EPOXY. RESI N COVPGCSI TI O\I FOR SEM CONDUCTOR SEALI NG AooFpf present
|nvenflbn rel ates t'd an epoxy resin conposition for seni conduct BF seal i ng
whi ch has excel l ent resistance to sol dering stress. In recent
years; .devel opnent in semiconductor- relat®d technol ogi es has been
directed fromlightpess, thinness and~ skall ness to hi gher component
nDuntlng “density. Accordingly, nmenory integration is becomng |arger and

mount i ng met-hod gppEhided N0 ¢OMBos bt POSNFOR! S EMTRONDUREORO SEAL BY@
mounting. In this connection,- packages are- changi ng from conventional DI P

(Dual Inline: Package) type packages to smeft and thin packages enabling
surface nounting, i.e., flat ‘package, SOP (Small Qutline Package), SQJ
(Small Qutline with J-leads) and PLCC (Plastic Leaded Chip Carrier).
However, the latter packages, .being small and thin, have problens such as

occurrence of CraCMSﬂhgi§ﬁ5§éﬁ§55nagﬂtigdu@bug&dg1tdnyﬁnéﬁ@k?eﬁégiﬁnce
due to the cracks.
composition for semlconductor sealing which has excellent
resistance to soldering stress.
| In recent &ears, development in eemiconductor—

' ?eletedltechnologies has been directed from.lightness,

' thinness and smallness to higher component mounting
density. Accordingly, ﬁemory integration is becohiné
lerger and mounting method is shifting from through-hole
mounting to surface mounting. In this eonnection,
packeges'are changing from conventional DIP (Dual Inline
Package) type 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
packagee}‘being small and thin, have problems such as
occurrence of cracks due to stress and reduction in
‘moisture resistance due te the cracks.

In the packages for surface mountihé, attention
is paidlparticularly to a problem 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

';Qarlous attempts to reduce the thermal shock 1mparted at

the time of soldering, for example, an attempt of addxng a



I n the packages for surface nounting, attention is paid particularly to a
“probi #mthat the packages undergo a quick tenperature change at the time

of soldering of |leads thereto for surface nounting and resultantly

gener ate cracks. In order tqQ solve the problem there were nade
various attenpts to reduce the thermal shock inparted at the tine of

sol dering, for exgnple,'ﬁgiatte t of adding a . - .

-2-  ther nbBRERCRPL 3351 Rt 1IN hetRpbRe LROXY ZRFISLiGoBPOEEEdONT Yysed
sem conductor seal,ing (Japanese Patent _Application Kokai (Laid-Qpen) No.
115849/ 198%9L 5@ CHAT o307 hyR9 v EY RBARESE PR MpRLAE3tEensai d

i i t.i J t ent licati Kokai (Lai d- No.
115550 108RoR3dp LHeR MR AT ok ok b FBLLIBTAm AThLih saBe § o ABGInG.
116654/ 1987 _and 128162/ 1987), and a ttenpt, of using a, silicone-npdified
~ epoxy resi R3LEORFo S AP TS 2pHRRIwA tgﬂtsﬂﬁ&iQﬁﬁgx) §&¥Ai CPPRPa1IbEER)

gener ated 6PABREASE A ThIARRLLEaFhan Rakagr (Laid-opem) &0 o | "
115850/1587, Japanese Patent Kokoku (Post-Exam.
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 reéultiné 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
cqmpositibnlfor semiconductor seéling which has very high
- resistance to soldering stress, by using,'as an epoxy

resin, a polyfunctional epoxy resin represented by the



solderlng

and hence it was inpossible to obtain a highly

reS|n~conp05|t|on f or sem conduct or seallng

to obtain a heat-resistant
sol dering stress,

resi stance to
use of a pol yfunct

cdnpositiop?L%$ﬁ§n

168620/ 19887 .

crosslinking density and _
position had no sufficient

resin com

i onal

83

Pat ent Application Kokai
of such a pol yfunc-

hi gher heat

resi st ance,

reliabl e epoxy
Meanwhi l e, in order

epoxy resin conposition having excellent
t here was investi gat ed,
epoxy resin as the resin conponent
(Lai d- Open) No.

tion epoxy resin gave a higher
but the resulting epoxy
resi stance to soldering stress

for exanple, the

for said

particul arly when exposed to high tenperatures of 200-300[err]C
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The object of they

to provide an epoxy Xehi conposyt1 8m for2 senlconduc %eabang whi ch has
very high resi ance®t g sol deri stre@s S|ng,ﬂ;§§$n ePoxy resin, a
pol yfuncti ona e byy—e5+-A- CH H
-3- formula |
Rl RZ Rl Rz Rl
/ .
R R3
OCH,CH-CH OCH_,CH~-CH
z\, 2 27/ 2
\ /n \ O a paut
...... (1)
and, as a filler, a silica powder.

According to the present invedtion, by using in
combination (A) a polyfunctional epoxy resin represented

by the formula (I)

OCH.,CH-CH OCH..CH-CH., OCH.CH-CH

2072 22 272
o ) NS , | o _
cH ¢ Q CH—@———H
Ry Ry Ry "Ry Ry e
R, R,
OCH.,CH~-CH. OCH.,CH-CH
z\ i) A
\ An ™ o “m

{n and m are each an inteqger 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



[err] L () and,
as AdilPter, a silica powder. According to the present invention
by using in conbination (A) a polyfunctional epoxy resin represented by
the forrmula (1) [err]

(D) -4 -

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-



[n and mare each an integer of O or nore, n + m= 1-10, and Rerr],
Rlerr] and Rerr] which nmay be the sane or different, are each selected
from hydrogen atom an alkyl group, preferably a (err]-Clerr]alkyl group,
nore especially a (Jerr]-Clferr] al kyl group, and a

-4- hal ogen atom (e.g., Cl, Br) with thédproviso that all of Rerr], :
Rlerr] and R err] nust not be hydrogen atom si nmul taneously] and havi ng at

| east thregiopoter@ s havéhersdiesdl e, (Bumphkivyidurésgnmoddimy ,
agent, (C) a silica filler, -<and (D) a curing accelerator, there can be

obt ai ned aped@fioNy HesimoTdapbiitiypn havi rd bheraghi b pesest ance to
sol dering stress which has been unattainable with the use of a

convent i onalraiyal estobhémne. When m is lamgerepohkynr@sén tbeposition of
the present invention can exhibit an utnosthavesisttamndenaey sol dering
stress by cezuldingqeepdeyanresin abmplos idpony megsi/h tseshowhéneireasled or der
for the epoxy resin conposition to show sufficient resistance to soldering
stress, it watelesibsbieabibatyt héghanirs diadn stotkiwheneiamesedatin east
50% by weight, nore preferably at |east 70% by wei ght, based on

solder, and poorer resistance to soldering stress..

When n + m = 0, or when the polyfﬁnctional epoxy
resin is replaced by a mono- or bi-functional epoxy resin,
the resulﬁing 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 used in the

present invention includes. phenolic novolac resin, cresol



t ot al

,” epoxy resin anount, of a polyfunctional epoxy resin represented

t he ?ornu1a (I'). When the anmount of the polyfunctional epoxy resin is
t han 50% by wei ght based on total epoxy resin anmount, the resulting epoxy
resin conposition has a | ower crosslinking density and accordingly -

r educed

resistance to soldering stress? “In the formula (1), Rerr]

preferably nmethyl group, R2 is preferably tert-butyl group, and R err]
pref erabl y nowdlat pesip, opabudydeae-miodified tpicetol hwl re§ip, the rat

of n :

mis preferably 1 : 0.1-0.6, nore preferably 1 : 0.2-0.4.

‘Wen the Hﬁnxs@Hymroxnphenymﬁmethaha1ngé.gﬁEhoni¢sreﬁﬁhLeﬁ1b?@aca 1,
resulting epoxy resin conposi- -5-
ti on tends pentfedienecdodified phenodliid ifes ihiy i ege N0l Tf ngecessdrgi,ng t he
nol dabi lity, al though it poses no practical problem Wen mis |ar
than 0.6, tither curing agents such as acid ardiepdridé eat@neler @3kt i NQ
epoxy resin conposition may / to show i ncreased water absorbability, higher
t her mal showly vb%nadert@dthﬁ epokyeresiml quupaesitiben st fintket pregleaer i ng

stress.

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

by
| ess

i's
'S
io

t he

ger

embodiment of the present invention. 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
fluidity, which 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/generate cracks at soldering step and
accordingly'm:smmvreduced moisture resistance. When the

porous silica powder has a specific surface area of more



Wen n + m= 0, or when the polyfunctional epoxy resin is replaced by a
mondé- or *bi -functional epoxy resin, the resulting epoxy resin conposition
shows reduced curability, poor noldability, insufficient crosslinking
density, inferior heat resistance and subgtantially no resistance to

sol dering stress. Wien n + m> 10, the 'egoiy resin conmposition shows
reduced fluidity and,poor - noldability. The epoxy resin referred
to herein ithdnds | %Yq,epbeycpmsbmiﬂtndrshammxgignoﬂmtahtlﬁor-exanple,

bi sphenol type epoxy resins, - novolac type epoxy resins and triazine

nucl eus- comtesduded) Ehok@itysi which is less pitefastdbla. filler used in the
present invention includes porous silica powder, secondary aggl onerated
silica powder, silicaWhendbheopoaiowsd siyl ijra npbwde poisuasesdi liincampowder
and/ or secondary aggl onerated silica powder, fused silica powder,

crystal | i nemgunttaopohess, than. SHf bynewsdissht yhasedeonf kbkeds fdddems
alumna and the like nmay b@ayddere cane epudgncesi hoconposition of the
present | ramauntn the resultlnuh@qmnnaﬂhxpnésaﬁlbn/gageagem:lnnatksmthe

present invention_includes phenalic novolac resin, cresol
at soldering step and accordlngly-u:shaareduced moisture

resistance, whlchyggke 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 siliéa £iller (C) contains 5—80%-by
weight, based on total filler amount; of a secondary
aéglomerated 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#entiqn. 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 thaa'zo Hm, the

may have some tendency to
resultlng epoxy resin comp051t10n/ea51ly/generate cracks

owing to thermal stress by soldering and, when the silica

powder has an average particle diameter of more than 60



- 6- novolac resin, paraxyl ene-nodified phenolic resin,
tr|s(hydroxyphenyl)nethane type phenolic resin, dlcyclo-

pent adi ene-nodi fi ed phenolic resin, etc. |If necessary, other curing agents
such as acid anhydride and the li ke may be added to the epoxy resin
conposition of the present invention. When the silica filler

