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An epoxy-resin composition and use thereof

BACKGROUND OF THE INVENTION

1.Field of the invention. |

This invention relates to a semiconductor device where
a semiconductor integrated circuit is sealed with an epoxy
resin; to an epoxy-resin composition with adequate properties
for sealing it, in particular reduced hygroscopicity, good melt
flow properties and good overall crack resistance; and to a cured
product thereof. Specifically, this invention relates to an
epoxy-resin composition comprising an at least bifunctional
epoxy resin, in particular an epoxy resin derived from
dihydroxynaphthalene, a biphenol, a novolac resin, a phenol
aralkyl resin or a phenol-dicyclopentadiene resin; an at least

bifunctional ester-containing compound and/or an at least

. bifunctional ester-containing resin as a curing agent, in

particular an ester-containing resin derived from a novolac
resin, a phenol aralkyl resin, a phenol-dicyclopentadiene or
a naphthol aralkyl resin; and a catalyst capable of quickly
reacting an ester group with an epoxy group, and a cured product
thereof.
2.Description of the Related Art

An integrated circuit (IC) or a large scale integrated
circuit (LSI) is practically protected by a sealer for
eliminating malfunction due to dirt or dust in the outer

atmosphere, heat, moisture or light.
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Such a sealer has been recently shifted from a metal or )

‘ceramic to a resin, and at present sealing is mainly made with

an époxy resin. .

Specifically, in the light of balance between cost and
physical properties, there have been often used an epoxy-resin
composition comprising a phenol resin as a curing agent. A
sealer comprising an epoxy-resin composition as described above
has been demanded to be improved in its mechanical properties
and the following drawbacks;

(1) it absorbs moisture in the outside air and thus may
be cracked due to explosive gasification of the moisture when
exposed to a high temperature under soldering conditions;

(2) there may partially occur homopolymerization of an
epoxy monomer as a side reaction during a cﬁring process which
causes excessive hydroxy groups in a resulting phenol resin,
leading to deterioration of moisture resistance and electric
charaéteristics, as well as deterioration in mechanical
characteristics due to the presence of epoxy-
homop_olymerizétion and excessive phenol-resin parts other than
a desired epoxy-phenol resin network; and

(3) contamination with free _ions, in particular halogen
ions may cause corrosion of metal parts in semiconductor or
electric leakage.

Ionic impurities as described in (3) méy be controlled
by refining the epoxy resin; (1) and (2) may be controlled by

reforming theresin andminimizing side reactions, respectively,
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to allow the desired physical properties for an epoxy-resin
composition to be adequately attained.

Common sealers recently used for a semiconductor include
a rellatively inexpensive combination of o-cresol novolac type
of epoxy resin (trade name: EOCN-IOZS, Nihon Kayaku, etc.) and
a phenol novolac resin (trade name: BRG#558, Showa Kobunshi,
etc.) as a universal grade sealer; and a combination of biphenol
or a tetramethylbiphenol type of epoxy resin (trade name: ¥YX4000,
Yuka Shell Epoxy, etc.) and a phenol aralkyl resin (trade name:
Milex XLC-4L, Mitsui Chemical Inc., etc.) as a high grade seaier.

The former combination is characterized in improved heat
résistance by the use of an epoxy resin and a curing agent having
a higher functional group density _anci a lower cost, but has a
drawback ﬁo be improved that its higher functional group dens.ity
makes it highly hygroscopic and its higher melt viscosity
reduces the limit of its filler £filling rate. The latter
combination is characterized in improved workability because
of combining a-crystalline epoxy resin having a melting point
of near 100 °C and having a reduced melting viscosity and a lower
hygroscopic and flexible phenol aralkyl resin, and in;proved

crack resistance because of its lower hygroscopicity, but has

'been demanded not only to reduce a cost, but also to solve the

problem that its heat resistance is deteriorated due to
reduction in its crosslink density caused by using a mainly
bifunctional epoxy resin.

In terms of the problem (1) of moisture absorption of a
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resin, as long as curing is a reaction between an epoxy group
with a hydroxyl group, the curing reaction inevitably produces

a hydroxyl group as illustrated by the equation below;

B—CH,CH—CH, + D—OH —» B—CH2|CH—CH2—OD
N/ :
© OH

where B is an epoxy residue and D is a phenol residue.
The hydroxyl group may increase the hydrophilicity of the resin.
It may restrict reduction in an overall coefficient of moisture
absorption even when the resin backbone is made hydrophobic.

To solve the problem, JP-A 62-53327 by ﬁishikubo et al.
has suggested a certain reaction of an epoxy group with an ester
group.

In the specifidation, quaternary.onium salts and crown -
ether complexes have been listed as a preferable catalyst. 1In
addition, they have shown yields when using the specific
catalysts in a unit reaction, in their paper (Nishikubo et al.,
Yuki Gosei Kagaku, vol.49, 218-233 (1991), "An addition
reaction of an epoxy compound with an ester and its applications
in polymer synthesis”. According to the paper,
tetrabutylammonium chloride gives the highest yield of 91 % but
the yield are generally low. When remaining in a resin as a
sealer for a semiconductor integrated circuit, a éuaternary

onium salt or crown ether may, of course, cause not only
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undesirable effects such as electric short-circuit, but also .
erosion of metal parts in co_ntac{: with the sealer, leading to
a major defect. '

| In an addition reaction of an epoxy resin with a phenol
resin, catalysts used include phosphines such as
trialkylphosphines and triarylphosphines; imidazoles; and
tertiary amines; particularly imidazoles and phosphines are
often employed for sealing a semiconductor.

It is, however, known that an imidazole compound is highly

‘reactive, but tends to cause the epoxy-homopolymerization,

leading to the problem (2). Onthe other hand, a phosphine does
not cause such a problem, but cures too siowly;

When applying an imidazole compound as a catalyst to an
epoxy/ester curing reaction, a desired addition reaction of an
ester group to an epoxy group may occur in a reaction yield of

about 50 % and otherwise there may occur side reactions such

. as epoxy homopolymerization, according to the paper by

Nishikubo et al. Thus, the catalyst does noﬁ give an acceptable
cured product.

According to our replication, it has been found that when
using an imidazole or phosphine compound as a curing catalyst,
an ester-containing resin esterified by an acyl group of this
invention does not essentially react with an epoxy resin to give
é cured product. | |

Specifically, the resin composition fails to be gelled

for more than 10 min at 150 to 200 °C which is a temperature
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range usually used for curing, and thus do not provide a cureqd .
product, but in reality the resin composition will be flown out
(see, Comparative Examples later). '

JP-A 9-235451 has been suggested a process where 10 to
90 % of a phenol resin is esterified, which is then used for
ester-curing of an epoxy resin to give a sealer for a
semiconductor integrated circuit.

The process is based on a concept that some of phenolic
hydroxy groups in the starting phenol resin are left unreacted
and thus the reactive phenolic moieties first form crosslinks
in an initial curing step and the product.is then after-cured
by reacting its epoxy groups wi_th ester groups, to give an ester
resin.

The specification has disciosed phosphines, imidazoles
and diazabicyclo éompounds as a curing catalyst. However,
phosphinesldoes not exhibit adequate performance as a curing
catalyst for an epoxy and an ester group as shown herein (see,
Comparative Examples later); and imidazoles and diazabicyclo
compounds cause epoxy homopolymerization to a significant
degree, makes it difficult to adjust a molar ratio of epoxy
groups to functional groups in the curing agent, and adversely
affects product's physical properties as indicated in the paper
by Nishikubo et al. In addition, the specification has
indicated that a compound esterified with an aliphatic acyl

group is not preferable for reaction with an €epoxy group.
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SUMMARY OF THE INVENTION

An object of this invention is to provide an epoxy-resin
composition for sealing a semiconductor with lower
hygroscopicity, good crack resistance and good electric
properties, comprisingof epoxy rgsin . and a phenol resin as a
curing agent, whose hydroxyl group is estérified with aﬁ
aliphatic or aromatic acyl group, in combination with a unique
curing éatalyst (accelerating agent) for effectively curing the
resin; a cured product thereof; and a semiconductor deviceusing
the composition.

.We have intensely attempted to solve the above problems
and finally have found that a certain accelerating agent may
be used to solve the problems.

An epoxy-resin composition according to this invention
can be used in those applications in which a conventional
epoxy-resin composition hés been used; in partiéular as a sealer
for a semiconductor to give a package better in crack resistance
than that from a conventional epoxy resin-phenol resin cured
product.

Specifically, this invention provides

(a) An epoxy-resin composition comprising (A) an at least
bifunctional epoxy compound and/or an ét least bifunctional
epoxy resin, (B) an at least bifunctional ester-containing
compound and/or an at least bifunctional ester-containing resin
as a curing agent,' 10 to 100 % of whose hydroxy groups are

esterified with aliphatic or aromatic acyl groups, and (C) an
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accelerating agent,
the accelerating agent essentia'lly containing a phosphine oxide
represented by genéral formula (1):

| _Rs -

| "Ry

N
Re Re /3

where R, to R, all of which may be the same or not are
hydrogen, straight, branched or cyclic alkyl having 1 to 10
carbons or aryl or aralkyl having 6 to 10 carbons.

(b) An epoxy-resin cdmposition as described in (a) where
(A) the at least bifunctional epoxy compound and/or an at least
bifunctional epoxy resin is selected from an epoxy resin derived
from a dihydroxynaphthalene represented by general formula (2),
an epoxy resin derived from a bj.phenol represented by general
formula (3), an epoxy resin derived from a novolac type of resin
represented by general formula (4), an epoxy resin derived from
a phenol aralkyl resin represented by general formula (5) and
an epoxy resin derived from a phenol-dicyclopentadiene resin

represented by general formula (6);

0 .

Ve

| oo, fi-, |
e« @

CH: ht /CHCHz'O

N
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where the ring is substituted with 2,3-epoxypropyl groups ;

at 1, 5-, 1,6-, 1,7-, 2,6- or 2,7-positions

(8)

where R, all of which may be the same or not is hydrogen

or methyl;

/0\ /0\ - 0. .
CH, —CHCH, (CHe —=Uiths ) 26‘1.‘\032
CHls %5 . €))
. 1 ;
] Rs Rs Re

. where R, is hydrogen, methyl or ethyl, and n is an integer

of 0 to 100 whose average is 0 to 15;

mzélgh, ponfil, o,

cm—@-cﬂ, nl‘cu,—@cu,m ®
o)l

Rsdm Ron

where R, is hydrogen, straight, branched or cyclic alkyl
having 1 to 10 carbons, alkoxy having 1 to 10 carbons, hydroxyl,
phenyl or halogen; m is an integer of 1 to 3; andn® is an integer

of 0 to 100 whose average is 0 to 50;
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Ron Re)m R:)n (6)

where R, is hydrogen, straight, branched or cyclic alkyl
having 1 to 10 carbons, alkoxy having 1 to 10 carbons, hydroxyl,
phenyl or halogen; m is an integer of 1 to 3; and n" is an integer
of 0 to 50 whose average is 0 to 15.

