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BACKGROUND OF THE INVENTION .

(a) Field of the Invention

The present invention relates to an epoxy résin
molding material for sealing electronic parts which is
excellent in thermal shock resistance, reflow solde:ing
resistance and'moldébility, and to a semiconductor device
sealed with the epoxy resin molding material, particularly

to a plastic-packaged LSI for surface mounting.

(b) Related Art

Epoxy reéin molding materials have been widely
used in large quantities for sealing electronic parts,
such as transistors, IC, etc. The reason is that epoxy
resiné are well-balanced in various properties including
electriq p:operties, thermal resistance, meghanical
strength and adhesiveness to inserts. Particularly, .
combinations of o-cresol novolac epoxj resins and phencl
novolac hardeners are especially well-balancéd in these
properties, and have been used as the main base resins of
molding materials for IC-sealing.

However, the recent downsizing and thinning .:!




properties, and have been used as the main base resins of nolding nmaterials
for*1'C-seal i ng. However, the recent downsi zing and thinning 2 packages
of electronic parts, typically of |IC packages, have caused cracki ng of such
packages on cyclic cooling and heating and denmand further inprovenent in

t hermal shock resistance. The conventional neans of inproving the thernal
shock resistance of epoxy resin nolding materials are (1) dispersing liquid
silicones in epoxy resin nolding materials; (2) the nethod disclosed in
Japanese Patent Appli-cati on Kokai Koho (Laid-open) No. 1-272620, wherein
epoxy resins or hardeners are previously no2lified with sil oxane conpounds;

and
packages of electronic parts, typically of IC packages,

have caused cracking of such packages on cyclic cooling
and heatin§ and demand further improvement in thermal
'shock resistance.

The conventional means of impfdving the thermal
shock resistance of epoxy resin molding materials are
(1) dispersing liquid silicones in epoxy resin molding:
materials; ]

(2) the method diéclosed in Japanese Patent, Application
Kokai Koho (Laid-open) No. 1-272620, wherein epoxy resins
or hardeners are previously modified with siloxane
compounds; and

(3) the methods disclosed in Japanese Patent Application
Kokai Koho (Laid-open) Nos. 61-185527, 62-93962, 62-147749
and 57175369, wherein epoxy resins are modified with
silicone polymer powder.

The method (1) lowers the cracking resistance
during reflow solderiné processes and marking properties,
and also deteriorates the appearance of molded products
due to the bleeding of the liquid silicones. The method
(2) tends to lower glass transition temperature, thereby
deteriorating the thermal resistance of packages. Every
method (3), namely the modification with silicone polymer
powder, successively lower the elastic moduli of epoxy

resin compositions and decreases the stress generated on

P
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(3) the pethods disclosed in Japanese Patent Application Kokai Koho

(Laid- ‘open) Nos. 61-185527, 62-93962, 62-147749 and 5-175369, wherein epoxy
resins. are nodified with silicone polyner powder. The nethod (1) |lowers the
cracki ng resistance during reflow sol dering processes and narki ng
properties, and al so deteriorates the appearance of nolded products due to
the bleeding of the liquid silicones. The nethod (2) tends to | ower gl ass
transition tenperature, thereby deteriorating the thernmal resistance of
packages. Every nethod (3), nanely the nodification with silicone polyner
powder, successively |ower the elastic noduBi of epoxy resin conpositions

and decr eases the stress ng{ated on 3 the in f ace bet g
el ements and efd¥ slyesn 4G slem q!lﬁﬁe\%ﬁ SPREYELR Bsmﬂ 9dPgsed

/In Japanese materials. However, the methods disclosed in Japanese
Patent Application Kokai Koho (Laid-open) Nos. 61-185527
and 5-175369, wherein solid silicones are dispersed, have
a shortcoming of lowering the breaking point and |
elongation at break of resulting epoxy resin_molding
materials. Such a shortcoming seems to be.caused by the
poor affinity between the silicone pafticles:ahd the epoxy
resings. As disclosed in Japanese Patent App}#cation Kokail
Koho (Laid-open) Nos. 62-93962 and 62-147749, coating the
surface of silicone particles with resins which are |
compatible with epoxy resins improves the affinity, and
obviates to some degree the decrease in strength and
elongation. However, the cores of the particles produced
by_thgse methods are liquid silicones or contain liquid
silic§nes, and there arise various troubles due to the
presence of the liquid silicones. The particular troubles
made by such liqﬁid components are the deterioration of
the marking properties of the surface of packaged IC and
the debonding and falling of ICs from wiring boards on
which the ICs have been temporarily fixed with adhesives

for mounting.

SUMMARY OF THE INVENTION



Pat ent Application Kokai Koho (Laid-open) Nos. 61-185527 and 5-175369,
whetein solid silicones are dispersed, have a shortcom ng of |owering the
breaki ng point and el ongation at break of resulting epoxy resin nolding
mat'eri al s. Such a shortconing seens to be caused by the poor affinity
between the silicone particles and the epoxy resins. As disclosed in
Japanese Patent Appllcation Kokair Koho (Lai d-open) Nos. 62-93962 and

62- 147749, coating the surface of silicone particles with resins which are
conpatible with epoxy resins inproves the affinity, and obviates to sone
degree the decrease in strength and el ongatd on. However, the cores of the
particles produced by these nethods are liquid silicones or contain liquid
silicones, and there ariPeopdecduet theppresgnt ipveptippedsdnte erovide

AU L Cones, i BRI LREA! Aol OUbLES Tal, by Such L coponents
1€ and e Se0g0ghiaagd LAt nila Gl E7 MELED SERLSE €9 W1 oh The 1
semidonductor elements, has high thermal shock resistance
and makes no troubles of thé surfaces of molded products.
Particularly, for the reliability of ICs for surface
mounting, the improvement of cracking resistance under
reflow soldering conditions presents an important problem.
The present invention provides an epoxy resin
molding material for sealing an electronig part,
characterized by containing
(A) an epoxy resin having at least two epoxy groups per
molecule,
' (B) a compound having at least two phenolic hydroxyl
groups per molecule and
(C) a powder which
(1) has a structure comprising a solid silicone core
and an organic polymer shell,
(2) the solid silicOne.comprising a [RR'S1i0,,,] unit,
wherein R is an alkyl group of 6 or less carbon atoms,
"an aryl group or a functional group having a tefminal
carbon-carbon double-bond, and R' is an alkyl group of
6 or less carbon atoms or an aryl group,
and also provides a semiconductor device sealed with the

molding material.



for mounting. SUMVARY OF THE | NVENTI ON 4 An object of the present

I nvention is to provide a very reliable epoxy resin nolding nmaterial for

sealing electronic parts which applies little stress to sem conduct or

el enents, has high thermal shock resistance and nakes no troubles of the

surfaces of nolded products. Particularly, for the reliability of 1Cs for
surface nounting, the inprovenment of cracking resistance under reflow

sol dering conditions presents an inportant problem The present invention
provi des an epoxy resin nmolding material for sealing an electronic part,

characteri zed by containing (A an epoxy r8sin having at |east two epoxy

. groups per nol ecul e, '

PREFERRED EMBODIMENTS OF THE INVENTION

The epoxy resin having at least two epoxy groups
per molecule, which is the component (A) to be used in the
preéent invention, may be any one selected from common
epoxy resin molding materials for sealing electronic
parts, and some examples include an epoxidation product of
a novolac resin produced from a phenol and,an aldehyde,
such as a phenolic novolac epoxy resin or an o-cresol
novolac epoxy resin, a diglycidyl ether, such as
diglycidyl ether of bisphenol A, bisphenol F, bisphenol S
or an alkyl-substituted biphenol, a glycidylamine_epoxy"
resin which is a reaction product of a polyamihe, such as
diamipodiphenylmethane or isocyanuric acid, with |
epichlorohydrin, and a linear aliphatic_epoxy resin and an
alicyclic epoxy resin which is an oxidation product of an
olefin bond with a peracid, such as peracetic acid.

