. _ JPes Co
TITLE OF THE | NVENTI ON Epoxy Resin Conposition and Sen1@€%éﬁctor/pﬁi

Devi ce Encapsul ated Therewith . -
BACKGROUND OF THE | NVENTION Field of the Invention Th?gtol%(/z‘r‘i%[ [ éh
relates to an epoxy resin conposition having a low nelt viscosity enough to

mold on a thin nulti- pin sem conductor-¥evice without causing damages
thereto and a sem conductor device encapsulated with a cured product of the

conposi tion. Prior Art For epoxy resin conpositions serving as an
encapsul ant for nodern thin packages, the current approach taken in order
to find a conprom se between filling inprovenent and | ow water absorption

is to blend a large proportionTofLe spbrHEr DMWENTIGN having a nmean particle
size of less than_1 kerr m, desirablééless than 0.5 [err]m_ Since such a

submicron filler BREX¥nRERLRHBIDOFEELPR2RYRFMICONINGEAL DREC] han

conventional fillers, the interhagpahlieédi Tiebstigen the f!l!er and the
resin is significantly exacerbated. As a result, the conposition has an
extrenely high viscosity and beconmes difficult to nold. Anot her recent
approach is to increase the loading of a filler to reduce water absorption
for the purpose of inproving reflow soldering resistance. Particularly when
the loading is nore than 85% by wei ght, spherical fillers

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to an epoxy resin composition
having a low melt viscosity enough to mold on a thin multi-
Pin semiconductor device without causing damages thereto and
a semiconductor device encapsulated with a cured product of
the composition. |

Prior Art

For epoxy resin compositions serving as an encapsulant
for modern thin packages, the current approach taken in
order to find a éompromise between filling improvement and
low water absorption is to blend a large proportion of a
submicron filler having a mean particle size of less than 1
um, desirably less than 0.5 pum. Since such a submicron
filler has an extremely greater specific surface area than:
conventional fillers, the interfacial wetting between the
filler and the resin is significantly exacerbated. 2s a
result, the composition has an extremely high viscosity and
becomes difficult to mold.

Another recent approach is to increase the loading of a
filler to reduce water absorption for the purpose of
improving reflow soldering resistance. Particularly when
the loading is more than 85% by weight, spherical fillers
conventionally used can cause die pad deformation and wire
deformation and even line failures because the viscosity of
loaded resin in the low shear region becomes very high.



~conventionally used can cause die pad deformation and wire deformation and
*even |ine failures because the viscosity of |oaded resin in the | ow shear
regi on becones very high. - 2-

SUMVARY OF THE | NVENTI ON An object of the invention is to provide an
epoxy resin conposition which is low rA-nelt viscosity and easy to nold,
enabling the encapsul ati on of sem conduct or devices w thout causing danages
such as die pad deformati on and wire deformati on. Anot her object of the
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When a large amount of such a conventional inorganic filler

is loaded, the resulting resin composition experiences a
rapid rise of viscosity in the low shear region, causing
wire deformation. This problem is now considered serious.
For the purposes of overcoming this problem and imparting a
low viscosity to a resin composition with a high loading of
inorganic filler, we studied the particle size distribution,
specific surface area and shape of inorganic fillers. In
the prior art proposals relating to conventional inorganic
fillers, molding characteristics are governed by the
particle size distribution, specific surface area and shape
of inorganic fillers. We also rely on this principle.
However, the relationships of moldability to various
characteristics of a filler are not completely understood in
the prior art. Merely controlling the particle size
distribution, specific surface area and shape of an
inorganic filler is not successful in preventing the above-
mentioned problems from occurring in modern thin, multi-pin,
large-size packages.

We have found that when a filler'giving an appropriate
ratio of viscosities at different shear rates is selected by
blending fillers each having a certain particle size and
specific surface area with a resin to form resin blends,
measuring the viscosity of each blend at different shear
rates, and calculating the ratio of Qiscosities at different



mentioned problens fromoccurring in nodern thin, multi-pin, |arge-size
‘packages. We have found that when a filler giving an appropriate
ratio of viscosities at different shear rates is selected by blending
fillers each having a certain particle size and specific surface area with
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different shear rates, and calculating the ratio of viscosities at
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gggxided an epoxy .r gg£nvfgé é¥%fla n %REpBIS gn L EPOXY, 16 reS|n a curing
viscometer, the viscosity at a shear rate of 0.6 s™* is less
than 50,000 poises and the ratio of the viscosity at a shear
rate of 0.6 s to the viscosity at a share rate of 10 s™ is
less than 2.5/1 is blended in an amount of 80 to 90% by
weight of the composition, the composition is low in melt
viscosity and easy to mold despite the high loading of the
inorganic filler. Then, thin multi-pin semiconductor
devices can be encapsulated therewith without inconvenience
such as wire deformation.

