
;                    ! " # e3e>~><<6*T~* TITLE OF THE INVENTION CURING
ACCELERATOR, EPOXY RESIN COMPOSITION, AND SEMICONDUCTOR DEVICE BACKGROUND
OF THE INVENTION FIELD OF THE INVENTION  This invention relates to a curing
accelerator, an epoxy resin composition and a semiconductor device, and
more particularly to a curing accelerator which is suitable for
thermosetting resin compositions, an epoxy resin composition containing the
curing accelerator, which has excellent curability, storage stability and
fluidity and is suitable for resin materials for electric and electronic
parts or devices, and a semiconductor device having excellent solder
cracking resistance and moisture resistance reliability. PRIOR ART As for a
method for encapsulating semiconductor elements such as IC, LSI or the like
to manufacture semiconductor devices, transfer molding using epoxy resin
compositions is widely used on the ground that such a molding method is
suited to low-cost mass production. Further, in order to improve properties
and reliability of the semiconductor devices, epoxy resins and phenolic
resins which serve as a curing agent are also required to be improved.
Meanwhile, in recent years, in the field of electronic equipment, a trend
that requires compact design, light weight and high performance is still
continued. In accordance with such a trend, degree of integration of
semiconductor elements is increased year-by-year, and surface mounting
technique for 1 



semiconductor devices is also improved. In such a trend, requirements for
the epoxy resin compositions used for encapsulating semiconductor elements
are becoming increasingly rigorous. Therefore, a problem arises in that the
conventional epoxy resin compositions can not satisfy such rigorous
requirements. Specifically, materials used for encapsulating semiconductor
elements are currently required to have improved rapid curability for
realizing productivity gains as well as improved storage stability for
making handling easy in transport and storage. In general, to the epoxy
resin composition for use as a resin material for electric or electronic
parts or devices, an adduct of tertiary phosphine with quinones (see, e.g.
JP-A-10-25335) is added as a curing accelerator for the purpose of
promoting the curing reaction of resins. However, in such a curing
accelerator, a temperature region that exhibits an effect of promoting the
curing reaction extends to a relatively low temperature. Therefore, even
when an uncured epoxy resin and other components are simply mixed to
prepare an epoxy resin composition, the curing reaction of the epoxy resin
composition partially proceeds due to heat generated in the system or heat
added from an external source. Also, even after mixing is completed, the
curing reaction further proceeds while the epoxy resin composition is being
stored at room temperature. 2   Such partial proceedings of curing leads to
increased viscosity or lowered fluidity of the epoxy resin composition in a
case where the epoxy resin composition is in a liquid form, and in a case
where the epoxy resin composition is in a solid form, it leads to the
development of viscosity therein. However, since such changes in the
condition of the epoxy resin composition do not evenly occur in a strict
sense, variations occur in curability of the epoxy resin composition from
part to part. Further, when such a partially cured epoxy resin composition
is molded by curing it at high temperature (the word "mold" also includes
the meaning of the word "form", and hereinafter "mold" is used in such a
sense) , troubles occur in the molding process due to its lowered fluidity,
and as a result, a molded product has lowered mechanical, electrical or
chemical properties. Therefore, in a case where a curing accelerator having
the possibility of lowering the storage stability of the epoxy resin
composition is used, strict control of molding conditions as well as strict
quality control in mixing components, and storage and transport at low
temperature must be carried out . That is, handling of the epoxy resin
composition containing such a curing accelerator -s very delicate. Further,
another problem arises in that the solder cracking resistance of a
semiconductor device encapsulated with such an epoxy resin composition is
not sufficient to withstand surface mount soldering so that the moisture
resistance 3   reliability thereof is lowered. The reason is as follows.
Specifically, since the semiconductor device is suddenly exposed to high
temperature of 200C or more when it is immersed in solder or subjected to
the reflow soldering process, if adhesion at an interface between a cured
product of the epoxy resin composition and base components such as
semiconductor elements, a lead frame and the like which are provided inside
these miconductor device is not sufficient, delamination occurs at the
interface. The delamination will give rise to cracking in the semiconductor
device and lower the moisture resistance reliability of the semiconductor
device. Further, if the epoxy resin composition contains volatile
components, cracking becomes liable to occur in the semiconductor device
due to stress to be generated when the volatile components are explosively
vaporized. However, at the present, semiconductor devices manufactured by
encapsulating semiconductor elements or the like with a cured product of
the epoxy resin composition containing the curing accelerator described
above (an adduct of tertiary phosphine with quinones) do not have
sufficient solder cracking resistance and moisture resistance reliability.
