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EPOXY RESIN COMPOSITION FOR SEMICONDUCTOR SEALING

-'_‘!j'_'.r.

The preseﬂt inVeption relates to an epoxy resin
coméosition for_semiconductor sealing which.has excellent
resistance to soldering stress. |
_' In recent &ears, development in sémiconductor—
' reléted.technologies has been directed from.lightness,

' thinness and smallness to higher component mounting
density. Accordingly, memory integration is becohiné
lérger and mounting method is shifting from through-hole
mo@nting to surface mounting. 1In this éonnection,
packéges'are changing from conventional DIP (Dual Inline
Package) typé packages to small and thin packages enabiing
surface mounting, i.e., flat package, SOP (Small Outline
Package), SOJ (Small Outline with J-leads) and PLCC
(?lastic Leaded Chip Carrier). However, the latter
package$}‘being small and thin, have problems such as
occurrence of cracks due to stress and reduction in
‘moisture resistance due td the cracks.

In the packages for surface mountihé, attention
is paidlparticularly to a problém that Ehe packages |
undergo a quick temperature change at the time of
soldering of leads thereto for surface mounting.and
resuitantly generate'cracks.'

In order to solbe'the problem,-ﬁhere were made
';Qgrious attempts to reduce the thermal shock impattéd aE_

the time of soldering, for example, an attémpt of adding a
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thermoplastic oligomer to the epoxy resin compositioﬁ used
for semiconductor éealing (Japanese Patent'Application
Kokai (Laid-Open) No. 115849/1987), an attempt of adding
various silicone'compounds to said epoxy resin composition
(Japanese Patent Application Kokai (Laid-Open) No.
115850/1987, Japanese Patent Kokoku (Post-Exzam.

Publication) Nos. 116654/1987 and 128162/1987), and an

attempt of using a silicone-modified epoxy resin

composition (Japanese Patent Application Kokai (Laid-Open)
No. 136860/1987). 1In each of these attempts, howeﬁer, the
composition generated cracks in the package at the time of
soldering, and hence it was impdssible to obtain a highly
reliable epoxy resin composition for semiconductor sealing.
Meanwhile, in order to obtain a heat-resistant
epoxy resin composition having excellent resistanée to
soldering stress, there was investigated, for example, the
use of a polyfuhctional epoxy resin as the resin component
for_said.compositiqn {Japanese Patent Application Kokai

(Laid-Open) No. 168620/1986]. The use of sdch a polyfunc-

- tion époxy resin gave a higher crosslinking density and

higher heat resistance, but the reéulting epoxy-fesin com-
position had no sufficient resistance to soldering stress
particulaily when exposed to high'temperatureé of 200-300°C.
The object of the present invention is to
erfcome the above problems and to provide an epoxy resin

composition for semiconductor sealing which has very high

- resistance to soldering stress, by using,'as an epoxy

resin, a polyfunctional epoxy resin represented by the
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. -formula (I)
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and, as a filler, a silica powder.

According to the present invedtion, by using in

combination (A) a polyfunctional epoxy resin represented

by_ﬁhe formula (I)

OCH

OCHzQEfFHz ocxzqupnz ZQE—FHZ
o} ) L 0 , | o _
cH ¢ Q CH—@———H
Ry Ry Ry "Ry Ry e
R, . Ry
OCH.CH-CH, OCH_ CH-CH
2772 : 22
\ O 40~ o “m
..... (1)
= 1-10,

{n and m are each an integer of 0 or more, n + m
and Rl' RZ and R3'which may be the same or different, are
each selected from hydrogen atom, an alkyl group, prafarably

a CT—C%alkyl group, more especially a C,-C4 alkyl group, and a
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halogen atom (e.g.i Cl, Br) with the proviso that all of
Rl, R2 and R3_must not be hydrogen atom simultaneously]
and having at least three epoxy groups in the molecule,
(B) a phenolic resin curing agent, (C) a silica fillef,
and (D) a curing accelerator, there can be obtained an
~epoxy resin composition having very high resistance to
soldering stress which has been unattaiﬁable with the use
of a conventional epoxy resin alone.

- The epoxy resin composition of the presént
invention can exhibit an utmost resistance to soldering
stress by controlling the amount of the epoxy resin used
therein. In'order Eoi the epoxy resin composition to show
sufficientlresistance to soldering streés, it is desirable
that the composition contain preferably at least 50% bf
weight. more preferably at least 70% by'ﬁeight, based on
total eﬁoxy resin amount, of a polyfunctional epoxy resin
repre;ented by the formula (I). When the aﬁount of the
polyfunctional epoxy resin is less than 50% by weight
based oh total epoxy resin amount, the resulting epoiy
resin'composition haﬁ a lower crosslinking density and
accordingly reduced ~resistance to soldering stress.
In the formula (I), R1 is preferably methyl group, Rz
is preferably tert-butyl group, and R3 is preferably
-~ methyl group or hydrogen atom. In the fo;mula (I), the
ratio of n : m is preferably 1 : 0.1—0.6;_MOre preferably
1l : 0.2-0.4.

When the ratio of n : m is such that n is 1 and.

m is smaller than 0.1) the resulting epoxy resin composi-



tion tends to have reduced curability during molding,
reducing the moldability, although it poses no
practical problem. When m is larger than 0.6, the

have a tendency
resulting epoxy resin composition may / to show increased
water absorbability, higher thermal shock when immersed in
solder, and;xorarresiStancé to soldering stress.:

When n + m = 0, or when the polyfﬁnctional epoxy
resin is replaced by a mono- or bi-functional epoxy resin,
the resulting epoxy resin composition shows feduced
curability, poor moldability, insuffiéient crosslinking
density, inferior heat resistance and substantially no
resistance to soldering stress. When n + m > 10, the.
epoxy resin composition shows reduced fluidity and poor
moldability. |

The epoxﬁ resin refér:ed to heréin incluaes all
epoxy resins havin§ epoxy group(s), for example, bisphenol
type epoxy resins, novolac type epoxy resins and triazihe
nucleus-containing epoxy resins.

The silica filler used in the present invention
includes porous silica powder, secondary agglomerated
- silica powder, silica poﬁder obtained by grinding porous
silica powder and/br secondary agglomerated silica powder,
fused silica powder, crystalline silica powder, etc. If
necessafy; other fillers such és alumina and the like may
be added to the epoxy resin composition of the present
invention. |

The phenolic resin curing agent uéed in the

present invention includes. phenolic novolac resin, cresol
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novolac resin, paraxylene-modified pheholic resin,
tris(hydroxyphenyl)methane type phenolic resin, dicyclo-
pentadiene-modifiéd phenolic resin, etc. If necessary,
other curing agents such as acid anhydride and the like
ﬁay-be added to the epoxy resin composition of the present
invention. |

When the silica filler (C) contains 5-80% by
weight, based on total filler amount, of a porous silica -
powder having an average particle diameter of 5-40 um,
an apparent density of 0.1-0.6 g/cc and a séecific surface
area of 5-20 mz/g, there is provided a preferable
embodiment of the present inventioh. In this case, any of
the polyfunctional epoxy resins represented by the formula
§I) can be used in order to achieve the intended object of
the present invention.

When the-porous silica powder has an average
particle diameter of less than 5 um or more than 40
um, the.resulting epoxy resin composition shows reduced
£luidity, wﬁich is less preferable. When the porous silica
powdet has an apparent .density of more than 0.6 g/cc, the

may have some tendency to

resulting composition/easily/generate cragks owing to
thermal sﬁress by soldering and accordingly to show reduced
moisture resistance, which is less preferable.

When the porous_silica_ﬁowder haé a specific
surface area of less than 5 mz/g, the resulting composition

some tendency to _

may have / easily/generdte cracks at soldering step and

accordingly'm:smmvreduced moisture resistance. When the

porous silica powder has a specific surface area of more



-7 -

than 20'm2/g;.£he composition shows significantly
reduced fluidity, ;hich is less preferable.

IWhen the porous silica powder is used in an
‘amount of less than 5% by weight based on total filler

may have some tendency to

amount, the resulting composition/easily/generate cracks
at soldering step and accordingly to show reduced moisture
resistance, which?ggke it difficult to obtain a
composition having'preferi:::ed'. properties.

When the porous silica powder is used in an
amount of more than 80% by weight based on total filler
amount, the resulting composition shows reduced fluidity
and poorer moldability, which ?:t/assuitable for practical
application. | |

| When the silioa filler (C) contains 5—80%-by
weight, based on total filler amount; of a secondary
aoglomerated silica powder having an average particle
diameter of 20-60 um, an apparent density of 0.1-0.6
g/cc and a spacific surface area of 5 mzlg or less,
there is also provided a preferable embodiment of the
present in#ention. In this case also} any of the
polyfunctional'epoxy resins represented by the formula (I)
can be used in order to'achieve the intended object of the
present invention.

