to
10 nmferr]/g, for exanple, under the trade nanes of S025 and S032 from
Admat echs K K. Al so useful are spherical fine particles which can be
prepared by a sol-gel nethod and have simlar characteristics. One
exenplary filler to be added can be prepared by a nethod of burning
metallic silicain a flame for oxidatrog “This nethod ensures that the
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exacerbated and burrs and flashes are likely to occur. 1If
the amount of the controlled fine particles is more than 30
parts, the amount of fine powder is too large so that the
resin composition might have a too high viscosity.

It is preferred from the standpoints of low viscosity
and moldability that the inorganic filler of the invention
have a specific surface area of 0.5 to 3 m’/g, more
preferably 0.7 to 2 m*/g as measured by a nitrogen adsorption
BET method because a resin composition loaded therewith is
not so thixotropic.

The inorganic filler of the invention is substantlally
free of a fine particle fraction having a particle size of
less than 0.1 um that largely affects flow properties.
Differently stated, the inorganic filler of the invention
has a relatively narrow particle size distribution.

It is noted that the mean particle size and particle
size distribution are measurements (e.g., weight average
values) by a laser diffraction particle size distribution
meter, for example, Granulometer 920 by CILAS ALCATEL
(France).

The type of the inorganic filler according to the
invention is not critical and may be properly selected
depending on the intended application. For example, fused
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exacerbated and burrs and flashes are likely to occur. If the ampbunt of the
‘controlled fine particles is nore than 30 parts, the anount of fine powder
is too large so that the resin conposition mght have a too high viscosity.
It is preferred fromthe standpoints of |ow viscosity and noldability that
the inorganic filler of the invention have a specific surface area of 0.5
to 3 nmerr]/g, nore preferably 0.7 to 2.nferr]/g as measured by a nitrogen
adsorpti on BET nethod because a resin conposition |oaded therewith is not
so thi xotropiidica, cryﬁhellmneganlrcé;IdIumIﬂa;Phbnanﬂﬁﬁnwde S aluminum
substanti al | e n cl 0 r I ze of
ese {han 074 FAReT metharopaitERiac r iagdertd el AR Sifgalel

st at ed, themPHbPGaH§€d$|IWé?réfS?me0¢¢ﬂﬁ#ﬁ¢ﬁnﬁl¢m§ﬁt§rHﬂQﬂucﬁehy narr ow

particle si zondigerablbi BBat releadéd, i St DY edbd Ndpid&dTRAR RATHGe Size

and parti cl size distributi urepents (e.g., weight average

val ues) by iai&?@radﬂFFP§8F|Bﬁeﬁﬁ?flﬁ?%s FAVIEE 130D @ i JaVeTnet er, for
exanpl e, G soeffietientIdd byp&hsicn ALEATRs 4 umiee) .boron niﬂradbype of the
B A L it A I W T

f used with fused silica. The shape off- thellnnrganmgﬂﬁﬂﬂhemelslhbta

al um na, borgA thickfl, demhu%naiﬁn V\ﬁi&fcé dedesdt GO iU t§ 65‘19%%%%3 and

magnesi um si |l icate may be used Sem conduct or elements produceé a
consi der abl @a¥ede P§P§a§é°“?t OF s1aecadRixtere 0fiskwa 0% drarenavi ng a greater

t her mal condu@tﬂe\ﬁab}lyamleafhmef i@eéﬁrfa@é\ttf&a@cpavﬂﬁﬁrp%ﬂl&i{é as al um na,
boron nitride l.umi num ni tri and silicon £ltr| e. They may be bl ended

with fused S99 gTﬁgeQﬁﬁpéngft%ﬁ%“?“%r%%%? ??I?Qﬁnﬁﬁsﬁﬁﬁ°§n§Q|qﬁﬂ
Fillers of flake Th:@rldmzigana.nd fipheri osl tﬁbaﬁﬁeeﬁﬁi(oﬂi)&na@aﬁb BRI dim

adm xture o r Is th surface treated W th
ralridu (2855 8@@?@§5§?&Xs f g*%éﬁ$§é SRRV Te5 ke,

si |l ane coupling agents an anirum cbup
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compositions, especially in epoxy resin compos1t10ns for the
encapsulation of semiconductor devices.

