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(57) ABSTRACT

There is disclosed an encapsulating epoxy resin composi-
tion, containing an epoxy resin (A), a curing agent (B), and
a composite metal hydroxide (C), and having a disk flow
greater than or equal to 80 mm. The resin composition is
preferably applied for encapsulating a semiconductor device
having at least one of features including: (a) at least one of
an encapsulating material of an upper side of a semicon-
ductor chip and an encapsulating material of a lower side of
the semiconductor chip has a thickness less than or equal to
0.7 mm; (b) a pin count is greater than or equal to 80; (¢) a
wire length is greater than or equal to 2 mm; (d) a pad pitch
on the semiconductor chip is less than or equal to 90 um; (¢)
a thickness of a package, in which the semiconductor chip
is disposed on a mounting substrate, is less than or equal to
2 mm; and (f) an area of the semiconductor chip is greater
than or equal to 25 mm?>.
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ENCAPSULATING EPOXY RESIN COMPOSITION,
AND ELECTRONIC PARTS DEVICE USING THE
SAME

CROSS REFERENCE TO THE RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Applications
No. 2002-51652 filed on Feb. 27, 2002, No. 2002-113667
filed on Apr. 16, 2002, No. 2002-61268 filed on Mar. 7,
2002, No. 2002-113690 filed on Apr. 16, 2002, No. 2002-
51643 filed on Feb. 27, 2002, No. 2002-113651 filed on Apr.
16, 2002, and No. 2002-056319 filed on Mar. 1, 2002, the
disclosure of which is expressly incorporated herein by
reference in its entirety. The disclosure of the present
application is also related to the subject matter contained in
Japanese Patent Application No. 2001-292366 filed on Sep.
25, 2001, the disclosure of which is expressly incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION
[0002] 1. Technical Field

[0003] The present invention relates to an encapsulating
epoxy resin composition, an electronic parts device using
the same, and a use of an encapsulating epoxy resin com-
position for encapsulating a semiconductor device.

[0004] 2. Description of the Related Art

[0005] In the field of device encapsulating used for an
electronic parts device such as transistors or 1Cs, in terms of
productivity or manufacturing costs, resin encapsulating has
heretofore been the major trend. Among encapsulating resin
composiltions, epoxy resin compositions have been widely
used. The flame resistance of such an encapsulating epoxy
resin composition has mainly been realized by the combi-
nation of bromide resin such as tetrabromo-bisphenol A
diglycidyl ether and antimony oxide.

[0006] The use of halide resins typified by decabromo
diphenyl ether and antimony compounds has tended to be
regulated in recent years from the viewpoint of environmen-
tal protection. As for the encapsulating epoxy resin compo-
sitions, the use of non-halogenated (non-bromide) and non-
antimony compounds has also been demanded. Moreover,
since the fact that bromide compounds have an adverse
cffect on high temperature storage property of plastic-
encapsulated ICs has been generally known, a reduction in
use of bromide resin has also been required from this
viewpoint. As a method to accomplish flame resistance
without using bromide resin and antimony oxide, some
methods have been tried including a method using flame
retardant other than halides or antimony compounds such as
red phosphorus, phosphate compounds, phosphazene com-
pounds, metal hydroxides, metal oxides, and organic metal
compounds, a method of increasing the filler content, and
the like. Further, there is a method using composite metal
hydroxides (International Publication WO 98/47968, Japa-
nese Unexamined Patent Publication No. 2000-53875).

DISCLOSURE OF INVENTION

[0007] According to knowledge of inventers of the present
invention, each of the fame retardants belonging to a
non-halogenated and non-antimony compound has not
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achieved moldability or reliability which is equivalent to the
encapsulating epoxy resin compositions containing both
bromide resin and antimony oxide. For example, there are
various problems in the following cases: where red phos-
phorus is used, a lowering of moisture resistance is caused;
where a phosphate compound or a phosphazene compound
is used, due to plasticizing efficiency a lowering of mold-
ability and of moisture resistance is caused; where a metal
hydroxide is used, a lowering of fluidity or of mold release
properties is caused; where a metal oxide or an increased
amount of filler is used, a lowering of fluidity is caused; and
in the case where an organic metal compound such as copper
acetylacetonate is used, a curing reaction is hindered, and a
lowering of moldability is caused.

[0008] In addition, with the progression of research on the
use of composite metal hydroxides, the inventors of the
present invention have found that fluidity of the composition
containing composite metal hydroxide becomes lower due to
flow resistance of the composite metal hydroxide, since
crystals thereof are not spherical but tabular.

[0009] Tt is therefore an object of the present invention to
provide an encapsulating epoxy resin composition that is
non-halogenated and non-antimony, and has good fluidity
and frame resistance without decreasing appropriate mold-
ability and reliability for VLSI encapsulation such as reflow
resistance, moisture resistance, and high temperature storage
property.

[0010] It is another object of the present invention to
provide an electronic parts device comprising an elemental
device encapsulated with the encapsulating epoxy resin
composition.

[0011] It is yet another object of the present invention to
provide a use of an encapsulating epoxy resin composition
for a semiconductor device.

[0012] According to the first aspect of the present inven-
tion, there is provided an encapsulating epoxy resin com-
position containing an epoxy resin (A), a curing agent (B),
and a composite metal hydroxide (C), and having a disc flow
greater than or equal to 80 mm.

[0013] According to the second aspect of the present
invention, there is provided an encapsulating epoxy resin
composition according to the present invention for encap-
sulating a semiconductor device having at least one of
features including:

[0014] (a) at least one of an encapsulating material of an
upper side of a semiconductor chip and an encapsulat-
ing material of a lower side of the semiconductor chip
has a thickness less than or equal to 0.7 mm;

[0015] (b) a pin count is greater than or equal to 80,
[0016] (c)awire length is greater than or equal to 2 mm;

[0017] (d) a pad pitch on the semiconductor chip is less
than or equal to 90 um;

[0018] (e) a thickness of a package, in which the semi-
conductor chip is disposed on a mounting substrate, is
less than or equal to 2 mm; and

[0019] (D) an area of the semiconductor chip is greater
than or equal to 25 mm”.
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[0020] According to the third aspect of the present inven-
tion, there is provided an electronic parts device comprising
an elemental device encapsulated with the encapsulating
epoxy resin composition according to the present invention.

[0021] According to the fourth aspect of the present inven-
tion, there is provided a use of an encapsulating epoxy resin
composition for encapsulating a semiconductor device hav-
ing at least one of features including;

[0022] (a) at least one of an encapsulating material of an
upper side of a semiconductor chip and an encapsulat-
ing material of a lower side of the semiconductor chip
has a thickness less than or equal to 0.7 mm;

[0023] (b) a pin count is greater than or equal to 80
[0024] (c) a wire length is greater than or equal to 2 mm;

[0025] (d) a pad pitch on the semiconductor chip is less
than or equal to 90 um;

[0026] (e) a thickness of a package, in which the semi-
conductor chip is disposed on a mounting substrate, is
less than or equal to 2 mm; and

[0027] (F) an area of the semiconductor chip is greater
than or equal 1o 25 mm~.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIGS. 1A to 1C show an example of a semicon-
ductor device (QFP). FIG. 1A is a cross section, FIG. 1B is
a top view partially drawn in perspective, and FIG. 1C is an
enlarged view of a bonding pad portion.

[0029] FIGS. 2A to 2C show an example of a semicon-
ductor device (BGA). FIG. 2A is a cross section view, FIG.
2B is a top view partially drawn in perspective, and FIG. 2C
1s an enlarged view of a bonding pad portion.

[0030] FIGS. 3A and 3B are schematic views showing an
example of a mold array package type BGA device.

[0031] FIG. 4 and FIG. 5 are diagrams schematically
showing a method for determining wire sweep rate.

DETAILED DESCRIPTION OF EMBODIMENTS

[0032] According to the first aspect of the present inven-
tion, there is provided an encapsulating epoxy resin com-
position (hereinafter, simply described as “the resin compo-
sition”) containing an epoxy resin (A), a curing agent (B),
and a composite metal hydroxide (C), and having a disc flow
greater than or equal to 80 mm.

[0033] A “spiral flow” is well known as an index that
indicates a fluidity of a resin composition. According to
knowledge of the inventors of the present invention, the
spiral flow is an index showing fluidity at a high shear speed
range. A shear speed of the encapsulating resin composition
at the measurement of the spiral flow is almost as high as the
shear speed thereof at a gate part, when the encapsulating
resin composition is applied for molding an electronic parts
device such as semiconductor devices. On the other hand, a
“disc flow” of the present invention is an index of fluidity at
a low shear speed range. The shear speed of the encapsu-
lating resin composition at the measurement of the disc flow
is approximately equal to the shear speed thereof inside a
molding cavity in which chips and wires are placed, when
the encapsulating resin composition is applied for molding
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an electronic parts device such as semiconductor devices.
The disc flow and imperfect molding such as voids and wire
sweep were found to correlate closely. Especially, in a
state-of-the art semiconductor package of thin, high pin
count, long wire and narrow pad pitch type, it is newly found
that the disc flow closely correlates with imperfect molding
such as voids and wire sweep. In other words, in the
semiconductor package mentioned above, though there is no
correlation between imperfect molding generation and spiral
flow when the spiral flow is adopted as the index, there is a
correlation between imperfect molding and disc flow when
the disk flow is adopted as the index.

[0034] The disc flow is an index showing the fuidity
under a load of 78 N. More specifically, the disc flow is an
average of measured values of minor and major axes of a
molded sample, when 5 g of the resin composition is molded
under conditions of a mold temperature of 180° C., a load of
78 N, and a curing time of 90 seconds.

[0035] If the disc flow is greater than or equal to 80 mm,
which is a specific value, it is possible to suppress imperfect
molding such as voids generation and wire sweep. By using
the resin composition whose disc flow is greater than or
equal to 80 mm, it is possible to reduce the outbreaks of
imperfect molding such as wire sweep and voids, even in the
semiconductor device of thin, high pin count, long wire and
narrow pad pitch type or in the semiconductor device in
which a semiconductor chip is disposed on a mounting
substrate. Especially, the epoxy resin composition can pref-
erably be used as an encapsulating material for the semi-
conductor device according to the second and fourth aspects
of the present invention.

[0036] From the viewpoint of reducing voids and flashes,
the disc flow is preferably less than or equal to 200 mm.
Moreover, the disc low preferably ranges from 85 to 180
mm, and more preferably from 90 to 150 mm.

[0037] The resin composition contains an epoxy resin (A),
a curing agent (B), and a composite metal hydroxide (C).

[0038] As an epoxy resin of the component (A), one
generally used for known epoxy resin compositions can be
applicable without limitation.

[0039] Non-limiting specific examples include novolak
type epoxy resins (phenol-novolak-type epoxy resins, ortho-
cresol-novolak-type epoxy resins, etc.) obtained by epoxi-
dation of novolak resin which is a product of condensation
or copolycondensation reaction of phenols (phenol series)
such as phenol, cresol, xylenol, resorcin, catechol, bisphenol
A, and bisphenol F, and/or naphtols (naphtol series) such as
a-naphtol, f-naphtol, and dihydroxynaphthalene, with a
compound comprising aldehyde group(s) such as formalde-
hyde, acetaldehyde, propionaldehyde, benzaldehyde, and
salicylaldehyde, under the existence of acid catalyst; digly-
cidyl ethers of bisphenol A, bisphenol F, bisphenol S and the
like (bisphenol type epoxy resins); diglycidyl ethers of
biphenols unsubstituted or substituted with alkyl group(s)
(biphenyl type epoxy resins); stilbene type epoxy resins;
hydroquinone type epoxy resins; glycidyl ester type epoxy
resins obtained by the reaction of polybasic acid such as
phthalic acid, and dimeric acid with epichlorohydrin; gly-
cidylamine type epoxy resins obtained by the reaction of
polyamine such as diaminodiphenylmethane and isocyanu-
ric acid with epichlorohydrine; epoxidation product of
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copolycondensed polymer of dicyclopentadiene and phenols
(dicyclopentadiene type epoxy resins); epoxy resins com-
prising naphthalene ring (naphthalene type epoxy resins);
epoxidation products of aralkyl type phenol resins such as
phenol-aralkyl resins and naphtol-aralkyl resins; trimethy-
lolpropane type epoxy resins; terpene modified epoxy resins;
linear aliphatic epoxy resins obtained by oxidation of olefin
bond(s) by peracid such as peracetic acid; alicyclic epoxy
resins; sulfur atom containing epoxy resins; and triphenyl-
methane type epoxy resins. They can be used singly or in
combination thereof.

[0040] Among them, the biphenyl type epoxy resins, the
bisphenol F type epoxy resins, the stilbene type epoxy resins
and the sulfur atom containing epoxy resins are preferable in
view of reflow resistance, the novolak type epoxy resins are
preferable from the viewpoint of hardening properties, the
dicyclopentadiene type epoxy resins are preferable in view
of low moisture-absorption properties, and the naphthalene
type epoxy resins and the triphenylmethane type epoxy
resins are preferable from the viewpoint of heat resistance
and low warpage properties.
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[0042] Examples of the biphenyl type epoxy resins include
an epoxy resin shown by the general formula (IV) described
below, examples of the bisphenol F type epoxy resins
include an epoxy resin shown by the general formula (V)
described below, and examples of the stilbene type epoxy
resins include an epoxy resin shown by the general formula
(V1) described below. Examples of the sulfur atom contain-
ing epoxy resins include the one comprising sulfide bond or
sulfone bond in the main chain or the one comprising a
functional group(s) containing sulfur atom(s) such as mer-
capto group and sulfonic acid group in the side chain, and
they can be used singly or in combination. Among the above,
a compound shown by the general formula (IIT) described
above is preferable. These four kinds of epoxy resins can be
used singly or in combination thereof, and the amount to be
mixed is preferably greater than or equal to 20 wt %, more
preferably greater than or equal to 30 wt %, and further
preferably greater than or equal to 50 wt %, with respect to
the total amount of the epoxy resins, in order to achieve their
cffects.

)

R! R? RS R® R! R? RS RO
o
CH;—CH—CH,——0 Q O o—C‘H;tL.HCHE)—o O O O—CH,—CH—CH,
\/ ,. Y
R} R* R’ RS R} R* R’ RS

[0041] Among the eight favorable epoxy resins described
above, including the biphenyl type epoxy resins, the bisphe-
nol F type epoxy resins, the stilbene type epoxy resins, the
sulfur atom containing epoxy resins, the novolak type epoxy
resins, the dicyclopentadiene type epoxy resins, the naph-

R! R’ R® R®
CH;—CH—CH, O CH; O—CH,CHCH; 9] CH;
| \/
o OH I's]
R“ R-l R? RS Z

thalene type epoxy resins, and the triphenylmethane type
epoxy resins, each one of the above or a combination of a
plurality of the above may be applicable. The amount to be
mixed thereof is preferably greater than or equal to 50 wt %,
more preferably greater than or equal to 60 wt %, and further
preferably greater than or equal to 80 wi %, with respect to
the total amount of the epoxy resins.

(In the formula (IV), cach one of R to R®, which may be the
same or different to each other, is selected from a hydrogen
atom and a substituted or unsubstituted monovalent hydro-
carbon group having 1 to 10 carbon atoms, and n is an
integer of 0 to 3.)

v

rR! R? RS RS
O—CH,—CH—CH,

R? R! R’ RY

(In the formula (V), each one of R* to R®, which may be the
same or different, is selected from a hydrogen atom, an alkyl
group having 1 to 10 carbon atoms, an alkoxyl group having
1 to 10 carbon atoms, an aryl group having 6 to 10 carbon
atoms and an aralkyl group having 6 to 10 carbon atoms, and
n is an integer of 0 to 3.)
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R! R? R’ R®
C<g7crﬁ—cur€0 CH=CH
]
R? R R’

(In the formula (VI), each one of R' to R®, which may be the
same or different to each other, is selected from a hydrogen
atom and a substituted or unsubstituted monovalent hydro-
carbon group having 1 to 10 carbon atoms, and n is an
integer of 0 to 3.)

R! R?
C{z?{“[‘l—cih‘éo s
¢}
R? rY

(In the formula (IIT), each one of R* to R¥, which may be the
same or different to each other, is selected from a hydrogen
atom and a substituted or unsubstituted monovalent hydro-
carbon group having 1 to 10 carbon atoms, and n is an
integer of 0 to 3.)

RE

RS RS

[0043] Examples of the biphenyl type epoxy resin shown
by the above formula (IV) include epoxy resins comprising
4.4'-bis(2,3-epoxypropoxy)biphenyl  or  4,4"-bis(2,3-¢p-
oxypropoxy)-3,3.,5,5'-tetramethylbiphenyl as a main com-
ponent, and epoxy resins obtained by the reaction between
epichlorohydrin and 4,4'-biphenol or 4,4'-(3,3',5,5'-tetram-
ethyl)biphenol. Among the above, the epoxy resin compris-
ing 4,4'-bis(2,3-epoxypropoxy)-3,3.,5,5-tetramethylbiphe-
nyl as a main component is preferable.

[0044] As the bisphenol F type epoxy resin shown by the
general formula (V) described above, for example, YSLV-
80XY (product name manufactured by Nippon Steel Chemi-
cal Co., Ltd; product name of Tohto Kasei Co., Lid. at
present) is commercially available. The main component of
the YSLV-80XY includes R', R?, R® and R® as methyl, R,
R*, R® and R7 as hydrogen, and n of 0.

[0045] The stilbene type epoxy resin shown by the general
formula (VI) can be obtained by the reaction of a stilbene
type phenol with epichlorohydrin under the existence of
basic substance. Non-limiting examples of the stilbene type

phenols include 3-t-butyl-4,4'-dihydroxy-3',5,5'-trimethyl-

O—CH;CHCH;—~0O

O— CH>CHCH; O S
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(VD)

R R? R’ RY

OH

CH=CH O—CH;—CH—CH;

n 8]
R3 R* R’ R®

stilbene, 3-t-butyl-4,4'-dihydroxy-3',5",6-trimethylstilbene,
4,4-dihydroxy-3,3",5,5"-tetramethylstilbene, 4,4'-dihydroxy-
3,3di-t-butyl-5,5-dimethylstilbene, and 44-dihydroxy-3,
3'-di-t-butyl-6,6'-dimethylstilbene. They can be used singly
or in combination thereof. Among the above, 3-1-butyl-4,4'-

(1)

OH

O—CHy—CH—CH;

1 o]

dihydroxy-3',5,5'-trimethylstilbene and 4,4'-dihydroxy-3,3',
5,5 -tetramethylstilbene are preferable.

[0046] Among the sulfur atom containing epoxy resin
represenied by the general formula (I1I), the epoxy resins
having R' to R® selected from a hydrogen atom and a
substituted or unsubstituted alkyl group of 1 to 10 carbon
atoms are preferable, Moreover, the epoxy resins in which
R2, R? R® and R7 are hydrogen and R, R*, R® and R® are
alkyl are more preferable. The epoxy resins in which R?, R?,
R® and R” are hydrogen, R' and R® are t-butyl, and R* and
R? are methyl are further preferable. As the resin belonging
to the above, for example, YSLV-120TE (product name
manufactured by the Nippon Steel Chemical Co., Litd.;
product name of Tohto Kasei Co., Ltd. at present) is com-
mercially available.

[0047] As the component (A), one or more kinds of the
epoxy resins exemplified here may be used in addition to the
sulfur atom containing epoxy resin. In this case, the amount
to be mixed of the epoxy resins containing no sulfur atom is
preferably less than or equal to 50 wt % with respect to the
total amount of the epoxy resins. When the amount thereof
exceeds 50 wt %, the sulfur atom containing epoxy resin
cannot show its excellent characteristics.

[0048] Examples of the novolak type epoxy resins include
an epoxy resin shown by the general formula (VII) described
below.
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5
(VII)
CH;—CH—CH;—0 CHy—CH—CH,—0O CHy—CH—CH,—O
R R / R
B A s} \A 0 \-.A
| . L - |
CH; I CH3 I

(In the formula (VII), R is selected from a hydrogen atom
and a substituted or unsubstituted monovalent hydrocarbon
group having 1 to 10 carbon atoms, and n is an integer of 0
o 10.)

[0049] The novolak type epoxy resin shown by the general
formula (VII) described above can simply be obtained by the
reaction of a novolak type phenol resin with epichlorohy-
drin. Specifically, as the R in the general formula (VII), alkyl
groups having 1 to 10 carbon atoms such as methyl, ethyl,
propyl, butyl, isopropyl and isobutyl, and alkoxyl groups
having 1 to 10 carbon atoms such as methoxy, ethoxy,
propoxy, and butoxy are preferable, and hydrogen and
methyl are more preferable. The letter n is preferably an
mnteger of 0 to 3. Among the novolak type epoxy resin shown
by the general formula (VII), orthocresolnovolak type epoxy
resins are preferable.

