10

15

#

20

50239 6~

EPOXY RESIN COMPOSITION

The present invention relates to epoxy resin
compositions for sealing semiconductors which are
excellent in soldering stress resistance in surface
mounting of semiconductor devices,

Eitherto, electronic parts such as dicdes,
transistors and integrated circuits have been sealed
with thermosetting resins.” Especially, for sealing of
integrated circuits, there have been used epoxy resin

compositions prepared by hardening o-cresol novolak

epoxy resins excellent in heat resistance and moisture

resistance with novolak type phenolic resins. EHowever,
with recent increase in integration density of integ-

rated circuits, use of large chips has gradually

‘increased and the packages have been changed from the

conventional DIP type to surface mounted small and thin
QFP, SOP, SOJ and PLCC.

That is, large chips are sealed in a small and
thin package and in this case, the stress causes
formation of cracks and these cracks result in serious
problems such as reduction of moisture resistance.
Especially, the package is abruptly exposed to high.
temperatures of higher than 200°C at the soldering step
and this brings about the above problems. Thus,

development of resin compositions which are suitable for
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sealing large chips and are high in reliability, has
been desired.

As epoxy resins for solving the above
probleﬁs, use of epoxy resins represented by the
following formula (1) was proposed (cf. Japanese Patent

Kokai (Laid-Open) No. 64-65116].

Ry Rs Ry R3

H,C-HCCH0 @ @ OCE2CE-CE3 (1)
\./ \./

0 0
R2 Rg Rg Ra

wherein Rj-Rg are the same or different atéms or groups
selected from hyd?ogen, halogens and alkyl groups.

By using the epoxy resins represented by the
formula (1), it was attained to reduce the viscosity of
the resin composition, and accordingly, it was attained
to improve the soldering stress resistance by reducing
the thermal expansion and the water absorption of the
composition after molded by further increasing the
amount of fused silica powders to be added to the
composition. However, the increase of mﬁdulus resulting
from increase in the amount of fused silica powders is
also one problem, and further improvement of the
soldering stress resistance is needed.

The object of the present invention is to
overcome such problems, that is, to provide an epoxy

resin composition used for sealing of semiconductors
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which is markedly improved in the soidering stress
resistance when used for semiconductor packages in
mounting on substrates by utilizing synergistic effects
of reduction in water absorption and in linear expansion
attained using the epoxy resin represented by the
formula (1) and reduction in water absorption and
impartation of flexibility attained using a specific
hardener.

The epoxy resin composition of the present
invention is an epoxy resin composition for sealing
semiconductors which contains as essential components:

(A) an epoxy resin containing a biphehyl type
epoxy resin represented by the following formula (1)} in
an amount of 30-100% by weight on the basis of the total

amount of the epoxy resin,

Ry Rs Ry Rz :
E2C-HCCE,0 @ @ OCEzC\H-CHz (1)
R2 Re Rg R4

wherein Ry-Rg are the same or different atoms or groups
selected from hydrogen, halogens and alkyl groups,

(B) a hardener containing a phenolic resin
hardener represented by the following formula (2a) or a
naphthol resin hardener represented by the following
formula (2b) in an amount of 30-100% by weight on the

basis of the total amount of the hardener,
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R3 R4 Ry

O CH O Rg (2a)
RJ 3 Lg R{EX\)J\RG
N\ 7/

wherein R;-Rg are the same or different atoms or groups
selected from hydrogen, halogens and alkyl groups, Rg is
a group selected from phenyl, naphthyl, anthracenyl and

alkyl groups and n is 1-6,

OH d OE

o'cné

H (2b)

wherein R is a group selected from phenyl, naphthyl,
anthracenyl and alkyl groups and n is 1-6,

(C) an inorganic filler, and

(D) a hardening accelerator.

The epoxy resin composition of the present
invention is markedly superior to the conventional epoxy
resin compositions in the soldering heat resistance.

The epoxy resin represented by the structure
of the formula (1) is a bifunctional epoxy resin having
two epoxy groups in one molecule and is lower in melt
viécosity and superior in fluidity at transfer molding
as compared with the conventional polyfunctional epoxy

resins. Therefore, fused silica powders can be added in
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a large amount to the composition and decrease in
thermal expansion and water absorption can be attained
and thus, epoxy resin compositions excellent in solder-
ing stress resistance can be obtained.

The soldering stress resistance can be
improved by adjusting the amount of the epoxy resin
used. 1In order to obtain the effect to improve the
soldering stress resistance, it is desired to use the
biphenyl type epoxy resin represented by the formula (1)
in an amount of 30% by weight or more, preferably 60% by
weight or more on the basis of the total amount of the
epoxy resin. \If the amount is less than 30% by weight,
decrease in thermal expansion and water absorption
cannot be attained and the soldering stress resistance
is insufficient. Furthermore; R1-R4 in.the formula are
preferably methyl groups and Rs—Rg are preferably
hydrogen atoms.