(C contains 5-80% by weight, based on total filler anount, of a porous
silica powder having an average particle dianmeter of 5-40 [err]n1 an
appar ent derii4 Ef PIRG ¢ ignc STOME & edwead me Idalridddy abedholo £5- 20
mMerr]/g, thereis €%OVIded adg ?ferable enbodlnent of the present

i nvention. MR 21&sESS aolen Ihsy Ia;)’ﬂfr‘?(,gﬁ & @d&(ﬂl@é@tﬁ of

represent ed %{ thec lr?gm can e%al Qm%r er .to_ac % t he
i nt ended obj¥tt Bt e pré@é SRV t °T is.pEeerd 3%ous
silica povvd a zg; Ir;gt & h |’.jm'or
nore than 4 erﬂ?ﬁ] Wﬁ% reSthléggﬁg? 3 glﬁe%%§§%§%ﬁﬁo%gs educed
fluidity, Wma? % 4 el O\M%ztéwcaw%% 3/ldesa %Om'er has an
apparent densi ty ofnggplhgvé Rafe @eRddiC may have 'sone tendency to
resul ting cmﬁir@/mdwu}mﬁﬁe&@qw@@@r@wwg dr@Qcks 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 show 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



thermal stress by soldering and accordingly to show reduced nisture

resi'stance, which is |l ess preferable. When the porous silica
powder has a specific surface area of less than 5 nferr]/g, the resulting
conposition sone tendency to may have ,/ easily/generate cracks at

sol dering step and accordingly to show réduced noisture resistance. \Wen
the porous silica powder has a specific surface area of nore

-7- than Xendertd/ ghowheedudedsiflvid Sty vend icgatés mandlapi lriaducedh; s
fluidity, which is |less preferable. When the porous silica -
powder is usesl beemancoanespacakd esdyt hasiny) bys wehghpohgFamcyidriyl
filler may have sone tendency to anount, the resulting

conposi ti ordpeasy | yégéner at @odiyfokxct idnsbl eprxygresén afd thec @odiniiglay t O
show reduced noi sture may resistance, which/nmake it
difficult ¢ ovtareia mcemfosind ,orashathegshltar fedlprofEdt,i &s-100% by
When the porous silica powder is used in an -anmount of nore than 80% by
wei ght basateight ot Besefl| o todridurfiiller amewnti ngfcanpddiiciaoposidnns
reduced fluidity . . not as and poorernol dability,
which is / RANIR®| @nf aVegRs& iRdAticle diameter of 3-20 um, an '
apparent density of 0.1-0.8 g/cc, a specific surface area

of 1-20 m?

/g and a boiled 1inseed 0il absorbability of
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



application. When the silica filler (C) contains 5-80% by

wei ght, based on total filler anount, of a secondary agglonerated silica
powder having an average particle dianeter of 20-60 [err]m an apparent
density of 0.1-0.6 g/cc and a specific surface area of 5 nferr]/g or |ess,
there is also provided a preferable enbadipggnt of the present invention.
In this case also, any of the polyfunctional epoxy resins represented by
the fornula (1) can be used in order to achieve the_ intended object of the
present invenseéopndary agglomeymesd (il 5@ oPRIIST ARACHRrAtRICEYS i ca powder
has an average.garticle di aneter_of |ess than 20 errién IPe

may have sonesibh@RnBWdef ot etedusagt &gt ol inseed o1

conposi tion/ easi | nerate acks owing to thermal stress by, soldering
and, when theaQF?¥égglgb€HerEﬁﬁgedﬁaﬁvg?a%%tﬁh?? WA terylo"f1 % than
60 13 38z an gggii i on
shows reduced nol dabi i 9,3n'b8?ﬁ %1'-1“:?/\/{1?%‘1%‘1%? eo?%gs&%)drne?%pi%’fcrg. eJ aver age
particle d'aHEESBnQEry agglomerated silica powder and/or a porous '

silica powder has an average 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 ' o
/generate cracks at soldering step. When the specific

2/g, the composition shows

surfaée area is more than 20 m
- 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



t he secoqgary aggl onerated silica powder is preferably .20-40 [err]m Wen
t he secondary aggl onerated silica powder has an apparent density of nore
than 0.6 g/'cc, the may have sone tendency to resulting
conposition/easily/generate cracks owing to thermal stress by sol dering.
and ‘accordingty to show reduced noi st w e y esi stance, which is |ess

pref erabl e. : - Wien the second aggl onerated silica powder has a
specific surface area of nore than 5 nferr]/g, the resulting nmay have sone

1/.9
t endency t o-RIFPERAL i oRPEASYINGRNEP R 1ICIIRS RtLTFFeriRglst desdrpble
accordingly to show reduced noi sture resistance and significantly reduced
fluidity, Wi 45¢sthesgrpuddershlica powder in amamepptsefond least
aggl onerated silica, powder is contai ned in an amount of |ess than 5% by
wei ght bas&® &y weight, preferably at least 20% byrewe hghE besed emlency
total filler anmpunt,_ the resulting conposition/easily to generate cracks
at soIdeHlﬁ?%ﬁhpfh%aeﬁcé&ﬂﬁqﬁﬁy to show reduced noisture resistance,
which nmakes it difficult to obtain a conposition having preferred
properties: Wheppd&here kecwRgdaggPedyitmnat ionataeporerrasin
contained in an anpunt of nore than 80% by wei ght based on
tendency t ®&HaWe ESFBPLlA; (I “Wi@E@in Mhe Pesul ting conposition may have
some/ reduced fluidity and poorer noldability, which is not as suitable
for practi &@e FpFrthingneroxy resin campesitiioned ambyetowaBAW he second
aggl oner at ed silica powder or the porous silica powder is contained in
reduced curability and accordingly pcorer 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 silica 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 0.1-0.8 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, there 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 methyl

group, R2 is tert-butyl group, R, is hydrogen atom and

3
(n + i) :m=3 : 1.



an amount of nore than 80% by wei ght based on total filler anount ,
the'resulting conposition -9- tends
to show reduced fluidity and poorer noldability. This has been
counteracted by using, as the pol yfuactjisonal epoxy resin, a

pol yfuncti onal epoxy resin of the fornmula (I) wherein m= 0 and, as the
silica filler (C, 5-100% by weight, based on total filler anount, of a
silica powder havi n§héh RRRRQEEY paaRges cagfanseccomditimng 0 f | thean
apparent density of 0.1-0.8 g/icc, a specific surface area. of 1-20 nferr]/g
and a boi | 88°BPRs &dd 153 hah?$ i¥§lbf asothel reagong thrrefed dye
grinding a secondary agglongrated silica powder and/or a porous silica
powder. THBE §§Pea§5aééiﬁﬂ¥9eqrﬁf%ﬂh@%sbﬁen obt ai ned an epoxy resin
conposition for seniﬁgﬁguctor seal i ng, _which_has very high resistance to
sol dering stress wt n (theee nks w§edndl pabrErngtisnadogrexy weshnt he

conventi onal rgsi% (of0) ogééions for.sem conduct or. seal ing. . As
the pol yf uREt £ ﬁaIQﬁmég%r ) WRRTeHR Ror k| Bethy)l @FOU@n By =19, there are

referred those, of the :
P ter%—but;i 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



formula (1) wherein R err] is nmethyl group; R[err] Is tert-butyl group

Rlerr] is hydrogen atomand n = 1-3. When t he anount of the
ground silica powder used is |less than 5% by weight based on total fil
anount , : | ess the resulting epox
resin conposition is / able to relax thé3stress generated at the tine
I mrersion in solder and has reduced - sol dering stress. As nention
bef or e, Rec d a Sigicagp t por ou
silica pov&?‘n’r&é] uge Qagut 9%1;?15 ﬁoqpp?egal anyggé f@gst?{nm c%?r%o& ti
tends to show reduce =f kui.dijt d rer [ SEin
oW T egluceg Jfhui.dipty, gndpgore Hﬂ%g@ﬁl: trésggcon e a%;alg? o?rer
S|I|ca powger / us idd C heh8158dYeR id &
|l i nseed o%ﬁf lﬁﬁgbggr eEQP?tyPa. é?ex%éﬁoggrggtg?ne |npr3Ved‘pp%IU|d|t

When the s é& gdgr QQ%%?Y@ﬁébhdqiPﬁé@gpﬁenoll%eQQQQﬁWb&EEH@”EVate

silica po
di anet er
3 [err]m

and a porodls I ca powd has an average particle

(%?éﬁﬁsre resented ¥ the formulBBYIHR3ve sone tendency to

e resufting conp03|t|on/generate cracks

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 paraxylene-modified
phenolic resin, there can be obtained aﬁ epoxy resin
compesition having very high resistance to soldering
stress which has been unobtainable according to ehe prior
art. L |
By controlling Ehe amount of the paraxylene-

modified phenolic resin used, the epoxy resin composition
of the present invention can exhibit an utmost resistance

to soldering stress. In order for .the epoxy resin

- composition to show high resistance to eoldering

| er
y

of
ed

S

on
di ng
ated .