According to the invention there are provided an epoxy
resin composition comprising an epoxy resin, a during agent,
and an inorganic filler as essential components wherein the
above-defined inorganic filler is blended in an amount of 80
to 90% by weight of the composition; and a semiconductor

device encapsulated with a cured product of the epoxy resin
composition..

DETAILED DESCRIPTION OF THE INVENTION

The epoxy resin composition of 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, bisphencl A type epoxy resins,



and an inorganic filler as essential conponents wherein the above-defined
‘inorganic filler is blended in an anount of 80 to 90% by wei ght of the
conposition; and a sem conductor device encapsulated with a cured product

of the epoxy resin conposition.. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The epoxy resin conposition of the invention contains an
epoxy resin, a curing agent, and an inorganic filler as essential
conmponents. The epoxy resin used herein nay be selected fromprior
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a liquid crystal structure represented by either of the

following structural formulae.
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R is hydrogen or an alkyl group having 1 to 4 carbon atoms,
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. If
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 novoclak
resins, cresol novolak resins, phenol aralkyliresins,



R is hydrogen or an alkyl group having 1 to 4 carbon atonms, such as nethyl,
‘ethyl, propyl, isopropyl, butyl, isobutyl and tert-butyl, and letter nis
an integer of 0 to 5. These epoxy resins should preferably have an
overall chlorine content of |less than 1,500 ppm nore preferably 1ess than
1,000 ppm and a water extractable cht®Tine content of |ess than 5 ppm as
neasured I n an epoxy resin concentration of 50% by wei ght at 120C for 20
hours. If the overall chlorine content is nmore than 1,500 ppm and/ or the
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and phenolic hydﬂ%xyl ng phenol resins of the follow ng
structure: OH CH '
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,
isobutyl and tert-butyl, and letter n is an integer of 0 to
5. '

Like the epoxy resins, the phenol resins should
preferably have chloride and sodium ion contents of less
than 10 ppm, especially less than 5 ppm when extracted at
120°C.

The curing agent is used in a sufficient amount to cure
the epoxy resin. Where a phenol resin is used as the curing
agent, the epoxy resin and the phenol resin are preferably
mixed such that 0.5 to 1.6 moi, especially 0.6 to 1.4 mol of
the phenolic hydroxyl group is available per mol of the
epoxy group. Less than 0.5 mol of the phenolic hydroxyl
group per mol of the epoxy group means a shortage of
hydroxyl groups, which can lead to a greater proportion of
homo-polymerization of epoxy groups and hence, a lower glass
transition temperature. 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 0.01 to 10 parts by weight per 100

parts by weight of the epoxy resin and the phenol resin
combined.



Wherein R is hydrogen or an alkyl group having 1 to 4 carbon atons, such as
met hyl , ethyl, propyl, isopropyl, butyl, isobutyl and tert-butyl, and

letter nis an integer of 0 to 5. Li ke the epoxy resins, the phenol
resins should preferably have chloride and sodiumion contents of |ess than
10 ppm especially less than 5 ppm whehr extracted at 120[err]C. The
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less than 50,000 poises and the ratio of the viscosity at a
shear rate of 0.6 s to the viscosity at a share rate of 10
s’! is less than 2.5/1.

More particularly, the inorganic filler used herein has
a particle size distribution that a fraction of fine
particles having a particle size of less than 3 uym accounts
for 10 to 40% by weight of the entire inorganic filler,
desirably a particle size distribution that a finest
fraction of particles having a particle size of 0.05 to 0.3
pum account for 1 to 10% by weight, a finer fraction of
particles having a particle size of 0.4 to 0.7 um accounts
for 5 to 20% by weight, a fine fraction of particles having
a particle size of 0.8 to 3 um accounts for 5 to 20% by
weight of the entire inorganic filler. If the fine particle
fraction of less than 3 pm is less than 10% by weight, the
close intimate filling of the composition with the filler is
not expectable and the melt viscosity of the composition is
not fully low. If the fine particle fraction of less than 3
pm exceeds 40% by weight, which means a higher proportion of
finer particles, the interfacial wetting between the resin
and the filler becomes insufficient and the melt viscosity
of the composition increases. Desirably, the fine partiéle
fraction of less than 3 uym in size accounts for 10 to 30% by
weight of the entire inorganic filler.
The inorganic filler as a whole should preferably have

a mean particle size of 4 to 30 um. If the filler has a
mean particle size of less than 4 um, a resin composition



satisfy the following conditions. (1) Fine particles having a particle size
‘of less than 3 [err]maccount for 10 to 40% by weight of the entire
inorganic filler. (2) The entire inorganic filler has a specific surface
area of less than 2.5 nR/g as neasured by a nitrogen adsorption BET net hod.
(3) Wien a blend of a bisphenol F type74+iquid epoxy resin having a
viscosity of 30 to 45 poises at 25[err]C as neasured by Gardner - Hol dt
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surface area of 15 to 40 m?/q.