Among these epoxy resins (A) those are
particularly excellent in refléw soldering resistance are
substituted or non-substituted epoxy resins having a
biphenyl skeleton, which are preferably at least 60 % by
weight of the total of the epoxy resins used. In an
amount of less than 60 % by weight, shch epoxy resins

cannot exhibit their remarkable features of low moistu:.



(B) a conpound having at |east two phenolic hydroxyl groups per nolecule

and (C) a powder which (1) has a structure conprising a solid silicone core -
and an-organic polyner shell, (2) the solid silicone conprising a

[RR Si2[err]] unit, wherein Ris an alkyl group of 6 or |ess carbon atons,
an aryl group or a functional group having a term nal carbon-carbon

doubl e-bond, and R is an al kyl group of 6 or |ess carbon atons or an aryl
group, and al so provides a sem conductor device sealed with the nolding

mat eri al . 5 PREFERRED EMBODI MENTS OF THE | NVENTI ON The epoxy resin

havi ng at | east two epoxy groups per nolec@le, which is the conponent (A)

to be used in the '
absorption and high adhesion, and will not take sufficient

effect in the objective improvement of reflow soldering
resistance. Thg examples of such epoxy resins include
epoxidation products of 4,4‘-bishydroxybiphenyl or 4,4'-
bishydroxy-3,3',5,5" -tetramethylbiphenyl with
epichlorohydrin.

These epoxy resihs (A) may be used in
combination of any number, but with respect to their-
purity, particularly, their hydrolyzable chlorine content
is preferably iow because of their bad influence on the
corrosion of aluminum circuit patters on chips, such as
ICs, and is preferably not more than 500 ppm to endow
epoxy resin molding materials for sealing electronic parts
with high moisture resistance. Herein, the content of
hydrolyzable chlorine is obtainhed by dissolving 1 g of a
sample epoxy resin in 30 ml of dioxane, adding thereto 5
ml of 1IN-KOH methanol solution, refluxing for 30 minutes
and carrying out measurement by potentiometric titration. -

Some examples_bf the component (B) to be used in
the present invention, namely the compound having at least
two phenolic hydroxyl groups per molecule, include a resin
produced By condensation or co-condensation of a phenol,
such as phenol, cresol, a xylenbl, resorcinol, éatechol,
‘bisphenol A or bisphenol F, or a naphthol, such as a-

naphthol, B-naphthol or a dihydroxynaphthalene, with an



present .i nvention, nmay be any one sel ected from comon epoxy resin nolding
mat érials for sealing electronic parts, and sone exanpl es include an

epoxi dation product of a novolac resin produced froma phenol and an

al dehyde, such as a phenolic novol ac epoxy resin or an o-cresol novol ac
epoxy resin, a diglycidyl ether, such as diglycidyl ether of bisphenol A,
bi sphenol F, bisphenol S or an al kyl-substituted bi phenol, a glycidylam ne
epoxy resin which is a reaction product of a pol yam ne, such as

di am nodi phenyl met hane or isooyanuric acid, with epichlorohydrin, and a

| i near aliphatic epoxy resin and an alicycbic epoxy resin which is an

oxi dati on product of an olefin bond with a“peracid, such as peracetic acid.

Among these epprdekydd NSsucdh dd'Finid1a6iRidd,Cldcital d.ent in reflow
sol dering resistance are substituted or non-substituted epoxy resins having
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such epoxy respresence of an acid catalyst, polyparavinylphenol resin, a
phenol-aralkyl resin having xflylene'groups, which is
synthesized from a phenol and dimethoxyparaxylylene, and a
phenol having at least one alicyclic skeleton in its
structure, and these may be usedjindividually or in
combination of tﬁo or more.

Among these epoxy resins (A) and these compounds

(B) having at least one phenolic hydrokyl group which may
be used in the preéent 1hvention, resins and compounds.
haviné at least one naphthalene ring or saturated
aliphatic ring are excellent in reflow crackihg
resistance. Some examples are a novolac resin synthesized
from a hydroxynaphthalene and an aldehyde, and a resin
obtained by epoxidation of such a novolac resin. Some
éxamples of the cbmpounds having at least one saturated
aliﬁhatic ripg are é resin synthesized by addition
reaction of a phendls to dicyclopentadiene in the presence
of an acid catalyst or the like, and a resin obtained'by
epoxidation of such a resin. These resins or compounds
are preferably added so that the totai weight of
naphthalene rings and saturated aliphatic rings is 20 %
by weight or more, preferably 20 to 70 % by weight, based

on the total weight of (A)+(B). In an amount of less than

s
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cannot exhibit their remarkable features of |ow noisture 6 absorption
and hi gh adhesion, and will not take sufficient effect in the objective

i mprovenent of reflow soldering resistance. The exanpl es of such epoxy
resins include epoxidation products of 4,4'-bishydroxybi phenyl or 4,4'-

bi shydroxy-3,3',5,5 -tetramnet hyl bi phenyl w th epichl orohydrin. These epoxy
resins (A) may be used in conbination of any nunber, but with respect to
their purity, particularly, their hydrol yzable chlorine content is :
preferably | ow because of their bad influence on the corrosion of alum num
circuit patters on chips, such as ICs, and8 s preferably not nore than 500

ppmto endom/egox% resin nolding materials.for sealing electronic parts
wi th high noi s2@r¥ pP¥sveighte. the raphthalene kings fAnd saturated

alibhatic rings cannot exhibit enough hydrophobic property
to reduce moisture absorption;.and the reflow cracking
resistance cannot be.improved effectively. When used in
combination with the abové-described biphenyl skeleton
époxy resins, these epoxy resins or phenolic compounds
having such structures exhibit their excellent reflow
cracking resistance more effectively. ]

The equivalent ratio of the_phenol;p.compound
(B) to the epoxy resin (A) (the number of hydroxyl groups
of (B)/the number of epoxy groups of (A)) is not
particularly limited, and the preferred range of the ratio
is 0.7 to 1.3 for the purpose of decreasing unreacted
materials.

The silicone particle of the powder (C) to be
used in the present invention is solid at room temperafure
and is covered with a shell of an organic polymer. The
silicone polymer composing the core is a polymerization
product mainly from a diorganosiloxane having a [RR'SiO,,,]
unit, and preferably contains, as a crosslinker, a
trifunctional siloxane unit ([RS10,,,]) or a
tetrafunctional siloxane unit ([Si0,,,]). As the contents
of these éomponents increase, the hardness and elastic
modulus of the silicone polymer composing the core are

increased, so that the elastic modulus and stress property

s
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hydrol yzabl e chlorine is obtained by dissolving 1 g of a sanple epoxy resin
in:30 mM of dioxane, adding thereto 5 m of 1N KOH nethanol sol ution,
refluxiFng for 30 m nutes and carrying out neasurenent by potentionetric
titration. Sonme exanples of the conponent (B) to be used in the present

I nvention, nanely the conpound having at |east two phenolic hydroxyl groups
per nol ecule, include a resin produced by condensati on or co-condensation
of a phenol, such as phenol, cresol, a xylenol, resorcinol, catechol,

bi sphenol A or bisphenol F, or a naphthol, such as a- naphthol,
[err]-naphthol or a di hydroxynaphthal ene, With an 7 al dehyde, such as

f or mal dehyde, acet al dehyde, propi onal dehyde, benzal dehyde or

sal i cyl al dehydef FtheioRiestlve cepexy Featn nelding faterdal fax isaalinsol

resin, a phenol-aral kyl resin having xylylene groups, which.s
P electronic parts cannot géyaecre sedrgffectively. The

total content of the trifunctional and tetrafunctional
siloxane combonents is preferably 0.5 to 20 mol %, and the
content of the trifunctional siloxane component is
preferably 2 to 10 mol %. As the content of the
trifunctional or tetrafunctional siloxane component
decreases, the elastic modulus of the resulting polymer
decreases, but the amount of unreacted siloxane increases
because of the lower crosslink density. As a result, the
marking property of the molded components decreases
because of the migration of the unreacted siloxane.