[0050] When the novolak type epoxy resin is used, the
amount to be mixed is preferably greater than or equal to 20
wi %, and more preferably greater than or equal to 30 wt %,
with respect to the total amount of the epoxy resins, in order
to obtain its characteristics.

[0051] Examples of the dicyclopentadiene type epoxy
resins include an epoxy resin shown by the general formula
(VIII) described below.

O—CH;—CH—CH;

O—CH,—CH—CH,

Vi ]
@%@f\s\/_&\j |

(R?)y

(In the formula (VIII), R* and R? are independently selected
from a hydrogen atom and a substituted or unsubstituted
monovalent hydrocarbon group having 1 to 10 carbon
atoms, n is an integer of 0 to 10, and m is an integer of O to
6.)

[0052] Non-limiting examples of R' in the general for-
mula (VIII) described above include hydrogen atom; alkyl

W

(R

groups such as methyl, ethyl, propyl, butyl, isopropyl, and
t-butyl; alkenyl groups such as vinyl, allyl, and butenyl;
alkyl groups substituted with amino group(s); substituted or
unsubstituted monovalent hydrocarbon groups of 1 to 10
carbon atoms such as mercapto-substituted alkyl group.
Among the above, substituted or unsubstituted monovalent
hydrocarbon groups having 1 to 5 carbon atoms are prefer-
able. Alkyl groups such as methyl and ethyl and hydrogen
atom are more preferable, and methyl and hydrogen are
further preferable. Non-limiting examples of R* include
hydrogen atom, and substituted or unsubstituted monovalent
hydrocarbon groups having 1 to 10 carbon atoms which
include alkyl groups such as methyl, ethyl propyl, butyl,
isopropyl, and t-butyl, alkenyl groups such as vinyl, allyl,
and butenyl, amino-substituted alkyl groups, and mercapto-
substituted alkyl groups. Specifically, among the above,
substituted or unsubstituted monovalent hydrocarbons hav-
ing 1 to 5 carbon atoms are preferable, and hydrogen atom
is more preferable.

[0053] When the dicyclopentadiene type epoxy resins is
used, the amount to be mixed is preferably greater than or
equal to 20 wt %, more preferably greater than or equal to

(VI
O—CH,—CH—CH,

(o]

=

o

RrR!

B

30 wt %, with respect to the total amount of the epoxy resins,
in order to obtain its characteristics.

[0054] Examples of the naphthalene type epoxy resins
include an epoxy resin shown by the general formula (IX)
described below, and examples of the triphenylmethane type
epoxy resins include an epoxy resin shown by the general
formula (X).
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(IX)

[\’\/\
/\/\,\)

(RY); (R2) RY);

(In the formula (IX), R to R?, which may be the same or
different to each other, are selected from a hydrogen atom
and a substituted or unsubstituted monovalent hydrocarbon
group having 1 to 12 carbon atoms. The letter pis 1 or 0, h
and m are respectively integers ranging from 0 to 11, the
sum of (h+m) is an integer of 1 to 11, the sum of (h+p) is an
integer of 1 to 12, and the mdl\flduals of h, m and p are
decided to satisfy the conditions described above. The letter
iis an integer of 0 to 3, j is an integer of 0 to 2, and k is an
integer of 0 to 4.)

O—CH»‘—CII—CIL O—CH;—CH—CH;

7 Z

(RY

J { \,\J_CH’J V/\/\,\)

\\J; I \\\'
“ ] |
YAX /\

R O—CH;CH—CH; R

=\___________/

(In the formula (X), R is selected from a hydrogen atom and
a substituted or unsubstituted monovalent hydrocarbon
group having 1 to 10 carbon atoms, and n is an integer of 1
to 10.)

[0055] Non-limiting examples of the naphthalene type
epoxy resin shown by the general formula (IX) described
above include random copolymers randomly including both
h sets of constitutional units and m sets of the constitutional
units, alternating copolymers including the two by turns,
copolymers including the two in a regular way, and block
copolymers including the two in the form of blocks. They
can be used singly or in combination thereof.

[0056] The naphthalene type epoxy resins and the triph-
enylmethane type epoxy resins can be used singly or in
combination, and the amount thereof is preferably greater
than or equal to 20 wt %, more preferably greater than or
equal to 30 wt %, and further preferably greater than or equal
to 50 wt %, with respect to the total amount of the epoxy
resins, in order to achieve their effects.

[0057] As a curing agent of the component (B), one
generally used for known epoxy resin compositions can be

used without limitation. Non-limiting examples thercof

Ry
P h-P

include novolak type phenol resins obtained by condensa-
tion or copolycondensation reaction of phenols (phenol
series) such as phenol, cresol, resorcin, catechol, bisphenol
A, bisphenol F, phenylphenol, and aminophenol, and/or
naphtols (naphtol series) such as a-naphtol, f-naphtol, and
dihydroxynaphthalene, with a compound comprising alde-
hyde group(s) such as formaldehyde, benzaldehyde and
salicylaldehyde under the existence of acid catalyst; aralkyl
type phenol resins such as phenol-aralkyl resins, and naph-
tol-aralkyl resins, synthesized from phenols and/or naphtols

X)

O—CH;—CH—CH;

and dimetoxyparaxylene or bis(metoxymethyl)biphenyl;
dicyclopentadiene type phenol resins synthesized by copo-
lymerization of phenols and/or nathtols and dicyclopenta-
diene, such as dicyclopentadiene type phenol novolak resins
and dicyclopentadiene type naphtol novolak resins; terpene
modified phenol resins; biphenyl type phenol resins; and
triphenylmethane type phenol resins. They can be used
singly or in combination thereof.

[0058] Among the above, the biphenyl type phenol resins
are preferable from the viewpoint of flame resistance, the
aralkyl type phenol resins are preferable from the viewpoint
of reflow resistance and hardening properties, the dicyclo-
pentasiene type phenol resins are preferable from the view-
point of low moisture-absorption properties, the triphenyl
methane type phenol resins are preferable from the view-
point of heat resistance, low expansion coefficient and low
warpage properties, and the novolak type phenol resins are
preferable from the viewpoint of hardening properties.
Therefore, at least one kind of the phenol resins above is
preferably contained.

[0059] As the biphenyl type phenol resins, a phenol resin
shown by the general formula (XI) described below, for
example, is enumerated.

10
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OH Q! 22 g RS OH

R

[0060] In the above formula (XI), R' to R? may be the
same or different to each other, and are selected from a
hydrogen atom, an alkyl group having 1 to 10 carbon atoms
such as methyl, ethyl, propyl, butyl, isopropyl, and isobutyl,
an alkoxyl group having 1 to 10 carbon atoms such as
methoxy, ethoxy, propoxy, and butoxy, an aryl group having
6 to 10 carbon atoms such as phenyl, tolyl, and xylyl, and an
aralkyl group having 6 to 10 carbon atoms such as benzyl,
and phenethyl. Among the above, hydrogen and methyl are
preferable. The letter n is an integer of 0 to 10.

[0061] Non-limiting examples of the biphenyl type phenol
resin shown by the general formula (XI) described above
include compounds having R* to R® which are all hydrogen,
and among the above, a mixture containing greater than or
equal to 50 wt % of a condensation reaction product having
n being greater than or equal to 1 is preferable from the
viewpoint of melt viscosity. As such compound, MEH-7851
(product name manufactured by Meiwa Plastic Industries,
Ltd.) is commercially available.

[0062] When the biphenyl type phenol resin is used, the
amount to be mixed is preferably greater than or equal to 30
wi %, more preferably greater than or equal to 50 wt %, and
further preferably greater than or equal to 60 wt %, with
respect to the total amount of the curing agents, in order to
obtain its effects.

[0063] Non-limiting examples of aralkyl type phenol res-
ins include phenol-aralkyl resins, and naphtol-aralkyl resins.
A phenol-aralkyl resin shown by the general formula (XII)
described below is preferable, and the phenol-aralkyl resin
in which R in the general formula (XII) is hydrogen, and the
average of n ranges from 0 to 8 is more preferable.

| ~=—CH; -—CHy——

\/ \,\)

(In the formula (XII), R is selected from a hydrogen atom
and a substituted or unsubstituted monovalent hydrocarbon
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group having 1 to 10 carbon atoms, and n is an integer of 0
to 10.)

[0064] The specific examples thereof include p-xylylene
type phenol-aralkyl resins, and m-xylylene type phenol-
aralkyl resins. When the aralkyl type phenol resin is used,
the amount to be mixed is preferably greater than or equal
to 30 wt % and more preferably greater than or equal to 50
wt %, with respect 1o the total amount of the curing agents,
in order to obtain its effects.

[0065] As the dicyclopentadiene type phenol resins, a

phenol resin shown by the general formula (XIIT) described
below is enumerated.

(X1

Mo @r/v

(R P (R Jm

(In the formula (XIII), R" and R* are independently selected
from a hydrogen atom and a substituted or unsubstituted
monovalent hydrocarbon having 1 to 10 carbon atoms, and
n and m are integers that range from 0 to 10 and from 0 to
6 respectively.)

[0066] When using dicyclopentadiene type phenol resin,
the amount to be mixed is preferably greater than or equal
to 30 wt % and more preferably greater than or equal to 50

(X1

——CH, (\ ——CH,—— |

wt 96, with respect to the total amount of the curing agents,
in order to obtain its effects.
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[0067] Examples of the triphenylmethane type phenol
resins include a phenol resin shown by the general formula
(XIV) described below.

(In the formula (XIV), R is selected from a hydrogen atom
and a substituted or unsubstituted monovalent hydrocarbon
having 1 to 10 carbon atoms, and n is an integer of 1 to 10.)

[0068] When the triphenylmethane type phenol resin is
used, the amount to be mixed is preferably greater than or
equal to 30 wi % and more preferably greater than or equal
to 50 wt %, with respect to the total amount of the curing
agents, in order to obtain its effects.

[0069] Examples of the novolak type phenol resins include
phenol novolak resins, cresol novolak resins, and naphtol
novolak resins. Among the above, the phenol novolak resins
are preferable. When the novolak type phenol resin is used,
the amount to be mixed is preferably greater than or equal
to 30 wt % and more preferably greater than or equal to 50
wt %, with respect to the total amount of the curing agents,
in order to obtain its effects.

[0070] The resins described above including the biphenyl
type phenol resins, the aralkyl type phenol resins, the
dicyclopentadiene type phenol resins, the triphenylmethane
type phenol resins, and the novolak type phenol resins may
be used singly or in combination thereof. When one of the
above is used, the amount to be mixed is preferably greater
than or equal to 30 wt %, more preferably greater than or
equal to 50 wt %, and further preferably greater than or equal
to 60 wt %, with respect to the total amount of the curing
agents (B), in order to obtain its effects. When the two or
more arbitrary ones above are mixed, the amount thereof is
preferably greater than or equal to 60 wt %, and more
preferably greater than or equal to 80 wt %, with respect to
the total amount of the curing agents.

[0071] The equivalence ratio between the epoxy resin (A)
and the curing agent (B), in other word, the ratio of hydroxyl
group within the curing agent (B) to epoxy group within the
epoxy resin (A) (that is, the number of hydroxyl group in the
curing agent divided by the number of epoxy group in the
epoxy resin) is not specifically limited. However, the ratio is
preferably set in a range of 0.5 to 2, and more preferably of
0.6 to 1.3, in order to reduce unreacted components. From
the viewpoint of improving moldability and reflow resis-
tance properties, a ratio in a range of 0.8 to 1.2 is further
preferable.

[0072] A composite metal hydroxide of the component (C)
works as a flame retardant that consists of hydroxides of
plural metals, in other word, a solid solution or a mixture of
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two or more kinds of metal hydroxides. The composite metal
hydroxide is preferably stable under temperatures ranging
from room temperature to the one used during mounting,
from the viewpoint of improving moldability and reducing
molding defects such as voids. When the composite metal
hydroxide is used as a flame retardant, it is preferable that
the components (A) and (B) cause dehydration at the tem-
perature range under which the both components are decom-
posed. Any publicly known manufacturing method of the
composite metal hydroxide is applicable. For example, it can
be prepared by a precipitation method under which a metal
salt dissolved in a good solvent gradually drops into an
aqueous alkali solution.

[0073] Though there are no limitations as long as the effect
of the present invention can be obtained, a compound
represented by the chemical composition formula (C-I)
described below is preferable as the component (C).

P(M*a0b).g(M*cOd).r(M>*cOd).mH,0O (C-I)
(In the formula (C-I), M', M? and M? are different metal
clements each other, a, b, ¢, d, p, g, and m are positive
numerals, and r is 0 or a positive numeral.)

[0074] Among the above, a compound in which r in the
formula (C-I) described above is 0, in other word, a com-
pound represented by the chemical composition formula
(C-I1) described below is more preferable.

m(M'aOb)n(M?cOd)-h(H,0) (c-n
(In the formula (C-II), M' and M? represent different metal
elements each other, and a, b, ¢, d, m, n, and h are positive
numerals.)

[0075] M' and M? in the chemical composition formulas
(C-I) and (C-II) described above are different metal elements
cach other and there are no specific limitations imposed
thereon. From the viewpoint of better flame resistance, while
avoiding sclecting a same metal for M' and M?, M' is
preferably selected from the group consisting of metal
elements belonging to the third period, alkaline earth metal
clements of group IIA and metal elements belonging to
groups [VB, 1B, VIIL, IB, 1IIA and IVA, and M? is prefer-
ably selected from transition metal elements of groups I1IB
to IIB. The metal M' is more preferably selected from the
group consisting of magnesium, calcium, aluminum, tin,
titanium, iron, cobalt, nickel, copper and zinc, and M is
more preferably selected from the group consisting of iron,
cobalt, nickel, copper and zinc. From the viewpoint of
fluidity, M" is preferably magnesium and M? preferably zinc
or nickel, and the case that M' is magnesium and M? is zinc
is more preferable. Here, metal elements include so-called
semimetal elements, that is, the metal elements represent all
the elements except nonmetal elements. The classification of
the metal elements is based on the long form of the periodic
law table, in which typical elements are to be in A subgroup
and transition elements are to be in B subgroup, and the
source of which is: The Encyclopedia Chimica, vol. 4, the
reduced size edition 30™, Feb. 15, 1987, published by
Kyoritsu Shuppan Co., Lid.).

[0076] Though the molar ratio between p, q and r in the
chemical composition formula (C-I) described above is not
especially limited, r is preferably equal to 0 and the molar
ratio between p and q (p/q) is preferably 99/1 to 50/50. In
other words, the molar ratio between m and n (m/n) in the
chemical composition formula (C-I1) described above is
preferably 99/1 to 50/50.

12



US 2006/0014873 Al

[0077] In terms of a commercialized composite metal
hydroxide, the component (C), for example, the Echomag
Z-10 that is the product name manufactured by the Tateho
Chemical Industries Co., Lid. is available.

[0078] The shape of the composite metal hydroxides is not
especially limited. However, from the viewpoint of fluidity,
polyhedrons with appropriate thickness are more preferable
than tabular ones. Compared with metal hydroxides, poly-
hedral crystals of the composite metals hydroxides are easy
to obtain. Though the amount to be mixed of the composite
metal hydroxide to the amount of the resin composition is
not specifically limited, greater than or equal to 0.5 wt % is
preferable from the viewpoint of flame resistance, less than
or equal to 20 wt % is preferable from the viewpoint of
fluidity and reflow resistance, a range of 0.7 to 15 wt % is
more preferable, and a range of 1.4 to 12 wt % is further
preferable.

[0079] In the first preferred embodiment, an inorganic
filler (D) can be mixed in order to reduce moisture absorp-
tion and linear expansion coefficient, and to improve thermal
conductivity and strength. Non-limiting examples of the
inorganic filler include fused silica, crystal silica, alumina,
zircon, calcium silicate, calcium carbonate, potassium titan-
ate, silicon carbide, silicon nitride, aluminum nitride, boron
nitride, beryllia, zirconia, forsterite, steatite, spinel, mullite,
and titania, which are provided in the form of powder or
ensphered beads, glass fiber and the like. They can be used
singly or in combination thereof. Among the above, fused
silica is preferable from the viewpoint of lower linear
expansion coefficient, alumina is preferable from the view-
point of better thermal conductivity, and the shape of the
filler is preferably spherical from the viewpoint of Huidity
and mold abrasion resistance when used for molding.

[0080] In terms of the amount of the component (D) to be
mixed with respect to the total amount of the resin compo-
sition, greater than or equal to 60 wt % is preferable, greater
than or equal to 75 wt % is more preferable, greater than or
equal to 80 wt % is further preferable, and greater than or
equal to 88 wt % is still further preferable, from the
viewpoint of reflow resistance, fluidity, flame resistance,
moldability, reduction in moisture absorption and linear
expansion coeflicient, and improvement in strength. On the
other hand, the amount to be mixed thereof is preferably less
than or equal to 95 wt %, and more preferably less than or
equal to 92 wt %. That is, a preferable range is from 70 to
95 wt %, and a more preferable range is from 75 to 92 wt
9. Or, depending upon the intended use or the like, a
preferable range is from 80 to 95 wt %, and a more
preferable range is from 88 to 92 wt %. When the amount is
less than 60 wt %, flame resistance and reflow resistance
tend to be worse, and when the amount exceeds 95 wt %,
fluidity tends to be insufficient.

[0081] In the second preferred embodiment, a silane cou-
pling agent (E) having a secondary amino group(s) within
the molecule is mixed in the resin composition from the
viewpoint of fluidity, mold release and disc flow properties.
Especially, an aminosilane coupling agent represented by
the general formula (I) described below is more preferable.
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(In the formula (I), R" is selected from the group consisting
of a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms and an alkoxy group having 1 or 2 carbon atoms, R*
is selected from an alkyl group having 1 to 6 carbon atoms
and a phenyl, R¥ indicates methyl or ethyl, n is an integer
ranging from 1 to 6, and in is an integer of 1 to 3).

[0082] Non limiting examples of the aminosilane coupling
agent shown by the general formula (I) described above
include y-anilinopropyltrimethoxysilane, y-anilinopropyltri-

ethoxysilane, v-anilinopropylmethyldimethoxysilane,
y-anilinopropylmethyldiethoxysilane,  y-anilinopropyleth-
yldiethoxysilane, y-anilinopropylethyldimethoxysilane,

y-anilinomethyltrimethoxysilane, y-anilinomethyltriethox-
ysilane, y-anilinomethylmethyldimethoxysilane, y-anili-
nomethylmethyldiethoxysilane, y-anilinomethylethyldi-
cthoxysilane, y-anilinomethylethyldimethoxysilane, N-(p-
methoxyphenyl)-y-aminopropylirimethoxysilane, N-(p-
methoxyphenyl)-y-aminopropyliriethoxysilane, N
(p-methoxyphenyl)-y-aminopropylmethyldimethoxysilane,
N-(p-methoxyphenyl)-y-aminopropylmethyldiethoxysilane,
N-(p-methoxyphenyl)-y-aminopropylethyldicthoxysilane,
and N-(p-methoxyphenyl)-y-aminopropylethyldimethoxysi-
lane. Especially, y-anilinopropyltrimethoxysilane is prefer-
ably used.

[0083] Non-limiting examples of the component (E) other
than the one described by the above general formula (I)
include y-(N-methyl)aminopropyltrimethoxysilane, vy-(N-
cthyl) aminopropylirimethoxysilane, y-(N-butyl)aminopro-
pyltrimethoxysilane,  y-(N-benzyl)aminopropyltrimethox-
ysilane, y-(N-methyl)aminopropyltriethoxysilane, y-(N-
ethyl)aminopropyltriethoxysilane, v-(N-butyl)
aminopropyltricthoxysilane,  y-(N-benzyl)aminopropyliri-

ethoxysilane, y-(N-methyl)aminopropylmeth-
yldimethoxysilane, y~(N-ethyl)aminopropylmeth-
yldimethoxysilane, y-(N-butyl)

aminopropylmethyldimethoxysilane,  y-(N-benzyl)amino-
propylmethyldimethoxysilane, N-f-(aminoethyl)-y-amino-
propylirimethoxysilane,  y-P-aminoethyl)aminopropyliri-
methoxysilane, and  N-fi-(N-vinylbenzylaminoethyl)-y-
aminopropyltrimethoxysilane.

[0084] When the component (E) is mixed into the resin
composition, the adhesion between the essential components
and the optional components such as the filler improves and
consequently the functions and the effects of the essential
and optional components can appropriately be exhibited.
Especially among the optional components, from the view-
point of obtaining the function and effect of the component
(D) appropriately, the components (E) and (D) are preferably
used in combination.