Further, to improve the storage stability of the epoxy resin composition,
researches on curing accelerators (so-called latent curing accelerators)
which suppress changes with age in the viscosity and fluidity of the epoxy
resin composition at low temperature and promote curing reaction only when
heat is applied during forming or molding have been 4   actively made.
Through the researches, it is found that such a latent curing accelerator
can be obtained by, for example, protecting active sites of a curing
accelerator with ion pairs . As a result, various latent curing
accelerators having a structure of a salt of organic acid with phosphonium
ion are known (see, e.g. JP-A-2001-98053 (page 5)). However, semiconductor
devices manufactured using such a phosphonium salt as a curing accelerator
also do not have sufficient solder cracking resistance and moisture
resistance reliability that can withstand surface mount soldering. Also, as
another type of the latent curing accelerator, various latent curing
accelerators having a structure of phosphonium-betaine salt have been
proposed (see, e.g. U.S. Pat. No. 4171420 (pages 2 to 4 ) ) , which are
intended to enable semiconductor devices to have sufficient solder cracking
resistance and moisture resistance reliability that can withstand surface
mount soldering. However, a problem also exists with such a latent curing
accelerator in that it can not sufficiently cure a semiconductor
encapsulating material currently used which contains low molecular weight
epoxy resins and phenol aralkyl resins which serve as a curing agent.
SUMMARY OF THE INVENTION Therefore, it is an object of the present
invention to provide a curing accelerator which is suitable for various
curable resin compositions, an epoxy resin composition having excellent
curability, storage stability and fluidity, and a semiconductor device
having excellent solder cracking 5   resistance and moisture resistance
reliability. In order to achieve the object stated above, the present
invention is directed to a curing accelerator to be mixed into 



a curable resin composition for promoting the curing reaction of the
curable resin composition, wherein the curing accelerator comprises
trisubstituted phosphoniophenolate or a salt thereof. In the present
invention, it is preferred that the trisubstituted phosphoniophenolate is
one represented by the following general formula (1): R~ R2 P~Ar-O ~1) 1 3
R wherein R1, R2 and R3 may be the same as or different from one another,
and each contains at least one aromatic ring, and represents a substituted
or unsubstituted monovalent organic group or a substituted or unsubstituted
monovalent alkyl group; and Ar represents an unsubstituted divalent
aromatic group or a divalent aromatic group in which at least one hydrogen
atom is substituted with a substituent other than a hydroxyl group.
Further, it is also preferred that the trisubstituted phosphoniophenolate
is one represented by the following general formula (2): 6   Are Ar2 P~
Ar-O~ Ar3 wherein Ar1, Ar2 and Ar3 may be the same as or different from one
another, and each represents a substituted or unsubstituted monovalent
aromatic group; and Ar represents an unsubstituted divalent aromatic group
or a divalent aromatic group in which at least one hydrogen atom is
substituted with a substituent other than a hydroxyl group. Moreover, it is
also preferred that the trisubstituted phosphoniophenolate is one
represented by the following general formula (3): A R5 (3) wherein R9, R5
and R6 may be the same as or different from one another, and each is
selected from a group consisting of a hydrogen atom, a methyl group, a
methoxy group and a hydroxyl group. In this case, in the general formula
(3), the oxyanion 7  \~ R6   is preferably located in ortho position or
meta position to the phosphorus atom. In the present invention, it is
preferred that the salt of trisubstituted phosphoniophenolate is one
represented by the following general formula (4): R~ RB-i -Ar-OH j O-A-~OH~
- r { A~OH l pt~ P 9 R9 wherein R7, R8, and R9 may be the same as or
different from one another, and each represents a substituted or
unsubstituted monovalent aromatic group or a substituted or unsubstituted
monovalent alkyl group; Ar represents an unsubstituted divalent aromatic
group or a divalent aromatic group in which at least one hydrogen atom is
substituted with a substituent other than a hydroxyl group; A represents a
p-valent organic group containing at least one aromatic ring and/or at
least one heterocycle; and p is an integer of 2 to 8 and q is 0 to 2. 