When other epoxy resins are used.in
combination with the epoxy resin represented by the
formula (1), the other epoxy resins include the general
polymers having epoxy group. Examples of them are
bisphenol type epoxy resins, cresol novolak type epoxy
reins, phenol novolak type epoxy resins, trifunctional
epoxy resins such as triphenol methane type epoxy resins
and alkyl-modified triphenol methane type epoxy resins,
and triazine ring-containing epoxy resins.

By using the hardener represented by the

molecular structure of the formula (2a) or (2b),
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reduction in modulus and improvemént of adhesion between
lead frames and semiconductor chips at the soldering
temperature can be attained and besides, decrease in
thermal expansion and water absorption can be attained
as compared with the conventional phenol novolak resin
hardeners. Therefore, the hardeners used in the present
invention are effective for reduction of the stress
generated by thermal shock at the time of soldering and
for inhibition of peeling of semiconductor chips caused
by the stress.

The soldering stress resistance can be
improved by adjusting the amount of the hardener
represented by the formula (2a) or (2b). In'order to
bring about the effect of thelsoldering stress
resisténce, it is desired to use the hardener repre-
sented by the formula (2a) or (2b) in an amount of 30;
or more, more preferably 60% by weight or more on Ehe
basis of the total amount of the hardener. If the
amount is less than 30% by weight, decrease in water
absorption and modulus and adhesion between lead frames
and semiconductor chips are insufficient and improvement
in soldering stress resistance cannot be expected.
Furthermore, the value of n is necessary to be in the
range of 1-6. If n exceeds 6, fluidity at transfer
molding decreases and moldability tends to deteriorate.

Furthermore, R1-Rg in the formula (2a) are
preferably hydrogen or methyl groups and Rg is

Preferably naphthyl group or an alkyl group.
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1 Especially preferably, the formula (2a) is

represented by the following formula (2a-1), (2a-2) or

(2a-3):

R

wherein R is an alkyl group of 1-10 carbon atoms,

OH 4 : OB N

O cz @ B (2a-2)

5 wherein n is 1-6,

CHj CH;

" j\97‘ = 0o (223

The hardener.represented by the molecular
structure of the formula (2a~l) is a bifunctional
hardener obtained by condensation reaction of phenol
with a monoaldehyde obtained by substituting one

10 hydrogen of formaldehyde with an alkyl group of 1-10

carbon atoms.
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In the case of a combination of the
bifunctional epoxy resin of the formula (1) with only
the bifunctional phenolic hardener of the formula (2a-
1), hardening is insufficient, and in order to obtain
sufficient hardening, it is desirable to use a phenclic
resin hardener other than the bifunctional hardener in
combination with the bifunctional hardener of the
formula (2a-1) which is used in an amount of 90% by
weight or less.

R in the formula (2a-l) is an alkyl group of
1-10 carbon atoms, and if R is an alkyl group of 1l or
more carbon atoms, fluidity at transfer molding -
decreases and moldability tends to deteriorate.

The hardener rep;esented by the molecular
étructure of the formula (2a-2) is obtained by
condensation reaction of phenol and benzaldehyde.

The hardéner represented'by the molecular
structure of the formula {2a-3) is obtained by
condensation reaction of o-cresol and benzaldehyde.

When other hardeners are used in combination
with the hardener represented by the formula (2a) or
(2b), such other hardeners include general polymers
having mainly phenclic hydroxyl group. Examples of
these hardeners are phenol novolak resins, cresol
novolak resins, dicyclopentadiene-modified phenolic
resins, copolymers of dicyclopentadiene~modified

phenolic resins and phenol novolak resins or cresol



10

15

20

25

-9 -
novolak resins, terpene-modified phenolic resins, p-
xylene-modified phenolic resins and naphthol resins.

The inorganic fillers used in the present
invention include, for example, fused silica powders,
spherical silica powders, crystalline silica powders,
secondary agglomerate silica powders, porous silica
powders, silica powders obtained by grinding secondary
agglomerate silica powders or porous silica powders and
alumina. Especially preferred are fused silica powders,
spherical silica powders and mixtures of fused silica
powders and spherical silica powders. The amount of. the
inorganic filler is preferably 70-90% by weight based on
the total amount of the composition from the point of
balancing between soldering stress resistance and
moldability. . o

The hardening accelerators used in the present
invention may be any of those which accelerate reaction |
of epoxy group and hydroxyl group, and various accele—
rators which are generally used in sealing materials can
be used. Examples thereof are diazabicycloundecene
(DBU), triphenylphosphine (TPP), dimethylbenzylamine
(BDMA) and 2-methylimidazole (2MZ). These may be used
each alone or in combination of two or more.