y.
d

t han



omnqg to solderlng heat stress. Wen the ground silica powder has an
average particle dianeter of nore than 20 [err]m the conposition shows
reduced fluidity. Therefore, the average particle dianeter of the
ground silica powder nor e is preferably
3-20 [err]m/especially 3-10 [err]m \Wen t he apparent density of the
ground silica powder is |ess t han Ofllélﬁc, the resulting conposition
shows reduced fluidity. Wien the apparent density is nore than 0.8

may have S@@cé@é‘ﬂeﬁéhkodesﬁ/&ﬂe e Lo T 9PASGIBNAL GO ?@.‘%ﬁi owing to
t her mal stress by soldering and accordingly to show reduced noi sture

resi stancephéigilidersseai inC sl £ 18858 8680by we?.'qgitca powder
is |less than 1 n2/g, the resulting conposition shows reduc€d strength

when nol deg sk Faylade 3QERt LY Weight gsaeéat 8nCaeky %e?fam{]' ng
step. Wen the specific surface area |s nore than 20 nferr]/g,

conposi ti orregdimscuringr ageaed adoyrii ty. Wen the boiled |inseed oil
absor b- ability of the ground silica powder is nore than 1.2 m /g,

the resulting conposi When thewammiicesE fthe dbd yagplepeomedified
nol dability. Wien the boiled Iinseed oil absorbability is

may have sqhernebhiencgsin is lesss ghmn S0 bgt/weighe, cahroiesudtigrner at e

cracks ow ng to thermal stress by soldering. In order to obtain
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)



I nproved . resistance to soldering stress, it is desirable to use the
grotuind stlica powder in an anmount of at |east 5% by weight, preferably at

| east 20% by wei ght based on total filler anount. When there is
used a pol yfunctional epoxy resin of the formula (1) wherein m= 0, the
resulting epoxy resin conposition tends tl® show reduced curability and
accordi ngl ypoorernol dability. This has been counteracted by using a

pol yfunctional epoxy qggesip of the fggmuka £1) whereipgp < 1-9, m= 1-9 and
n+ m=2-10 and, ag the |silica filler (jC} 5-100% by wei ght, based on
total filler anmount i '
di aneter of 3-20 |
surface area of 1- erfr]/

and )i [ abkorbability of
0.2-1.2 ni/g, obtRained byl g gl®oneratpd silica powder
and/ or a porous silica po ul t, thér® has been
obt ai ned an epoxy resin co sftion for sem eonductor sealing, which has
very high resistance to sofdefjng stress wi ttho reducing its noldability,
as' conpared with the convent i 8Ral resin conposittons for ‘

-(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 which 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



sen1conductor seal i ng. As the polyfunctional epoxy resin of the
fortula *(1) wherein n =1-9, m=1-9 and n + m= 2-10, there are
preferred those of the formula (1) wherein Rlerr] is nethyl group, R err]
is tert-butyl group, Rlerr] is hydrogen atomand (n + 1) : m= 3 :1.

- 12 - The property ranges amaéwe conditions of the ground
silica powder, as well as the reasons therefor are the sane as descri bed
previ ously. When there is used a polyfunctional epoxy resin of

the fornul &o( Msevrt eleast e$03 byswedghyl, @referablysatt deasbufPk dyoup,
Rlerr] is hydrogen atomand (n + 1) : m=. 3 : 1, there is provided a

pr ef er abl eweriighdi ndmsed emetopadsphenpiienttiemin Icurhing 8gest amound,
silica filler (C) there can be used any of silica fillers in order to

achi eve t hefi it &t hirj eexyphenyid) pesbene itypsnhtehenolic resin cumipge
above case, when the ratio of (n + 1) : m is such that (n + 1) is 3 and m
i s snalleraGﬁww Feﬂ¢ﬁ§e¢§%®lhYnéhéoﬁpﬁgpﬂﬁodﬁkikB tWheavbheedmonat

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)



curabilit

al so provided a géﬁferable enbodi
case also, as the;Sifica filler (
fillers in ordeg/ i 1
The case of n R

an.epoxy resin,
Rlerr] is met
Is tert-butyl

L during nol ding and accordingly poorer noldability. Wien mis
| arger than 1, the conposition tends to show increased water
absorbability, higher thermal shock when i mrersed in sol der, and
poorerresistance to soldering stress. When there is used
pol yfunctional epoxy resin of the forymula €1) wherein Rerr] 1is met
group, R2 is tert-butyl group, R3 is hydrogen atomand m= 0, there
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and,

as a phendihe BesdingusEnghegphienolid HAGRPP Vel idtca MASOFE P tiRb Pbties
phenol i ¢ n&si iy CURT 89ch case preferably to the particular ring indicated

(n is an integer of 0-5 and each R is an atom or group

selected from hydrdgen atom, a halogen atom and an alkyl

group of 1-4 carbon atoms), there can also be obtained an.

epoxy 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 resin composition of the present invention can
exhibit an utmost resistance to soldering stress. 1In
order for the epoxy resin composition 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



agent, of a paraxylene-nodified phenolic resin curing agent represented by
thesformula (11) [err] '

o () (nis an integer of 0-5), there can be obtained an epoxy resin
conposi tion for semn conductor sealing_yh'gh_has very high resistance to
sol dering stress. The phenolit resin curing agent represented by

the formula (11) is obt ai ned by condensi ng, phenol and_ an _aral kyl ether
([err] - di metilghypatheyress)l tidgoePoxy tLkes It | @BPOSL ELON 8AS: ilsieBy usi ng
this paraxylene-nodified phenolic resin, there can be obtained an epoxy
resin cofestithiobitavengd verpdhrgh resizashtlareesbPdepilA@rini ess which
has been unobt ai nabl e according to the prior art. By
control | i mFagss anount of the paraxylene- nodified phenolic resin used,

t he epoxy resin conposition aqf the present invention can exhibit an utnost
resistance to sol deFRnTEPRESINT (theQROXY oFeshl ERBRPSAEIOR oriition

to show high . resistance to soldering )
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 cén be any curing accelerator as long as it can
accelerate the reaction between the 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
(DBU), triphenylphosphine (TPP), dimethylbenzylamine

(BDMA) and 2-methylimidazole (2MZ). These compounds can



- 14 - stress, it is desirable to use the paraxylene-nodified phenolic
resin in an anount of at |east 30% by weight, preferably at |east 50% by
wei ght based on total phenolic resin curing agent anount. When
t he amount of the paraxyl ene-nodified phenolic resinis |ess than 50% by
wei ght, the resulting epoxy resin conpesigian has | ower water resistance,
|l ower flexibility, |Iower adhesion to | ead frame and reduced resistance to

arger | Tna® S0 }RREI OFnd B SAIRATA THOF chlistée ShoMoratuced 11 ui di ty
phenol 1 ¢ novol ac resHRScRP IR EgSRO ROt SF HinGoRESRAFAR SRe AR iife tormi n
Feai ot ance it SfnE S Veh Lo, SRRl d440 280en ¥ Bhial sormppents
vapori zati g e ShERTOARY BEBYY Ledit] of AEnd 01 3°LEEENN LY Sgent,
' 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 iike; 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,



By using, as an epoxy resin, a polyfunctional epoxy resin of the formula
(I)‘mheréin.R[err] is methyl group, Rerr] is tert-butyl group, Rerr] is
hydrogen atomand (n + 1) : m= 3 : 1 and, as a phenolic resin curing
agent, 50-100% by wei ght, based on total phenolic resin curing agent
amount, of a tris(hydroxyphenyl)methane,4ype phenolic resin curing agent
represented by the formula (I111) - 15 -
[err] o aas - PRI

(n and m dlexdgpinl i i MG v sfatrr1 @bse thaiid ity whighd hRs ibeegel ected from
hydr ogen ato net roup, . et hyl group, ropyl group, hutyl group,
tgrt_guty|u:§:’,r'rqlﬁppiqﬂrg’]th]gacc rding yto gthe Fg)az'iopr aF{X.. gAcc%r_dingyly,gby Féhe

rasent inventicn thers can te cbtained epcxy rasin campesitions having ver

ol
,
?igh crack resistance when subjected to thermal stress by
rapid 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,
coakting, insulation, etc. of electronic and electric
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

(Ia) 15 éarts by weight

OCqugifgz OCHZQQTFHZ ?C32Q§1FH2

° . Jf£§h ° T 2N °

. CH - CH H

- L X =4 -

Cd3 C(CH3)3 | Cd3 C(CH3)3 CH3
OCqungHZ OCHZQE—FHZ
< 0 Jn s o /m

..... (la)



conbi nation thereof), there can also be obtained an epoxy resin

conposi ti'on for sem conductor sealing which has very high resistance to
sol dering stress. Thé phenolic resin curing agent represented by
the formula (111) is a polyfunctional phenolic resin curing agent having
at least three hydroxyl groups in the é% cule. By using this

pol yfunctional phenolic resin curing ag “there can be obtained an epoxy
resin cenposition having very high resi stance to sol dering stress which

has been unobt gr¥der&#s6r Aonglae ehoxy ir¥simlt. 5 parts byBwetgRirol ling
t he amount of the above phenolic resin curing agent used, the epdOxy resin

conposi tion of PHeo Pi€setvol A¥erks@R can exhibit gﬁlpﬁg@gtbyeﬁbggﬁ@ce to
sol dering stress. In order for the epoxy resin conposifion to
show high Pdﬁuﬂ§t§mbﬁc50peﬁhderKaggﬁg¢§s it is desirable

- 16 - to use at preferably at |east 70% by weight,

% b
based on total § éﬁb % 5%%?ﬁ¥cﬁr| S HSEnt anount ,
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
machine under conditions of 175°C, 70 kg/cmz and 120
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 soidering—

moisture resistance test.



