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EPOXY RESIN MOLDING MATERIAL FOR SEALING ELECTRONIC PARTS

AND SEALED SEMICONDUCTOR DEVICE USING THE SAME
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 ﬁounting,

(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 .:!
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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
s
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the interface between IC elements and epoxy resin molding
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
silicones, 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
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An object of the present invention is to provide
a very reliable epoxy resin molding material for sealing
electronic parts which applies little stress to
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.



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:.
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absorption and high adhesion, and will not take sufficient

effect in the objective improvement of reflow soldering
resistance. Tha 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 resias (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 xylenal, resorcinol, aatechol,
‘bisphenol A or bisphenol F, or a naphthol, such as a-

naphthol, B-naphthol or a dihydroxynaphthalene, with an
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aldehyde, such as formaldehyde, acetaldehyde,
propionaldehyde, benzaldehyde or salicylaldehyde, in the
presence 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 preeent 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
examples of the compounds having at least one saturated
aliphatic ring are a resin synthesized by addition
reaction of a phenols 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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20 % by weight, the naphthalehe rings and 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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of the objective epoxy resin molding material for sealing
electronic parts cannot be decreased effectively. 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 thermal 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 tetrefunctional
compopents.

As to the units [RSi0,,,] and [RR'SiO,,,], which
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are the components contained in the core of (C), R' is
preferably an alkyl group of 6 or less carbon atoms, such
as methyl group or ethyl group, 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



11
double bonds include vinyl group, allyl group, methacrylic
group, methacryloxy group or alkyl groups having these
groups as terminal functional groubs.

The ofganic polymer sheil covering the-surfaCe
of the silicéne~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,
polyvinylacetaté; polystyrene, an acrylic polymer or an
acrylic copolfmer, 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 éster thereof, methacrylic acid, an ester
thereof, an acrylic amide or acrylonitrile, and a
conventional-coﬁolymer-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 pbwder (C) requires .; - -

‘thermal resistance, the desirable organic polymer
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composing the shell is a vinyl este? resin having aromatic
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.
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The epoxy resin molding material for sealing
electronic parts may contain a accelerator for
accelerafing 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
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weight or.more, more preferably 70 to 95 % by weight,
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
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the above-described materials with, for éxample, a mixer,
followed 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



16

prepared by mixing a cresol novolac epoxy resin having an
epoxy equivalent weight of 220 and a softening point of
67'C, a brominated bisphenol A epoxy resin having an epoxy
equivalent weight of 375, a softening point of 80°C énd 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.
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In Comparative 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)
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(1)
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(4)

i 1nl Im
(5)
. - -
OH
o | j§ :: . in

were used in place 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
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shock resistance, humidity fesistance, appearance of
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
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surface mountihg. In Comparative Example 5 wherein the_
molding material 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.



TABLE 1

ltem [ #1 #2 $3  #4 #5 36 37 78
Core material (mol %) o ' .
DM* 1 99 95 90 95 95 . 95 95 100
T™® 2 . 0 3 8 3 3 . 3 3 0
XDM* 3 1 .2 .2 2 2 2 2 0
Core hardness soft medium  hard medium medium medium | medium liquid
Shell material (wt ratio)

PMMA* 4 _ 1 1 1 1 05 0 - 1
PSt*5 ) 0 0 0 0 05 1 - 0
Core./Shell (wt. ratio) 2/1 2/1 2/1 2/1 2/1 2/1 2/0 2/1
Primary particle size (um)| 0.12 0.11 0.10 0.06 0.11 0.12 0.12 0.14

% 1 : octamethylcyclotetrasiloxane

% 2 : methyltrimethoxysilane

* 3 : methacryloxypropyl — trimethoxysilane
% 4 : polymethylmethacrylate

% 5 : polystyrene

(A4




(unit : weight parts per 100 weight

TABLE 2 ~ parts of total epoxy resins)
tem Example No. . _ Comparative Example No.
1 .. .2 3 .4 5 6 1 2 3 4
Powder flexibilizer | | .