(c) An epoxy-resin composition as described in (a) or (b)
where (B) the at least bifunctional ester-containing compound
and/or the at 1east-bifunctional ester-contain_ing résin ¢ 10 to
100 % of whose hydroxy groups are esterified with aliphatic or
aromatic acyl groups, is selected from ester-containing resins
derived from

a novolac type of resin represénted by general formula

(7):
oA 0A OA
Gt Ch | (1)
Rs Re . Re

where R; is hydrogen, methyl or ethyl; A is hydrogen or
acyl where the molar ratio of hydrogen/acyl is 90/10 to 0/100;

and n indicating a repeating unit number is an integer of 0 to
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100 whose average is 0 to 15, provided when an average of n as .
a repeating unit number is zero, the formula represents
bisphenol derivatives;

- a phenol aralkyl resiri ‘represented by general formula

(8);

(Rs)m

where R, is hydrogen, straight, branched or cyclic alkyl
having 1 to 9 cérbons, alkoxy having 1 to 10 carbons, phenyl,
hydroxy or halogen; m is an integer of 1 to 3; n’ indicating

a repeating unit number is an integer of 0 to 100 whose average

‘is 0 to 50, provided when an average of n’ as a repeating unit

number is zero, the formula represents bisphenol derivatives;
and A is hydrogen or acyl where the molar ratio of hydrogen/acyl
is 90/10 to 0/100; |

-a phen.ol-dicyclopentadiene resin represented by general

formula (9);

—

0A OA

(9)

(Ruo)s C (R (Ruo)a

where R,, is hydrogen, straight, branched or cyclic alkyl
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hav.J:.ng 1to 10 carbons, phenyi ’ hy_drexy, halogen or alkoxy having
1to 9 carbons; mis an integer of 1to3; n" indicatinga repeating
un1t number is an integer of 0 to 50 whose average is 0 to 15,
prow.ded when an average of n” ‘as a repeating unit number is
zero, the formula represents .bisphenol derivatives}; an_d A is

hydrogen or acyl where the molar ratio of hydrogen/acyl 1s 90/10

to 0/100; and

a naphthol aralkyl resin represented by general formula

(10);

08602 G8a O-0"

(10)

where n" indicating a repeating unit number is an integer
of 0 to 50 whose average is 0 to 15, provided when an average
of n” as a repeating unit number is zero, the formula represents
bisphenol derivatives; and A is hydrogen or acyl where the molar
ratio of hydrogen/acyl is 90/10 to 0/100.

(d) An epoxy-resin composition as described in any of (a)
to (c) comprising (D) an organic and/or inorganic filler in the
range of 100 to 1900 parts by weight per 100 parts by weight
of (A)+(B). .

(e) A cured product prepared by heat curing of the
epoxy-resin compositiori as described in (d).

(f) A semiconductor device manufactured by sealing a
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semiconductor integrated circuit using the epoxy-resin
composition as described in (d).

(g) An epoxy-resin composition comprising (A) an at least
bifunctional epoxy compoim'd and/or an at least bifunctional
epoxy resin, (B) an at least bifunctional ester-containing
compound and/or an at least bifunctional ester-containing resin
as a curing agent, 10 to 100 % of whose hydroxy groups are
esterified with acyl groups, and (C) an accelerating agent,
which provides a cured product, below 10 wt% of which is
extracted with refluxing acetone for 2 hours.

(h) An epoxy-resin composition as described in Claim (g)

comprising (D) an organic and/or inorganic filler in the range

- 0f 100 to 1900 parts by weight per 100 parts by weight of (A)+(B).

(1) A cured product prepared by heat curing of the
epoxy-resin composition as described in (h). |

(J) A semiconductor .devic,e manufactured by sealing a
semiconductor integrated circuit using the epoxy-resin

composition as described in (h).
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention typically provides an epoxy-resin
composition comprising (A) an at least bifunctional epoxy
compound and/or an at least bifunctional epoxy resin, (B) an
at least bifunctional ester-containing compound and/or an at
least bifunctional ester-containing resin as a curing agent,
10 to 100 % of whose hydroxy groups are esterified with acyl
grdups, and (C) an accelerating égent, the accelerating agent
essentially containing a phosphine oxide represented by the
general formula (1). The epoxy-resin composition of this
invention comprises the phosphine oxide to allow an epoxy group
to quickly and selectively react with an ester group and thus
to solve the above problems in (1) and (2) and provides a cured
product with excellent mechanical properties, especially lower
hygroscopicity, good crack resistance and good electric
properties.

Furthermore, a resin composition comprising the resin in
combination with an organic and/or an inorganic filler exhibits
gquite excellent performénce a§ a sealer for a semiconductor
integrated circuit, which has been observed by the inventors
for the first time.

There will be described an essential component, a
phosphine oxide represented by general formula (1), as an
accelerating agent.

In general formula (1), R, to R, all of which may be the

same or not are hydrogen, straight, branched or cyclic alkyl
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ha;ring 1 to 10 carbons or aryl or aralkyl hav'ing 6 to 10 carbons.

Specifically, R, to R,. may be selected from hydrogen;
aliphatic hydroéarbons chh as methyl} ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, tert-butyl, 1-pentyl, 2-pentyl,
3-péntyl, 2-methyl-l1-butyl, isopentyl, tert-pentyl, 3-
methyl-2-butyl, neopentyl, n-hexyl, 4-methyl-2-pentyl,
cyclopentyl,cyclohexy;,1-heptyl,3-heptyl,I—bctyl,z-octyluk
2-ethyl-1l-hexyl, nonyl and decyl; and aryls and aralkyis such
as phenyl, toluyl, benzyl, 1l-phenylethyl and 2-pheny1ethyl;-
preferably aliphatic hydrocarbons having 1 to 6 carbons such
as methyl, ethyl, n-propyl, isopropyl, n-butyl and cyclohexyl;
more preferably methyl and ethyl.

The phosphine oxide represented by general formula (1)
can be prepared by reacting phosphorus oxychlo-ride with three
molar amount of imino-tris(unsubstituted or mono- or di-
substituted amino)phosphorane as described inG.N.Koian, et al.,
Journal of General Chemistry of The USSR, 55, 1453 (1985). If
necessary, it may be further purified by a common procedure such
as column chromatography, distillation and recrystallization.

In an epoxy-resin composition of this invention, (a) an
at least bifunctional epoxy compound and/of an at least
bifunctional epoxy resin may include any compound having two
Or more epoxy groups in onemolecule. Specifically, it'may have
epoxy groups formed by oxidation of an olefin, glycidyl
etherification of hydroxyl groups, glycidyl émination of a

primary or secondary amine or glycidyl esterification of a
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carboxylic acid.

Compounds which may be subject to such epoxidation
include dihydroxybenzenes such as catechol, resorcine and
hydroquinone; .

bisphenols such as 2,6-dihydroxynaphthalene, 1,6-

. dihydroxynaphthalene, 2,2-bis(4-hydroxyphenyl)propane

(bisphenol a), 2-(3-hydroxyphenyl)-2-(4'- _
hydroxyphenyl )propane, bis(4-hydroxypheny1)methang
(bisphenol F), bis(4-hydroxyphenyl)sulfone (bisphenol S),
bis(4~hydroxyphenyl)sulfide, bis(4-

hydroxyphenyl )methylcyclohexane, bis(4-

hydroxyphenyl )methylbenzene, 4,4'-dihydroxybiphenyl, 4,4
dihydroxy-2,2',6,6'-tetramethylbiphenyl, 4,4'-
dihydroxydiphenyl ether, 6,6'-dihydroxy-3,3,3',3'-
tetramethyl-1,l1-spirobiindane and 1,3,3-trimethyl-1-(4-
hydroxyphenyl)-1l-indan-6-0l; |

oligophenols such as tetraphenylolethane and
naphthol-cresol resol condensate;

phenol resins such as a phenol novolac represented by
general formula (7), a reéidual moiety after removing the |
bisphenol from the novolac (at least triphenoi; referred to as
"VR"), a phenol aralkyl represented by general formula (8), a
naphthol aralkyl represented by general formula (10), and a
phenol-dicyclopentadiene copolymer resin (DPR resin)
represented by general formula (9);

aliphatic and aromatic amines such as ethylenediamine,



10

15

20

25

.17

pro:pylenediamine, hexamethylenediamine, aniline, 4,4'-
diaminophenylmethane (MDA), 4,4'-diaminodiphenyl ether,

4 4'-dlamlnodlphenylsulfone, 2,2-bis(4,4'~-

d1am1nopheny1 ypropane, m-xylylened:.amlne ’ p-xylylened:.am.ne .
1,2-diaminocyclohexane and an anil:.ng aralkyl resin
represented by general formula (11) (trade name: Anilix, Mitsui

Chemical Inc.);

NH:
CHz"@-CHz cﬂz-@@z
A |

(Rs) (Rs) ®) (1)

where R, is hydrogen or straight, branched or cyclic alkyl

having 1 to 9 carbons; and n indicating a repeating unit number

is 0 to 50 whose average is 0 to 15, provided when an average

of n as a repeating unit number is zero, the formula represents
a bisaniline compound;

aminophenols such as m-aminophenol, p-aminophenol, 2-

" (4-aminophenyl)-2-(4'-hydroxyphenyl)propane and 4-

aminophenyl-4 -hydroxyphenyl )methane;
carboxylic acids such as pﬁthalic acid, isoﬁ)hthalic acid,
terephthalic acid, tetrahydrophthalic acid, hexahydrophthalic
acid, dimer acid and 1,3-dicarboxycyclohexane; and
hydroxycarboxylic acids such as salicylic acid and 4-
hydroxybenzoic acid.

Such compounds having an active hydrogen may be
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glyc;idylated by a known process. It may be common to react a

"compound with an epichlorohydrin in the presence of a hydrogen

halide acceptor. It is well known that a glycidyl ester may
be prepared preferably by reacting methyl carboxylate with

glycidol using a metal catalyst, in particular a thallium

. compound such as T1NO, and T1(OCOCF;);.

Preferable sealers for a semiconductor integrated
circuit to which this invention mainly directs may include
glycidyl ethers derived from a phenol compound or phenol resin;
specifically an epoxy compound derived from a

dihydroi:ynaphthalene represented by general formula (2);

0
/ .
@@U‘Cﬂzm*\cﬁz
CH 08,0 - @)

0

where the ring is substituted with 2,3~epoxypropyl groups
at 1’ 5-’ 1,6-’ 1’7—' 2’6- or 2,7-pOSiti0nS;
an epoxy resin derived from a biphenol represented by

general formula (3);

% g8:0~<(0)—~0) e ®
Rs R1

where R, all of which may be the same or not is hydrogen
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or methyl;
an epoxy resin derived from a novbl_ac type of resin

represented by génefal 'formula (4);

Got-) oy -,
G CH: . W
_ n -
' Rt Rl R|

where R, is hydrogen, methyl or ethyl, and n is an integer
of 0 to 100 whose average is 0 to 15;
an epoxy resin derived from a phenol aralkyl resin

represented by general formula (5)

X 0 0
0-0h b, 0ol oo
CHy —@-cuz mz—@-cm Q
(Rs)m (Ro)m ' (Rs)m

where R, is hydrogen, straight, branched or cyclic alkyl
having 1 to 10 carbons, alkoxy having 1 to 10 carbons, hydroxyl,
phenyl or halogen; m is an integer of 1 to 3; and n' is an integer
of 0 to 100 whose average is 0 to 50; and

an -epoxy resin derived from a phenol-dicyclopentadiéne

resin represented by géneral formula (6);

20\ o0 0\
(fla 08,0 f—brc, 0,

Eon Qo) Gdn  (6)
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.where R, is hydrogen, straight, branched or cyclic alkyl
having 1 to 10 carbons, alkoxy havi'ng 1 to 10 carbons, hydroxyl,
phenyl or halogen; m is an integer of 1 to 3; and n” is an integer
of 0 to 50 whose average is 0 to 15.

