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EPOXY RESI N OSI TI ON FOR SEM CONDUCTOR SEALI NG The present inv&ﬂﬁg
chis

‘relates to an-epoxy -resin conposition for sem conductor sealing,

excellent in sold?rlng heat resistance, thermal inpact resistance and

mol dability. 5 1 + Epoxy resins e excellent in heat resistance,

et ectrical prdpertlies, gechanical strengths and adhesion, and find w de
uses in coatings, adhesives, resins for sealing of electronic parts, resins
for |am pated plat s and various other applications. 10 * For

exanple,. in resin i e’l?as"{ %%Hfd%‘ﬂ‘féb?r Sﬁvéﬁﬁfgéﬁbﬂc'rokcsak%n

transi stor and d|o e ronic circuits, etc eneraFIy used
epoxy resin COHDOSJtIOﬂS I n VIeM/Of t he propertles and cost of -i nt ended
products.

1 The preSent invention relates to an epoxy reein
composition for semiconductor sealing, which is excellent
in soldering heat_resistance, thermal impact resistance
and moldability:'

5 Epoxy resins are excellent in heat resistance,
electrical properties, mechanical strengths and adhesion,
and find wide uses in coatings, adhesives, resins for
sealing of electronic parts, resins for laminated plates
and various other applications.

10 For example, in resin sealing of semiconductor
devices {e.g., IC, LSI; transistor and diode), electronic
circuits, etc.; there are generally used epoxy resin
compositions in'ﬁiew of the properties and cost of
intended products.

15 h In such resin sealing; however, there have
been considered problems of (a) increase in package erack '
caused by temperature cycle and (b) increase in package
crack caused by thermal impact of soldering during surface
mounting, because of changes to larger IC size and smaller

20 and thinner package size. Accordingly, effective measures
for solving these problems are desired seriously. |

- For solving the problems, investigations are :
being made on (1) lower elastic modulus, (2) lower thermal
expansion coefficient, (3) higher impact strength and

25" (4) lower water absorbability.



sl .In such resin sealihg, however, there have been consi dered
probl ens of (a) increase in package crack caused by tenperature cycle and
(b) increase in package crack caused by thernmal inpact of soldering during
surface nounting, because of changes to larger IC size and smaller 20 and
t hi nner package size. Accordingly, effecgiwe neasures for solving these
probl ens are desired seriously. For solving the problens, investigations
are being made on (1) | oweth etespect neduthe, 16Rerl elas tike modu lespaAili on
coefficient, (3) higher inpact strength and 25 (4) |ower water
absorbability.it is 2said that the use of a silane-modified epoxy resin
compound is effective [Japanese Patent Application
Kokai (Laid-Open) No. 73725/1986 and Japanese'Patent
5 Application Kokai (Laid-Open) No. 174222/1987]. However,
the adoption of a lower elastic-modulus alone gives
lower strength and hence lower heat resistance for
soldering, and accordingly it was impossible to obtain
a good resin composition for semiconductor sealing.
10 With respect to the lower thermal expagsion
coefficient (2), it is said that increasing the amount
of silica filler used in a resin'composition is effective.
However, this approach brings about a problem of viscosity
increase of the resin composition caused by increase in
15 filler amount, and accordingly it‘was necessary to clear
the significant reduction in moldability.
With respect to the higher impact strength
(3), it is said thét the use of a biphenyl type epoxy
resin or a trifunctional epoxy resin.tJapanese Patent
20 Application Kokai (Laid~Open) No. 168626/1986] is
'efigctivg;' However, the use of any of these resins éives
reduction in moldability, particularly reduction in thin
flash property and mold staining propérty. |
| | With respect to the lowér water absorbability
25 (4), it is said that the use of a silicone-modified
" resin of the increase in amount of filler used is

effective. However, any of these approachés has the

above-mentioned drawbacks and is not put into practical



r Wth respect to the lower elastic nodulus (1), it is said
that the use of a silane-nodified epoxy resin conpound is effective
[Japanese Patent Application Kokai (Laid-Qpen) No. 73725/1986 and Japanese
Patent 5 Applicati-on Kokai (Laid-Open) No. 174222/19871. However, the
adoption of a |ower elastic nodulus aleng gives |ower strength and hence

| ower heat resistance for soldering, and accordingly it was inpossible to
obtai n a gdod apslicabhemwsiti on for sem conductor sealing. 10

Wth respect to the |ower thermal expansion coefficient (2),.it is said

t hat increasing the anoubhe ddresentalnyentionshdsi hegnrmade donydsm iodn i s
effective. However, this approach brings about a _problem of viscosity

i ncrease of tHehe ARPOVRoFPEIREIOM 2RAsks bytendedase PROYSAR| RReePRFYUNL ,

and accordinglg it was necessary_to clear ) . .
resin composition’for semiconductor sealing, which is

5 satisfactory in all of soldering heat resistanqe, thermal

impact resistance and moldability.
The present inventors made extensive study

in or@er to obtain an epoxy resin composition for semi-
conductor sealing, which is free ‘from the drawbacks of

10 the prior.art and has excellent balanced properties.
As a result, it was féund that an epoxy resin composition
obtained by incofporating into (A) an epoxy resin,
(B) a phenolic resin curing agent comprising 30-100%
by weight, based on the total amount of the phenolic

15' resin'curing agent, of a silicone-modified phenolic
resin curiné agent obtained by reacting a phenolic resin
with at least one of silicone compounds represented by
the following formulas [I] and-[II] bapable of imparting.
remarkably high toughness and low elésticity without

20 sacxifying moldability,

R IR A
CH.— Si0o sio sio $i0 44— Si —CH
S Uy R U T U

CH, CH, /g Ry “m g n CH,

(1]



tshe significant reduction in noldability. Wth respect to the higher inpact
strength (3), it is said that the use of a bi phenyl type epoxy resin or a
trifunctional epoxy resin [Japanese Patent 20 Application Kokai (Laid- ‘Open)
No. 168620/ 1986] is effective. However, jhe use of any of these resins
gives reduction in noldability, partidﬁl rTy reduction in thin flash

property and nold stal &9 prQ . VVth s ect to he Iomer yater
absorbability 25 (4), 35 S T?{ at t e ﬁ? Eco I'Bi'ed resin
|

or the increase |% g of ,use 18f ectl ver __onf
t hese approaches has thF abov pentlone acks Fn% I s} not WUt Into
practi cal _ A CH
3 3 2+2 l m A n-2 3
(I1)

wherein

R 4 ) o
\\\ /// .

0

>

R: a lower .alkylene group,
10 S N=2+m+n+ 2 < 200,

0 <m/N £ 0.1, and 5 £ N/n £ 50,

1 (C) an inorganic filler and (Q) a curihg accelerator,
and give significant improveﬁents in all of moldability,
soldering heat resistance and thermal impact resistance,
even to thin and large chip packages. The above_finding
5 has led to the completion of the present invention.
The first preferable émbodiment of the present
invention consists of an epoxy resin composition as

mentioned above, wherein the epoxy resin comprises



-8- 1 application. The present invention has been made in view of the above
situation and is intended to provide an epoxy resin conposition for

sem conductor sealing, which is 5 satisfactory in all of soldering heat

reési stance, thernal inpact resistance and noldability. The present

I nventors nmade extensive study in ordet o‘obtain an epoxy resin

conposition fqr. sem - .conduct or ealu; mﬂé |§ Lree fron1th§hdrambacks
of 10 the pri O HAO{HRY HRIEK el 2 aFR8EPFBbePPERE RS Ehfesyit, it
was found that_ _an epo S osition obtained b o] rating into
(A) an epoxy rE8%Y ?%aﬁf ?é;ﬁﬁ e?%§|?P%u??ﬁﬁya§8ﬂ¥°88§pF§§F%ée 0-100%
from the group consisting of naphthalene type epoxy
| compounds represented by the following formula ([IIT]
5 and biphenyl type epoxy compounds represented by the
' followxng formula [IV] all effectlve for obtalnlng

lmproved impact strength and lower v13c051ty

CH;— CH~CH,0—{ O ~0—CH,,—CH— CH (III]
2 2 '1:::[::}‘ 2 2
\\o/’ - \\o//

R : "R
CHE—*CH-CHZO 0CH§—-C§:—:SH2 [IV]
Ny 0

wherein R:H or CH3, and the inorganic'filler is used in
an amount of 70-90% by weight based on the total amount
10 of the composition. |
The second preferable embodiment of the present
invention consists of an epoxy resin composition as
mentioned above, wherein the epoxy resin comprises 50-100%
by weight, based on the total amount of the epoxy resin,
15 of a mixture of a bipheﬁfl type epoxy resin represented
by the following formula [IV] effective for obtaining

improved thermal impact resistance and lower viscoéity



by wei ght, based on the total anmpbunt of the phenolic 15 resin curing
agent, of a silicone-nodified phenolic resin curing agent obtained by
reacting.a phenolic resin with at |east one of silicone conmpounds

réepresented by the following fornulas [I] and [II] capable of inparting
remar kably hi gh toughness and | ow el asttc®ty wi thout 20 sacrifying
nol dability, [err] -4- [err] mhereln [erﬂ
H-—CH CH—-O Q —O CH-—CH CH2 (IV]
N N |

1 wherein R:H or CH3, and a trifunctional epoxy resin
represented by the following formula [V] effective for

~ obtaining improved heat resistance for soldering

' 2R, 4 5 -
2Ry
CHs— CH— CH.— O c—@-o ~CH— CH—CH
3 3 ) 3 2
N/ \/ -
o - 0 o
6 7
BRg—C—R [v]
Ryo Riy
0—CHy— CH=CH,
(8]

wherein Rl to Rll are eacﬂ an atom or an atomic group
5 selected from hydrogen, halogens and.alkyl.groups.
| The epoxy resin used in the present invention
as the component (A) can be any epoxy resin as long as
it has at'leést two epoxy groups in the molecule. As
the epoxy resin, there can be cited, for example,

10 bisphenol A type_epoxy resins, bisphenol F type epoxy
resins, phenol novolac type-epoxy resins, cresol novolac
type epoxy resins, alicyclic epoxy resins and.resiné
obtained by.modifying them. These.epoxy re#ins can be

used alone or in admixture of two or more.



R a lower alkylene group, 10 [err] N=I| .+ m+ n + 2 < 200, O [err] m N
[err] 0.1, and 5 [err] Nn [err] 50, 1 (C) an inorganic filler and (D) a
curing accelerator, and give significant inprovenents in all of

mol dabi lity, solderlng heat resistance aap t hermal i npact resistance, even
to thin and | arge chi p packages. The above flndlng 5 has led to the

conpl etion gf t he presentof %@tl% ox g__ef lrrg EF{) laﬂfeeﬂpgd%ﬁwggé of the

present 1 nv ntion consists O an e resi i on as nentl oned

above, “herefnh%gqnﬁpgﬁye%%&&né&ﬂﬂWAfgﬁi of f%O-ZSO and a softening

point of 60-130°C and containing ionic impurities such
as Na*, C1” and the like in amdunts as small as possible.
5 The naphthalene type epoxy resin represented
by the formula [(III] and the biphenyl type epoxy resin
represented by the formula [IV] both used in the first
preferable embodiment of the present invention have a
viscosity as low as several centipoises at the molding
10 temperature (165-185°C) of the present resin composition,
and accordingly can reduce the_viséosity of the'composi-
tion significantiy. Therefore, the use of these epoxy
resins can significantlf increase the amount of fille:'
used in the resin composition, as compéred with the
15 wusual level.
These époxy compounds; having a-planar struc-
ture and being dense in molecular packing, can allow
the resulting resin composition to have improved impéct
strength and excellegt thermal.impacé resistance,
20 soldering heat resistahce and moisture resistance after
'soldering. |
| However, the epoxy resin cémbfising these epoxy
compounds in a tota1 amount of 30% by weight or more,
is inferior in reactivity and compatibility with other
25 resins and has low viscosity; therefore, the résin has
had a probleﬁ of allowiné thé résultihg.resin composition
to have reduced moldability, par£icularly,_reduced thin

flésh property and mold staining property.



1- 30-100% by wei ght, based on the total anount of the. epoxy resin, of at
| east one epoxy conpound sel ected fromthe group consisting of naphthal ene
type epoxy conpounds represented by the following fornula [I11] 5 and
bi phenyl type epoxy conpounds represented by the following fornula [IV] al
effective for obtaining inproved inpact 8tr~ength and | ower viscosity [err]
. O'wherein RHor CHerr], and the inorganic filler is used in an anount of
70-90% by wki ght based offheherbbilem,almwevel( coulk onpositedrby. Theing
second preferabl e enbodi ment of the present invention consists of an epoxy
resin conposititbhe abowemnmeatddngdowd ligemesimedilfdeshhenaki tesdn i s
50- 100%
combination.
Thé naphthalene type epoxy compound represented
5 by the formula [III], or the biphenyl type epoxy compound
represented by the formula [(IV], or a mixture thereof
méy be mixed with other epoxy resins; however, the amount
of the compound [IIi] or the compound [IV] or the mixture
in the total epoxy res;n'amount is preferably 30% by
.10 weight or more.