No. : #1 #2 #3 #4 #5 #6 | #7 #8 - -
Added amount 150 150 150 150 150 150 | 150 15.0 - -
Liquid flexibilizer*1 - - - - - - - — 15.0 -
Cresol novolac epoxy resin#2 850 850 850 850 850 850 | 850 850 850 850
Brominated epoxy resin*3 1600 150 150 150 15.0 150 | 150 15.0 150 15.0
| Phenol novolac resin 452 452 452 452 452 452 | 452 452 452 45.2
DBU%4 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Antimony trioxide 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Carnauba wax 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Carbon black 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Coupling agentib 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Fused silica powder 5190 519.0 519.0 519.0 519.0 519.0| 519.0 519.0 519.0 474.0
Ratio of fused silica powderl 75% 75% 75% 759% 75% 75% | 75% 75% 75% 75%

¥1:

dimethylsilicone oil (10,000cs)
% 2: o-—cresol novolac epoxy resin

% 3 : tetrabromobisphenolA diepoxy resin

% 4: 1,8 — diazabicyclo (5,4,0) undecene — 7

% 5: y — glycidoxypropyltrimethoxysilane

€C




(unit : weight parts per 100 weight

TABLE 3 parts of total epoxy resins)
item Example Nos. Comp.
T 8 9 10 11 12 |Ex. No.5|

Powder flexibilizer )

No. #2 #2 #2 #2 #2 #2 #2

Added amount 15.0 15.0 15.0 15.0 15.0 15.0 -
Liquid flexibilizer - - - - - - 15.0
Cresol novolac epoxy resin - - - 85.0 85.0 - -
Biphenyl epoxy resin¥1 85.0 - - - - 85.0 | 85.0
Naphathalene skeleton epoxy resin#2 - 85.0 - - - - -
DCP skeleton epoxy resink3 - - 85.0 - - - -
Phenol novolac resin 52.2 434 38.9 - - - -
Napahthalene skeleton novolac resin¥4 - - - 59.7 - 68.9 68.9
DCP skeleton phenolic resinb - - - - 73.3 - -
Brominated epoxy rsin 15.0 15.0 15.0 150 15.0 15.0 15.0
DBU 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Antimony trioxide 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Carnauba wax 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Carbon black 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Coupling agent 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Fused silica powder 539.9 513.6: '500.1 5625 6034 590.1 | 590.1

Ratio of Fused silica powder 75 % 75% 75% %% 75 % %% 75 %

*1:
¥2:
*3:
*4:
*¥5:

epoxy equivalent weight = 188, represented by the formula (1)
epoxy equivalent weight =230, n,/m = 1/1, represented by the formula (2)
epoxy equivalent weight = 260, represented by the formula (3)

hydroxyl equivalent weight =140, n/m =11, represented by the formula (4)
hydroxyl equivalent weight = 172, represented by the formula (5)

ve




TABLE 4

Comp. Ex. No.

5¢

10/10 10/10 10/10 10/10 10/10 10/10

L Example No.
item Unit ] 2 3 4 5 6 1 > 3. 2
Bending test ; .
Elastic modulus GPa 122 122 124 125 12.5 12.8(12.2 120 11.8 14.5
Strength MPa 121 125 123 121 118 121 | 116 108 105 130
Elongation % 1.12 1.18 1.11 1.05 1.00 1.00{0.95 1.10 1.00 0.95
Glass transition g 160 160 160 160 165 165 | 165 . 160 160 160
temperature : ,
Adhesion strength ‘N/m 350 360 380 350 330 330 { 260 320 280 270
Critical surface tension dyne/cm 28 30 32 30 30 30 | <24 <24 <24 32
Water absorption :
24h % 0.20 0.21 0.21 0.23 0.23 0.2310.22 0.20 0.24 0.18
168h 0.43 0.43 0.43 0.43 0.43 0.43|0.43 0.43 0.43 0.4
Thermal shock resistance
200cyc. The number of cracked 0/20 0/20 0/20 0/20 0/20 0/20|0/20 0/20 0/20 12/20
packages,/ The total number .
500cyc. of tested packages 0720 0/20 0/20 0/20 0/20 0/20]|0/20 0/20 0/20 20/20
1000cyc. 0/20 0/20 0/20 0/20 0/20 0/20110/20 0/20 0/20 -
Reflow soldering '
resistance ’ ,
36h The number of cracked 0/10 0/10- 0/10 0/10 0/10 0/10|0/10 0/10 2/10 0/10
ipackages/The total number]
48h of tested packages 5/10 3/10 3/10 4/10 5/10 5/10|7/10 5/10 8/10 6/10
72h