" Therefore, the total content of the trifunctional and
tetrafunctional siloxane component is preferably at least
0.5 mol %, more preferably at least 2 mol %.

The hardness of the core is an important factor
to obtain a reliable epoxy resin molding material for
sealing electronic parts which applies little stress to
semiconductor chips, has high thérmal shock resistance and
makes no troubles of surfaces of molded products.
According to the present invention, the hardness can
easily be adjusted to an optimum value by varying.the
amount of the trifunctional and tetréfunctional
compopents.

As to the units [RSi0,,,] and [RR'SiO,,,], which



synt hesi-zed from a phenol and di net hoxyparaxyl yl ene, and a phenol having at
| east one alicyclic skeleton in its structure, and these may be used

indi vidually or.in combination of two or nore. Anpbng these epoxy resins (A)
and these conpounds (B) having at |east one phenolic hydroxyl group which
may be used in the present invention, resins and conpounds having at |east
one naphthalene ring or saturated aliphatic ring are excellent in reflow
cracking resi stance. Sone exanples are a novolac resin synt hesi zed from a
hydr oxynapht hal ene arld an al dehyde, and a resin obtained by epoxidation of
such a.novol ac resin. Some exanpl es of thel@onpounds having at |east one

shenol s to i CEPosR SArBRBefrs; ReRrRLBRACEh oFbe e P ofl) y ok oS the
Conounas o b BrOFAEABM S HAR9S e Be} U Tnfh Fpbion B PRI
rings and satuagtmdtRyLPERbLE bkNEEhyE gPoup, or an aryl group, such as
| phenyl group (R' may be of one kind or of two or more
kinds), and methyl group is preferably from the viewpoint
of reducing elastic modulus and lower cost. Although the
preferred examples of R are the same alky; groups and aryl
groups as the above-described preferred examples of R' (R
may be of one kind or of two or more kinds, and R may be
identical with or different from R'), it is preferable
that R at least partially has a functional group having a
terminal carbon-carbon double bond. The reason is that
when the shell of the organic polymer is formed by vinyl
' polymerization after the polymerization of the core, the
carbop-carbon double bonds in the core are grafted with
the organic polymer composing the shell, so that the
core/shell interface is strongly linked by covalent
bonds. The content of siloxane units with such carbon-
carbon double bonds is preferably 1 to 10 mol % based on
the total units of the silicone polymer composing cores.
Less than 1 mol % of carbon-carbon double bonds cannot
give effective grafting, and more than 10 mol $ of carbon-
carbon double bonds are apt to deteriorafe the properties
of core, such as thermal resistance and elasticity. Some

examples of such functional groups having carbon-carbon



by weight or nore, preferably 20 to 70 % by wei ght, based on the total

wei ght of (A)+(B). |In an anmount of |ess than 8 20 % by wei ght, the
napht hal ene rings and saturated aliphatic rings cannot exhibit enough

hydr ophobi ¢ property to reduce noi sture absorption, and the refl ow cracking
resi stance cannot be inproved effectively. Wien used in conbination with

t he above-descri bed bi phenyl skel eton epoxy resins, these epoxy resins or
phenol i ¢ conpounds havi ng such structures exhibit their excellent reflow
cracking resistance nmore effectively. The equivalent ratio of the phenolic

conpound (B) to the epoxy resin (A) (the nltber of hydroxyl

groups of

(B)/the nunber _of epoxy groups_of Is not particularly limted, and the

A
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groups as terminal functional groups.

group, methacryloxy group or alkyl groups having these

The organic polymer shell covering the surface

of the siliconeé particle of the powder (C) is preferably

--mpatible with the epoxy resin and hardener which.

constitute the matrix resin of the epoxy resin molding

material for sealing electronic parts. Some examples of

such a resin include a compound synthesized by a vinyl

polymerizatioﬁ, such as polyvinylbutyral,

polyvinylacetate, polystyrene, an acrylic polymer or an

acrylic copolymer, and the particularly preferred are an

acrylic polymer or an acrylic copolymer. Some examples of

the acrylic polymer include a polymerization product of

acrylic acid, an ester thereof, methacrylic acid, an ester

thereof, an acrylic amide or acrylonitrile, and a

conventional copolymer  thereof with other monomers, such

as styrene. It is not limited but preferable from the

.viewpoint of improving toughness and hydrolysis resistance

that the acrylic polymer is a polymethacrylic ester, ind

polymethylmethacrylate or a copolymer thereof is more

preférable because of its low cost and high reactivity

In the case where the shell covering the sur! e

of the silicone particle'of the powder (C) requires .; - -1

‘thermal resistance, the desirable organic polymer



materials. The silicone particle of the powder (C) to be used in the
present invention is solid at roomtenperature and is covered with a shel

of an organic polynmer. The silicone polyner conposing the core is a
pol'ymeri zati on product mainly from a di organosil oxane having a

[RR SiO[err]] unit, and preferably contains, as a crosslinker, a
trifunctional siloxane unit ([RSIerr]]) or a tetrafunctional sil oxane
unit ([Siderr]]).. As the contents of these conmponents increase, the _
har dness and el asti c-nodul us of the. silicone polyner conposing the core are
I ncreased, so that the elastic nodulus and2stress property 9 of the

obj ective epoxy resin nolding material for sealing electronic parts cannot
be decreased «3qmRAsing ytherigheld: dis oviayl estere resinubaviingabremdtic

tetrafuncti ona
rings.

The amount of the organic polymer shell is
preferably the minimum $ufficient to cover the silicone
partiéle uniformly, and the weight ratio of the silicone :
the organic polymer.is preferably from 1:1 to 5:1.

The silicone powder (C) is produced, for
example, by synthesizing the silicone to be the core by an
emulsion polymerizatioh, and then carrying out the-second-
stage polymerization for forming the shell by adding an
acrylic monomer and an initiator. In such a case, by
adding'a proper amount of a siloxane éompound having at
least one double bond to the siloxane monomer or oligomer
used in the first-stage polymerization, the formed acrylic
polymer is grafted with the double bond to give strong
bonding between the core and the shell, and the silicone
powder obtained by such a process increases the strength
of molded components.