In the prior art, dry or wet ultrafine silica having an
extremely large specific surface area of 100 to 300 m’/g as
typified by aerosil is often used to impart thixotropy.

Since the filler of this type has a large specific surface

area, flow largely changes even when it is added in a small
amount. The use of the filler of this type needs a careful
control. .

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).

According to the invention, the inorganic filler as a
whole has a specific surface area of less than 2.5 m?/q,
desirably 1 to 2 m’/g as measured by a nitrogen adsorption
BET method. If the specific surface area of the filler
exceeds 2.5 m’/g, a resin composition filled therewith
becomes more thixotropic and difficult to mold.

According to the invention, the inorganic filler
satisfies the condition that when a blend of a bisphenol F
type liquid epoxy resin having a viscosity of 30 to 45
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therewith becomes too viscous to mold.

Blending the inorganic filler defined above in an epoxy

resin forms an epoxy resin composition which has a melt

viscosity of less than 200 poises at 175°C and is easy to

mold.

It is noted that the specific surface area of the

inorganic filler largely affects the ratio of a viscosity at

a low shear rate to a viscosity at a high shear rate. We

have found that if the specific surface area is less than

2.5 m*/g, then the viscosity ratio V,/V, can be less than

2.5/1. Beyond this specific surface area limit, the

interfacial wetting between the resin and the filler becomes

insufficient, the viscosity becomes extremely high, and the

viscosity ratio V,/V, exceeds 2.5. The viscosity ratio V,/V,

is also affected by a fine filler fraction having a particle

size of less than 0.7 um, especially 0.05 to 0.3 ym. A

particulate filler fraction of this region tends to

agglomerate as a result of vibration and if secondary

agglomeration occurs, its influence becomes more

outstanding. Desirably, the filler is premixed with the

resin in order to prevent secondary agglomeration and to

fully wet filler particles with the resin at their

interface.



- 8- poi ses at 25[err]C([err]0.05[err]C) as neasured by Gardner - Hol dt

‘met hod with 75% by weight of the inorganic filler is neasured for viscosity
at 25[err]C([err]0.05[err]C) by neans of an E type visconeter, the
viscosity V[err] at a shear rate of 0.6 s-[err] is less than 50 000 poi ses
and the ratio of the viscosity V1 at aJshear rate of 0.6 s-[err] to the
viscosity V2 at a share rate of 10 s-1 is less than 2.5/1, that is, V1/V2
[err] 2.5. If V1/V2 > 2.5, the viscosity of the resin flowing in t he cavity
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epoxy resi re3| 05|t|on whi ch vi scosity of
| ess than gBégégggggcatﬂé¥§Terr P§°83§§ 2o ?Rﬁ%ﬁzraﬂ{% 51FFtls not ed
that the sp@éeﬁse:sutfhtedeﬁxgahié ttee useofgdhersfhaving lagyeayeaf f ects the
rati o of atnesRasi EdndicivOW SRR 13her! eogfﬂéfé&%é te %xg%g%%ﬁ shear

rate. We have found_that if t'he specific surface area I's an 2.5
m/ g, thenSPRE §FsBLEFH3R, a‘?%?'\/ﬂl\?éflgén Bdumdsym pir ides/and péjaaent hi s
speci fi ¢ swiftatdear ezhéy mdy Hehletiderd adichl fueedi 41 het weennd kaabasi n and

the filler he C t.ne Vvi.scosit eco extre I gh, and
t he VISCOSI? §§F§n6€Q#géée££1§§ %%!§°tT%§1$Fé8£S|t 15 ks al so

af f ect ed byﬂeadrilh@ and | epheérxigal mhapes mgyabpansed| @leneemnfin ess than 0.7
pm especi ealdhuxQuQé b8 Swd &fnm&é)ar t9gHer3 a1 f bhk@iciéécéfé)rfm%ft this region

tends to a e_as a.resujt bration and 1f secondary
aggl omer at i 158%3st°Ftgl??ﬁﬁH@%gg“ﬁ§E€ﬂé§nﬁDPégﬁﬁ¥s%%ﬁQHQQJ Desi rabl vy,

the fill er Exefprebilyethei fhlldmwe is surface treated with silane
coupling agents and titanium coupling agents prior to use.