10/1010/10 10/10 10/10




TABLE 5

Comp.
Item Unit Example No. Ex. No,
| 7 8 9 10 11 12| s
Bending test | .
Elastic modulus GPa 124 1221 1223 121 122 122} 120
Strength MPa 121 125 128 123 121 1256 | 122
‘Elongation % .20 1.18 1.21 1.16 1.22 1.18 | 1.13
Glass transition C 135 160 150 160 150 150 | 150
temperature . _
Adhesion strength N/m 520 450 410 420 400 610 | 480
Critical surface tension dyne/cm_ 3 30 30 30 30 3 <24
Water absorption _ |
24h % 0.19 0.17 0.17 0.18 0.18 0.16 | 0.20
168h 0.41 0.38 0.39 0.40 0.40 0.351} 0.39
Thermal shock resistance| - S
200cyc. The number of cracked 0/20 0/20 0/20 0/20 0/20 0/20 | 0/20
lpackages,” The total number
500cyc. of tested packages 0/20 0/20 0/20 0/20 0/20 0/20 { 0/20
1000cyc. 0/20 0/20 0/20 0/20 0/20 0/20 | 0/20
Reflow soldering )
resistance _
36h The number of cracked 0/10 0/10 0/10 0/10 0/10 0/10-] 0/10
- lpackages,/The total number : :
_ 48h of tested packages 0/10 0/10 0/10 0/10 0/10 0/10 | 0/10
72h 2/10 3/10 3/10 4/10 4/10 0/10 | 5/10
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TABLE 6

Properties

item

Measuring .
conditions

Method

(Standard) !Remarks

Measuring machine

Bending test

JIS—K— 6911 Tensile tester (produce

by Shimazu Seisakush o)q Room temperature Three — point bending test

Itemperature

Glass transition

Hitachi  [Thermomechanical | : . : :
Chemical |analyzer  (produced by’ Heg?g g/Isn;:'e‘ed E:::rl\gigonpoéztv:f linear

Method ingaku Denki)

ettability Standard Using molded disk for

ritical surface
Lcension JIS - K 6768 olution Room temperature observir_lg appearance
Adhesi strenath Cl:ng:'ﬁ::“al Tensile tester (produced Room temperature Peeling sfrength of aluminum
esion 9 Method by Shimazu Seisakusho) P foil of 50 p m thick

[Water. absorption

I . Rate of gain weight of
JIS—-K-—6911 Chemical balance 85°C 85%RH Jmolded disk (¢ 50 X t3)

resistance
. |(IC package
‘leracking)

Thermal shock

IC : flat package, 19 X 14 X 2.7 (mm), 54 pins, 42 alloy lead frame,
chip 6 X 6 X 0.4 (mm)

IMolding : (180°C, 70 kg/cm?, 90 sec.) + (180°C. 5 hours)

Test: 150°C (oil) ./ quuid nitrogen, two min., respectively (one cycle)

.&Evaluation The presence of cracks was observed with a microscope. n = 20

resistance
(IC package
cracking)

Feflow soldering

|IC flat package, 19 X 14 X 2.7 (mm), 54 pins, 42 alloy lead frame,
chip 6 X6 X 0.4 (mm)

FMoIding: (180°C, 70 kg/cm? 90 sec.) + (1"85'0. 5 hours)

Test : moistening at 85°C, at 85 % RH, for a predetermined time, followed by VPS*
at 215°C for 90 sec.

' Evaluatnon: The presence of cracks was observed with a microscope. n=10

% : Vapor Phase Soldering

Lz
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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.

This Sheet Has Been Rei
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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.
-
- This Sheet Has Been R
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8. The epoxy resin molding materiai fdr sealing an

31

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.

- This Sheet Has Been Replac
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13. The epoxy resin molding material for sealing an
electronic part as claimed in claim 8, wherein at least 60
% by weight of the epoxy resin (A) is én 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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18. 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 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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23. 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 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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