Now this application of the inorganic filler is
described. The epoxy resin composition according to the
invention contains an epoxy resin, a curing agent, and an
inorganic filler as essential components. :

The epoxy resin used herein may be selected from prior
art well-known epoxy resins having at least two epoxy groups .
in a molecule, for example, bisphenol A type epoxy resins,
bisphenol F type epoxy resins, phenol novolak type epoxy
resins, cresol novolak type epoxy resins, naphthalene type
epoxy resins, biphenyl type epoxy resins, phenol aralkyl
type epoxy resins, and cyclopentadiene type epoxy resins.
Preferred of these epoxy resins are naphthalene type epoxy
resins, biphenyl type epoxy resins, and epoxy resins having
a liquid crystal structure represented by either of the
following structural formulae.

CH, (CH  HC CH,

@_ @ H,C CH,
POACSIES o
CHa CH,, HC PLC CI-L



The inorganic filler of the invention may be bl ended in various resin
.conpositions, for exanple, epoxy resin conpositions, silicone resin
conpositions, and phenol resin conmpositions, especially in epoxy resin

conpositions for the encapsul ati on of sem conductor devi ces.
application of the inorganic filler is described. The epoxy resin

Now t hi s

conposition according to the invention contains an epoxy resin, a curing

agent, and an inorganic filler as essengial conponents.

The epoxy

resin used herein may be selected fromprior art well-known epoxy resins

having at | east two epoxy groups in a nol ecul eE for exanpl e,

bi sphgnol A

type epoxy resrn |Sc|enol xy resins, phenol novol ak type epoxy
resins, cre ENnap RS,
bi phenyl type --xy r- ’phe yl 't ep

cycl opent adi ene type epoxy resins. Preferred f th epo%?

ns are
napht hal ene type epoxy resins, biphenyl type epox I ns, oXy resins
having a I gyi ehgrfémaléérug%e_é@mmseat ed by r of the £OI I owing
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In the formulae, Eis [err] Ris hydPogen or an al kyl group having 1 to

4 carbon atemis &ydbogenneihgh, akkyy| grouppyaving dpriapyl ,cduon atoashut yl
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl
and tert-butyl, and letter n is an integer of 0 to 5.

These epoxy resins should preferably have an overall
chlorine content of less than 1,500 ppm, more preferably
less than 1,000 ppm, and a water extractable chlorine
content of less than 5 ppm as measured in an epoxy resin
concentration of 50% by weight at 120°C for 20 hours. 1If
the overall chlorine content is more than 1,500 ppm and/or
the water extractable chlorine content is more than 5 ppm,
semiconductor devices encapsulated with such epoxy resins

would become less reliable against humidity.

The curing agent may be selected from conventional
well-known compounds used as a curing agent for epoxy

resins, for example, phenol compounds, amine compounds and
acid anhydride compounds. In particular, phenol resins
having at least two phenolic hydroxyl groups in a molecule
are useful. Exemplary phenol resins are phenol novolak
resins, cresol novolak resins, phenol aralkyl resins,

naphthalene type phenol resins, cyclopentadiene type phenol

resins, and phenolic hydroxyl group-containing phenol resins
of the following structure:

OH OH OH

@%EH@%EH-@R

R R

OH R OH R

wherein R. is hydrogen or an alkyl group having 1 to 4 carbon

atoms, such as methyl, ethyl, propyl, isopropyl, butyl, iso-
butyl and tert-butyl, and letter n is an integer of 0 to 5.



and tert-butyl, and letter nis an integer of 0 to 5. These epoxy
.resins should preferably have an overall chlorine content of |ess than
1,500 ppm nore preferably Iess than 1,000 ppm and a water extractable
chlorine content of less than 5 ppm as neasured in an epoxy resin
concentration of 50% by weight at 120[err]C for 20 hours. If the overal
chlorine content is nore than 1,500 ppm and/ or the water extractable
chlorine content is nore than 5 ppm sem conductor devices encapsul ated
with such epoxy md%entheoepdxperesinsesthecphamdl wepinsishandtidity.

The curing g&%@grgBXXbﬁﬁéglSﬁigglééogﬁ& £Qﬁiﬁﬂc§5ﬂ dﬁﬂﬂed@ymﬂ& QEROWRAR

used as a ¢ POXy™ resins exa phenol conpounds,
ani ne conpotlr@dippa'ndeé@eslaﬂrhydleﬂé £ham ofineRn Wh\efbeﬁ’ﬂ'rlaﬂ%d ahdid°Cresi ns

having at |east tpR RMAY Ir%smsdaaay'thargueﬁolnr@sml&ﬁéjllﬁ:@f&mqf ul .