The amount of the inorganic filler blended is about 80
to 90% by weight of the entire composition. Differently
stated, about 400 to 1,000 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. Epoxy resin
compositions with more amounts of the inorganic filler would
become too viscous to mold.

Further, conventional well-known powders such as
silicone rubber and gel, silicone-modified epoxy resins,
silicone-modified phenol resins, and thermoplastic resins
such as methyl methacrylate-butadiene-styrene copolymers nay
be blended in the epoxy resin composition as a stress
reducing agent.

Also conventional well-known diluents having an epoxy
or phenolic hydroxyl group may be added for reducing
viscosity. Exemplary diluents include n-butyl glycidyl
ether, phenyl glycidyl ether, styrene oxide, tert-butyl-



resin in order to prevent secondary aggloneration and to fully wet filler
-particles with the resin at their interface.

-9- The filler used herein includes fused silica obtai ned by

pul verizing in a ball mll, spherical silica obtained by flanme fusion,
spherical silica obtained by a sol - gel‘&ﬂrhod, crystalline silica, alum na,
boron nitride, alumnumnitride, silicon nitride, magnesi a, and nagnesi um
silicate. Were sem conductor el enments produce a considerable heat release,

it is desirabl I h . ter. th 1 t d
over coof {PEFRNL 1Y SiEh S ORP Rk R e G 38y G GReEE e, PR B Aum
nitride andesésoTpnandt tecie-butyedphenole bl ended with fused S|I|ca. The

h f th f i .critical ' it
and spheri cal snapetngyrESheoRPLHES hofRts st B Snand Sueidhy 1 ©
Spherical pagentsgestataninstcoesl ing| agénrs viavbs uninwwe dongling hi gher
| oading. Fr86ERRD) Yol Bfie {,té'&scﬁs §Ud A5dh IRRIET dMd Reeida®d1/QuP! | NG

agents and ant ( I'ng agen S prior to use e anournt of the
i nor gani c fmpdéflgrénaéd astbﬁ@@mlﬂﬂ)%ﬁﬁ@%ﬁ@%ﬁphmﬂ§ﬂﬂ°nﬂonﬂﬁé entire

conposi t i OnsuPﬁééaﬁe&I V£ 38+ SRlat & osiir f drie sl , B0 Pariicoryy fRIiHY 8% the

inorganic filler is endeq per 100 parts by weight of the epoxy resin and
the curing &g8RH &Snﬂ?ﬁéﬂe €ut si de this range, epoxy resin conpositions

with | ess anount wieh treepeser ganthef mhhefawbut indapeoces=) af i Viddwidi gh

ffici f hj k th
packages o S80%%, TRPSR Peifee Br hod P B8 SRR 4 1N Jhe g B 1
conposi ti onshei abonaﬁmeambuneé dhgredienbs ghmi an fagiteating Initest smeh oo

viscous to gul d. ShénagFHE &erconﬁﬁgt¥ émg'éeﬁﬁgwlhﬁ¥&“E§fﬁé%{%hﬁ%&

silicone rubber |cone nmodi resi ns
0 to 50° A powder epoxy re51n com9051tlon 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, compression molding, and
injection molding. A molding temperature of 150 to 185°C is
preferable. o

Various semiconductor devices can be encapsulated with
the epoxy resin composition according to the invention.
Inter alia, discrete devices, IC, and high integration
devices such as LSI and ultra-LSI can be advantageously
encapsulated.

There has been described an epoxy resin composition
loaded with a unique inorganic filler which is low in melt
viscosity, easy to mold, and thus effective for
encapsulating a semiconductor device without causing die pad
deformation and wire deformation. The semiconductor device
encapsulated with the loaded epoxy resin composition thus
remains highly reliable.



silicone-nodified phenol resins, and thernoplastic resins such as nethyl
‘met hacryl at e- but adi ene-styrene copol yners nay be bl ended in the epoxy resin
conposition as a stress reduci ng agent. Al so conventional well-known
di l uents havi ng an epoxy or phenolic hydroxyl group may be added for
reduci ng viscosity. Exenplary diluents~lhclude n-butyl glycidyl ether,
phenyl glycidyl ether, styrene oxide, tert-butyl-