[0085] The amount to be mixed of the component (E)
preferably ranges from 0.037 to 4.75 wt % and more
preferably from 0.088 to 2.3 wt %, with respect to the total
amount of the resin composition, from the viewpoint of
moldability and adhesion to a frame. In the case that the
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inorganic filler of the component (D) is added, the amount
to be mixed of the component (E) is preferably in a range of
0.05 to 5 wt % and more preferably in a range of 0.1 to 2.5
wi %, with respect to the amount of the inorganic filler, from
the viewpoint of moldability and adhesion to a frame. In the
case that another kind of coupling agent are used in addition
to the above, the amount to be mixed of the component (E)
is preferably greater than or equal to 30 wt %, and more
preferably greater than or equal to 50 wt %, with respect to
the total amount of coupling agents, in order to obtain its
eflects.

[0086] Especially as in the case with the resin composition
according to the second aspect mentioned below, when used
in a semiconductor device of thin, high pin count, long wire,
and narrow pad pitch type, the amount to be mixed of the
component (E) is preferably equal to or greater than 0.037
wt %, in order to reduce imperfect molding such as wire
sweep and voids due to lower disc flow and to avoid inferior
adhesion to a frame.

[0087] In the third preferred embodiment, a phosphorus
atom-containing compound (F) is additionally mixed in
order to improve flame resistance. As the component (F), it
is preferable to use one or more compounds selected from
the group consisting of red phosphorus, phosphate, and a
compound containing phosphorus and nitrogen (a com-
pound having a phosphorus-nitrogen bond(s) therein).

[0088] When red phosphorus is used, both of a simple
substance thercof and a surface coated one with an organic
or an inorganic compound can be used. The surface coating
of red phosphorus can be conducted by any optional, pub-
licly known way and there is no limitation also on the
coating order. Two or more of metal hydroxide, composite
meltal hydroxide, metal oxide and thermosetting resin can be
used at the same time for coating. The non-limiting
examples for manufacturing coated red phosphorus are as
follows. An aqueous solution of an aqueous soluble metal
salt is added into an aqueous suspension of red phosphorus,
and metal hydroxide is then absorbed and separated on red
phosphorus to coat the surface thereof by a double decom-
position of the metal salt and sodium hydroxide or potas-
sium hydroxide, or ammonium bicarbonate. Or, further the
above obtained red phosphorus coated with metal hydroxide
is heated to convert the metal hydroxide into metal oxide,
then the obtained red phosphorus coated with metal oxide is
suspended again in water, and the particles of the coated red
phosphorus are coated with a thermosetting resin by poly-
merizing its monomers on the surface of the particles.

[0089] Non-limiting examples of thermosetting resins
include epoxy resins, urethane resins, cyanate resins, phenol
resins, polyimide resins, melamine resins, urea-formalde-
hyde resins, furan resins, aniline-formaldehyde resins,
polyamide resins, and polyamideimide resins, which are
publicly known. The monomers or oligomers of the above
resins are also applicable, with which polymerization and
coating are occurred at the same time, thus forming the
above mentioned thermosetting resins as a coating layer. The
amount to be mixed of red phosphorus is preferably in a
range of 0.5 to 30 wt % to the total amount of the epoxy
resin.

[0090] From the viewpoint of fluidity (the disc flow prop-
erty), the use of a phosphate as the component (F) is
preferable. Since phosphates work as a plasticizer and a
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flame retardant, the use thereof enables the reduction in the
amount to be mixed of the component (C).

[0091] Phosphate is an ester compound made of phospho-
ric acid and alcoholic compound or phenolic compound, and
there are no specific limitations imposed thereon. Non-
limiting examples thereof include trimethyl phosphate, tri-
cthyl phosphate, triphenyl phosphate, tricresyl phosphate,
trixylenyl phosphate, cresyldiphenyl phosphate, xylenyl-
diphenyl phosphate, tris(2,6-dimethylphenyl) phosphate,
and aromatic condensed phosphates. Especially, from the
viewpoint of hydrolysis resistance, an aromatic condensed
phosphate shown by the general formula (II) described
below is preferable.

(I

(In the formula (1), R represents an alkyl group having 1 to
4 carbon atoms, and Ar represents an aromatic group. All of
R may be the same or different to each other.)

[0092] As the phosphate described by the above general
formula (II), phosphates described by the structural formula
(XV) described below can be exemplified.

(XVa)
CHj;
0] 0
I
D—k—Q )—P_O
0] o]
CH;
H4C Cl H\
(XVb)
CH; H5C
o] (o]
Il Il
O—P‘—'O Q=—pP=—0
o] (0]

CH;
H5C CH; HiC CH\
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-continued
(XVe)
CH; H;C
O 0
1l I
OB 0—F=0
O o]
CH; H;C
H;C CH; HyC CH;
(Xvd)
CH; HyC CH; HC
[} 0
Il 1
o— 1|)—0 O-II’—O
0] 0
CH; HiC CH; HyC
H;C. CHy HaC. CHa
(XVe)
CH, HiC

[0093] The amount of the phosphate to be added, in terms
of the quantity of phosphorus atoms in the total amount of
the all components excluding filler, is preferably greater than
or equal to 0.2 wt % from the viewpoint of flame resistance
effect and preferably less than or equal to 3.0 wt % from the
viewpoint of moldability, moisture resistance and appear-
ance. If the amount exceeds 3.0 wt %, the phosphate may
sometimes be exuded on molding, harming the appearance.
Especially, as the resin composition according to the second
aspect mentioned later, when applied to a semiconductor
device of thin, high pin count, long wire and narrow pad
pitch type, the amount of phosphate is preferably greater
than or equal to 0.2 wt %, in order to avoid imperfect
molding such as wire sweep and voids due to lowering of
disc flow.

[0094] As a compound containing phosphorus and nitro-
gen, cyclophosphazene compounds disclosed in the Japa-
nese Unexamined Patent Publication No. Hei 8(1996)-
225714 are exemplified. Specific examples include cyclic
phosphazene compounds containing a repeating unit of the
following formulas (XVIa) and/or (XVIb) in the skeletal
main chain thereof, and cyclic phosphazene compounds
containing a repeating unit in which phosphazene ring is
substituted at different positions with respect to phosphorus
atoms as shown in the formula (XVIc) and/or (XVId).
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[0095] Here, in the formulas (XVIa) and (XVIc), m is an
integer ranging from 1 to 10, R' to R* are selected from a
substituted or unsubstituted aryl group and alkyl group
having 1 to 12 carbon atoms. All of R* to R* may be the same
or different to each another, but at least one of them has a
hydroxyl group. The letter A indicates an alkylene group or
an arylene group having 1 to 4 carbon atoms. In the formulas
(XVIb) and (XVId), the letter n is an integer ranging from
1 to 10, R® to R* are selected from a substituted or unsub-
stituted alkyl group and aryl group having 1 to 12 carbon
atoms, all of R® to R® may be the same or different to each
other, and the letter A indicates an alkylene group or an
arylene group having 1 to 4 carbon atoms. In addition, R',
R, R* and R" in m sets of repeating units may be completely
the same or different to each other, and R, R®, R” and R® in
n sets of repeating units may be completely the same or
different to each other.

[0096] In the formulas (XVIa) to (XVId), non-limiting
examples of substituted or unsubstituted alkyl groups or aryl
groups having 1 to 12 carbon atoms indicated by R to R®
include alkyl groups such as methyl, ethyl, propyl, isopro-
pyl, butyl, isobutyl, sec-butyl, and tert-butyl; arvl groups
such as phenyl, 1-naphthyl, and 2-naphthyl; aryl groups
substituted with alkyl such as o-tolyl, m-tolyl, p-tolyl, 2,3-
xylyl, 2.4-xylyl, o-cumenyl, m-cumenyl, p-cumenyl, and
mesityl; and alkyl groups substituted with aryl such as
benzyl, and phenetyl. For the substituting groups with which
the groups listed above are further substituted, alkyl groups,
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alkoxy groups, aryl groups, hydroxyl group, amino group,
epoxy group, vinyl group, hydroxyalkyl groups, and alky-
lamino groups are exemplified.

[0097] Among the above, from the viewpoint of heat
resistance and moisture resistance of the resin composition,
aryl groups are preferable, and phenyl and hydroxyphenyl
groups are more preferable. Especially, at least one of R' to
R* is preferably a hydroxyphenyl group, and more prefer-
ably, any one of R to R" is a hydroxyphenyl group. All of
the R' to R® may be hydroxyphenyl groups, but the cured
resin composition may become brittle. If all of the R' to R®
are phenyl groups, heat resistance of the cured resin com-
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the formulas (XVIc) and (XVId). The copolymers may be
random copolymers, block copolymers or alternating
copolymers. The mole ratio in the copolymer, m/n may,
though there is no limitation imposed, preferably range from
1/0 to 1/4, and more preferably from 1/0 to 1/1.5, from the
viewpoint of improving heat resistance and strength of the
cured resin composition. The polymerization degree, m+n,
preferably ranges from 1 to 20, more preferably from 2 to 8,
and still more preferably from 3 to 6.

[0100] The preferable examples of the cyclic phosphazene
compounds include a polymer shown by the following
formula (XVII) and a copolymer shown by the following
formula (XVIII).

(XVID
[ R R2 1w R?
o, O o, O
\P/ \[’/
i Y
Q()_ P\ ‘¢P_04©70_ \\ﬁp_(‘)‘@
o o o 0
L RS R‘i o] R3 R-I
m
XV
[ R R? B _ R RS
0\ /0 0\ /0 0\ /0
>p v P
NT N “TRN NT ®N

I |
L — P\ \9 P—o

position tends to decrease because the compound is not
taken into the cross linking structure of the epoxy resin.

[0098] Non-limiting examples of alkylene groups and
arylene groups having 1 to 4 carbon atoms shown by A in the
above mentioned formulas (XVIa) to (XVId) include meth-
ylene, ethylene, propylene, isopropylene, butylene, isobuty-
lene, phenylene, tolylene, xylylene, and naphthylene. From
the viewpoint of heat resistance and moisture resistance of
the resin composition, arylene groups are preferable, and
phenylene is more preferable.

[0099] A cyclic phosphazene compound is a polymer of
any one of the above formulas (XVIa) to (XVId), a copoly-
mer of the formulas (XVIa) and (XVIb) or a copolymer of

QL
o

[0101] Inthe formula (XVII), m is an integer ranging from
0 1o 9, and R' to R* are independently selected from
hydrogen and hydroxyl. In the formula (X VIII), the letters m
and n are integers ranging from 0 to 9, and R’ to R" are
independently selected from hydrogen and hydroxyl, and at
least one of them is hydroxyl. R® to R* are independently
selected from hydrogen and hydroxyl. Moreover, the cyclic
phosphazene compound shown by formula (XVIII) may be
the compound containing, as shown in the following for-
mula (XIX), m sets of repeating units (a) and n sets of
another repeating units (b) alternately, in blocks or ran-
domly. Among the above, the compound containing both
units randomly is preferable.
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(XIX)
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[0102] Among the compounds listed above, a preferable
one is a compound having as a main component a polymer
in which any one of R' to R* in the formula (XVII) is
hydroxyl and m ranges from 3 to 6, and a compound having
as a main component a copolymer in which any one of R*
to R* in the formula (XVIII) is hydroxyl, all of R® to R are
hydrogen or one of R® to R is hydroxyl, m/n ranges from 1/2
to 1/3 and m+n ranges from 3 to 6. As a commercialized
phosphazene compound, SPE-100 (product name manufac-
tured by Otsuka Chemical Co., Ltd.) is available.

[0103] In the forth preferred embodiment, a hardening
accelerator (G) may be used to facilitate the reaction
between the epoxy resin (A) and the curing agent (B) as
required. Though the amount to be mixed of the component
(G) is not specifically limited as far as the amount is enough
to accelerate the reaction, it preferably ranges from 0.005 to
2 wt %, and more preferably from 0.01 to 0.5 wt %, with
respect to the total amount of the resin composition. When
the amount thereof s less than 0.005 wt %, the hardening in
a short time period range tends to decline, and when higher
than 2 wt %, the hardening rate tends to be too high to
produce a favorable molding product.

[0104] As the hardening accelerator, one generally used
for known epoxy resin compositions can be utilized without
limitation. Non-limiting examples of the hardening accel-
crator include cycloamidine compounds such as 1,8-diaza-
bicyclo(5,4,0)undecene-7,1,5-diaza-bicyclo(4,3,0)nonene,
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and 5,6-dibutylamino-1,8-diaza-bicyclo(5,4,0)undecene-7;
compounds having an intramolecular polarization, obtained
by addition of the above cycloamidine compound and a
compound having 7-bond(s) in the molecule such as maleic
anhydride, or quinone compounds such as 1,4-benzo-
quinone, 2,5-tolquinone, 1,4-naphthoquinone, 2,3-dimethyl-
benzoquinone, 2,6-dimethylbenzoquinone, 2,3-dimethoxy-
5-methyl-1,4-benzoquinone, 2,3-dimethoxy-1,4-
benzoquinone, and phenyl-1,4-benzoquinone,
diazophenylmethane, and phenol resins; tertiary amines
such as benzyldimethylamine, triethanolamine, dimethy-
laminoethanol, and tris(dimethylaminomethyl)phenol, and
their derivatives; imidazols such as 2-methylimidazol,
2-phenylimidazol, and 2-phenyl-4-methylimidazol, and
their derivatives; phosphine compounds such as tribu-
tylphosphine, methyldiphenvlphosphine, triphenylphos-
phine, tris(4-methylphenyl)phosphine, diphenylphosphine,
and phenylphosphine; phosphorus compounds having an
intramolecular polarization, obtained by addition of the
phosphine compound described above and a compound
having m-bond(s) in the molecule such as maleic anhvdride,
the quinone compounds described above, diazophenyl-
methane, and phenol resins; tetraphenyl borate salis such as
tetraphenylphosphonium tetraphenylborate, triphenylphos-
phine tetraphenylborate, 2-ethyl-4-methylimidazol tetraphe-
nylborate, N-methylmorpholine tetraphenylborate, and their
derivatives. They can be used singly or in combination
thereof.

[0105] The component (G) preferably contains a phos-
phine compound from the viewpoint of hardening proper-
ties. In this case, the resin composition preferably further
contains a quinone compound. The component (G) prefer-
ably contains an adduct of the phosphine compound and the
quinone compound from the viewpoint of hardening prop-
erties and fluidity.

[0106] As the phosphine compound, a tertiary phosphine
compound is more preferable. Non-limiting examples of the
phosphine compound include tertiary phosphine compounds
comprising alkyl and/or aryl group(s), such as tricyclohexy-
Iphosphine, tributylphosphine,  dibutylphenylphosphine,
butyldiphenylphosphine, ethyldiphenylphosphine, triph-
enylphosphine, tris(4-methylphenyl)phosphine, tris(4-eth-
ylphenyl)phosphine, tris(4-propylphenyl)phosphine, tris(4-
butylphenyl)phosphine,  tris(isopropylphenyl)phosphine,
tris(t-butylphenyl)phosphine, tris(2,4-dimethylphenyl)phos-
phine, tris(2,6-dimethylphenyl)phosphine, tris(2,4,6-trim-
cthylphenyl)phosphine, tris(2,6-dimethyl-4-ethoxyphe-
nyl)phosphine, tris(4-methoxyphenyl)phosphine, and tris(4-
ethoxyphenyl)phosphine. Among the above, the phosphine
compound selected from the group consisting of triph-
enylphosphine, tri-p-tolylphosphine, and tributylphosphine
is especially preferable.

[0107] Non-limiting examples of the quinone compound
include o-benzoquinone, p-benzoquinone, diphenoquinone,
1,4-naphthoquinone, and anthraquinone. Among the above,
p-benzoquinone (1,4-benzoquinone) is preferable from the
viewpoint of moisture resistance and storage stability. More-
over, an adduct of a tertiary phosphine compound shown by
the general formula (XX) and p-benzoquinone is preferable.
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[0108] The letter R in the formula (XX) is selected from
a hydrogen atom, a hydrocarbon group having 1 to 12
carbon atoms and an alkoxy group having 1 to 12 carbon
atoms, and all of which may be the same or different to each
other. The above hydrocarbon groups or alkoxy groups may
be substituted. Each R above is preferably selected inde-
pendently from a hydrogen atom, an alkyl group having 1 to
4 carbon atoms and an alkoxy group having 1 to 4 carbon
atoms. From the viewpoint of mold release properties, in the
case that m is equal to 1, one or more of the three R are
preferably alkyl or alkoxy groups, and all of the R are further
preferably alkyl or alkoxy groups. More specifically, an
adduct of triphenylphosphine, tris(4-methylphenyl)phos-
phine, or tributylphosphine and p-benzoquinone is more
preferable from the viewpoint of mold release properties.

[0109] From the viewpoint of storage stability, the hard-
ening accelerator (G) preferably includes an adduct of
cycloamidine compound and phenol resin, and especially, a
phenol novolak resin salt of diazabicycloundecene is more
preferable.

[0110] From the viewpoint of improving the disk flow
property, the resin composition includes any one of the
following hardening accelerators as the component (G).

[0111] (1) a hardening accelerator that includes an
adduct of the phosphine compound represented by the
general formula (X) described above and a quinone
compound;

[0112] (2) a hardening accelerator that includes both the
phosphine compound shown by the general formula
(XX) described above and a quinone compound;

[0113] (3) a hardening accelerator that includes an
adduct of a phosphine compound comprising a phos-
phorus atom(s) bonded with at least one alkyl group
and a quinone compound,;

[0114] (4) a hardening accelerator that includes both a
phosphine compound comprising a phosphorus atom(s)
bonded with at least one alkyl group and a quinone
compound;

[0115] For example, the hardening accelerator may con-
tain both the adduct of the phosphine compound shown by
the general formula (XX) and the quinone compound, and
the adduct of the phosphine compound comprising a phos-
phorus atom(s) bonded with at least one alkyl group and the
quinone compound. The hardening acceleration also may
contain the phosphine compound shown by the general
formula (XX), the phosphine compound comprising a phos-
phorus atom(s) bonded with at least one alkyl group, and the
quinone compound.
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[0116] In the above, the adduct indicates a compound or a
complex, obtained by the addition of the phosphine com-
pound and the quinone compound, and non-limiting
examples of the adduct include an addition reaction product,
and a compound composed of two compounds with different
m-clectron densities cach other, due to intermolecular force
working between them. In the (2) and (4) described above,
the ratio between the phosphine compound and the quinone
compound preferably ranges from 1/1 to 1/1.5 in the molar
ratio.

[0117] As the phosphine compound comprising a phos-
phorus atom(s) bonded with at least one alkyl group, a
phosphine compound shown by the general formula (XXI)
described below is preferable.

(XXD)
R2
|

P
R \‘R3

[0118] The letter R' in the general formula (XXI) indicates
an alkyl group having 1 to 12 carbon atoms, and R* and R?
are hydrogen atoms or from a hydrocarbon group having 1
to 12 carbon atoms, which may be the same or different to
each other. The alkyl group and the hydrocarbon group
mentioned above may be substituted. Preferably, R', R* and
R? are independently selected from an alkyl group having 1
to 12 carbon atoms. From the viewpoint of better mold
release properties, one or more of R' to R? are preferably
cyclohexyl, butyl or octyl.

[0119] Non-limiting examples of the phosphine compound
shown by the general formula (XX) include triphenylphos-
phine, diphenyl-p-tolylphosphine, diphenyl(p-methoxyphe-
nyl)phosphine, di-p-tolylphenylphosphine, bis-(p-methox-
yphenyl)phenylphosphine,  tri-p-tolylphosphine,  tri-o-
tolylphosphine, tri-m-tolylphosphine, tris-(p-
ethylphenyl)phosphine,  tris-(p-n-butylphenyl)phosphine,
tris-(p-methoxyphenyl)phosphine, tris-(o-methoxyphe-
nyl)phosphine, and  tris-(m-methoxyphenyl)phosphine.
Especially, in view of their excellent hardening properties,
preferable  examples include  phenylbis-(p-alkylphe-
nyl)phosphines,  phenylbis-(p-alkoxyphenyl)phosphines,
tris-(p-alkylphenyl)phosphines,  tris-(o-alkylphenyl)phos-
phines, tris-(m-alkylphenyl)phosphines, and tris-(p-alkox-
yphenyl)phosphines, all of which have two or more electron
donative substituents such as alkyl group and alkoxy group
introduced into para, meta or ortho position, such as phe-
nyldi-p-tolylphosphine, phenylbis-(p-methoxyphenyl)phos-

phine, tri-p-tolylphosphine, tri-o-tolylphosphine, tri-m-
tolylphosphine, tris-(p-ethylphenyl)phosphine, tris-(p-n-
butylphenyl)phosphine, and tris-(p-

methoxyphenyl)phosphine. One or more kinds of the
phosphine compounds shown by the general formula (XX)
may be properly selected to be applied in the form of the
adduct of the quinone compound or in the form of the
mixture with the quinone compound, the former of which is
preferable from the viewpoint of fluidity.