When the amount is less than 30% by weight,
it is difficult to obtain sufficiently low viscosity,
low water absorbability and high impact strength, and
the resulting resin composition has relatively insuf-

15 ficient soldering heat resistance and fluidity.

When the naphthalene type epoxy resin repre-
sented by the formula [III] and the biphenyl type epoxy
resin'represented by the formula [IV] are used in
combination, it is preferable that the former and the

20 latter be used at a weight ratio of 10/90 to 90/10.

- The naphthalene type epoxy compound has high
reactivity and gives increased strength, and accordingly
can give improved soldering heat resistance. However,
the compound has no sufficient thermal impact resistance

25 and moreover is difficult to handle because it is
liguid. |

Meanwhile, the biphenyl type epoxy coﬁpound

has excellent soldering heat resistance and thermal



by wei ght, based on the total anpbunt of the epoxy resin, 15 of a mxture
of a biphenyl type epoxy resin represented by the followng formula [IV]
effective for obtaining inproved thermal inpact resistance and | ower
V|sc05|ty -6- [err] 1 wherein RHor CH[err] and a trifunctional epoxy
resin represented by the following formfa-[V] effectlve for obtalnlng

| nproved heat resistance, for solderin err erein err]
each an atdh1d¥m%ﬁFEu¥ﬁﬁ¥§EﬂQﬁﬁ)§P§é$g%%§dn¥rbﬁFﬂ93F8 Hceh&P0§E%§{
?'ky' groups. because it is crystalline. However, the compound has
somewhat.low reactivity.
Hence, the combined use of the above two
5 compounds can give a resin composition wherein their
drawbacks ére supplemented byleach other.

The biphenyl type epoxy resin represented by
the formula [IV], which is ﬁsed in the second preferable
embodiment of the present invention, has a low viscosity

10 of few centipoises at a molding temperature (165-185°C)
and accordingly can significantly reduce the viséosity
of the resulting resin composition. The biphenyl type
epoxy resin furthef has a planar structure and has.suf-
ficiently dense molecular packing and therefore, can

15 improve the strength and thermal impact resistance of
ﬁhe resulting re#in composition. This resin, however,
has poor reactivity and compatibility with other resips
and possesses low viscosity and accordingly, has been
inferior in moldability, particularl& thin flash property

20 and mold staining property.

Thls problem could be cleared by the combined
use with the above-mentioned silicone-modified phenolic
resin.

When the amount of the trifunctionai epoxy

25 resin of the formula (V] used is appropriately controlled,
the resulting resin composition can have. a maximum
resistance to soldering stress. .In the formula, R'

1’ Rav
R4 to R7'-Rlb and Rll are each preferably hydrogen atom,



The epoxy resin used in the present invention as the conponent (A) can be
any epoxy resin as long as it has at |east two epoxy groups in the

nol ecul e. As the epoxy resin, there can be cited, for exanple, 10 bi sphenol
A type epoxy resins, bisphenol F type epoxy resins, phenol novol ac type
-epoxy resins, cresol novolac type epoxy jgsi.ns, alicyclic epoxy resins and
resins obtained by nodifying them These epoxy resins can be used al one or

rereran, o AR AR B aFs dach, preteranth g e e,

The trifunctional epoxy resin, as compared
with ordinary phenol novolac type époxy resins, has a
étructure wherein motion of the main chain is restricted;

5 accordingly, has high Tg and excellent heat resistance.

The total amount.of'the epoxy resins of the
fofmula [IV] and the formula (V] is preferably 50-100%
by weight based on the total epoxy resin amount. When
it is less than 50% by weight, the resulting resin

10 composition tends to be iﬁéﬁfficient in both or gither_
of soldering heat resistance énd fluidity.-

The wéight ratio of the epoxy resins of the
formula [IV] and the formula [V] is preferably [IV]/[V] =
10/90 to 90/10. When it is less than 10/90, the resulting

15 resin cbmposition tends to have reduced fluidity and -
increased viscﬁsity. When it is more than 90/10, the
composition tends to have reduced resistance to soldering
heat.

Thé silicone-modifigd phenélic resin curing

20 agent used as the component (B) in the present invention
| caﬁ‘iﬁcrease both soldering heat resistance_and thermal
impact resistance, and is a very important component.

" The phenolic resin as the one raw méterial for the
silicone-modified phenolic resin includes, for example,

25 phenol novolac resins, cresol novolac resins and resins
obtained by modifying them, etc. These resins can be
used alone or in admixture of tw§ or more. |

Of these phenolic resins, preferable are those



poi nt of 60-130[err]C and containing ionic inpurities such as Na[err]
Cl[err] and the like in anobunts as small as possible. 5 The
napht hal ene type epoxy resin represented by the formula [I11] and the

bi phenyl type epoxy resin represented by the fornmula [IV] both used in the
first preferabl e enbodi nent of the prese Hitpvention have a viscosity as

| ow as several centipoises at the nnldrna O tenperature (165-185[err]Q

of the present Leah a9 e had A BRSO LN N SAN SLHER J01c N 96051 1Y

of the compdsi- Tron signifi herer or e use of 1hése epoxy

e i JUbELBRILY TR BRE AR sl opetty Mol oo
having a pl anagmphiiiesune.a1d RAMICINSar iR @adagGid g agan al | ow
' possible. ' |
5 ~ The organopolysiloxane as the other raw
material for the silicone-modified phenolic resin of
the present invention has functional groups capable
Qflreacting with the above phenolic resin. The func-
tional groups ihclude carboxyl gfoup, cyclohexyl type
10 epoxy group, glycidyl type epoxy group and active
hydrogen.
The oréanopolysiloxane is represented by the

following formula [I] or [II]:

$Hs ( ?H3 fﬁs ‘l‘z 1 fﬂs
CH,—Si0 Sio sio4- sio Si—cCH
3 Ll | I J R
CH3_ CH3 L 1 m A n CH3
(1}
BB () ()
A— ?io L?iOJ LSio sio Si—a2a
11 J Ll J |
CH, CH3/ 942 Ry /m NA 40 CH;

(I1]



the resulting resin conposition to have inproved inpact strength and
excel l ent thermal inpact resistance, 20 sol dering heat resistance and

myi sture resi stance after sol dering. However, the epoxy resin conpri sing

t hese epoxy compounds in a total amount of 30@6by wei ght or nore, is
inferior in reactivity and conpatle|1)A4m1h ot her 25 resins and has | ow
viscosity; .therefore, the resin has had a problemof allowing the resulting
resin conpdsi & &% have reduced nol dability, partlcularly, reduced thin
flash property and nold staining property.. The problem
however, could be cleared by u5|ng .

SRR -
0
- | .o .

R: a lower alkylene group,

10 < N =.2 +m+n+ 2

A

200,

0 {m/N<0.1, and 5 S N/n <50 .

' When N (2 +m+ n + 2) is less than 10, the
resulting resin comﬁosition has increased elastic
modulus and decreésed strength, and it is difficulﬁ to

5 synthesize a silicone-mddified phenoiic resin curing
agent because an oréanopolysiloxane having in.the
molecule no group reactive with the phenolic resin
(i.e., having no group A in the formula [I] or [II])
is formed as a by-product at a higher probability.

.10 _ When N is larger than 200, the organopoly-
siloxane has reduced mlsc1b111ty w1th the phenolic resin,
which makes the reactlon with the phenollc resin in-
sufficient, invites bleeding of the silicone oil from

the phenolic resin and resultantly reduces ﬁhe moldability



t he above-nenti oned silicone-nodified phenolic resin in conbination. The
napht hal ene type epoxy conpound represented 5 by the fornmula [IIl], or the
bi phenyl type epoxy conpound represented by the fornula [IV], or a mxture
t Hereof may be m xed with other epoxy resins; however, the anmount of the
conmpound [I11] or the conpound [IV] or-th8 m xture in the total epoxy resin
anmount is preferably 30% by 10 wei ght or nore. Wen the anount is |ess than
30% by wei ght ,oftthe desaitihg composiathopubiiegitdatly | ow viscosity, |ow

wat er absorbability and high inpact strength, and the resulting resin
conposition has rel ati velp thgu@rgéaoppéY§hﬂ°§GPGePﬁn&hﬁeépﬁmgi%n%Rke and

fluidity. When the naphthal ene tyge egoxy resin repre- )
or [II], m/N is preferably 0-0.1l. en m/N is larger

than 0.1, the thermal motion of siloxane chain is
5 .suppressed and theITg'of siloxane component'is shifted
to a higher temperature side; as a result, a lower stress
effect is obtained only in a high temperature range and
the resulting resin composition has-reducéﬁ thermal
impact resistance.
10 Moreover, when m/N is larger than 0.1, the
synthesis of organopolysiloxane costs high. |
The fatio m/N can take any value as long as
it is not larger than 0.1, but is preferably about
0.05. It is because there is no Tg shift of the siloxane
15 to a higher temeprature side, and furthermore because the °
presence of side chain functiqnal groups inc:eases the
compatibility with the phenolic resin and the synthesis
of silicone-modified phenolic resin is easy.
Further, 5 < N/n £ 50 is pfeferable.

20 . When N/n is larger than 50, the reactivity

1%

' begﬁéén the organopolysiloxane and the phenolic resin
is }oor;_therefore,_there is bleeding of unreacted
organopoiysiloxane and the resulting resin composition
has reduced moldability. Whén N/n is smaller than 5,

25 gelling occurs duriné the synthesis reéction and it is
impossible:to obtain a satisfactory silicone~-modified
phenolic resin. . |

The amount of the silicone component used for



sented by the formula [I11] and the bi phenyl type epoxy resin represented
by the fornmula [IV] are used in conbination, it is preferable that the
faormer and the 20 latter be used at a weight ratio of 10/90 to 90/10. The
ndpht hal ene type epoxy coempound has high reactivity and gives i ncreased
strength, and accordingly can give inproJe sol dering heat resistance.

moreover i PEOSUREnED% B NEGnt iR 10 BleddPA g IR T Fo £ BBl
?Lgprerglyl type gBo%Y SAMAHY RS it PdreNloos Yaerd gy, hedighess Bt apge and
raw material phenolic resin.

When the amount of the silicone component

5, is less than 10 parts by weight, the resulting silicone-
modified phenolic resin is insufficient in thermal impact
resistance. When thé amount is more than 50 parts by
weight, the reaction degree of the silicone component
is reduced,.there occurs bleeding of unreacted organo-

10 polysiloxane, and the resulting resin composition has
reduced moldability.

As the.organopolysiloxane, there is preferred
an organopolysiloxane having an epoxy group-containing
organic group. $Such an organopolysiloxane having an

15 epxéy groupfcontaining orgénic gfoup can be oStained
by subjecting an"organohydrogenpolysiloxane and an
unsaturated double bond group-containing epoxy (e.g;,
allyl glycidyl ether) to an addition reaction in the
presence of chloroplatinic acid as a.catalyst_in an

20 organic solvent. | |

The silicone;modified phenolic resin can be
obtained, for example, by subjecting an organopoiysiloxane
and a phenolic resin to é ring-opening addifion reaction
in an organic solvent in the presence of at léast one

25 catalyst selectéd from imidazoles, organic phosphines and
tertiary amines. ”

In the presént inventian, the silicone-

modified phenoiic resin curing agent can be used alone,



-9- 1 inpact resistance and gives no inconvenience in handling because it
is crystalline. However, the conpound has somewhat |ow reactivity. Hence,
t he conbined use of the above two 5 compounds can give a resin conposition
wherein their drawbacks are supplenente? by each other. The biphenyl type
epoxy resin represented by the fornul a FV] which is used in the second

pref erabl &, cnhodi gEgtnglylls Phessl LOYENLARR, BATeRdioNa ikt c10 of

fem/cent|p0|ses a enpera uare ( acco gl'y can

b SR'eL'yfat”tyLZr%%%*iﬁ&#%?? V‘?ﬁ BR(PY has"hoR) SRS 211?%8{'%?2“’3% £
ficiently densgef®ifcutasinackiifgangdehteisl @s8d @3Na mixed systen,
| | it is necessary that the system comprises at least 30%

5 by weight{ based on the.total'system amount, of the
silicone~modified phenolic resin curing agent. When the
coﬁtent of the silicone-modified phenolic resin curing
agent is less than 30% by weight, the resulting resin
composition has reduced thermal impact resistance. It

10 is preferable that the silicone-modified phenolic resin
during_agent be used in an amount of at least 50% by
weight. 1In this.case, any epoxy resin can be used as
the component (a) without impairing the object and effect
of the present invention. _

15 The compounding ratio df the total epoxy
component and the-total phenolic resin component is
preferably 70/100 to 100/70 in terms of the ratio of
epoxy group/phenolic hydroxyl group. When the ratio is
less than 70/100 or more than 100/70; there occurs

20 reductlon in Tg, reduction in hardness when hot, reduction
1n moszture resistance, etc., and the resulting resin
comPOSLtlon is insufficient for use in semiconductor
sealing.