-10- phenyl glycidyl ether, dicyclopentadi ene diepoxide, phenol, cresol,
and tert-butyl phenol . Still further, coupling agents such as sil ane
coupling agents, titanium coupling ag@%@%giand al um num coupl i ng agents,

pi gments such asseMiis FRthe PrdseRit! abivieniy ofPdirkl §heaNBedBlyi Hpam ng
agents such as nonlqnlc surfactants, quorlnated urfactants and silicone

fluids are & ifligssragdon and gpgy Ve¥ﬁ¥cPft81Phéaﬁﬁﬂﬁfac%b¥lﬂﬁrts
process, a drejWiyd wed@tyt.resi n conposition may be prepared by fully kneading
t he above-nentioned ingredients in an agitating m xer such as a Shi nagawa

m xer. The kneadi ng tenperature i's deS|rany 20 to 50[err]C. A powder epoxy
resin conp@xXanple , Eoxiafopd g gbxi ng t he above-nenti oned
ingredients in r and f ul

od i ding th
twn-roll mll gff n‘ffpe‘ 3 é‘&&tﬁ’r ’Phé"oir’if;!f oy é‘nﬁgpglﬁuﬁg;’%l gegi rably
50 to 110[e§dﬂﬁcéfﬂﬁaéeaewtmg,o .5Re pyOmReghti 87 ng%tl% &F@f&s‘@& cool ed,

and pul veri zed. he resin conposition™of the in as a

gener al purmutm:qmgam E(IKleItl03e$>gesmahl-!:tsarmhémﬁ!ualot:‘oenCﬂ’@éUb ating

mat eri al . -QHﬁrgﬁéﬁfﬁé& v%%ﬁo%%eggpﬁeeln i_.ncl udes transfer nolding,
|nj

|ng,

conpr essi on nol
185[err] C iRaxg

encapsul at ed mnp& particle size distribution was measured by a laser
diffraction/scattering particle size distribution analyzer.
Specific surface area
A filler was measured for specific surface area by a

E&lei nDIdlng tenperature of 150 to
eand pe evbiee can be

specific surface area tester (BET method, nitrogen
adsorption).
Viscosity ratio and viscosity at 0.6 s!

A blend was prepared by weighing 1 gram 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 3 grams of silica and fully
mixing them on a glass dish. Using an E type viscometer
equipped with a rotor cone R-U (Toki Sangyo X.K.), the blend
was measured for viscosity at a shear rate of 0.6 s and 10
s at a temperature of 25°Ct0.05°C. A ratio V,/V, of the
viscosity V, at a shear rate of 0.6 s™ to the viscosity V, at
a shear rate of 10 s™! was calculated.



t he epoxy resin conmposition according to the invention. Inter alia,

‘di screte devices, IC, and high integration devices such as LSI and
ultra-LSlI can be advantageously encapsul at ed. There has been descri bed
an epoxy resin conposition | oaded mntg a unique inorganic filler which is
low in nelt viscosity, easy to nold #id thus effective for encapsul ating a
sem conduct or device w thout causing die pad deformation and wire

def ormati on. The sem conduct or devi ce encapsul ated with the | oaded epoxy
resin conposition thus remains highgy,{g!{able.

EXAMPLE Exanpl es of the present Tnvention are given bel ow by way of

il lustratifon angidaohsdy WAy @f |imithticon] Al]|part$ arel|by wei ght .
Exampl es =3 CRURT AU TV EXADLES 75 3 | go 4 a0 O AL (G2 1195y A to H

shown in 1@? W—RH-O—a %45 Ko
y-glyci dyllexymr oot ri nb8hdk|3P1%Rhas(khrRen| 3§-5hit ;qswcr esi-2dl Co.
Ltd.) and |exani pedwkey var| osiss puepe| tizes| 1Bag filole|ss e |di s fidsutijon and

mean partiGiE S5 e A PATLTILE 146 J[S T P00 Jes Imeasyren 1 a

| aser dif = H-Scatt -+ —eHSi+Hbufen—dralyae Specific

surface ar éa°5-° .3 KR H"P‘l)er 3@5 ut et oroHecddB ¢ Lih flafed ’réa5b a
speci fic S#Méirﬁﬁarﬁl’c&a digel ¢ rzzf -5]2”@ hqds r%ﬂ.é"%”o“%%“isorﬂ) 3V Sposity
S- A
ote £

rati o and jimscosity at 0.6
gram of ansERmeY. T8RP K

area (m?/qg)

bl"end "was |pr epgred Ry wei ghing 1
07 XY gRngmel, TPy SO Te Ry ing an

Viscosity ratio 0.9212.09} 1.77}| 3.79| 2.61 | 3.34 | 4.5 6.5

Yis?°s?ty at 0.6 s7|17000|24500|19500| 78000 54000 72500 | 88000 [135000
poise

Epoxy resin compositions were prepared by blending the
silica fillers in the amount shown in Table 2, followed by
kneading. The resin compositions were examined for various
properties.