[0120] Non-limiting examples of the phosphine com-
pound shown by the general formula (XXI) include trialky-
Iphosphines such as tributylphosphine, tricyclohexylphos-
phine, and trioctylphosphine; aryldialkylphosphines such as
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phenyldibutylphosphine, and  phenyldicyclohexylphos-
phine; and diarylalkylphosphines such as diphenylbu-
tylphosphine, and diphenylcyclohexylphosphine. Among
the compounds above, from the viewpoint of hardening
properties, trialkylphosphines such as tributylphosphine, tri-
cyclohexylphosphine, and trioctylphosphine are preferable,
and from the viewpoint of reflow resistance, aryldialky-
Iphosphines such as diphenylbutylphosphine, and diphenyl-
cyclohexylphosphine are preferable. The phosphine com-
pounds shown by the general formula (XXI) can be used
singly or in combination, and may be applied in the form of
the addition product with the quinone compound, or together
with the quinone compound. The addition product is pref-
erable from the viewpoint of fluidity.

[0121] As the quinone compound which is contained in
the resin composition in the form of the adduct with the
phosphine compound or together with the phosphine com-
pound, for example, benzoquinone, naphthoquinone, and
anthraquinone are enumerated. Among the above, p-quino-
nes are preferable. Non-limiting examples of p-quinones
include 1.4-benzoquinone, methyl-1,4-benzoquinone, meth-
oxy-1,4-benzoquinone, t-butyl-1,4-benzoquinone, phenyl-1,
4-benzoquinone, 2,3-dimethyl-1,4-benzoquinone, 2,5-dim-
ethyl-1,4-benzoquinone, 2,3-dimethoxy-1,4-benzoquinone,
2,5-dimethoxy-1,4-benzoquinone, 2,5-di-t-butyl-1,4-benzo-
quinone, 1,4-naphthoquinone, and 9,10-anthraquinone.
Among the above, 1,4-benzoquinone and methyl-p-benzo-
quinone are more preferable for better reactivity with the
phosphine compound. As to the quinone compound, one or
more kinds thereof may be appropriately selected for the
use.

[0122] Interms of the adducts of the phosphine compound
shown by the general formula (XX) and the quinone com-
pound, though no specific limitations are imposed thereon,
the adduct produced by the quinone compound and a phos-
phine compound comprising two or more aryl groups having
an electron donative substituent(s) is preferable from the
view point of hardening properties. Non-limiting examples
thereof include an adduct of ftris-(p-methoxyphenyl)phos-
phine and 1,4-benzoquinone, an adduct of tris-(p-methox-
yphenyl)phosphine and methyl-1,4-benzoquinone, an
adduct of tris-(p-methoxyphenyl)phosphine and t-butyl-1,4-
benzoquinone, an adduct of tri-p-tolylphosphine and 1,4-
benzoquinone, an adduct of ftri-p-tolylphosphine and
methyl-1,4-benzoquinone, an adduct of tri-p-tolylphosphine
and t-butyl-1,4-benzoquinone, an adduct of tri-o-tolylphos-
phine and 1,4-benzoquinone, an adduct of tri-o-tolylphos-
phine and methyl-1,4-benzoquinone, an adduct of tri-o-
tolylphosphine and t-butyl-1,4-benzoquinone, an adduct of
tri-m-tolylphosphine and 1,4-benzoquinone, an adduct of
tri-m-tolylphosphine and methyl-1,4-benzoquinone, an
adduct of tri-m-tolylphosphine and t-butyl-1,4-benzo-
quinone, a reaction product of bis-(p-methoxyphenyl)phe-
nylphosphine and 1,4-benzoquinone, a reaction product of
bis-(p-methoxyphenyl)phenyl phosphine and methyl-1,4-
benzoquinone, a reaction product of bis-(p-methoxyphe-
nyl)phenylphosphine and t-butyl-1,4-benzoquinone, a reac-
tion product of di-p-tolylphenylphosphine and 14-
benzoquinone, a  reaction  product  of  di-p-
tolylphenylphosphine and methyl-1,4-benzoquinone, and a
reaction product of di-p-tolylphenylphosphine and t-butyl-
1,4-benzoquinone.
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[0123] From the viewpoint of reflow resistance, the
adducts of a phosphine compound comprising less than two
aryl groups having an electron donative substituent(s) and
the quinone compound are preferable. Non-limiting
examples thereof include an adduct of diphenvl(p-methox-
yphenyl)phosphine and 1.4-benzoquinone, an adduect of
diphenyl(p-methoxyphenyl)phosphine and methyl-1,4-ben-
zoquinone, an adduct of diphenyl(p-methoxyphenyl)phos-
phine and t-butyl-1,4-benzoquinone, an adduct of diphenyl-
p-tolylphosphine and 1,4-benzoquinone, an adduct of
diphenyl-p-tolylphosphine and methyl-1,4-benzoquinone,
an adduct of diphenyl-p-tolylphosphine and t-butyl-1,4-
benzoquinone, an adduct of triphenylphosphine and 1,4-
benzoquinone, an adduct of triphenylphosohine and methyl-
1,4-benzoquinone, and an adduct of triphenylphosphine and
t-butyl-1,4-benzoquinone.

[0124] As the adducts of the phosphine compound shown
by the general formula (XXI) and the quinone compound,
though no specific limitations are imposed thereon, the
compounds described below are preferable from the view-
point of hardening properties. Non-limiting examples
include the adducts of the trialkylphosphine and the quinone
compound such as an adduct of tricyclohexylphosphine and
1,4-benzoquinone, an adduct of tricyclohexylphosphine and
methyl-1,4-benzoquinone, an adduct of tricyclohexylphos-
phine and t-butyl-1,4-benzoquinone, an adduct of tribu-
tylphosphine and 1,4-benzoquinone, an adduct of tribu-
tylphosphine and methyl-1,4-benzoquinone, an adduct of
tributylphosphine and t-butyl-1,4-benzoquinone, an adduct
of trioctylphosphine and 1,4-benzoquinone, an adduct of
trioctylphosphine and methyl-1,4-benzoquinone, and an
adduct of trioctylphosphine and t-butyl-1,4-benzoquinone.

[0125] From the viewpoint of reflow resistance, an adduct
of alkyldiarylphosphine or dialkylarylphosphine and the
quinone compound is preferable. Non-limiting examples of
the above include an adduct of cyclohexyldiphenylphos-
phine and 1,4-benzoquinone, an adduct of cyclohexyldiphe-
nylphosphine and methyl-1,4-benzoquinone, an adduct of
cyclohexyldiphenylphosphine  and  t-butyl-1,4-benzo-
quinone, an adduct of butyldiphenylphosphine and 1,4-
benzoquinone, an adduct of butyldiphenylphosphine and
methyl-1,4-benzoquinone, an adduct of butyldiphenylphos-
phine and t-butyl-1,4-benzoquinone, an adduct of dicyclo-
hexylphenylphosphine and 1,4-benzoquinone, an adduct of
dicyclohexylphenylphosphine  and  methyl-1,4-benzo-
quinone, an adduct of dicyclohexylphenylphosphine and
t-butyl-1,4-benzoquinone, an adduct of dibutylphenylphos-
phine and 1,4-benzoquinone, an adduct of dibutylphe-
nylphosphine and methyl-1,4-benzoquinone, and an adduct
of dibutylphenylphosphine and t-butyl-1,4-benzoquinone.
Among the above, the adducts of alkyldiphenylphosphine
and 1,4-benzoquinone such as the adduct of cyclohexyl-
diphenylphosphine and 1,4-benzoquinone, the adduct of
butyldiphenylphosphine and 1,4-benzoquinone, and the
adduct of octyldiphenylphosphine and 1,4-benzoquinone are
more preferable.

[0126] More specifically, compounds represented by the
following formula (XXII) are exemplified as an adduct of
phosphine compound and quinone compound.
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(In the formula (XXII), R, R, R", R and R’ to R* are
selected from a hydrogen atom and a hydrocarbon group
having 1 to 18 carbon atoms, and all of which may be the
same or different to each other. R* and R* may form a ring
structure by connecting with each other.)
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[0127] It is possible to identify the adduct shown by the
above formula by using "H-NMR and *'P-NMR without
difficulty. In *'P-NMR, a peak belonging to *'P of the
phosphine compound shifts towards lower magnetic field,
which shows the fact that a phosphorus atom is changed to
cation. In terms of 'H-NMR, the change of a 'H derived
from quinone to a hydroxyl group can be proven by the
disappearance of a "H. In addition, the coupling between 'H
and *'P is observed. Based on these facts, the formation of
the adducted product of the quinone compound and phos-
phine is identified.

[0128] There are no specific limitations imposed on the
manufacturing method for the adducts of the phosphine
compound shown by the general formula (XX) and the
quinone compound, and the adducts of the phosphine com-
pound comprising a phosphorus atom(s) bonded with at least
one alkyl group and the quinone compound. For example,
one method includes addition reaction of the phosphine
compound and the quinone compound in an organic solvent
which can solve both raw materials followed by isolation of
the product, and the other method includes addition reaction
of the both in the curing agent of the component (B)
described above. In the latter method, the obtained product
solved in the curing agent can be used without isolation as
the component of the resin composition.

[0129] As for the adducts of the phosphine compound
shown by the general formula (XX) and the quinone com-
pound, each one of the above or a combination of two or
more of the above is applicable. As for the adducts of the
phosphine compound comprising a phosphorus atom(s)
bonded with at least one alkyl group and the quinone
compound, each one of the above or a combination of two
or more of the above is applicable. In addition, as mentioned
above, a combination of one or more of the adducts of the
phosphine compound shown by the general formula (XX)
and the quinone compound and one or more of the adducts
of the phosphine compound comprising a phosphorus
atom(s) bonded with at least one alkyl group and the quinone
compound is also applicable.

[0130] A hardening accelerator such as phosphorus com-
pounds, tertiary amine compounds, and imidazole com-
pounds can further be included in combination with any one
of the hardening accelerators (1) to (4) described above as
the component (G), as required. In this case, the amount to
be mixed is preferably less than or equal to 95 wt % with
respect to the total amount of the hardening accelerators.

[0131] It is possible to adjust the disc flow of the resin
composition to become greater than or equal to 80 mm by
selecting combinations of components (A), (B), (C) and
optional components, and by adjusting their amounts to be
mixed. For example, at least one of the two, the component
(E), silane coupling agent containing sec-amino group, and
phosphate as the component (I), is preferably added. When
the component (D), inorganic filler is mixed as an optional
component, the choice of the components (A) to (C) and the
adjustment of the amount of the component (D) are espe-
cially significant. Moreover, the choice of the component
(G), hardening accelerator, is also important.

[0132] Specifically, it is possible to prepare the resin
composition having the disk flow of 80 mm or greater by
selecting combinations of components (A), (B) and (C), in
addition, components (D), (E) and (G) as optical compo-
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nents, and other components used as miscellancous addi-
tives, and by adjusting their amounts to be mixed. Among
the above, the choice of the components (A), (B), (C), and
(E), (G), as well as the amount to be mixed of the component
(D) is especially important.

[0133] As an another way, it is possible to prepare the
resin composition having the disk flow of 80 mm or greater
by selecting combinations of components (A), (B) and (C),
in addition, components (D), (F) and (G) as optical compo-
nents, and other components used as miscellaneous addi-
tives, and by adjusting their amounts to be mixed. In this
case, the choice of the components (A), (B), (C), and (F),
(G5), as well as the amount to be mixed of the component (D)
is especially important.

[0134] In the fifth preferred embodiment, the resin com-
position has a mold release force under shearing after 10
shots of molding which is less than or equal to 200 KPa,
from the viewpoint of improving mold release properties. In
other words, it is preferable that mold release properties of
the resin composition is such that whose mold release force
under shearing becomes less than or equal to 200 KPa within
10 times of molding. Here, the mold release force under
shearing is an index showing a degree of release of a molded
article from a mold when the resin composition is used for
molding a semiconductor device. The determination of the
above is conducted as follows. A disc having a diameter of
20 mm is molded on a chrome-plated stainless steel plate of
50 mmx35 mmx0.4 mm under conditions of a mold tem-
perature of 180° C., a molding pressure of 6.9 MPa, and a
curing time of 90 seconds. Immediately after molding, the
stainless steel plate is drawn out and a maximum drawing
force is measured. The measured maximum drawing force
denotes the mold release force under shearing. Under the
same conditions the molding is continuously repeated 10
times (10 shots) or more, preferably approximately 20 times
(20 shots) and the mold release force under shearing is
measured immediately after molding every time. It is pref-
erable that the mold release force under shearing becomes
less than or equal to 200 KPa within 10 times of molding
(namely, the mold release force under shearing after 10 shots
of molding is less than or equal to 200 KPa), more preferably
less than or equal to 150 KPa, further preferably less than or
equal to 100 KPa, and still further preferably less than or
equal to 50 KPa.

[0135] The use of the resin composition having the mold
release force under shearing after 10 shots of molding which
is less than or equal to 200 KPa enables the reduction of
defects in mold release such as gate break (residue of the
encapsulating material in a gate) and stick on the mold in
manufacturing a semiconductor device. Accordingly, the
resin composition enables the reduction of the generation of
imperfect molding such as wire sweep and voids, thus
enhancing reliability even when used for a semiconductor
device of thin, high pin count, long wire and narrow pad
pitch type.

[0136] The mold release force under shearing can be
adjusted using different combinations of the components and
controlling their amounts to be mixed, for example, as
follows; the use of composite metal hydroxide of the com-
ponent (C), the use of an another kind of non-halogenated
and non-antimony flame retardant such as phosphorus atom-
containing compound of the component (F), the use of a
mold releasing agent.
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[0137] Inthe fifth preferred embodiment, it is preferable to
use, as a mold releasing agent, a linear type oxidized
polyethylene having a weight average molecular weight of
greater than or equal to 4,000, and an ester compound that
is obtained by esterification of a copolymerization product,
which is made of a-olefin having 5 to 30 carbon atoms and
maleic anhydride, with a monovalent alcohol having 5 to 25
carbon atoms.

[0138] In the sixth preferred embodiment, the resin com-
position is such that an extract water which is obtained by
extracting ions from a mixture containing 1 g of crushed
picces of a molded article made of the resin composition per
10 ml of water has a concentration of sodium ion ranging
from O to 3 ppm, a concentration of chloride ion ranging
from 0 to 3 ppm, an electric conductivity less than or equal
to 100 uS/cm, and a pH value ranging from 5.0 to 9.0.

[0139] Various improvements using non-halogenated and
non-antimony flame retardants have been contemplated
heretofore. However, criteria for obtaining necessary mois-
ture resistance by applying the individual components have
not been clarified so far, for example, the criterion for
coating materials and for thickness of the coated layer when
covering red phosphorus surface with a resin or an inorganic
compound, the criterion for the amount of an ion scavenger
when using the same together with a phosphate compound
and a phosphazene compound, and the criterion for the
amount to be mixed of a metal hydroxide flame retardant
when using the same. Because of this, it has been not
possible to evaluate moisture resistance unless evaluation of
reliability that required long period of time such as several
hundreds to several thousands of hours was conducted using
an actual resin composition. Thus, the problem of evaluation
has been an obstacle to the development of products.
Accordingly, the sixth preferred embodiment is to provide
an accessible index for the evaluation of moisture resistance.

[0140] Here, the extract water is obtained as follows. A
molded article made of the resin composition is crushed to
pieces, and the crushed pieces are put in water in such an
amount that the water contains 1 g of the crushed pieces per
10 ml. The water extraction is conducted to extract ions from
the crushed pieces under conditions of 121° C. and 2
atmospheric pressures until the extracted ion concentration
reaches to a saturated value. The extract water is thus
prepared. As a crushing method, any publicly known method
by means of ball mill, satellite mill, cutter mill, stone mill,
automatic mortar, etc. is applicable. Among the above, ball
mill and satellite mill are preferable since they are casy to
handle and can reduce contamination of the extract water by
foreign materials. In terms of the crushed pieces, particles
having a diameter exceeding a given value are preferably
removed using a sieve in order to maintain constant condi-
tions of efficiency in extraction.

[0141] Though any publicly known extraction method can
be used, it is important that the sample or water are not
scattered and lost during the extraction. Any vessel can be
used for extraction as long as it can bear conditions of 121°
C. and 2 atmospheric pressures. It is preferable that a vessel
is pressure tight and whose inside is lined with an inert
material, because contamination by impurities from the
vessel can be minimized. In terms of a lining that satisfies
the above conditions, processing using a fluorocarbon resin
is listed.
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[0142] The quantity of the extracted ions increases with
extraction time, and gradually the increase in the extracted
quantity slows down. When a certain time is reached, the
extracted quantity ceases to increase. This state is defined as
a saturated quantity. The time taken to reach the saturated
quantity differs to some extent according to the particle size
of the crushed pieces, that is, the larger the content of larger
radius particles, the longer the time taken to reach the
saturated quantity. As to the sample fractionated using a 100
mesh sieve, the extracted concentration reaches the saturated
quantity within 12 hours.

[0143] 1t is necessary to use high purity water for the
extraction. Because the extracted ion concentration is sev-
eral tens to several hundreds of ppm, the purity of water
must be at least such that; each of chloride ion (C17), sodium
ion (Na*), orthophosphate ion (PO,*"), phosphite ion
(HPO*), and hypophosphite ion (H,PO,—) is in the order
of 107" ppm or less, and electric conductivity is in the order
of several uS/cm or less. For a method of preparing pure
waler mentioned above, a publicly known method such as
ion exchange and; distillation is available, but it is recom-
mended to proceed with the operation carefully so as not to
mix in impurities.

[0144] In terms of the quantitative determination of ion
concentration contained in the extract water, publicly known
methods are available, including a method in which ions to
be measured being reacted to produce an insoluble salt
precipitate and weighing the precipitate, a titration method
using an indicator, and a method comparing sample dimen-
sion and reference material dimension of ion chromatogram
spectrum.

[0145] If the concentration of the above mentioned sodium
ion (Na*) and chloride ion (C17) in the extract water exceeds
3 ppm, moisture resistance of the molded article tends to
decrease, which tends to cause movement trouble duc to
wire corrosion in 1C’s. The concentration of chloride ion in
the extract water is in a range of 0 to 3 ppm, and preferably
of 0 to 2 ppm. If the chloride ion concentration exceeds 3
ppm, the molded article absorbs moisture, and corrosion of
IC’s wires proceeds in a short period of time, causing
problems in practical use. The sodium ion concentration in
the extract water ranges from 0 to 3 ppm, preferably ranging
from 0 to 2 ppm. The electric conductivity of the extract
water ranges from 0 to 100 uS/cm, preferably ranging from
0 to 50 uS/em. If the electric conductivity exceeds 100
4#S/em, or if the sodium ion concentration exceeds 3 ppm,
noises, cross talk, or voltage off-set occurs due to the
increase 1in electric current leakage, or the corrosion of 1C’s
wiring occurs, causing adverse effects to the circuit-opera-
tion.

[0146] The pH value of the extract water ranges from 5.0
to 9.0. If the pH value is below this range, the corrosion in
metal wirings of IC, especially in aluminum wirings and the
like, may become remarkable. On the other hand, if the pH
value is above this range, the surface of the package tends
o turn white in a plating process for lead frame, causing
inferior external appearance, or tends 1o cause corrosion of
IC’s wirings. A preferable range of the pH value is from 6.0
to 8.0.

[0147] 1In the sixth preferred embodiment, the phosphorus
atom-containing compound of the component (F) is prefer-
ably contained in the resin composition for flame resistance.
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In this case, the total concentrations of orthophosphate ions
(PO,*7), phosphite ions (HPO,*7) and hypophosphite ions
(H,PO,™) (hereinafter named as “total phosphate ion con-
centration™) in the extract water preferably ranges from 0 to
30 ppm, more preferably ranging from 0 to 20 ppm. In order
to suitably apply the resin composition to an apparatus used
in a place without humidity control such as electronic
apparatuses and vehicle equipments which are used out of
doors, the total phosphate ion concentration is preferably
less than or equal to 20 ppm. If the total phosphate ion
concentration exceeds 30 ppm, the molded article made of
the resin composition absorbs moisture, thus the corrosion
of the IC’s wirings progresses in a short period of time, and
in addition, an electrode reaction occurs when electric
voltage is applied to a circuit, causing disadvantages such as
corrosion and metal precipitation. Since the voltage except-
ing electric power use is usually applied to a semiconductor
circuit in the form of direct current, the electrode reaction
mentioned above causes a continuous precipitation of metal
on the same place, thus causing eventually short-circuit
between electrodes, and damaging the function of circuit.