When in an ordinary epoxy resin-phenolic resin

25 system there is incorporated a naphthalene type epoxf
-compound or a biphenyl type epoxy compound or a-mixture
thereof, the resulting composition has reduced thin flash

property. However, when in an epoxy resin/silicone-



15 inprove the strength and thermal inpact resistance of the resulting
resin conposition. This resin, however, has poor reactivity and
conpatibility with other resins and possesses | ow viscosity and
accordingly, has been inferior in noldability, particularly thin flash
property 20 and nold staining property~” iﬁis probl em coul d be cleared by
When' the amburifoBt ELRG BREAGILE: SRALNOSBRS SBS thAgs: 1 SR NGRERRHARAG T V]
AR ot R MR R S
Rerr] to Rergho o 8ohbodRd BECL" higtGre2eleRbe0a0 M I qaenglom
invention, the low-molecular epoxf-compound reacts aiso 
5 with.the phenoiic resin having a high polymerization
 degree owing to the silicone modification; consequently,
bleeding is unlikely to occur and there arises no
reduction in thin flash property.
| .The inorganic filler used. as the component (C)

10 in the present invention includes crystalline silica,
fused silica, alumina, calcium.carbonate, talc, ﬁica,
glass fiber, etc; These fillers can be used alone or
in admixture of two or more. Of them, crystalline
silica or fused silica is particularly preferable.

15 In the embodiment of the present invention
wherein the néphﬁhalene type epoxy compound or the_
biphenyl type epoxy coﬁpound-or the mixture thereof is
used,_thelamount of the inorganic filler used is prefer-
ably 70-90% by weight based on the tétal resin composition

20 amount. When the amount is less than 70% by weight,
théﬂées@lting resin qomposition tends to have inéreased
-thermal expansion coefficient, no sufficiently low stress
and accordingly reduced thermal impact resistance; ténds
to have higher water absorbability and accordingly

25 reduced resistance to soldering heat; and tends to have
too low a viscosity and accordihgly thin flash and

decreased moldability.

When the amount of the'inorganic filler used



-10 - 1 and Rerr], Rerr] and R err] are each prefefably met hyl group.
The trifunctional epoxy resin, as conpared with ordinary phenol novol ac
type epoxy resins, has a structure wherein notion of the main chainis

restricted; 5 accordingly, has high Tg and excell ent heat resistance. The

total amount of the epoxy resins of the fpraula [IV] and the fornula [V]
preferably 50-100% by wei ght based on the total epoxy resin anpunt. Wen

is less than S@marerailgii 90 oy asaidnig fﬁélﬁeé@lﬁﬂﬂ?0§éEhﬂncbﬁPQ§1L0 be
s

i nsuf ficient

in both or either of soldering heat resistance and fluidity.

The wei ght . r atiienothadhewrp®iyh esivissdsity®, making the molding

10

15

20

25

difficult.
The curing accelerator used as the component

(D) in the present invention can be any one as long as

" it can accelerate the reaction between epoxy group and

phenolic hydroxyl group. There can be widely used curing
accelerators which are generally used in sealing
materials. For example, the following compounds can be
used alone or in admixture of two or more; tertiary
amines such as BDMA and the like, imidazoles, 1,8-
diazabicyclo[5,4,0]undecene-7, and organic phosphorus
compounds such as triphenylphosphine and the like.

Into the epoxy resin comeSLtlon of the present
invention there can further be incorporated, as necessary,
release agents (e.g., wax), flame retardants (e.g.,

hexabromobenzene, decabromobiphenyl ether, and antimony

- trioxide), coloring agents (e.g., carbon black, and red

iron oxide), silane coupling agents}'thermoplastic
resins, etc.

- The epoxy resin composition for semiconductor
sealing according to the preeent invention caﬁ'be easily
produced by a general process. That is, raw materials
of given proportions are thoroughly mixed by a mixer
or the like; the mixture is melt-kneaded by rolls, a
kneader or the iike; the kheaded product is cooled and
solidified; and the solid is ground to an appropriate

size.

i's
it



formula [IV] and the formula [V] is preferably [IV]/[V] = 10/90 to 90/ 10.
When it is less than 10/90, the resulting 15 resin conposition tends to
have reduced fluidity and increased viscosity. Wien it is nore than 90/ 10,
t he conposition tends to have reduced resistance to soldering heat. The
silicone-nodified phenolic resin curing 2® agent used as.the conponent (B)
in the present invention can increase both soldering heat resistance and
thermal i nfact resistancte REeseant LRYSnELPBr €aRt PESNPEReAR. €PREYphenol i c
resin as the one raw materjal] for. the siiégoge-nndified henoggg resin

S

i ncl udes, for %8&kbI IMBRSS B DHGIRY fat rraisransfel &d9Mesins and
resins obtained by od)iying them, ete, Thgse,LgshngCan, Be used ahone or
has been unobtainable with the prior art. This epoxy
5 resin composition is excellent in cracking resistance
and thermal impact resistance when subjected to heat
stress by rapid température change aﬁ a soldering step.
Accordingly, the epoxy resin composition of the present
invention can be suitébly'used for sealing, coating, |
10 insulation, etc. of electronic and electric parts,
particularly high integration large thin chip icé mounted
on surface_mounting packages and requiring a high degree
of reliability. |
The present invention is described in more
15 detail referring to Synthesis Examples, Examples and

Comparative Examples.

Synthesis Example I
| As:shown in Table I-1, 20 éarts by weight of
ankorganopolysiloxane (one of *I-1 to *I-8 shown later)
20 waégieacted with 100 parts by weight of a phenol novolac
re;in in 200 parts by weight of a butanol solvent in the
presence of a catalyst to obtain silicone-modified

phenolic resins I(a) to I(h).

Example I-1

Cresol novolac type epoxy resin 90 parts by weight
(epoxy equivalent = 200, soften- '
ing point = 65°C)



O~ these phenolic resins, preferable are those =~ 1 which have a hydroxy
group equi val ent of 80-150 and a softening point of 60-120[err] C and which
contain ionic inpurities (e.g., Na[err] , dJferr]) in an anount as smal

possible. 5

The organopol ysi | oxane as the other raw materi al

the silicone-nodified phenolic resin of i£e present invention has

functional groups capable of reacting W

func- tional

The above phenolic resin. The

groups,_i hcl ude gcar.boxyl [ oL cyclohexyiotgggt%0b§p8é¥ QQO
; Qaa g9
glyci _dyl type epox m %@ﬁn (jgéﬁ%&é” |

10

15

equivalent = 272, softening
point = 75°C, bromine
content = 32%)

Silicone-modified phenol novolac 60 parts by weight
resin curing agent I(a) '

Fused silica | | 450 parts by weight
Antimony trioxide _ 25 parts by weight
Silane coupling agenf pafts by weight
Triphenyiphoéphine parts by weight

Carbon black parts by weight

w W N N

Carnauba wax parts by weight

The.above materials were mixed thoroughly at

room temperature. The mixture was kneaded by a twin roll

at 95-100°C. The kneaded product was cooled, crushed

and made into tablets to'pbtain an epoxy resin cdmposi-
tion for semcionductor sealing. |

This material was made into a molding using a
transfer molding machine (mold tempeiature = 175°C,
curing time = 2 minutes), whereby thé material'was
examined for mold staining ahd resin flash. The molding
wagl;fter-cured at 175°C for 8 hours and examined for

markability, thermal impact resistance, soldering moisture

resistance and soldering heat resistance. The results

"are shown in Table 142.

Examples I-2 and I-3
Components were compounded in accordance with

the recipes shown in Table I-2 and treated in the same

as
f or

up,



The organopol ysil oxane is represented by the followng formula [I] or [II]
[err] - 12 - 1 wherein [err] R a |ower alkylene group, 10 [err] N =

m+ n + 2 <200, O [err] mMN([err] 0.1, and 5 [err] Nn [err] 50. v%en N
(' +m+n+2) is less than 10, the resulting resin conposi tion has

i ncreased el astic nodul us and decreased fargngth, and it is difficult to

1 manner as in Example I-1l to obtain epoxy resin composi-
tions for semicondcutor sealing. These resin compositions
were examined for properties, and the results are shown

in Table I-2.

5 Comparative Examples I-1 to I-6
- Components were compounded in accordance with
the recipes shown in Table I-2 and treated in the saﬁe
manner as in ExamplelI—l'to obtain epoxy resin composi-
tions for semiconductor sealing. These resin compositions
10 were examined for properties, and the results are shown

in Table I-2.

Organopolysiloxane *I-1

(|3H3 (CI:H3 (’:H3) ( Hq ) C|!H3 _
CH;— S' sio sio io Si— CH,
3 L | ]| ] 3
CH, C,H,/ 5 He/ 5  CH,



5"synt hesi ze a silicone-nodified phenolic resin curing agent because an

or ganopol ysi | oxane having in the nolecule no group reactive with the '
phenolic resin (i.e., having no group Ain the fornmula [I] or [II]) is
formed as a by-product at a higher probability. 10 When N is

| arger than 200, the organopoly- siloxane_has reduced mscibility with the
phenolic resin, which nakes the reaction Ath the phenolic resin in-
sufficient, inyjtes bl eedi of t ilicone oil fromthe phenolic resin
and resul tant| ﬁ%ﬁﬂﬁgéi%*ig%ﬁﬁ%aﬂfoty- - 13 - 1 of the resulting
conposition greatly. _

CH2-CH-CH2-O-C3H6— Sio

")
LR,

Tl ?1—C3H6-O-CH2-C\H-CH2
?3 6 CH3 ’ . O/
4
(o)
|
o
CH\
| (o}
cnz/

Organopolysiloxane *I-3

?33 | .(?H3] ?33

Si0 Si0 Si—cC H—Q
CH; J1s

C,H
_o@_u

CH3

Organopolysiloxane *I-4

CH
OQ"C2H4 iio : L?iOJ ?i CZHFCZD
| | H, CHy Jg  CHy .



I m the organopol ysil oxane of the fornmula [I] or
0-0.1. Wen niNis larger than 0.1, the thernal
is 5 suppressed and the Tg of siloxane conponent
tenperature side; as a result, a |ower stress ef

[1l], mMNis preferably
notion of siloxane chain
is shifted to a higher

fect is obtained only in a

hi gh tenperature range and the resul ting2#esin conposition has reduced

t hermal i npact reS|stance -

Mor eover,

when MmN is |arger than

0.1, the synt {RRIANRPOLY
any value as long as it

ﬁhﬁ%ﬁ%??5|¥o§ane costs hlgh The ratio m N can take

i s not

0.05. It

| arger- than 0.1, but

is preferably about

is because there is no Tg shift of the siloxane 15 to a hi gher

t eneprat ure side, %;rth beca e pr ce_of si chain
functional groups |ngT sesr e] réﬁ : §ﬁ3 '%%
CH;—Sio s:.o SlO Si0- -Si—CH
CHy CH3 203 2 4710 NGafels
(¢
|
2
CH
L
CH2
Organopolysiloxane *I-6
AN N, N\
| T3 f‘f“3 %3 r_?__“s CH3
CH Si0 sio Sio Sio Si CH
P Ll J I v 3
CHj CH3 )78\ J15 NSyl 5 CHy
Organopolysilocane *I-7
N _
?H;; [c':n3 ( CI:H3
.qgg—-CH‘-CHE—'Of‘C3Hg-?iO _ L?io : ?iO
° CH, CH3 /169 \$2H4/ o
. . i
—Si— C3H€— o) —CHZ—CH —-CH2
l AN
- CH 0 '

3



cenpatibility with the phenolic resin and the synthesis of
silicone-nodified phenolic resin is easy. Further, 5 [err] Nn [err] 50 is
preferable. 20 When Nn is larger than 50, the reactivity

bet ween the organopol ysi |l oxane and the phenolic resin is poor; therefore,
there is bl eeding of unreacted organopol ysj | oxane and the resulting resin

conposi tion has reduced nol dability. Wie nis smaller than 5, 25 _
gelling occurs durin he .gynt hesis. reaction and it is inpossible to obtain
a satisfactéryQQQ§q§%?-Mﬂ£}Q%§§?[) olic resin. The amount of the silicone
conponent used for ' '

s [ T3 ] ( s ] -G

CH Sio Sio Si0: Si— CH
0 L | J L | J 3
CH3 CH3 13 C2H4 5 CH3
o)

*I-9 Epoxy resin ESX-221 produced by Sumitomo Chemical
Co., Ltd. (epdxy equivalent = 210 g/eq; softening

point = 84°C).