Exempl ary phenol_resins_are phenol | ak
phenol ar al BjixedeSugd tﬁéﬁhphél gaeltgpﬁoghe%%’sé‘;]i@rfée& '{/ctrr%\éce)‘rﬁaé[%ﬂrlgsr‘ll’l type

phenol resi e mn@lqeohyarbxgmogybugrmspawmanm neephwiblof ediens of the
foll ow ng structure:

wherein R iSPRYAIITEER or 157 5a] R?P 8r8uﬁ°ﬁ}b|nbhi ?ﬁ%bp G BT % s gﬁLL]

iast{rg'; hﬁl | Se;ﬂqdp peromal, og.sdmeoppbxybgryup neans dyushorage teft - butyl and

L|er t he epol&/lj resin ggr Q,If? henoF1 Fesi %Ea‘éh%&% %?% ?ro%%]i/teloc%loofrl deg_

and sodlun1|kanKFQL¥mﬁ¥hﬂaﬂ19§s°¢h§§°¥w Bﬁﬁvpﬁsﬁéﬁlh?Pﬁe&e%51?Wﬁﬁ1Q#%ﬁﬁn

when extractgehmdi tizll] ¥dngerature. More than 1.6 mol of the phenolic
hydroxyl group per mol of the epoxy group means a higher
proportion of phenolic hydroxyl groups, which can lead to a
lower reactivity, a lower crosslinking density and an
insufficient strength.

In the epoxy resin composition of the invention, a curing
promoter may be blended. The curing promoter may be selected
from phosphorus compounds, imidazole derivatives, and
cycloamidine derivatives. The amount of the curing promoter
is preferably 0.0l to 10 parts by weight per 100 parts by
weight of the epoxy resin and the phenol resin combined.

The filler used in the epoxy resin composition of the
invention is the particulate inorganic filler defined above
according to the invention. The amount of the inorganic
filler blended is preferably about 70 to 90%, especially
about 80 to 90% by weight of the entire composition.
Differently stated, about 250 to 900 parts by weight of the
inorganic filler is blended per 100 parts by weight of the
epoxy resin and the curing agent combined. Outside this
range, epoxy resin compositions with less amounts of the
inorganic filler would have a relatively high coefficient of
expansion and a high water absorption, leaving the risk that
packages crack at high temperature upon reflow soldering in
mounting on substrates. Epoxy resin compositions with more
amounts of the inorganic filler would become too viscous to
mold. Desirably about 500 to 850 parts by weight of the
inorganic filler is blended per 100 parts by weight of the
epoxy resin and the curing agent combined.



The epoxy resin and the phenol resin are preferably m xed such that 0.5 to
.1.6 nol, especially 0.6 to 1.4 nol of the phenolic hydroxyl group is
avai |l abl e per nol of the epoxy group. Less than 0.5 nol of the phenolic
hydr oxyl group per nol of the epoxy group neans a shortage of hydroxyl
groups, which can lead to a greater proportion of hono-polynerization of
epoxy groups and hence, a |lower glass.t{@nsition tenperature. Mre than 1.6
nol of the phenolic hydroxyl group per nol of the epoxy group neans a

hi gher proporti Gorfimpaatdhnigc thisoexppygr alpsafihechitiacal sachtas a | ower
reactivity, rQ; sI| ng d [ d -'n strength

In the epo I?E%ﬁﬁ“@%ﬁp%%lgﬁéﬁ g? ?ﬁa E§°§£trgg}h & L#é%%f%ﬁ%nntergnay be
bl ended. The curBunthemnucavendiopels#eddt-kaovpopPpesphs8uel @%npounds,

| m dazol e dgri{valleY 6%p fbgi‘damcg%ﬁm gh@.@cgﬁél-fdé&ifféd dj ”Pé‘é‘iné)f the

curing pronoter Is pre to 10 parts é g Q lquggrts by
wei ght of tSidiangrmogd; ﬁegn@hﬁﬁélpﬁéﬁépsreépﬁ 1 lastic resifsyi||er
used in the:‘:lﬁﬂp)% rn@:llﬂleQdmlc'&:yo.at@f-bhl&adténénét?ﬂené ébpopmérsum@e

i norgani c flllg{ é% a ove accordi.ng t The amount of
t he |norga hien %B?xgréFEFQbFﬁmQBS&Fl?B ?8 305‘ %gie0|ally
about 80 tcréuwéing\mgqﬁu of the entire conposition. Differently stated,

about 250 to 900 el UeiNiSdiAl $ilontsl halving BhoagsgyPer 100

parts by weight 0 he epoxy resin and e cur %D tside
this range, Oep@hgn¢lﬁﬂrhxﬂﬁ9KEitgﬁﬂﬂP\maM1hee§§d§ &0&s reAuehBgi nor gani c