In an epoxy-resin composition of this invention, (B) an
at leaét bifunctional ester-containing compound and/or an at
least bifunctional est_er-containing resin, 10 to 100 mol% of
whose hyciroxy groups are esterified with aliphatic or a;romatic
acyl groups. Compounds which may be subject to such
esterification may include those having two or more phenolic
hydroxy groups in one molecule; thus all of the phenols or the
phenol resins as an epoxy material can be used. Specific
examples include

a novolac resin represented by general formula (7');:
OH OH OH |
CH, CH, (71)
n
R Rs Re

where R, is hydrogen, methyl or ethyl; and n indicating
a repeating unit number is an integer of 0 to 100 whose average
is 0 to 15, such as a phenol novolac resin and a cresol novolac
resin, provided when an average of n as a repeating unit number

is zero, the formula represents a bisphenol compound;
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a residual moiety after removing the bisphenol from the _
novolac (at least triphenol; referred to as "VR");

a phenol aralkyl resin represented by general formula

( 8’_) ;

i H ' oH
caz-@—m; m,—@dh
. h’

@ CGEm @xn @

where R, is hydrogen, straight, branched or cyclic alkyl
having 1 to 9 carbons, phenyl, hydroxy, halogen or alkoxy having
1 to 10 carbons; m is an integer of 1 to 3; n' indicating a
repeating unit number is an integér of 0 to 100 whose average
is 0 to 50, provided when an average of n’ as a repeating unit
number is zero, the formula represents a bisphenol compound; .

a phenol-dicyclopentadiene resin represented by general

formula (9°);

OA OA

@

(Rlo)n (.Rlﬂ.)n (Rw)n

where R,, is hydrogen, straight, branched or cyclic alkyi
having 1 to io carbons, phenyl, hydroxy, halogen or alkoxy having
1 to 9 carbons; mis an integer of 1 to3; n" indicatingarepeating

unit number is an integer of 0 to 50 whose average is 0 to 15,
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provided when an average of n" as a repeatiiig unit number is
zero, the formula represents a bisphenol compound; and
 a naphthol aralkyl resin represented by general formula

-(10’); . -

0026810000

- (10)

where n" indicating a repeatiné unit number is an integer
of 0 to 50 whose average is 0 to 15, érovidéd when an average
of n” as a repeating unit number is zero, the formula represents
a bisphenol compound;

These phenol résins may be esterified by a known process
which will be specifically described below.

Esterification agents which may .pe used for esterifying
the above hydroxy group include organic carboxylic anhydrides,
organic carboxylic acid halides an& organic carboleic acids,
which may be appropriately selected depending on their
properties in the light of carbon numbers of an ester to be
produced. Specific esterification agents may include acetié
anhydride, acetyl chloride, acetyl bromide, aéetic acid,
propionic anhydride, propionyl chloride, propionyl bromide,
propionic acid, butyric anhydride, butyryl chloride, butyric
acid, valeric anhydride, valeryl chloride, valeryl bromide,

valeric acid, pivalyl chloride, pivalic acid, phenylacetyl
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chloride, phenylacetic acid, 2-phenylpropionic acid, 3-
phenylpropionic acid, o-tolylacetic acid, m~tolylacetic acid,
p-tolylacetic acid, cumeiq acid, 2-phenylbutyric acid, 4-
pﬁenylbutyric acid, benzoic anhydride, benzoyl chloride,
benzoyl bromide, benzoic acid, o-methylbenzoyl chloride, m-
methylbenzoyl chloride, p-methylbenzoyl chloride s O-
methylbenzoic acid, m-methylbenzoic acid, p-methylbenzoic acid,
2,3-dimethylbenzoic acid, 2,4-dimethylbenzoic acid, 2,5-
dimethylbenzoic acid, 2,6-dimethylbenzoic acid, 3,4-
dimethylbenzoic acid and 3,5-dimethylbenzoic acid; preferably
acetic anhydride, acetyl chloride, benzoic anhydride and
benzoyl chloride, which may be used alone or in combination of
two or more as appropriate.

The amount of the esterification agent may be at least
10 mol%$ of hydroxy groups to be treated. Its upper limit is
not specifically restricted and excessive esterification agent
may be removed at the end of the reaction, but it is below 10-fold
moles, preferably 5-fold moles, more preferably below 3-fold
moles in the light of practical factors such as a reaction volume
efficiency and cost.

A specific reaction may .vary, depending on the type of
the esterification agent; for example, an organic carboxylic
anhydride may be reacted as usual.

' In brief , an appropriate amount of organic carboxylic’
anhydride to be esterified is reacted with a hydroxy compound

and an organic carboxylic acid as a byproduct and the excessive
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organic carboxylic anhydride are removed by an appropriate
procedure such as atmospheric distillation, wvacuum
distillation, washing with water and washing with a weak base,
e.g., carbonate, or combination thereof, to give a desired
esterified compound.

For partial esterification, an organic carboxylic
anhydride may be used in an appropriate amount, specifically
at least 10 mol% in this invention, to hydrbxy to be treated,
while for complete esterificatioh, it may used in an equal or
more molar amount to hydroxy to be treated, whose upper limit
may not be restricted when used as a solvent, but may be up to
10-fold mol in the light of an economic efficiency and a
volumetric efficiency of the reaction. The amount may be
similar in a reaction later described where an organic
carboxylic acid is used.

In general, anesterification reaction is often conducted
in the presence of an inert organic base such as pyridine,
piperidine and tfiethylamine. When an epoxy-resin composition
of this invention is to be used for an electric or elect;ronic
application such as sealing a semiconductor integrated circuit,
it is, however, recommended to prevent such a nitrogen-

containing organic base from remaining in the system. It may

‘be, therefore, desirable to finally introduce a water-rinsing

process. However, since the reaction may be sufficiently
completed without such an organic base, it is most desirable

to conduct the reaction without any organic base in this

3
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invention.
A reaction temperature is 60 to 200 °C, preferably 80 to
180 °C, in particular 100 to 160 °c.

A reaction time may significantly vary depending on types

‘of reactants and a reaction temperature, but may be generally

1 to 25 hours. It may be pracfically recommended to determine
an end point while following consumption of an esterification
agent or hydroxy by an appropriate method such as high
performance liquid chromatography and gas chromatography.

In the reaction, a solvent may be used or not. The
reaction can be conducted neat, when a hydroxy-containing
material may be adequately fused at a reaction temperature as
well as an esterification agent is a liquid or can be dissolved
in the resin at the reaction temperature without adversely
affecting the reaction._

If necessary, any solvent which is inert to the reaction
may be used; for example, aromatic hydrocarbons such as benzene,
toluene, xylenes, chlorobenzene, 'o-dichlorobenzene.and
diphenyl ether; aprotic polar solvents such as N,N-
dimethyl formamide, N,N-dimethylacetamide, N-methyl-2-
pyrrolidone, N,N-dimethyl-2-imidazolidinone, dimethyl
sulfoxide and sulfolane; ethers such as tetrahydfofuran,
dioxane, ethyleneglycol dimethyl ether and diethyleneglycol
dimethyl ethér; and ketones such as acetone, methyl ethyl ketone

and methyl isobutyl ketone, which may be used alone or in any

appropriate combination.
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The reaction may be conducted under an ambient, increased

(in an autoclave) or reduced pressure, and in the air or in an

atmosphere of an inert gas such as nitrogen, argon and helium,

preferably nitrogen.

There will be desdribed a reaction when an organic
carboxyl halide is used as an esterification agent, v)herein
common procedures may be also used. |

.Hydroxy may be reacted with an organic carboxylic halide
in an appropriate amount to achieve a desired degree of

esterification. In the reaction, hydrogen halide as a -

byproduct may be trapped in the reaction system by a sufficient

~amount of base which is inert to the reaction, such as pyridine,

-piperidine and triethylamine, or may be immediately, as a gas,

discharged from the system during the reaction to be trapped
by a water or alkali trap placed outside of the reaction system.
The latter alternative where the hydrogen halide gas is
immediately discharged from the system may be preferable for
avoiding contamination with a nitrogen-containing or ionic
compound as described above.

It may be more preferable to conduct the reaction under
a stream of a gas inert to the reaction.

For paftial esterification, an organic carboxyl halide
may be used in an appropriate amount to hydroxy to be treated,
specifically at least 10 mol% since a compound at least 10 mol$%
of which has been esterified is used in this invention, while

for complete esterification, it may used in an equal or slightly
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more molar amount to hydroxy to be treated. It may be used in
a largely excessive amount without limitations, but in the light
of an economic efficiency, a volumetric efficiency and

complexity in workup after the reactipn, may be 10-fold mol,

. preferably 5-fold mol, more preferably 3-fold mol to hydroxy.

A reaction. temperature, use of a solvent in the reaction
and a type of the reaction may be as described above for an
organic carboxylic anhydride. |

When an organic carboxylic acid is used as an
esterification agent, a procédure may be as described above for
an organic carboxylic anhydride, and in addition the reaction
needs an acid catalyst; for example, inorganic acids such as
hydrochloric acid, sulfuric acid, phosphoric acid and
polyphosphoric acid; organic sulfdnic acids such as p-
toluenesulfonic acid, methanesulfonic acid, ethanesulfonic
acid, dimethylsulfonic acid and 'diethylsulfonic acid;
superacids such as trifluoromethanesulfonic acid; acidic_
ion-exchange resins such as alkanesulfonic acid resins ; and
superacid type of ion-exchange resins such as
perfluoroalkanesulfonic acid resin. .

The amount of the acid catalyst may be, to the weight of
the reactants, 0.00001 to 5 wt%, preferably 0.0001 to 1 wtg,
more preferably 0.001 to 0.1 wt% for a superacid; 1 to 100 wts,
preferably 10 to 50 wt% for an ion-exchange resin; and 0.01 to
10 wts, pfeferably 0.1 to 5 wt$ for the others. A lower level

may make the reaction too slow to be completed in a practical
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period, while a higher level may cause side reactions to a
significant degree or lead to cost increase, for example,
associated with more complea.: process for removing the catalyst.

There have been described three types of esterification
agents. In any case, if it is necessary to give a highly- |
purified esterified product, a water-washing step may be _
introduced at the end of the reaction, where a waterawashabie
solvent such as toluene, xylene, methyl isobutyl ketone, methyl
ethyl ketone and ethyl acetate may be used and an organic layer
may be washed until there is detected no contamination with
acidic components or ionic impurities in a washing waste.

In this invention, an esterification rate may be 10 to
100 mol%, preferably 50 to 100 mol%, more preferably 80 to 100
mol%, most preferably 90 to 100 mol%.

An esterified compound with an esterification rate of 10
to 100 mol% thus obtained may be used as a curing agent for an
epoxy resin, as is for a conventional phenol resin.
Specifically, it may be used as a curing agent for an at least
bifunctional epoxy resin to provide a product as a thermosetting
resin which may be utilized to those applications using a
conventional epoxy-phenol cured product.