of a tris(hydroxyphenyl)methane type phenolic resin curing agent
represented by the fornula (111). Wen the anount of the curing agent used
is less than 50% by weight, the resulting epoxy resin conposition has

| ower crosslinking density and reduced resi stance to sol dering
stress. In the formula (l111), each Ris preferably hydrogen
atom or an al kyl group of 1-4 carbon atoms® When each Ris an al kyl- group
of 5 or nore carbon atons, the phenolic resin curing agent shows reducing
reactivitySeilderide enagk teskn and the resulting epoxy resin conposition
has poorercurability. Wen there is used a phenolic resin curing agent of
mono- or bi-functiondl}g, sehtedesesti devicenesidled $2p pavkager)osals nki ng
density, poorer heat resistance and reduced resi stance to sol dering
stress. | pleced anden ¢onditions+of) 8i5°Cl-aHd 83KeR. K0 fornk8i hiduarisger
than 10, the resulting conposition tends to show reduced fluidity and
poorer nol @adi [72 ynours and thepyimmergedaimra epokderesabh af 250°C

pol yfunctional epoxy resin of the fornula (1) wherein R err] ‘i s nethyl
group, R2 feort & smaondgr ouphereatterydithgec maks afwlrméd ¢onlkhe m= 3
1-0 and, as a phenolic resin curing agent, 50-100% by wei ght, based on
total phensurdacssiqf theisgaigéntesspdevice weah nhsepeadadsdng- modi fi ed

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.



phenolic re5|n curing agent represented by the followng fornula (1V)

- 17 - Yerr] (1Y) t he bondi ng of the phenolic rings
to the carbocyclic noi eti es belng in each case preferably to the particular
ring indicated (nis an integer of 0-5 and each Ris an atom or group

sel ected from-hydrogen atom a hal ogen atom and an alkyl group of 1-4
carbon atons), there can also be obtai re@3anr- epoxy resin conposition which
has very high resistance to soldering stress as conpared with the

3?2;5PELEE&Q@PB&%&S&?W“’O@%S# % nés?:n curi ng lggnt havi ng a struc;ture

db he f h | |
Pt oycl opent adi ene TR M 75 o FF 8EEBE ARCOHHLINY %) L henol o
resin Cuf'gggﬁgégbqé“¥§ﬁié*¥‘ O@ﬁé'@?ﬂs%@ue%&?ﬁ%g%rln CQRROSi tion

havi ng hig Ity and goo resi stance to so ress.
' grinding were effected in the same manner as in Example

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 Example I-1. The test

results are shown in Table I.

* Note: These and othef 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.



By controlling the anount of the dicyclo- pentadi ene-nodified phenolic
resi'n cufing agent used, the epoxy resin conposition of the present

i nvention can exhibit an utnost resistance to soldering stress. In order
for the epoxy resin conposition to show high resistance to sol dering
stress, it is desirable to use the 'dicyphgfeptadiene-nDdified phenol i c
resin curing agent in an anmount of at |east 50% by weight, preferably at
| east 70% by wei ght based on total curing agent anmount. \Wen the anmount

of said curinglagent ils leds th 50% Ry |
- - D g .
18 - weight, the resul tifng efdoyy| r&g4i n conposiftion hgs (I oger; -
flexibility andg repuce _ ée3|s{aqge t of solfder{i ng sﬁres&z = < In
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so that the nunber\?1 t he jepoxy @ pupy of the epoxyiregin i@ in & [range
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nore than 2, the resulting epoxy resin conposition has poorer noisture
resi‘st anée and poorer noldability and the cured product of said
conposition has poorer electrical properties. The nunber of the epoxy
groups of the epoxy resinis preferably 1.1-1.3 per hydroxyl group of the
curing agent. Wen the nunber of said epoxyzagraups is less than 1.1 or
more than 1.3, the resulting conposition tends to show increased water
absorbability, increased thermal shock when i mersed in sol der, -and poorer
resi stance to soldering stress. The curing accelerator (D) used
in the present invention can be any curing accelerator as long as. it can
accel erate the reaction between the epoxy groups of the epoxy resin and

t he phenolic hydroxyl groups. As the curing accelerator (D), there can be
used various curing accelerators conventionally used in sealing materials.
There can be used, for exanple, diazabicycloundecane (DBU),

tri phenyl phosphi ne (TPP), dinethyl benzyl am ne (BDNA) and 2- nethyllnldazole

(2Mz) . These conpounds can - 19 -
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be used alone or in conbination of two or nore. The sealing
epoxXy redin conposition according to the present invention conprises, as
essential conponents a polyfunctional epoxy resin, a phenolic resin curing
agent, a silica filler and a curing accel erator. The conposition nmay '
further conprise, if necessary, various agdidiives such as flanme retardant
(e.g., silane coupling agent, brom nated epoxy resin, antinony trioxide,
hexabr ono- benienﬁ , ,coloring agent (e.g., carbon black, red oxide),

rel easi ng E58HP Fé.éf} natural wax, synthetic wax), low stress additive

(e.qg., silicong_oil,, rubber),.and the ||ke When the sealing
epoxy resin compoSiti 3ﬁ§§ﬁ§é¥¥??&ViLm?ﬁgaBPesent i nvention is produced
as a nolding nmetglyadidytheztcher ctymefeopokyrasiad an epoxy resin, a

h i [ [ t ' ' I tor, il fill d
other addi t1veS SRy SRS D% TR HOHRE L ind IR ke; ' dffe BARRR (Pt abbre i s

nel t - kneaded by nmeans of a hot roll, a kneader or the like; and after
cooling,. the mixture is ground to obtain a nolding material. This nolding
material can be used for sealing, coating, insulating, etc. of electronic
parts and el ect ri ©ChaQH-CH - O@d®.gBscHLbed above, adCHICRECHO t he
present inventi Cﬁ%y\%ﬁprzo/priateled\%e?e\yn the/types }dd\?t\o/ 2
' ca—{€ Y- 1 £ cn @ I,
CH, C(CH3)3 CH3 C(CH3)3 _ CH3
OCHZQE'FHZ OCHZQS7FH2
~ 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



amupts o
silica fi

{

a pol yfunctional epoxy resin, a phenolic resin curing agent,
| er and a curing accel erator and conpoundi ng these conponents,
there can be. obtained an epoxy resin conposition having heat resistance,

- 20 - flexibility and | ow water absorbagility whi ch has been

unobt ai nabl e according to the prior art”
i nvention here can be obtai ned epoxy resin conpositions having very
crack resi stiateevhears sghpend etlot obthdmrad md Idbeg byateapihad..t e MM itHE

change at sol dering step, and-further hav- ing good noisture resistance.
Ther ef or e, nidlal ipre geate r EpbxwerespirepayEsidddled ato D8iAgist gblry tesad for

seal i ng,

particul ar lpudpage niregtke | saméamganelr md Gn Emamprd DR1sur ffage nounting
packages and requiring high degree of reliability. Next, the

ccordingly, by the present

coating, insulation, etc. of electronic and electric parts,

present inweriidimgs stelescsubidctbd way tife el ©slderifgaophek tkst

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.

hi gh

a



resin
15 parts by
Porous silica

et her type epoxy
5 parts by wei ght

triglycidyl
n + m= 1-10)
10 parts by weight

novol ac epoxy resiyg -

(la)
'm=3 1,

(n
Ot hocr esol

[err]

(la)

Phenol i ¢ novol ac resin

Tri s{ hydroxyal kyl phenyl ) met hane
21
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Tri phenyl phosphi ne 0.2 part by weight Car bon bl ack
0.5'part *by wei ght Car nauba wax ' 0.5 part by
wei ght The above naterials were m xed at nornmal tenperature
by neans of a m xer. The m xture was kneaded at 70-100[err]C by neans of
twin rolls. After cooling, the mxture was ground to obtain a nolding

mat eri al . The nol ding materi al-wag shaped into tablets. From
the tablets was prepared a 6 x 6 mmchip for soldering crack test using a
| ow pressure transfer nolding nmachine under conditions of 175[err]-C, 70
kg/cnferr] and 120 seconds. The chip was used for sealing of a 52p
package. Also, a 3 x 6 mmchip for soldering-noisture resistance test was
prepared in the sane manner and used for sealing of a 16p SOP package.
The resulting seal ed test devices were subjected to the follow ng

sol dering crack test and soldering- noisture resistance test.
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Solderinq crack test The seal ed test device (seal ed 52p package)
was * pl aced under conditions of 85[err]C and 85% R H. for 48 hours and 72
hours and then immersed in a solder bath of 250[err]C for 10 seconds.
Thereafter, the cracks fornmed on the surface of the sealed test device
wer e observed using a m croscope. Sol terT ng- noi sture resistance test
The seal ed test device (sealed 16p SOP package) was placed under.

condi tions gafafgPl@rtie-and 85% R H for 72 hours, then imersed in a

sol der bath of 250[err]C for 10 seconds, and subjected to a pressure

cooker test (12pffs(hEd¥oxFaQiyRpienyl0Easdie a tine to 50% poor opening
of the circuit. e test .results are shown in Table |

Exanpl es |-2 td-¥iglycidyl et eEo B ®ARFNvas ef f ect ed according to the
reci pes of TablgeginndepbeseunitedqigntcHanaasimal&nd grinding were effected
in the sane rran{::ﬁ as in Exanple [1-1 to obtain rm#ﬁi ng rrat&ri(i als. . From
t hese nol di ng - %rials were prepared seal ed nol dffg8 st FH Pose,

0-CH,CH-CH O-CH,~-CH-CH

2 \_/ 2 2/ 2
0 ”’ o] ~
) . '
R ... (Ib)
CH3 C(CH3)3 CI'-I3 g(CH3)3 _ _
O—CHZ—C{I—/CHZ
~ o) “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



in the sane manner as in Exanple I-1. The nol dings were subjected to the
sanme sol 8ering crack test and soldering- noisture resistance test as in
Exanple 1-1. The test results are shown in Table |