filler woul g haye; @ ! el itd a}i:yh'di*ldéiﬁisf 'ﬁﬂc@.%‘deOfn—%@,?&Skﬂ?cia 1a high

wat er absorptlon, l|‘eaving the, rlsk hat packages cr.ack™at “hi nperat ure
upon r.ef om?'%’é?%erﬁ"i‘@“ﬂﬂ gﬂﬁﬁqﬂg ety SHY: %d-a?y 8L ngeﬁﬁgo& tions

with nore B glyé iyl rexlgan, Qiifdydlafpeawaldielnecmpbmddel,sphanom mol d.
Desirably a out 00 tg 5 rt§B$¥ |ght of the inorganic filler is
bl ended per CRBT°par R b€ E%hﬁy % ‘epoxy resin and the curing agent
conbi ned. Still further, coupling agents -sukh -as silane coupling
agents, titanium coupling agents, and aluminum coupling
agents, pigments such as carbon black, and wettability
modifiers and antifoaming agents such as nonionic
surfactants, fluorinated surfactants and silicone fluids are
added if desired.

With respect to the manufadturing process, a liquid
epoxy resin composition may be prepared by fully kneading
the above-mentioned ingredients in an agitating mixer such
as a Shinagawa mixer. The kneading temperature is desirably
20 to 50°C. A powder epoxy resin composition may be
prepared by uniformly mixing the above-mentioned ingredients
in a high speed mixer and fully kneading the mixture in a
twin-roll mill or continuous kneader. The kneading
temperature is desirably 50 to 110°C. After kneading, the
composition is thinly sheeted, cooled, and pulverized.

The resin composition of the invention is used as a
general purpose molding material, especially semiconductor
encapsulating material. The molding technique used herein
includes transfer molding, potting, and underfilling for
clip chip mounting. The curing temperature for transfer
molding is 150 to 180°C. The curing temperature for potting
and underfilling is 80 to 170°C, with step curing at
temperatures of about 100°C and about 150°C being desirable.



For inparting thixotropy, ultrafine silica such as aerosil nmay be added to
-t he epoxy resin conposition. Furt her, conventional well-known powders
such as silicone rubber and gel, silicone-nodified epoxy resins,
silicone-nodified phenol resins, and thernoplastic resins such as nethyl

met hacryl at e- but adi ene-styrene copol yners may be bl ended in the epoxy resin
conposition as a stress reducing agent. = 11 -Al so conventional well-known
diluents having an_epoxy or phenolic hydroxyl group may be added for

reduci ng vi scosi V§rieRgnpemiGoudncken devisemi£an ha Bncgppsilapedewish,

S-he”y: gl thﬁlsél e@bh?rreﬁlgr &34 tdion tidorditng t&&?@%'lpﬂiehﬁ_hgﬁ: et her,
i cycl opent ene_dL epoxi de e cres er ut yl pheno

Still furt th CEolptfng é@%ﬁ?‘ge &W%@Slf‘la'n@”ccﬁ ﬁ$§l°f‘| t ani um

coupling agdaVs¢eanduahuasnD&Icamﬁﬂul@x&ﬁnﬂnsgathyﬂadnantugboaslyarbon

bl ack, and ﬂﬂ%%gghiéﬁ¥ gqmodi fiers and antifoam ng agents such as nonionic

surfactants orinated surfactants and silicone fluids are added if
desi red. W Therespast beent desaniioed ca UPATki@rledess sinargand cfldﬂ@ry

resin COﬁpoﬁh&bﬁ”cHBYbEehﬂéﬁP?rf55&aafiﬁlﬁééﬁﬁ%ﬁgﬂ?béaﬁiaagov%¥ﬁ&eb gdung

i ngredients in an agltatln%°n1xer such as hi nagdawa m xer
t enper at ur e ®POXYeELPAR| GOBEOE L TN r§9 hat Fhe éieséﬁ’oﬂ)%ﬁ-ﬁléﬁﬁpﬁ‘é\yt i on

Ln_ayhbe prgphaeé hylowi helsl Vlﬁ&?ﬂ@ytéﬁﬁbtﬁﬁor@ Fit3) (6] on@dx =707 |I@§FL|§1 in a
i gh speed njx ea e. mxture i twi,n-roll mll or
co%tingous Eﬁ@ﬁag l?ﬂei?%gﬁﬁlﬂbé? r%ﬂ%ﬁ%ﬁq¥9céi% 1P §5fﬁﬁ i¥8[err]C