5 *I-10 .Epoxy resin ESX-222 produced by Sumitomo Chemical
Co., Ltd. (epoxy equivalent = 210 g/eq; softening

point = 85°C).



in

phenolic resin.
When the anbupd +s nore than 50 parts by weight,

there occurs

nponent 5 is |ess than 10 parts by
I s reduced,

nodi fi ed phenolic resin is insufficient

100 parts by weight of the raw materi al

1 producing a silicone-nodified phenolic resin is preferably 10-50
resi st ance.

parts by wei ght per
the resulting silicone-

| mpact

wei ght , -
the reaction degree of the silicone conponent

bl eedi ng of u

When t he anount of the silicone co

_v14 -
t hermal
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15 epxoy group-containing organic group can be obtained by subjecting an
organohydr ogenpol ysi | oxane and an unsaturated doubl e bond group-cont ai ni ng
epoxy (e.g., allyl glycidyl ether) to an addition reaction in the presence
of- chl oroplatinic-acid as a catalyst in an 20 organic solvent. The
silicone-nodified phenolic resin can be- && at ned, for exanple, by

subj ecting an organopol ysil oxane and a phenolic resin to a ring-opening

addition reaction in an organic sol vent
catal yst selected fromim. dazol es,
In the present invention, the silicone-
agent can be used al one,

(cont'd.)

. Table I-1

in the presence of at
organi ¢ phosphines and tertiary am nes.
nodi fi ed phenolic resin curing.

| east one 25

Silicone-
modified
phenolic

resin
I(h)

100

20

20

Silicone-
modified
phenolic

resin
I(g)

100

20

180

0.05

90

Silicone-
modified
enolic

ph

‘resin
“I(£)

100

20

100

0.15

20

Silicone-
.modified
‘phenolic

resin
I{e)

100

20

220

0.05

44

Silicone-~-
modified
phenolic

resin
I(4)

100

20




1° but may be used in adm xture with conventi onal
agent (s). Wien the silicone-nodified phenolic resin curing agent is used as
it is necessary that the system conprises at |east 30%5
system anmoynt, of the silicone-nodified

a_m xed system

by wei ght, based on the total
phenolic resin curing agent.

phenolic resin curlnq acent
conposi ti on has Teduged
the silicone-nodifiefl phlenoli
at | east 50% by weight.
conponent (A) wi t h@u

phenolic resin curing

When t he cort’ent of the silicone-nodified

Table I-1 (cont'd.)
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be used in an amount of

esin can be used as the
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of the present invention. 15 .The conpounding ratio of the tota
epoxy conponent and the total phenolic resin conponent is preferably 70/ 100
to 100/70 in ternms of the ratio of epoxy group/phenolic hydroxyl group.
When the ratio is I ess than 70/100 or nore than 100/ 70, there occurs 20
reduction in Tg, reduction in hardness-wagn-hot, reduction in nositure
resi stance, etc., and the resulting resin conposition is insufficient for
use in sem conductor sealing. Wien in an ordinary epoxy resin-phenolic
resin 25 systemthere is incorporated a naphthal ene type epoxy conpound or
a. bi phenyl type epoxy conpound or a m xture thereof, the resulting
conposition has reduced thin flash property. Fbmever when in an epoxy
resin/silicone-
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-°16 - 1 nodified phenolic resin systemthere is incorporated a naphthal ene
type epoxy compound or a biphenyl type epoxy conpound or a mxture t her eof
as in the present invention, the | ow nolecul ar epoxy conpound reacts also 5
wi'th the phenolic resin havi ng a high polémarlzatlon degree owing to the
silicone nodification; consequentl| Y, bl 2et? ng is unlikely to occur and

there arises n(!—T'E'ULuu ot ftastproperty—Hhe—+-re+ganfe—H4 er used
as the component (IC) 10 in|thg prgesent ijnvention includes crygtall]ne
silica, fused gilijcen, |al umina,] ®a] ciom clarbonate, talc, mca,| o
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gtass fiber, etc. These fillers can be used alone or in adm xture of two or
nore. O them crystalline silica or fused silica is particularly
preferable. 15 In the enbodi nent of the present invention
wher ei n t he napht hal ene type epoxy conpound or the biphenyl type epoxy
compound or the m xture thereof is used, the anount of the inorganic filler
used is prefer- ably 70-90% by wei ght ba$® on the total resin conposition
20 anmount. Wen the anmount is |ess than 70% by weight, the resulting resin
conposition tends to have increased thermal expansion coefficient, - no
sufficiently | ow stress and accordi ngly reduced thermal inpact resistance;
tends to have higher water absorbability and accordingly 25 reduced

resi stance to soldering heat; and tends to have too | ow a viscosity and
accordingly thin flash and :
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1® wused alone or in adm xture of two or nore; tertiary am nes such as BDVA
and the |ike, imdazoles, 1,8- diazabicyclo[5,4,0]undecene-7, and organic
phosphorus conpounds such as triphenyl phosphine and the like. Into the
epoxy resin conposition of the present 15 invention there can further be
i ncorporated, as necessary, release agerds €e.g., wax), flane retardants
(e.g., hexabronobenzene, decabronobi phenyl ether, and antinony trioxide),
col oring agents (e.g., carbon black, and red iron oxide), silane .coupling
agents, thernoplastic 20 resins, etc. The epoxy resin conposition for
sem conductor sealing according to the present invention can be easily
produced by a general process. That is, raw materials of given proportions
are thoroughly m xed by a m xer
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25 or the like; the mxture is nelt-kneaded by rolls, a kneader or the
li ke; the kneaded product is cooled and solidified; and the solid is ground
to an appropriate size. - 18 - The present invention can provide an
epoxy resin conposition having high heat 3pesi st ance,  hi gh thermal inpact
resi stance and good nol dability, which has been unobtainable with the prior
art. This epoxgvaluaeibn merhodsti on is excellent in cracking resistance
~and thermal inpact resistance when subjected to heat stress by rapid
t enper at ure chamgélat Spizalldélowg st ep.
This is a length of a molding obtained when
20 g 6f a sample was molded at amalding temperature of
5 175°C at a molding pressure of 7.0 Mpa for 2 minutes,
uSing a mold for spiral flow measurement.
*7-12 Length of resin flash
There was measured the iength of resin flash
of the bent portion of the moldihg obtained.
10 *I-13 Mold staining
Mold staining was examined by the_number of
molding shots when the mold first showed clouding.
*I-14 Markability
. 50 marks were given to 50 moldings of 1l0th
15 éhot; tﬁen, a cellqphane tape was applied to each of
.the moldings;_the tape was removed by peeling; and
the number of marks removed was examined.
In. Table I-2, there is shown the number of
peeled.marks aﬁoung the total 50 marks applied.
20 *I-15 Thermal impact resistance
| 20 same moldings (chip size = 36 mmz, package
thickness = 2.0 mm, aftet—curing = 175°C x 8 hours) were
subjected to a temperature cycle test (150°C to -196°C)
consisting of 500 cycles, to examine the thermal impact
25 resistance by the number of ﬁoldings which gave crack(s).
In Table I-2, there is shown the number of moldings which
gave.crack(s). | -

*I-16 Average life in soldering moisture resistance test

A Sealed_testlsample was treated in steam of

g



Aecordingly, the epoxy resin conposition of the present invention can be
suitably used for sealing, coating, 10 insulation, etc. of electronic and
electric parts, particularly high integration large thin chip I Cs nounted
on surface mounting packages and requiring a high degree of reliability.

The present invention is described in rB8 5 detai

referring to Synthesis

Exanpl es, Exanpl es and Conparative Exanples. Synthesis Exanple | As shown
'

in Table 1-1, 39°Gappd By*wBiHnt £8F 4R

PY&Sap Ahesitreahrd

(GRE gtample (o

*]1-8 shown later) 20 was _reacted wi.ith 100 par by, wej ght. of a phenol
novol ac resin YaS2bomgzased BP desSgheess étﬁupﬁé“&s{(ﬁ véé’%i 14, %ﬁrb‘f%'sence

of a catal yst

10

15

20

to obtai i licone-nodified . -
the resu ting test'sampae was subjected to a pressure

cooker test (125°C, 100% R.H.) to examine the poor
opening of circuit.
*I-17 Soldering heat resistance

20 same moldingé (chip size = 36 mm2, package
thicknéss.= 2.05 mm) were treated in steam of 85°C and
85$ R.ﬁ. for 72 hours; the treated moldings were immersed
in a solder bath of 240°C for 10 seconds to examine
the' soldering heat resistance by the number of mbldings
which gave crack(s).- In Table I-2, there is shown the

number of moldings which gave.crack(s).

Synthesis Example II |
As'sho&n in Table II-1, an orgahopolysiloxéne
(one or two of *II-1 to *II-8 shown later) was reacted
with a phenol novdlac resin (softening point = 105°C,
OH equivalent = 105) in a solvent in the presence of a
catalyst to obtain silicone-modified phenolic resins

I168) to II(h). | -

Example II-1

1,6-Dihydroxynaphthalene 90 parts by weight
diglycidyl ether _

Brominated bisphenol A type: 10 parts by weight
epoxy resin (epoxy equivalent : _

= 370, softening point = :

65°C, bromine content = 37%)



phenolic resins I(a) to I(h). Exanple I-1 Cresol novolac type epoxy resin
90 parts by weight (epoxy equivalent = 200, soften- ing point = 65C) -
19 - Brom nated phenol novol ac 10 parts by weight type epoxy resin
(epoxy equival ent = 272, softening point = 75[err]C, bromine content = 32%

Silicone-nodified phenol novolac 60 par3% by wei ght

Silicone-modified phenol - 70 parts by weight
novolac resin II{a)

Crushed fused silica | 800 parts by weight

Antimony trioxide . 10 parts by weighﬁ
Silane coupling agenﬁ' _ ' 2 parts by weight
Triphenylphosphine 2 parts by weight
Carbon black 3 parts by'weight
Carnauba wax 3 parts by weight

1 _ The above materials were mixéd thoroughly at
room temperature. The mixture was kneaded by a twin
rolliat 95-100°C. The kneaded product was cooled,
crushed and made into tablets to obtain an e€poxy fesin

5 coﬁposition for semiconductor sealing.

This material was made into a molding using a
transfer molding machine (mold temperatﬁfe = 175°C,
curing time = 2 ﬁinutes). The molding was after-cured

~at 175°C for 8 hours and examined for prope:tiés.

10 The results are shown in Table II-2.

Examples II-2 to II-4
;;- - The epoxy resin compositions'for semicqnductor
sealing whose compounding recipes are shown in Table
II-2 were obtained in the same manner as .in Example II-1.
25 o These resin cdmpositioﬁs-were examined for

properties, and the results are shown in Table II-2.

Comparative Examples II-1 to II-6

The epoxy resin compositions for semiconductor



resin curing agent I1(a) Fused silica 450 parts by

wei ght Antinony trioxide 25 parts by weight Silane
coupl i ng agent 2 parts by wei ght Triphenyl phosphi ne

2 'parts by weight Carbon black 3 parts by weight
Carnauba wax 3 parts by weight 1 The

above materials were m xed thoroughly at3soemtenperature. The m xture was
kneaded by a twin roll at 95-100[err]C. The kneaded product was cool ed,
crushed andl meskealing wvhbsetcompowhding xacépesy aresishovonpgsiTabdea i on for
. sentionductor sealing. This material was nade into a nol ding using a_
transfer nDId|ﬁ@'%Bﬁﬁrﬁeobhéiﬂe@ehﬁeFHFuﬁéme rapnexrr RS, igyExNagnlee = 2

m nut es), mhereby the material was .

These resin compositions were examined for

5 properties, and the results are shown in Table II-2.

'Organopolysiloxane *IT-1

?H3 ?H3 ?H3 &

3
|
CHy— Si0 sio Sio Sio — Si— CH,
| I . | |
CH CH C.H CH
3 . "3/gg @5 (376 o 3
’ 0 '
. A
T
CH
| \/o

Organopolysiloxane *II-2

ey L (] (]
T)—czn4 810 LSio $i0 5i0 Si—
O s e
: CH, CH3)130 \ CaHy/ys \ CoHy)y  CHj



exam ned for nold staining and resin flash. The nolding 10 was after-cured
at 175[err]C for. 8 hours and exam ned for markability, thermal inpact

resi stance, soldering noisture resistance and sol deri ng heat resistance.
The results are shown in Table |-2. Exanples |1-2 and -3 15

Conponents were conpounded i-n accor dance th the reci pes shown in Table
-2 and treated in the sane - 20 - T ner as in Exanple'|-1 to obtain

epoxy resin COB’PQE gbigggl QangeﬂGCiQBdCUt or seali ng. These resin

conposi tions wer propérties, and the results are shown

m (m] (B 0
CH Sio sio Sio : Si CH
Y
CH3 CH3 5 \ (_I:3H6 CH3
0
|
.
CH
|>o
CH2

Organopolysiloxane *TT-4

ANy
cn{—cn— CHz— 0— C,Hg ?m [?NJ t?m
CH, CH3 J229 A\ CoHy) 15

CH

?J.O J ?1 C3Hg—O—CH§—.C§—/CH2
fa“e 4 CHy o

(o)

l .