The size of the silicone particle of the
component (C) is preferably smaller because the
composition can be modified uniformly, and the average
primary particle size ranges preferably from 0.05 to 1.0
pm, more preferably from 0.05 to 0.5 ym. Herein, the
terms "primary particle size" mean the diameter of

partidles which are not coagulated.



si |l oxane conponents is preferably 0.5 to 20 nol % and the content of the
trifunctional siloxane conponent is preferably 2 to 10 nol % As the
content- of the trifunctional or tetrafunctional siloxane conponent
decreases, the elastic nodulus of the resulting polynmer decreases, but the
amount of unreacted sil oxane increases because of the | ower crosslink
density. As a result, the marking property of the nolded conponents
decreases because of the migration of the unreacted sil oxane. Therefore,
the total content of.the trifunctional and tetrafunctional siloxane
conponent is preferably at |east 0.5 nol %gnore preferably at least 2 nol
% The hardness of the core is an inportant factor to obtain a reliable

epoxy resin nol ding mat qhellepbity Fegingolldday’ maiterpalt Sovhsealangl i es
little stress to sem conductor chips, has high thermal shock resistance and
makes no troubekscbtonikl parts ahayotortian caluatceleratorifart o t he present
I nvention, the hardness can easily be adjusted to an optinum val ue by
varyi ng the accelerating the curing of the epoxy resin and the

compound having phenolic hydroxyl groups. Some examples

".0of the cure accelerator include a tertiary amine, such as

1,8-diazabicycio(5,4,0)undecene-7, triethylenediamine,

benzyldimethyiémine, triethanolamine, dimethylaminoethanol

or tris(dimethylaminomethyl )phenol, an imidazole, such as

2-methylimida201e, 2-phenylimidazole, 2-phenyd-4-
methylimidazole or 2-heptadecylimidazole, an
organophosphine, such as tributylphosphine,
metthdiphenylphosphine, triphenylphosphine,
diphenylphosphihe or phenylphosphine, and a
tetraphenylborate, such as tetraphenylphosphonium-
tetraphenylborate, triphenylphosphine-tetraphenylborate or
N-methylmolpholine-tetraphenylborate.

The epoxy resin molding material for sealing
electronic parts of the present invention may-also contain
one or more inorganic fillers, such as a powder of fused
silica, crystal silica, alumina, zircon, calcium silicate,
calcium carbonate, silicon carbide, boron nitride,
beryllia or zirconia, spherical beads produced therefrom,
single crystal fiber of potassium titanate, silicon

carbide, silicon nitride or alumina, or glass fiber. The

content of such inorganic fillers is preferably 70 % by



anount of the trifunctional and tetrafunctional conponents. As to the units
[RSFO[err]] and [RR SiJerr]], which 10 are the conponents contained in
the core of (C), R is preferably an alkyl group of 6 or |ess carbon atons,
such as nethyl group or ethyl group, or an aryl group, such as phenyl group
(R may be of one kind or of two or nore kinds), and nethyl group is
preferably fromthe viewoint of reducing elastic nodulus and | ower cost.

Al t hough the preferred exanples of R are the sane al kyl groups and aryl
groups as the above-described preferred exanples of R (R nay be of one
kind or of two or nore kinds, and R may be Liddentical with or different from

£l AP o o i bR 10" 83, 85T 47 Rt 0P
based on the weight of the molding material,
to decrease moisture abéorption and linear expansion
coefficient and to increase strength. 'Among these
inorganic fillers, fused silica is preferable to decrease
linear expansion coefficient, alumina is preferable to
ihcrease thermal conductivity, and the shape of the
fillers is preferably spherical to improve the flowability
during molding and the wear of molding dies.%ﬁ

The epoxy resin molding material for sealing
electronic parts of the present invention may further
contain a release agent, such as a higher fatty acid, a
metallic salt of a higher fatty acid, an ester wax or a
polyethylene wax, a coloring agent, such as carbon black,
and a coupling agent, such as an epoxysilane, an
aminogilane, an alkylsilane, a vinylsilane, an
organotitanate or an aluminum alcoholate.

The epoxy resin molding material for sealing
electronic parts of the present invention may further
contain a flame retardant, for example, a halogenated
compound, such as a brominated bisphenol A or an
epoxidation product thereof, antimony trioxide, antimony
pentaoxide or aluminum hydroxide.

The molding material is generally by mixing

sufficiently a mixture containing formulated amounts of

Ve



when the shell of the organic polyner is formed by vinyl polymerization
aftér the polynerization of the core, the carbon-carbon double bonds in the
core are grafted with the organic polyner conposing the shell, so that the
core/shell interface is strongly |linked by coval ent bonds. The content of
sil oxane units with such carbon- carbon double bonds is preferably 1 to 10
nol % based on the total units of the silicone polyner conposing cores.
Less than 1 nmol % of carbon-carbon doubl e bonds cannot give effective
grafting, and nore than 10 nol % of carbon- carbon double bonds are apt to
deteriorate the properties of core, such asghermal resistance and
elasticity. Sone exanples of such functional groups having carbon-carbon

doubl e bonds i riheibanendesarihed materiglesuwithet faer exampleoup, mixer,

met hacryl oxy group or al kyl groups having these groups as term nal

functional grodstlowed by kneading with hot rolls or an extruder,
cooling and grinding;

Although a low pressure transfer molding is the
most general method of'sealing electronic parts by using
the molding material of the present invention, an |
injection molding, compression molding or casting may also
be employed.

| The molding material of the present: invention is
characterized in having such thermal shock resistance
(testing method: table 6) that no @olded pfoducts are
damaged up to 1000 cycleé, such soldering fesistance
(testing method: table 6) that half or less of molding
products (by total molded producté) are damaged for 48
hours, preferably no molding products are damaged for 48
hours, more preferably for 72 hours, and a critical
surface tension (testing method: table 6) of 28 dyne/cm or
more. | '

Hereinafter the present invention will be
described referring to Examples, which however do not

limit the scope of the present invention.
EXAMPLES 1 to 12 AND COMPARATIVE EXAMPLES 1 to 5

In Examples 1 to 6, molding'materials were



The organi c polymer shell covering the surface of the silicone particle of
the 'powder (C) is preferably conpatible with the epoxy resin and hardener
whi ch tonstitute the matrix resin of the epoxy resin nolding material for
sealing electronic parts. Sone exanples of such a resin include a conpound
synt hesi zed by a vinyl polynerization, such as polyvinyl butyral,

pol yvi nyl acet ate, polystyrene, an acrylic polyner or an acrylic copol yner,
and the particularly preferred are an acrylic polyner or an acrylic

copol ymer. Sonme exanpl es of the acrylic polymer -include a polynerization
product .- of acrylic acid, an ester thereof, 1 thacrylic acid, an ester

her ol o0, 2 bbb e BUxFaYhOBEbELY noBBlad, GBBYF"HhERA! neoROL VER"

thereof with o mono h™as s yrene

preferabl e frogy B%g ﬁ%&i&htoﬁeigﬂio&”ﬂzpoﬁﬂﬁ”Eséo Qni‘é{g ?Jﬁ’

resi stance that 't ol ynel 1's a po ynethacry C es
pol ymet hyl net hgef ¢! a&%%mﬁn&ﬁ@@'ﬂf@éhéﬁei eﬂfebéxﬁnfé‘sﬂi ASr ARy eax{)%-‘p%&ﬁ? of

its low cost and high reactivity
equivalent weight of 375, a softening point of 80° o and a
bromine content of 48 % by weight, a phenol novolac resin
having a hydroxyl equiﬁalent welght of 106 and a softening
point of 83°C, 1,8-diazabicyclo(5,4,0)undecene-7, carnauba’
wax, antimony trioxide, carbon black, y-
glycidoxypropyltrimethoxysilane as a coupling agent, a
fused silica pdwder, and powders #1-#6 (Table 1) each
having a core-sell structure composed of a solid silicone
core and an organic polymér shell, in the weight ratios as
listed in Table 2, and then roll-kneading each mixture at
a kneading temperature of 80 to 90°'C for a kneading time
of 10 minutes. |

In Comparative Example 1, a molding material was
prepared in the same manner as in Example 2 except that a
powder #7 (consisting only of the silicone cores of the
powder #2) was added in place of the powder #2.