The epoxy resin composition for sealing of the
present invention comprises the epoxy resin, the harden-
er, the inorganic filler and the hardening accelerator
as essential components. Furthermore, there may be

optionally added various additives, for example, silane
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coupling agents, flame retardants such as brominated
epoxy resins, antimony trioxide and hexabromobenzene,
colorants such as carbon black and red iron oxide,
releasing agents such as natural wax and synthetic wax,
and low stress additives such as silicone oil and
rubbers.

Molding materials can be prepared from the
epoxy resin composition of the present invention by
sufficiently uniformly mixing the epoxy resin, the
hardener, the inorganic filler, the hardeﬁing acceler
rator and other additives by a mixer or the like, then
further melt-kneading the mixture by hot rolls, kneader
or the like, cooling the kneaded mixture and then
grinding the mixture. ‘ |

According to-the present invention, epoxy
resin compositiéns having soldering stress resisténée
which have not been able to be obtained by the conven-
tional methods can be obtained and thus the resin com-~
positions are considerably excellent in crack resistance
when they undergo hot stress due to abrupt tempefature
change at soldering step and furthermore are superior in
moisture resistance. Therefore, when the compositions
are used for sealing, coating or insulating of elec-
tronic and electric parts, they are especially suitable
for articles such as highly integrated large chip IC
Mounted on a surface mounting package which require very

Righ reliability.
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The following examples illustrate the present

invention.

Example 1
The following components were mixed at room
temperature by a mixer, kneaded at 70-100°C by a twin
roll, cooled and ground to obtain a molding material.
Epoxy resin (softening point 110°c,

e€poxy equivalent 190 g/eq) represented

by the formula (1a) 3.8 parts by weight
H3C CH3 i
E2C~ECCH,0 ' @ oczzc\z—ﬁaz (la)
\./ .
: H3C . + CH3

o-Cresol novolak epdxy resin

(softening point 65°C, epoxy

equivalent 200 g/eq) 8.7 parts by weight
Hardener (softening point 118°cC,

hydroxyl equivalent 180 g/eq)

represented by the formula

(2a-4) 2.3 parts by weight

OH r ' CH N
CH3 CH3

O CH — g (2a-4)
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(a mixture comprising the compounds shown by n of 1-6
wherein the weight ratio is 1 of n=l, 0.2 of n=2, 0.1 of

n=3 and 0.1 of n=4-6)

Phenol novolak resin hardener

(softening point 90°C, hydroxyl

equivalent 104 g/eq) 5.2 parts by weight
Fused silica powders 78.8 parts by weight
Triphenylphosphine 0.2 part by weight
Carbon black 0.5 part by weight
Carnauba wax 0.5 part by weight

The resulting molding material was shaped into
tablets and chips of 6 x 6 mm were sealed in a 52p
package by a low-pressure tranéfer molding machine uhder
the conditions of 175°C, 70 kg/cm2, 120 seconds for
soldering crack resistance test, and chips of 3 x 6 mm
were sealed in a 1l6p SOP package for soldering moisture-
resistance test. The sealed devices for testing were
subjected to the following socldering crack resistance
test and soldering moisture resistance test.

Soldering crack resistance test: The sealed
devices for test were exposed to an atmosphere of 85°C,
853RE for 48 hours and 72 hours and then dipped in a
bath of solder of 260°C for 10 seconds. Thereafter,
external cracks were observed by a microscope.

Soldering moisture resistance test: The

sealed devices for test were exposed to an atmosphere of
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85°C, 85%RH for 72 hours and then dipped in a bath of
solder of 260°C for 10 seconds. Thereafter, they were
subjected to pressure cooker test (125°C, 100%RH) and
failure in opéning of the circuit was measured.

The test results are shown in Table 1.

Examples 2-5

The components were mixed in accordance with
the formulations of Table 1 and molding materials were
prepared in the same manner as in Example 1. Molded
products for test were prepared by sealing with the
resulting molding materiais. These molded products wére
subjected to the soldering crack resistance test and the
soldering moisture resistance test in the same manner as

in Example 1. ‘The results are shown in Table 1.

Comparative Examples l-4

The compeonents were mixed in accordance with
the formulations of Table 1 and molding materials were
prepared in the same manner as in Example 1. Molded
products for test were prepared by sealing with the
resulting molding materials. These molded products were
subjected to the soldering crack resistance test and the
soldering moisture resistance test in the same manner as

in Example 1. The results are shown in Table 1.