Physical properties for a cured product demonstrate that
epoxy groups are efficiently reacted with ester groups to give
an epoxy-resin cured product of this invention. It may be also
supported that a solvent extraction rate is very low for the

cured product.
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Brieflj(, for example, when extracting a milled cured
product of this invention with a solvent such as acetone, it
exhibits én extract rate of below 10 wt%, preferably below 5
wt%, more preferably below 1 wt%. ‘

The most prominent feature of the cured product of this
invention is that it has a significantly lower coefficient of
moisture absorption than an epoxy-phenol cured product and has
considerably excellent flexibility owing to the presence of an
ester group. Furthermore, while an epoxy-phenol cured product
after curing has hydroxy groups in its structure, hydroxy groups
are esterified in the cured product of this invention, leading
to improvement in electric properties.

An epoxy resin has been conventionally used in
combination with.a phenol resin.as a curing agent, especially
in an application as a sealer. Its performance improvement is
signifiéantly related to reduction in its coefficient of
moisture absorption. Moisture contained in a resin may be
instantly gasified when being suddenly exposed to higher than
200 °C as in IR reflow, to generate force as observed in phreatic
explosion. It may cause cracks, which adversely affect a
variety of physical properties and may cause peeling of a sealer
from a chip in the worst case.

As evident from the above characteristics, this invention

may contribute to solving the problem for both low

. hygroscopicity and crack resistance.

A mix proportion of an epoxy resin / a curing agent may
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be adjusted such that there exist 0.5 to 1.5 equivalents,
preferably 0.7 to 1.3 equivalents of active groups (hydrogen
or ester) to epoxy groups, which may be preferably adjusted to
provide'optimal physical properties of a resulting cured -
product.

An epoxy resin or curing agent may be used alone or in
combination of two or more.

In an epoxy-resin of this invention, phosphine oxide
compound, as an essential accelerating agent, may be contained
in a proportion of 0.001 to 25 wt% (g/100 g), preferably 0.01
to 15 wtg, more-preferably 0.1 to 5 wt$ to the entire epoxy-resin
composition (the total of the resin components, i.e., the epoxy
resin and the curing agent). It corresponds to a molar
equivalent of 1.5 x 10" to 4.5 x 102 mol/100 g; .more preferably
1.5 x 10 to 2.5 x 107 mol/100 g, most preferably 1.5 x 10~
to 1.0 x 10 mol/100 g. '

In an epoxy-resin composition of this invention, the
phosphine oxide may be used with a common well-known
accelerating agent including imidazoles such as 2-
methylimidazole, phosphines such as triphenylphosphine,
tertiary amines such as triethylamine and diazabicyclo
compounds such as 1,8-diazabicyclo(5,4,0)undec-7-ene in an
amount of 0.5 to 500 wt% to the phosphine oxide, as long as it
does not adversely affect the effects of this invention.

In an epoxy-resin composition of this invention, (D) an

organic and/or an inorganic filler or other additive may be,
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if necessary, added to the epoxy-resin composition._

In pai‘ticular, when the composition is used as a sealer
for a semiconductor circuit‘:, it may desirably contain an organic
and/or an inorganic filler for improving its mechanical |
properties and overall cost reduction, and a coloring agent such
as carbon black for preventing m&lfunction due to light. 1In
ac_iditio_n, it may preferably contain a mold release, a coupling
agent and a flame retardant.

The amount of the organic and/or inorganic filler may be
100 to 1900 parts by weight, preferably at least 250 parts by
weight, more preferably at least 550 parts per 100 parts by
weight of (A)+(B) in the light of moisture resistance of
mechanical strength.

Organic and/or inorganic fillers which may be used
include powders such as silica, alumina, silicon nitride,
silicon carbide, talc, caiciﬁm silicate, calcium carbonate,
mica, ciay and titanium white; and fibers such as glass fiber,
carbon fiber and aramid fiber. Among these, suitable fillers

for a sealer are crystal silica and/or fused silica, which are

preferably sphere or a mixture of sphere and amorphous in the

light of their fluidity duringmolding of the resin composition.
Furthermore, it is preferable to add a variety of
additives in an epoxy-resin composition of this inventioh , in
the light of mechanical strength and héat resistance. For
example, it may be preferable to use a coupling agent for

improving adhesiveness of a resin to an inorganic filler; such
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a coupling agent méy be a silane, titanate, aluminate or
zircoaluminate coupling agent, preferably a silane coupling
agent; particularly a silane coupling agent having a functional
group capable of reacting an eboxy group.

Specific coupling agents which may be used include
vinyltrimethoxysilane, vinyltriethoxysilane, N-(2-
aminomethyl)-3-aminopropylfmethyl-dimethoxysilane, N-(2-
aminoethyl)-3-aminopropyl-trimethoxysilane, 3-aminopropyl-
triethoxysilane, 3-anilinopropyl-triethoxysilane, 3-
glycidoxypropyl-trimethoxysilane, 3-glycidoxypropyl-methyl-
dimethoxysilane, 2-(3,4-epoxycyclohexyl)ethyl-
trimethoxysilane, 3-methacryloxypropyl-trimethoxysilane and
3-mercaptopropyl-trimethoxysilane, which may be used alone or
in combination of two or more.

‘Such a coupling agent is preferably pre-immobilized on
the surface of the inorganic filler via adsorption or reaction.

An epoxy-resin composition of this invention may be used
to seal a semiconductor integrated circuit to give a
semiconductor device, commonly by low-pressure transfer
molding, but other processes may be used; for example, injection
molding, compression molding and cast molding. Furthermore,
a spécial process using a solvent may be employed.

Examples
This invention will be detailed with reference to, but

not limited to, examples.

Preparation Example 1 for a curing agent
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Inaglass vessel equippedwitha therméméter, an agitator,
a dropping funnel and a reflux condenser was placed 507 g(3 mol)
of a phenol aralkyl resin (trade name: ﬁilex XLC~4L, hydroxy
equivalent: 169 g/eq; Mitsui Chemical Inc. ), and the vessel was
heated to an internal temperature of 125 °C. While_ keeping the
internal temperature, 336.9 g (3.3 mol) of acetic anhydride was
added dropwise under stirring over 2 hours. The reaction was
continued at 125 °C for 2 hours, and then the mixture was heated
to 140 °C. Afi:er maturing the reaction at 140 to 150 °C for 2
hours, the excessive acetic anhydride and acetic acid, by-
product, was evaporated in vacuo under the condition of up to
150 °C/10 mmHg. |

The resin thus obtained was dissolved in 1400 g of toluene,
washed with warm water.at 60 to 70 °C until a washing waste became
neutral, and toluene was evaporated under the condition of up
to 1501°c/5 mmHg to give 609 g of a resin whose hydroxy groups
were completely acetylated.

Its melt viscosity (as determined with a cone type of
melt-viscometer (ICI); hereinafter, the same is applied) was
3.4 poise at 100 °C, 1.0 poise at 125 °C and 0.5 poise at 150
°C, and its hydroxy equivalent was more than 3000 g/eq
(undetectable).
grep' aration Example 2 for a curing agent

In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:

Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
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Inc.), and the vessel was heated to an internal temperature'of
125 °C. While keeping the internal temperature, 245.0 g of
acetic anhydride (2.4 mol) was added dropwise under stirring
over 2 ﬁoﬁrs, and then the mixture was treated as described in
Preparation Example 1 to give 590 gof a résin, 80 mol% of whose
hydroxy groups were acetylated.

Its melt viscosity was 1.2 poise at 125 °C and 0.7 poise
at 150 °C, and its hydroxy equivalent was 880 g/eq.

In a reaction véssel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 .g/eq; Mitsui Chemical
Inc.), and the vessel was heated to an internal temperature of
125 °C. While keeping the internal temperature, 153..1 g of
acetic anhydride (1.5 mol) was added dropwise.under stirring
over 2 hours, and then the mixture was treated as described in
Preparation Example 1 to give 561 g of a resin, 50 mol% of whose
hydroxy groups were acetylated.

Its melt viscosity was 2.0 poise at 125 °C and 1.1 poise
at 150 °C, and its hydroxy equivalent was 359 g/eq.
Preparation Example 4 for a curing agent

In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin ( trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
Inc.), and the vessel was heated to an internal temperature of

125°C. Whilekeeping the internal temperature, 23.6 gof acetyl
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chloride (0.3 mol) was added dropwise under stirringover 1 hours.
The reaction was continued at 125 °C for 2 hours and then the
mixture was heated to 140 °C.

The reaction system became red due to hydrogen chloride
as a byproduct. The reaction mixture was matured at 140 to 150
°C for 2 hours, heated to 160 °C and was slightly vacuumed with
a tap aspirator to become slightly yellowish and clear as was
before the reaction. Hydrogen chloride as a byproduct was
exhausted from the top of the reflux condenser outside the system
and trapped by an alkali trép via an inlet tube.

The resulting resin was removed to give 520 g of a resin,
10 mol% of whose hydroxy groups were acetylated.

Its melt viscosity was 2.0 pbise at 125 °C and 1.1 poise
at 150 °c, and its hydroxy equivalent was 192 g/eq.
Preparation Example 5 for a curing agent

In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (tradé name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
Inc.), and the vessel was heated to an internal temperature of
125 °C. While keeping the internal temperature, 464.0 g of
benzoyl chloride (3.3 mol) was added dropwise under stirring-
over 4 hours. The reaction was continued at 125 °C for 2 hours.
Then, the mixture was heated to 150 °C and was matured at—150
to 155 °C for 2 hours. Hydrogen chloride as a byproduct was
immediately exhausted outside the system by a nitrogen stream

and trapped by an alkali trap for neutralization.
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The resulting resin was dissolved in 2500 g' of toluene.
and washed with 300 g of 5 $ sodium hydroxj.de ag. The organic
layer was separated and was washed with warm water at 60 to 70
°c until the organic layer became neutr&l. Toluene was
evaporated under the condition of up to 150 °C/5 mmHg, to give
810 g of a resin whose hydroxy.groups were -completely
benzoylated.

Its melt \fiscosity was 4.8 poise at 125 °C and 1.3 poise

at 150 °C, and its hydroxy equivalent was more than 3000 g/eq

(undetectable).
EL@MMM_@W

In a reaction vessel as described in Preparation Exaz;lple
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
Inc.) and 610.8 g of benzoic anhydride (2.7 mol), and the vessel
was gradually heated to 125 °C over 2 hours while stirring was
inii:iatéd when it became possible. Then, the mixture was
reacted at 125 °C for 2 hours and heated to 150 °C. The reaction
mixture was matured at 150 to 155 °C for 2 hours and cooled to
110 °C. To the reaction mixture was added 2500 g of methyl
isobutyl ketone to give a homogeneous solution.

Benzoic acid as a byproduct was neutralized with 2000 g
of 10 % sodium carbonate ag. The organic layer was washed with
warm water at 60 to 70 °C until a washing waste became neutral.
Methyl isobutyl ketone was evaporated under the condition of

up to 150 °C/5 mmHg, to give 783 g of a resin, 90 mol% of whose
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hydroxy groups were benzoylated.

Its melt viscosity was 5.2 poise at 125 °C and 1.5 poise

at 150 °C, and its hydroxy equivalent was 1780 g/eq.

Preparation Example 7 for a curing agent:

In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a.phenol éralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
Inc.), and the vessel was heated to an internal temperature of
125 °C. While keeping the internal temperature, 348.5 g of
benzoyl chloride (2.55 mol) was added dropwise under stirring
over 4 hours. The i'eaction was continued at 125 °C for 2 hours.
Then, the mixture was heated to 150 °C and was matured at 150
to 155 °C for 2 hours. Hydrogen chloride as a byproduct was
immediately exhau#ted outside the system by a nitrogen stream
and trapped by an alkali trap for neutralization.