When the secondary agglomerated silica powder
has an aVerage particie diameter of less thah'zo Hm, the

may have some tendency to
resultlng epoxy resin comp051t10n/e351ly/generate cracks

owing to thermal stress by soldering and, when the silica

powder has an average particle diameter of more than 60



-8 -

pm, the composition shows reduced moldability, both of
which are less prefsrable. The average particle diameter of
the secondary agglomerated silica powder is preferably
20-40 um. When the secondary agglomerated silica powder
has an apparent density of more than 0.6 g/cc, the
may have scme tendency to
resulting composition/easi1y/generate cracks owing to
thermal stress by soldering and accordingly to show reduced
moisture resistance, which is less przferable.
When the second agglomerated silica powder has a
specific surface area of more than 5 mZ/g, the resulting
may have scme tendency to
composition/easily/generate cracks at soldering step and
accordingly to shew reduced moisture resistance and
significantly reduced fluidity, which is less preferable.
When the second agglomerated silica powder is
contained in an amount of less than 5% by weight based on
may have some tendency
total filler amount, the resulting composition/easily to
generate cracks at soldering step and accordingly tc show
reduced moisture resistance, which makes it difficult to
obtain a composition having preferred properties.
When the second agglomerated silica powder is
contained in an amount of more than 80% by weight based on
’ . tendency to show
total filler amount, the resulting composition may have some/
reduced fluidity and poorer moldability, which is not as suitable
for practical application.
As mentioned above, when the second agglomerated
silica powder or the porous silica powder is contained in

an amount of more than 80% by weight based on total filler

amount, - the resulting composition
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' tends to show reduced fluidity and poorer floldability. This

has been counteracted by using, as the polyfunctional
epoxy resin, a polyfunctional epoxy resin of the formula
(I) wherein m = 0 and, as the silica filler (C), 5-100% by
weight, based on total filler amount, of a silica powder
haviog an average particle diameter of 3-20 um, én
agparent density of 0.1-0.8 ¢/cc, a specific surface area

2/g and a boiled 1inseed oil absorbability of

of 1-20 m
0.2-1.2 ml/g, obtained by grinding a secondary
agglomerated silica powder and/or a porous silica powdor.‘ .
That is, as a result, there has been obtained an epoxy

resin composition for semiconductor sealing, which has

very high resistance to soldering stress without reducing
its moldability, as compared with the conventional resin

compositions for semiconductor sealing.

As the polyfunctional epoxy resin of the formula

(I) wherein m O,Ithere are preferred those of the
formula (I) wherein Rl is methyl group, Rz is tert-butyl
group, R3 is hydrogen otom and n = 1-3. |

When the amount of the ground silica powder used
is less than 5% by weight based on total filler amount,
the resulting epoxy resin composition 1;552b1e to relax
the stress generated at the time of immersion in solder
and has reduced soldering stress. As mentioned
before, when the secondary_aoglomerated silica'poﬁder
and/or ﬁhe porous silica powder is used as a filler, the.

resulting epoxy resin composition tends to show reduced

fluidity and poorer moldability. However, by grinding a
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sebondary agglomerated silica powder and/or a porous
silica powder to reduce itslboiled linseed oil
absorbability, there can be obtained improved fluidity.
When the silica powder obtained by grinding a
secondary agglomerated silica powder and/or a porous
silica powder has an a&erage particle diameter of less
may have some tendency to
than 3 pum, the resulting composition/generate cracks
owing to soldering heat stress. When the ground silica
powder has an average particle diameter 6f more than 20
um, the composition shows reduced fluidity. Therefore,
the average particle diameter of the ground silica powder
is preferably 3-<20 me?:EEecially 3-10 uym. When
the agpérent density 6f the ground silica powder is less
than 0.1 g/cc, the resulting composition shows reduced
fluidity. When the apparent density is more than 0.8
_ _ may have some tendency to
g/cc, the composition/generate cracks owing to thermal
stress by soldering and accordingly to show reduced moisture
resistance. When the specific surface area of the ground

2

'silica powder is less than 1 m"/g, the resulfing

composition shows reduced strength when molded and may have
some tendency to '

/generate cracks at soldering step. When the specific
surface area is more than 20 mz/g, the composition shows

- reduced fluidity. When the boiled linseed oil absorb-
ability of the ground silica powder is more than 1.2 ml/g,
the resulting composition.shows reduced fluidity and poorer
moldability. When the boiled linseed oil absorbability is

may have some tendency to

less than 0.2 ml/g, the composition/generate cracks owing

to thermal stress by soldering. 1In order,tb obtain
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improved resistance to soldering stress, it is desirable

to use the ground silica powder in an amount of at least

5% by weight, preferably at least 20% by weight based on
total filler amount.

When there is used a polyfunctional epoxy resin
of the formula (I) wherein m = 0, |
the resulting epoxy resin composition tends to show
reduced curability and accordingly poorer moldability. This
has been-counteracted by using a.polyfunctional epoxy
resin of the formula (I) whereinn = 1-9, m = 1-9 and n +
m = 2-10 and, as the silgca filler (C), 5-100% by weight,
based on total filler amount,-of a éilica powder having an
average paiticle diameter of 3-20 um, an apparent
density of 6.1-0.8 g/cc, a specific surface area of 1-20
mz/g and a boiled linseed o0il absorbability of 0.2-1.2
ml/g, obtained by grinding a secondary agglomerated silica
powder and/or a porous silica powder. That is, as a
result, thére has been obtained an eéoxy resin composition

for semiconductor sealing, which has very high resistance

: to'soldefing stress without reducing its moldability, as

compared with the conventional resin compositions for
semiconductor sealing.

As the polyfunctional epoiy resin of the formula
(I) wherein n = 1-9, m = 1-9 and n + m = 2-10, there are
preferred those of the fofmula-(I) wherein Ry is methjl
group. R2 is tert-butyl group, R3 is hydrogen atom and

(n + 1) :m=3: 1.
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The property ranges and use conditions of the
ground silica powdér; as well aS the réasons Eherefor are
the same as described previously.

When there is used a polyfunctional epoxy resin
of the formula (I) wherein R1 is methyl group, Rz is
tert-butyl group; R3 is hydrogen atom and (n + 1) : m =
3 : 1, there is provided a preferable embodiment of the
present invention. 1In this case, as the silica filler (C)
there can be used any of siiica fillers in order to
achieve the intended object of the present invention.

In the above case, when the ratio of (n + 1) : m
is such that (n + 1) is 3 and'm is smaller than 1, the
.resulting-composition tends to have reduced’
curahilify during molding and acc¢ordingly poorer
moldability. When m is larger than 1, the composition
tends to show increased water absorbability,'higher thermal
shock when immersed in solder, and poorerresistance to
soldering stress. |

‘ When there is used a polyfunctional epoxy resin
of the formula (I) wherein ﬁl is methyl group, R, is
tert-butyl group, R3 is hydrogen atom and m = 0, there
is.élso provided a preferable embodiment of the present
invention. 1In this case also, as the silica filler (C)
there can be used any of silica filiers in order to
achieve the intended objéct of the present invention. The
case of n =1 - 3 is éarticularly preferable.

.~ By using, as an epoxy_resin, a poiffunctional

epoxy resin of_the'formula (1) wherein R1 is'methyl
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group, R, is tert-butyl group, R, is hydrogen atom and
(n +1) :m=3: 1 and, as a phenolic resin curing agent,
30-100% by weight, based on total phenolic resin curing

agent, of a paraxylene-modified phenolic resin curing

agent represented by the formula (II)

OH OH OH
G odO-Or = OO

eeaes (II)

(n is an integer of 0-5), there can be obtained an epoxy
resin composition for semiconductor sealing which has very
high resistance to soldering stress.

The phenolic resin curing agent repreSented by
the formula (II) is obtained by condensing phenol and an
 aralkyl ether («,«'-dimethoxyparaxylene) according to
Friedel-Craft reaction.‘ By using this éaraxylene-modified
phenolic resin, there can be obtained aﬁ epoxy resin
compesition having very high resistance to soldering
stress which has been unobtainable according to the prior
art. | |

By controlling éhe amount of the paraiylene—
modified phenolic resin used, the epoxy resin composition
of the present invention can exhibit an utmost resistance
to soldering stress. 1In draer for.the-epoxy resin

- composition to show high resistance to soldering
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stress, it is desirable to use the paraxyléne-modifiéd
phenolic resin in an amount of at least 30% by weight,
preferably at least 50% by weight based on.total phenolic
resin curing agent amount.

When the amount of the paraxylene-modified
phenolic resin is less than 50% by weight, the resulting
epoxy resin composition has lower water resistance, lower
flexibility, lower adhesion to lead frame and reduced |
resistance to soldering stress.

In the formula (II), n is 0-5. When n is larger
than 5, the resulting composition tends to show reduced
fluidity and poorer moldability.

When there is uéed, for example, a phenoiic
novolac resin curing agent containing no paraxylene in the
main chain, the resulting epoxy resin composition has lower
water resistance,lower adhesion to lead frame, increased
shock due to vaporization of steam and reduced
resistance to soldering stress.