Example 6

The following components were mixed at room
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1  temperature, kneaded at 70-100°C by a twin roll, cooled
and ground to obtain a molding material.
Epoxy resin (softening point 110°C,

epoxy equivalent 190 g/eq)

5 represented by the formula (la) 4.4 parts by weight
H3C CH3
E2C-HCCH30 @ @ OCE2CE-CH> - (la)
\,/ \./
H3C CHj

o—-Cresol novolak epoxy resin
(softening point 65°C, epoxy

equivalent 200 g/eq) 8.1 parts by weight

Hardener (softening point :110°C,

10 hydroxyl equivalent 155 g/eq)
represented by the formula

(2a-2) . 2.6 parts by weight

cE r OH

O cm @ B (2a-2)

(a2 mixture comprising the compounds shown by n of 1-4
wherein the weight ratio is 1 of n=1, 1.5 of n=2, 0.5 of

15 n=3 and 0.1 of n=4)
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Phenol novolak resin hardener

(softening point 90°C, hydroxyl

equivalent 104 g/eq) 4.9 parts by weight
Fused silica powders 78.8 parts by weight
Triphenylphosphine 0.2 part by weight
Carbon black 0.5 part by weight
Carnauba wax 0.5 part by weight

Samples for testing were prepared using the
resulting molding material and were tested in the same
manner as in Example 1. The test results are shown in

Table 2.

Examples 7-10

The componénté were mixed in accordance with
the-formulations of Table 2 and molding materials were
prepared in the same mannér as in Example 6. Molded
products for test were prepared by sealing with the
resulting molding materials. These molded products were
subjected to the soldering crack resistance test and the
soldering meoisture resistance test in the same manner as

in Example 6. The results are shown in Table 2.

Comparative Examples 5-7

The components were mixed in accordance with
the formulations of Table 2 and molding materials were
Prépared in the same manner as in Example 6. Molded

Products for test were prepared by sealing with the
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resulting molding materials. These molded products were
subjected to the soldering‘crack resistance test and the
soldering moisture resistance test in the same manner as

in Example 6. The results are shown in Table 2.



Table 1

Example Comparative Example
1 2 3 5 1 2 4
Epoxy resin of the formula (la) . 10.2}11.3 . 7.0 . 12.4 ] 3.1 0
o-Cresol novolak epoxy resin 0 0 4.6 { 7.9 0 9.4 | 13.2
Hardener of the formula (2a-4) . 9.8 <2 19.6 5.1 . 1.9 1.8 0
Phenol novolak resin hardener . "0 .5 3.3 . 5.7 6.8
Fused silica powder 78.8
Triphenylphosphine 0.2
Carbon black 0.5
Carnauba wax 0.5
Soldering crack resis—| Moisture -
tance test (The number | absorption 0/16 |0/16 | 0/16 | 0/16 | 0/16 | 1/16 | 0/16 | 5/16 {16/16
of samples having 48 Hr
cracks/the total .
number of samples) 'ﬁﬁéifl‘iifon 0/16 | 0/16 | 0/16 | 0/16 | 1/16 | 7716 | 4/16 |14/16|16/16
72 Hr
Average life in ?g%‘;e‘ing moisture >500 | >500 | >500 | >500 | >500 | 400 | 350 | 300 | 200

..L"[_




Table 2

Example Comparative Example
. 6 7 8 9 10 6 7
Epoxy resin of the formula (la) 4 111.0 | 12.4 . 7.2 . 12.5 3.1
o-Cresol novolak epoxy resin 8.1 0 0 . 4.8 . 0 .
Hardener of the formula (2a-2) . 9.0 . 8.8 4.8 . . .
Phenol novolak resin hardener . 0 . 3.2 .7
Fused silica powder 78.8
Triphenylphosphine 0.2
Carbon black 0.5
Carnauba wax ' 0.5
Soldering crack resis—- | Moisture .
tance test (The number | absorption 0/16 | 0/16 | 0/16 | 0/16 | 0/16 2/16 3/16 1/16
of samples having 48 Hr .
cracks/the total -
number of samples) ﬁﬁéiﬁl‘iifon 0/16 | 0/16 | 0/16 | 0/16 | 1716 | 10716 | 14716 | 4/16
72 Hr :

Average life in ?gi_‘;eri“g moisture >500 | >500 | >500 | >500 | >500 | 340 300 360

- 8T -~
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1 Example 11
The following components were mixed at room
temperature by a mixer, kneaded at 70-~100°C by a twin
roll,.cooled and ground to obtain a molding material.
5 Epoxy resin (softening peint 110°C,
-'efoxy equivalent 190g/eq)
represented by the formula (la) 10.3 parts by weight

Ej CH3
H,C~HCCH30 @ @ OCE2CE-CH» (la)
\/ | \o/ |
' HiC CEj3

o—-Cresol novolak epoxy resin
(softening point 65°C, epoxy

Lo equivalent 200 g/eq) : 2.6 parts by weight-
Phenolic resin hardener .
(softening point 123°C, hydroxyl
equivalent 107 g/eq) represented by
the formula (2a-1') 5.7 parts by weight

15 Phenol novolak resin hardener

(softening point 90°C, hydroxyl
equivalent 105 g/eq) 1.4 parts by weight

Fused silica powders 78.8 parts by weight
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Triphenylphosphine ‘ 0.2 part by weight
Carbon black 0.5 part by weight
Carnauba wax 0.5 part by weight

The resulting molding material was shaped into
tablets and chips of 6 x 6 mm were sealed in a 52p
package by a low-pressure transfer molding machine under
the conditions of 175°C, 70 kg/cm2, 120 seconds for
soldering crack resistance test and chips of 3 x 6 mm
were sealed in a 16p SOP package for scldering moisture
resistance test. .