Further, it is also preferred that the salt of trisubstituted
phosphoniophenolate is one represented by the following general formula
(5): 8    R~~ Rio -/O H O-A-~OH ) ~ A--~OH / \ ~ p-1 p G R~2 wherein R1,
R11 and R12 may be the same as or different from one another, and each is
selected from a group consisting of a hydrogen atom, a methyl group, a
methoxy group and a hydroxyl group; A represents a p-valent organic group
containing at least one aromatic ring and/or at least one heterocycle; and
p is an integer of 2 to 8 and q is 0 to 2. Furthermore, it is also
preferred that the salt of trisubstituted phosphoniophenolate is one
represented by the following general formula (6) or (7):  R~ R1s Ria R~s
R~s R~sR~s R18R1s ~/OH HO'/I I \ ~ I j0 -C R 7 R~9 R 9 R17 R 7R19 R19817 q
( 6) 9     14 OH \ \ \ \ O ~ OH HO ~ 10H / , / / 4 15 wherein R13, R14 and
R15 may be the same as or different from one another, and each is selected
from a group consisting of a hydrogen atom, a methyl group, a methoxy group
and a hydroxyl group; R16, R1', R1$ and R19 may be the same as or different
from one another, and each is selected from a group consisting of a
hydrogen atom, a halogen atom and a monovalent organic group having 1 to 6
carbon atoms; X represents a single bond, an ether group, a sulfone group,
a sulfide group, a carbonyl group or a divalent organic group having 1 to
13 carbon atoms; and q is 0 to 2. In the salt of trisubstituted
phosphoniophenolate described above, the hydroxyl group in the cation
component is preferably located in or tho position or meta position to the
phosphorus atom. Another aspect of the present invention is directed to an
epoxy resin composition comprising a compound having two or more epoxy
groups in one molecule, a compound having two or more phenolic hydroxyl
groups in one molecule, and the curing accelerator described above. 



10    In the epoxy resin composition of the present invention, it is
preferred that the compound having two or more epoxy groups in one molecule
contains as a main ingredient at least one of epoxy resins represented by
the following general formulas ( 8 ) and ( 9 ) H2C ~CHCH2 O H2C~ ~CH2 O
wherein RZ, R21, Rzz and R23 may be the same as or different from one
another, and each is selected from a group consisting of a hydrogen atom, a
linear or cyclic alkyl group having 1 to 6 carbon atoms, a phenyl group and
a halogen atom; and H2 ~ HCH2 H2C CHC \2 p O O R24 R26 R28 R30 CH2~(~ ~\
~~1~CH2 ~ H / ~.~ ~ \i \~ R25 R27 R29 R31 a wherein R24 to R3l may be the
same as or different from one another, and each is selected from a group
consisting of a hydrogen atom, an alkyl group having 1 to 4 carbon atoms
and a halogen atom; and a is an integer of 1 or more. In this case, a is
preferably an integer of 1 to 10. Further, it is also preferred that the
compound having 11    two or more phenolic hydroxyl groups in one molecule
contains as a main ingredient at least one of phenolic resins represented
by the following general formulas (10) and (11): OH OH R32 R34 ~
CH2~(~~jCH2 ~ H ~ 10 ) R33 83s wherein R32 to R35 may be the same as or
different from one another, and each is selected from a group consisting of
a hydrogen atom, an alkyl group having 1 to 4 carbon atoms and a halogen
atom; and b is an integer of 1 or more; and OH OH R3f~38 R40842 CH2~ \
~~1~CH2 ~ H ( 11 ) / / ~I-,_ \11~ R3 ''R39 R41843 C wherein R36 to R4'may
be the same as or different from one another, and each is selected from a
group consisting of a hydrogen atom, an alkyl group having 1 to 4 carbon
atoms and a halogen atom; and c is an integer of 1 or more. In this case, b
is preferably an integer of 1 to 10, and 



c is preferably an integer of 1 to 10. Furthermore, it is also preferred
that the content of the curing accelerator is in the range of 0.01 to 10
wt%. 12   Moreover, it is a-so preferred that the epoxy resin composition
further comprises an inorganic filler. In this case, the inorganic filler
is preferably fused silica. Moreover, it is also preferred that the
inorganic filler is in the form of granules or particles. In this case, the
average particle size of the inorganic filler is preferably in the range of
1 to 100 Vim. Moreover, it is also preferred that the content of the
inorganic filler is in the range of 200 to 2, 400 parts by weight per 100
parts by weight of the total amount of the compound having two or more
epoxy groups in one molecule and the compound having two or more phenolic
hydroxyl groups in one molecule. Still another aspect of the present
invention is directed to a semiconductor device manufactured by
encapsulating at least one semiconductor element with a cured product of
the epoxy resin composition described above. DETAILED DESCRIPTION OF THE
INVENTION To solve the problems stated above, the present inventors have
extensively studied, and as a result found the following facts (1) to (3).