By using, as an epoxy resin, a polyfunctional
époxy resin of the formula (I) wherein Rl is methyl
group., R2 is tert—butyl-group,,R3 is_hydrogen atom and
(a+ 1) :m=3 : 1 and, as a phenolic resin curing agent,
50-100% by Qeight, based on total phenolic resin curing
agent amount, of a trié(hYdroxyphenyl)methane type
phenolic resin curing agent represented by the formula

(IIT)



(n and m are each an integer oflo—lo, n+m-= 1-10, and R.
is selected from hydrogen atom, methyl group, ethyl group,
propyl group, butyl gfoup, tert-butyl group or the
combination thereof), thére.can also be obtained én epoxy
resin composition for semiconductor sealing whicﬁ has very
high resistance to soldering stress.

The phenolid resin curing agent represented by
the formula (III) is a polyfunctiohal phenolic resin
curing agent having at least three hydroxyl groups'in thé
molecule. By using this polyfunctional phenolic reéin
curing agent, there can be obtained an epéxy resin
composition having very high resistance to soldering
stress which has been unobtainable according to ﬁhe prior
art.

By controlling the amount of the above phenolic
resin curing agent used, the epoxy resin compdsition of
the presént'in?ention can exhibit an utmost resistance to
" soldering stress.

In order for the epoxy resin cbmposition to show

high resistance to soldering stress, it is desirable



- 16 -

to use at least 50% by weight, preferably at least 70% by
weight, based on total §henolié resin curing agent amount,
of a tris(hydroxyphenyl)methane type phenolic resin curing
agent represented by the formula (III). When the amount
of the curing agent used is less than 50% by weight, the
resulting epoxy resin composition has lower crosslinking
density and reduced resistance.to soldéring stress.

In the formula (III), each R is preferably
hydrogen atom or an alkyl group of 1-4 carbon atoms. When
each R is an alkyl group of 5 or more carbon atoms, the
phenolic resin curing aqént shows reducing reactivity with
the epoxy resin and the resulting epoxy resin composition
has poorer curability. When there is used a phenolic resin
curing agent of mono- or bi-functionally,_the resultihg
composition hasloma:crossiinking density, poorer heat
resistance and redgced resistance to soldering
stress. In the formula (III), (n + m) is 1-10. When (n +
m) is larger thah 10, the resulting composition ténds to
shéw reduced fluidity and poorer moldability.

- By using, as.an epoxy resin, a polyfunctional
epoxy resin of the formula (I) wherein R1 is methyl
group, Rz is tert;butyl group, R3 is hydrogen atom and
(n + 1)‘: m=3: 1-0 and, as a phenolic resin curing
égent, 50-100% by weiéht, based oh total phenolic resin
curing agent amount, of a dic?élopentadiené-modified
- phenolic resin CQIing ageﬁt represented by the following

formula (IV)



OH . OH OH

R R n R
the bonding of the phenolic rings to the carbocyclic moieties

being in each case preferably to the particular ring indicated
(n is an integer of 0-5 and each R is an atom or group

selected from hydrdgén atom, a halogen atom and an alkyl
group of 1-4 carbon atoms), there can also be obtained an
epoxj resin composition which has very high resistance to
soldering stress as compared with the conventional epoxy
resin éompositions; |

' The dicyclopentadiene-modified phenolic résin
cufing agent having a structure represented by the:formula
(IV) is characterized by having in the molecule a
dicyclopentadiene structure having flexibility. By using'
this phenolic resin curing agent, there éan Ee obtained an
epoxy resin composition having high fléxibility and good
rgsistance to soldering stress.

By controlling the amount of the dicyclo-

" pentadiene-modified phenolic.resin curing agent used, the
epoxy resih composition of the present invention can
exhibit an utmost resistance to soldering stress. 1In
order for the epoxy resin compositioh to show high
resistance to soldering stress, it is desirable to use the
'dicyclopeﬁtadiene-modified phenolic resin curing agent in
an amount of at least 50% by weight, preferably at least
70% by weight based on total curing agent amount. W®hen

the amount of said curing agent is less than 50% by
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weight, the resulting epoxy resin composition has lowenr
-flexibility and géduced resistance to soldering
stress.

In preparing the epoxy resin composition of the
present invention, it is preferred that the epoxy resin
and the phéenolic resin curing agent be used so that the
number of the epoxy groups of the epoxy resin is in a
range of 0.5-2 per hydroxyl group of :he curing agent.
When the number of said epoxy groups is less than 0.5 or
more than 2, the resulting epoxy resin composition has
poczefmoisture resis._tance and poorer moldability and the
cﬁred product of said composition has poorer electrical
properties. The number of the epoxy groups of the epoxy
resin is preferably 1.1-1.3 per hydroxyl group of the
curing agent. Whén the number of said epoxy groups is
less than 1.1 or more than 1.3,.the resulting composition
tends to show increased water absorbability, increased
thermal shock when immersed in solder, and poorer resistance
to soldering stress.

fhe curing accelerator (D) used in the present
invention can be any curing accelerator as long as it can
accelerate the reaction between Ehe epoxy groups of the
epoxy resiﬁ_and the phenolic hydroxyl groups. As the
curing acceleratér (D), there can be used various curing
accelerators coﬁventionally used in sealing materials.
There can be used, for example, diazabicycloundecane
(DBUY, triphenylphosphine (TPP), dimethylbenzylamine

(BDMA) and 2-methylimidazole (ZMZ); These compounds can
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be used alone or in combination of two or more.

The sealin§ epoxy resin composition according to
the present invention comprises, as essential components a
'polyfunctional epox? resin, a phenolic resin curing agent,
a silica filler and a curing accelerator. The composition
may further comprise, if necessary, various additives such
as flé%g retardant (e.g., silane coupling agent,
brominated epoxy resin, antimony trioxide, hexabromoé
- benzene), coloring agent (e.g., carbon black, red oxide),
releasing_agent (e.g.,.natural wax, synthetic wax), low
stress additive (e.g., silicone oil, rubber) and the like.

When the sealing epoxy resin composition accord-
ing to the present invention is produced as a molding
material, there are uniformly mixed an epoxy resin, a
phenolic resin curing agent, a curing accelerator, a.
silica filler and other additives by means of a mixer or
- the like; the resulting mixture is melt-kneaded by means
" of a hot roll, a kneader or the like; and after cooliné,
the mixture is ground to obtain a molding material. This
molding material can be used for sealing, coating,
insulating, efc.“of electronic parts and eleétric parts.

As described above, according to the present
invention, by appropriately selecting the types and
amounts of a polyfunctional epoxy resin, a phenolic resin
curiné égent, a silica filler and a curing acgelefator and
compounding.these components, there can be obtained an

epoxy resin composition having heat resistance,
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flexibility and low -water absorbability which has beén
unobtainable according to the prior art. Accordingly, by the
oresent inventicn thers can te obtained epcxy rasin campesitions having very
?igh crack resistance when subjected to thermal stress by
temperature change at solde;ing step, and further hav-
ing good moisture resistance. Therefore, the present
epoxy rasin dcmposition can be suitably used for sealing,
insulation, of electronic and electric

coating, ete.

parts, particularly high integration large chip ICs
mounted on surface mounting packages and requiring high
degree of reliability.

Nex%t, the present invention is described

by way of Exémples.-

Example I-1

Tris(hydroxyalkylphenyl)methane

triglycidyl ether type epoxy

resin represented by the formula _

15 parts by weight

(Ia)
OCqugjfgz OCHZQQTFHZ ?CgZQ§fFHZ
° - h > N °
. CH CH H
- | . R4 -
Cd3 C(CH3)3 | Cd3 C(CH3)3 CH3 -
OCqungHZ OCHZQE—FHZ
< 0 4n o /m
..... (la)
(n tm=.3:1, n+m-= 1-10)
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Orthocresol novolac epoxy resin 5 parts by weight
Phenolic novolac resin 10 parts by weight

Porous silica powder (average
particle diameter: 15 um,
apparent density: 0.3 g/cc,

specific surface area: 7 mzlg) 35 parts by weight

Fused silica powder 33.8 parts by weight
Triphenylphosphine 0.2 part by weight
Carbon black 0.5 part by weight
Carnauba wax | - 0.5 part by weight

The above materials were mixed at normal
temperature by'means of a mixer. The mixture was kneaded
at 70-100°C by means of twin rolls. After cooling, the
mixture was ground to obtain a molding material. |

The molding material was.shaped into tablets.
From the tablets was prepared a 6 x 6 mm chip for
._soldering crack test using a low pressure transfer molding

2 and 120

machine under conditions of 175°C, 70 kg/cm
seconds. The chip was used for sealing of a 52p paékage."
Also, a 3 x 6.mm chié for sgldering—moistﬁre resiétance
test was prepared in the same manner and used fof sealing
of a 1l6p SOP package.

The resulting sealed test devices wefe subjected

to the following sdldering crack test and soldering-

moisture resistance test.
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The sealed test device (sealed 52p package) was
placed under conditions of 85°C and 85% R.H. for 48 hours
and 72 hours and then immersed in a solder béth of 250°C
for 10 seconds. Thereafter, the cracks formed on the
surface of the sealed test device were observed using a

microscope.