After kneadifog, enhapsumpbsnglmnsema¢¢mdﬂqtdﬂuﬂﬁv1be(mmﬁhaix @ﬂﬁsﬁmbvaﬁezed.
The 1 PAROReEL e Ploh End UEEL | el 2° sho SRATARIRSSS

nol di ng mate€ri al, especia semcon encapsu . The
nol di ng tecﬁﬁvéﬁe G§66Pﬁélétﬁd Whthuﬁh% }oaded eeponyt dlewrin wompiosd.tisend

underflII|nghhgrreﬁhhﬁscﬁthﬂ#ugélﬂgblghe curing tenperature for transfer
nolding is 150 to 180[err] he curing tenperature for potting and

underfilling is 80 to 170[err]C, with step curing at tenperatures of about
100[err] C and about 150[err]C being daﬁuuﬁtme

Examples of the present 1nventlon are given below by

way of illustration and not by way of limitation. All parts
are by weight.

Example 1: Preparation of silica

Spherical silica having a mean particle size of 30.2 pm
.and a specific surface area of 1.7 m*/g was subject to wet
classification with water, whereby a fine powdery silica
fraction was removed. Spherical silica (A) having a mean
particle size of 32.1 ym and a specific surface area of 0.8
m’/g was obtained in a yield.of 94% by weight. This means
that the starting spherical silica having a mean particle
size of 30.2 um contained 6% by weight of particles having a
particle size of 2 ym or less. The fine powdery silica
fraction (B) removed had a mean particle size of 1.5 um and
a specific surface area of 15 m’/g. Fine spherical silica as
shown below, 6% by weight, was added to the spherical silica
(A), obtaining a spherical silica sample. For comparison
purposes, a spherical silica sample was also prepared by
adding 6% by weight of the fine powdery silica fraction (B)
to the spherical silica (A) again. The characteristics of
the thus obtained silica samples were shown in Table 1.



Vari ous sem conductor devices can be encapsul ated with the epoxy resin
"conposition according to the invention. Inter alia, discrete devices, |IC
and high integration devices such as LSl and ultra-LSlI can be

advant ageousl y encapsul at ed. There has been described a particulate
inorganic filler which can be highly | oaded in resin conpositions,
typically epoxy resin conpositions so that,the resin conpositions may have
a low nelt viscosity enough to nold. An epOxy resin conposition |oaded with
the inorganic figimd dphafifcqt isdaila@r: encapsul ating a sem conductor device
W t hout causing die pad deformation and wire deformation. The sem conductor
devi ce encapsul ated with the | oSEeeiEHRxSUFEATe cond¥8ant PBRLLIRLR renmins
highly reliabl e.rrade name area (m?/g) - EXAWMPkEze (umbxanples of the
present invention aresgééﬁn bel ow by gaéxof |IIustr%ggon-and not by way of
limtation. Al parts by weight. ““Exanple 1: Preparation of silica
Spherical silica havi®@23Hnean partiche8size of 30.2-Perr]mand a specific

surface area of 1.7 nkgspk/ g was subjgchh to wet clagsizfication with water,

whereby a fine pomderé §'Iica fracti E]éas rennved.OSQherical silica (A
havi ng a nean pari' clvo }ég of . 32. ]Ng\gh %{c}‘ﬁ?\éfgﬁdfid' surface area of 0.8
merr]/g was obt&fhefVahlaPls et iP By % ‘git. This means that the

starting spherical silica having a nmean particle size of 30.2 pm contained
6% by wei ght of particles having a pafabdeelsize of 2 [err]mor I|ess.

The
fine powdery—sitH-ga—rpeti-grA(Br—+efpret—hpd—a—treqr—parthcte—sirze—of—15
[ er r] m andSehespeel| SPESRAMPHSAI2H 8ACHf Pigen| eMepR g |SESCAEIGBHERcal silicd as
shown bel qwsitdsdhy Wi gHE) Wad) addddPeBiemiPahets| SuFEass [P®PYeN) . obtai rli ng
a spherical &il¥cgd sanpl e. |For ¢onpa ?’s‘dl‘ia u 5$es, aregndefPeall silica
sanpl e wad alsa prdeparéd byl addilng 6p2 ' —EKAEEL Ve y—S+-HHca
fraction (|IB) 24 tHe &pler clal -sill ical (AY adgaid®-2THe é&khr act dri gt iExampiie tihe
thus obtailnedggi I 1lca_sqnp e werle shpwn_in|Tadpl.e 1. 1.0 2 Example
g4 - - 6 - - 30.3 0.9 3 Example
_ _ _ _ . .3 4 |[Camparative
94 6 30.2 2 Example
94 - - - - 6 29.5 1.7 5 Canparative
Example
20 - 10 - - - 29.0 | 1.2 6 Example
_ _ . . Canmparative
92 - 4 4 28.3 1.5 7 Example