[0148] In the case where coated red phosphorus is used as
the component (F), regardless of whether the coating mate-
rial is organic or inorganic, the coating is preferably con-
ducted with one or more materials selected from the group
consisting of a metal hydroxide, a metal oxide, a composite
metal hydroxide and a thermosetting resin, because it is
easier to control the electric conductivity and pH of the
extract water and the total phosphate ion concentration in the
extract water within the range mentioned above. The amount
to be mixed of red phosphorus is preferably in a range of 0.5
to 30 wt % with respect to the total amount of the epoxy
resin. If the amount to be mixed is less than 0.5 wt %, it is
difficult to obtain a required level of flame resistance. If the
amount to be mixed exceeds 30 wt %, it is difficult to control
the electric conductivity, the pH value and the total phos-
phate ion concentration within the requested range.

[0149] When phosphate is used as the component (F), any
chemical structure thereof is acceptable. For example, phos-
phates listed above are applicable. Among them, aromatic
phosphates are preferable in order to easily control the
clectric conductivity, pH, and the total phosphate ion con-
centration within the above described range. In addition, the
use of the compound containing a phosphorus-nitrogen
bond(s) mentioned above is preferable.

[0150] Both the hardening accelerator (G) containing
phosphorus atom, which belongs to the compound contain-
ing phosphorus atom of the component (F), and the hard-
ening accelerator (G) not containing phosphorus atom may
be used simultaneously. At least one of the two, an adduct of
phosphine compound and quinone compound and diazabi-
cycloundecene phenolnovolak resin salt, is preferably con-
tained.

[0151] The purpose in mixing the component (C) in the
sixth embodiment is, in addition to impart flame resistance,
to prevent the corrosion of internal metal wirings and to
improve moisture resistance, by suppressing isolation and
dissolution of ions eluted from the components, or by
adsorbing the isolated and dissolved ions. Though there is no
limitation imposed on the component (C), the compound
shown by the above composition formula (C-1) is preferable.
The amount to be mixed thereof is adjustable so as to
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maintain the ion concentration in the extract water within the
range mentioned above. Generally, the amount to be mixed
relative to 100 parts by weight of the epoxy resin is
preferably greater than or equal to 0.5 parts by weight from
the viewpoint of moisture resistance, and preferably less
than or equal to 500 parts by weight from the viewpoint of
fluidity, hardness and productivity.

[0152] When the component (C), composite metal hydrox-
ide, is used in order to impart flame resistance, the amount
to be mixed of the component (C) generally ranges from 10
to 500 parts by weight relative to 100 parts by weight of the
epoxy resin when applied singly. When applied together
with red phosphorus, the amount to be mixed of the com-
ponent (C) generally ranges from 0.5 to 200 parts by weight
relative to 100 parts by weight of the epoxy resin. When
used together with phosphate or the compound containing
phosphorus-nitrogen bond, the amount to be mixed of the
component (C) generally ranges from 1 to 300 parts by
weight relative to 100 parts by weight of the epoxy resin.

[0153] 1In the seventh preferred embodiment, especially
when the resin composition is applied to a semiconductor
device of thin, high pin count, long wire and narrow pad
pitch type, such as the resin composition according to the
second aspect mentioned later, a melt viscosity of the
component (A), epoxy resin, at 150° C. is preferably less
than or equal to 2 poise, more preferably less than or equal
to 1 poise, and further preferably less than or equal to 0.5
poise, from the viewpoint of fluidity. Here, the melt viscosity
denotes the viscosity measured by ICI cone plate viscometer
(hereinafter, ICI viscosity). In addition, the melt viscosity of
the component (B), curing agent, at 150° C. is preferably
less than or equal to 2 poise, and more preferably less than
or equal to 1 poise, from the viewpoint of fluidity.

[0154] In the preferred embodiments, the resin composi-
tion according to the present invention may optionally
include the components described below in addition to the
components described above.

(1) Flame Retardant

[0155] In addition to the above described composite metal
hydroxide of the component (C), in order to improve flame
resistance, a flame retardant, which is a non-halogenated and
non-antimony component publicly known heretofore, may
be mixed as required. Non-limiting examples include the
compounds of the component (F) mentioned above; nitrogen
containing compounds such as melamine, melamine deriva-
tives, melamine-modified phenol resins, compounds con-
laining triazine ring, cyanuric acid derivatives, and isocya-
nuric acid derivatives; and compounds including metal
clement(s) such as aluminum hydroxide, magnesium
hydroxide, zinc oxide, zinc stannate, zinc borate, ferrous/
ferric oxide, molybdenum oxide, zinc molybdate, and fer-
rous/ferric dicyclopentadienyl. They can be used singly or in
combination thereof.

[0156] Among the above, inorganic frame retardants may
preferably have a coating made of an organic material in
order to improve their dispersibility in the resin composi-
tion, to prevent decomposition due to moisture absorbance,
and to improve curing properties, and the like.

(2) Ion Scavenger (Anion Exchanger)

[0157] From the viewpoint of improving moisture resis-
tance and high temperature storage property of semiconduc-
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tor devices such as ICs, an ion scavenger (anion exchanger)
may be mixed thereto as required. All publicly known ion
scavengers are applicable with no special limitation thereof.
Non-limiting examples include hydrotalcites and hydrate
oxides of the element selected from magnesium, aluminum,
titanium, zirconium, and bismuth. They can be used singly
or in combination. Among the above, a hydrotalcite shown
by the chemical composition formula (C-III) described
below is preferable.

Mg, (AL (OH),(CO5)y . mH .0 (C-IID)

(In the formula (C-III), O<x<0.5, and m is a positive
numeral)

[0158] Though the amount to be mixed of the ion scav-
enger with respect to the amount of the epoxy resin of
component (A) is not specifically limited as far as the
amount thereof is enough to capture anions such as halogen
ions, an amount ranging from 0.1 to 30 wt % is preferable,
the same ranging from 0.5 to 10 wt % is more preferable, and
the same ranging from 1 to 5 wt % is further preferable.

(3) Coupling Agent

[0159] In order to improve the adhesion between the resin
component and inorganic filler, a coupling agent other than
the component (E) described above may be used together
with the component (E) or singly, if necessary. Examples of
such coupling agent include different kind of silane com-
pounds such as epoxy silane, mercapto silane, amino silane,
alkyl silane, ureido silane and vinyl silane, titanium com-
pounds, aluminum chelate compounds, and aluminum/zir-
conium compounds. A silane compound containing a pri-
mary amino group(s) and/or tertiary amino group(s) may be
usable. Preferable amount to be mixed of the coupling agent
is the same as in the component (E) mentioned above, in
both cases in which the inorganic filler is contained and in
which the same is not contained, respectively.

[0160] Non-limiting examples of the coupling agent
described above include silane series coupling agents such
as vinyltrichlorosilane, vinyltriethoxysilane, vinyltris(fi-
methoxyethoxy)silane,  y-methacryloxypropyltrimethoxy-
silane, f-(3,4-epoxyeyclohexyl)ethylirimethoxysilane,
v-glyveidoxypropylirimethoxysilane,  y-glycidoxypropylm-
cthyldimethoxysilane, vinyltriacetoxysilane, y-mercapto-
propvltrimethoxysilane, y-aminopropyltriethoxysilane,
y-[bis(3-hydroxyethyl) Jaminopropyltriethoxysilane,  N-f-
(aminoethyl)-y-aminopropyltrimethoxysilane, y-(f-amino-
cthyl)aminopropyldimethoxymethylsilane, ~ N-(trimethox-
ysilylpropyl)ethylenediamine,

N-(dimethoxymethylsilylisopropyl)ethylendiamine, methyl-
trimethoxysilane,  dimethyldimethoxysilane, methyliri-
cthoxysilane, N-f-(N-vinylbenzylaminoethyl)-y-aminopro-
pyltrimethoxysilane, y-chloropropylirimethoxysilane,
hexamethyldisilane, vinyltrimethoxysilane, and y-mercapto-
propylmethyldimethoxysilane; titanate series coupling
agents such as isopropyltriisostearoyl titanate, isopropyltris-
(dioctylpyrophosphate) titanate, isopropyltri(N-aminoethyl-
aminoethyl)  titanate, tetraoctylbis(ditridecylphosphite)
titanate, tetra(2,2-diallyloxymethyl-1-butyl)bis(ditride-
cyl)phosphite titanate, bis(dioctylpyrophosphate)oxyacetate
titanate, bis(dioctylpyrophosphate)ethylene titanate, isopro-
pyltrioctanoyl  titanate, isopropyldimethacrylisostearoyl
titanate, isopropyltridodecylbenzenesulfonyl titanate, iso-
propylisostearoyldiacryl titanate, isopropyltri(dioctylphos-
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phate) titanate, isopropyltricumenylphenyl titanate, and tet-
raisopropylbis(dioctylphosphite) titanate. They can be used
singly or in combination thereof

(4) Other Additives

[0161] Other additives may be mixed as required, for
example; mold releasing agent such as high fatty acid, metal
salt of high fatty acid, ester series wax, polyolefin series
wax, polyethylene, and oxidized polyethylene; coloring
agent such as carbon black; and stress relaxation agent such
as silicone oil, and silicone rubber powder.

[0162] The resin composition of the present invention can
be prepared by any method as long as each raw material can
be uniformly dispersed and mixed. As a general method, a
method in which raw materials of predetermined amount are
thoroughly mixed by a mixer or the like, and fused and
kneaded with mixing rolls, extruders and the like followed
by cooling and crushing into powder can be exemplified. For
casier handling, it is preferable to prepare a tablet with
appropriate size and weight corresponding to molding con-
ditions.

[0163] According to the third aspect of the present inven-
tion, there is provided an electronic parts device comprising
an elemental device encapsulated with the resin composition
according to the present invention.

[0164] Non-limiting examples of electronic parts devices
include ones which load elemental device(s) such as active
devices (for example, semiconductor chip, transistor, diode,
and thyristor) and passive devices (for example, capacitor,
resistance, and coil) onto a supporting member (for example,
lead frame (island or tub), wired tape carrier, wiring sub-
strate, glass, and silicon wafer) or on a mounting substrate,
and whose necessary part(s) is encapsulated with the resin
composition of the present invention. There are no limita-
tions imposed on the mounting substrate, and non-limiting
examples include interposer subsirate such as organic sub-
strate, organic film, ceramic substrate, and glass substrate,
glass substrate for LCD, MCM (Multi Chip Module) sub-
strate, and hybrid IC substrate.

[0165] As an encapsulating method using the resin com-
position, a low pressure transfer molding method is the most
widespread. However, injection molding method or com-
pression molding method may also be used.

[0166] Concretely, non-limiting examples of electronic
parts device of the present invention include; common resin
encapsulated type ICs such as DIP (Dual Inline Package),
PLCC (Plastic Leaded Chip Carrier), QFP (Quad Flat Pack-
age), SOP (Small Outline Package), SOJ (Small Outline
J-lead Package), TSOP (Thin Small Outline Package), and
TQFP (Thin Quad Flat Package), in which elemental devices
are fixed on the lead frame and the terminals of the devices
such as bonding pads and the leads are connected by wire
bonding or bumps, then the devices are encapsulated, for
example, by transfer molding, with the resin composition of
the present invention; TCP (Tape Carrier Package) which
has semiconductor chips connected to a tape carrier with
bump(s) and encapsulated with the resin composition of the
present invention; COB (Chip On Board) module compris-
ing active devices such as semiconductor chips, transistors,
diodes, and thyristor, and/or passive devices such as capaci-
tor, resistance, and coil, which are connected by, for
example, wire bonding, flip chip bonding, and solders with

24



US 2006/0014873 Al

wires formed on wiring substrate or glass plate, and encap-
sulated with the resin composition of the present invention;
COG (Chip on Glass) module; hybrid IC; MCM (multi-chip
module); BGA (Ball Grid Array) comprising elemental
devices mounted onto the surface of an organic substrate
comprising terminals for substrate wiring on the opposite
side, which are connected with wires formed on the organic
substrate with bumps or wire bonding and encapsulated with
the resin composition of the present invention; CSP (Chip
Size Package); and MCP (Multi Chip Package). Moreover,
the resin composition can also effectively be used for printed
wiring subsirates.

[0167] The electronic parts device is preferably a semi-
conductor device that includes one or more features (a) to (f)
mentioned later. In addition, the semiconductor device may
be a stacked type package in which 2 or more elemental
devices are stacked on a mounting substrate, or a mold array
package in which 2 or more elemental devices are encap-
sulated at the same time with the resin composition.

[0168] These days, high density mounting of electronic
parts onto printed interconnecting substrates has been pro-
gressing. Along with this development, semiconductor
devices have moved from pin insertion packages to surface
mount packages which have become mainstream. In terms
of IC, LSI and the like which belong to surface mount
packages, packages have been getting thinner and smaller.
The occupied volume ratio of the elemental devices relative
to the package has been getting bigger, and the thickness of
the package has been getting thinner, in order to heighten the
mounting density and to lower the mounting height. In
addition, along with the progress in high pin count and a
large capacity, the chip area has been expanding and the pin
count has been increasing. Moreover, the number of pads
(electrodes) has been increasing, thereby shortening the pad
pitch and pad size, namely narrowing pad pitch.

[0169] Morecover, in order to meet the demand for a
smaller and lighter package, the form of the package has
been moving from QFP (Quad Flat Package), SOP (Small
Outline Package) and the like to CSP (Chip Size Package)
and BGA (Ball Grid Array) which are easier to meet the
demand for high pin count and high density. Packages
having a new structure such as face down type, stacked type,
flip chip type and wafer-level type have been developed in
order to realize speeding up and multiple functions. Among
the above, the stacked type package has a structure having
a plurality of stacked chips connected with one another by
wire bonding inside the package, thus a plurality of chips
serving different functions can be mounted inside a single
package so as to perform multiple functions.

[0170] Inaddition, with regard to the process for preparing
CSP and BGA, instead of the conventional encapsulating
method for one chip in one cavity, an encapsulating method
for a plurality of chips in one cavity, so called, a mold array
type encapsulating method has been developed. Thus,
improvements in productivity and lower costs have been
attained.

[0171] On the other hand, the encapsulating material is
required to satisfy the increasing need for reflow resistance
exhibited when applied to the surface mount of the semi-
conductor device onto the printed wiring substrate, and
temperature cycle resistance which is requested in terms of
reliability after mounting. Accordingly, lowering the viscos-
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ity of the resin and thus increasing the filler content have
been practiced in order to impart lower moisture absorbance
and lower expansion. However, when a conventional encap-
sulating material is used, imperfect molding such as wire
sweep and voids frequenily occurs. Therefore, preparing a
semiconductor device satisfying the demand for thinner
package, larger chip area, increasing pin count, narrower pad
pitch has been difficult.

[0172] Improvements in the encapsulating material such
as lowering the resin viscosity and various changes in filler
composition have been attempted in order to satisfy the
demand mentioned above, but appropriate results have not
been achieved as yet. Moreover, in terms of the semicon-
ductor devices such as the stacked type CSP in which long
wires are applied, and the mold array package type device
having a larger cavity volume, the encapsulating material is
required to have a larger Huidity.

[0173] The resin composition according to the present
invention which contains the components (A) to (C) and has
a disc flow of 80 mm or greater can satisfy such demands
and preferably be applied to seal a semiconductor device of
thin, high pin count, long wire and narrow pad pitch type, or
to seal a semiconductor device in which semiconductor
chip(s) is disposed onto a mounting substrate such as organic
substrate and organic film.

[0174] Therefore, according to the second aspect of the
present invention, there is provided an encapsulating epoxy
resin composition according to the present invention for
encapsulating a semiconductor device having at least one of
features including:

[0175] (a) at least one of an encapsulating material of an
upper side of a semiconductor chip and an encapsulat-
ing material of a lower side of the semiconductor chip
has a thickness less than or equal to 0.7 mm;

[0176] (b) a pin count is greater than or equal to 80;
[0177] (c)a wire length is greater than or equal to 2 mm;

[0178] (d) a pad pitch on the semiconductor chip is less
than or equal to 90 um;

[0179] (e) a thickness of a package, in which the semi-
conductor chip is disposed on a mounting substrate, is
less than or equal to 2 mm; and

[0180] (f) an area of the semiconductor chip is greater than
or equal 1o 25 mm?,

[0181] Preferably, the semiconductor device described
above has the features according to the following (1) or (2):

[0182] (1) (a) or (e);

[0183] (2) (a) and at least one feature selected from (b)
to (f).

[0184] More preferably, the semiconductor device has the
features according to any one of the following combinations

(1) 1o (3):
[0185] (1) (b) and (c);
[0186] (2) (b) and (d); and
[0187] (3) (b), (c) and (d).
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[0188] Further preferably, the semiconductor device has
the features according to any one of the following combi-
nations (1) to (9):

[0189] (1) (a) and (b);

[0190] (2) (a) and (c);

[0191] (3) (a) and (d);

[0192] (4) (a) and (D

[0193] (5) () and (e);

[0194] (6) (a), (b) and (d);

[0195] (7) (c), (¢) and (£);

[0196] (8) (a), (b), (d) and (f); and
[0197] (9) (a), (b), (c) and (d).

[0198] Namely, from the viewpoint of ensuring fewer
voids and improving mold release properties, the resin
composition is preferably applied to a semiconductor device
having one or more features selected from (a), (c), (d) (e)
and (f), and more preferably having (a) or (¢). From the
viewpoint of suppressing the decrease in reliability caused
by mold release siress, the resin composition is more pref-
erably applied 1o a semiconductor device having the features
(a) and one or more of the features (b) to (1).

[0199] From the viewpoint of reducing wire sweep and
improving mold release properties, the resin composition is
preferably applied to a semiconductor device having the
features (b) and (c), or (d), more preferably having (b),
further preferably having (b) and (c), or (b) and (d), and still
further preferably having (b), (¢) and (d).

[0200] From the viewpoint of ensuring fewer voids, reduc-
ing wire sweep and improving mold release properties, the
resin composition is preferably applied (o a semiconductor
device having features (a) and (b), (a) and (c), (a) and (d),
(a) and (f), or (c) and (e), more preferably having (a), (b) and
(d), or (¢), (¢) and (i), and further preferably having (a), (b),
(d) and (), or (a), (b), (c) and (d).

[0201] As the semiconductor device mentioned above,
such ones listed as examples according to the third aspect of
the present invention are preferable. They may be of stacked
type or mold array type.

[0202] Hereinafter, specific explanation will be made on a
constitution of the semiconductor device referring to figures
which show non-limiting examples. The same reference
numerals will be used to designate the components having
the same function respectively, so that the description will be
omitted in each drawing.

[0203] FIGS. 1A to 1C show a QFP 10 encapsulated with
a resin composition 6 (encapsulating material). In detail, a
semiconductor chip 3 is fixed on an island (a tab) 1 with a
die attach 2. After connecting (wire bonding) terminal
portions (bonding pads) 7 of the semiconductor chip 3 and
lead pins 4 by wires 5, the members above are encapsulated
with the encapsulating material 6. FIG. 1A shows a cross
sectional view, FIG. 1B shows a top view (partly perspec-
tive view), and FIG. 1C shows an enlarged top view (partly
perspective view) of the terminal portions 7 of the semicon-
ductor chip 3.
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[0204] In terms of a semiconductor device 10, at least one
of the thickness of encapsulating material “a” of the upper
side of the chip 3 and “b” of the lower side of the chip 3 is
preferably less than or equal to 0.7 mm, more preferably less
than or equal to 0.5 mm, still more preferably less than or
equal to 0.3 mm, and most preferably less than or equal to
0.2 mm.

[0205] The thickness “c” of the package (the total thick-
ness of the semiconductor device 10) is preferably less than
or equal to 2.0 mm, more preferably less than or equal to 1.5
mm, still more preferably less than or equal to 1.0 mm, and
most preferably less than or equal to 0.5 mm.

[0206] The area “d” of the chip 3 is preferably greater than
or equal to 25 mm?, more preferably greater than or equal to
30 mm?, still more preferably greater than or equal to 50
mm?, and most preferably greater than or equal to 80 mm®.

[0207] In addition, the semiconductor device 10 is pref-
crably of the high pin count type semiconductor device
having greater than or equal to 80 pins as 1o the lead pins 4,
more preferably 100 pins or greater, even more preferably
180 pins or greater, still more preferably 200 pins or greater,
and most preferably 250 pins or greater.

[0208] The length of wire 5 connecting the semiconductor
chip 3 and the lead pins 4 is preferably greater than or equal
to 2 mm, more preferably 3 mm or greater, even more
preferably 4 mm or greater, still more preferably 5 mm or
greater, and most preferably 6 mm or greater.

[0209] The pad piich “e” between bonding pads 7 on the
semiconductor chip 3 is preferably less than or equal to 90
um, more preferably 80 uM or less, even more preferably 70
um or less, still more preferably 60 um or less, and most
preferably 50 pum or less.