Soldering-moisture resistance test _

The sealed test de#ice (sealed 16p SOP package)
was placed under conditidns of 85°C and 85% R.H. for 72
hours, then immersed in a solder bath of 250°C for 10
seconds, and subjected to a pressure céoker test (125°C x
100% R.H.) to measure a time to 50%.poor opéning of the
circuit. | |

The test results are shown in Table I.

Examples I-2 to I-7

éompounding was effected according to the
recipes of Table I and the subsequent kneading and
grinding were effected in the same manner as in Example
I-1 to obtain molding materials. From these molding
materials were preparéd sealed moldings for test pufpose,
in the same manner as in Example I-1. The moldings were
subjected to the same soldering crack tesﬁ and soldering—
.moisture resistance test as in Exémple I-1. The test

results are shown in Table I.
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Comparative Examples*I-1 to I-6

Compounding was effected according to the
recipes of Table I and the subsequent kneading and
grinding were effected in the same manner as inlExample
I-1 to obtain molding materials. From these molding
materials were prepared sealed moldings for test purpose,
in thé same manner as in Example I-1. The moldings were
subjected to the sahe soldering crack test and soldering-.
moisture resistance test as'in Exémple I-1. The test

results are shown in Table I.

* Note: These and other Comparative Examples are comparative
in the sense that they illustrate théat preferred
embodiﬁents of the invention give improved results;
all E#amples including Comparative Examples falling
within the scope of claim 1 are included within

the scope of the invention.



.Table I

Example

I-1 | I-2 I-3 I-4 I-5 I-6 1-7

Tris(hydroxyphenyl)methane triglycidyl
ether type epoxy resin (parts by weight) 15 20 20 15 20 10 10

Orthocresol novolac epoxy resin | |
(parts by weight) 5 0 0 5 0 10 10

Porous silica powder (parts by wéight) 35 35 52.5 | 52.5 3.5 3.5 {52.5

- b -

Fused silica powder (parts by weight) 33.8|33.8]16.3|16.3]65.3 {65.3 |16.3
Phenolic novolac resin (parts by weight) 10
Triphenylphosphine (parts by weight) _ 0.2
Carbon black . (parts by weight) , 0.5
Carnauba wax (parts by weight) . 0.5

: Moisture absorp- | - '
Soldering crack test tion 48 hr 0o/16 | 0/16) O/16 { O/16 } 0/16 | 0/16 JO/16
(number of cracked
samples/total number) Moisture absorp- 2716 | 0716 | o/16 | 016 | 2716 14716 |2/16

tion 72 hr : -

Average life in soldering-mositure ' 3
resistance test (hr) 300¢ | 300¢ | 300<¢ | 300¢ | 300¢ |300¢< |300¢<.

- cont'd -




Table I

(cont'd)

Comparative Example

I-1 I-2 1-3 1-4 I-5 I-6
20 10 5 5 0 ()

0 10 15 15 20 20
0 0 3.5 |52.5 | 52.5 0
68.8 | 68.8 | 65.3 |16.3 | 16.3 | 68.8
3/16 | 10/16 | 10/16 ‘8716 | 10716 | 16/16
8/16 | 12716 | 14/16 | 12716 | 14/16 | 16716
200 160 180 160 140' izo

-SZ—
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Example II-1

Tris(hydroxyalkylphenyl)methane
triglycidyl ether type epox resin

represented by the formula (Ia) 15 parts by weight
OCH -CH . ~CF _ -
2C{-IO/C 2 OCHZCE /CHZ OCH2C§ /CHZ
e , 0 N 7 <
CH lm; R CH @ H
CHy C(CHy), CH; C(CHj), | CH,
OCHZQE-FHZ OCHZQEjFHZ
< o] - /nk o /m
..... (Ia)

(n :m=3:1,n+m= 1-10)
Orthocresol novolac epoxy resin 5 parts by weight
. Phenolic novolac resin 10 parts by weight

Secondary agglomerated silica
powder (average particle
diameter: 35 um, apparent
density: 0.3 g/cc, specific

surface area: 3 mz/g) ' 35 parts by weight

Fused silica powdér : 33.8 parts by weight
Triphenylphosphine ' 0.2 part by weight
Carbon black - 0.5 part by weight
Carnauba wax 0.5 part bf weight

The above materials were mixed at normal
temperature by means of a2 mixer. The mixture was kneaded

at 70-100°C by means of twin rolls. After cooling, the
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mixture was ground to obtain a molding material. From the
molding material were prepared sealed moldings for test
purpose, in the same manner as in Example I-1. The
moldings were subjected to the same soldering crack test
and soldering-moisture resistance test as in Example I-1.

The test results are shown in Table II.

Examples I1-2 to II-7

Compounding was effected according to the
recipes of Table II and the subsequent kneading and
grinding were effected in the same manher as in Example
II-1 to obtain molding materials. From these molding
materials were prepared sealed moldings for test purpose,
in the same manner as in Example I-1. The moldings were
subjected to the.same soldering crack test and soldering-

moisture resistance test as in Example I-1. The test

- results are shown in Table II.

Comparative Examples II-1 to II-é6
Compounding was effected according to the

recipes of,Table'II and the subsequent kneading and

grinding were effected in the same manner as in Example

II-1 to obtain molding materials. From these molding
materials were prepared sealed moldings for test purpose,
in the same manner as in Example I-1l. The moldings were
subjected to the same.soldering crack test and soldering-
moisture resistance test as in Example I-1l. The test

results are shown in Table II.



‘Table 1II
Example
II-1} 11-2 | I1I-3} II1-4} II-5| 1I-6 | 11-7
Tris(hydroxyphenyl)methane triglycidyl
ether type epoxy resin (parts by weight) 15 20 20 15 20 10 10
Orthocresol novolac epoxy resin -
: (parts by wezght) 3 9 0 3 0 10 10

Secondary agglometated silica powder

(parts by weight) 35 35 52.5 52.5 3.5 3.5} 52.5
Fused silica powder (parts by weight) 33.8|33.8)16.3]16.3]65.3]65.3]16.3
Phenolic novolac resin (parts by weight) 10
Triphenylphosphine (parts by weight) 0.2
Carbon black (parts by weight) 0.5
Carnauba wax (parts by weight) 0.5

Moisture absorp-
Soldering crack test tion 48 hr 0/16 ) 0/16 | 0/16 | 0/16 | 0O/16 | 0/16 [0/16
(number of cracked
samples/total number) Moisture absorp-

tion 72 hr .2/716 | O/16 | O/16 | O/16 | 2/16 |4/16 |2/16
Average life in soldering-mositure
resistance test - (hr) 300¢ | 300< | 300< §300¢ |300¢ |300¢ {300¢

- cont'd -

—82-

~




Table II (cont‘'d)

Comparative Example

I11-1 | 11-2 | II-3 | II-4 | I1-5 | XII-6
20 10 5 5 0 0

0 10 15 15 20 20

0 0 3.5 | 52,5 | 52.5 0
68.8 | 68.8 55.3 16.3 | 16.3 | 68.8
3716 | 10/16 | 10/16 | 8716 | 10/16 | 16/16
8/16 | 12/16 | 14/16 | 12/16 | 14716 | 16/16
200 160 180 160 140 120

-62-
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Example III-1

Tris(hydroxyalkylphenyl)methane.

triglycidyl ether type epoxy

resin represented by the formula _
- {Ib) : 20 parts by wéight

O—Cqusijz O_CHz-qsfFHZ
0 g 0 ~
) " :
R .. (ID)
CH3 C(CH3)3 C§3 Q(CH3)3 _ _
O"CH2°quFH2
~ 0 ‘n

[the above resin is a mixture of three formula (Ib)
resins (n = 1, 2 and 3) wherein the mixing_ratio is 8
(n=1) : 1 (n=2) :1(n=3)]

Silica powder obtained by
grinding secondary agglomerated
silica powder (average particle
diameter: 5 um, apparent
density: 0.5 g/cc, specific
surface area: 16 mz/g, boiled

linseed oil absorbability:

0.7 ml/g) 68.8 parts by weight
Phenolic novolac resin .10 parts.by weight

Triphenylphosphine | | 0.2 part by weight
Carbon black" 0.5 part by weight
Carnauba wax ' 0.5 part by weight

The above materials were mixed at normal
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temperature by means of a mixer. The miiture was kneaded
at 70-100°C by means of twin rolls. After cooling,.the |
mixture was ground to obtain a molding material.

From the molding material were prepared sealed
moldingé for test purpose, in the same manner as in
gxample I-1. The moldings were subjected to the same
soldering crack test and soldering-moisture resistance
test as in Example I-1.

The test results are.shown in Table III.