.

CH\



in Table I-2. 5 Conparative Exanples I-1 to I-6 Conponents were conpounded
I n accordance with the recipes showm in Table |-2 and treated in the sane
manner as in Exanple I-1 to obtain epoxy resin conposi- tions for

senm conduct or sealing. These resin conpositions 10 were examined for
properties, and the results are shown=i 87Tabl e 1-2. Organopol ysil oxane *I-1

Lerr] © . &gg&nopolysiloxane *I1I-5

‘fH3 [ ‘fﬂa ] | ( CI:H3 ‘fH3 (I:Hj
‘CH sio Sio —- Sio Sio Si—CH
CH, CH, 64 C.H C.H CH,

f2 4/ 30 fz 4/ 4
(o)

Organopolysiloxane *II-6

CH CH CcH CH, -
O [ .3 | ( I 3 ] _ [ , 3 ] I 3 .
YD_CZH‘1 s':.o l Tio J [ ?io J ?1- C,H;
o 177 4

| CH3

o)
Organopolysiloxane *II-7
oep o 1) [F] (1
CRz— CH—CH5— O0—C,H~ Si0 sio Sio
i/ o2 7376 LI.JLI.
CH; . { CH, 9 ol

cH o | cH.”
3 | .
— slz.— C,Hz0—CHs— C{"/‘:Hz

CH o

3



nganopolsiloxane *|-2 [err] Organopol ysiloxane *1-3 [err].
Or ganopol ysil oxane *1-4 [err] - 22 - C}ganopoly5|loxane *1-5 [err].
Or ganopol ysi | oxane *I1-6 [err] Organopolysilocane *I-7
| - 38 -
1 *II-8 Naphthalene type epoxy compound represented-py

the following formula [III]
=— CH— CHz— — CH—CH— CH, -
c§ CH— CHz oo - CH; c\/2 [IIT]
0

*II-9 Epoxy resin represented by the following formula

Q\g //é. CH-——(T{.I’P —<::>—0-—-CH—f—-Q§\ /FH

o)

CH;—C—CH

*1I-10 Phenolic resin represented by the following

5 - Eomula

OoH OH

. OH ; OH



210 g/ eq;
sof t eni ng poi nt

*I-9 Epoxy resin ESX-221

(epoxy equi val ent
210 g/ éq;

Lt d.
*]1-10 Epoxy resin ESX-222 produced by

Co.

(epoxy egu&gaLent

5

84[err] Q).
Co., Ltd.

1 Organopol ysil oxane *1-8 [err]

23 -
Chemi cal

produced by Sum tono Chem cal
Sum t ono

sof t eni ng poi nt

85[err] O).

[err]
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[err]

26 -

[err]

25 -

[err]
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[err]

29 -

[err]

28 -

[err]
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Spi r al

1 Eval uation nethods *I -1

32 -

[err]

31 -

[err]

flow This is a Il ength of a nol di ng obtained when

--30 -
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200 g of a sanple was nol ded at anol ding tenperature of 5 175C at a nol di ng
pressure of 7.0 Moa for 2 mnutes, using a nold for spiral flow
measurenent. *1-12 Length of resin flash There was neasured the | ength of
resin flash of the bent portion of the gniging obt ai ned. 10 *1-13 Ml d

staining Mol d stai,ning was exam ned by the nunber of npl ding shots whep the
nmold first shoyed [cl oding. I -14 Markability 50 marksfwere|gi ven to %p
nmol di ngs of - 104 h LSoeshed ;| dheno @ celdophane tape was fppli ¢dstjo eaeh |pf
the nol dings; fhe [t App *Nas¥rienDved by p&kling; and the|numbg¢r™df magks|
removed was examneth. fIn|Table |-2, there is shown the|nunber df . .
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peel ed marks anoung the total 50 marks applied. 20 *1-15 Thernal i npact

resi stance 20 sane noldings (chip size = 36 rmjerr], package thickness =
2.0 mm after-curing = 175[err]C x 8 hours) were subjected to a tenperature
cycle test (150[err]Cto -196[err]C coQai sting of 500 cycles, to exam ne
the thermal inpact 25 resistance by the runber of nol dings which gave
crack(s). In Table I-2, there is shown the nunber of noldings which gave
crack(s). *1-16 Average.life in soldering noisture resistance test A seal ed

test sanple was treated in steam of - 38 -
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1- 85[err]C and 85% R H. for 72 hours; the treated test sanple was i mersed
in a solder bath of 240[err]C for
subjected to a pressure cooker test (125C, 100% R H.) to exam ne the poor 5

opening of circuit.
size = 36 nmjerr

85[err]C and 85% R H for 42 pours;
in a solder bath g .ngO[%Tr-]
resi stance by the nunber

wn

the tieat

C¥ o 10eseso
med disgs whi c

there i s shown the nunbef of nol di ngs whi

o))

g

10 seconds; ‘the resulting test sanple was

*I-17 Sol dering hgaa resi stance 20 sanme nol dings (chip

were treated in steam of
ed nol di ngs were i mersed 10
t o exam ne the sol dering heat
ve crack(s). In Table I-2, -
ave .crack(s). Synthesis

Exanple Il 15

A shown in Tabl ¢ |

- 1,Yan or ganopol ysi | oxane
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(one or two of *Il1-1to *I1-8 shown later) was reacted with a phenol
novol ac resin (softening point = 105[err]C, OH equivalent = 105) in a
solvent in the presence of a catalyst to obtain silicone-nodified phenolic
resins 20 Il (a) to Il1(h). Exanple I1-1 1, 6-D hydroxynapht hal ene

90 parts by weight diglycidyl ether Brontéated bi sphenol A type 10
parts by wei ght epoxy resin (epoxy equivalent = 370, softening point =
65[err] C, brom ne content = 37% '
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~ 34 - Silicone-nodified phenol - 70 parts by wei ght hovolac resin

Il1(a) Crushed fused silica 800 parts by wei ght Antinony
trioxide 10 parts by wei ght Silane coupling agent

2 parts by weight Triphenyl phosphi ne 2 parts by wei ght
Car bon bl ack 3 pajgfs-by wei ght Carnauba wax.

3 parts by weight The above materials were m xed-thoroughly at room
t enper at urk. ERfeEludtion emewlsoksieaded by a twin roll at 95-100[err]C. The
kneaded product was cool ed, crushed and nmade into tablets to obtain an
epoxy resin 5*XbnbbsiSpinalofleeni conductor sealing. This material was nade
into a nolding using a
Measured by the same method as for *I-1ll.
*II-12 Length of resin flash
5 ' Measured by the same method as for *I-12.
*II-13 Flexural strength and elastic modulus
Measured at a span of 100 mm at a speed of
10 mm/min at room temperature, using a TENSILON flexural
strength tester.
10 *II-14 Thermal expansion coefficient
- Measured at 25°C for a sample of 15 x 3.x 4 mm,
using a thermal éxpansion coefficient tester.
*II-15 Tg (glass transition temperature)
Measured for a sample of 15 x-3 x 4 mm, using
15 a thermal expansipn coefficient tester..
*II-16 Thermal impact resistance
Measured by the same method as for *I-15.
*II-17 Soldering heat resistance
20 Moldings (chip size = 36 mmz, package
20 thickness = 2.0 mm) were treated in steam of 85°C and
85% ﬁ.H. for'72 hours, and the treated moldings were
subjected to VPS (vapor phase soldering) treatment at

215°C for 90 seconds to examine the soldering heat

resistance by the number-of'moldings which gave crack(s).

25 Synthesis Example III
As shown in Table III-1, an organopolysiloxane

(one or two of *III-1 to *III-7 shown later) was reacted



transfer nolding nmachine (nold tenperature = 175[err]C, curing tine = 2
m-nutes). The nol ding was after-cured at 175[err]C for 8 hours and exam ned
for properties. 10 The results are shown in Table I1-2. Exanples 11-2 to

I'l -4 The epoxy resin conpositions for seniconductor sealing whose
conpoundlng reci pes are shown in Table_ IA 2 were obtained in the sane
manner as |n Exanple 11-1. 25 %hese resin conpositions were

exam ned fg) Q.F}fré' nGY hdVIPL € H & £n A So2REMANGNpEARLE ! hoBec,

Cbnparatlve Exa 1 to -6 The epoxy resin conp03|t|ons

senlconductoroﬂ equivalent = 105) in a solvent in the presence of a
catalyst to obtain silicone-modified phenolic resins

IIxI(a) to III(h).

5 Example III-1l

3,5,3',5'-Tetramethyl-4,4"'~- 90 parts by weight

dihydroxybiphenyl diglycidyl
ether _
Brominated bisphenol A type’ 10 parts by weight

epoxy resin (epoxy equivalent
= 370, softening point = 65°C,
bromine content = 37%)

Silicone-modified phenol 70 parts by weight
novolac resin III(a)

Crushed fused silica : ' 800 parts by weight
Antiomony trioxide 10 parts by weight
Silane coupling agent . 2 parts by-wéight
Triphenylphosphine 2 parts by weight
Carbon black | 3 parts by weight
Carnauba wax 3 parts by weight

The above materials were mixed thoroughly at
room temperature. The mixture was kneaded by a twin |
roll at 95-100°C. The kneaded product was cooled,
crushed and made into tablets to obtain an epoxXy resin

10 composition for semiconductor sealing.

This material was made into a molding using a
transfer moldiné machine (mold temperature = 175°C,
curing time = 2 minuteéf. The molding was. after-cured

at 175°C for 8 hours and examined for properties. The



--35 - 1 sealing whose conpoundi ng reci pes are shown in Table I1-2 were

obtained in the sanme manner as in Exanple Il1-1. These resin conpositions
were exam ned for 5 properties, and the results are shown in Table I1I-2.
Organopol ysil oxane *11 -1 [err] Organopol ysil oxane *11-2 [err] - 36 -
Or ganopol ysi | oxane *11-3 _ - 49 - &

1 resuits are shown in Table III-2.

Example III-2
An epoxy resin composition for semiconductor

sealing was obtained in the same manner as in Example

5 III-1 except that the amount of 3,5,3',5'-tetramethyl-
_4'4'-dihydroxybiphenyl diglycidyl ether was changed from
90 parts by weight to 50 parts by welght and there was
newly added 35 parts by welght of 4,4'-dihdyroxybiphenyl
diglycidyl ether.

10 The resin composition was ekamined for‘proper-

ties, and the reéults are shown in Table III-2.

Examples III-3 to III-4
o Epoxy ;esin compositions for semiconductor
sealing whose compounding recipes are shown in Table
15 III-2 Qere obtained in the same manner as for Example
III-1.
The resin compositions were examinéd for

properties, and the results are shown in Table III-2.

Comparative Examples III-1 to III-6
20 Epoxy resin'compositions for semiconductor
sealing whose compounding recipeé are shown in Table
III-2 were obtéioed in the same manner as for Example
ITI-1.
The resin compositions Qere examined for

25 pProperties, and the results are shown in Table III-2.



[err] Organopol ysiloxane *11-4 [err] - 37 - CXganoponsionane *11-5
[err] Organopol ysil oxane *11-6 O ganopol ysiloxane *I11-7 [err]

s

- 50 -
Organopolysiloxane *III-1
(IZH3 (c':H3 \ (CI:H:S \l rCH3 CH,
I |
CH;— Sio S5i0 Sio Sio Si—CH
CH CH C,.H CH
3 3/g9 6 1365 3
0
I
CH2
I
CH
I >o
CH2

Organopolysiloxane *III-2

| cH
en P[] ()
C.Hi— Si0 sio Sio Sio
CH CH C.H C.H
3 3 /139 M4 /¢ 284 ),
@
0
‘f.Hs 9
—?i—czHrC7
CH .