[0210] FIGS. 2A to 2C show a BGA 20 encapsulated with
a resin composition 6 (encapsulating material). In detail, a
semiconductor chip 3 is fixed on an insulated base substrate
8 with a die attach 2. After connecting terminal portions 7 of
the semiconductor chip 3 with terminal portions on the
substrate 8 by wires 5, the members above are encapsulated
with the encapsulating material 6. FIG. 2A shows a cross
sectional view, FIG. 2B shows a top view (partially per-
spective view), and FIG. 2C shows an enlarged view of the
bonding pad portion. In FIG. 2A and FIG. 3B below,
reference numeral 9 denotes a solder ball.

[0211] FIGS. 3A and 3B show a stacked type BGA of the
mold array package type. FIG. 3A is a top view (partly
perspective view), and FIG. 3B is a partially enlarged cross
sectional view.

[0212] Also in the semiconductor device 20 shown in
FIGS. 2A to 2C and in the semiconductor device 30 shown
in FIGS. 3A and 3B, respective preferable values of the
package thickness “c”, the area “d” of the semiconductor
chip 3, the length of the wire 5, and the pad pitch “e” are the
same as explained in FIGS. 1A fo 1C.

[0213] According to the fourth aspect of the present inven-
tion, there is provided a use of an encapsulating epoxy resin
composition for encapsulating a semiconductor device hav-
ing one or more features (a) to (f) mentioned above. Pref-
erable constitutions and preferable combinations of the
features are those already mentioned above for the invention
according to the second aspect. For the encapsulating resin
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composition, arbitrary resin composition is applicable. For
example, the resin composition optionally containing above
resin components with other optional components can be
used. The use of the resin composition according to the first
aspect of the present invention as the encapsulating material
is also preferable.

[0214] The resin composition according to the present
invention can achieve flame resistance with non-haloge-
nated and non-antimony conditions. When using the resin
composition to seal electronic parts such as IC and LSI, it is
possible to seal them with good fluidity and moldability, thus
obtaining products such as electronic parts devices having
an excellent reliability, for example, reflow resistance, mois-
ture resistance and high temperature storage property.
Accordingly, the resin composition is industrially of great
value.

[0215] By encapsulating electronic parts with the resin
composition according to the present invention, it is possible
to reduce the occurrence of imperfect molding such as wire
sweep and voids, even when used for a thin type semicon-
ductor device having the above mentioned thickness of the
encapsulating material, a semiconductor device having the
above mentioned thickness of the encapsulating material and
chip area, and a semiconductor device having the above
mentioned pin count, wire length and pad piich.

[0216] Next, the present invention will be described
according to its examples. However, the scope of the present
invention should not be limited to the examples described
below.

EXAMPLES

[0217] The mixed components, evaluated items and evalu-
ation methodologies applied are described below. In the
examples described below, the molding of the resin com-
positions were implemented by a transfer molding machine
at a mold temperature of 180° C., under a molding pressure
of 6.9 MPa, and for a curing time of 90 sec. Post curing was
conducted at 180° C. for 5 hours.

[Mixed Components]
Epoxy Resin

[0218] Epoxy resin (1): biphenyl type epoxy resin having
an epoxy equivalent of 192 and a melting point of 105° C.
(Product name is Epicoat YX-4000H manufactured by
Yuka-Shell Epoxy Co., Ltd.)

[0219] Epoxy resin (2): stilbene type epoxy resin having
an epoxy equivalent of 210 and a softening point of 130° C.
(Product name is ESLV-210 manufactured by Sumitomo
Chemical Co., Lid.)

[0220] Epoxy resin (3): orthocresolnovolak type epoxy
resin having an epoxy equivalent of 195 and a softening
point of 65° C. (Product name is ESCN-190 manufactured
by Sumitomo Chemical Co., Ltd.)

[0221] Epoxy resin (4): sulfur atom containing epoxy resin
having an epoxy equivalent of 244 and a melting point of
118° C. (Product name is YSLV-120TE manufactured by
Nippon Steel Chemical Co., Lid.)

[0222] Epoxy resin (5): bisphenol A type bromide epoxy
resin having an epoxy equivalent of 375, a softening point
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of 80° C. and a bromide content of 48 wi % (Product name
is ESB-400T manufactured by Sumitomo Chemical Co.,
Lid.)

[0223] Epoxy resin (6): bisphenol F type epoxy resin
having a melting point of 75° C. and an epoxy equivalent of
186 (Product name is YSLV-80XY manufactured by Nippon
Steel Chemical Co., Ltd.)

Curing Agent

[0224] Curing agent (1): phenol aralkyl resin having a
hydroxyl group equivalent of 172 and a softening point of
70° C. (Product name is Milex X1.-225 manufactured by
Mitsui Chemicals, Inc.)

[0225] Curing agent (2): biphenyl type phenol resin hav-
ing a hydroxyl group equivalent of 199 and a softening point
of 80° C. (Product name is MEH-7851 manufactured by
Meiwa Plastic industries, Ltd.)

[0226] Curing agent (3): phenolnovolak resin having a
softening point of 80° C. and a hydroxyl group equivalent of
106 (Product name is H-1 manufactured by Meiwa Plastic
Indusiries, Ltd.)

Hardening Accelerator

[0227] Hardening accelerator (1):
enylphosphine and 1,4-benzoquinone

adduct of triph-

[0228] Hardening accelerator (2): mixture of triph-
enylphosphine and 1,4-benzoquinone (the molar ratio of
triphenylphosphine/1,4-benzoquinone is equal to 1/1.2)

[0229] Hardening accelerator (3): adduct of tris(4-meth-
ylphenyl)phosphine and p-benzoquinone

[0230] Hardening accelerator (4): triphenylphosphine

[0231] Hardening accelerator (5): diazabicycloundecene
phenolnovolak resin salt

Inorganic Filler

[0232] Fused silica: spherical fused silica having a mean
diameter of 17.5 gm and a specific surface area of the
particles of 3.8 m*/g

Flame Retardant

[0233] Composite metal hydroxide: Solid solution of mag-
nesium and zinc hydroxides, of which M" is magnesium, M*
is zinc, m is 7, n is 3, h is 10, and all of a, b, ¢ and d are 1
in the chemical composition formula (C-1IT) described above.
(Product name is Echomag Z10 manufactured by Tateho
Chemical Industries Co., Ltd.)

[0234] Red phosphorus (Product name is Nova Excel 140
manufactured by Rinkagaku Kogyo Co., Lid.)

[0235] Antimony Trioxide

[0236] Condensed phosphate shown by the formula (XVa)
described above (Product name is PX-200 manufactured by
Daihachi Chemical Industry Co., Ltd.)

[0237] Triphenylphosphate

[0238] Magnesium hydroxide (Product name is Kisuma
5A manufactured by Kyowa Chemical Industry Co., Ltd.)
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Ton Scavenger

[0239] Hydrotalcite (Product name is DHT-4A manufac-
tured by Kyowa Chemical Industry Co., Lid.)

Coupling Agent
[0240] Anilinosilane: y-anilinopropyltrimethoxysilane

[0241] Epoxy silane: y-glycidoxypropyltrimethoxysilane
(Product name is KBM 403 manufactured by Shin-Etsu
Chemical Co., Lid.)

Other Additives
[0242] Carnauba Wax (Product of Clariant Japan K.K.)

[0243] Carbon Black (Product name is MA-100 manufac-
tured by Mitsubishi Chemical Corporation)

[Evaluated Items and Evaluation Methods)
Flame Resistance

[0244] The resin composition was molded and post-cured
under the same conditions as described above using a metal
mold for the preparation of a e inch thick test piece, and
its flame resistance was evaluated according to the UL-94
test method.

Hardness at Curing Stage

[0245] Immediately after the resin composition was
molded into a disc of a diameter of 50 mm and 3 mm thick
under the same conditions as described above, the hardness
of the molded disc inside the mold was measured by a Shore
hardness tester type D.

Mold Release Force Under Shearing

[0246] A chromium plated stainless steel whose size was
50 mm long, 35 mm wide and 0.4 mm thick was inserted into
a mold for molding a disc of 20 mm radius. On the stainless
plate, the resin composition was molded under the above
mentioned conditions. Immediately after the molding, the
stainless plate was drawn out and the maximum drawing out
force was measured. The same tests were repeated 10 times
continuously and an average of the measured values of from
second 1o tenth tests was calculated. The obtained average
was evaluated as the mold release force under shearing
(average). The measured drawing out force of the tenth test
was evaluated as the mold release force under shearing (after
10 shots of molding).

Spiral Flow Property

[0247] The resin composition was molded under the same
conditions as described above by using a mold for spiral
flow measurement according to the EMMI-1-66, and the
How length (cm) was measured.

Disc Flow Property

[0248] A set of flat molds for disc-flow measurement
comprising an upper half of 200 mm wide, 200 mm deep and
25 mm high and a lower half of 200 mm wide, 200 mm deep
and 15 mm high was used. Five grams of sample (each of the
resin composition) accurately weighed were placed on the
center of the lower mold that was heated and kept at 180° C.
After five seconds, the upper mold heated to 180° C. was
placed to close the mold. After compression molding under
a load of 78 N and for a curing time of 90 seconds, the mean
diameter (mm) as a disc flow was calculated from the long
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diameter (mm) and the short diameter (mm) of the molded
product, which were measured with a slide calipers.

Reflow Resistance

[0249] A pin flat package (QFP) having an outer size of 20
mmx14 mmx2 mm, on which a silicon chip of 8 mmx10
mmx0.4 mm was mounted, was molded with the resin
composition under the same conditions as mentioned above,
and followed by post-curing operation. Reflow treatments
were done at every predetermined time interval under heat
conditions of 240° C. for 10 seconds after moisturization
under conditions of 85° C. and 85% RH. Based on the
observation of the existence of cracks, the ratio of the
number of packages with cracks to 5 packages tested was
evaluated.

Moisture Resistance

[0250] AS80 pin flat package (QFP) having an outer size of
20 mmx14 mmx2.7 mm, in which a silicon chip for test of
6 mmx6 mmx0.4 mm size wired with aluminum, which line
width was 10 gm and 1 gm thick, was mounted on an oxide
film of 5 gm thickness, was molded with the epoxy resin
composition and post-cured under the same conditions
described above. After pretreatment and moistening, the
number of breaks in the wire due to corrosion of the wire
was measured at every predetermined time interval. The
evaluation was done according to the number of defective
packages to 10 tested packages.

[0251] The pretreatment above was conducted as follows.
The flat package was moistened at 85° C., 85% RH and for
72 hours and followed by vapor phase reflow treatment done
at 215° C. for 90 sec. The following moisturization was done
at a pressure of 0.2 MPa and at 121° C.

High Temperature Storage Property

[0252] A test silicon chip having a size of 5 mmx9
mmx0.4 mm placed on an oxide film of 5 um thickness and
wired by aluminum of 1 gm thick and 10 ym in the line
width was mounted by silver paste on a lead frame made of
42 alloy and partially plated with silver. A 16 pin type DIP
(Dual Inline Package) in which bonding pads of the chip and
inner leads were connected with gold wires by a thermonic
type wirebonder was molded with the resin composition and
post-cured under the foregoing conditions. The test sample
was stored in an oven kept at 200° C., sampled at every
predetermined time and tested for continuity. The high
temperature storage property was evaluated by comparing
the number of the packages with defective continuity to the
10 packages tested.

Gate Break Property (an Index for Mold Release Properties)
[0253] A 80 pin flat package having an outer size of 20
mmx14 mmx2 mm in which a silicone chip of 8 mmx10
mmx0.4 mm was mounted on a lead frame, was molded with
the resin composition under the same conditions mentioned
above. After molding, the gate portions were observed to
evaluate the gate breaking number (a number of the gates
which were clogged with the molded articles), with respect
to the gate number (20).

Wire Sweep Rate (an Index for Wire Sweep)

[0254] Using a soft X-ray measurement apparatus (PRO-
TEST 100 type manufactured by SOFTEX Society), a
fluoroscopic observation of the semiconductor device was
conducted to determine the wire sweep rate under conditions
of a voltage of 100 V and an electric current of 1.5 mA in
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order to evaluate the wire sweep. As shown in FIG. 4 and
FIG. 5, the observation was conducted from the perpen-
dicular direction with respect to the frame surface. The
shortest distance “L.” of the wire bonding (length of the line
connecting the terminal portion 7 of the semiconductor chip
3 with the lead pin 4, or with the bonding portion of the
substrate (the terminal portion 10 of the printed wiring
substrate) and the maximum dislocation “X” of the wire 5
were measured. X/L.x100 was denoted as the wire sweep
rate (%).

Voids Generated Amount

[0255] The fluoroscopic observation of the semiconductor
device was conducted in the same way as in the measure-
ment of the above wire sweep. The exislence or non-
existence of the voids of greater than or equal to 0.1 mm in
diameter was observed, then the voids generated was evalu-
ated by the number of semiconductor device accompanied
with voids/the number of semiconductor device tested.

Extract Water Property

[0256] A molded article of 20 mmx120x1 mm was pre-
pared by the transfer molding method. After curing, the
obtained product was cut with scissors into 1| mmx1 mm and
then crushed with a small vibration mill (NB-O type made
by Nittoh Kagaku Co., Lid.). Following to a process to
remove large particles [rom the crushed particles using a 100
mesh sieve, 5 g of the sample was transferred together with
50 g of distilled water into a pressure tight vessel whose
inside was coated with fluorocarbon resin, and encapsulated
up to be treated at 121° C. for 20 hrs. After the treatment was
completed, the content was cooled to the room temperature
and taken out from the vessel. Suspended materials were
precipitated by applying a centrifugal separation apparatus
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to take up the water phase as the extract water. fon concen-
tration in the extract water was measured by ion chromato-
gram (The Shodex column ICSI 90 4E and IC Y-521
manufactured by Showa Denko K.K.).

(1) Example K

Examples K1 to K11, Comparative Examples K1 to
K6

[0257] Respective components shown in Table K1 were
mixed by parts by weight, and roll-kneaded at 80° C. for 10
min. to prepare and evaluate respective resin compositions
of examples K1 to K11 and comparative examples K1 to K6.
The results are shown in Table K2.

Preparation of Semiconductor Device (LQFP)

[0258] Using the respective resin compositions of the
examples and comparative examples, corresponding semi-
conductor devices (100-pins LOFP) were formed as follows.
A silicone chip for the test of 10 mmx10 mmx0.4 mm
having an area of 100 mm® and a pad pitch of 80 um was
mounted on a lead frame, then the chip and lead frame were
wire-bonded by gold wires each having a diameter of 18 ym
and a length of 3 mm at the maximum, and the whole was
encapsulated with the corresponding resin composition to
form a semiconductor device respectively. The outer size of
the obtained device was 20 mmx20 mm, the thickness of the
encapsulating material of the upper side of the chip was 0.5
mm, the thickness of the encapsulating material of the lower
side of the chip was 0.5 mm, and the total thickness of the
device was 1.5 mm. The wire sweep rate and voids gener-
ated amount of each device were determined as described
above. The results are shown in Table K2.

TABLE K1

(Unit: parts by weight)

Examples K

Compaosition 1

-3
W
N

n
o
e
o
o

resin (1)
resin (4)
resin (6)
Epoxy resin (2)
Epoxy resin (3)
Epoxy resin (5)
Curing agent (1)
Curing agent (2)
Curing agent (3)

Epoxy
Epoxy
Epoxy

Hardening accelerator (1) 3

Composite metal hydroxide
Condensed phosphate
Triphenylphosphate

Anilinosilane 4,

Epoxy silane

Fused silica

Antimony trioxide
Carnauba wax

Carbon black

Amount of inorganic filler

{wt %)*

'
Ln
W
n
e
Ln

50

1445 1500 1500 1500 1550 1517 1291

O] |
oo
h o
oo
th O
h o

%[ﬁ!dl
%[‘)P-JI

§ L ] I
% |
0 W 1

88 88

% |
o W

88
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{Unit: parts by weight)
Comparative examples K
Composition 10 11 1 2 3 4 5 6
Epoxy resin (1) — — 100 100 100 100 100 85
Epoxy resin (4) —_ — — — — — — —
Epoxy resin (6) —_ — — — — — — —
Epoxy resin (2) 100 — — — — — — —
Epoxy resin (3) _— 100 — — — — — —
Epoxy resin (5) — — — — — —_ 15
Curing agent (1) 83 —_ 89 89 39 89 89 83
Curing agent (2) — — — — — — — —
Curing agent (3) —_— 54 — — — —
Hardening accelerator (1) 35 35 35 35 35 35 35 35
Composite metal hydroxide 100 200 250 250 100 — — —
Condensed phosphate _— —_ — 10 — 30 — —
Triphenylphosphate —_ — — — — — — —
Anilinosilane 4.5 4.5 4.5 — —_ — —
Epoxy silane — — 4.5 4.5 45 4.5 4.5
Fused silica 1380 386 1275 1350 1425 1751 525 1507
Antimony trioxide —_ — — — —_ — 6.0
Carnauba wax 2.0 2.0 2.0 2.0 2.0 20 2.0 2.0
Carbon black 3.5 3.5 35 3.5 3.5 .5 35 35
Amount of inorganic filler 88 80 88 88 a8 88 88 88
(wi %)*
*Amount against the resin composition (wt %)
[0259]
TABLE K2
Examples K Comparative examples K
Evaluation T 2 3 4 5 6 7 8 9 10 11 i 2 3 4 5 6
Spiral flow (cm) 102 98 110 115 117 120 106 98 110 97 90 87 89 95 125 105 103
Disc flow (mm) 83 81 84 85 91 93 84 82 85 81 80 70 72 76 2 82 80
Hardness at curing 79 75 72 T 78 75 72 78 80 83 78 74 79 65 80 78
stage (Shore D)
Mold release force 168 175 180 95 64 110 91 112 85 54 259 380 215 177 70 64
under Shearing (KPa)**
UL-94 test Vo0 V-0 VO Va0 V0 V0 V-0 VIO VO VD VO VD VD VD VD - V-0
Wire sweep rate (%) 4 % 4 4 3 2 4 5 4 5 6 20 16 13 2 6 7
Voids generated amount  0/20 0/20 ©/20 /20 0/20 0/20 020 /20 0/20 O/20 O/20 920 720 /20 0/20 0/20 0/20
Reflow 72h 0/5 /S /s /5 0/5 I&] 8] 0/5 0/5 18] 5/5 0/5 o5 0/5 0/5 0/5 /S5
resistance 96 h 0/s 18] /5 0/5 0/5 /S 0/5 0/s 0/5 /5 5/5 1/5 V5] 0/5 0/5 075 /5
168 h 1/5 0/5 0/5 0/5 0/s 0/s 0/5 0/5 0/5 3/5 5/5 25 25 0/5 0/5 0/5 0/5
336 h 5/5 5/5 25 5/5 /5 1/5 1/5 0/5 5/5 5/5 5/5 5/5 5/5 1/5 0/5 2/5 3/5
Moisture 100 h 0/¢ o010 o010 o410 00 010 010 010 00 040 0410 /10 ©/10 0410 0/10 00 DAD
resistance 200 h 0Aa¢ o010 010 040 00 010 0AaA0 040 010 020 040 010 O/10 010 00 010 0/10
500 h 0/10  0/10 00 /10 0/10  0/10 010 040 010 010 010 O/10 00 010 210 0710 0/10
1000 h 0/10 010 020 10 00 010 010 0710 00 00 00 O/10 O/10  0A0 510 040 1/10
High 400 h 0/10 010 010 o100 010 010 040 0/10 0f10 00 010 /10 010 010 010 0D 0/10
temperature 600 h /10 0/10 010 /10 /10 0/10 010 0f10 /10 0/10 /10 0/10 ©/10 0/10 040 010 2710
storage 800 h 010 0210 0/10 10 0710 0710 010 010 0/10 020 0410 010 00 010 010 010 510
property 1000 h 0/¢ o010 010 o0 010 00 00 0/10 040 010 010 010 ©/10 0/10 2710 00 10010

*: below standards
**after 10 shots of molding

30



US 2006/0014873 Al

27

[0260] The resin compositions of the comparative
examples K4 to KG did not include the component (C),
composite metal hydroxide. Accordingly, the comparative
example K5 was inferior in flame resistance and did not
attain the UL-94 V-0, the comparative example K4 including
phosphate was inferior in moisture resistance, and the com-
parative example K6 including bromide epoxy resin and
antimony compound was inferior in high temperature stor-
age property. The comparative examples K1 to K3 having
the disc flow less than 80 mm showed greater wire sweep
and voids generation.
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[0261] On the other hands, the examples K1 to K11 were
excellent in flame resistance, and low in wire sweep and
voids generation, thus excellent in terms of reliability.

(2) Example L

Examples L1 to L.10, Comparative Examples .1 to
L6

[0262] Respective components shown in Table L1 were
mixed by parts by weight, and roll-kneaded at 80° C. for 10
min. to prepare and evaluate resin compositions of examples
L1 to L10 and comparative examples L1 to L6. The results
are shown in Table L2.