Example I1I-2

Tris(hydroxyalkylphenyl)methane

triglycidyl ether type epoxy

resin represented by the formula

(Ib) shown in Example III-1 10 parts-by weight

Crthocresol novolac epoxy
resin ' 10 parts by weight

Silica powder obtained by
grinding porous silica powder
(average particle diameter:

6 um, apparent densiEy;

0.5 g/cc, specific surface
area: 10 mzlg, boiled

linseed o0il absorbability:

0.6 ml/g) : 34.4 parts.by wgight
Fused silica powder 34.4 parts by weight
Phenolic novolac resin 10 parts by weight

Tfiﬁhenylphasphine | 0.2 part by weight
Carbon black ' 0;5.part by weight

Carnauba wax. . 0.5 part by weight
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The abcvg materials were shaped into a molding |
material in the same manner as in Example III-1. From the
molding material were prepared sealed moldings for test
purpose'in the same manner as in Example I-1. The
moldings were subjected to the same soldering crack test
and soldering-moisture resistance test as in Example I-1.

The test results are shown in Table III.

Examples III-3 to III-5

Compounding was effected according to the
recipes of Table III and the subsequent kneading and
grinding were effectéd in the same manner as in Example-
III-1 to obtain molding materials. From these molding
materials were prepared sealed moldings for test purpose
in the same manner as in Example I-1l. The moldings were
subjectéd to the same soldering crack test and soldering-
moisture resistance test as in Example I-1. The test |

results are shoﬁn in Table III.

Comparative Examples III-1 to III-6

| Compounding was effected according to the
recipes of Table III and the subsequent kneading and
grinding were effected in the same manner as in Example-
III-1 to obtain molding materials. ~From tﬁese molding
materials were prepared Sealed moldings for test purpose
in the same manner as in Example I-1. The moldings were
subjected to the same soldering crack test and soldering-

moisture resistance test as in Example I-1. The test
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results are shown in Table III.



Table III

"Example
IXI-1 4§ 111-2 | IY1x-3 { I1I11-4 | 111-5
| Tris(hydroxyélkylphenyl)methane triglycidyl ether 20 10 lé 20 10
type epoxy resin (Ib) (parts by weight) .
Orthocresol novolac epoxy resin o '
(parts by weight) 10 8 0 10
Silica powder obtained by grinding secondary : '
agglomerated silica powder (parts by weight) 68.8 3.5 17.2 34.4
Silica powder obtained by grinding porous
silica powder (parts by weight) 34ﬂ4 17.2 34.4 ;
: -3
Fused silica powder (parts by weight) 34.4 65.5 34.4 .
Phenolic novolac resin (parts by weight) 10
Triphenylphosphine (parts by weight) 0.2
Carbon black (parts by weight) 0.5
Carnauba wax _ (parts by weight) 0.5

-~ cont'd -




Table III (cont‘'d)

Moisture absorp-

Soldering crack test : tion 48 hr ' 0/16 0/16 0/16 0/16 0/16
(number of cracked
samples/total number) Moisture absorp- .

. tion 72 hr 0/;6 1716 2/16 0/16 1716
Average life in soldering-mositure resistance
test (time to 50% poor opening of circuit) (hr) 300¢< 3°0‘ 300¢ 300¢ 300¢

- cont'd -

..'s[-




Table III (cont‘'d)

Comparative Example

III-1 | ITI-2 | III-3 | III-4 | I1i-5 | I1I-6

8 6 10 20 12

20 12 14 10 8
3.5

68.8 2.8

68.8 | 65.3 . 68.8 | 68.8 | 66.0

- cont'd -

-.9¢ -~
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Example IV-1

CH

Tris(hydroxyalkylphenyl)methane
triglycidyl ether type epoxy
resin represented by the formula

(Ic) 12 parts by weight
O—CHZ—QETFHZ r/i::Hz-qs-FHz O—CHZ-QETFHZ
| ° R
Cca—{C ) (_cx %) H
3 C(CHj;), CH, 'C(CH,), CH,
O-CHZ-(.:\E\i—?Hz O-CHZ-C{I-/Ci-Iz
K . 0 nu ’ O /m
cesss (IC)

{the above resin is a mixture of two formula (Ic)
resins (a resin of n = 2 and m = 1 and a resin of n =
5 and m = 2) wherein the mixing ratio of the former
and latter resins is 8 : 2]

Orthocresol novolac epoxy resin 8 parts by weight

Silica powder obtained by
grinding secondary agglomerated
silica powder (average particle
diameter: 6 um, apparent
density: 0.5 g/cc, specific
surface area: 14 mzlg, boiled
linseed o0il absorbability:

0.7 ml/g) _ 3.5 parts by weight
Fused silica powder | 65.3 parts by weight
Phenolic novolac resin 10 parts by weight

Triphenylphosphine 0.2 part by weight
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Carbon black _ : 0.5 part by weight

Carnauba wax 0.5 part by weight

The above materials were mixed at normal
temperature by means of a mixer. The mixture was kneaded
at 70-100°C by means of twin rolls. After cooling, the
mixture was ground to obtain a molding material.

" From the molding material were pfepared sealed -
moldings for test purpose in the same manner as in Example
I-1. The moldings were subjec;ed to the same soldering
crack test and soldering-moisture resistance test as in

Example I-1 and also to the following curability test.

Curabili
Hardness when molded was measured at a Barcol
hardness 935.

The test results are shown in Table 1IV.

ﬁxample Iv-2

Tris{(hydroxyalkylphenyl)methane

triglycidyi ether type epoxy

represented by the formula (Ic)

shown in Example IV-1 20 parts by weight

Silica powder obtained by
grinding porous silica powder
(average particle diameter:

S um, apparent density:

0.6 g/cc, specific surface
area: 10 mZ/g, boiled

linseed o0il absorbability:



-~ 40 -

0.6 ml/g) 68.8 parts by weight
Phenolic novolac resin - 10 parts by weight
Triphenylphosphine 0.2 part by weight
Carbon black : 0.5 part by weight

Carnauba wax 0.5 part by weight.

The above materials were compounded, kneaded and
. ground in the same manner as in Example IV-1 to obtain a
molding material. From this mdlding material were
prepared sealed moldings for test purpose in the same
manner as in Example I-1. The moldings.were subjected to
the same SOIdering crack test, soldering-moisture
resistance test and curability test as in Example IV-1.

The test results are shown in Table IV.

Exampleé Iv-3 to IV-6

Compounding was effected according to the
recipes of Table IV and the subsequent kneading and
grinding were effected in the same manner as in Example
IV-1 to obtain molding materials. From the molding
materials were prepared sealed moldings f&r test purpose
in the same manner as in'Example I-1. The moldings were
subjected to the same soldgring crack test, soldering-
moisture resistance test and curability test as in Example

IVv-1. The Eest results are'shbwn in'Table Iv.
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Comparative Example IV-1

Tris(hydroxyalkylphenyl)methane
triglycidyl ether type epoxy
resin represented by the

formula (Ib) 20 parts by weight
O-CH,CH-CH 0-CH_-CH-CH
2_\/ 2 2 N / 2
0 ( h o N
C H :
X .. (IDb)
CH3 C(CH3)3 CH3 C(CH3)3
O-CH._,~CH-CH
~ \0 /n

[the above resin is a mixture of three formula (Ib)
resins (n = 1, 2 and 3) wherein the mixing ratio is 8
(n=1) : 1 (n=2) : 1 (n = 3)]

Silica powder obtained by
grinding porous silica powder
' (average particle diameter:

S um, apparent density:

0.5 g/cc, spedific surface
area: 16 mZ/g, boiled linseed

0il absorbability: 0.7 ml/g) 68.8 parts by weight
Phenolic novolac resin _ 10 parts by weight
Triphenylphosphine 0.2 part by weight
Carbon black | ' | 0.5 parts by weight
Carnauba wax : 0.5 part by weight .

The above materials were compounded, kneaded and

ground in the same manner as in Example IV-1 to obtain a
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molding material. " From the molding material were prepared
sealed moldings for test purpose.in the same manner as in
Example I-1. The moldings were subjected to the same
soldering crack test, soldering-moisture resistance test
and curability test as in Example IV-1l. The test results

are shown in Table IV, .

Comparative Examples IV-2 to IV-7

Compounding was effected according to the
recipes of Table IV and the subsequent kneading and
grinding were effected in the same manner as in Example
IV-1 to obtain molding materials. From the molding
materials were prepared sealed moldings for test purpose
in the same manner as in Example I-1l. The moldings were
subjected to the same soldering crack test, soldering-
moisture resistance test and curability test as in Example

IV-1l. The test results are shown in Table IV.