The resulting resin was dissélved in 2500 g of toluene
and washed with warmwater at 60 to 70 °C. Toluene was evaporated
under the condition of up to 150 °C/5 mmHg, to give 779 g of
a resin, 85 % of whose hydroxy groups were benzoylated.

Its melt viscosity was 4.9 poise at 125. °C and 1.4 poise
at 150 °c, and its hydroxy equivalent was 1420 g/eq.
Preparation Example 8 for a curing agent

In a reaction vessel as described in Preparatioh ﬁxample
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical

Inc.) and 339.3 g of benzoic anhydride (1.5 mol), and the vessel
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was gradually heated to 125 °C over 2 hours while stirring was -

initiated when it became possible. Then, the mixture was _

‘reacted at 125 °C for 2 hours and heated to 150 °C. The reaction

mii:ture was matured at 150 to 155 °C for 2 hours anci cooled to
110 °C. To the reaction m;i.Xture was added 2500 g of methyl
isobutyl ketone to give a homogeneous solution.

Benzoic acid as a byproduct was neutralized with 2000 g
of 5 % sodium carbonate ag. The organic layer was ﬁashed with
warm water at 60 to 70 °C until a washing waste became neutral.
Methyl isobutyl ketone was evaporated under the condition of
up to 150 °C/5 mmHg, to give 659 g of a resin, 50 mol% of whose
hydroxy groups were benzoylated.

Its melt viscosity was 5.7 poise at 125 °C and 1.6 poise
at 150 °C, and its hydroxy equivalent was 390 g/eq.
mﬁwpl_em_a_wumg_ge_m

In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
Inc.), and the vessel was heated to an internal temperature of
125 °C. While keeping the internal temperature, 84.3 g of
benzoyl chloride (0.6 mol) was added dropwise under stirring
over 2 hours. The reaction was continued at 125 °C for 2 hours.
Then, the mixture was heated to 150 °C and was maturéd at 150
to 155 °C for 2 hours. Hydrogen chloride as a byproduct was
immediately exhausted outside the system by a nitrogen stream

and trapped by an alkali tfap for neutralization.
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The resulting resin was dissolved in 2500 g of toluene .
and washed with warmwater at 60 to 70 °C. Toluene was evaporated
under the condition of up to 150 °C/5 mmHg, to give 565 g of
a resin, 20 % of whose hydroxy groups were benzoylated.

Its melt viscosity was 6.0 poise at 125 °C and 1.8 poise
at 150 °C, and its hydroxy equivalent was 232 g/eq.
Preparation Example 10 for a curing agent

In a reaction vessel as described in Preparation Example
1 was placed 507 g(3 mol) of a phenol aralkyl resin (trade name:
Milex XLC-4L, hydroxy equivalent: 169 g/eq; Mitsui Chemical
Inc.), and the vessel was heated to an internal temperature of
125 °C. While keeping the internal temperature, 371.2 g of
benonl chloride (2.64 mol) was added dropwise under stirring
over 4 hours. The reaction was continued at 125 °C for 2 hours.
Then, the mixtﬁre was heated to 150 °C and was matured at 150
to 155 °C for 2 hours. Hydrogen chloride as a byproduct was
immediately exhausted outside the system by a nitrogen stream
and trapped by an alkali trép for neutralization.

The resulting resin was dissolved in 2500 g of toluene
and washed with warmwater at 60 to 70 °C. Toluene was evaporated
under the condition of up to 150 °C/5 mmHg, to give 779 g of
a resin, 88 % of whose hydroxy groups were benzoylated.

Its melt viscdsity was 4.9 poise at 125 °C and 14 poise
at 150 °C, and its hydroxy equivalent was 1450 g/eq.

Preparation Example 11 for a curing agent

A resin, whose hydroxy groups were completely acetylated
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(435 g) was prepared as described in Preparation Example 1, .
except that the phenol aralkyl resin was replaced with 312-g
of a phenol novolac resin (trade name: BRG#558, hydroxy
equivalent: 104 g/eq; Showa Kobunshi)(3 mol). '

Its melt viscosity was 3.4 poise at 100 °-C . 1.0 poise at
125 °C and 0.5 poise at 150 °C, and its hydroxy equivalent was
more than 3000 g/eq (undetectable).
Preparation Example 12 for a curing agent

In a reaction vessel as described in Preparation Example
1 was placed 312 g of a phenol novolacresin (trade name: BRG#558,
hydroxy equivalent: 104 g/éq; Showa Kobunshi)(3 mol) and 500
g of chlorobenzene, and the vessel was heated to an internal
temperature of 50 °C. The internal temperature was maintained
to give a homogeneous solution. Acetyl chloride (188.4 g, 2.4
mol) was addéd dropwise under stifring over 2 hours. The
reaction was continued at 50 to 55 °C for 10 hours. Hydrogen
chloride as a byproduct:was immediately exhausted outside the
system by a nitrogeh stream and neutralized.bf an alkali trap.

At the end of the reacfion » chlorobenzene was completely
evaporated under the condifion of up to 150 °C/10 mmHg.

The resulting resin was dissolved in 1400 g of toluene
and washed withwarmwater at 60 to 70 °C. Toluene was evaporated
under the condition of up to 150 °C/5 mmHg, to give 410 g of
a resin, 80 mol% of whose hydroxy groups were acetylated.

Its melt viscosity was 1.2 poise at 125 °C and 0.7 poise

at 150 °C, and its hydroxy equivalent was 554 g/eq.
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eparation Example o curi agent

Aresin, whosé hydroxy groups were completely benzéylated
(618 g) was prepared as dgscribed in Preparation Example 5,
except that the éhenol aralkyl resin was replaced with 312 g
of a phenol'n'ovolac. resin (trade name: BRG#558, hydroxy
equivalent: 104 g/eq; Showa Kobunshi)(3 mol).

Its melt viscosity was 4.9 poise at 125 °C and 1.5 poise
at 150 °c, and its hydroxy eqﬁivalent was more than 3000 g/egq
(undetectable).

Preparation Example 14 for a curing agent

A resin, 90 mol% of whose hydroxy groups were benzoylated
(588 g) was prepared as described in Preparation-Example' 6,
except that the phenol aralkyl resin was replaced with 312 g
of a phenol novolac resin (trade name: BRG#558 ¢ hydroxy
equivalent: 104 g/eq; Showa Kobunshi)(3 mol).

Its melt viscosity was 5.2 poise at 125 °C and 1.7 poise
at 150 °c, and its hydroxy equivalent was 1134 g/eq.
Preparation Example 15 for a curing agent

In a reaction vessel as described in Preparation Example
1 was placed 312 g of a phenol novolacresin (trade name: BRG#558,
hydroxy equivalent: 104 g/eq; éhowa Kobunshi) (3 mol), and the
vessel was heated to an internal temperature of 125 °C. While
keeping the internal temperature, 371.2 g of benzoyl chloride
(2.64 mol) was added dropwise under stirring over 4 hours. The
reaction was continued at 125 °C for 2 hours. Then, the mixture

was heated to 150 °C and was matured at 150 to 155 °C for 2 hours.
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Hydrogen chloride as a byproduct was immediately exhausted

outside the system by a nitrogen stream and neutralized by an
alkali trap. . |

- The resulting resiﬂ was dissolved in 2500 g of toluene
and washed with warmwater at 60 to 70 °C. Toluene was evaporated
under the condition of up to 150 °C/5 mmHg, to give 580 g of
a resin, 88 mol% of whose hydroxy g;oﬁps'were benzoylated.

Its melt viscosity'waé 4.8 éoise at 125 °C and 1.5 poise
at 150 °C, and its hydroxy eﬁuivalent was 958 g/eq.
Preparation Example 16 for a curing agent

A resin, 50 mol% of whose hydroxy groups were benzoylated
(468 g) was prepared as described in Preparation Example 8,
except that the phenol aralkyl resin was replaced with 312 g
of a phenol novolac resin (trade name: BRG#558, hydroxy
equivalent: 104 é/eq; Showa Kobunshi) (3 mol).

Its melt viscosity was 5.5 poise at 125 °C and 1.8 poise
at 150 °C, and its hydroxy equivalent was 260 g/eq. |
Preparation Example 17 for a curing agent

A resin, whose hydroxy groups were completely acetylated
(679 g) was prepared as described in Preparation Examplé 1,
except that the phenol aralkyl resin was replaced with 555 g
of a phenol-dicyclopentadiene resin (trade name: DPR#3000,
hydroxy equivalent: 185 g/eq; Mitsui Chemical Inc.jf3 mol).

Its melt viscosity was 2.0 poise at 125 °C and 1.1 poise
at 150 °C, and its hydroxy equivalent was more than 3000 g/eq

(undetectable).
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eparation Ex e 18 fo curi a t

- In a reaction vessel as described in Preparation Example
1 was placed 555 g of a phepol—dicyclopentadiene resin (trade
name: DPR#3000, hydroxy equivalent: 185 g/eq; Mitsui Chemical
Inc.)(3 mol) and 1500 g of toluene, and the vessel was heated
to an internal temperature of 50 °C. The internal temperature
was maintained to give a homogeneous solution. Acetyl chloride
(111.89,1.5mol)wasaddeddropwiseunderstirringovarzhours.
The reaction was continued at 50 to 55 °C for 12 hours. Hydrogen
chloride as a bjproduct was immediately exhausted outside the
system by a nitrogen stream and neutralized by an alkali trap.

At the end of the reaction, the mixture was washed with -
warm water at 60 to 70 °C. Toluene was evaporated under the
condition of up to 150 °C/5 mmHg, to give 610 g of a resin, 50
mols of whose hydroxy groups were acetylated.

Its melt viscosity wés 1.2 poise at 125 °C and 0.7 poise
at 150 °c, and its hydroxy equivalent was 391 g/eq.
Preparation Example 19 for a curing agent |

Aresin, whose hydroxy groups were completely benzoylated
(866 g) was prepared as described in Preparation Example 5,
except that the phenol aralkyl resin was replaced with 555 g
of a phenol-dicyclopentadiene resin (trade name: DPR#3000,
hydroxy equivalent: 185 g/eq; Mitsui Chemical Inc.)(3 mol).

Its melt viscosity was 2.6 poise at 125 °C and 1.1 poise
at 150 °C, and its hydroxy equivalent was more than 3000 g/eq

(undetectable).
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A resin, 90 % of whose hydroxy groups wére benzoylated
(830 g) was prepared as described in Preparation Example 6,
except that the phenol aralkyl resin was replaced wi;h 555 g
of a phenol-dicyclopentadiene resin (trade name: DPR$#3000,
hydroxy equivalent: 185 g/eg; Mitsui Chemical Inc.)(3 mol).

Its melt viscosity was 3.4 poise at 125 °C and 1.6 poise
at 150 °C, and its hydroxy equivalent was 1944 g/eq.

A resin, 88 % of whose hydroxy groups were benzoylated
(822 g) was prepared as described-in Preparation Example 1,
except that the phenol aralkyl resin was replaced with 555 g
of a phenol-dicyclopentadiene resin (trade name: DPR#3000,
hydroxy equivalent: 185 g/eq; Mitsui Chemical Inc.)(3 mol).