Examples 2-5 & Comparative Examples 1-3

Epoxy resin compositions were prepared by weighihg 300
grams of each of seven silica samples prepared in Example 1
and the starting silica prior to classification, 100 grams
of an epoxy resin Epikote 807 (bisphenol F type epoxy resin
having an epoxy equivalent of 168 and a viscosity of 38
poises at 25°C, by Shell Chemical Co.), and 1.2 grams of 2-
phenylimidazole as a curing agent, and fully kneading them
at 30°C under a vacuum for 30 minutes. At the end of
kneading, the compositions were measured for viscosity by an
E type viscometer at a shear rate of 0.6 s™ and 10 s™ and a
temperature of 25°C. The results are shown in Table 2.

Each of the epoxy resin compositions was potted at 80°C
on a plastic leaded chip carrier (PLCC) having 450 gold
wires connected and cured at 110°C for 1 hour and at 150°C
for a further 4 hours. The encapsulation of PLCC was



- 12 - Fi ne spherical silica: Specific surface

-Mean particle Trade name - area (nferr]/g) size ([err]m
S025R 6.9 0.5 S025H :

0.6 S032R . 3.4 1.7 SCOC1

26. 2 0.2 all avail able from Admat echs K. K

Table 1 Spherical S025R S025H S032R SOGL _Fine Mean Specific Silica
silica (%9 (9 (% (99 powdery particle surface sanple A (%
silica sizevalaatad bjoexamining the presence or absenBe of%ihterfid®rr]m

ngerr]lg) oigé by a6u1tfaso%&F awepﬁ;ecéa% 2 Iéxis Fv1den§4fromE¥ﬁgple

6 - - resg@tg thap. epoxy resin camppgiitdons l@aded with the 6 _
30.2 2. 3f111ers4ofC€H@aiﬁ$éﬁ%ion cau51%§ a less viscosity dlggerence
Exampl e 94 6 1.7 nparati ve
Exanpl e Qgtween shegg rates of 0.6 s~ qgg(jo s]_qpcomgglsh mexRp| e 92
- 4 -  effectdve edBapsulatlidn. 7 Conparative _
Exanpl e Exanpl es 2-5 & Conparative Exanples 1-3 Epoxy resin
conpositions were prepared by meighin%aﬁyg 2
Silica Viscosity | Viscosity | Encapsulation,
sample No. 0.6 s @10 s internal voids
(mPa.s) (mPa.s)
E2 1 275000 164000 none
E3 2 220000 161000 - none
E4 3 300000 117000 none
ES 6 230000 102000 none
CEl 4 415000 163000 present
CE2 5 457000 216000 present
CE3 7 405000 206000 present

Examples 6-8 & Comparative Examples 4-5

Epoxy resin compositions were prepared by weighing 42.6
grams of a biphenyl type epoxy resin YX4000HK (Yuka Shell
K.K.), 46.8 grams of a phenol aralkyl resin Mylex-3L (Mitsui
Toatsu Chemical K.K.), 6 grams of antimony trioxide, 4.2
grams of a brominated novolac epoxy resin BREN-S (Nihon
Kayaku K.K.), 2.6 grams of carnauba wax, 1.3 grams of
triphenylphosphine, and the indicated amount (see Table 3)
of silica sample No. 1, 2, 4 or 5 and mixing the ingredients
in a Henschel mixer. The mixtures were further kneaded in a
continuous kneader. The compositions were examined by the
following tests.