Table 1V
Example
IV-1 IVv-2 | IV-3 IV-4 IV-5 IV-6
Tris(hydroxyphenyl)methane triglycidyl
ether type epoxy resin (Ic) 12 20 20 14 20 10
(parts by weight)
Tris(hydroxyalkylphenyl)methane _ |
triglycidyl ether type epoxy resin (Ib) 0 0 0 0 0 0
' (parts by weight)
Orthocresol novolac epoxy resin : | :
(parts by weight) 8 0 0 . 6 0 10
Silica powder obtained by grinding _
secondary agglomerated silica powder 3.5 0 34.4 34.4 ) 17.2
(parts by weight)
Silica powder obtained by grinding porous '
silica powder . (parts by weight) 0 68.8 0 0 3.5 17.2
Fused silica powder (parts by weight) '65.3 0 34.4 34.4 65.3 34.4
Phenolic novolac resin (parts by weight) 10
Triphenylphosphine ~ (parts by weight) 0.
Carbon black (parts by weight) 0.5
0.5

Carnauba wax (parts by weight)

- cont'da -~
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Table IV (cont'd)

Moisture absorp-

. 0/16 16 | 0/16
Soldering crack test tion 48 hr 0/16 0/16 0/16 0/16 0/

(number of cracked
samples/total number) | Moisture absorp- 2,16 | os16 | os16 | os16 | 1/16 1/16
tion 72 'hr - _

Averége life in soldering-mositure -
resistance test (time to 50% poor opening 300¢< 300¢ 300¢ 300¢ 300¢ 300¢
of circuit) (hr) -

Barcol hardness

935 75-85 | 70-80) 70-80] 75-85| 70-80 | 75-85

Curability test

- cont'd -~

-vb—




Table IV (cont‘*'d)

Comparative Example

IV-1 | 1v-2 | 1v-3 | 1V-4 | IV-5 | IV-6 | IV-7
0 0 8 12 20 20 0
20 0 0 0 0 0 0
0 20 12 8 0 0 20
0 0 3.5 2.8 o 0 0
68.8 0 0 0 2.8 o | 6s.8
0 68.8 | 65.3 | 66.0 | 66.0 | 68.8 0

- cont'd -

- Sp -~
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Example V-1

Tris(hydroxyalkylphenyl)methane

triglycidyl ether type epoxy

resin represented by the formula

(Ic) 15 parts by weight

O0-CH,,-CH-CH O-CH

2 \0, 2 | Z-C{I;/CHZ ')O;CHZ-CE—,CHZ
o . < o}
CH C_cH @ I —H
CH3 C(CH3)3 CH3 C(CH3)3 CH3
°‘an'§§jFHz O-Cﬁz-qufﬁz
. o /n " o /m
> e 0 0 (IC)
(the above resin is a mixture of two formula (Ic)
resins (a resin of n = 2 and m = 1 and a resin of n =
5 and m = 2) wherein the ratio of the former and
latter resins is 8 : 2]
Orthocresol novolac epoxy resin 5 parts by weight
Phenolic novolac resin 10 parts by weight
Fused silica powder 68.8 parts by weight
.Triphenylphosphine 0.2 part by weight
Carbon black 0.5 pért by weight

Carnauba wax 0.5 part by weight

The above materials were mixed at normal
temperature by means of a mixer. The mixture was kneaded

at 70-100°C by means of twin rolls. After cooling, the
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mixture was ground to obtain a molding material.

From the molding material were prepared sealed
moldings for test purpose'in the same manner as in Example
I-1. The moldihgs were subjected to the same soldering
crack test and soldering-moisture resistance test as in
Example I-1. 1In these tests, the solder bath temperature

was 240°C.

The test results are shown in Table V.

Exampleslv-z and V-3

Compounding was effected according to the
recipes of Table V and the subsequent kneading and
grihding were effected in the same manner as in Example
V-1 to obtain molding materials. From the molding
materials were prepared sealed moldings for test purpose
in the same manner-as'in Example I-1. The moldings were
subjected to the same soldering crack test and soldering-

moisture resistance test as in Example V-1. The test

results are shown .in Table V.

Comparative Examples V-1 and V-2

Compounding was effécted according to the
recipes of Table V and the subsequent kneading and
grinding were effected in éhe same manner as in Example
V-1 to obtain molding materials. From the mblding
materials were prepared sealed moldings for test purpose
in the same manner as in'Example I-1. The moldings were

subjected to the same soldering crack test and soldering-
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~

moisture resistance test as in Example V-1. The tesﬁ

fesults are shown in Table V.



Table

Comparative
Example Example

v-1 V-2 V-3 V-1 V-2
Tris(hydtoxya1kylphenyl)methane
triglycidyl ether type epoxy resin 15 20 10 5 0
(Ic) (parts by weight)
Orthocresol novolac epoxy resin , ' -

: (parts by weight) 5 0 10 15 20
Fused silica powder (parts by weight) 68.8
Phenolic novolac resin (parts by weight) 10
Triphenylphosphine (parts by weight) 0.2
Carbon black (parts by weight) 0.5
Carnauba wax (parts by weight) 0.5
. Moisture'absorp— ' .
Soldering crack test tion 48 hr /16 0/16 0/16 5/16 16/16
(number of cracked
samples/total number) Moisture absorp- ‘ :
tion 72 hr 0/16 0/16 2716 | 10/16 16/16

Average.life in soldering-mositure '
resistance test (hr) 300¢ | 300¢< 300¢< 200 150

-OS_
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Example VI-1

RN

Tris(hydroxyalkylphenyl)methane
triglycidyl ether type epoxy
resin represented by the formula

(Ib) : 15 parts by weight
O-CHZCETFH2 O-CH2~q¥iFH2

(o) _ ﬂ;$h o J _

CH H
el ... (Ib)

CH3 C(CH3)3_ CH3 C(CH3)3
_ °‘CHz'9§jFHz
i o : Jn

[the above resin is a mixture of three formula (Ib)
resins (n = 1, 2 and 3) wherein the mixing ratio is 8
(n=1) : 1 (n=2) : 1 (n = 3)]

Orthocresol novolac epoxy resin 5 parts by weight
Phenolic novolac resin 10 parts by weight
Fused silica powder- : 68.7_pafts by weight
| Triphenylphosphine | _ 0.3 part by weight
Carbon black ) 0.5 part by weight
Carnauba wax o - 0.5 part by weight

The above materials were mixed at normal
temperature by means of a mixer. The mixture was kneaded
at 70-100°C by means of twin rolls. After cooling, the
mixture was ground to obtain a molding material. |

From the molding material were prepared sealed

molding for test purpose in the same manner as in Example
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I-1. The moldings were subjected to the same soldering
crack_test and soldering-moisture resistance test as in
Example V-1. '

The test results are shown in Table VI.

Examples VI-2 and VI-3 )

Cdmpounding was effected according to the
recipes of Table VI and the subsequent kneading and
grinding were effected in the same manner as in Example
VI-1 to obtain molding materials. From the molding
materials were prepared sealed'moldings for test purpose
in the same manner as in Example I-1. The moldings were
subjected to the soldering crack test and soldeiing-

moisture resistance test as in Example V-1l. The results

are shown in Table VI.

Comparative Examples VI-1 and VI-2

Compounding was effected aécording to the
recipes of Table VI and the subsequent kneading and
grinding were effected in the same manner as in Example
Vf—l to obtain molding materials. From the molding
materials were prepared sealed moldings for test purpose
in the same manner as'iﬁ Example I-1. The moldings were
subjected to the same soldering crack test and soldéring—
moisture resistance test as in Example V-1. The test

results are shown in Table VI.



Table VI

: Comparative
Example Example
Vi-1 | vi-2 | vi-3 | vi-1 | vi-2
Tris(hydroxyalkylphenyl)methane
triglycidyl ether type epoxy resin 15 20 10 5 0
(Ib) (parts by weight)
Orthocresol novolac epoxy resin L '
(parts by weight) 5 0 10 15 20
Fused silica powder (parts by weight) - 68.17
Phenolic novolac resin (parts by weight) 10
Triphenylphosphine (parts by weight) 0.3
Carbon black (parts by weight) 0.5
Carnauba wax (parts by weight) 0.5
Moisture absorp-
Soldering crack test tion 48 hr ' 0716 | 0/16| 0/16) 5/16 16/;6
(number of cracked :
samples/total number) Moisture absorp-
. tion 72 hr 0/16 0/16 2/16 1 10/16 16/16
Average life in soldering-mositure
resistance test “(hr) 300¢ 300¢ 300¢ 200 150

-.E;—
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Example VII-1

Tris(hydroxyalkylphenyl)methane
"triglycidyl ether type epoxy
resin represented by the formula

(Ic) _ . 15 parts by weight
O'CHZ-C§TFH2 O“CHZ'QETFHZ O'CHZ'ngFHz
( o N 7’ ~
CH CH —H
CH3 C(CH3)3 CH3 C(CH3)3 CH3
0~CHZ-CH1;H2 O-FIHZ—CH-CH2
N \d’
N o n\ Jm
..... (Ic)

[the above resin is a mixture of two formula (Ic)
resins (a resin of n = 2 and m =1 and a resin of n =
5 and m = 2) wherein the mixing ratio of the former

and latter resins is 8 : 2]

Orthocresol novolac epoxy resin S parts by weight

Paraxylene-moldified phenolic

resin represented by the formula o
(Ixa) : 6 parts by weight
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[the above resin is a mixture of three formula (IIa)
resins (n = 0, 1 and 2) wherein the mixing ratio is 2
(n=0) :5(n=1) : 3 (n = 2)]

Phenolic novolac resin ' 4 parts by weight.
Fused silica powder 68.3 parts by weight
Triphenylphosphine , - 0.2 part by weight
Carbon black 0.5 part by weighﬁ
Carnauba wax 0.5 part by weight

The above materials were mixed at normal
temperature by ﬁeans of a mixer. The mixture was kneaded
at 70-100°C by means of twin rolls. After cooling, the
mixture was ground to obEain a molding material.