In Comparative Example 2, a molding material was
prepéred in the same manner as in Example 2 except that,
in place of the powder #2, a powder #8 having a core-shell
~structure of a liquid silicone core containing no
crosslinker and the_same PMMA shell as that of the pow:!ler

#2 was used.



In the case where the shell covering the surface of the silicone particle
of 'the powder (C) requires thermal resistance, the desirable organic

pol ymer 12 conposing the shell is a vinyl ester resin having aromatic
ri'ngs. The ampunt of the organic polyner shell is preferably the m ni num
sufficient to cover the silicone particle uniformy, and the weight ratio
of the silicone : the organic polyner is preferably from1:1 to 5:1. The
silicone powder (C) is produced, for exanple, by synthesizing the silicone
to be the core by an:enul sion polynerization, and then carrying out the
second- stage polynerization for form ng th¥e shell by adding an acrylic

nmononer and an initiator. Ln such a case, b quing a_ proper anount of a
si | oxane conpound havinanagomparative Example 3, a molding material was

prepared in the same manner and mixing composition as in
Examples 1 to 6 except.that a liquid silicone was added as
- a flexibilizer.

In Comparative Example 4, a molding material was
prepared in the same manner and mixing composition as in
Examples 1 to 6 except'thét no powders were added.

In Examples 7 to 12, molding materials were
prepared by using the same powder #2 used in Example 2 in
the same manner as in Exémple 2 except. that the epoxy
resins and curing agents represented by the following

formulae (1) to (5)



| east one doubl e bond to the sil oxane nononer or oligoner used in the
first-stage polynerization, the forned acrylic polynmer is grafted with the
doubl e bond to give strong bondi ng between the core and the shell, .and the
si'l i cone powder obtai ned by such a process increases the strength of nol ded
conmponents. The size of the silicone particle of the conponent (C) is
preferably small er because the conposition can be nodified uniformy, and
the average prinmary particle size ranges preferably from0.05 to 1.0 pm
nore preferably fromO0.05 to 0.5 pm Fbreia, the ternms "primary particle

si ze" nean the dianeter of particles whi ch®are not coagul at ed. 13 The
epoxy resin nolding material for sealing electronic parts may contain. a

accel erator for

(1)
o Ve )
CH{ CHy
Y
(2):
(3)




accelerating the curing of the epoxy resin and the conmpound having phenolic
hydr oxyl groups. Sonme exanples of the cure accelerator include a tertiary
am ne;- such as 1, 8-di azabi cycl o(5, 4, 0)undecene-7, triethyl enedi am ne,
benzyl di met hyl am ne, triethanol am ne, di nethyl am noet hanol or

tris(di met hyl am nonet hyl ) phenol, an i m dazol e, such as 2-nethyli m dazol e,

2- phenyl i m dazol e, 2-phenyl-4- nethylim dazole or 2-heptadecylim dazole, an
or ganophosphi ne, such as tributyl phosphi ne, methyi di phenyl phosphi ne,

tri phenyl phoSphi ne, di phenyl phosphi ne or ggﬁnylphosphine, and a

t et raphenyl borate, such as tetraphenyl pho onium tetraphenyl borate,

tri phenyl phosphi ne-tetraphenyl borate or

N- net hyl nol phol i ne-t etraphenyl borate. The epoxy resin nolding naterial for
seal i ng electron(f parts of the present invention nmay also contain one or
nore inorganic fi ?ers, such as a powder_of _fused silican crystal silica,

gl)lrj?.nnﬁi’ t f: (rjgf)n, cal ciF'um in [ c&a)tl:al, cal ci am gar t(gpptgHsi i con carbi de,
'. ~"'3
OIS
| int Jm
(5)
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were used in blace of the o-cresol novolac epoxy resin and
phenolic novolac resin which were used in Example 2 (Table
3). in Comparative Example 5, a molding material was
prepafed in the same manner and mixing composition as in
Example 12 except that a liquid silicone was added as a
flexibilizer.

The properties of the molding materials prepared
in these Examples and Comparative Examples are listed in
Table 4 and Table 5, and the detail of the methods of
evaluating the properties are listed in Table 6.

The results show that all the molding materials

prepared in Examples 1 to 12 are excellent in thermal



beryllia or zirconia, spherical beads produced therefrom single crystal
fiber of potassiumtitanate, silicon carbide, silicon nitride or alum na,
or glass fiber. The content of such inorganic fillers is preferably 70 % by
14 weight or nore, nore preferably 70 to 95 % by wei ght, based on the

wei ght of the nolding material, to decrease noisture absorption and |i near
expansion coefficient and to increase strength. Anong these inorganic
fillers, fused silica is preferable to decrease |inear expansion
coefficient, alumna-is preferable to increase thermal conductivity, and
the shape of the fillers is preferably sphgjical to inprove the flowability
during nolding and the wear of nolding dies. The epoxy resin nolding

materi al for sstddlngresisstarwe,Cc hariidl tyf rdsd gtarwen)t appearanoe o€y furt her

molded products and marking properties. As shown also in
Comparative Example 2, good thermal shock resistance and
good humidity resistance can be given by using silicone
powders of core-shell structure as flexibilizer. However,
in Comparative Example 2 wherein a liquid silicone was
used as the core material, the marking properties were
adversely affected by the flexibilizer because the
unreacted silicone bled to the surface of the cured
molding material and lowered the critical surface tension.
Further, in Comparative Example 1 wherein the powder
havin§ no PMMA shell was used as a flexibilizer, not only
the thermal shock resistance but also the marking
properties were lowered. In Comparative Example 3 wherein
a liquid silicone was used alone, thermal shock resistance
was géod, but the reflow soldering resistance and the
marking properties were lowered.

Moreovér, as shown in Examples 7 to 12, the use
of the silicone powders of the core-shell structure of the
present invention together with the matrix resins having
good reflow soldering resistance gave molding materials
which are excellent in various properties including reflow
soldering resistance, thermal shock resistance, humidity
resistance and marking properties, all of which are the

properties required of plastic packages of LSIs for



contain-a rel ease agent, such as a higher fatty acid, a netallic salt of a
hi gher fatty acid, an ester wax or a polyethyl ene wax, a col oring agent,
such ds carbon bl ack, and a coupling agent, such as an epoxysilane, an

am nosi |l ane, an al kyl silane, a vinylsilane, an organotitanate or an

al um num al cohol ate. The epoxy resin nolding material for sealing

el ectronic parts of the present invention may further contain a flane
retardant, for exanple, a hal ogenated conpound, such as a brom nated

bi sphenol A or -an epoxi dati on product thereof, antinony trioxide, antinony
pent aoxi de or alunlnun1hydrOX|de The nnld?hg naterlal is generally by

above_descri beaurerer: Hpihkita: *rH' Comrative Hhiandls of | dhere iy Wadi ng
with hOt r0||sm81d§ﬂgeﬁ5£&gf£1 was prepared in the same manner and
mixing composition as in Example 12 except a liquid
silicone was used as the flexibilizer, both the reflow
soldering'resistance_and the marking properties weré

lowered.