TIts melt viscosity was 2.6 poise at 125 °C and 1.0 poise
at 150 °c, and its hydroxy equivalent was 1633 g/eq.
Preparation Example 22 for a curing agent

A resin, 40 % of whose hydroxy groups were benzoylated
(675 g) was prepared as described in Preparation Example 20,
exceptthattheémountofbenzoicanhydridewas271.4g(1.2mol).

Its melt viscosity was 3.4 poise at 125 °C and 1.7 poise
at 150 °C, and its hydroky equivalent was 349.9 g/éq. |
Preparation Example 25 for a_curing agent

A resin, whose hydroxy groups were completely acetylated
(760.9).was prepared as described in Preparation Example 1,

except that the phenol aralkyl resin was replaced with 639 g
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(3 mol) of a naphthol aralkyl resin (trade name: a-NX-3.2,
hydroxy equivalent: 213 g/eq; Mitsui Chemical Inc.).

Its melt viscosity.was 2.0 poise at 125 °C aqd 1.1 poise
at 150 °C, and its hydroxy equiva]:ent was more than 3000 g/eq
(undetectable).

A resin, 50 mol% of whose hydroxy groups were acetylated
(695 g) was prepared as described in Preparation Example 18,
except that the phenol-dicyclopentadiene resin was replaced
with 639 g(3 mol) of a naphthol aralkyl resin (trade name:
a-NX-3.2, hydroxy equivalent: 213 g/eq; Mitsui Chemical Inc.).

Its melt viscosity was 1.2 poise at 125 °C and 0.7 poise
at 150 °C, and its hydroxy equivalent was 447 g/eq.
Preparation Example 25 for a curing agent

. Aresin, whose hydroxy groups were completely benzoylated

(946 g) was prepared as described in Preparation Example 5,

except that the phenol aralkyl resin was replaced wif.h 639 g(3

mol) of a naphthol aralkyl resin (trade name: a-NX-3.2, hydroxy

equivalent: 213 g/eq; Mitsui Chemical Inc.).

| Its melt viscosity was 4.9 poise at 125 °C and 1.8 poise

at 150 °c, and its hydroxy équivalent was more than 3000 g/eq
(undetectable). |
Preparation Example- 26 for a curing agent

A resin, 90 mol% of whose hydroxy grbups were benzoylated

(912 g) was prepared as described in Preparation Example 6,

' except that the phenol aralkyl resin was replaced with 639 g(3
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mol) of a naphthol aralkyl resin (trade name: a-NX-3.2, hydroxy .
equivalent: 213 g-/eq; Mitsui Chemical Inc.).

Its melt viscosity was 5.2 poise at 125 °C and 2.1 poise
at 150 °C, and its hydroxy equivalent was 2224 g/eq. |
Preparation Example 27 for a curing agent

A resin, 88 mol% of whose hydroxy groups were benzoylated
(910 g) was prepared as described in Preparation Example 10,
except that the phenol aralkyl resin was replaced with 639 g(3
mol) of a naphthol aralkyl resin (trade name: a-NX-3.2, hydroxy
eguivalent: 213 g/eg; Mitsui Chemical Inc.).

Its melt viscosity was 5.0 poise at 125 °C and 1.9 poise
at 150 °C, and its hydroxy equivalent was 1867 g/eq.
-Preg-aration Example 28 for a curing agent

A resin, 50 mol% of whose hydroxy groups were benzoylated
(796 g) was prepared as described in Preparation Example 8,
except that the phenol aralkyl resin was repiaced with 639 g(3
mol) of a naphthol aralkyl resin (trade name: a-NX-3.2, hydroxy
equivalent: 213 g/éq; Mitsui Chemical Inc.).

Its melt viscosity was 5.2 poise at 125 °C and 2.1 poise
at 150 °C, and its hydroxy equivalent was 478 g/eq.
Example 1

One gram équivalent of bisphenol-A type of diglycidyl
ether (trade name: Epicoat 828, Yuka Shell Epoxy, epb#y
equivalent: 184 g/eq) and the acetylated phenol aralkyl resin
from Preparation Example 1 (estimated ester equivalent = 211

g/eq.) as an epoxy resin and a curing agent, respectively, were
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melted and kneaded at 80 °C to give a homogeneous resin mixture. .

Td the resin compositionwas added 0.055 mol of a phosphine

- oxide represented by general formula (1) where all of R, to R,

are methyl (hereinafter, referred to as “Pz0”), and the mixture
was kneaded at 50 °C for 1 min to give a resin composition.

To 200 g of the resin component were blended a filler and
other additives in the following propértions, and the mixture.
was heated and knea.ded with a roll to give a molding material
for a sealer.
Inorganic filler: 720 g
[a mixture of 50 parts by weight of sphere fused silica (Halimic
S§~CO, Micron) and 50 parts by weight of amorphous fused silica
(Fusedrex RD-8, Tatsumori)]
Silane coupling agent: 62 g
(Sz-6083  Toray Dow Corning Silicone)
Carnauba wax 45 g
Carbon black: 3 g
Antimony oxide: 10 g

A portion of the molding material thus prepared was cured
under the conditions of 150 °C — 185 °C/5 min, 185 °C/ 5 min
and 150 kg/cm’, and was subjected to after-curing under the
condition of 185 °C/8 hr in an atmosphere of nitrogen to be
adequately cured. .

' Various physical properties were determined for the cured

product. The same molding material was used to prepare a

semiconductor device for testing, by low-pressure transfer
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molding. It was then subject to a crack initiation test using
a solder bath.
The results are shown in Table 1.
. A gel time for a resin composition before roll kneading

was determined at 150 °C (hereinafter, the same is applied).
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Table 1

Example 1 2 3 | 4 5 6 7 8

Proportion{wt arts)
;Main ingredients .
Epicoat 828 184 184
E1031S 189 189
EOCN 7000 204 204
SPIDG 233 233
-Curing agents .
Prep.Exam.1 211 - - -
Prep.Exam.5 273 - - -—

-Accelerating agent
PZO (mol) 0.0055 - - -— -— -— - -—

Physical propetties .
-Glass-transition 110 111 113 114 114 115 113 117

temperature(°C)
-Flexural strength 122 | 124 | 124 | 126 | 122 | 124 | 124 | 126

{Kgf/mm®)
-Bend elastic const. | 1650 | 1640 | 1620 | 1610 | 1450 | 1440 | 1420 | 1410
(Kgt/mm?) :
-Boiling water 009 | 009 | 003 | 0.08 | 0.09 | 009 | 009 | 0.08
absorption (%)
-VPS test 0 0 0 0 (] 0 0 0
(cracked/10)
-Gel ‘time 5'23" | 5'28" | 5'42" | 542" | 523" | 528" | 542" | 541"

(min,sec)
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Example 2

A molding material for a sealer was prepared as described
in Example 1, except that.a tetraphenylolethane type of epoxy
resin repz;'esented by .'formula (12) (trade name: E1031S, Yuka'

Shell Epoxy, epoxy equivalént: 189 g/eq) was used as an epo:éy

resin. '
L v v
0 |
CH-CH : (12)
CH\zb-;HCH;-O O-GHzCE\I[-’-;Hz

The material was processed as described in Example 1 for
determining physical properties of a cured product and for a
crack test for a test semiconductor device.

The results are shown in Table 1.
X e 3

A molding material for a sealer was prepared as described
in Example 1, except that a naphthol-cresol resol condensate
type of epoxy resin represented by formula (13) (trade name:
EOCN7000, Nihon Kayaku, epoxy equivalent: 204 g/eq) was used

as an epoxy resin.

Cf{za‘}ﬂCHz‘U O-CHsC\I'lE"/CHz O'Qizf-\ﬂa‘;ﬁlz_

G, G,

CHs (13)
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The material was processed as described in Example 1 for

-determining physical properties of a cured product and for a

crack test for a test semiconductor device.

‘The results are shown in Table 1.
Example 4

A molding material for a sealer was prépared as described
in Example 1, except that a spirobiindane diphenol type of epoxy
resin represented by formula (14) (trade name: SPIDG, Mitsui
Chemical Inc., epoxy equivalent: 233 g/eq) was used as an epoxir

resin.

(14)

The material was processed as described in Example 1 for
determining physical properties of a cured product and for a
crack test for a test semiconductor device.

The results are shown in Table 1.

a es 5 to 8 -

Molding materials for a sealer was prepared as described
in Examples 1 to 4, except that a curing agent was the benzoylated
phenol aralkyl resin from Preparation Example 5 and amolar ratio
of epoxy/functional groups (hydroxy + ester) was 1/1.

The materials were processed as described in Examples 1

- to 4 for determining physical properties of a cured product and
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for a crack test for a test semiconductor device.

The results are shown in Table 1.
Comparative Examples 1 to 4

We attempted. to prepare molding materials as described
in Examples 1 to 4 using an unesterified phenol aralkyl resin
(trade name: Milex XLC-4L; Mitsui Chemical Inc., hydroxy -
equivalent: 169 g/eq) as a curing agent and triphenylphosphine
(TPP) as an accelerating agent, but the compositions exhibited
too poor curing properties to allow a gel time to be determined
or a molding to be prepared. Therefore, TPP was_increased to
0.015 mol for determining a gel time.

The reéults are shown in Table 2. _

Consequently, gel times were reduced to a similar level
to those in Examples. Thus, molding materials for a sealer were
prepared as déscribed in Examples.’

The materials were processed as described in Examples 1
to 4 for determining physical properties of a cured product and
for a crack test for a test semiconductor device.

The results are shown in Table 2.
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Table 2

Comp. Example | 1 2 3 4 5 6 7 8

Proportion{wt parts)
-Main ingredients
Epicoat 828 184 184
E1031S 189 ' 189
EOCN 7000 204 204
SPIDG : 233 233
-Curing agent '
XLC-4L 169 - - - -— - - -—
-Accelerating agents
TPP (mol) 0.015 - - -
C11Z (mol) o015 | - - -

Physical properties J
-Glass-transition 119 121 122 125 121 122 122 125
temperature(°C)
-Flexural strength 122 | 124 | 124 | 126 128 | 130 | 122 124
(Kgf/mm?)

-Bend elastic const. 1450 | 1440 | 1420 | 1410 | 1450 | 1460 | 1450 | 1440
{Kgf/mm?)
-Boiling water 013 | 015 | 016 | 012 | 013 { 015 | 0.15 | 0.13
absorption (%) _
VPS test 1 2 2 |1 1 ]| 2 2 2
(cracked/10)
-Gel time 4'03" | 3'48" | 352" | 421" | 358" | 3'39" | 343" | 408"
{min,sec) .
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& arative es 5 to

We éttempted to prepare molding materials as described
in Examples 1 to 4 using an unesterified phenol aralkyl resin
(trade name: Milex XLC44L;‘Mitsui Chemical Inc., hydroxy
equivalent: 169 g/eq) as a curing agent and 2-un&ecylimidazole
{C112) as an accelerating agent, but the compositions exhibited
too poor cui‘ing properties to allow a gel time to be determined
or a molding to be prepared. Therefore, C11Z was increased to
0.015 mol for determining a gel time.

The results are shown in Table 2.

Consequently, gel times were reduced to a similar level
to those in Examples. Thus, molding materials for a sealer were
prepared as described in Examples. '

The materials were processed as describéd in Examples 1
to 4 for determining physical properties of a cured product and’
for a crack test for a test semiconductor device.