-.38 - *I1-8 Naphthal ene type epoxy conpound represented by the follow ng

formula [II11] [err] *11-9 Epoxy resin represented by the follow ng fornula
[err] *I1-10 Phenolic resin represented by the following 5 formul a
[err] - 39 - [err]

- 51 -

Organopolysiloxane *III-3

mo(F) (F)
CH Sio Si0 Sio Si CH
3] Ll J [ | J | 3
CH3 CH3 5 CIJ3H6 CH3
0
[
o
CH'\__
| o
CH2

Organopolysiloxane *III-4

CH

[ 3 [ T3 ]
CHE—CH—CHTO—C3H€— ?iO Sio
N/
o , CH

3

S ) £ |

sio Si—C,H.—0—CH,—CH —CH
1—GHg N 2

CyHe ) & cn3 o



--40 - [err] - 41 - [err] - 42 - Jerr]

- 52 -

Organopolysiloxane *III-5
() ($8) (f5)
CH Sio Sio -S5i0 Sio Si—CH
3 Lr J [ | .
CHy CH3 )64 30 \ §2H4/q  CHj
0
Organopolysiloxane *III-6
o (‘:H3 [(I:H3] [C':H3] (l:H3 .
YD_CZH‘; 710 [ ?ioJ [?10 J ?i—gz 4_C7) |
| CH, CHy J o | CpH, CH, S
0

Organopolysiloxane *III-7

T (EL
.0 CH3 CH3 9 C2H4 (l:3H 5
, N ¢
|
.
CH
. ~
o [ /0
CH3 , CH2

I .
——e;,l— CyHz— O— CHy— cn\—/c:_n2
. | o)

CH3



- 43- [err'] _ 0 - 44 - [err] -
[err] :

- 53 -

*III-8 Biphenyl type epoxy compound represented by

the following formula (epoxy equivalent = 185)

CHZ———CH —CH

o} O0—CH5—CH—CH

2\/2
0

*III-9 Biphenyl type epoxy compound represented by the

following formula

0

CH?_—CH—cnz-——o-@—@—o CHy— CH—CH,
N
*III-10 Epoxy resin represented by the following formula

CHz——CH— CH5— o-@—c—@—o —CH5— CH —CH
2 2 2 2
\o/ | . \0/

45 -



-«46 - [err] - 47 - 1 Evaluation nmethods *11-11 Spiral flow Measured by
the sanme nethod as for *I-11. *11-12 Length of resin flash 5

Measured by the sane nethod as for *I1-12. *11-13 Flexural strength and
efastic nmodul us Measured at a span of 1005nn1at a speed of

*III-11 Phenolic resin represented by the following

formula

OH CH



*11-15 Tg

strength tester.

expansi on coefficient tester.

usi ng a TENSI LON f I exur al
expansi on coefficient Measured at 25[err]C for a sanple

room tenperature,
of 15 x 3 x 4 nm wusing a thernal

10 *11-14 Ther nal

10 M mn at

using 15 a thermal
treated nol din

were treated
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245[err] C for 90 seconds to exam ne the soldering heat resistance by the
nunber of nol di ngs whi ch gave crack(s). 25 Synthesis Exanple |1l As shown
in Table II1-1, an organopol ysil oxane (one or two of *Ill1-1 to *I11-7 shown
| ater) was reacted - 48 - 1 wth a phenol novolac resin (softening
point = 105[err]C, OHequival ent = 105) P8 & solvent in the presence of a

catalyst to obtain silicone-nodified phenolic resins IIl (a) tolll (h) 5
Exanmple 111-1 3,5,3" ,5 -Tetranethyl -4,4" - 90 parts by wei ght
1
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di hydr oxybi phenyl di gl ycidyl ether Brom nated bi sphenol A type 10
parts by wei ght epoxy resin (epoxy equivalent = 370, softening point =

65[err] C, brom ne content = 37% Silicone-nodified phenol . 70 parts
by wei ght novolac resin Ill1(a) Crushed fused silica 800 parts
by wei ght Antionony trioxide 7 ~10 parts by weight Silane
coupl i ng agent 2 parts by wei ght Triphenyl phosphi ne
2 parts by wei ght Cagbon bl agk 3 parts by wei ght
Car nauba wax | 3 parts py wej ght The above materials
were m xed thoroughly at| = @
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room tenperature. The m xture was kneaded by a twin roll at 95-100C. The
kneaded product was cool ed, crushed and made into tablets to obtain an
epoxy resin 10 conposition for sem conductor sealing. This material was
made into a nolding using a transfer nol ding machine (nold tenperature =
175[err]C, curing tinme = 2 mnutes). IThegnol ding was after-cured at
175[err]C for 8 hours and exam ned for properties. The - 49 - 1 results
are shown in Table I11-2. -Exanple I11-2 An epoxy resin conmposition for

sem conduct or '

Toluene
200
Triphenyl-
phosphine
100
138
106

Toluene
200
Triphenyl-
phosphine
100
136
111

Toluene
200
Triphenyl-
phosphine
100
140
108

Toluene
250
Triphenyl-
phosphine
100
136
106

Table III-1 (cont'd.)

Toluene
230
Triphenyl-
phosphine
100
135
106




sealing was obtained in the same manner as in Exanple 5 I11-1 except that

the anobunt of 3,5,3",5 -tetranethyl- 4,4'-di hydroxybi phenyl

di gl yci dyl

et her was changed from 90 parts by weight to 50 parts by weight and there
was newl y added 35 parts by weight of- 44¢'=di hdyroxybi phenyl diglycidyl

ether. 10

and the resul
resin conposi
shown i n Tabl

[11-1. The regsin

are shown in

Table III-2

! The resim cqonposiftion was examined for, proper- ifies,
ts prefshown in Tablje 111}-2. Exanples I11-3 to]lll-# Epoxy
tiong 193:_ semond@gt of sleal | nggvhose conpound| ng recges are
e 16 172 werl® ¢btdined |in the‘same nmanner as|-for Exarnpl e

Ebiposi ti ons|werle exanined for properties,|and {he|rebults
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Conparative Exanples Il11-1 to Il11-6 20 Epoxy resin conpositions
for sem conduct or sealing whose conpoundi ng reci pes are shown in Table

[11-2 were obtained in the same manner as for Exanple Il1-1. The resin
conpositions were exam ned for 25 propenties, and the results are shown in
Table 111-2. - 50 - Organopol ysiloxane *I11-1 [err] Organopol ysil oxane
*111-2 [err]
o
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rr] [err]
5 -

e
I

Or ganopol ysi | oxane *11

Organopol ysil oxane *111-4 [

Or ganopol ysi | oxane *I111-5 [err]

Or ganopol ysil oxane *111-3 [err]
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[err] Organopol ysiloxane *I111-7 [err] 3 - 53 - *I11-8 Biphenyl type
epoxy conpound represented by the follow ng fornula (epoxy equivalent =
185) [err] *111-9 Bi phenyl type epoxy conpound represented by the follow ng
formula [err] *I11-10 Epoxy resin represented by the follow ng fornula

- 62 -
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[err] ] 54 - *111-11 Phenolic resin represented by the'follomﬁng
formula [err] - 55 - [err] _

| - 63 -
1 Evaluation methods |
*III-12 Spira% flow
' Measured by tﬁe same method as for *I-11l.
*III-13 Length of resin flash
5 Measured by the same method as for *I-12.
*III-14 Flexural strength and elastic modulds
Measured by the same method és for *II-13.
*III-15 Thermal expansion coefficient
Measured by-the same method as for *II-14.
10 *III-16 Tg (glass transition temperature)
Measured by the same method as for *II-15.
*III-17 Thermal impact resistance |
| Measured by the same method aslfor *I-15.
*III-18 Soldering heat resistance

15 ' Measﬁred by .the same method as forl*II-l7.

Synthesis Example IV
As shown in Table IV-1l, an organopolysiloxane
(one or two of *IV-1 to *IV-7 shown later) was reacted
with a phenol novolac resin (softening point = 105°C, OH
20 equiﬁalent = 105) in a solvent in the presence of a
catalyst to obtain silicone-modified phenolic resins

Iv(a) to IV(h).

Example IV-1
Naphthalene type epoxy compound 50 parts by-wéight

25 Biphenyl type epoxy cqmpcund A 50 parts by weight



-"56 - [e?r]

10

15

-57- [err] - 58 - [err]

- 64 -

Brominated bisphenol A type 10 parts by weight
epoxy resin (epoxy equivalent

= 370, softening point =

65°C, bromine content = 37%)

Silicone-modified phenol 70 parts by weight
novolac resin IV(a) :

Crushed fused silica o 860 parts by weight
Antimony trioxide _ 10 parts by weight
Silane coupling agent 2 parts by weight
Triphenylphosphine 2 parts by weight
Carbon black 3 parts by weight
Carnauba wax 3 parts by weight .

The above materials were mixed thoroughly at
room temperature. The mixture was kneaded by a twin
roll at 95-100°C. The kneaded product was cooled,
crushed and made into tablets to obtain an epoxXxy resin
eomposition for sémiconductor sealing. |

. This material was made into a molding using a
transfer molding machine (mold temperature = 175°C, curing
time = 2 minufes). .The molding was after-cured at 175°C
for..8 hours and examined for propefties. The results

are show~ in Table IV-2.

Examples IV-2 to IV-4

Epoxy resin compositions whose compounding
recipes are shown in Table IV-2 were obtained in the same
manner as in Example'IV-l.

These resin compositions were measured for

properties, and the results are shbwn in Table IV-2.



--59 - [err]

-60 - [err] - 61 -

- 65 =~

[err]

Comparative Examples IV-1 to IV-6

Epoxy resin compositions whose compounding

recipes are shown in Table IV-2 were obtained in the same

manner as in Example IV-1l..

These resin compositions were measured for

properties, and the results are shown in Table IV-2.

Organopolysiloxane *IV-1l

B (m) (1) (B) P
|
CHz— Si0 $i0 - Si0 sio Si—CH,
CH,y CH3 ) g6 5\ ?3*‘6 7 CHy
@ o
i
s
T o
~
CH,
Organopolysiloxane *IV-2
m () () (5
?io '?io ?io ?io
CH, LCHs sto L C,H Jls't C2H4J3



-<62 - [err] - 63 - 1 Evaluation nmethods *I111-12

Spiral flow Measured
by the sanme nethod as for *I-11. *I11-13 Length of resin flash 5
Measured by the same nmethod as for *I-12. *I11-14 Flexural strength and
efastic nodul us Measured by the sane nethod as for *I1-13. *111-15 Therm
expansi on coefficient
| - 66 ~
Organopolysiloxane *IV-3
i3 [f% 3 ] CH3
CH Sio Sio Sio - Si CH
3] Ll | J l 3
CH3 CH3 6 (i:3H6 CH3-
0
I
CH
L
CH,
Organopolysiloxane *IV-4
() (7
CHZ—- CH— CHZO- C3H6—— §i0 - Si0 - SiO_
NV . I I l
0 CH, CH;3 229 Cf 2M4/ 15
CH CH o}
|3 1 3 7\
?10- Sl:l.—-C3H6—- OCH2—— CH-—— CI-I2
C,H CH
'3 6/, 3.
o
|
i
CH ~
] o)
CH,”



Measured by the sanme nmethod as for *11-14. 10 *I111-16 Tg (gl ass

transition tenperature) Measured by the sanme nethod as for *11-15. *I11-17
Thermal inpact resistance Measured by the sane nethod as for *I-15. *I11-18
Sol deri ng heat resistance 15 ' Measured by the sane nethod as for

*11-17. Synthesis Exanple IV As shown in Table IV-1, an organopol ysil oxane
(one or two of *IV-1 to *IV-7 shown | ate6y was reacted with a phenol

novol ac resinéésoftening point = 105[err]C, OH 20 equivalent = 105) in a
sol vent in thOFFRPREYBFLeX2BEal¥T5t0 obtain silicone-nodified.phenolic
resins IV(a) to IV(h). Exanple IV-1

()
[ Sio 5io

30 C2H4 4 CH3

(o)

CH3 Si0 Sio
l J
CH 64

|
CHB \ 3

Organopolysiloxane *IV-6

CH CH

0 13 [ , 3] r fH3 ] fﬁs

O e s R el
CH3 \ CH3 l C2H4 CH3

Organopolysiloxane *IV-7

?H3 CH

CHz—CH—CH,0 — CH;—Si0 — Si0
_\0/ | l J
- ciy | CHy )

| 2
CH
l jo
CH2
T . .
— Si—— C,H— OCH5— CH—CH,
1 No”
CH, |

23



Napht hal ene. t ype epoxy conpound 50 parts by wei ght 25 Bi phenyl type

- epoxy conpound A 50 parts by weight - 64 - Brom nated bisphenol A type
10 parts .by wei ght epoxy resin (epoxy equivalent = 370, softening point =
65[err] C, bronmine content = 37% Silicone-nodified phenol 70 parts
by wei ght novol ac resin IV(a) Crushed fused silica 800 parts by
wei ght Antinony trioxide - 6810'parts by wei ght Silane coupling

agent »1v-8 “NBBhtRaR¥n¥tYBL epoxy compound represented by

the following formula (epoxy equivalent = 151)

CH— CH—CH,0 OCH>— CH—CH
; , 5 ,
\0/ \ /

o

*IV-9 Biphenyl type epoxy compound A represented by the

following formula (epoxy equivalent = 185)

CH3 ' CH3
CHz—— CH— CH,O OCH-—CH—CH
2 2 2 2
N4 - \ /
0 CH3 CH3 0

*IV-10 Biphenyl type epoxy compound B represented By

the following formula (epoxy equivalent = 155)

CHz—CH ——cxzo—@—@-ocrri-,—'cn\ — /caz

\/
o o



Tri phenyl phosphi ne 2 parts by wei ght Carbon bl ack

3 parts by wei ght Carnauba wax 3 parts by weight The
above materials were nixed thoroughly at roomtenperature. The mixture was
kneaded by a twin roll at 95-100[err]C. The kneaded product was cool ed,
crushed and nade into tablets to obtaknggn.epoxy resin 5 conposition for
sem conduct or sealing. This material was nmade into a nolding using a
transfer nol dtH§-bhchEpexy noesinereprasented bystber f6llowiingy fidmmmla 2
mnutes). The nolding was after-cured at 175[err].C for 8 hours and exam ned
for properties. The results 10 are show in Table IV-2. Exanples V-2 to

| V-4 Epoxy resin conpositions whose conpoundlng :

cai-— CH— CH o—@— —@—OCH— CH— CH,

\/

CHy— C—CH

*IV-12 Phenolic-;esin represented by the following

formula

OH OH - OH
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| V- 2.