TABLE L1

(Unit: parts by weight)

Examples L

Composition 1 2

& 4 5 6 7 8

Epoxy resin (1)
Epoxy resin (4)
Epoxy resin (6)
Epoxy resin (2)
Epoxy resin (3)
Epoxy resin (5)
Curing agent (1)
Curing agent (2)
Curing agent (3)
Hardening accelerator (1) 35
Hardening accelerator (3)
Hardening accelerator (4)
Composite metal hydroxide
Condensed phosphate
Anilinosilane

Epoxy silane

Fused silica 1425
Antimony trioxide
Carnauba wax
Carbon black
Amount of inorganic filler 88 8
(wt %)~

ted 13
L =
[ ]

o0

tho

100 100

1461

Examples L

Comparative examples L

Composition g

10

Epoxy resin (1)

Epoxy resin (4)

Epoxy resin (6)

Epoxy resin (2)

Epoxy resin (3)

Epoxy resin (5)

Curing agent (1)

Curing agent (2)

Curing agent (3)
Hardening accelerator (1)
Hardening accelerator (3) s 3
Hardening accelerator (4)
Composite metal hydroxide
Condensed phosphate
Anilinosilane

Epoxy silane

Fused silica

Antimony trioxide
Carnauba wax

Carbon black

Amount of inorganic filler
{wt %)*

-
s
o
:D.
Lol
£6
=

]
h
Ly b

88 7

oo

in

th o

1.5

e
tn
L
in
]
in
[
in
-
in

4.5
1507

6.0
.0 2.0
5 3.5
88

*Amount against the resin composition (wt %)
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[0263]
TABLE L2
Examples L Comparative examples T
Evaluation 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6
Spiral flow (cm) 95 92 100 97 112 104 90 101 91 88 73 80 102 128 105 103
Disc flow (mm) 82 81 86 86 90 31 82 84 80 82 72 70 85 93 82 81
Hardness at curing 79 82 80 83 7% 75 718 77 83 3 62 75 73 65 80 78
stage (Shore D)
Mold release force under 180 75 92 45 68 105 88 93 65 40 280 370 220 175 70 64
shearing (KPa)**
UL-94 test V-0 V-0 VO V-0 V-0 V-0 VA0 V-0 V-0 VO V-0 V-0 V-0 V-0 » V-0
Gate break 1/20 /200 0/20 020 0/20 0220 0/20 O/20 0/20 020 7/20 1520 5/20 2/20 0/20 0420
Reflow 72 h 0/5 0/5 0/5 /s 0/5 /s 0/5 0/5 0/5 205 0/5 0f5 0/5 0/5 0/5 0/5
resistance 96 h 0/s 0/5 /5 0/5 0/5 o/ 0/5 0/5 0/5 5/5 0/5 1/5 0/5 /5 0/5 0/5
168 h /5 0/5 5 2/5 /5 /s 0/5 /5 255 5/5 2/5 3/5 0/5 /5 0/5 /5
336 h 1/5 5/5 55 5/5 1/5 1/5 0/5 1/5 55 SIS 5/5 515 0/5 /5 2/5 3/5
Moisture 100 h 0/¢ o010 o410 040 00 010 0410 040 010 020 0/0 010 O/10 0/10 0/10 0/10
resistance 200 h 0/10 00 0A0 040 040 010 010 0710 0/10 /10 010 0/10 0/10 10 010 /10
500 h 0/10 010 0410 O/10 040 010 /10 /10 0410 00 00 010 0/10 2110 010 0/10
1000 h 00 o010 o110 040 00 010 ©10 00 00 010 210 0/10  0/10 5/10 0/10 1/10
High 400 h 0/10 010 00 0710 /10 0/10  0/10 0410 /10 010 010 010 0710 /10 0/10 0/10
temperature 600 h /10 ©0/10 010 ©O/10 0/0 0/10 010 040 ©0/10 0410 0/10 ©10 0/10 /10 0/10 2/10
storage 800 h 0/0 010 ©O/10 010 00 010 00 O/10 010 0/10 0/10 0/10 010 0/10 0/10 5010
property 1000 h 0/10 010 010 O/10 /10 0/10  0/10 010 0/10 0/10  3/10 0710 /10 2/10 0/10 10/10

*: below standards
**after 10 shots of molding

[0264] The comparative examples 14 to L6 did not
include the component (C), composite metal hydroxide.
Accordingly, the comparative example L5 was inferior in
flame resistance and did not attain the UL-94 V-0, the
comparative example L4 including phosphate was inferior in
moisture resistance, and the comparative example L0
including bromide epoxy resin and antimony compound was
inferior in high temperature storage property. The compara-
tive examples L1 to L3 having the mold release force under
shearing after 10 shots of molding greater than 200 KPa
exhibited larger number of gate breaks, which showed poor
mold release properties.

[0265] On the other hands, the examples L1 to .10 were
excellent in flame resistance, few in gate breaks, and had
good mold release properties, thus excellent in terms of
reliability.

(3) Example M

Preparation of Resin Composition

[0266] Respective components shown in Table M1 were
mixed by parts by weight, and roll-kneaded at 80° C. for 10
min to prepare and evaluate resin compositions C1 to C14,
The results are shown in Table M2.

TABLE M1

(Unit: parts by weight)

Resin compositions

Composition

C3 C4 C5

Epoxy resin (1)
Epoxy resin (6)
Epoxy resin (2)
Epoxy resin (4)
Epoxy resin (3)
Epoxy resin (5)
Curing agent (1) 89
Curing agent (2)
Curing agent (3)

Hardening accelerator (1) 3

Condensed phosphate
Triphenylphosphate

Composite metal hydroxide 100

Magnesium hydroxide
Anilinosilane

Epoxy silane 4
Fused silica
Antimony trioxide
Carnauba wax
Carbon black

100

89 89 89 94
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TABLE M1-continued
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(Unit: parts by weight)

Amount of inorganic filler 88 88 88 88
(wt %)~

88 88 88

Resin compositions

Composition 8 co C10 Cl11 Cc12 C13 C14
Epoxy resin (1) — — — 100 100 85 —
Epoxy resin (6) — — — — — — —
Epoxy resin (2) 100 — - — — — —
Epoxy resin (4) — 100 — — — — —
Epoxy resin (3) —_ —_ 100 — — — 85
Epoxy resin (5) —_ —_ —_ —_ —_ 15 15
Curing agent (1) 83 7 — 89 89 83 —_
Curing agent (2) — — —_— —_ - — o
Curing agent (3) —_— —_ 54 - -_ —_ 50
Hardening accelerator (1) 35 35 2.0 35 3:5 35 20
Condensed phosphate = — — 25 =t o =
Triphenylphosphate — — — — — — —
Composite metal hydroxide 100 100 100 — — —_ —
Magnesium hydroxide — —_ — — 100 — —
Anilinosilane — — — — — — —
Epoxy silane 4.5 4.5 4.5 45 4.5 45 4.5
Fused silica 1384 1628 629 1713 1426 1473 715
Antimony trioxide — — — — — 6.0 15.0
Carnauba wax 2.0 2.0 2.0 20 2.0 2.0 20
Carbon black s 3.5 35 35 35 35 35
Amount of inorganic filler 88 88 88 88 88 88 81
(wt %)=
*Amount against the resin composition (wt %)
[0267]

TABLE M2

Resin compositions

Evaluation 1l c2 C3 c4  C5 c6 C7 c8 9 Clo Cci11 <12 Cc13 Cl4
Spiral flow (cm) 2 102 98 117 120 119 100 90 91 90 108 78 105 95
Disc flow (mm) 81 85 82 a8 92 89 3 80 83 80 85 70 86 82
Hardness at curing stage &80 82 8 78 80 76 76 81 78 83 65 &0 80 85
(Shore D)
Mold release force under 182 91 188 53 40 59 190 175 187 102 170 532 65 28
shearing (KPa)*
UL-94 test V-0 V0 V-0 V-0 V-0 V-0 V-0 V-0 V0 V-0 V-0 VD V-0 VR0

*after 10 shots of molding

Preparation of Semiconductor Devices (LQFP and QFP)

[0268] Using the resin compositions C1 to C14, semicon-
ductor devices corresponding to examples M1 to M10 and
comparative examples M1 to M18 were formed as follows.

Examples M1 to M10 (Table M3)

[0269] Using the resin compositions C1 to C10, corre-
sponding semiconductor devices (100-pins LQFP) of
examples 1 to 10 were formed as follows. A silicone chip for
the test of 10 mmx10 mmx0.4 mm having an area of 100
mm  and a pad pitch of 80 gum was mounted on a lead frame,
then the chip and lead frame were wire-bonded by gold
wires each having a diameter of 18 ym and a length of 3 mm
at the maximum, and the whole was encapsulated with the
corresponding resin composition fo from a semiconductor
device respectively. The outer size of the obtained device
was 20 mmx20 mm, the thickness of the encapsulating

material of the upper side of the chip was 0.5 mm, the
thickness of the encapsulating material of the lower side of
the chip was 0.5 mm, and the total thickness of the device
was 1.5 mm.

Comparative Examples M1 to M4 (Table M3)

[0270] Semiconductor devices (100-pins LQFP) of com-
parative examples M1 to M4 were formed in the same way
as in the examples M1 to M10, except the use of the resin
compositions C11 to C14.

Comparative Examples M5 to M14 (Table M4)

[0271] Using the resin compositions C1 to C10, semicon-
ductor devices (64-pins QFP-1H) of comparative examples
M5 to M14 were formed as follows. A silicone chip for the
test of 4 mmx4 mmx0.4 mm having an area of 16 mm? and
a pad pitch of 100 gm was mounted on a lead frame, then the
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chip and lead frame were wire-bonded by gold wires each
having a diameter of 18 pum and a length of 1.5 mm at the
maximum, and the whole was encapsulated with the corre-
sponding resin composition o form a semiconductor device
respectively. The outer size of the obtained devise was 20
mmx20 mm, the thickness of the encapsulating material of
the upper side of the chip was 1.1 mm, the thickness of the
encapsulating material of the lower side of the chip was 1.1
mm, and the total thickness of the device was 2.7 mm.

Comparative Examples M15 to M18 (Table M4)

[0272] The semiconductor devices (64-pins QFP-1H) of
comparative examples M15 to M18 were formed in the same
way as in the comparative examples M5 to M14, except the
use of the resin compositions C11 to C14.

Preparation of Semiconductor Device (OMPAC type BGA)

[0273] Semiconductor devices of examples M11 to M20
and comparative examples M19 to M36 were formed as
follows, using the resin compositions C1 to C14.

Examples M11 to M20 (Table M5)

[0274] A fine wiring pattern was formed on an insulated
substrate for semiconductor chip mounting (glass-fiber-
woven cloth reinforced epoxy resin laminate, the product
name “E-679” manufactured by Hitachi Chemical Co., Ltd.)
having an outer size of 26.2 mmx26.2 mmx0.6 mm. Then,
the front and back surfaces of the substrate excluding gold
plated terminals on the obverse and external connection
terminals on the reverse were coated with solder resist
(“PSR4000AUS5”, the product name of Taiyo Ink Mfg. Co.,
Ltd.) and dried at 120° C. for 2 hours. A semiconductor chip
of 9 mmx9 mmx0.51 mm having an arca of 81 mm* and a
pad pitch of 80 gm was mounted on the dried substrate by
applying an adhesive agent (“EN-X50", the product name of
Hitachi Chemical Co., L.td.) and heated in a clean oven from
room temperature to 180° C. at constantly elevating speed
for 1 hour, followed by an additional heating at 180° C. for
1 hour. Then wire bonding portions and the chip were
wire-bonded by gold wires each having a diameter of 30 um
and a length of 5 mm at the maximum, and the front (upper)
side of the substrate on which the chip was mounted was
encapsulated with each of the resin compositions C1 to C10
to form a corresponding BGA device of 26.2 mmx26.2
mmx0.9 mm (1.5 mm thick BGA device) of the examples
M11 to M20 by transfer molding method under the above
mentioned conditions.

Comparative Examples M19 to M22 (Table M5)

[0275] Corresponding Semiconductor devices (1.5 mm
thick BGA device) of comparative examples M19 to M22
were formed in the same way as in the examples M11 to
M20, except the use of the resin composition C11 to C14.

Comparative Examples M23 to M32 (Table M6)

[0276] In the same way as in the examples M11 to M20,
a semiconductor chip of 4 mmx4 mmx0.51 mm having an
area of 16 mm~ and a pad pitch of 100 gum was mounted and
wire bonding portions and the chip were wire-bonded by
gold wires each having a diameter of 30 um and a length of
1.5 mm at the maximum. The front side of the substrate on
which the chip was mounted was encapsulated with each of
the resin compositions C1 to C10 to form a corresponding
BGA device of 26.2 mmx26.2 mmx1.9 mm (2.5 mm thick
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BGA device) of the comparative examples M23 to M32 by
transfer molding method under the above mentioned con-
ditions.

Comparative Examples M33 to M36 (Table M6)

[0277] BGA devices of comparative examples M33 1o
M36 were formed in the same way as in the comparative
examples M23 to M32, except the use of the resin compo-
sitions C1 to C14.

Preparation of Semiconductor Device (Mold Array Package
Type Stacked Type BGA)

[0278] Semiconductor devices of examples M21 to M30
and comparative examples M37 to M54 were formed as
follows, using the resin compositions C1 to C14.

Examples M21 to M30 (Table M7)

[0279] Two semiconductor chips, each having a size of 9.7
mmx6.0 mmx0.4 mm, an area of 58 mm?, and a pad pitch
of 80 um, and comprising a die bonding film “DF-400"
manufactured by Hitachi Chemical Co., Ltd. adhered on its
reverse side, were stacked in layer onto cach other on a
polyimide substrate of 48 mmx171 mmx0.15 mm, and 56
sets of the stacked chips were disposed as indicated in FIG.
3A. The chips were bonded at 200° C. for 10 sec. under a
load of 200 gf, and followed by a baking of 180° C. for 1
hour. After that, wire bonding portions and the chips were
wire-bonded by gold wires each having a diameter of 30 um
and a length of 5 mm at the maximum. Next, the front side
of the substrate on which the chips were mounted was
encapsulated with each of the resin compositions C1 to C10
to form a corresponding BGA device of 40 mmx83 mmx0.8
mm (0.95 mm thick BGA device) of examples M21 to M30
by transfer molding method under the above mentioned
conditions, as shown in FIG. 3B.

Comparative Examples M37 to M40 (Table M7)

[0280] The BGA devices (0.95 thick BGA devices) of
comparative examples M37 to M40 were formed in the same
way as in the examples M21 to M30, except the use of the
resin compositions C11 to C14.

Comparative Examples M41 to M50 (Table M8)

[0281] In the same way as in the examples M21 to M30,
except that a single semiconductor chip, not stacked, of 5.1
mmx3.1 mmx0.4 mm having an arca of 16 mm* and a pad
pitch of 100 gm was mounted, and wire bonding portions
and the chips were wire-bonded by gold wires each having
a diameter of 30 gm and a length of 1.5 mm at the maximum,
and the front side of the substrate on which the chips were
mounted was encapsulated with each of the resin composi-
tions C1 to C10 to form a corresponding BGA device of 40
mmx83 mmx2.5 mm (2.65 mm thick BGA device) of
comparative examples M41 to M50 by transfer molding
method under the above mentioned conditions.

Comparative Examples M51 to M54 (Table M8)

[0282] BGA devices of comparative examples M51 to
M54 were formed in the same way as in the comparative
examples M41 to M50, except the use of the resin compo-
sitions C11 to C14.

[0283] The obtained semiconductor devices of the
examples M1 to M30 and comparative examples M1 to M54
were evaluated by the respective tests. The results are shown
in Tables M3 to M8.
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Examples M Comparative examples M
Evaluation 1 2 3 4 5 [ 7 b1 9 10 1 2 3 4
Resin composition C1 c2 3 C4 Cs Co C7 C8 C9 Ci0 C11 C12 cCc13 Ci4
Wire sweep rate (%) 7 5 7 4 3 2 6 8 7 8 5 18 5 7
Voids generated amount  0/20 0/20 ©/20 (/20 0/20 020 0/20 0/20 0/20 0/20 0/20 5/20 0/20 0/20
[0284]

TABLE M4

Comparative examples M

Evaluation ] [ 7 8 9 10 11 12 13 14 15 16 17 18
Resin composition C1 c2 C3 c4  C5 cs  C7 c8 9 C10 Cc11 Ciz2 C13 Cl4
Wire sweep rate (%) ] 0 0 0 0 0 0 0 ] 0 0 11 0 0
Voids generated amount  0/20 0/20 /20 O/20 0/20 0/20 020 020 020 020 020 220 020 0720
[0285]

TABLE M5

Examples M Comparative examples M
Evaluation 11 12 13 14 15 16 17 18 19 20 19 20 21 22
Resin composition [ 2 Cc2 C3 C4 CH Co c7 CB 9 Ccl0 Cl1 <12 C13 Cl4
Wire sweep rate (%) 8 6 8 6 4 4 8 ] 7 8 7 20 6 9
Voids generated amount  0/20 0/20 020 /20 0/20 0O/20 020 0/20 020 020 020 7720 020 0720
[0286]

TABLE M6

Comparative examples M

Evaluation 23 24 25 26 27 28 29 30 3 32 33 34 35 36
Resin composition 1 c2 c3 4 C5 Cc6 c7 c8 ce Clo0 C11 €12 Ci13 Ci4
Wire sweep rate (%) 4 2 3 2 2 2 3 4 3 3 3 13 2 4
Voids generated amount 0/20 ©0/20 020 O/20 020 020 0/20 0/20 0/20 0720 020 520 0720 0/20
[0287]

TABLE M7

Examples M Comparative examples M
Evaluation 21 22 23 24 25 26 27 23 29 30 37 38 g 40
Resin composition [ & C2 C3 4 CS Co C7 8 C9 Ci10 Ci1 <12 C13 Ci4
Wire sweep rate (%) 9 8 9 7 6 6 9 9 7 9 9 22 8 9
Voids generated amount  0/20 0/20 0/20 /20 0/20 020 0/20 0/20 0/20 0O/20 0/20 820 0/20 0/20
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[0288]
TABLE M8
Comparative examples M
Evaluation 41 42 43 4 45 46 47 48 49 50 51 52 53 54
Resin composition €1 ¢ €3 ©4 C5 €6 €7 8 (€9 CI0 Cil C12 C13 Cl4
Wire sweep rate (%) 4 3 4 3 3 3 4 6 4 4 4 15 3 5
Voids generated amount  0/20 (/20 0/20 0/20 0/20 0/20 0/20 0/20 0/20 020 0/20 720 020 0/20
Examples M31 to M40, Comparative Examples resin compositions, no wire sweep were observed

M55 to M58 (Table M9)

[0289] The resin compositions C1 to C14 were used and
various evaluations relating to reliability were conducted.
The results are shown in table M9.

TABLE M9

(extremely small in wire sweep), no voids occurred, and the
moldability was excellent. In addition, the semiconductor
devices of the examples M31 to M39 were excellent in
reflow resistance.

Examples M Comparative examples M
Evaluation 3l 32 33 34 35 36 37 38 39 40 55 56 57 58
Resin composition 1 & & ™ ¢ ©e Cf 8 ©C Cio cu1 c12 C13 Ci4
Reflow resistance 2h 055 s 05 0/ 05 o5 D5 /S /5 205 05 05 0/5 5/5
9% h OS5 05 OS5 OS5 05 O5 05 05 05 55 05 05 /5 5/5
68h 05 o5 05 05 05 5 0/5 05 o5 55 05 25 0/5 5/5
33h 35 55 15 065 25 Y5 25 55 OS5 55 15 55 1/5 5/5
Moisture resistance 100h 0/10 0A0 0/10 010 0/10 010 0/10 010 ©O/10 010 0/10 0/10 /10 0/10
200h 010 010 0O10 040 0/10 010 0/10 040 /10 0/10 0/10 0410 010  0/10
500h 040 0710 010 010 0/10 010 0410 010 ©/410 0/10 2/10 040 010 0/10
1000h 00 00 0710 /10 0710 /10 0/10  0/10 O/10 0/10  5/10 0f10 0710 0/10
High temperature 400 h 010 0O/10 010 /10 0/10 O/10 010 0710 00 010 0A0 0710 0/10 0/10
storage property 600 h  0/10 0/10 010 00 0/10 O/10 00 040 /10 /10 0/10 010 2/10 0/10
800 h 0/10 0/10 0710 0/0 010 010 0A0 0/0 ©/10 0/10 0/10 010 7110 510
1000h 0410 0/10 0/10 0/10 0/10 040 0/10 A0 010 0/10 2/10 010 10/10 510

[0290] In terms of the semiconductor devices of the com-
parative examples M2, M16, M20, M34, M38 and M52,
which were encapsulated with the resin composition C12
that was non-halogenated with magnesium hydroxide,
imperfect molding either wire sweep (large in wire sweep)
or voids occurred. The resin composition C11 that was
non-halogenated with phosphate was inferior in hardness at
curing stage, and the semiconductor device of the compara-
tive example M55, encapsulated with the resin composition
(11, was inferior in moisture resistance. The semiconductor
devices of the comparative examples M57 and M58, encap-
sulated with the resin compositions C13 and C14 using
bromide flame retardant and antimony compound were
inferior in high temperature storage property.