' The results are shown in Table 2.
Comparative Examples 9 to 16

Molding materials as described in Examples 1 to 8 using
triphenylphosphine as an accelerating agent in an amount of
0.015 mol. We have attempted to pfepare moldings, using the
materials, which were, however, flown out before curing and
moldings were not formed.

Then, we have attempted to determine their gel times, but
they failed to gel at 150 °C or 200 °C in 15 min. Thus, the

determination was discontinued (Table 3).
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Comp. Example

10 11 12 13 14 | 15 16

Proportion(wt parts)

-Main ingredients
Epicoat 828
E1031S
EOCN 7000
SPIDG

-Curing agents
Prep.Exam.1
Prep.Exam.5

-Accelerating agent
TPP (mol)

184

211

0.015

184
189 189
204 | . 204
233 _ 233

Physical properties
-Glass-transition
temperature(°C)
-Flexural strength
(Kgffmm?)
-Bend elastic const.
(Kgi/mm?)
-Boiling water
absorption (%)
-VPS test
(cracked/10)
-Gel time

{min,sec)

No cured products




56

Comparative Examples 17 to 24

Molding materials as described in Examples 1 to 8 using
2-undecylimidazole(Cl1Z).as an accelerating agent in an amount
of 0.015mol. We have attempted 'to prepare moldings, using the
materials, which were, however, flown out before curing and
moldings were not.formed.

Then, we have attempted to determine their gel times, but
they failed to gel at 150 °C or 200 °C in 15 min; Thus, the

determination was discontinued (Table 4).
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Table 4

Comp. Example 17 18 19 20 21 22 23 24

oportio arts
-Main ingredients
Epicoat 828 184 ' ' 184
E1031S 189 189
EOCN 7000 . 204 204
SPIDG ' -1 233 s
-Curing agents
Prep.Exam.1 - 211 - -— -—
Prep.Bam.5 273 - -— -
-Accelerating agent
C11Z (mo)) 0015 | « - - - - - -

Physical propetties
-Glass-transition

temperature(°C)
-Flexural strength
(Kgf/mm?)
-Bend elastic const. No cured products
(Kgf/mm?)
-Boiling water
absorption (%)
-VPS test
(cracked/10)
-Gel time
(min,sec)
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Examples 9 to 16

Molding materials for a sealer was prepared as described
in Example 1, except that. an epoxy resin was 2,2',6,6'-
tetramethylbiphenol diglycidyl ether (trade name: YX-4000H,
Yuka Shell Epoxy, epoxy equivalent: 184 g/eq), a curing agent
was one of the acylated phenol resins listed in Table 5, and
a molar ratio of epoxy/functional groups (hydroxy + ester) was
1/1. |

The materials were pfoceSsed as described in Example 1
for determining physical properties of a cured product and for
a crack test for a test semiconductor device.

The results are shown in Table 5.
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Tables

Example 9 10 11 12 13 14 15 16

Proportion(wt parts)
-Main ingredient ' _
YX4000H 184 - - - - - - —
-Curing agents
Prep.Exam.1 211
Prep.Exam.5 273
Prep.Exam.11 146
Prep.Exam.13 208
Prep.Exam.17 227
Prep.Exam.19 289
Prep.Exam.23 255
Prep.Exam.25 - ' 317
-Accelerating agent
PZO (mo) 0.0055 - - - - - — -

Physical properties
-Glass-transttion 108 100 | 110 | 108 | 106 | 102 | 113 | 105
temperature(°C) )
-Flexural strength 12.2 122 | 128|128 | 122 | 121 | 124 | 129
(Kgf/mm?)

-Bend elastic const. 1650 1650 | 1660 | 1660 | 1650 | 1620 | 1620 | 1690
(Kgffmm?)
-Boiling water 0.08 0.08 | 008 | 010 | 0.10 | 0.08 | 0.11 | 0.07
absorption (%)
-VPS test 0 0 0 0 0 o 0 0
(cracked/10)
-Gel time 523" | 542" 528" | 5'48" | 523" | 5§'57" | 5'42" | 5'33"
{min,sec) '
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amples 17 to 24

Molding materials for a sealer was prepared as described
in Example 1, except that an epoxy resin was o-cresol novolac
type of epoxy resin (trade.name: EOCN-leS; Nihon Kayaku, epoxy

5 equivalent: 210 g/eq), a éuring.agent was one of the acylated
phenol resins listed in Table 6, and a molar ratio of
epoxy/functional groups (hydroxy + ester) was 1/1.

The materials were processed as described in Example 1

for determining physical properties of a cured product and for
10 a crack test for a test semiconductor device.

The results are shown in Table 6.
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Jable6

Bxample 17 18 19 20 2‘_I 22 23 24
Proportion{wt parts)

-Main ingredient
EOCN102S 210 | = |« | « | = | « | « | «
-Curing agents _
Prep.Exam.1 211 |
Prep.Exam.5 273
Prep.Exam.11 146
Prep.Exam.13 208
Prep.BExam.17 | 227
Prep.Exam.19 289
Prep.Exam.23 255
PrepExam25 | : 317
-Accelerating agent
PZO (mol) 0.0055 - - - - - - -
Physical properties _
-Glass-transition 141 120 | 156 | 150 | 130 | 119 | 148 | 132
temperature(°C)
-Flexural strength 124 123 | 121 | 127 | 11.7 ] 123 | 12.1 | 13.1

(Kgt/mm?) '
-Bend elastic const. 1690 1660 | 1570 | 1660 | 1500 | 1640 | 1620 | 1680

(Kgf/mm?)
-Bolling water 0.08 0.13 | 0.09 { 0.17 | 0.06 | 0.11 | 0.07 | 0.11
absorption (%)
-VPS test 0 0 0 0 0 0 0 0
(cracked/10) .
-Gef “time - 4'51" | 5'48" | 4'33" | 5'27" | 5'04" | 5'58" | 5'10* | 5'33"

(min,sec)
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Examples 25 to 32

Molding materials for a sealer was prepared as described
in Example 1, except that an epoxy resin was 1,6-
dihydronaphthalene digiycidyl ether (trade name: Epiéron '
HP4032; Dainihon Ink Chem;, epoi:y equivalent: 150 g/eq), a
curing agent was one of the acylated phenol resins listed in
Table 7, and a molar ratio of epoxy/functional groups (hydroxy
+ ester) was 1/1.

The materials wefe processed as described in Example 1
for determining physical prop'erties of a cured product and for
a crack test for a test semiconductor device.

The results are shown in Table 7.
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Table 7

Example 25 26 27 28 29 30 | 3t 32

Proportion(wt parts)
-Main ingredient '
HP4032 150 - — ] - e ‘e -— -—
-Curing agents
PrepExam2 | 203
Prep.Exam.6 263
Prep.Exam.12 138
Prep.Exam.14 ' 198
Prep.Exam.18 : 206
Prep.Exam.20 _ 279
Prep.Bxam.24 : 234
Prep.Exam.26 307
-Accelerating agent
PZO (mol) 0.0055 -— - - - - - -—

Physical properties
-Glass-transition 125 119 136 134 125 119 140 125

temperature(°C)
-Flexural strength 129 | 128 | 128 | 128 | 129 129 | 136 | 135
(Kgffmm?)

-Bend elastic const. | 1620 1615 | 1545 | 1555 | 1550 | 1550 | 1610 | 1580
(Kgf/mm?) :
-Boiling water 0.09 008 | 008 | 0.08 | 0.08 | 0098 | 0.09 | 0.08
absorption (%)
-VPS test 0 0 0 0 0 0 0 0
(cracked/10)
-Gel _ time 4'38" 4'42" | 420" | 4'25° | 421" | 4'45" | 3'29" | 4'52"
(min,sec) "
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Examples 33 to 40

Molding materials for a sealer was prepared as described
in Example 1, e#cept that an epoxy resin was a phenol aralkyl
type of epoxy resin (trade name: E-XLC~-LL; Mitsui Chemical Inc. ,

5 epoxy equivalent: 235 g/eq), a curing agent was one of the

‘acylated phenol resins listed in Table 8, and a molar ratio of
epoxy/functional groups (hydroxy + ester) was 1/1.

The materials were processed as described in Example 1
for determining physical properties of a cured product and for

‘10 a crack test for a test semiconductor device.

The results are shown in Table 8.
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Table 8

Example 33 34 35 36 87 38 39 40

Proportion(wt parts)
-Main ingredient
E-XLC-LL - 235 | « | -— -— -— - -
-Curing agents '
Prep.Bxam.3 190
Prep.Exam.7 | 257
Prep.Exam.8 190
Prep.Exam.13 ' 208
Prep.Exam.15 186
Prep.Exam.19 : 289
Prep.Exam.21 . 277
 Prep.Exam.27 305
-Accelerating agent
PZO {mo)) 0.0055 - -— - - - -— -—

Physical properties
-Glass-transition 125 125 | 120 | 135 | 137 | 113 | 115 | 130
temperature(°C) i
-Flexural strength 126 125 1 127 | 122 | 123 | 123 | 124 | 13.0
(Kgffmm®)

-Bend elasticconst. | 1670 | 1670 | 1660 | 1610 | 1590 | 1560 | 1555 | 1650
(Kgf/mm?)

-Boiling water 0.09 0.10 | 0.11 | 008 | 0.10 | 0.09 | 0.09 | 0.08
absorption (%) .
-VPS test 0 0 4] 0 0 o 0 0
(cracked/10) '
-Gel time 448" | 4'13" | 3'15" | 4'41" | 4'15" | 4'37" | 419" | 4'25"*
{min,sec)
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p:4 les to_ 48

Molding materials for a sealer was prepared as described
in Example 1, except that an epoxy resin was a phenol-
dicyclopentadiene type of epoxy resin (trade name: Epicron
HP-7200; Dainihon Ink Chem., epoxy equivalent: 262 g/eq), a
curing agent was one of the acylated phenol resins iisted in
Table 9, and a molar ratio of epoxy/functional groups (hydroxy
+ ester) was 1/1. |

The materials were processed as described in Example 1
for determining physical properties of a cured product and for
a crack test for a test semiconductor device.

The results are shown in Table 9.

A gel time for a resin composition before roll kneading
was herein determined at 150 °C (hereinafter, the same is
applied).

Physical properties were herein determined as follows.