These resin conpositions were

in Tabl e

These resin conpositions were neasured for
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and the results are shown
conpoundi ng reci pes are shown in Table hg 2 were obtained in the sane

reci pes are shown in Table V-2 were obtained in the sane manner as in
Conparative Exanples IV-1 to | V-6 Epoxy resin conpositions whose

manner as in Exanple IV-1. 5

Exanple I'V-1. 15
properties,
measured for
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Or ganopol ysi | oxane *I1V-2 [err]
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Or ganopol ysi | oxane *I1V-5 [err]

*1V-9 Bi phenyl
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Organopol ysi |l oxane *1 V-7 [err]
‘conpound represented by thé follow ng formul a (epoxy equival ent

[-err]
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follow ng formul a (epoxy equivalent = 185) [err] *IV-10 Bi phenyl. type
epoxy conpound B represented by the follow ng fornmula (epoxy equivalent =
155) [err] - 69 - *IV-11 Epoxy resin represented by the foll ow ng
féormula [err] *1V-12 Phenolic resin represented by the following fornula
[err] - 73 - '

Toluene
200
Triphenyl-
phosphine
2.5
100
137
106

Toluene
200
Triphenyl-
phosphine
100
140
110

Toluene
200
Triphenyl-
phosphine
3.5
100
140
108

Toluene
250
Triphenyl-
phosphine
100
136
105

Table IV-1 (cont'd.)

Toluene
200
Triphenyl-
phosphine
100
135
106
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1 Eval uation nethods *IV-13 Spiral
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Measured by the sanme nethod as for *1-11. *I1V-14 Length of resin flash 5
Measured by the sanme nethod as for *1-12. *I1V-15 Flexural strength and

el astic nodul us Measured by the sane nethod as for *I1-13. *IV-16 Thernal
expansi on coefficient Measured by the sanme nethod as for *I1-14. 10 *|V-17
Tg (glass transition temeprature) Measu gd_by the sane nethod as for
*I'1-15. *1V-18 Thermal inpact resistance Measured by the same nethod as
for *I-15 except that the nunber of cycles was increased to 1,000. 15
*1V-19 Sol dering heat resistance 20 Ml dings (chip size = 36 nmjerr]
package thickness = 2.0 mm were treated in steamof 85[err]C and 85%
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R H for 72 hours, and the resulfing nol di ngs were subjected to an infrared
reflow treatnment at 240[err]C to 20 exam ne the sol dering heat resistance
" by the nunmber of noldings which gave crack(s). Synthesis Exanple V As shown
Fn Table V-1, an organopol ysil oxane (one or two of *V-1 to *V-7 shown
| ater) was reacted 25 w th a phenol nevpgac resin (softening point =
105[err]C, OH equivalent = 105) in.a solvent in the presence of a catalyst
to obtain silipvaraavilohi mdthbénolic resins - 79 - 1'V(a) to V(h).
*Iv-13 Spiral flow '
Measured by the same method as for *I-11.
*IV-14 Length of resin flash
5 ' Measured by the same method as for *I-12.
*IV-15 Flexural strength and elastic modulus
Measured by the same method as for *II-1l3.
*IV-16 Thermal expansion coefficient |
| Measured by the same method a§ for *II-14.
10 *1IvV-17 Tg (glass tranéition temepraéure)
| Measured by the same method as for *II-15.
*IV-18 Thermal impact resistance
Measured by the séme method.as for *I-15 except
that the nuﬁber of cycles was increased to 1,000.
15 *IV-19 Soldering heat resistance
20 Moldings (chip size = 36 mmz, package
thickness = 2.0 mm) were treated in steam of 85°C and 85%
R.H. for 72 hours, and the resulting moldings wére '
subjected to an infrared reflow treatment at 240°C to

20 examine the soldering heat resistance by the number of

moldings which gave crack(s).

Synthesis Example V
‘ As shown in Table V-1, an orgahopolysiloxane
(one or two of *V-1 to *V-7 shown later) was reacted
25 with a phenol'novolac resin (softening point =.105°C, OH
eéuivalent = 105) in a solvent in.the presence of a

catalyst to obtain silicone-modified phenolic resins



Exanmpl e V-1 Bi phenyl type epoxy resin 40 parts by weight A *V-8

Trifunctional epoxy resin 50 parts by wei ght *V-10 Brom nated

‘bi sphenol A type 10 parts by wei ght epoxy resin (epoxy equival ent =
370, softening point = 65[err]C, bromne content = 37% Silicone-nodified
phenol 70 parts by wei ght novol ac re5|n VKa) Crushed fused silica
500 parts by weight Antinony trioxide = 79 10 parts by weight
'Silane couplin ent 2 parts by weight Triphenyl phosphi ne

2 parts by &h‘@g to V(h). _

Example V-1

Biphenyl type epoxy resin. . 40 parts by weight
A *vV-8 '
Trifunctional epoxy resin 50 parts by weight
*vV-10 '
Brominated bisphenol A type 10 parts by weight

epoxy resin (epoxy equivalent
= 370, softening point = 65°C,
bromine content = 37%)

Silicone~modified phenol ' 70 parts by weight

“novolac resin V{(a)
Crushed fused silica 500 parts by weight
Antimony trioxide 10 parts by weight

Silane couplihg agent parts by weight

Triphenylphosphine parts by weight

Carbon black parts by weight

w w NN

Carnauba wax parts bf weight
The above materials were mixed thordughly a£
room temperature. The mixture was kheaded by a twin
5 roll at 95-100°C. The kneaded product was cooled, .
crushed and made into tablets to obtain an epoxy resin
composition for semiconductor sealing.
This material was made into a molding using a
transfer molding machine {(mold temperature = 175°C, curing
10 time = 2 minutes). The molding was after-cured at 175°C
for 8 hours and examined for properties. The results

are shown in Table V-2.



Gar.bon bl ack o 3 parts by wei ght Carnauba wax
3 parts by weight The above materials were m xed thoroughly at room
tenperature. The m xture was kneaded by a twin 5 roll at 95-100[err]C
The kneaded product was cool ed, crushed and nmade into tablets to obtain an
epoxy resin conposition for sem conductoggsealing. This material was nade
into a nolding using a transfer nolding machine (nold tenperature =
175[err] C, lcuBxample tV+2 = 2 mnutes). The nolding was after-cured at
175[err]C for 8 hours and exam ned for properties. The results are shown in
Tabl e V-2. An epoxy resin composition for semiconductor
sealing was obtained in the same manner as in Example
V-1 except that the biphenyl type epoxy resin A was
5 changed to a biphenyl type epoxy resin B (*V-9) and
the silicone-modified phenol novolac resin V(a) was
changed to a silicone-modified phenol novolac resin
V{b).
The resin compdsition.was.examined for prbper-

10 ties, and the results are shown in Table V-2.

Example V-3
An eéoxy resin composition for semiconductor
sealing.whose compounding recipe is shown in Table V-2,
was obtained in the same manner as in EXample v-1.
15 : - The resin composition was examined for

properties, and the results are shown in Table V-2.

Comparative Examples V-1 to V-6
Epoxy resin compositions for semiconductor
sealing whose compounding recipes are-shown in Table
20 V-2, were obtained in the same manner as in Example Véi.
The resin compositions were examined for

properties, and the results are shown in Table V-2.



-~80 - 1 Exanple V-2 An epoxy resin conposition for sem conductor sealing
was obtained in the same manner as in Exanple V-1 except that the biphenyl
type epoxy resin A was 5 changed to a bi phenyl type epoxy resin B (*V-9)
and the silicone-nodified phenol novolac resin V(a) was changed to a
sil'icone-nodified phenol novol ac resin.Vgp). The resin conposition was
exam ned for proper- 10 ties, and the results ‘are shown in Table V-2.
Exanpl e V-3 A0mpangpokgsihlaexapestVv+bn for sem conductor sealing whose
conpoundi ng reC|pe i-s shown in Table V-2, was obtained iin the sanme manner

as in Exanple V-1
() 5

mm) ()

Sio sio Sio Si Si— CH
3 LI J [ J [ I J l 3
CH_3 CH3 )g7 6 CiHg )5  CHy

Organopolysiloxane *y-2

 CH.. '
m (B] (] (D
C,Hj ?10 Tio sio '8i0
1 | J [
| [c J139 LC 415

CH

3, 3 \ ?z 284/ 4
o
c':n3 .0
I e
CH ' :



15 The resin conposition was exam ned for properties, and the
results are shown in Table V-2. Conparative Exanples V-1 to V-6 Epoxy resin
conpositions for sem conductor sealing whose conpoundi ng reci pes are shown
in Table 20 V-2, were obtained in the sarrg manner as in Exanple V-1. The
resin corrpositi ons were exam ned for prop ?ti"es and the results are shown

in Table V-2 Orgaﬂpolﬁm wsplpxane *V-1 [err] Organopol ysil oxane

*\/- 2
\
CHy [?Hs l [ $H3 ] | fH3
CHi—-?lO sio S'J.O Ti—ca3
CH, [cn3 5 c':3H6 CH,
o]
|
o
CH
D
CH,
Organopolysiloxane *V-4
\
Pml (]
CHZ—\—CH—CHz— 0—C,H, siio [sl:.oJ lsl,io
o) : ' CH CH J
3 3 /228 cf 2%4) 15
sio Si— CyHz— 0— CHZ—-CH CH,
| ] N\ /
(3fé/ 5 CHs |
o
I
‘fﬂz )
CH
Lo
CH, ”



[err] - 82 - Organopol ysil oxane *V-3 [err] Organopol ysil oxane *V-4 [err]
[err] © - 83 - Organopol ysil oxane *V-5

- 83 -

Organopolysiloxane *V-5

Organopolysiloxane *V-6

/ \ /
_. T3 ?33 C|H_3 ) T3
@—cznr— sio — s5i0 sio Si—czﬂr-CY
H CH ' C,H CH
3 \ 73 N7 k 274 3
o}
Organopolysiloxane *V-7
: : TN \
(|ZH3 (':H3 CH,
CHz——CH—CH5—0— C H~—SiO Sio sio
o] CH, |CHy Jg | CoHy,
CHy ) Sf3 ,
sio Si— C,H— O0- CH;—CH— CH
: 6 2 2
| i 3 N\ /
?3H6/ CHy o
0
I
ik
S
CH.,”



[err] Organopol ysil oxane *V-6- Organopol ysi |l oxane *V-7 [err] - 84 - *V-8
Bi phenyl type epoxy resin A represented by the followi ng fornula (epoxy
“equivalent .= 185) [err] *V-9 Biphenyl type epoxy resin B represented by
the followng fornula [err] *V-10 Epoxy resin represented by the follow ng
formul a

- 84 -
*v-8 Biphenyl type epoxy resin A represented by the

following formula (epoxy equivalent = 185)

| CH, Hy |
CH>—CH~— CH-——O—/\<:> — 0~ CH=— CH—CH
3 5 5 2
\ | | N\ /
cH, CH; .

o) 0

*V-9 Biphenyl type epoxy resin B represented by the

following formula
CH;— CH— cu—o—@—@-o— CH;— CH— CH
2 2 2 2
No” - N/

*V-10 Epoxy resin'represented by the following formula

CH;— CH— CH5— o-—@— c—-@— 0 —CH5— CH—CH
: 2 2
2 | 2 . ' N/

\ 7/
o o)

H,C— C—CH
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1. Eval uation nethods *V-11 Spiral flow Measured by the sane nethod as for .
*1-11. *V-12 Length of resin flash 5 Measured by the sane

et hod as’ for *I-12. *V-13 Ml d staining Mld staining after 1,000 shots of
nmol di ng was exam ned visually. *V-14 Koka type flow viscosity 10

A Koka type flow viscosity (poises) at 1B err]C *V-15 Thermal i npact

resi stance Measured by the sane nethod as for *I-15. *V-16 Sol dering heat
resi stance Measured by the sanme nmethod as for *I11-17. '

Toluene
200
Triphenyl-
phosphine
100
138
106

Toluene
200
Triphenyl-
phosphine
100
136
111

Toluene
-200
Triphenyl-
phosphine
100
140
108

Toluene
250
Triphenyl-~
phosphine
100
136
106

Table V-1 (cont'd.)