From the molding material were prepared sealed
moldings for test purpose in the same manner as in Example
I-1. The moldings were subjected to the same soldering
crack test and soldering-moisture resistance teét as in
Example I-1. In these tests, the solder both temperature
was 260°C.

The results are shown in Table VII.

Examples VII-2 to VII-5

Compounding was effected accotding to the
recipes of Table VII and_the subsequent kneading and
grinding were effected in the Same manner as in Example:
VII-1 to obtain molding materials. From the molding
materials were prepared sealed moldings for test burpose

in the same manner as in Example I-1. The moldings were
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subjeéted to the same soldering crack test and soldering-
moisture resistance test as in Example VII-1l. The test

results are shown in Table VII.

Comparative Examples VII-1 to VII-6

Compounding was effected éccordinglto the
recipes of Table VII and the subsequent'kneading and
grinding were éffected in the same manner as in Exaﬁple
VII-1 to obtain molding materials. From the molding
materials were prepared sealed moldings for test purpose
in the same manner as in Example I-1. The moldings were
subjected to the same solderin§ crack test and soldering-
moisture resistance test as in Example VII-1l. The test

results are shown in Table VII.



Table VII

Example

VII-1 | VII-2{ VII-3 | VII-4| VII-5

Tris(hydroxyphenyl)methane triglycidyl
ether type epoxy resin (Ic) 15 20 20 10 10
: (parts by weight) .

Orthocresol novolac epoxy resin | |
' "(parts by weight) 3 0 Y 10 10

Paraxylene-modified phenolic resin (IIa) -
(parts by weight) 6 10 3 10 3

Phenolic novolac resin (parts by weight) 4 0 7 0 7
Fused silica powder (parts by weight) 68.2
Triphenylphosphine (parts by weighﬁ) - 0.2
Carbon black (parts by weight) 0.5
Carnauba wax (parts by weight) 0.5

Moisture absorp-

Soldering crack test tion 48 hr 0/16 0/16 0/16 0/16 0/16

(number of cracked
samples/total number) Moisture absorp-
tion 72 hr

0/16 0/16 0/16 1716 2716

Average life in soldering-mositure
resistance test (hr)

300¢ 300¢< 300« 300¢ 300¢<

= cont'd -




Table VII

Example
VII-1 | vIiI-2| vII-3 | vii-4| VII-5

Tris(hydroxyphenyl)methane triglycidyl
ether type epoxy resin (Ic) 15 20 20 10 10

(parts by weight)
Orthocresol novolac epoxy resin

L ‘(parts by weight) 3 0 0 10 10

Paraxylene-modified phenolic resin (IIa) '

(parts by weight) 6 10 3 10 3
Phenolic novolac resin (parts by weight) 4 0 7 0 7
Fused silica powder (parts by weight) 68.2
Triphenylphosphine (parts by weighf) 0.2
Carbon black (parts by weight) 0.5
Carnauba wax (parts by weight) 0.5

Moisture absorp- :
Soldering crack test tion 48 hr 0/16 0716 0716 0/16 0/16
(number of cracked
samples/total number) Moisture absorp-

tion 72 hr .0/16 0/16 0/16 1/16 2/16
Average life in soldering-mositure .
resistance test (hr) 300« 300<. 300¢ 300¢ 300¢

- cont'd -




Table VII

(cont‘*d)

Comparative Example

VIiI-1 | vII-2 VII-3| VII-4 | VII-5| VII-6
20 5 5 15 0 0
0 15 15 5 20 20
1 10 1 0 6 0
9 0 9 |10 4 10
os16 | 3716 | S5s16| 2716 | 10/16| 16716
5/16 | 10/16 | 12716 | 8/16 | 16716 | 16716
300 300 200 250 200 150

-~ 8BS -
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Example VIII-1

Epoxy resin represented by the

formula (Ic) 15 parts by weight
O-CHZ-QETFHZ O-CHZ-QETFHZ O-CHZ_quFHZ

o h 0 | <0
CH E&ﬁﬂi CH H

CH; C(CH,), CH, C(CHy), @ CH,
O-CH2°Q¥TFH2 °‘CH2°Q¥TFH2

q 0 Jn o _m

veese (IC)

[the above resin is a mixture of two formula (Ic)
resins (a resin of n = 2 and m = 1 and a resin of n =
5 and m = 2) wherein the mixing ratio of the former

and latter resins is 8 : 2]

Orthocresol novolac epoxy resin 5 parts by weight

Phenolic resin represented by the

formula (IIIa) 7 parts by weight
OH CH : OH

SR <) I
“ L)% ). L J, e

OH OH
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(the above resin is a mixture of two formula (IIIa)
resins (a resin of n = 2 and m =1 and a resin of n =
5 and m = 2) wherein the ratio of the former and
latter resins is 8 : 2]

Phenolic noéolac resin 3 parts by weight

Fused silica powder 68.8 parts by weight
Triphenylphosphine 0.2 parts by weight
Carbon black _ ' 0.5 part by weight -
Carnauba wax 0.5 part by weight

The above materials were mixed at normal
temperature by means of a mixer. The mixture was kneaded
at 70-100°C by means of twin roilé. After cooling, the
mixture was ground to obtain a molding material.

From the molding material were prepared sealed
moldings for test purpose in the same manner as in Example
I-1. The moldings were subjected to the same soldering
crack test and soldering-moisture resistance test as in
Example I-1. -

The results are shown in Table VIII.

Examp;es VIII-2 to VIII-5

Compounding was effected according to the
recipes of Table VIII.and.the subsequent kneading and
grinding were effected'in.the same manner as in Example
VIII-1 to obtain molding materials. From the moldihg
materials were preparéd sealed moldings for test purpose

in the same manner as in Example I-1. The moldings were
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subjected to the same soldering crack test and soldering-
moisture resistance test as in Example I-1. The test

results are shown in Table VIII.

Comparative Examples VIII—l.to VIII-6

| Compounding was effecfed according to the
recipes of Table VIII and the subsequent kheading and
grinding were effected in the same manner as in Example
VIIii-1 tb_ébtain molding materiﬁls. From the molding
materials were prepared’sealed moldings for test purpose
in the same manner as in Example I-1. The moldings were
subjected to the same soldering crack test and solderihg-
moisture resistance test as in Example I-1. The test

results are shown in Table VIII.



Table VIII
Example
VIII-1| VIII-2 | VIII-3 | VIII-4 | VIII-S

Polyfunctional epoxy resin (Ic)
: (parts by weight) 15 20 20 10 10
Orthocresol novolac epoxy resin ,

(parts by weight) S -0 0 10 10
Polyfunctional phenolic resin (IIla)

: (parts by weight) 7 19 5 10 5
Phenolic novolac resin (parts by weight) 3 0 5 0 5
Fused silica powder (parts by weigﬁt) . 68.8
Triphenylphosphine (parts by weight) 0.2
Carbon black (parts by weight)’ 0.5
Carnauba wax (parts by weightf 0.5

Moisture absorp- . ' |
Soldering crack test tion 48 hr 0716 0/16 0/16 0/16 0716
(number of cracked :
samples/total number) Moisture absorp-
_ : - tion 72 hr 0/16 0/16 0/16 1/16 2/16
.Average life in soldering-mositure
resistance test (hr) 300¢< 300¢ 300¢< 300¢ 300¢

~ cont'd -

- 79 -




Ta

ble VIII

(coht‘d)

Comparative Example

VIII-1 | VIII-2 | vIII-3 |vIXI-4 |vIII-5 |VIII-6
20 5 5 15 0 0

0 15 15 5 20 20

3 10 3 0 7 0

7 0 7 10 3 10
0/16 | 3/16 5/16 | 2716 |10/16 |16/16
5/16 |10/16 |12/16 | 8/16 16716 |16/16
300 300 200 250 200 150

-tg-
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Example IX-1

Tris(hydroxyalkylphenyl)methane
triglycidyl ether type epoxy
resin represented by the formula

CH

(1d) 12 parts by weight

O-CH

~CH.,~CH-CH -~CH- - ~-CH~-
OCZC\/C2 2C{I/CI-I2 OCHZCE,Cﬁz
o . d . S
— CH c N, H
3 'C(CH3)3 CH3 'C(CH3)3. CH3
O-CHZ-Qsjfﬂz O-CHZ—QETFHz
N (o] Jn\ 0 Jm
ceee. (IQ)

. [the above resin is a mixture of two formula (Id)

resins (a resin of n = 2 and m = 1 and a resin of n
1 and m = 0) wherein the mixing ratio of the former
2]

and latter resins is 8

Orthocresol novolac epoxy resin 8 parts by weight

Dicyclopentadiene-modified
phenolic resin represented by

the formula (IVa) 6 parts by weight

" OH OH
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(the above resin is a mixture of three formula (IVa)
resins (n = 1, 3 and 4) wherein the mixing ratio is 2
(n=1) : 6 (n=3):2 (n=4)]

Phenolic novolac resin 4 parts by weight
Fused silica powder 68.8 parts by weight
Tripheny}phosphine 0.2 part by weight
Carbon black - 0.5 part by weight
Carnauba wax 0.5 part.by weight

(The compounding ratio of the epoxy resin and the
phenolic resin was such that the number of epoxy
groups of the epoxy resin became 1.2 per hydrdxyl

group of the phenolic resin.)