- 23 - Conparative Examples*I-1 to I-6. Conpoundi ng was
effected according to the recipes of FalBlled and the subsequent kneadi ng
and grinding were effected in the sanme manner as in Exanple [-1 to obtain

ol i ngs 1 SEMERRADASE HTAlTRE SOMs TR ner i i kRS | ki E29Rg
| di ¥ dto th | deri K d ing- -
i sture 188 JOTRS T dy HethE SAnEraR TR1IR. A Rl s arthhomn in

Table 1. 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 oil 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



* Not e: These and other Conparative Exanples are conparative I'n

t he 'sense t hat they illustrate that preferred enbodi nents of the
i nvention give inproved results; al | Exanpl es including

Conpar ative Exanples falling an the scope of claim1l are

i ncl uded within t he scope of th I nventi on. - 24-
[err] : -25- [err]

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



- 26.- Exanple I1-1 Tri s(hydroxyal kyl phenyl ) net hane triglycidyl

et hér type epox resin represented by the fornula (Ia) 15 parts by
wei ght [err] :

..... (la) (n: m 3: 1 n+ m=1-10) Ot hocresol novol ac
epoxy resin . 5 parts by weight Pheplic novolac resin 10
parts by wei ght Secondary aggl onerated silica powder (average
particle dianeter: 35 [err]m apparent density: 0.3 g/cc, specific
surface areasultd earg/shown in Table IIH .parts by wei ght Fused silica
powder © 33.8 parts by weight Tri phenyl phosphi ne

0.2 part by weight Car bon bl ack 0.5 part by weight

Car nauba wax - 0.5 part by weight



The above materials were mxed at normal tenperature by neans of a mxer.
The "'m xture was kneade at 70-100[err]C by neans of twin rolls. After
cooling, the ' -27- mxture was ground
to obtain a nolding material. Fromthe nolding material were prepared
sealed noldings for test purpose, in the sane manner as in Exanple |-1.

The noldings were subjected to the sane Soliering cra?k test and
sol deri ng- noi stufe rEesi gtancqg test] as 1n a l-11. i The test
results are showp inl TAble 1] Exghpl ese [ -2(to {11-7 .
Conpoundi ng was ¢f fect®d ageqrding tg tlhe o recipes jof Tablle 11 gnd the
subsequent kneadijng jamel| gwi ndi Ag jweme lef feck ed|in |t he sar{e manger as in
Exanple [11-1 to|obtgt+rrrotatre—rateral-s—- these polding faterials.
were prepared segl ed| Mlidi ngg for |tegt puppobe% in the sdne mapner as in
Exanpl e 1-1. The|nol difgs yerie <:.subj gct edtjo vée same Folderl ng crack test
and sol deri ng- - N ~ — ™
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moi sfure yesistance test as in Exanple I-1. The test results are shown in
Table I1. Conpar ative Exanples I1-1 to I1-6 Conmpoundi ng was
effected according to the recipes of Table Il and the subsequent kneading
and grinding were effected in the same manner as in Exanple 11-1to
obtain nolding materials. Fromthese noldin materials were prepared

seal ed nmol dings for test purpose, in the”s fe~manner as in Exanpl e 1- 1
The nol dings were subjected to the sanme sol dering crack test and

sol dering- noigTure [resrsgance test as in Exanple |-1. The test results

are shown-in TaBleglI}. o T . 28 - [err]
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- 2% - [err] - 30 - Exanple Il1-1
Tri s(hydroxyal kyl phenyl ) net hane triglycidyl ether type epoxy resin

represented by the fornula (I'b) , 20 parts by
wei ght [err] [the above resin is a m xture of three
formula (1b) resins (n =1, 2 and 3) yh; ein the mxing ratio is 8
(n=1) 1 (n=2) : 1 (n=3)] Si i ca”powder obtai ned by grindi ng
secondary aggl oner at ed silica powder (average particle di aneter: 5
[err]m apparent » '
\? @ (=]
| o« ® ~ | l
b ~4 o
- <
L
<
w o
1 . Q.
el (=} «Q
- ™ 1
L
~ (0]
L= —
- Q| -
43 = i
S | (=] (=] -]
Q M I~ - 4
3 = -
o
>
| ot ™
=y ) I .
- [ L} L= < -]
o] - i
® @ | -
— o
el £
© =)
£ Of « w
- - -] ~N (3¢ 3
=4 -4
L]
- w
,." o ©
-4 ™~ 0
-4




density: 0.5 g/cc, specific surface area: 16 nferr]/g, boiled

l'i ndeed il absorbability: 0.7 m/Q) 68.8 parts by
wei ght Phenol i ¢ novol ac resin 10 parts by wei ght

Tri phenyl phosphi ne 0.2 part by weight Car bon bl ack

0.5 part by weight Car nauba wax 0.5 part by weight
The above materials were mixed at normal = 37 -

- 31 - tenperature by neans of a m xer. The m xture was kneaded at
70-100[err]C by neans of twin-rolls. After cooling, the mixture was ground
to obtain a nolding material. _ Fromthe nolding material were

prepared sealed noldings for test purpose, in the same manner as in
Exanple 1-1. The nol di ngs were subjected to the sane soldering crack test

and ‘sol deri ng-noi sture resistance test as in Exanple I-1. : The
test results are shown in Table I1I1. Example 111-2
Y- ] 0
- ~4 (=]
N N =
(3] O ~N
') -
~4 ~4 (=}
N N 0
~N o —t
-~
!
- 0 ¥
s} - -4 (=]
= N ~ ©
o ™ =] -
(&) -t
S
-t -] O
- r4 ~t (=}
- N N o~
b -] ~
@
r~
2
3]
£~ o 0
~4 [ (=}
N N ~
< [=,] ~
O O
~t - Q
N N ©
O 0
r~$ -t




Tris(hydgoXyaIkylphenyl)nethane triglycidyl ether type epoxy resin

test purpose i

represented by the formula (I'b) shown in Exanple Il1-1 10 parts
by wei ght ~ Orthocresol novol ac epoxy resin
10 parts by wei ght Silica powder obtﬁ!ned by gri ndi.ng porous
silica powder (average particle diar re 6 [err]m apparent
density: 0.5 g/cc, specific surface area: 10 nferr]/g, boiled _
| i nseed oilg daprljty: - 0.6 m/qQ) 34.4 parts
by wei ght Fused silica powder 34.4 parts by weight
_Fr>h_enﬁ|ic|- ngvolﬁlpriﬂﬂroxyalkylphehglgﬂfétﬁ’x}é}%éWEi ghL ' carbon bl ack
ri phenyl phosphi ne . .2 par y wei ght .Car bon ac
0.5 part by weitghtdlycidyl, athgs hype epoxy 0.5 part by
wei ght resin represented by the formila The above
materials were <§ﬁfd into-a nolding material in ge sa Eanneniﬁaﬂn
Exanmple 111-1. the nolding material were pre% rRYL 58aPEd ¥t hgs for

n the same nanner as in Exanple I-1. The noldings were

subj ected to the sanme sol dering crack test

CH

0-CH 0-CH '-CH-/CH 0-CH_,-CH-CH

Z—QEjFHZ r)\w 2 \ 2 2 ./ 2

- o P
o CH (~\ ( CH H

3 C(CH3)3 CH3 C(CH3)3 CH3
O—CHZ—CH—CH2 O-CHZ~CH—C32
N/ N/

K 0 nu ’ O /m

eeees (IC)

{the above resih 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



and sol dgring-noi sture resistance test as in Exanple I-1. The test results
are shown in Table II1. Examples [I11-3 to II1-5 Conpoundi ng
was effected according to the recipes of Table Il and the subsequent
kneading and grinding were effected in glae _same manner as in Exanple

I11-1 to obtain nolding materials. Fromthese nolding materials were

. prepared seal ed nnldingf for test purpose in the sane manner as in Exanple
1-1. The nol di RGSDREY P1lagkj ected to the sane sol dér-iShPartacRyteeighhd

sol dering- noisture resistance test as in Exanple I-1. The test results
are shown in T&BIF@®3uQa wax conparative Exanples |110--5 tRA7Y |bp weight

Conmpoundi ng was effected according to the recipes of Table IIl and the
subsequent kneading and grinding were effected in the same nanner as in
Exanple 111-1 to-obtain nolding materials. Fromthese nolding materials

were prepared seal ed TR FAPREe iBRteE3R 15uHBE8eMiZeS BE NgE™Fhnner as in .
Exanple 1-1. The noldings were s bLected to the sane soldering crack test
e

and sol der FREPEIRGURS QY (BRIRT PEeat BIXLEs | ARB FHAtMTe Waskneaded
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 subjected 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:



results are shown in Table I1I1. [err]
err]

=~ 40 -
0.6 mlsg)  ° 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.