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?. .

Gel time
An epoxy resin composition was heated on a hot plate at

175°C until the composition gelled.
Internal and external voids

An epoxy resin composition was transfer molded over a
quad flat package (QFP, five samples) at a temperature of
175°C and a pressure of 70 kgf/cm’. Using a ultrasonic flaw
detector, the number of internal voids was counted. The
number of external voids was counted by visual observation.
The number of voids is a sum of voids in or on five samples.
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.



epoxy equi val ent of 168 and a viscosity of 38 poises at 25[err]C, by Shel
Co.) and 3 grans of silica and fully m xing themon a gl ass dish.

‘Chemi cal

Using an E type visconeter equipped with a rotor cone R-U (Tok

Sangyo

K.K), the blend was neasured for viscosity at a shear rate of 0.6 s-[err]

and 10 S-1 at a tenperature of 25[ert§30.05[err]C. Aratio V1/V2 of the
viscosity V1 at a shear

of 10 s -

Table 1
(wt %
32.0 30.
12.5 15.
6.9 6.8

DieSIlie? géegt. .A

9 26p8 epOxp

0

g

B

C

D

E F

G

rate of 0.6 s-1 to the viscosity V2 at a shear
was cal cul at ed.

-12-
H <48

rate

[err]m

80.9 79.5 78.9 81.5 96.2 <3 [errfm(w%

Aébih cbhpdsiBibn ¢as 2t farfapmalae®) over 46.8 16.8

7€ remppr g8 oty 7 5ndl dpd v opfBeded) of g6 Jogidhn, 103

1.3 0.5 TBeSpatkagpards destsioned 2. 9xapPne whetler thegdie padg4. 8 26.7

3.8 ([errBleSpeebih&g surface

area (nm2/g) Viscosity ratio
Viscosity at 0TBesFepn}ts 3%

(poi se)

resin compositions were exam ned fof_various pro

1.8 1.2 1.3 1.7 1.4 1.1 1.0 3.2

Q.92 2.09 1.
Shesto 11’9@681?8g

7 3.79 2.61 3.34 4.5 6.5
00 54000 72500 88000 135000

Epoxy resin conpositions were prepared by bl ending the
silica fillers in the anobunt shown kLo,Jabje 2, followed by kneading. The

erties. Spiral flow A
spiral flleuw sased@adqured [by trjansfqr | dilng..gn ppoxy rlesil cbnpesitiion at
1 E
a tenper diLg of 175[§Pr]CQ§nd ggpres ur e - o

Silica|type A B c D E F G H

amount| 760 | 760 | 760 760 760 760 760 760
YX4000HK*1 12 12 12 12 12 12 12 12
NC7000%2 70 70 70 70 70 70 70 70
Silicone-
modified 27 27 27 27 27 27 27 27
resin
TD2093%*3 67 67 67 67 67 67 67 67
Antimony 15 15 15 15 15 15 15 15
trioxide
BREN-S** 18 18 18 18 18 18 18 18
Carnauba wax 12 12 12 12 12 12 12 12
Triphenyl- 13 13 13 13 13 13 13 13
phosphine
Spiral flow | 97 | 102 | 105 88 101 95 85 65
(cm) ~
Gel time 24 24 24 24 24 24 23 23
(sec.) :
Internal
voids 0 0 0 7 9 6 8 12
(number)
External
voids 0 0 0 2 1 3 2 4
(number)
Wire no no no 8 5.6 7.5 7 broken
deformation
Die pad no no no |deformed|deformed|deformedideformed|deformed
deformation

*] biphenyl type epoxy resin (Yuka Shell K.K.)

*2 naphthalene type epoxy resin (Nihon Kayaku K.K.)

*3 phenol novolac resin (Dai-Nihon Ink Chemical Industry K.K.)