The sealed devices for testing were subjected
to the soldering crack resistance test and soldering |
moisture resistance test in éhe same manner as in

Example 1.

The test results are shown in Table 3.

Examples 12-15

‘ The components were mixed in accordance with
the formulations of Table 3 and molding materials were
Prepared in the same manner as in Example 1l1. Molded
Products for test were prepared by sealing with the
Tesulting molding materials. These molded products were
Subjected to the soldering crack resistance test and the
Soldering moisture resistance test in the same manner as

in Example 1. The results are shown in Table 3.
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Comparative Examples 8-11

The components were mixed in accordance with
the formulations of Table 3 and molding materials were
prepared in the same manner as in Example 11. Molded
products for test were prepared by sealing with the .
resulting molding materials. These molded products were
subjected to the soldering crack resistance test and the
soldering moisture resistance test in the same manner as

in Example 1. The results are shown in Table 3.



Table 3

Example Comparative Example
11 | 12 | 13| 14 | 15 8 10 | 11

Epoxy resin of the formula (la) 12.9 | 4.5 6.5 | 12.9] 4.5 | 12.9 | 3.2 0 3.2
o-Cresol novolak epoxy resin 0 8.4 | 6.5 0 8.4 0 9.7 |12.9| 9.7
foemotal posyh hardener of the 6.0 | 6.0 [ 3.5 | 2.5 | 2.5 [ 1.8 | 6.0 | 7.2 | 1.8
Phenol novolak resin hardener 1.1 1.1 3.5 4.6 4.6 5.8 1.1 0 5.3
Fused silica powder 78.8
Triphenylphosphine 0.2
Carbon black 0.2
Carnauba wax _ 0.5
Soldering crack resis~ | Moisture
tance test (The number | absorption 0/16 | 0/16 | 0/16 | O/16 | O/16 | 1/16 | 3/16 | 8/16 |16/16
of samples having 48 Hr
cracks/the total -
number of samples) ggégﬁgifon 0/16 | 0/16 | 0/16 | 0/16 | 1/16 | 5/16 | 8/16 [11/16]16/16

1r
Average 1lfe in ?gi?e‘i“g moisture 500< | 500< | 500< | 500< | 500< | 280 | 350 | 300 | 100

-z -
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1 Example 16
The following components were mixed at room
éemperature by a mixer, kneaded at 70-100°C by a twin
roll, cooled and ground to obtain a molding material.
5 Epoxy resin (softening point 110°C,

epoxy equivalent 190g/eq) represented

by the formula (la) 9.2 parts by weight
Hj CHj
H2C-HCCE20 @ ocszc\z-caz (la)
\./ . ,
H3C ) CHj
o-Cresol novolak epoxy resin
(softening point 65°C, epdxy
10 equivalent -200 g/eq) 2.3 parts by weight
Phenolic resin hardener (softening
point 110°C, hydroxyl equivalent
155 g/eq) represented by the
formula (2a-2) 6.8 parts by weight

OH 4 . O N

O cu @ B (2a-2)
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(A mixture comprising the compounds shown by n of 1-4
wherein the weight ratio is 1 of n=1, 1.5 of n=2, 0.5 of
n=3 and 0.1 of n=4)

Phenol novolak resin hardener

(softening point 90°C, hydroxyl

equivalent 105 g/eq) 1.7 part by weight
Fused silica powders 78.8 parts by weight
Triphenylphosphine 0.2 part by weight
Carbon black 0.5 part by weight
Carnauba wax 0.5 part by weight

The resulting molding material was shaped into
tablets, and chips of 6 x 6 mm were sealed in a 52p
package by a low-pressure transfer molding machine under
the conditions of 175°C, 70 kg/cm2, 120 seconds for

soldering crack resistance test, and chips of 3 x 6 mm

were sealed in a 16p SOP package for soldering moisture

resistance test.

The sealed devices for testing were subjected
to the soldering crack resistance test and soldering
moisture resistance test in the same manner as in
Example 1.

The test results are shown in Table 4.

Examples 17-20
The components were mixed in accordance with
the formulations of Table 4 and molding materials were

Prepared in the same manner as in Example 16. Molded
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1 products for test were prepared by sealing with the

10

resulting molding materials. These molded products were
subjected to the soldering crack resistance test and the
soldering moisture resistance test in the same manner as

in Example 1. The results are shown in Table 4.