- 36.- [err] . - [err]

- 41 -

Comparative Example IV-1

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

formula (Ib) 20 parts by weight
0-CH.,CH-CH 0-CH.,-CH-CH
2_\/ 2 2 N / 2
o -~ H ﬂf&h 0
C H :
_ : «.. (Ib)
CH3 C(CH3)3 CH3 C(CH3)3
0-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



Exanmple 1 V-1 Tri s(hydroxyal kyl phenyl ) net hane triglycidyl ether type
epoXy ‘resin represented by the fornula - (lc) o
12 parts by wei ght [err] :

..... (lc)

(the above resin is a mxture of two formula (Ic)

resins (aresin of n=2and m=1 and a EfSin of n = 5 and m= 2)

wherein the mxing ratio of the former ~

Ot hocr esol

and latter resins is 8 : 2]
novol ac epoxy resin 8 parts by wei ght Silica powder

obt ai ned bynoldifdiMetagiseconeanm ahe AHEERY matesihilCaeR@gie o ey

particle

dianeter: 6 [err]m apparent _ density: 0.5 g/ccC, specift

age
iC

~surface arepsalldd té1dlhgs Boirl edst pudpbsredidha@bsanbaRahinkt as in 0.7
3.5 parts by wei ght Fused silica powder

m /g)
65.3 parts
wei ght

Bwanpig@ht-1. TReenollddngeyeler® rAfdjected to the Rames by
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.
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Exanpl e I,V-2 Tri s(hydroxyal kyl phenyl ) net hane triglycidyl ether

type epoxy represented by the formula (Ic) shown in Exanple |V-1
20 parts by wei ght Silica powder obtained by gri ndi ng porous
silica powder (average particle dianeter: 5 [err]m apparent
density: 0.6 g/cc, specific surface - 44area: 10 nferr]/g, boiled
| i nseed oil absorbability: - 40-
0.6 m/qQ) 68. 8 parts by wei ght Phenol i c
novol ac resin TopartE 0y ywei ght Tri phenyl phosphi ne
0.2 part by weights w Carbon b ae:k ) 0.5 part by
wei ght Carjna@bal wak =4 h s 0.5 part by weight
The above nmaterf als pere ¢onpoungeds <neaded and ground in the sane manner
as in Exanpl e HvY=—i—tp—obtarr—a—pfel-etng erial. Fromthis nolding
material were Jprepafed sealed npldings for test purpose in the same
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manner as,in Exanple |1-1. The nol dings were subjected to the sane .

sol dering crack test, soldering-noisture resistance test and curability
test as in Exanple IV-1. The test results are shown in Table IV.

Exanples V-3 to I V-6 Compoundi ng was effected according to the
reci pes of Table IV and the subsequent kneading and grinding were effected
in the sanme manner as in Exanple V-1 te ébtain nolding materials. From
the nolding materials were prepared seal ed nol dings for test purpose in
the same manner as in Exanple~l-1. The noldings were subjected to the sane
sol dering crack test, soldering- noisture resistance test- and curability
test as in Exanple [1V-1. The test results are shown in Table IV.

- 41 - Conparative Exanple V-1 Tri s( hydr oxyal kyl phenyl ) net hane
triglycidyl ether type epoxy resin represented by the formula (1b)

20 parts by wei ght ‘

1
T < °
>l e o | ol o | o | o o
] ~N W c
o]
O
o !
1
> o o | o} © | o | =
N
7s] -]
~ -} O
Lo’ >l o o | ©o | © I N | w
- HN
&2 | O
2 | -t
Qo |
0 E] < ©
~ 1 o F 1 .
Ml > o~ =] -] ™ o | v
Bl | e
>
- | @
>
@ wt | o 7o)
~ ] 31 1 - -
Q ol >»] @ o o~ ™ o | wv
Q| - P
&« I ©
[N
e
Q
& B B _
> o o | o} o | o | o
~N
—-
{
> o Qe | o o | @ | o
~




[err] . [the above resin is a mxture of three fornula (1b)

resins (n =1, 2 and 3) wherein the mxing ratio is 8 (n=1) : 1 (n=
2) 1 (n = 3)] Silica powder obtained by grindi ng porous silica
powder (average particle dianeter: 5 [err]m apparent density:

0.5 g/cc, specific surface area: 16 n2/q,, boiled |Iinseed oi
absorbability: 0.7 m/Q) 68.8 parts By wei ght Phenol i ¢ novol ac
resin : 10 parts by wei ght Triphenyl phosphi ne 0.2
part by wei ght Car bon bl ack 0.5 parts by wei ght

Car nauba wax 0.5 part by weight : The above
mat eri al s were conpounded, kneaded and ground in the sanme nmanner as in
Exanple 1V-1 to obtain a

10/16
14/16
120

6/16
12/16
120

2/16
7/16
200

2/16
6/16
200

Table IV (cont'qd),

16/16
16/16
80

0716 3/16

0/16 8/16

300¢< 160
50-60 30-90'.75—85 75-85| 70-80 |70-80 |80-90




.- 42 - nolding material. Fromthe nolding nmaterial were prepared sealed
mol di ngs *for test purpose in the same manner as in Exanple |-1. The
nol di ngs were subjected to the sane soldering crack test,

sol dering-noi sture resistance test and curability test as in Exanple |V-1.
The test results are shown in Table |1V. 47 =Conparative Exanples IV-2 to

| V-7 Compoundi ng was effected according to the recipes of Table
|V and theg§g@§§gugaﬁ kneadi ng and grinding were effected in the sane
manner as Tn anple™ I1V-1 to obtain nolding materials. Fromthe nol ding-
mat eri al s wer enpk Wl st purpose in the sane
‘manner as in é§g%%Rg§?%ﬁ¥§ﬁﬁykégﬁﬁﬁggfﬂ%?éaBgubjgctgd to the sane

'sol dering crackrigdycidnldeather type seposyresistance test and curability

test as in Exappkén E%?%eé@ﬁ%éé*ﬁyréﬁé|EérﬁﬁiaShomﬂ in Table |V.
(Ic) 15 parts by weight

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

2 W, 2 Z-QEiFHZ O-CHZ'qgijz
0 v o . o ~ ')\ QO
CH C_cH @ I —H
CH3 C(CH3)3 CH3 C(CH3)3 CH3
O-CHZ—QEjFHZ O-CHZ-Q§TFH2
. 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



[err] - 44 —'[erﬂ

- 48 -
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-



- 4? - [err] - 46 - [err]
- 47 - ékanple V-1 Tri s(hydr oxyal kyl phenyl ) net hane triglycidyl
ether type epoxy resin represented by the formula (lc)

15 parts by wei ght

- 49 -

~

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

fesults are shown in Table V.



~(lc)

resins (a resin of n

5 and m= 2) wherein the ratio of the

7 . . .
ve resin 1s a mxture o

Terr]

[thé abo

f two formula (Ilc)

2 and m= 1 and a resin of n

f or ner
resin

Ot hocresol novol ac epoxy

resins is 8 2]

| atter

and

Phenol i ¢ novel &€ #esin

5 parts by wei ght

10 parts by

68. 8 parts by wei ght

wei ght

Fused silica powder

Tri phenyl phosphi ne
0.5 part by weight

Car bon bl ack

0.2 part by weight

Car nauba wax

The above materials were m xed at nor nmal

0.5 part by weight

tenperature by neans of a m xer.
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From the jrol ding material were prepared sealed noldings for test purpose
in the sane nanner as in Exanple 1-1. The noldings were subjected to the .
sane soldering crack test and sol dering-noisture resistance test as in
Exanple 1-1. In these tests, the solder_ % th tenperature was 240[err]C
The test results are shown in Table V. Exanples V-2 and V-3

Conmpoundi ng was effected according to the recipes of Table V and the
subsequentExampdeny¥Iadld grinding were effected in the same nmanner as in
Exanple V-1 to obtain nolding materials. Fromthe nolding materials were
prepar ed seal e@risiydgoxyalkekphenypdmethanet he same nanner as in Exanple
1-1. The nol di u d th me sol dering crack test and

‘sol deri ng- no?giawgk s?%ﬁ%%gttgge SS %%Exanple V-1. The test results
are shown in Tabsenvrepraaﬁqtﬁdubyetﬁgaﬁptmalv-1 and V-2

Conmpoundi ng wa fected according to the recipegcof T V. and t
subsequent knegélgg and gri.nding were effected | tﬁgrggaiznﬂﬁkﬁhgs I n

Exanpl e
O-Cqus CH2 O—CH2~Q¥jFH2
d Ccn— ) ° Y4 |
el ... (IB)
CH3 C(CH3)3_ CH3 C(CH3)3
_ °‘CHz'9§jFHz
< o : /0

[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



V-1 to obtain nolding materials. Fromthe nolding nmaterials were prepared
seal ed nol dings for test purpose in the sanme nanner as in Exanple |I-1. The
nol di ngs were subjected to the sanme sol dering crack test and-sol dering-

- 49 - noisture resistance test as in Exanple V-1. The test results are
shown in Table V. ' - 50 - [err] '

- 52 -
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.
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The above.materials were mxed at normal tenperature by neans of a m xer
The .m xture was kneaded at 70-100[err]C by neans of twin rolls. After
cooling, the mxture was ground to obtain a nolding nmaterial.

Fromthe nolding material were prepared sealed nolding for test purpose in

the sane manner as in Exanple - : - 52 -
|-1. The noldings were subjected to thé‘s%ﬁe‘soldering crack test and

sol dering-noi sture resistance test as in Exanple V-1. ~The test
results ar Esdmpbei viIable VI -° Exanples VI-2 and VI-3

Conpoundi ng was effected according to the -recipes of Table VI and the

subsequent knearh 1g(apdrogiialtyl®heriva eidtardesl i n the same manner as in

Exanmple WVI-1tpo ob%ain W?Idkgg terials. Fromthe nmolding materials were
gyioe §?%§ .

prepared seal ed-Tb¥ ¥ fiy RS FROXY
resin represented by the formula
(Ic) _ . 15 parts by weight

O-CH,-CH~CH 0-CH

O-CHZ-C§TFH2 2 H 2 chsiFHz

4 o ~N 7’ \0
CH CH ——H

CH3 C(CH3)3 CH3 C(CH3)3 CH3
0~CHz-CH1;H2 O-F:HZ—CH-CH2
AN \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



in the same nmanner as in Exanple I-1. The noldings were subjected to the
soldering crack test and soldering- noisture resistance test as in Exanple
'V-1. The results are shown in Table VI. Conpar ati ve Exanples VI-1 and
VI -2 ' Compoundi ng was effected according to the recipes of Table
VI and the subsequent kneadi ng and grindiﬁ& were effected in the sane
manner as in Exanple VI-1 to obtain nolding materials. Fromthe nol ding

materials were pride bl eslsiml PsngsmigtulreSo HUHEES £dFinb D $375)
manner as in Exa The; same

le |- din bjected to th
sol dering crack {’T:p?ﬁ%rﬁsnd(%o‘f d%ftr%géggﬁﬁ\isf%gﬁésﬁgéé%egﬂt’e‘olt’é%terﬁ’éipniExa‘trrpI e

V-1. The test rdsulstD}are Shitmn=i b) TabBe (¥ = 2)] - 53 -
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



[err] - 54 - Exanple VII-1 Tris
(hydroxyhlkylphenyl)nethane triglycidyl ether type epoxy resin

represented by the fornula (10 15 parts by

wei ght [err]
(lc) [the above resin is a mxture of two fornula (lc) resins (a
resin of n =2 and m=1 and a resin of. 5? = 5 and m= 2) wherein the

m xing ratio of the forner and latter“resins is 8 : 2] Ot hocresol

novol ac epoxy resin 5 parts by wei ght Par axyl ene- nol di fi ed phenolic
subjected to the same soldering crack test and soldering-

moisture resistance test as in Example VII-l. The test

results are shown in Table VII.