Loading
' The amount (in parts) of the filler per 100 parts of
the epoxy resin and the curing agent combined.
Spiral flow
A spiral flow was measured by transfer molding an epoxy

resin composition at a temperature of 175°C and a pressure
of 70 kg/cm®.



grans of each of seven silica sanples prepared in Exanple 1 and the
.starting silica prior to classification, 100 grans of an epoxy resin

Epi kote 807 (bisphenol F type epoxy resin having an epoxy equival ent of
168 and a viscosity of 38 poises at 25[err]C, by Shell Chemi cal Co.), and
1.2 grans of 2- phenylimdazole as a cuﬁng agent, and fully kneadi ng them
at 30[err]C under a vacuum for 30 minufe At the end of kneading, the
conposi ti Ged kdme maasured for viscosity by an E type visconeter at a
shear rate of Qub B leedld HonpbBithofNdad nbaEBArahUAHOL ghA&ITdC. The

results are shown |n he epoxy resin conpositions
was pot t ed 7 Ca@m&A] Ghe GF?HIEOEF&éPchPé&E@d Chl p carrier (PLCO having 450

gol d Wi r&q_tc%@%gsqda_,arnd cured at 110[err]C for 1 hour and at 150[err]C
for a further ours he encapsul ation of PLCC

- 13 - eval vat@sing a¥auk# dgReh We&%‘f&@rof"%ﬂsén&@z%iel Re¥iRgI @voi ds by
a ul trasomgridiay dat actid, a hiscdsa) \thdeﬁts fmeasutba aesal tempdritepoxy
resin conpositions |oaded Wi t h thefI:}(O rs of the invention causing a |ess

Vi sco&ty‘éﬁf*ﬁéﬁcaé‘ & RESTE P Of 0.6 s[err] and 10 s[err]

acconpl i shyisEnsl fand |eaa:m$xdms on. Tabl e
2 Silica Vsc05|t]}/ \/sc03|t I;gg Idatdl oné

sanpl e No. @.GRR[GPP¥Y Tresih CPRRQg tl‘?‘ht"@r%:ﬁ ed over a
(nPa.s)  qudw. Flat packade (QFP, five sample®)5@30a tempé4@lre of none
E3 220 6 non

300000 :_Lj?O%Oand SP%ssurel JPOPO l__]%gf/cm" ﬁglng a ugglé%%%nlc f%"ﬁooo
none detiEd¢tor, thenumber af shmgernal [aligiy was ¢ The CE2
206000 451719)98@: ofzéﬁggpnal voi€SFAY counted BB visual o?:servat1695000

The number of voids is a sum of voids in or on five samples.

Die pad deformation

An epoxy resin composition was transfer molded over a
QFP at a temperature of 175°C and a pressure of 70 kgf/cm?®.
The package was sectioned to examine whether the die pads
were deformed.
Wire deformation

An epoxy resin composition was transfer molded over a
QFP with gold wires of 3 mm long connected at a temperature
of 175°C and a pressure of 70 kgf/cm®. The package was
observed by a soft X-ray analyzer to examine whether the
gold wires were deformed.

The results are shown in Table 3.

Table 3

E6 E7 ES CE4 CE5
Silica No.l No.2 No.2 No.4 No.5
Loading 750 750 850 750 750
Spiral flow (cm) 115 118 96 102 98
Gel time (sec.) 22 21 21 22 23
Melt viscosity (poise) 105 98 145 150 180
Internal voids (number) 0 0 0 8 11
External voids (number) 0 0 0 3 2
Die pad deformation no no no yes yes
Wire deformation no no no yes yes




Exampl es 6-8 & Conparative Exanples 4-5 Epoxy resin conpositions were
prepared by weighing 42.6 granms of a bi phenyl type epoxy resin YX4000HK
(Yuka Shell K. K'), 46.8 granms of a phenol aralkyl resin Mylex-3L (Mtsu
Toatsu Chem cal K K'), 6 grans of antinony trioxide, 4.2 grans of a

brom nat ed novol ac epoxy resin BREN-S (N hon Kayaku K K. ), 2.6 granms of
carnauba wax, 1.3 grans of triphenyl phesptife, and the indicated anount
(see Table 3) of silica sanple No. 1, 2, 4 or 5 and m xing the ingredients
in a Henschel m x&kthdiwh rdonteupee ferredf embbdiméntadkave nbeeront i nuous
kneader. The; &QuPgsdd | . e b h | . di ng
The anount ((%?n parts‘i’ g@ﬁ@b@#’r{ggﬂgﬁs1%&@#2&%?8%3&9%3@ n}%a(%?n and
the curing dgtgretecord nde 1gghtaotf th@ above peaghings{| ol vl neasured by
transfer nolghdih frERB b SNdRreeBBEaS thh@Nwithant EAPESESpE G Ofeh/S[err] C
and a pressure of . 7 14

/cnP. . . . . Cel
time Arlaw&)é'ga&%nﬁt?ﬁ EIYRNESPhBAY cBe oRTACHETeh | QR LHiSEIS [ err] C
until the cotipaosids wpageifiedl lveldeseribedity Usi ng a Kouka type flow
tester wwth a nozzle having a dianmeter of 1 mm a viscosity was neasured at
a tenperature of 175[err]C and a pressure of 10 kg. Internal and external
voi ds An epoxy resin conposition was transfer nol ded over a quad fl at
package (QFP, five sanples) at a tenperature of 175[err]C and a pressure of
70 kgf/cnR2. Using a ultrasonic flaw detector, the nunber of internal voids
was counted. The nunber of external voids was counted by visual
observati on.