*4 brominated novolac epoxy resin (Nihon Kayaku K.K.)



of 70 kg/cn2. Gel tinme An epoxy resin conposition was heated on a hot
plate at 175C until the conposition gelled. Internal and external voids

An epoxy resin conposition was transfer nolded over a quad flat package
(QFP, five sanples) at a tenperature of_ 175[err]C and a pressure of 70

kgf /cn2. Using a ultrasonic flaw det ectbtT the nunber of internal voids was
count ed. The nunber of external voids was counted by visual observation.
The nunber of voids is a sumof voids in or on five sanples. Wre

deformati o An €Ro posi tiQ as transfer nol ded over a QFP
with gol d WAEES et At {Ee X4 & perat ure of 175[err]C and a

pressure of 70 I@d}@l"r&emTh@omlsageomswebeepregabedaasom Examplenal yzer
to exanlne

ether t I
- 13- V\‘%a M% nt\ﬁlIe %orﬂﬁrl ﬁ&?? ?gEY"PI tBnPARI%i 3r2BRs transfer
nol ded overe}mn@ﬁéchtasa itne Mxampiler @ .of Thé5resn] €s aade aspows sim eTalb1lag 03,
kgf /cn2. The package was sectioned to exam ne whether the die pads were

def or nmed. The results are shown in Table 2.
Table 2 Conposition El E2 E3 __QDLEI_ CE2 CE3 CE4
CE5 (pbw) Silica typge T fp = F G
H anount 760 ‘?‘m%lm (Pb'ﬂeo E4769 ES 7d0 CES 760 760

Silica type A A A

amount 800 400 880

YX4000HK 42.9 42.9 42.9

Mylex 3L*3 46.8 46.8 46.8

Antimony.trioxide -6 6 6

BREN-S 4.2 4.2 4.2

Carnauba wax 2.6 1.6 2.6

Triphenylphosphine 1.3 1.3 1.3

Spiral flow (cm) 110 175 68

Gel time (sec.) 24 26 | 22

Melt viscosity (poise) 143 49 285

Internal voids (number) 0 0 13

External voids (number)"‘ 0- 0 5

Die pad deformation no no deformed

Wire deformation no no 9.5

*5 phenol aralkyl resin (Mitsui Toatsu Chemical K.K.)

- Although some preferred embodiments have been
described, many modifications and variations may be made
thereto in the light of the above teachings. It is
therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise
than as specifically described.



YX4000HK* | 12 12 12 12 12 12 12 12 NC7000* 2

70 70 70 70 70 70 70 70 Silicone- nodified

27 27 27 27 27 27 27 27 resin TD2093*3 67
67 67 67 67 67 67 67 Anti nony 15 15 15

15 15 15 15 . 15 tri oxrd@-BREN- S*4 - 18 18 18

18 18 18 18 18 Carnauba wax 12 12 12 12 12
12 12 12 Tri phenyl - 13 13 13 13 13 13 13
13 phosphine Spiral flow 91 102 105 88 101 95 85
65 (cn) Gel© IEIHFE“ 24 24 24 24 24 24 23 23
(sec.) Internal voids 0 0 0 7 9 6 8

%2 (nunber)%EﬁL§é§ Q#&% resin com3951t19ﬂ)coqg§lslng §n epqg:yGresm7 g

7 brokencmkingr&genﬁ»[hnﬁ;nnjlnorganmm flhmgf aso essehadiadd deformed
?iLE;ngﬂe?Iééﬁégkékﬁé” naﬁﬁ?%kfene Ivﬁé epéxglEggpﬁl(kﬁﬁgneﬁg§gkLeS|n
K. K.) *3 prenbrorganlactibben akisNigmrthatk Gmenpeatticigsstry K K.)
*4114brom nat Rgly 1Y 04 aa AP e rEBId IR Ka4RKY Kmi<akbcount for 10 to

40% by weight of the entire inorganic filler, the entire

inorganic filler has a specific surface area of less than

2.5 ’/g as measured by a nitrogen adsorption BET method, and

when a blend of a bisphenol F type liquid epoxy resin having

a viscosity of 30 to 45 poises at 25°C as measured by

Gardner-Holdt method with 75% by weight of the inorganic

filler is measured for viscosity at 25°C by means of an E

type viscometer, the viscosity at a shear rate of 0.6 s™! is

less than 50,000 poises and the ratio of the viscosity at a

shear rate of 0.6 s™ to the viscosity at a share rate of 10

s! is less than 2.5/1, and

the inorganic filler is blended in an amount of 80 to
90% by weight of the composition.

2. A semiconductor device encapsulated with a cured

product of an epoxy resin composition as set forth in claim
1.
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Exanpl es 4-5 & Conparative Exanple 6 Epoxy resin conpositions were
‘prepared as in Exanple 1 but according to the formulation shown in Table 3
and exam ned as in Exanple 1. The results are shown in Table 3.