Toluene
230
Triphenyl-
phosphine
100
138
107




[err]

anount

- *P,3uU0d aq 03 -

and [I1]

A

(3ubtem Aq s3jxed) (0,0TT :3utod

(B) a phenolic

based on the total

of a silicone-nodified phenolic resin

(A) an epoxy resin,

conmponent s:

An epoxy resin conposition for sem conductor sealing,

g agent conprising 30-100% by wei ght,

curing agent obtained by reacting a pheri® i<t resin with at |east one of

silicone conpounds represented by the following forrmulas [1]

of the phenolic resin curing agent,
Wherein [err]

resin curin

=

CLAI M5 1.

conprising as essenti al

5. butus3zyos ‘g0T :3usareArnbs HO) urssax oefoAou Touayd
( " ) (A "
( " ) (B)A "
( "o ) (F)A "
A n vamwsr Ton
( " 1 (Pla . "
S9 ( " ) (9)A " o
0L ( " ) (A " g
0L (3ubtrom Aq s3aed) (e)A ursax oeToaou Tousyd pPaTITPOU-IUODTTTS m
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- 95 - A -RCOH, -ROCCHerr]-CHCHerr] , or HR a

Tower al kylene group, 10 [err] N=1 + m+ n + 2 [err] 200 O [err] mI N
-[err] 0.1, and 5 [err] Nn [err] 50, (C an inorganic filler, and (D) a
euring accel erator. 2. An epoxy resin conposition according to Caim

1, wherein the epoxy resin (A) conprisesggEQ: 100% by wei ght, based on the
total amount of the epoxy resin, of at |east one epoxy conpound sel ected

fromthe group consisting of naphthal ene type epoxy conmpounds represented
by the _
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following formula [I111] and bi phenyl type epoxy conpounds represented by
the following fornmula [IV] [err] wherein RHor CHerr], and the anount of
the inorganic filler (C) is 70-90% by wei ght based on the total amount of

t he conposition. . -96 - 3. An epoxy resin conposition according to
Claim2, wherein the epoxy resin (A cempiises the naphthal ene type epoxy
conpound and- t he bi phenyl type epoxy conpound at a weight ratio-of 10/90 to

90/ 10. 4. An epoxy resin conposition according to
o ™M n o o
SN (:) - C) !
T
v
> 2 0Og O s
@
e
(=T | - O O Q
> g @) Q O ?

Soldering heat resistance (number of cracked moldings) *V-16
Overall evaluation:

Thermal impact resistance (number of cracked moldings) *V-15

Length of resin flash (mm) *V-12
Koka type flow viscosity (poises) *V-14

Table V-2 (cont'd.)
Spiral flow (cm) *V-11
Mold staining *V-13
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Qaim1, wherein the epoxy resin (A) conprises 50-100% by wei ght, based on
the total anobunt of the epoxy resin, of a mxture of a bi phenyl type epoxy
resin represented by the following formula [IV] [err] wherein R H or

CH err], and a trifunctional epoxy resin represented by the follow ng
formula [V] [err] wherein Rlerr] to-RPérr] are each an atomor atonic
group sel ected from hydrogen, hal ogens -and al kyl groups. 5. An epoxy
resin composition according to '
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Gai m 4, wherein the epoxy resin (A) conpri ses the bi phenyl type epoxy
conpound and the trifunctional epoxy conpound at a weight ratio of 10/90 to

90/10. 6. An epoxy resin conposition according to Claim1l, wherein
inthe formulas [I] and [II] represent- ing the silicone conpounds, Ais
-Cerr]Herr]-CCH err] - CH err] or [esrd3 7~ An epoxy resin

conposi tion according to Cla|n11 wherein the phenolic resin curing agent
conprises thg sgvataaeiondméikhddghenolic resin curing agent in an amount of
50-100% by wei ght based on the total anmount of the phenolic resin curing
agent. 8. *yAl lepSpyiredsifhowonposi ti on according to Claim 1, wherein
the epoxy resin (A) has an epoxy equival ent of 150-250 and a softenlng
poi nt of 60- 130[err]C andMeasured by the same method as for *I-11l.
*y-12 Length of resin flash
5 . Measured by the same method as for *I-12.
*V-13 Mold stéininq
Mold staining after 1,000 shots of molding
was examined visually.
*y-14 Koka ty?e'flow viscosity
10 A Koka type flow viscosity (poises) at 175°C.
*y-15 Thermal impact resistance _
Measured by the same method as for *I-15.

*V-16 Soldering heat resistance

Measured by the same method as for *II-17.



sel ected fromthe group consisting of bisphenol A type epoay resihs,
bi sphenol F type epoxy resins, phenol novol ac type epoxy resins, cresol

novol ac type epoxy resins, allcycllc epoxy reSLD?_QQQ_L§§LD$_QbLained by
nndlfylng them 9. An epoxy resi-n conposSition Claim4,
wherein in the formula [V] representingthetrif ﬁ&mmgesin '

Rlerr], Rerr], Rerr] to Rerr], NaﬂPaMI{e rogen atom

and R[err], RLP and R[err] are each met hyl group 10. . An epoxy
resin conpos according to Claim1l, wherein the phenolic resin has a

hydr oxyl gr . ‘o .
yd oyt g OH? .+- An .epoxy resin composition for semiconductor

sealihg, éomprising as essential components:

(A) an epoxy ‘resin,
| (B) a phenolic resinlcu:ing agent comp;ising
30-100% by weight, based on fhe total émount of the
phenolic resin curing aqeht, of a silicone-modified
phenolic resin curing agent obtained by reacting a phenolic
rééin'with at least one of silicone compounds represented

by the following formulas [I) and (1I1]

m () (B (5]
CHs——S5i0 Si0 Si0 Si0 Si— CH
CH, CH, |y R, Jm (A Jn CH,
[I]
¢H3 [ ‘l:Hs ] | ( .?Ha 1;‘2 ?Hs
A— s‘io ?io Si0 Si0 ?1 —a
| : | :
CH Lcn J [ R [ A CH
3 3 /942 1 /m n-2 3
[II]



equi val ent of 80-150 and a softening point of 60-120[err]C and is sel ected
fromthe group consisting of -phenol novol ac resins, cresol novolac resins
and resins obtained by nodifying them 11. An. e resin osition
actordingito Caim1, wherein the silicone-nodifi ed“lﬁmmm ulnHHiﬂmurl ng
agent is obtained by reacting 100 parts=b95wei ght|o 5|n
with 10-50 parts by weight of at |east one of the'silicone conpounds.

An epoxy resin conposition according to Cla|n11 wher ei n the epg .'re5|n

(A) and the phenaglic res curing g rrpound atlo of
A ek

70/ 100 to 100/ 70 &n t&Fm epoxy gr aydrox
An epoxy resin conposition according to

R: a lower alkylene group,

10 S N= L +m+n+ 2 200 ,

A

0 <m/N 0.1, and 5 N/n

fin
A

50 ,

(C) an inorganic filler, and

(D) a curing accelerator.
2. An epoxy resin comﬁosiﬁion accordinglto Claim 1,
wherein the epoxy re#in (A) comprises 30-100%.by weight,
based on the total amount of the epoxy resin; of at least
one epoxy compound selected from the group consisting of
naphthalene type epoxy compounds represented by the
following formulﬁ [III] and biphenyl type epoxy compounds

represented by the following formula [IV]

CH2 CH CH20 OCH——-CH-— CH2 (III]
N N

-0 -

R R
CH— CH—CH.O OCHs—CH—CH.,  [IV]

\3 J/ 2 2 N\ / 2

o _ R o

wherein'R:H_or CH3, :
and the amount of the inorganic filler (C) is 70~90% by

weight based on the total amount of the composition.

i



Gaim1l, wherein the inorganic filler (C) is serected”fronr—the—group
consisting of crystalline silica, fused silica, al r bonat e,
talc, mica and glass fiber. 14 An epoxy re ml“mmummlllmuﬁcordl ng
td Adaim1l, wherein the curing acceleratege D) is sel &cted from t'he group
consisting of tertiary am nes, imdazoles,
1, 8- di azabi cycd o[ 5. 4. 0] uknleepORY 7r@8in o GRREFASE S0 AGSATEHIGUgs Claim 2,
| wherein the epoxy resin (A) comprises the naphthalene type
epoxy compound and the biphenyl type epoxy compound at a
weight ratio of 10/90 to 90/10.
4. An epoxy resin composition according to
Claim 1, wherein the epoxy resin (A) comprises 50-100%
by weight, based on the total amount of the epoxy resin,

of a mixture of a biphenyl type epoxy resin represented

by the following formula [IV]
_ R | | -.
CH\-Z-—;CH—' CHZ_:— 0—2@«@0 - CHf— CI-I-\-—-/CH2
0 R . R 0 [IVv]
wherein R:H or CH,,

and a trifunctional epoxy resin represented by the

following formula (V]

e.f{(;-ca—ca %oﬁv %o—cn—cn O/CH2 |

R LE?) R' | | [V].

—CH;— CH— CH
2 2
\0/
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- 97 -
wherein Rl to Rll are each an atom or atomic group
selected from hydrogen, halogens and alkyl Qroups.

5. | An epoxy resin composition according to

Claim 4, wherein the epoxy resin (A) comprises the
biphenyl tfpe epoxy compound and the trifunctiopal epoxy
compound at a weight ratio of 10/90 to 90/10.

6. An epoxy resin composition according to

Claim 1, wherein in the formulas [I] ond'[II] represent-
ing the silicone compounds, A is -C3H6-OCH2-C§—;§H2 or

0
0o

‘Cz,Hd"C? .

7. An epoxy resin composition according to Claim 1,
wherein the phenolic resin curing aéent comprises the
silicone-modified phenolic resin curing agent in an
émount of 50-100% by weight based on the total amount-

of the phenolic.resin curing agent.

8. _ An epoxy resin composition acéording to Claim

1, wherein the epoxy resin (A) has an epoxy equi&aléﬁt

of 150-250 and a softening point of 60-130°C and is
selected from the group consisting of bisphenol A type
epaxXy resins, bisphenol F type epoxy resios,'phenol
novolac type epoxy resins, cresol novolac type epoxy resins,
alicyclic epoxy resins. and resins obtained by modifying
them. |

9. An epoxy resin composition according to

Claim 4, wherein ih the formula'ﬁV] representing the
trifunctional epoxy resin, R,, R,, R, to R, R,, and

Rll are eéch hydrogen atom, and R3,'R8 and Rg.are each

\
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10. An epoxy resin composition according to

methyl group.

Claim 1, wherein the phenolic resin has a hydroxyl group
equivalent of 80-150 and a softening point of 60-120°C
and is selectéd from the group conéisting of phenol |
novolac resins, cresol novolac resins and resins obtained
by modifying them.

11. An epoxy resin composition according to

Claim 1, wherein the silicone-modified phenolic resin
curing agent is obtained by reacting 100 parts by weight
of the phenolic resin with 10-50 parfs by weight of aﬁ
least one of thé silicone compounds.

12, An epoxy résin composition according to

Claim 1, wherein the epoxy resin (A) and the phenolic
resin curing agent (B) are compounded at a ratio of
70/100 to 100/70 in terms of epoxy group/phenolic
hydroxyl group. |

- 13. An epoxy resin composition aécording to

Claim 1, wherein the inorganic filler (C) is selected
from the group consisting of crystalline silica, fused
sitica, alumina, calcium carbonate, talc, mica and

glass fiber.

14. An epoxy resin composition according to

Claim 1, wherein the curing accelerator (D) is selected
from the group cdnsiéting of tertiary amines, imidazoles,
1,8-diazébicyclo[5.4.0]undecene—7 and'organophosphorus

compounds.



ABSTRACT

EPOXY RESIN COMPOSITION FOR SEMICONDUCTOR SEALING

Aﬁ epoxy resin composition for semiconductor
sealing, comprising as essential components:

(A) an epoxy resin,

(B) a phenollc resin curing agent comprising
30- 100% by weight, based on the total amount ©f the
phenollc resin curlng agent, of a silicone-modified
phenollc resin curing agent obtained by reacting a phenollc
resin with at least one of silicone compounds represented

by the following formulas (I] and [II)

o) () (h]
CHy—S10 sio slio Sio Si — CH,
] Ll [ | J |
CH, CHy /o \ Ry /m 2 /n CH3

{I]
m(m) (7] () T
A—8i0 Slio sl,io $i0 Si-—A
CH CH 1 r a | CH
3 3 242 1 m n-2 3

(11]

wherein

1
O
N
o
[;%:]
0
N
in
w
0
H
0
o
w



o

-R-COOH , - —R-OCHZ-QE::SFZ , -R-——<:::§7oor g,
o 0" .

a lower alkylene group,
10 $N=2+m+n+2g 200,
0 £m/N<O0.1, and 5 < N/n £ 50 ,

(C) an inorganic filler, and

(D) a curing accelerator.