Comparative Examples 12-15

The components were mixed in accordance with
the formulations of Table 4 and molding materials were
prepared in the same manner as in Example 16. Moldeé
products for test were prepared by sgaling with the -
resulting molding materigls. These molded products were
subjected to the soldering crack resistance test and the
soldering moisture resistance test in the same manner as

in Example 1. The results are shown in Table 4.



Table 4

( Example Comparative Example
16 17 18 19 20 12 13 14 15

Epoxy resin of the formula (la) 9.2 {11.0}|12.0]| 5.6 6.1 | 12.9 0 2.6 0

o-Cresol novolak epoxy resin 2.3 0 0 5.6 6.1 0 11.3110.2 | 13.1

Phenolic resin hardener of the ,

Phenol novolak resin hardener 1.7 0 4.0 0 3.9 7.1 0 5.8 6.9

Fused silica powder 78.8

Triphenylphosphine 0.2

Carbon black 0.5

Carnauba wax . 0.5

Soldering crack resis- | Moisture

tance test (The number | absorption 0o/16 | 0/16 | 0/16 | 0/16 | 0/16 | 2/16 | 2/16 | 6/16 {16/16

of samples having 48 Hr : .

cracks/the total Moisture

b £ 1
number of samples) absorption | 0/16 | 0/16 | 0/16 | 0/16 | 2/16 | 5/16 | 8/16 |12/16|16/16
72 Hr
Average life in soldering moisture 500< | 500< | 500< | 500< | 500< | 300 | 420 | 280 | 100
resistance test (Hr)

- 92 -
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1 .Example 21
The following components'were mixed at room
temperature by a mixer, kneaded at 70-100°C by a twin
roll, cooled and ground to obtain a molding material.
5 Epoxy resin (softening point 110°C,
epoxy equivalent 180 g/eq)
represented by the formula (la) 9.3 parts by weight

Cc CE
o

3C

Hjy

3
E2C-HCCE30 ocnzis-cnz (1a)
\O / 5 /
H

H3

o—-Cresol novolak epoxy resin
(softening point 65°C, epéxy
10 equivalent 200 g/eq) 2.3 parts by weight
Phenolic resin hardener (softening
point 90°C, hydroxyl equivalent
152 g/eq) represented by the

formula (2a-3) " 6.7 parts by weight

CH3 CHj3

HO CH OE (2a-3)
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Phenol novolak resin hardener

(softening point 90°C, hydroxyl

equivalent 105 g/eq) 1.7 part by weight
Fused silica powders 78.8 parts by weight
Triphenylphosphine 0.2 part by weight
Carbon black 0.5 part by weight
Carnauba wax 0.5 part by weight

The resulting molding material was shaped into
tablets, and chips of 6 x 6 mm were sealed in a 52p

Package by a low-pressure transfer molding machine under

"the conditions of 175°C, 70 kg/cm2, 120 seconds for

soldering crack resistance test, and chips of 3 x 6§ mm

-were sealed in a 16p SOP.package for soldering moisture

resistance test.

The sealed devices for testing were subjected
to the soldering crack resistance test and soldering
moisture resistance test in the same manner as in
Example 1.

The test results are shown in Table §.

Examples 22-25

The components were mixed in accordance with
the formulations of Table 5 and molding materials were
Prepared in the same manner as in Example 21. Molded
Products for test were prepared by sealing with the
resulting molding materials. These molded products were

Subjected to the soldering crack resistance test and the
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soldering moisture resistance test in the same manner as

in Example 1. The results are shown in Table 5.

Comparative Examples 16-19

The components were mixed in accordance with
the formulations of Table 5 and molding materials were
prepared in the same manner as in Example 21. Molded
products for test were prepared by sealing with the
resulting molding materials. These molded products were
subjected to the soldering crack resistance test and the
soldering moisture resisténce test in the same manner..as

in Example 1. The results are shown in Table 5.



Table 5

|

Example

Comparative Example

resistance test (Hr)

21 22 23 24 25 16 17 18 19
Epoxy resin of the formula (la) 9.3 | 8.9 |12.0} 5.6 | 6.1 | 12.9 0 2.6 0
o-Cresol novolak epoxy resin 2.3 2.2 0 5.6 6.1 0 11.4}10.2 | 13.1
Phenolic resin hardener of the :
formula (2a-2) 6.7 8.8 4.0 8.8 3.9 0 8.§ 1.4 0
Phenol novolak resin hardener 1.7 0 4.0 0 3.9 7.1 0 5.8 6.9
Fused silica powder 78.8
Triphenylphosphine 0.2
Carbon black 0.5
Carnauba wax . 0.5
Soldering crack resis— | Moisture
tance test (The number | absorption 0/16 | 0/16 | 0/16 | 0/16 | 0/16 | 2/16 | 1/16 | 8/16 |16/16
of samples having 48 Hr
cracks/the total Moisture
ber of samples

num ples) absorption | 0/16 | 0/16 | 0/16 | 0/16 | 0/16 | 7/16 | 8/16 |14/16]|16/16