[0291] On the other hands, the resin compositions C1 to
C10 were excellent in fluidity, and in the semiconductor
devices of the examples M1 to M30, encapsulated with these

[0292] 1In terms of the semiconductor devices of the com-
parative examples M5 to M18, M23 to M36 and M41 to
M54, which had no features of (a) to (f), no wire sweep were
observed (extremely small in wire sweep), and no voids
generation occurred.

(4) Example N

Examples N1 to N8, Comparative Examples N1 to
NGO

[0293] Respective components were mixed by parts by
weight as shown in Table N1, roll-kneaded at 80° C. for 15
min. to prepare and evaluate resin compositions of examples
N1 to N8 and comparative examples N1 to N6. The results
are shown in Table N2.
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TABLE N1
(Unit: parts by weight)
Examples N Comparative examples N
Composition 1 2 3 4 5 o 7 8 1 2 3 4 5 6
Epoxy resin (1) 100 100 100 100 —_ —_ —_ 100 100 100 100 100 100 90
Epoxy resin (3) — — — — — — 100 — — — — — — —
Epoxy resin (4) — — —_ — 100 100 —_ —_ —_ _ —_ —_ —_ —_
Curing agent (1) 89 89 30 89 89 89 = 89 89 89 89 89 89 89
Curing agent (3) — — — — — — 54 — — — — — — —
Hardening —_ 35 35 XS &a 35 35 35 35 ] 3.5 3.5 35 35
aceelerator (1)
Hardening 5.0 — — — — — — — — — — —_ — —_
aceelerator (5)
Red phosphorus —_ —_ 6 —_ 6 —_ 6 6 6 —_ 6 —_ —_ —_
Condensed —_ —_— —_— 15 —_ 15 —_ _ —_ 15 —_ 15 5 —_
phosphate
Magnesium — —_ —_ — — —_ —_ — — —_ — — 150 —_
hydroxide
Composite 150 150 50 50 50 50 50 100 0.3 0.3 — — — —_
metal hydroxide
Antimony — — — —_ — — — — —_ — —_ — —_ 5
trioxide
Fused silica 1545 1495 1545 1545 1545 1545 400 1445 1565 1565 1585 1585 1585 1585
Epoxy silane 4.5 4.5 435 45 4.5 4.5 45 4.5 4.5 4.5 4.5 4.5 4.5 4.5
Epoxy resin (5) — — — — — — — — — — — — — 10
Carnauba wax 2 2 2 2 2 Z 2 2 2 2 2 2 2 2
Carbon black 35 35 35 35 5 35 s 35 35 3s 35 35 s 35
[0294]
TABLE N2
Examples N Comparative examples N
Evaluation 1 2 3 4 5 o 7 8 1 2 3 4 5 6
Flame resistance:
total afterflame time (s) 27 33 18 35 20 25 25 12 18 39 28 43 48 5
Judgment V-0 V-0 V0 V0 VIO VD VD V-0 V-0 V-0 V-0 V-0 V-0 V-0
Spiral flow (cm) 68 i 83 69 73 86 64 80 88 82 103 55 78
Spiral flow drop-time (h) 94 102 94 99 8§ 92 75 111 95 102 108 92 95 103
Hardness at curing stage 79 ™79 75 78 74 81 7 75 73 76 69 74 78
(Shore D)
Disc flow (mm) 80 82 89 92 88 90 81 85 92 95 92 95 71 88
Mold release force under 165 172 70 78 72 82 43 160 57 65 55 68 536 66
shearing (KPa)*
Reflow resistance 48 h /5 o5 o5 05 05 05 05 /5 0/5 /5 /5 /s 0/5 0/5
72h 5 0/5 w5 05 s 05 1/5 0/5 /5 0/5 0/5 S 0/5 0/5
96 h s 1/5 0/5 1/5 /5 s 25 1/5 1/5 o5 0/5 0/5 0/5 0/5
168 h 2 25 5 25 OS5 05 35 2/5 15 /5 1/5 s 215 15
Moisture resistance 12h /10 0710 010 010 010 0/10 010 0410 0/10 0/10 0/10 0/10 0710 0/10
24 h 0/10 0/10 /10 0/10 10 0710 0/10 0/10 /10 /10 0/10 /10 0/10 /10
48 h 10 010 010 010 010 010 010 010 0/10 0/10 1/10 0/10 0/10 0/10
72 h 0/10 010 010 010 O10 010 0/10 010 /10 /10 4/10 /10 0/10 0/10
96 h 0/10 010 0/10 0/0 0120 010 O/10 010 3/10 0/10 8/10 0/10 0/10 0/10
144 h /10 010 /10 0/10 O10 010 /10 /10 8/10 110 10/10 5/10 0/10 0/10
288 h 0/10 0710 0410 0410 0410 010 010 010 10/10 5010 —_ 810 3/10 0/10
384 h /10 010 /10 010 O/10 010 /10 /10 — 9/10 — 10/10 7/10 0/10
500 h /10 /10 010 010 010 010 010 0710 — 10/10 — — 10/10 0/10
600 h /10 010 /10 0/10  0/10 00 0410 0710 —_ —_— —_— —_ —_ 0/10
800 h 010 00 0/10 0/A0 010 010 /10 010 — — — — — 0/10
1000 h 2/10 010 )10 010 2710 0/10 1710 0/10 —_ _— —_ —_ _ 1/10
1200 h 310 010 310 1410 210 0/10 310 110 — — — — — 3/10
High temperature 400 h /10 010 /10 010 O10 010 /10 /10 0/10 0/10 0/10 /10 0/10 210
storage property 600 h 0/10 0a0 10 00 010 010 1710 0/10 0/10 0/10 0/10 0/10 0/10 510
800 h 0/10 0710 /10 0/10 10 0710 2710 0/10 0/10 0/10 0/10 10 0/10 10/10
1000 h 10 010 020 010 010 010 2710 0710 1/10 0/10 1/10 0/10 0/10 —_
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TABLE N2-continued

Examples N Comparative examples N
Evaluation 1 2 3 4 5 6 7 8 1 2 3 4 5 6
Sodium ion (Na*) 0.96 14 2 0.78 22 1.2 2.7 0.96 4.6 2.9 6.8 36 2.9 1.4
concentration in the extract
water (ppm)
Chlorine ion (CI7) 0.75 1.6 1.1 2 1.3 1.8 096 0.63 3.8 7.8 3.3 22 4.8 24
concentration in the extract
water (ppm)
Total phosphate ion 0.5 6.8 18 1.5 15 98 24 4.8 65 39 82 43 44 0.3
concentration in the extract
water (ppm)
pH of the extract water 71 72 65 68 70 73 64 7.3 43 51 4.2 5.6 6.9 4.5
Electric conductivity 40 29 72 58 67 61 82 25 540 23 880 350 140 S0

of the extract water (ps/cm)

*after 10 shots of molding

[0295] The comparative examples N1 to N4 of which the
ion concentrations in the extract water exceeded the set level
and comparative example N5 using non-composile type
meltal hydroxide were inferior in moisture resistance. The
comparative example N6 including bromide epoxy resin and
antimony compound as flame retardant was inferior in high
lemperature storage property.

[0296] On the other hands, the examples N1 to N8 were
excellent in any of fluidity, hardness at curing stage, reflow
resistance, moisture resistance and high temperature storage
property, as well as in flame resistance.

(5) Example P

Examples P1 and P2, Comparative Examples P1 to
P4

[0297] Respective components shown in Table P1 were
mixed by parts by weight, and roll-kneaded at 80° C. for 10
min. to prepare and evaluate resin compositions of examples
P1 and P2 and comparative examples P1 to P4. The results
are shown in Table P2.

TABLE P1

(Unit: parts by weight)

Examples P Comparative examples P

Composition 1 2 1 2 3 4
Epoxy resin (4) 100 70 — 70 — —
Epoxy resin (1) — 20 100 20 100 85
Epoxy resin (3) — 10 — 10 — -—
Curing agent 70 54 90 54 90 83
(0

Curing agent —_ 26 — 26 — =
(2

Hardening 38 — 3.8 —_ 38 35
accelerator (1)

Hardening — 3.8 — 3.8 — —_
accelerator (2)

Fused silica 1286 1677 1438 1953 1991 1485
Composite 100 50 100 —_ —_ —_
metal

hydroxide

Condensed — 30 — 60 60 —_
phosphate

Antimony — — — — — 6
trioxide

TABLE P1-continued

{Unit: parts by weight)

Examples P Comparative examples P

3

1 2 3 4

Composition 1

|

Epoxy resin (5)
Hydrotalcite
Epoxy silane
Carnauba wax
Carbon black
Amount of
inorganic

filler (wt %)*

[
[
| &

B2 b3 Lh

o e B3 hh
06 w1 L
% |
GO b2 h th
o0

) 3 b3 th
Bowaul |
B0t B th

o
w
o
oo

*Amount against the resin composition (wt %)

[0298]
TABLE P2
Examples P Comparative examples P
Evaluation 1 2 1 2 3 4
Flame resistance V-0 V-0 V0 V-0 V-0 V-0
Spiral fAlow (in.) 34 40 32 48 45 38
Hardness at curing stage 74 72 77 52 58 5
(Shore D)
Disc flow (mm) 87 83 88 87 92 81
Mold release force under 180 182 110 a9 a5 85
shearing (KPa)*
Reflow resistance 72h O/5 0/5 05 05 05 0/5
96h 0O/5 /5 s 05 055 0/5
168 h 5 05 25 05 O/5 15
336h 2/ 17, 55 05 05 2/5
Moisture 30h /10 0/10 010 010 /10 010
resistance 100h  0/10 0410 ©O/10 010 1710  0/10
250h OO0 0/10 010 110 310 010
500 h /10 0/10  O0/10  4/10 1010 1710
High temperature 400 h 00 0410 O/10 010 040 0/10
storage property 600 h /10 0/10 010 010 010 1710
800h 0/10 0/10 /10 1710 1/10 /10
1000 h  O/10 0710 010 2/10 310 10/10

*after 10 shots of molding

[0299] As shown in Table P2, the comparative examples
P1 to P3 which did not contain one of or both of the sulfur
atom containing epoxy resin and the composite metal
hydroxide (C) were inferior in terms of either reflow resis-
lance, moisture resistance, or high temperature storage prop-
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erty. The comparative example M4 in which bromide epoxy
resin and antimony compound were used was inferior in the
high temperature storage property.

[0300] On the other hand, in the examples M1 and M2, all
of the reflow resistance, the moisture resistance and the high
temperature storage property were favorable, and the V-0 of
the UL-94 test was achieved to show good flame resistance.

[0301] It is to be noted that, besides those already men-
tioned above, various changes and modifications can be
made in the above-mentioned embodiments without depart-
ing from the novel and advantageous features of the present
invention. Therefore, all such changes and modifications are
intended to be included within the scope of the appended
claims.

1. An encapsulating epoxy resin composition, containing
an epoxy resin (A), a curing agent (B), and a composite
metal hydroxide (C), and having a disk flow greater than or
equal to 80 mm.

2. An encapsulating epoxy resin composition according to
claim 1, further containing an inorganic filler (D).

3. An encapsulating epoxy resin composition according to
claim 1, wherein the component (C) contains a compound
represented by the composition formula (C-I):

P(M'a0b).g(M*cOd).{McQd).mH,0 (c-n
(In the formula (C-I), M*, M* and M? are different metal

elements each other, a, b, ¢, d, p, g, and m are positive

numerals, and r is 0 or a positive numeral.)

4. An encapsulating epoxy resin composition according to
claim 3, wherein M is selected from the group consisting of
metal elements belonging to the third period, alkaline earth
metal elements of group IIA, and metal elements belonging
to groups IVB, 1IB, VIII, IB, IIIA and IVA, and M? is
selected from transition metal elements of groups IIB to
I1B.

5. An encapsulating epoxy resin composition according to
claim 4, wherein M is selected from the group consisting of
magnesium, calcium, aluminum, tin, titanium, iron, cobalt,
nickel, copper and zinc, and M* is selected from the group
consisting of iron, cobalt, nickel, copper and zinc.

6. An encapsulating epoxy resin composition according to
claim 5, wherein M" is magnesium and M? is sclected from
the group consisting of zinc and nickel.

7. An encapsulating epoxy resin composition according to
claim 3, wherein r is 0 and a molar ratio p/q is 99/1 to 50/50.

8. An encapsulating epoxy resin composition according to
claim 1, further containing a silane coupling agent (E)
having a secondary amino group.

9. An encapsulating epoxy resin composition according to
claim 8, wherein the component (E) contains a compound
represented by the general formula (I):

it 0
TN\

NH—(—(.‘H;-rD—&I;i-(-OR-'},,,

Rz_i-m

(In the formula (I), R is selected from the group consisting
of a hydrogen atom, an alkyl group having 1 to 6 carbon
atoms and an alkoxy group having 1 or 2 carbon atoms, R*
is selected from an alkyl group having 1 to 6 carbon atoms
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and a phenyl, R? indicates methyl or ethyl, n is an integer
ranging from 1 to 6, and m is an integer of 1 to 3).

10. An encapsulating epoxy resin composition according
to claim 1, having a mold release force under shearing after
10 shots of molding which is less than or equal to 200 KPa.

11. An encapsulating epoxy resin composition according
to claim 1, wherein an extract water which is obtained by
extracting ions from a mixture containing 1 g of crushed
pieces of a molded article made of the encapsulating epoxy
resin composition per 10 ml of water has a concentration of
sodium ion ranging from 0 to 3 ppm, a concentration of
chloride ion ranging from 0 to 3 ppm, an electric conduc-
tivity less than or equal to 100 uS/cm, and a pH value
ranging from 5.0 to 9.0.

12. An encapsulating epoxy resin composition according
to claim 1, further containing a phosphorus atom-containing
compound (F).

13. An encapsulating epoxy resin composition according
to claim 12, wherein the component (F) contains at least one
selected from the group consisting of red phosphorus, a
phosphate, and a compound containing a phosphorus-nitro-
gen bond.

14. An encapsulating epoxy resin composition according
to claim 13, wherein the component (F) contains a phos-
phate.

15. An encapsulating epoxy resin composition according
1o claim 14, wherein the phosphate is represented by the
general formula (II):

(10

O o]
Il

O—P—0O0—Ar—0—P—0

(In the formula (II), a plurality of R represent alkyl groups
having 1 to 4 carbon atoms, all of which may be the same
or different to each other, and Ar represents an aromatic
group.)

16. An encapsulating epoxy resin composition according
to claim 12, wherein a total concentration of orthophosphate
ions (PO,*"), phosphite ions (HPO;*") and hypophosphite
ions (H,PO,7) in the extract water ranges from 0 to 30 ppm.

17. An encapsulating epoxy resin composition according
to claim 1, wherein the component (A) contains at least one
selected from the group consisting of a biphenyl type epoxy
resin, a bisphenol I type epoxy resin, a stilbene type epoxy
resin, a sulfur atom containing epoxy resin, a novolak type
epoxy resin, a dicyclopentadiene type epoxy resin, a naph-
thalene type epoxy resin, and a triphenylmethane type epoxy
resin.

18. An encapsulating epoxy resin composition according
to claim 1, wherein the component (A) contains a sulfur
atom containing epoxy resin.

19. An encapsulating epoxy resin composition according
to claim 18, wherein the sulfur atom containing epoxy resin
contains a compound represented by the general formula

(1m):
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R! r? RS RS
C<37CH—CH34<() s
¢}
R3 R-l

(In the formula (I11), each one of R* to R®, which may be the
same or different to each other, is selected from a hydrogen
atom and a substituted or unsubstituted monovalent hydro-
carbon group having 1 to 10 carbon atoms, and n is an
integer of 0 to 3.)

20. An encapsulating epoxy resin composition according
to claim 1, wherein the component (B) contains at least one
selected from the group consisting of a biphenyl type phenol
resin, an aralkyl type phenol resin, a dicyclopentasiene type
phenol resin, a triphenyl methane type phenol resin, and a
novolak type phenol resin.

21. An encapsulating epoxy resin composition according
to claim 1, further containing a hardening accelerator (G).

22. An encapsulating epoxy resin composition according
to claim 1 for encapsulating a semiconductor device having
at least one of features including:

R’ R®

(a) at least one of an encapsulating material of an upper
side of a semiconductor chip and an encapsulating
material of a lower side of the semiconductor chip has
a thickness less than or equal to 0.7 mm;

(b) a pin count is greater than or equal to 80;
(c) a wire length is greater than or equal to 2 mm;

(d) a pad pitch on the semiconductor chip is less than or
equal to 90 gm;

(e) a thickness of a package, in which the semiconductor
chip is disposed on a mounting substrate, is less than or
equal to 2 mm; and

(f) an area of the semiconductor chip is greater than or
equal to 25 mm”,

23. An encapsulating epoxy resin composition according

to claim 22, wherein the features of the semiconductor
device are any one of:

(1) (a) or (e); and

(2) (a) and at least one feature selected from (b) to (I).

24. An encapsulating epoxy resin composition according
to claim 22, wherein the features of the semiconductor
device are any one of:

(1) (b) and (c);

(2) (b) and (d); and

(3) (b), (c) and (d).

25. An encapsulating epoxy resin composition according
to claim 22, wherein the features of the semiconductor
device are any one of:

(1) (a) and (b);

(2) (a) and (c);
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(3) (a) and (d);

(4) (a) and (£);

(5) (¢) and (e);

(6) (a), (b) and (d);

(7) (c), (e) and (f);

(8) (a), (b), (d) and (f); and
(9) (a), (b), () and (d).

26. An encapsulating epoxy resin composition according
to claim 22, wherein the semiconductor device is a stacked
type package.

27. An encapsulating epoxy resin composition according
to claim 22, wherein the semiconductor device is a mold
array package.

28. An electronic parts device comprising an elemental
device encapsulated with the encapsulating epoxy resin
composition according to claim 1.

29. An electronic parts device according to claim 28,
wherein the electronic parts device is a semiconductor
device having at least one of features including:

(a) at least one of an encapsulating material of an upper
side of a semiconductor chip and an encapsulating
material of a lower side of the semiconductor chip has
a thickness less than or equal to 0.7 mm;

(b) a pin count is greater than or equal to 80;
(c) a wire length is greater than or equal to 2 mm;

(d) a pad pitch on the semiconductor chip is less than or
equal to 90 um;

(¢) a thickness of a package, in which the semiconductor
chip is disposed on a mounting substrate, is less than or
equal to 2 mm; and

(f) an area of the semiconductor chip is greater than or
equal to 25 mm”~,
30. Ause of an encapsulating epoxy resin composition for
encapsulating a semiconductor device having at least one of
features including:

(a) at least one of an encapsulating material of an upper
side of a semiconductor chip and an encapsulating
material of a lower side of the semiconductor chip has
a thickness less than or equal to 0.7 mm;

(b) a pin count is greater than or equal to 80;
(c) a wire length is greater than or equal to 2 mm;

(d) a pad pitch on the semiconductor chip is less than or
equal to 90 um;
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(¢) a thickness of a package, in which the semiconductor
chip is disposed on a mounting substrate, is less than or
equal to 2 mm; and

(f) an area of the semiconductor chip is greater than or
equal to 25 mm®.
31. A use according to claim 30, wherein the features of
the semiconductor device are any one of:
(1) (a) or (e); and

(2) (a) and at least one feature selected from (b) to (f).
32. A use according to claim 30, wherein the features of
the semiconductor device are any one of:

(1) (b) and (c);
(2) (b) and (d); and
(3) (b), (c) and (d).

33. A use according to claim 30, wherein the features of
the semiconductor device are any one of:

(1) (a) and (b);
(2) (a) and (c);
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(3) (a) and (d);

(4) (a) and (D);

(5) (c) and (e);

(6) (), (b) and (d);

(7) (), (¢) and (£);

(8) (), (b), (d) and (f); and

(9) (@), (b), (¢) and (d).

34. A use according to claim 30, wherein the semicon-
ductor device is a stacked type package.

35. A use according to claim 30, wherein the semicon-
ductor device is a mold array package.

36. A usc according to claim 30, using an encapsulating
€poxy resin composition containing an epoxy resin (A), a

curing agent (B), and a composite metal hydroxide (C), and
having a disk flow greater than or equal to 80 mm.
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