cooling-and grinding. Al though a | ow pressure transfer

mol ding is the nost

general nethod of sealing electronic parts by using the nolding nmaterial of
conpressi on nol ding or casting
i nvention is

t he pr-esent invent

characterized in having such thernal

i on,

an injection nolding,
mey al so be enpl oyed. The nol di ng materi al

of the present

shock resistance (testing mnethod:

table 6) that no nol ded products are damaged up to 1000 cycl es, such
sol dering resistance (testing nethod:

table 6) that half or
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octamethylcyclotetrasiloxane

k2: methyltrim'ethoxysilane

*1:

* 3 : methacryloxypropyl — trimethoxysilane

% 4 : polymethylmethacrylate

%5

polystyrene



EXAMPLES 1 to 12 AND COVPARATI VE EXAMPLES 1 to 5 In Exanples 1 to 6,

mol ding materials were 16 prepared by m xing a cresol novol ac epoxy
resin -having an epoxy equival ent wei ght of 220 and a softening point of 67
C,” a brom nated bi sphenol A epoxy resin having an epoxy equival ent wei ght
of 375, a softening point of 80 C a”dd a brom ne content of 48 % by wei ght,
a phenol novol ac resin having a hydroxyl equival ent weight of 106 and a

sof t eni ng poi ntof—g3ferri€—t8—diazabeyetot S48 undgcene- 7, carnauba
wax, antinody t|ribxilde, car b?n tha@k,w,yoo q;t)esigog,yg Qylitri met hoxysil ane as
a coupling #lerf3 Hfused &ili ¢tagp@dfr — anah psinders @#1{#6 (Table 1) each
havi ng a cor;n-seJ’ Jtructure coénposed of a solid siYicohe core and an
organi ¢ pol yrerjghelfl , in th uekggg‘Latios as IisEgggin Tabl e 2, and then
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a nol ding material was prepared
nol ding materials were prepared

12,

I n Conparative Exanple 4,
In Exanples 7

in the sane nmanner and m xi hg conposition as in Exanples 1 to 6 except that

no powders were added.

aflexibilizer.
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by’ usi ng the same powder #2 used in

Exanpl e 2 except
fol l owing formfl agg{1)
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.and*phenolic novolac resin which were used in Exanple 2 (Table 3).
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of the silicone powders of the core-shell structure of the present

i nvention together with the matrix resins having good refl ow sol deri ng

resi st'ance gave nolding materials which are excellent in various properties
i ncludi ng reflow sol dering resistance, thermal shock resistance, humdity
resi stance and marking properties, -all of which.are the properties required
of plastic packages of LSIs for 21 surface nmounting. In Conparative
Exanple 5 wherein the nolding material was prepared in the sane manner and
m xi ng conposition as in Exanple 12 except a liquid silicone was used as
the flexibilizer, both the reflow sol deri 28 resi stance and the narking

properties were | owered.
When used for sealing electronic parts, such as

IC or LSI, the epoxy resin molding material for sealing
electronic parts provided by the present invention gives
reliable products which are excellent in thermal shock
resistance, reflow soldering resistance and humidity
resistance and are free from the troubles that
incompatible flexibilizers tend to make, such as
deterioration of the appearance of molded products or
lowering of marking properties, and, therefore, is very

useful in industrial fields.
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1. An epoxy resin molding material for sealing an
electronic part, comprising
(A) an epoxy resin having at least two epoxy groups per
molecule,
(B) a compound having at least two phenolic hydroxyl
groups per mblecule and
(C) a powder which ' e
(1) has a structuie comprising a solid silicone core
and an organic polymer shell, | |
(2) the solid silicone comprising a [RR'Si0,,,] unit,
wherein R is an alkyl group of 6 or less carbon atoms,
an aryl group or a functional group having a terminal
carbon-carbon double-bond, and R' is an alkyl group of

6 or less carbon atoms or an aryl group.

2. The epoxy resin molding material for sealing an
electronic part as claimed in claim 1, wherein the solid
silicone in the component'(C) comprises the [RR'SiOuz]
unit and 0.5t 20,m1%2 - of a [RSiOm_] unit and/or a [SiO,,,]
unit, wherein R is an alkyl group of 6 or less carbon
atoms, an aryl group or a functional group having a
terminal carbon-carbdn double-bond, and R' is an alkyl

group of 6 or less carbon atoms or an aryl group.
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26 [err]” 27 [err] 28 Wien used for sealing electronic parts, such as
IC or LSI, the epoxy resin nolding material for sealing electronic parts
provi ded by the present invention gives reliable products which are
excellent in thermal shock resistance, reflow soldering resistance and
hum dity resistance and are free fromthe troubles that

- (L
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3. The epoxy resin molding material for sealing an
electronic part as claimed in claim 1, wherein the organic
polymer in the component (C) is a compound synthesized by

a vinyl polymerizatlon.

4. The epoxy resin molding material for sealing an
electrohic.part as claimed in claim 2, wherein the organic
polymer in the component (C) is a compound synthesized by

a vinyl polymerization. v

5. The epoxy resin molding material for sealing an
electfonic part as claimed in claim 3, wherein the
compound synthesized by the vinyl polymerization is an

acrylic resin or an acrylic copolymer resin.

6. ) The epoxy resin molding material for sealing an
electronic part as claimed in claim 4, wherein the
compound synthesized by the vinyl polymerization is an

-acrylic resin or an acrylic copolymer resin.

7. The epoxy resin molding material for sealing an
electronic part as claimed in claim 3, wherein the
compound synthesized by the vinyl polymerization is a

vinyl ester resin having an aromatic ring.
-
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I nconpattble flexibilizers tend to nake, such as deterioration of the
app€ar ance of nol ded products or |owering of marking properties, and,
therefore, is very useful in industrial fields. 2 9 Wiat is clained is,
1. An epoxy resin nolding material for sealing an electronic part,
conprising (A) an epoxy resin having at |east two epoxy groups per

‘mol ecul'e, (B) a conpound having at |east two phenolic hydroxyl groups ‘per
nol ecul e and (C) a powder which (1) has a structure of a
solid silicone polyner. and a shell of an organic poI ﬂ“l“”lmuﬁuwrmm ratio
of the solid silicone polyner: organic polygfr

8. The epoxy resin molding material for sealing an
electronic part as claimed in claim 4, wherein the
compound synthesized by the vinyl polymerization is a

vinyl ester resin having an aromatic ring.

9. The epoxy resin molding material for sealing an
electronic part as claimed in claim 1, wherein at least 60
% by weight of the epoxy resin (A) is an epoxy resin

derived from a substituted or a non-substituted biphenol.

10. The epoxy resin molding material for sealing an
electéonic part as claimed in claim 2, wherein at least 60
% by weight of the epoxy resin (A) is an epoxy resin

derived from a substituted or a non-substituted biphenol.

11. The epoxy resin molding material for sealing an
electronic part as claimed in claim 4, wherein at least 60
% by weight of the epoxy resin (A) is an epoxy resin

derived from a substituted or a non-substituted biphenol.