. The nunber of voids is a sumof voids in or on five sanples. D e pad
deformmw mu""m"ﬁpoxy resin conposition was transfer nolded over a
QFP a HE f 175[err]C and a pressure of 70 kgf/cnferr]. The
packagé was secti dned to exam ne whether the die pads were deformed. Wre
def ormati on An epoxy resin conposition was transfer nolded over a

QFP with gold wires of 3 nmlong connected at a tenperature of 175[err]C
and a pressure of 70 kgf/cnferr]. The-pbekage was observed by a soft

X-ray anal yAHKIMS® exani ne whether the gold wires were deforned. The
results are shown in Table 3. , Table 3

E6 E7 E8 CE4 CE5 Silica ) No.1 No.2

No. 2 No. 4 - th5part1cq;g§ﬁrﬁyorganlc filler haygng a7mean pagbicle 750

750 fﬁﬁiié 6ﬁ(BNﬂd”@O pg obEHined b}8rem09§ng al?gactlgﬁ ?f %%ﬁggeg'”e
sec.) viscosity |

(105 098 palﬁtSlCJ‘eﬁg}?Vlngl@O particif ] °\F098§S(ﬁh%e?)um from g 0
8 11 inorgadir ntillen ¢mrtieliesr havifig a flean pafticle §1ze of 210

DLe padngefégrgg ﬁH‘andrEhdlgg;%ﬁereto %art1%i%s ha¥1ng a mean parefoination

Al t hough soPiz9ref leJed'-Ceribom et @ [spee ifden susgeckbadeanafiy3nbdi 1o cati ons
and vari at i@y Y measiRda B?e&ehﬂttagéﬂeaﬁégfﬁtfﬁntﬁﬁ?EH%?H% d.eachings. It

is therefore to be understood that wthin the, scope of the appended
clainms, the invention may be practiced otherw se than as specifically
descri bed. 2. The inorganic filler of claim 1 wherein 1 to 30 parts

by weight of the particles having a mean particle size of
0.1 to 2 ym and a specific surface area of 3 to 10 m?/g is
added to 100 parts by weight of the inorganic filler

particles from which the fine particle fraction has been
removed.

3. An epoxy resin composition comprising an epoxy resin, a
curing agent, and an inorganic filler, wherein said
inorganic filler is as set forth in claim 1.

4. A semiconductor device encapsulated with a cured

product of an epoxy resin composition as set forth in claim
3.



- 16 - CLAI Ms: 1. A particulate inorganic filler having a nean particle
-size of 5to 40 pm obtained by removing-a‘fraction of fine particles
having a particle size of less than 2 [errlmfrominorganic filler
particles having a nean particle size of 10 to 50 [err]m and addi ng thereto
particles having a nean particle size of @71-to 2 [err]mand a specific
surface area of 3 to 10 nferr]/g as neasured by a nitrogen adsorption BET
net hod. 2. The i norgani aNORdaNTI@fFalida Epdar ¢igsh to 30 parts by

wei ght of the particles having a nean particle size of 0.1 to 2 pmand a
specific surface area ofCGMRESINION eraND SEMICOIRTIOR TEVo® ts by wei ght

of the inorganic filler particles fromwhich the fine particle fraction has

been renoved. 3. An epoxy resin conposition conprising an epoxy resin,
a curing agent, and an inorganic fill gssTriaerei n said inorganic filler is
as set forth in claim1. 4. A sem conduct or device encapsulated with a

cured product of an epoxy resin conposition as set forth in claim3.
By removing a fraction of fine particles having a

particle size of less than 2 uym from starting inorganic
filler particles having a mean particle size of 10-50 ym and
adding thereto particles having a mean particle size of 0.1-
2 ym and a specific surface area of 3-10 m’/g (BET), there is
obtained a particulate inorganic filler having a mean
particle size of 5-40 pym. When a large amount of the
inorganic filler is loaded in an epoxy resin composition,
the composition maintains a low melt viscosity enough to
mold and is effective for encapsulating a semiconductor
device without causing die pad deformation and wire
deformation. The encapsulated semiconductor device is
highly reliable.