Comparative Examples VII-1 to VII-6

Compounding was effected éccording 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 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.
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L (11a)

6 parts by

tenperature
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0.5 part by

Car bon bl ack

0)

(n

4 parts by wei ght

7t s by wei ght
0.2 part by weight

68. 8 dr

(r'ra)

Car nauba wax

The above materials were m xed at nor nmal

Phenol i ¢ novol ac resin

[the above resin is a mxture of three fornula (Ilé)
1 and 2) wherein the mxing ratio is 2

[err]

resented by the formula

HQ_

0,

55
Fused silica powder

Tri phenyl phosphi ne
0.5 part by weight

resinre

wei ght,

(n = 2)]
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by nmeans of a mixer.
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in

in
r]C

as

and t he

in the sane nanner

Fromthe nolding materials

reci pes of Table VI

Examples VI1-2 to VII-5

|-1. The nol di ngs were subjected to the

wer e prepared'sealed nmol di ngs for test purpose
t he sol der both tenperature was 260[er

in Table VII.

crack test and sol dering-noisture resistance test as

In these tests,

The results are shown
VII-1 to obtain noldrng materi al s.

subsequent kneading and grinding were effected in the same nanner as in

Exanpl e

I n the sane nmanner as in Exanple
Conmpoundi ng was effected according to the
were prepared seal ed nol dings for test purpose

same sol dering

Exanple 1-1.

From t he yol di ng materi al

Exanple 1-1.  The

VII.
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Conpar ative Exanples VII-1 to VII-6 Compoundi ng was effected
according to the recipes of Table VII and the subsequent kneadi ng and
grinding were effected in the. sane manner as in Exanple VII-1 to obtain
nol ding materials. Fromthe nolding .materials were prepared seal ed

mol dings for test purpose in the same manngg as in Exanple 1-1. The
nol di ngs were -subjected to the sane soldering crack test and sol deri ng-
noi sture resistance test as in Exanple VII-1. The test results are shown
in Table VII. .
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[err] N [err] - 58 - [err]

- 59 -

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

[ @J [ @7 ) |
o1 T

OH OH



- 59 - _Exanple VII1-1 Epoxy resin represented by the formula (Ic)
15 parts by wei ght [err] :

(lc) " [the above resin is a mxture of two forrmula (Ic) resins (a
resin of n.=2and m 1 and aresin of n = 5 and m= 2) wherein the

m xing ratio of the forner and latter &&stns is 8 : 2] Ot hocr esol
novol ac epoxy resin 5 parts by wei ght Phenolic resin represented by the

for”U|a'(|||a)[the above resin is a7mQ§Eh%eb%fM¥é¥“forAéi£](IIIa)

resins (a resin of n = 2 and m =1 and a resin of n =
S 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



- 60 - (the above resin is a mxture of two formula (I11a) resins

(aresinof n=2and m=1 and a resin of n = 5 and m= 2) wherein the
ratio of the fornmer and | atter resins is 8 : 2] Phenol i ¢ novol ac
resin 3 parts by wei ght . Fused silica powder -

68.8 parts by weight Tri phenyl phosphi ne : 0.2 parts by
wei ght Car bon bl ack - 61 - 0.5 part by weight '

Car nauba wax 0.5 part by weight . The

?ni’itvﬁr  vas SHEiEEREATCE A i Ro LA SFREE i“c%%%féﬁ%?iﬁ%@wﬁié?ﬁéﬁﬂé,
. ' . : . F

ol di ng. ot a1 5 G Fe TP A S Fof B FRRRROR Zade piRSeTh The

sane nannercggéﬁngégggL H§ﬁﬁLiﬁq§§$$§SY§?§-mere subj ected to the sane

sol dering ol der’i resistance test as in Exanple
l-1. The results are shown in Table VIII. Exanples VIII-2 to
VITI-5

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.



Compoundi,ng was effected according to the recipes of Table VIII and the
subsequent kneadi ng and grinding were effected in the same manner as in
Exanple VIII-1 to obtain nolding materials. Fromthe nolding materials
were prepared sealed noldings for test purpose in the sane manner as in
Exanple 1-1. The nol di ngs were 62 - 61 -
subjected to the sanme sol dering crack test “and solderlng- noi st ure

resi stance test as i'n Exanple 1-1. The test results are shown in Table

VI, Conpar ative Exanpless VII1-I to VIII-6 Conpoundi ng was
ef fected according to the ;reci pes off Table;VII{l apd tihe subsequent
kneadi ng and grlrdpr wer g effﬁcted I n {t he]sane nﬁnnér as jin Exanpl e
VIII-1 to obtajn folidj ng npterials. Fromthe nqldl g (raterfials were '
prepared seal ed ngl &ihgs fpr test pufposle {[n tjhe bane mnner Sas| i & Exafl e
I-1. The noldipgs |wBre Supj @t ed®o|tfeg safre qol dering Bracky est g o
sol dering- nojsture fesistanceitest las fin Exanple|l-1 hel test o)
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[err]
Exanple I X-1

62-

- 64-

lerr]

resqlt3~ahe shown in Table VIII
63
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Tri g(hydgoxyal kyl phenyl ) net hane triglycidyl ether type epoxy resin

represented by the fornula (rd) 12 parts by weight
[err] ... (1d)

[the above resin is a mxture of two fornula (1d) resins (a resin of n =
2 and m=1 and a resin of n = 1. and mgg Q wherein the mxing ratio of
the fornmer and latter resins is 8 : 2] Ot hocresol novol ac epoxy
resin - 8_parts by | ght Di‘cycl opent adi ene- nodi fi ed phenolic resin
represente§gﬂwﬁiqrﬁgf%rnula (1 Va) 6 parts by wei ght

err e L, | Va
,[ ] Tris(hydroxyalkylphenyl)methane ( )

triglycidyl ether type epoxy
resin represented by the formula

(1a) . 12 parts by weight

~CH,,-CH-CH -CH,~CH- ~CH,,~CH~-
0-CH,~CH-CH, Q-CH,~CH-CH, O~CH, -CH-CH,

o _ o 7 5°
—CH —CH H

CH; C(CHy), CHy C(CHy)y CH,
O~CH,-CH-CH, 0-CH,~CH-CH,

. Jn K Jm

ceens (1)

. [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
and latter resins is 8 : 2]

Orthocresol novolac epoxy resin 8 parts by weight

Dicyclopentadiene-modified
phenolic resin represented by
the formula (IVa) 6 parts by weight

" OH OH




- 65 - (the above resin is a mxture of three formul a (I'Vva) resins

(n 1, 3 and 4) wherein the mixing ratio is 2 (n=1): 6 (n=3) : 2
(n= 4)] . Phenolic novol ac resin 4 parts by wei ght

Fused silica powder 68. 8 parts by weight

Tri phenyl phosphi ne 0. 2-p&Pt “by wei ght Car bon bl ack

0.5 part by meight Car nauba wax 0.5 part by

wei ght ( The ned gyveli i Tt i 9 é)fmifeueaoesr kRt Ftndea (rvaphenolic
resin was such that t he nunper_ of roups of the epoxy resin

becane 1.2 perrﬁﬁiﬂiqﬂ =1, gﬁcﬁ&ﬂcﬁ)tﬂﬁeﬁﬁéﬁthé MdKing ratido isp2 apove
materials were (M xed yat: nor{ml=tFnperat phe= gyjmeans of a mxer. The
m xture was kneaded at 70-100C by neans of twn rolls. After cooling, the

m xture was ground to obtain a nolding material . ~From t he nol di ng
materi al were preiRyEit semielhc nésiings for test pur pats by hee BgRE Manner
as in Exanple 1-1. The nol dings were subjected to the sanme sol dering

crack test andFudetersipiomipdwder resi st ance test 685 8 padb@rpy eweéight
The test results are shown in Table | X

Triphenylphosphine 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



Exanples IX-2 to I X-5 Conpoundi ng was effected according to the
recipes of Table | X and the subsequent kneadi ng and grinding were
effected in the same nanner as in Exanple I-1 to obtain _
- 66 - nolding materials. Fromthese nolding materials were prepared
seal ed nol dings for test purpose in the > manner as in Exanple I1-1. The
nol di ngs were subjected to the sane soldering crack test and :
sol dering-noisture resistance test as in Exanple I-1. The results are
shown in maliddngX matecCbaparat FromEtheslecmalding anatefials we€mepoundi ng
was effected according to the recipes of Table I X and the subsequent
kneadi ng apdegpanad ngeated melfdngedfon ttlests purpasmein athenskrenple | X-1
to obtain nolding materials. Fromthe nolding materials were prepared
seal ed nol BARGLT @S tBRtEFamPadge IrAd .t hTheameldings 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.
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seal,ing which conprises, as essential conponents, (A) an epoxy
resin conprising 50-100% by wei ght, based on total epoxy resin anmount, of
a pol yfunctional epoxy resin represented by the formula (1) [err]