-Tg (glass—transition temperature): determined by a TMA
needle inserting technique (Shimazu; TMA-DRW DT-30);

-_-Flexural'strength, coefficient of elasticity:
determined according to JIS K-6911;

-Boiling water absorption: determined by measuring a
weight increase after heating 2 hours in boiling v}ater_ at 100
°c;

V.P.S.test: immediately after being placed in a
thermo-hygrostat at 85 °C and 85 % for 168 hours, test

semiconductor devices were soaked in Frolinate liquid (Sumitomo
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3M; FC-70) at 240 °C. Semiconductors whose package resin had
a crack were counted. The results are given as a fraction where
a numerator is the number of semiconductors having a crack and

a denominator is the number of tested devices.
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BExample 41 42 43 44 45 45 47 48

Proportion{wt parts)
-Mainingredient
HP7200 | 262 |« | « | « | « | « | « | -
~Curing agents
Prep.Bam.4 173
Prep.Exam.8 221
Prep.Exam.10 _ 261
"Prep.Exam.16 156
Prep.Exam.21 277
Prep.Exam.22 227
Prep.Exam.27 305
Prep.Exam.28 265
-Accelerating agent
PZO (mol) 0.0055 -— - -— -— -— -— -

Physical properties
-Glass-transition 128 125 |1 120 | 145 | 118 | 120 | 124 | 128
temperature(*C)
-Flexural strength 13.2 129 | 127 | 128 | 13.1 | 135 | 13.1 135

(Kgffmm?) '
-Bend elasticconst. | 1530 | 1540 | 1560 | 1525 | 1540 | 1500 | 1550 | 1550

(Kgfimm?)
-Boiling water 0.12 0.10 | 0.09 } 0.11 | 009 | 0.09 | 0.08 | 0.10
absorption (%)
-VPS test 0 0 0 0 4] 0 o 0
(cracked/10)
-Gel time 3'28" | 4'06" | 4'42" | 401" | 447" | 8'57" | 5'25" 4'05"

{min,sec)
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Example 49

The resin composition of Example 17 (epoxy
resin/benzoylated phenol ar.alkjrl resin/Pz0 before kneading an
inorgénic filler) was cured under the conditions as described
in the above Examples, and it wasmilled with a small mill (Sample
Mill, SK-M10 -type;- Kyoritsu Riko).

The milled powder (30 g) was extracted _with 300 g of
acetone using a Soxhlet extractor for 2 hours. |

After drying up the extract, an extraction ratioof 0.15 %
was obtained. |

As described with reference to examples in detail, an
epoxy-resin composition of this invention comprising a
phosphine oxide as an essential accelerating agent and .an
ester-containing compound as a curing agent can give a cured
product much more improved in hygroscopicity and flexibility
than a conventional epoxy resin-phenol resin cured product', as
well as very advantageous as to crack resistance. Thus, it may
be understood that if exhibits quite good crack resistance as
a sealer for a semiconductor integrated circuit.

As seen in Comparative Examples, a composition comprising
a conventional curing catalyst including triphenylphosphiﬁe or
an imidazole compound fails to give a cured product, i.e., an
ester-containing moiéty is inadeguately cured. |

It may be evidenced that an esterified curing agent and
a phosphine oxide catalyst are essential for achieving

excellent physical properties for a sealer in this invention.
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claimed is:
1. An epoxy-resin composition comprising (A) an at least
bifunctional epoxy compound and/or an at least bifunctional
epoxy resin, (B) an at 1éast bifunctional ester-containing .
compound and/oxr anat least bifunctional ester-contaj.niﬁg resin
as a curing agent, 10 to 100 % of whose hydroxy groups are
esterified with aliphatic or aromatic acyl groups, and (C) an
accelerating agent,

the acceierating agent essentially containing a phosphine oxide

represented by general formula (1):

Rz\ /R:
N -
| R
O=P-— N=P—-N{ (1)
| R4 '
N

Ri Re /3

where R, to R, all of which may be the same or not are
hydrogen, straight, branched or cyclic alkyl having 1 to 10
carbons or aryl or aralkyl having 6 to 10 carbonmns.

2. An epoxy-resin composition as claimed in Claim 1 where
(A) the at least bifunctional epoxy compound and/or an at least
bifunctional epoxy resin is selected from an epoxy resin deriveci
from a dihydroxynaphthalene represénted by general formula (2),
an epoxy resin derived from a biphenol represented by general
formula (3), an epoxy resin deri{red from a novolac type of resin
represented by géneral formula (4), an epoxy res-in derived from

a phenol aralkyl resin represented by general formula (5) and
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an epoxy resin derived from a phenol-dicyclopentadiene resin ]
represented by general formula (6);
: , 0

0-CHsfi— | |
oot W
CHz "CHCHFO T

0/

where the ring is substituted with 2, 3-epoxypropyl groups

at 1, 5-, 1,6-, 1,7-, 2,6- or 2,7-positions
- Re Ry .
Gpa{O~Qpomgem W
R: R

where R, all of which may be the same or not is hydrogen

or methyl;

0\

CHz —CHCH:-O CHz- g gCVzCH—CHz

where R, is hydrogen, methyl or ethyl, and n is an integer

of 0 to 100 whose average is 0 to 15;
0 0 0
/ / .
o-chu -, oot of-thheg

/@—{-m—@m‘@%—@-@ ®

Rsm (Re)m (Rs)n
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~ where R, is hydrogen, straight, branched or cyclic alkyl
having 1 to 10 carbons, alkoxy having 1 to 10 carbons, hydroxyl,
5 phenyl or halogen; m is an integer of 1 to3; andn' is an integer

of 0 to 100 whose average is 0 to 50;

0 0 0,
/7 UN\ VALAW
CH, —CHCH, -0 (Hs —CHCH, CHzc/H-\CHz

10 m
®n Redn - Redm (6)
where R, is hydrogen, straight, branched or cyclic alkyl
having 1 to 10 carbons, alkoxy having 1 to 10 carbons, hydroxyl,
_ Phenyl or halogen; m is an integer of 1 to 3; and n" is an integer
15 of 0 to 50 whose average is 0 to 15.
3. An epoxy~resin composition as claimed in Claim 1 where
(B) the at least bifunctional ester-containing compound and/or
the at least bifunctional ester-containing resin, 10 to 100 %
of whose hydroxy groups are esterified with aliphatic or
20 aromatic acyl groups, is selected from ester-containing resins
derived from
a novolac type of resin represented by general formula
(7);

OA oA

QA _
23 (CH: }@ }nCHz N

R Rs Rs
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~ where R, is hydrogen, methyl or ethyl; A is hydrogen or

~acyl where the molar ratio of hydrogen/acyl is 90/10 to 0/100;

and n indicating a repeating unit number is an integer of 0 to
100 whose average is 0 to 15, provided when an average of n as
a repeating unit number is zero, the formula represents
bisphenol derivatives:

a phenol aralkyl resin represented by general formula

(8);

0A OA OA

(Cﬂz @»cu2 ' 'mz@mz

n

Rodm ®n R (8)

where R, is hydrogen, straight, branched or cyclic alkyl
having 1 to 9 carbons, alkoxy having 1 to 10 carbons, phenyl,
hydroxy or halogen; m is an integer of 1 to 3; n' indicating
a fepeatiné unit number is an integer of 0 to 100 whose average
is 0 to 50, provided when an average of n’ as a repeating unit
number is zero, the formula represents bisphenol 'derivatives;
and A is hydrogen or acyl where i:he molar ratio of hydrogen/acyl
is 90/10 to 0/100; N

a phenol-dicyclopentadiene resin represented by general

formula (9);
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' (Rxo)n (_Rzo)a . (Ryo)n

where R,, is hydrogen ,—straight, branched or cyclic alkyl
having 1 to 10 carbons, phenyl, hydroxy, halogen or alkoxy having
1to9carbons;mis an integer of 1to 3; n" indicating a repeating
unit number is an integer of 0 to 50 whose average is 0 to 15,
provided when an average of n” as a repeating unit number is
zero, the formula represents bisphenol derivatives; and A is
hydrogen or acyl where the molar ratio of hydrogen/acyl is 90/10
to 0/100; and

a naphthol aralkyl resin represented by general formula

(10);

OA QA OA
O O - O G0
. nl‘

(10)

. where n” indicating a repeating unit number is an integer
of 0 to 50 whose average is 0 to 15, | provided when an average
of n” as a repeating unit number is zero, the foimula represents
bisppenol derivatives; and A is hydrogen or acyl where th-e- molar
ratio of hydrogen/acyl is 90/10 to 0/100.

4. An epoxy-resin composition as claimed in Claim 2 where
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'(B) the at least bifunctional ester-containing compound and/oxr

the at least bifunctional ester-containing resin, 10 to 100 %
of whose hydroxy groups are esterified with aliphatic or
aromatic acyl groups, is selected from ester-containing resins

derived from

a novolac type of resin represented by general formula

(7);
OA OA OA

CHs CHe (1)
R B Rs

where R, is hydrogen, methyl or ethyl; A is hydrogen or
acyl where the molar ratio of hydrogen/acyl is 90/10 to 0/100;
and n indicating a repeating unit number is an integer of 0 to
100 whose average is 0 to 15, provided when an average of n as
a repeating unit number is zero, the formula represents a
bisphenol compound;

a phenol aralkyl resin represented by general formula

(8);
0

A | 0A OA
cnz—@—cm cm—@—éﬂz
n '
R

Ro)m (Rs)n (8)
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where R, is hydrogen, straight, branched or cyclic aikyl
having 1 to 9 carbons, alkoxy having 1 to 10 carbons, phenyl,
hydroxy or halogen; m is an ihteger of 1 to 3; n' indicating
a repeating unit number is an integer of 0 to 100 whose average
is 0 to 50,. provided when an average of n’ as a repeating unit -
number is zero, the formula represents a bisphenoi compound;
and A is hydrogen or acyl where the molar ratio of hydrogen/acyl
is 90/10 to 0/100;
a phenol-dicyclopentadiene resin represented by general
formula (9);
0A 0A - OA
> 3 - (®
1 .
(Rig)a (Rln)n -~ (Ryo)a

where R,, is hydrogen, straight, branched or cyclic alkyl
having 1 to 10 carbons, phenyl, hydroxy, halogen or alkoxy having
1 to9carbons; mis an integer of 1 to 3; n" indicatinga repeating
unit number is an integer of 0 to 50 whose average is 0 to 15,
provided when an average of n” as a repeating unit number is
zero, the formula represents a bisphenol compoimd; and A is
hydrogen or acyl where the molar ratio of hydrogen/acyl is 90/10
to 0/100; and |

a naphthol aralkyl resin represented by general fofmula

(10);
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OA, OA OA
| -G 0w
(10)

.

where n"' indicating a repeating unit number is an integer
of 0 to 50 whose average is 0 to 15, provided when an average
of n” as a repeating unit number is zero, the formula represents
a bisphenol compound; and A is hydrogen or acyl where the molar
ratio of hydrogen/acyl is 90/10 to 0/100.

5. An epoxy-resin composition as claimed in any of Claims
1 to 4 comprising (D) an organic and/or inorganic filler in the
range of 100 to 1900 parts by weight per 100 parts by weight
of (A)+(B).

6. A cured product prepared by heat cﬁring of the
epoxy-resin composition as claimed in Claim 5.

7. A semiconductor device manufactured by sealing a
semiconductor integrated circuit using the epoxy-resin
composition as claimed in Claim 5.

8. An epoxy-resin composition comprising (A) an at least
bifunctional epoxy compound and/or an at least bifunctional
epoxy resin, (B) an at least bifunctional ester-containing
compound and/or an at least bifunctional ester-containing resin
as a curing agent, 10 to 100 % of whose hydroxy groups are
esterified with acyl groups, and (C) an_acceleraﬁing.agent,
which provides a cured product, below 10 wt% of which is

extracted with refluxihg acetone for 2 hours.
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9. An epoxy-resin composition as claimed in Claim 8
comprising (D) an organic and/or inorganic filler in the range
of 100 to 1900 parts by weight per 100 parts by weight of (A)+(B).

10. A cured product prepared bf heat curing of the
epoxy-resin composition és claimed in Claim 9.

11. A semiconductor device manufactured by sealing a
semiconductor integrated dircuit using the epoxy-resin

composition as claimed in Claim 9.