72 Hr
Average life in soldering moisture 500< | 500< | 500< | 500< | 500< | 300 | 350 | 320 | 100

- 0 -
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1 Example 26
The following components were mixed at room
temperature by a mixer, kneaded at 70-100°C by a twin
roll, cooled and ground to obtain a molding material.
5 Epoxy resin (softening point 110°C,
epoxy equivalent 190 g/eq)
represented by the formula (la) 6.8 parts by weight

H3 CH

3
(O)—~O)comgesm  uo
. 0 '
C

H>C~HCCHZ0
Wi
H CH3

3

o-Cresol novolak epoxy resin
-(softening point 65°C,_epéxy
10 equivalent 200 g/eq) ' 4.5 parts by weight
| Hardener (softening point 114°C,
hydroxyl equivalent 216 g/eq)
represented by the
formula (2b-1) 5.3 parts by weight

OH e OH N

@) CE @@ H (2b-1)
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(a mixture comprising the compounds shown by n of 1-4
where the weight ratio is 1 of n=1, 0.2 of n=2 and 0.1
of n=3 or more)
Phenol novolak resin hardener
(softening point 90°C,
hydroxyl equivalent 104 g/eq) 3.4 parts by weight

Fused silica powders 78.8 parts by weight
Triphenylphosphine 0.2 part by weight
Carbon black 0.5 part by weight

Carnauba wax , 0.5 part by weight

The resulting molding material was shaped into
tablets, and chips of 6 x 6 mm were sealed in a 52p
package by a low—-pressure transfer molding machine under
tﬁe éoﬁditions of 175°C; 70 ké/cmZ, 120 secoﬁds for
soldéring crack resistance'test and chips of 3 x 6 mm .
were sealed in a 16p SOP package for soldering moisture
resistance test,

The sealed devices for testing were subjected
to the soldering crack resistance test and soldering
moisture resistance test in the same manner as in
Example 1.

The test results are shown in Table 6.

Examples 27-30
The components were mixed in accordance with
the formulations of Table 6 and molding materials were

prepared in the same manner as in Example 26. Molded



10

15

20

...33_

products for test were prepared by sealing with the

~resulting molding materials. These molded products were

subjected to the soldering crack resistance test and the
soldering moisture resistance test in the same manner as

in Example 1. The results are shown in Table 6.

Comparative Examples 20-23
The components were mixed in accordance with

the formulations of Table 6 and molding materials were

'prepared in the same manner as in Example 26. Molded

products for test were prepared by sealing with the

resulting molding materials. These molded products were
subjected to the soldering crack resistance test and the
soldering moisture resistance test in the same manner as

iﬁ Example 1. The results are shown in Table 6.

Example 31
The'following components were mixed at room
temperature by a mixer, kneaded at 70—100°C by a twin
roll, cooled and ground to obtain a molding material.
Epoxy resin (softening point 110°C,
epoxy equivalent 190 g/eq)
represented by the formula (la) 3.8 parts by weight

H3C CH3

HaC-HCCH20 @ Q OCH2CH~CH> (la)
\o/ \o/

0 0
HiC CH3
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1 o-Cresol novolak epoxy resin
(softening point 65°C, epoxy
equivalent 200 g/eq) 8.6 parts by weight
Hardener (softening point 109°C,
5 hydroxyl equivalent 200 g/eq)
represented by the

formula (2b-2) 2.3 parts by weight
OH 4 OH
| /K
O CH O B (2b-2)
& ©

(a mixture comprising the comgdundg shown by n of 1-4
wherein Ehe weight ratio is 1 of n=1, 0.2 of n=2, 0.1 of
10 n=3 or more) | " |
Phenol novolak resin hardener (softening point 90°C,

hydroxyl egquivalent 104 g/eq) 5.3 parts by weight

Fused silica powders 78.8 parts by weight
Triphenylphosphine 0.2 part by weight
15 Carbon black 0.5 part by weight
Carnauba wax 0.5 part by weight

Samples for the tests were prepared using the
resulting molding materials in the same manner as in
Example 26 and subjected to the tests in the same manner

20 as in Example 1.

The test results are shown in Table 7.
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Examples 32=35

The components were mixed in accordance with
the formulations of Table 7 and molding materials were
prepared in the same manner as in Example 31. Molded
products for test were prepared by sealing with the
resulting molding materials. These molded products were
subjected to the soldering crack resistance test and the
soldering moisture resistance test in the same manner as

in Example 1. The results are shown in Table 7.

Comparative Examples 24-26

The components were mixed in accordance with
the formulations of Table 7 and molding materials were
prepared in the same manner és in Example 31. Molded
products for teétihere.preparéd by séaling with the
resulting molding.materials. These molded products were
subjected to the soldering crack resistance test and the

soldering moisture resistance test in the same manner as

in Example 1. The results are shown in Table 7.