(D) wherein n and mare eacn an integer of 0 or nore, n + m= 1-10,
and Rlerr], Rerr] and R err] which nmay be the sane or different, are each
sel ected from hydrogen atom an al kyl grou@8md a hal ogen atom with the
proviso-that all of Rerr], Rerr] and Rlerr] nust not be hydrogen atom
si mul t aneousl vy, (B) a phenolic resin curing agent,

(C© asilicafiller, and : (D) a curing accelerator. 2. - An
epoxy resin conposition according to Claim1l,  which conprises 5-80%b

wei ght, based on total filler
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anoynt ,. -of—a—perous_silica powder having an average particle dianeter of
5-40 [err]m an apparent density of -
70 - ]{] l’,“ﬂﬂﬂmgt' pecific surface area of 5-20 nferr]/g. 3.
An epoxy H ﬁmaccordlngto Caim2, whereinin the fornula
() R[err] i S met hYl $roup, R2 is tert-= %%tyl group, R err] is hydrogen
atom and n: m=1: 0.1-0.6. 4. An epoxy resin conposition

accordi ng taiAs ar g drarmRbclrsconpri ses 5-80% by wei ght, based on’'tota
filler anmount, of a secondary aggl onerated silica powder having an

average pargjcle di annheépe&yZQe@qz{ Q!dd:f&s?@lé‘ﬂp%?”&emﬁé&%'d%t@r 0.1-0.6
g/cc and a specific surface area of 5 nferr]/g or |ess. : An

epoxy reSImean&m@lﬁneanaeam@$nyé§()43éééaéhtlwmeeemﬁohen%&e formula (I)
Rlerr] is methyl group, Rlerr] is tert-butyl-group, R err] is hydrogen

atom and n: m= 1 :(A(Q. an0epoxyd.resin cod{rﬁ@ﬁny 5OSIL00&OHYOSIdi 1L,
according to Cla|n11 whi ch conprises, as the pol yfunctional epoxy resin,
a pol yf undddsedl orptayaleepoxy desdd cumoumet (| p£Waepolpfunetional

epoxy resin represented by the formula (I)

OCH CH--CH2 OCH,CH-CH

OCH_CH-CH
2K 2-\6, 2 - 2 \g 2
F—— CH 3 _CH I H
R R Rim Ry R
R, R,
* ocH,CH~cH OCH.CH-CH
2 2 253,
§ \ g N\
“n 0 “m

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

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

- are each seleéted 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



0 aRd, &s the silica filler, 5-100%by wei ght, based on total filler

anount., of a ing an average particle diameter of 3-20

[err]m an aJmuﬁm,ﬂmﬂﬂmﬂ 0.1-0.8 g/cc, a specific surface area of

1-20 nferr]/g and a' bdil&d tinseed oil apsorbability of 0.2-1.2 ni/g,
i

obt ai ned by grlndlng a secondary aggl oner

ted silica powder and/or a

porous silica powder. 7. An epoxy resin conposition acgording to

Claim 6, \ﬂuifﬂnslg/cbeahdraubaethfﬂaesudfacer&ﬂaqlogrbapo
tert-butyl group, R3 is hydrogen atom and n = 1-3. :

gygr.] is
An epoxy

resin conpdsd tion accbndeggxyoréhawndhmp051tlon accordlng to Claim 2,

- 71 - which conprises, as the polyfunctional epoxy resin,
poIyfunctHwhﬂrQQOXynrbbenfotmuﬁe Kdﬂmﬁf1KS)mQWh¥knqw¢np, R
and n + m= 2-10 and, as the silica filler, 5-100% by wei gh

¢

9;snteth-9
based on

total fill&utyburoups B, &bl hwdrpc\sderaumw.u rapdim aven agel parou.dl-e 6.

di aneter of 3-20 J[err]m an apparent density of 0.1-0.8 g/c

C,

a specific

surface aré& of 1-20 ApefPPEY zBSia sempasititnearesrding to Claim 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.

5. 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 :
0-1’0.60
6. An epoxy resin.composition according to Claim 1,

which comprises, as the polyfunctional epoxy resin, a

polyfunctional epoxy resin of the formula (I) wherein m =

0 and, as the silica filler, 5-100% by weight, based on

‘total filler amount, of a silica powder having an avetage

particle diameter of 3-20 um, an apparent density of

2

0.1-0;8 g/cc, a specific surface aréa-of 1-20 m“/g 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,



abs@rbaRility—et6-2-1.2 n /g, obtained by grinding a

gglonerated §I|Ica powder and/or a porous silica powder. 9.

epoxy resin c m ﬁ”m]m”mmm’ ng to Ol aims8§,

secondary

An

wherein in the forrmula (I)

Rlerr] is met |s tert- butyl group, R err] is hydrogen
atom and (n + 1) m*3s r An epoxy resin conposition
according to Cla|n11, mhereln |n the fermula (1) Rerr] is nmethyl group,

Rl err]
11.

formula (1)

S tert- butyl group,

ﬁggﬁx% reS|n C §$L%%$qa?g§$rd

R3 is hydrogen atom and (n + 1)

oo a&ﬁg‘lxﬁgﬁ’*gﬁ%ﬂ 1%% mﬁﬂeﬁﬁ%& F?sf'mﬁ}%"ms' ege gy

m= 3 :

ipg to.C aim wherein in the
§a¢ EQPBP} em&ﬁﬁﬂr%ﬁ¥Mp 3Rlerr] is
cordi ng
oRy=resin

compr ses 380 10B DI Vo T B bheRer o 10 ARpnaRoFPE FadOE R T heT agent
anmount , of a_ %P%T?B’e%lmflﬁgsgé]%g ﬁgtéfsghl]l%'f”a'ﬂx% nq:e'ntoé:eé)resented

by the fornil
silica powder having an average particle diameter

of 3-20

um, an apparent density of 0.1-0.8 g/cc, a specific

surface area of 1-20 mz

/g 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.
9. An epoxy resin compositioﬁ according to
wherein in the formula (I) R1 is methyl group, Rz
butyl group, R3 is hydrogen atom, and (n+1) :m

10. An epoxy resin composition according to

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

butyl group, R3 is hydrogen atom, and (n + 1) : m

11. An epoxy resin composition according to
wherein in the formula (I) Rl is methyl group, Rz
butyl group, R3 is hydrogen atom, and m = 0.

An epoxy resin compositidn according to

12.
11, wherein n = 1-3 in the formula (I).
13. An epoxy. resin compoSition éccording to

Claim 8,
is tert-
=3 : 1.
Claim 1,
is tert-
=3 : 1.
Claim 1,

is terté
Claim

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)



Q(II; wherein n is an integer of O-5. 14. An epoxy resin

conposition 13, wherein n = 0-2 in the forula (I1).
15.- - An exﬂml,ﬂ"wmnwﬂmlmlon accordi ng to Claim 10, wherein the
phenolic resim cérihg mgent *conprises 50-100% by wei ght, based on total
phenolic resin curing agent anount, of a.?le(hydroxyphenyl)nethane type

phenolic resin curing agent represented by the formula (I11) lerr]
o (D wherei o and mare each anggteger of 0-10, n + ngg 1- 10, and
R is selected fromiaydroger aton1 nethyl group, ethyl group, ropyl group,
butyl group, tert yl lgr i C @

ceves (II)

wherein n is an integer of 0-5.

14. An epoxy resin composition according to Claim'
13, whe:ein 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)

Cr . élirmén
® L N Jn[ RJm

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



conglnat|on An epoxy resin conp05|t|on according to O aim
7 uumﬁmor mula (I'11) R nmeans the conbi nation of
hydrogen ato pand (n +1) : m=3: 1. 17. . An epoxy

resin conposition accordlng to daim1, wherein the polyfunctional epoxy

resin is a polyfunctional epoxy resin of the formula (1) wherein Rerr] is
met hyl group, Rerr] is tert-butyl greug3 Rlerr] is hydrogen atom and (n
+1) : - m=3: 1-0, and wherein the phenolic resin curing agent conprises

50- 100% by_wei ght, based on t~ot al en resin curln t ampunt, of a
di cycl opentBdi ¥heredd rirethe, E 2 Sf)c%ﬂ MRALY TR r%%?géﬁﬁféenby t he

formula (I CH
( g% hydrogen atom and methnggroup and (n +(13[?r$]= 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,y is methyl group,

R, is Eert-butyl group, R3 is hydrogen atom, and (n + 1)

2
*m =3 : 1-0, and wherein the phenolic 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 .



whergin,n is an integer of 0-5 and each R is independently an atom or
group sel ectged from hydrogen atom a hal ogen atom and an al kyl group of
1-4 carbon atons.’ 18. An epoxy resin‘conposition according to Claim
17, wherein in the formula (IV) Ris hydrogen atomand n = 1-4.

o ABSTRACT '

EPOXY RESIN COMPOSITION FOR SEMICONDUCTOR SEALING

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

époxy resin represented by the formula (I)

- - OCH..CH-CH
OCH,CH~CH, OCH,CH CH, 2 & 5
° A A
, - ~ /. ~
CH ,g_\ ) CH ,m; , H
Ry Ry Ry Ry Ry
R, | | R,
OCH.CH-CH. OCH.CH-CH
2 2 2CH-CH,
N/ N
~ A0 N (o] m

wherein n and m are each an integer of 0 or more, n + m =
'1-10, and Rl, R, and R, which may be the same or
different, are each selected from hydrogen atom, an alkyl
Qroup and a halogen atom, with the proviso that all of
Rl,.R2 and R3 must not be hydroéen atom
simultaneously,

(B) a phenolic resin curing agent,

(C) a silica Eiller; andﬂ

(D) a curing accelerator.