Table 3 Conposition (pbw) E4 E5 CE6

Silica type A A A6- anmount

800 400 880 YX4000HK 42.9 42.9 42.9
Myl ex 3L*5 EPOXY RESEN COMPQSITION AND SEMICONDH@T?RDﬂﬁvlﬁﬁoxide

6 6 6 B 4.2 4.2
Car nauba wax 2.6 Fgaﬁé?SULAEE% THEREWITé Tri phenyl phosphi ne
1.3 1.3 1.3 Spiral flow 110 175 68
Cel tinme (sec.) 24 26 AﬁﬁigéJl Melt viscosity (poise)
143 49 285 I nternal voids (nunber) 0 0 13
Ext er nal voi ds .(nunber) 0 0 5 Di e pad deformation
no no defodRe@n epoxy resyyreompedihi@Rn opomMprisinian epoxy 9.5

*5 phenol argkkyl Beghrinyl EééhtTOélﬁ&Usﬂ'%”@@% &€ Ka )particulaild hough some
preferred enbodi ments _havé béen descri bed, many. nodi fi cat] ons and

variations ABPrEBnAEJEiLheFet B1NA PRELIFHPY RAVING apARtidlefimgs ofit is
therefore tacke whdar St pndatbetunwi £6+n10heo S@@%)eoﬂftﬁ@euﬁﬁlﬂ_fﬁﬁﬁd cl ai s,
a

the inventign 92y, 9n8" 3b' CRErGAREL e PLLPHaE ) SOSEL ! St ARRTT LRSS
of less than 2.5 m’/g as measured by a nitrogen adsorption
BET method. The inorganic filler satisfies that when a
blend of a bisphenol F type liquid epoxy resin having a
viscosity of 30-45 poises at 25°C as measured by Gardner-
Holdt method with 75 wt% of the inorganic filler is measured
for viscosity at 25°C by means of an E type viscometer, the
viscosity at a shear rate of 0.6 s™' is less than 50,000
poises and the ratio of the viscosity at a shear rate of 0.6
s to the viscosity at a share rate of 10 s is less than
2.5/1. The epoxy resin composition has a low melt viscosity
enough to mold on semiconductor devices without die pad and
wire deformation.
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resin,

di stributi ognd{iad:
of 10 0.05 to 0,3 [err]maccounts for 1 to, 10%

d arvs: 1. An epoxy resin conposition conprising an expoxy
a curing agent, and an inorganic filler as essential 5 conponents,

characterized in that the inorganic filler satisfies that fine
particles having a particle size of 3 [err]m or |ess account for 10 to
40% by wei ght of the entire inorgant® filler and has a particle si

finer

b
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chrlaiess ”Eé‘é&uﬁé %xa f_‘bt rtqge@oedw pﬁé@QhEEBmthed,emwen a

n2/g o

bl end of a
to 45 p0|se§n%ﬁgéﬁﬁ%r?}t

r

sphenol X pe |i epoxy resi.n havin

a5 fe shﬁédabpaeéﬂ&ﬂ@r sixe M%ﬁriﬁ%’cw viiiak

vi scosity of 30

75%

by wei ght of EhfebBOMGMItGdH | bEr pheticlaBanianded o Baseoslby sdtze2Xerr] C

by neans of an E ty viscometer, the visco | at a shear ratge, of
o) oS0 5P Ot b6y Do ot | BECORRRSL HES ot i Boof OfndYi Seidhly & Gier
r at e of 0. 6fxadtionthe pastibsiey havanghaapatrauelef si@e?®fs-0L. 4 £.6/71 or

agent conblpm;duclesz hawngeammeorsm?emfce 8eh@ap s APURE$ HEon
produst Dy aByERRIGHIESOE CHBOShtHOR anefardd t Billee! aiths80 1.

| ess, and t
parts by
cured
15
20
25
30

éé@%@ﬁg%gféflbeEB'§0Q|mgd bﬁ% ta%. @mfﬂﬂé(gréggﬁ ﬁ’&f

I ght epoxy resin and curl

entire inorganic filler has a mean particle size of 4 to 30
pm and a specific surface area of 2.5 m?/g or less as
measured by a nitrogen adsorption BET method, and when a
blend of a bisphenol F type liquid epoxy resin having a
viscosity of 30 to 45 poises at 25°C as measured by Gardner-
Holdt method with 75% by weight of the inorganic filler is

‘measured for viscosity at 25°C by means of an E type

vigcometer, the viscosity at a shear rate of 0.6 s is
50,000 poises or less and the ratio of the wviscosity at a

shear rate of 0.6 s to the viscosity at a shear rate of 10

s is 2.5/1 or less, and the inorganic filler is blended in
an amount of 400 to 1,000 parts by weight per 100 parts by
weight of the epoxy resin and curing agent combined.

2. A semiconductor device encapsulated with a cured
product of an epoxy resin composition as set forth in claim
1.
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