Table 6

{ Example Comparative Example
26 27 28 29 30 20 21 22 23

Epoxy resin of the formula (la) 6.8 9.4 {12.1] 2.9 3.7 2,3 112.3| 3.1 0

o-Cresol novolak epoxy resin 4.5 0 0 6.6 8.6 7.2 0 9.3 }13.2

Hardener of the formula (2b-1) 5.3 |10.6} 2.4 |10.5| 2.4 |10.5| 1. 1.9 0

Phenol novolak resin hardener 3.4 0 5.5 0 5.3 0 . 5.7 | 6.8

Fused silica powder 78.8

Triphenylphosphine 0.2

Carbon black 0.5

Carnauba wax 0.5

Soldering crack resis- | Moisture -

tance test (The number | absorption 6/16 | 0/16 { 0/16 | O/16 | 0/16 | 3/16 | 2/16 | 7/16 |16/16

of samples having 48 Hr

cracks/the total -

number of samples) | 'ﬁﬁéﬁﬁr‘iifon 0/16 | 0/16 | 0/16 | 0/16 | 1716 | 7/16 | 7/16 |12/16|16/16
72 Hr

resiatance test mpCring moisture 500 | 5500 | >500 [ >500 | >500 | 400 | 350 | 300 | 200

- 9f -~




Table 7

Example Comparative Example

31 32 33 34 35 24 25 26
Epoxy resin of the formula (1la) 3.8 9.7 | 12.1| 3.0 6.9 2.4 12.3 3.1
o-Cresol novolak epoxy resin 8.6 0 ] 6.9 4.5 7.5 9.4
Hardener of the formula (2b-2) 2.3 | 10.3 . l0.1 | 5.2 10.1 . 1.8
Phenol novolak resin hardener 5.3 0 5.5 0 3.4 0 . 5.7
Fused silica powder 78.8
Triphenylphosphine 0.2
Carbon black 0.5
Carnauba wax 0.5
Soldering crack resis-| Moisture )
tance test (The number | absorption 0/16 | 0/16 | 0/16 | 0/16 | 0/16 5/16 4/16 7/16
of samples having 48 Hr :
cracks/the total -
number of samples) gg;g:;zfon 0/16 | 0/16 | 0/16 [ 0/16 | 0/16 | 8/16 | 9/16 | 11/16

72 Hr _

?Ziiiﬁ’iniéfieéﬂ “"g%‘)’e‘i“g moisture >500 | >500 | >500 | >500 | >500 | 340 300 360

- L -
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WHAT IS CLAIMED IS:

1. An epoxy resin composition for sealing

semiconductors which comprises as essential components:
(A) an epoxy resin containing a biphenyl type

epoxy resin represented by the following formula (1) in

an amount of 30-100% by weight on the basis of the total

amount of the epoxy resins,

Ry Rs Ry Rj3
E2C~HCCH20 @ @ OCH,CE-CH, (1)
\./ \o/
R2 R

6 Rg Ry

wherein R;-Rg are the same or different atoms or groupé
selected from hydrogen, halogens and alkyl groups,

(B) a hardener containing a phenolic resin_
hardener representgﬁ by the following -formula (2a) or a
haphthol resin hardener represented by the following
formula (2b) in an amount of 30-100% by weight on the

basis of the total amount of the hardener,

N
10)23 ( OH

rz%;i, Rg | (2a)
Ro 3 l Rs}\/{RG

Rg J

n

¥herein Ry-Rg are the same or different atoms or groups

Selected from hydrogen, halogens and alkyl groups, Rg is



I

a group selected from phenyl, naphthyl, anthracenyl and

alkyl groups, and n is 1-6,

OH "~ OE

O ?Eé)/l\ B

wherein R is a group selected from phenyl, naphthyl,

(2b)

anthracenyl and alkyl groups and n is 1-6,

(C) an inorgénic filler, and

(D) a hardening accelerator.
-2, An epoxy resin composition according to.cléim
1, wherein'the,hardener (B)-contains a phenolic resin
hardener represented'by'the_foilowing formula (2a-1) in
an amount of 30-50% by weight on the basis of the total

amount of the hardener:

wherein R is an alkyl group of 1-10 carbon atoms.

3. An epoxy resiﬁ composition according to claim
1, wherein the hardener (B) contains a phenolic resin
hardener represented by the following formula (2a-2) in
an amount of 30-100% by weight on the basis of the total

amount of the hardener:



R LLLd

CH é OE N

O CH @ o8 {2a-2)
L Jn

An epoxy resin composition according to claim

vherein n is 1-6.

4.

1, wherein the hardener (B) contains a phenolic resin

hardener represented by the following formula (2a-3) in

an amount of 30-100% by weight on the basis of the total

amount of the hardener:

EO \O, | CE - O OE - (2a73)