The above materials were mixed at normal temperature
by means of a mixer. The mixture was kneaded at 70-100°C
by means of twin rolls. After cooling, the mixture was
ground to obtain a molding material.

_ From the molding material were prepared sealed
moldings for test purpose in the same manner as in Example
I-1. The moldings were subjected to the same soldering
crack test and soldering-moisture resistance test as in
Example I-1l. |

The test results are shown in Table IX.

Examples IX-2 to IX-5
Compounding was effected according to the .recipes of
Table IX and the subsequent kneading and grinding were

effected in the same manner as in Example I-1 to obtain
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molding materials.. From these molding-materials were
prepared sealed moldings for test purpose in the same
manner as in Example I-1. The moldings were subjected to
the same soldering crack test and soldering-moisture
resistance test as in Example I-1. The results are shown

in Table IX.

Comparative Examples IX-1 to IX-5

Compounding was effected according to the recipes of |
Table IX and the subsequent kneading and grinding were
effected in the same manner as. in Example IX-1 to obtain
molding materials. from the molding materials ﬁere
prepared sealed moldings for test purpose in the same
manner as in Example I-1. The moldings were subjected to
the same soldering crack test and soldering-moisture
resistance test as in Example I-1. The results are shown

in Table IX.



Table IX

-Lg-

Example

_ IX-1 IX-2 IX-3 IX-4 IX-5
Tris(hydroiyphgnyl)methane triglycidyl'ether 12 20 14 20 16
type epoxy resin (1d) (parts by weight)
Orthocresol Qovolac epoxy igg;gs by weight) 8 0 6 0 10
Dicyclopentadiene—hodified phenolic ) N 6 10 7 6 10
resin (IvVa) (parts by weight) , :
Phenolic novolac resin (parts by weight) _ 4 0 3 4 | o
Fused silica powder (parts by weight) 68.8
Triphenylphosphine (parts by weight) 0.2
Carbon black (parts by weight) 0.5
Carnauba wax | : - (parts by weight) 0.5
Solderiﬁg crack test ?g;zt:;ehibsorp— 0716 0/16 0/16 0716 0/16
(number of cracked
samples/total number) ggiztg;eh:bsorp- ' 0/16 0/16 | 0/16 1716 2/16
BeaE Tine or D08 pacs omening aE cioeates toy | 300¢ | 300¢ | 300 | 300¢ | 3000

~ cont'd -




Table IX

(cont'd)

Comparative Example

IX-1| IX-2 |IX-3 | IX-4 | IX-5
0 8 12 20 0
20 12 8 0 20
0 6 4 0 10
10 4 6 10 0
16716| 2/16 | 3716 | 5716 6/16
16/16| 12/16 |10/16 | 16/16 | 16716
80 160 | 200 | 100 | 100

_89_
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WHAT IS CLAIMED IS:
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1. An epoxy resin composition for semiconductor
sealing which comprises, as essential components,

(A) an epoxy resin comprising 50-100% by weight,
based on total epoxy resin amount, of a polyfunctional

epoxy resin represented by the formula (I)

OCH,CH-CH

ocnzcg-/crlz ocnzcii-/cnz 2CH-CH,
o} o
—— CH 3 CH 3 H
'Rl R, R, R, R,
R, 3
2 OCH.CH-CH OCH.,CH-CH
2 2 250,02
- \./ AN
(0] “n 0 “m
..... (1)

wherein n and m are eacn an integer of 0 or more, n + m =

R, and R, which may be the same or different,

1’ 72 3
-are each selected from hydrogen atom, an alkyl group and a

1-10, and R
halogen atom, with the proviso that all of Rl' R2 and R3
must not be hydrogen atom simultaneously,
| (B) a phenolic resin curing agent,

(C) a silica filler, and

(D) a curing accelerator.
2. An epoxy resin composition according to Claim 1,
which comprises 5-80% by weight, based on total filler:
amount, of a porous silica powder having an average

particle diameﬁer of 5-40 um, an apparent density of
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0.1-0.6 g/cc and a specific surface area of 5-20 mz/é.
3. An epoxy resin composition according to Claim 2,

wherein in the formula (I) R1 is methyl group, R2 is tert-
butyl group, R3 is hydrogeh'étom, andn:m=1: 0.1-0.56.
-4._ An epoxy resin composition according to C1a1m 1,
whlch comprises 5-80% by wezght, based on total filler
amount, of a secondary agglomerated silica powder havingi
an average particle diameter of 20-60 um, an apparent.
density of 0.1-0.6 g/cc and a specific surface area of §
mzlg or less. ‘

S. An epoxy resin composition according to Claim 4,
wherein in the formula (I).R1 is methyl group, R2 is
tert-butyl group, R3 is hydrogen atom, and n : m = 1 :
0.1-0.6.

6. An epoxy resin.composition according to Claim 1,
which comprises, ashthe polyfunctional epoxy resin, a
polyfunctional epoxy resin of the formula (I) wherein m =
0 and, as the silica Eiller,'S—loo% by weight, based on
‘total filler amount, of a silica powder having an avetage
particle diameter of 3-20 um, an apparent density of
.0.1-0;8 g/cc, a specific surface aréa-of 1-20 mzlg and a
boiled linseed oil absorbability of 0.2-1.2 ml/g, obtained
by grinding a secondary agglomerated silica powder and/or
a porous silica powder.

7. ' . An epoxy resin composition according to Claim 6,
whereih in the formula (I)-R1 is methyl group, R2 is
tert-butyl group, R3 is hydrogen atom, and n = 1-3.

8. An epoxy resin composition according to Claim 1,
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polyfunctional epoxy resin of the formula (I) wherein n

- wherein in the formula (I) Rl is methyl group, R

_
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which comprises, as the polyfunctional epoxy resin, é

1-9, m=1-9 and n + m = 2-10 and,'as-the silica filler,
5-100% by weight, based on total filler amount, of a
silica powder having an average particle diameter of 3-20
um, an-apparent density of 0.1-0:.8 g/cc, a specific

zlg and a boiled linseed oil

surface area of 1-20 m
absorbability of 0.2-1.2 ml/g, obtained by grinding a
secondary agglomerated silica powdei and/or a porous
silica powder.

9. ' An epoxy resin compositioﬁ according to Claim 8,
wherein in the formula (I) R1 is methyl group, Rz is tért-
butyl group, R, is hydrogen atom, and (n + 1) : m = 3 : 1.
10. An epoxy resin composition according to Claim 1,
z,is tert-
butyl group, R3 is hydrogen atom, and (n +.1)-: m=3: 1.
11. An epoxy resin composition according to Claim 1,
wﬂerein in the formula (I) Rl is methyl group, Rz is tert-
butyl group, R3 is hydrogen atom, and m= 0.

12. An epoxy resin compositidn accordiné to Claim
11, wherein n = 1-3 in the formula (I).

13. . An epo#y.resin compoSition éccording to Claim
10, wherein the phenolic resin curing agent comprises
30-100% by weight, based.on total phenolic resin curing
agent amount, of a paraxylene-modified phenoclic resin

curing agent represented'by the formula (II)
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OH . " OH . OH
@-4}12%@-&12 ~©—cn2-}—©—caz~©
. n
ceves (II)

wherein n is an integer of 0-5.
14. An epoxy resin composition according to Claim'
13, wherein n = 0-2 in the forula (II).
15. An epoxy resin composition according to Claim

10, wherein the phenolic resin curing agent comprises
50-100% by weight, based on total phenolic resin curing
agent amount, of a tris(hydroxyphenyl)methane type

phenolic resin curing agent represented by the formula

(I1I)

LSS
LA LA L

esees (III)

wherein n and m are each an integer of 0-10, n+m= 1-10,
and R is selected from hydrogen atom, methyl group, ethyl
group,.propyl group, butyl group, tert-butyl group, or a
combination thereof. -

le. An epoxy resin composition according to Claim
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15, wherein in_thé-formula (III) R means ;he combinstion
of hydrogen atom and methyl group and (n +1) :m=3 : 1.
17. An epoxy resin composition according to Claim 1,
wherein the polyfunctional epoxy resin is a polyfunctional
epoxy resin of the formula (I) wherein R, is methyl group,
R2 is Eert-butyl group, R3 is hydrogen atom, and (n + 1)
tm=3: 1-0, and wherein the phenblic resin curing agent
comprises 50-100% by weight, based on total phenolic resin
curing agent amount, of a dicyclopentadiene-modified

pheholic resin curing agent represented by the formula (IV)

OH

wherein n is an integer of 0-5 and each R is_indépendently
an atom or group selected from hydrogen atom, a halogen
atom and an alkyl group of 1-4 carbon atoms.

18. An epbxy resin composition according to Claim
17, wherein in the formula (IV) R is hydrogen atom and n =

1"4 .