12, The epoxy resin molding material for sealing an
electronic part as claimed in claim 6, wherein at least 60
% by weight of the epoxy resin (A) is an epoxy resin

derived from a substituted or a non-substituted biphenol.
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of 1:1.td 5:1, (2) the solid silicone conprising 80-99.5 nol % of a

[ RR SlC{err]] unit and 0.5 to 20 nol % of at least one of a [RSigerr]]

unit and-a [Siderr]] unit as a crosslinking agent, wherein Ris an al kyl
group-of 6 or |ess carbon atons, an aryl group or -a functional group having
a term nal carbon- carbon doubl e-bond, and R is an alkKyt—greup—of 6 _or _

| ess carbon atons or an aryl group, with a proviso th M solid, silicone

pol ymer contains 1 to 10 nmol % of siloxane units with m,[”“"
doubl e- bond based on t-he total units of the solid sili I

The epoxy resin nolding material for sealingzan el ectronic part. as’ cl*ai med

in claiml, wherein the organic polyner in the conponent (C) is a conpound

synt hesi zed by &3vi nyl pdhenepoxyt resin3molding epdeyinadsifornsedilingg an

material for sealing an electronic part as clainmed in claim?2, wherein the

conmpound electronic part as claimed in claim 8, wherein at least 60
% by weight of the epoxy resin (A) is an epoxy resin

derived from a substituted or a non~substituted biphenol.

14. The epoxy resin molding material for sealing an
electronic part as claimed in claim 1, wherein the epoxy
resin (A) and/or the compound (B) contain a compound

having a naphthalene ring.

15. The epoxy resin molding material for sealing an
electronic part as claimed in claim 2, wherein the epoxy
resin (A) and/or the compound (B) contain a compound

having a naphthalene ring.

16. The epoxy resin molding material for sealing an
electronic part as claimed in claim 4, wherein the epoxy
resin (A) and/or the compound (B) contain a compound

having a naphthalene ring.

17. The epoxy resin molding material for sealing an
electronic part as claimed in claim 9, wherein the epoxy
resin (A) and/or the compound (B) contain a compound

having a naphthalene ring.
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30 : 11111111111111 11111 synthesi zed by the vinyl
polynerlzatlon is an acrylic honopolyner resin or an acrylic copolyner

resin: 4. The epoxy resin molding material for sealing an el ectronic part
as clainmed in claim2, wherein the conpound synthesized by the vinyl :
pol ynerization is a vinyl ester resin having an aro

epoxy resin nolding material for sealing an el ect ronﬂmmul "muimled I n
claiml, wherein at |east 60 % by weight of the epoxy resin Si S *an-epoxy
resin derived froma.substituted or a non-substituted blphenol 6. The

epoxy resin nolding material for sealing &ggelectronic part as clained in
claim?2, wherein at |east 60 % by wei ght of the epoxy resin (A) is an epoxy
resin derived ¥8.om a sulibei eposy vesin moldinmgtnatextabi fivensealing amhe
epoxy resin nolding material for sealing an electronic part as clained in
cl ai m 3, - wher ed¥ectronis ip@t Bh\cladimgd isf alledme 8ry wheriein Ahe epaxyepoxy

resin derived
: resin (A) and/or the compound (B) contain a compound

having a naphthalene ring.

19. The epoxy resin molding material for sealing an
electronic part as claimed in claim 11, wherein the epoxy
resin (A) and/or the compound (B) contain a compound

having a naphthalene ring. A S

20. The epoxy resin molding material for sealing an
electronic part as claimed in claim 1, wherein the epoxy
resin (A) and/or the compound (B) contain a compound

having a saturated aliphatic ring.

21. | The epoxy resin molding material for sealing an
electronic part as claimed in claim 2, wherein the epoxy
resin (A) and/or the compound (B) contain a compound

having a saturated aliphatic ring.

22, The epoxy resin molding material for sealing an
electronic part as claimed in claim 4; wherein the epoxy
resin (A) and/or the compound (B) contain a compound

having a saturated aliphatic ring.
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froma sSubstituted or a non-substituted bi phenol. 8. The epoxy resin
nol ding material for sealing an electronic part as clainmed in claim4,
whereéin at | east 60 % by weight of the epoxy resin (A) is an epoxy resin

derived froma substituted or a non-substituted. bi phenol The epoxy

resin nmolding material for sealing an electronic pa%%*as—cfa"*a‘Tﬁ—gTaln1
1, wherein the epoxy resin (A and/or the conpound: ( ound
havi ng a napht hal ene ri ng. 31 10. The epoxy resl w “H“mﬂm for
sealing an electronie¢ part as clained in claim 2, mh enepéxy resin

(A) and/or the conmpound (B) contain a conpgand haV|ng a napht hal ene ring.

11. The epoxy resin nolding material for sealing an electronic part as

clained in cl a3 5, whelbenepbeyepesin molding material for sealing an
electronic part as claimed in claim 9, wherein the epoxy
resin (A) and/or the compound (B) contain a compound

'having a saturated aliphatic ring.

. 24, The epoxy resin molding material for sealing an
electronic part as claimed in claim 10, wherein the epoxy
resin (A) and/or the compound (B) contain a compound

having a saturated aliphatic ring.

25. : The epoxy resin molding material for sealing an
electronic part as claimed in claim 11, wherein the epoxy
resin (A) and/or the compound (B) contain a compound

having a saturated aliphatic ring.

26. A semiconductor device comprising a
semiconductor element sealed with the epoxy resin molding
material for sealing an electronic part as claimed-in any
one of claims 1 to 25.

.—\
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resin (A) and/or the conmpound (B) contain a conpound havi ng a napht hal ene
ring. 12. The epoxy resin nolding material for sealing an el ectronic part
as claimed in claim6, wherein the epoxy resin (A) and/or the conmpound (B)
contain a conpound having a napht hal ene ring. 13. The epoxy resin nolding
material for sealing an electronic part as clainmed in claim1l1, wherein the
epoxy resin (A) and/or the conpound (B) contain a conpound having a
saturated aliphatic ring. 14. The epoxy resin nolding nmaterial for sealing
an electronic part as clainmed in claim2, wherein the epoxy resin (A
and/ or the conpound (B) contain a conpound having a saturated aliphatic
ring. 15. The epoxy resin nolding material for sealing an el ectronic part
as claimed in claimb5, wherein the epoxy resin (A) and/or the conmpound (B)
contain a conpound having a saturated aliphatic ring.
ABSTRACT OF THE DISCLOSURE

EPOXY RESIN MOLDING MATERIAL FOR SEALING ELECLTRONIC PARTS AND

SEALED SEMICONDUCTOR DEVICE USING THE SAME

An epoxy resin molding material comprising an epoxy resin, a phenolic resin and a
powder flexibilizer which has a core-shell structure composed of a solid silicone core and an
organic polymer shell is a reliable epoxy resin molding material for sealing electronic parts
which is excellent in, for example, thermal shock resistance and reflow soldering resistance,
and is free from the troublesome deterioration in, for example, the appearance and marking
properties of molded products, and to provide a semiconductor sealed by the molding

material.
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An epoxy resin molding material for seallng an

(A) an epoxy resin having at least two epoxy groups per

molecule,

(B) a compound having at least two phenolic hydroxyl

groups per molecule and

(C) a powder which

(1) has a structure comprising a core of a solid

silicone polymer and a shell of an organic polymer, in a

organic polymer

weight ratio of the so0lid silicone polymer:

of 1:1 to 5:1,

(2) the solid silicone comprising 80-99.5 mol % of
a [RR’'Si0;,,] unit and 0.5 to 20 mol ¥ of at least one of a

[RSiO3,2] unit and a [SiO4,2] unit as a crosslinking agent,

wherein R is an alkyl group of 6 or less carbon atoms, an

aryl group or a functional group having a terminal carbon-

carbon double-bond, and R' is an alkyl group of 6 or less

carbon atoms or an aryl group, with a proviso that the solid

silicone polymer contains 1 to 10 mol % of siloxane units

with carbon-carbon double-bond based on the total units of

the so0lid silicone polymer.

2.

The epoxy resin molding material for sealing an

electronic part as claimed in claim 1, wherein the organic

polymer in the component (C) is a compound synthesized by a

vinyl polymerization.

3.

The epoxy resin molding material for sealing an

electronic part as claimed in claim 2, wherein the compound

This is the replacemerit sheet
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Qct anet hyl cycl ot etrasi | oxane, 3 nol % nmet hyl tri met hoxysi |l ane, and 2 nol %
et hacryl oxypropyl -tri met hoxysil ane. 19. The epoxy resin nolding material
for sealing an electronic part as claimed in claim1, wherein said at | east
one of the ['RSiJerr]] unit and the [SlC{err]] un|t |sgLngLuded_Ln_Lhe___
solid silicone polynmer in an amount of_1-20 nol lid si

pol ymer. 20. The epoxy resin nol ding n%?erlal for seall HH "ﬂ r ﬂm
part as clained in claiml1l, wherein said at |east one:o
yner

unit and the [SidJerr]] unit is included in the solid S|I|cone po in
an amount of 2-20 nol % of the solid silicone polyner. 3 3 21. The epoxy
resin nol diin t ri sealing an elec C_part_as ¢l dinclaim
1, mhereinsyﬁgﬁggﬁf sPVhégﬁevb8¥3n§?1¥ﬂ8F gi ai;4ﬁ¥h%¥85§i£§—{RSiC{err]]
unit. homopolymer resin or an acrylic copolymer resin.

4. The epoxy resin molding material for sealing an

electronic part as claimed in claim 2, wherein the compound

synthesized by the vinyl polymerization is a vinyl ester

resin having an aromatic ring..

5. The epoxy resin molding material for sealing an
electronic part as claimed in claim 1, wherein at least 60 %

by weight of the epoxy resin (A) is an epoxy resin derived

from a substituted or a non-substituted biphenol.

6. The epoxy resin molding material for sealing an
electronic part as claimed in claim 2, wherein at least 60 %

by weight of the epoxy resin (A) is an epoxy resin derived

from a substituted or a non-substituted biphenol.

7. The epoxy resin molding material for sealing an
electronic part as claimed in claim 3, wherein at least 60 %

by weight of the epoxj resin (A) is an epoxy resin derived

from a substituted or a non—substituted'biphenol.

8. The epoxy resin molding material for sealing an
electronic part as claimed in claim 4, wherein at least 60 %

by weight_of the epoxy resin (A) is an epoxy resin deriveg$

from a substituted or a non-substituted biphenol.

9. The epoxy resin molding material for sealing an
electronic part as claimed in claim 1, wherein the epoxy

resin (A) and/or the compound (B) contain a compound having a

naphthalene ring.

This is the replacement shéet-
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22. The epoxy resin'nolding material for sealing an electronic part as
claimed in claim1, wherein the powler has an average primary particle size
in arange of 0.05 to 1.0 pm 23. The epoxy resin nolding material for
sealing an electronic part as clained in claiml, wherern the powder—thas an
average primary particle size in a rang of 0.05 to} . ] 11 imal1€
epoxy resin nolding material for seali g an el ectroh?HMﬁﬂm#—‘JHg@i"w I n
claimi1, wherein R is nethyl. 25. A semiconductor de Ng+ a

sem conductor elenment sealed with the epoxy resin nolding nmaterial for

sealing an electronic part as clained in any one of clains 1 to 24. 34
23. The epoxy resin nolding material for sealing an

10. The epoxy resin molding material for sealing an
electronic part as claimed in claim 2, wherein the epoxy

resin (A) and/or the compound (B) contain a compound having a

naphthalene ring.

11. The epoxy resin molding material for sealing an
electronic part as claimed in claim 5, wherein the epoxy

resin (A) and/or the compound (B) contain a compound having a

naphthalene ring.

12. The epoxy resin molding material for sealing an
electronic part as claimed in claim 6, wherein the epoxy
resin (A) and/or the compound (B) contain a compound having a

naphthalene ring.

13. The epoxy resin molding material for sealing an
electronic part as claimed in claim 1, wherein the epoxy

resin (A) and/or the compound (B) contain a compound having a

saturated aliphatic ring.

l4. The epoxy resin molding material for sealing an
electronic part as claimed in claim 2, wherein the epoxy
resin (A) and/or the compound (B) contain a compound having a

saturated aliphatic ring.

15. The epoxy resin molding material for sealing an
electronic part as claimed in claim 5, wherein the epoxy
resin (A) and/or the compound (B) contain a compound having a
saturated aliphatic ring.

This. is the replacement sheat
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f

electronic part as claimed in claim9, wherein the epoxy resin (A and/or
the conmpound (B) contain a conpound having a saturated aliphatic ring. 24.
The epoxy resin nolding material for sealing an electronic part as clained
in claim10; wherein the epoxy resin (A) and/or the—conmpound—Bj—contain a

compound having a saturated aliphatic_rjng. 25. . '
nol ding material for sealing an el ect i ¢ part as H! ﬁ[ﬁgﬂ ‘!ﬂll,
wherein the epoxy resin (A) and/or the conpound (B) | nd

havi ng a saturated aliphatic ring. 26. A sem conductor device
conprising a sem conductor el ement sealed with the epoxy resin nolding

naterial fog sephd ngsy Shesid b Lol ndbefl ] "Bsr ' fodl¥ng g Of Claims 1

electronic part as claimed in claim 6, wherein the epoxy
resin (A) and/or the compound (B) contain a compound having a
saturated aliphatic ring.

17. The epoxy resin molding material for sealing an
electronic part as claimed in .claim 1, wherein said epoxy

resin is a cresol novolac epoxy resin, said compound having

at least two phenolic hydroxyl groups per molecule is a

phenol novolac resin, and said solid silicone polymer

comprises a polymerization product of 90-99 mol%

octamethylcyclotetrasiloxane, up to 8 mol%

methyltrimethoxysilane and 1-2 mol % methacryloxypropyl-

trimethoxysilane.

18. The epoxy resin molding material for sealing an

electronic part as claimed in claim 17, wherein said solid
m— AN

silicone polymer includes a polymerization product of 95 mol%

octamethylcyclotetrasiloxane, 3 mol% methyltrimethoxysilane,

and 2 mol% methacryloxypropyl-trimethoxysilane.

19. The epoxy resin molding material for sealing an

electronic part as claimed in claim 1, wherein said at least
one of the [RSiO;,,] unit and the [SiO04/2] unit is included in
the so0lid silicone polymer in an amount of 1-20 mol¥ of the

s0lid silicone polymer.

20. The epoxy resin molding material for sealing an
electronic part as claimed in claim 1, wherein said at least
one of the [RSiO;,3] unit and the [Si04,2] unit is included in
the solid silicone polymef in an amount of 2-20 mol% of the

solid silicone polymer.
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21. The epoxy resin molding material for sealing an

electronic part as claimed in claim 1, wherein the solid

silicone polymer includes 2-10 mol% of the [RSiO;,;] unit.

22. The epoxy resin molding material for sealing an

electronic part as claimed in claim 1, wherein the powder-has

an average primary particle size in a range of 0.05 to 1.0

Hm.

23. The epoxy resin molding material for sealing an
electronic part as claimed in claim 1, wherein the powder has

an average primary particle size in a range of 0.05 to 0.5

Mm.

24. The epoxy resin molding material for sealing an

electronic part as claimed in claim 1, wherein R' is methyl.

25. A semiconductor device comprising a semiconductor
element sealed with the epoxy resin molding material for
sealing an electronic part as claimed in any one of claims 1
to 24,

- This is the replacement shat
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