These findings have lead to completion of the present invention.
Specifically, (1) the fact that trisubstituted 13   phosphoniophenolate
having a specific structure or a salt thereof is extremely useful as a
curing accelerator for promoting the curing reaction of various curable
resin compositions has been found; (2) the fact that by mixing the
trisubstituted phosphoniophenolate or the salt thereof as a curing
acceleratorinto a curable resin composition, especially an epoxy resin
composition, a resultant epoxy resin composition can have excellent
curability, storage stability and fluidity has been found; and (3) the fact
that even in a case where a semiconductor device manufactured by
encapsulating a semiconductor element with a cured product of the epoxy
resin composition is exposed to high temperature, defects such as cracking,
delamination and the like are hard to occur has been found. A description
will now be made with regard to preferred embodiments of the curing
accelerator, the epoxy resin composition and the semiconductor device of
the present invention. Although the curing accelerator of the present
invention can be used as a curing accelerator for various curable resin
compositions, the following description will be made based on the exemplary
case where the curing accelerator is used for an epoxy rein composition
which is a kind of thermosetting resin composition. The epoxy resin
composition of the present embodiment includes : a compound (A) having two
or more epoxy groups in one molecule; a compound (B) having two or more
phenolic hydroxyl 14   



groups in one molecule; trisubstituted phosphoniophenolate or a salt
thereof (C) which is a curing accelerator of the present invention; and an
inorganic filler (D). Such an epoxy resin composition has excellent
curability, storage stability and fluidity. Hereinbelow, each of the
components will be described in order. <Compound (A)> The compound (A) has
two or more epoxy groups in one molecule, and there is no restraint on the
compound (A) as long as it has two or more epoxy groups in one molecule.
Examples of the compound (A) include: epoxy resins obtained by reacting
hydroxyl groups in phenols, phenolic resins or naphthols and
epichlorohydrin, such as bisphenol type epoxy resin e. g. , bisphenol A
type epoxy resin, bisphenol F type epoxy resin or brominated bisphenol type
epoxy resin, stilbene type epoxy resin, phenol novolak type epoxy resin,
cresol novolak type epoxy resin, naphthalene type epoxy resin,
dicyclopentadiene type epoxy resin or dihydroxy benzene type epoxy resin;
epoxy compounds; epoxy resins obtained by oxidizing olefins using peracid
for epoxidation, such as cycloaliphatic epoxy resin; glycidyl ester type
epoxy resin; and glycidyl amine type epoxy resin, and they can be used
alone or in combination of two or more. Among them, the compound (A)
preferably contains as a main ingredient one or both of biphenyl type epoxy
resin represented 15   by the general formula ( 8 ) and biphenyl aralkyl
type epoxy resin represented by the general formula ( 9 ) . When such a
compound (A) is contained in the epoxy resin composition, the epoxy resin
composition exhibits excellent fluidity during molding (e. g., during
manufacture of semiconductor devices). In addition, a semiconductor device
manufactured using such an epoxy resin composition can have further
improved solder cracking resistance. In this regard, it is to be noted here
that ~~improvement in solder cracking resistance" means that even in a case
where an obtained semiconductor device is exposed to high temperature when
it is immersed in solder or subjected to the reflow soldering process or
the like, defects such as cracking, delamination and the like are hard to
occur. H2 ~~CHCH20 H2C\ ~CH2 ( 8 ) O H2C-~CHCH2 H2CCHCH2 O R24 R2s R2s R3o
\ CH2>(~~ ~iCH2 ~ H / R25 R2~ Rzs R3~ a (9) The substituents RZ to R 23 in
biphenyl type epoxy resin represented by the general formula (8) may be the
same as or different from one another, and specific examples of these 16
substituents include: a methyl group, an ethyl group, a propyl group, a
butyl group, a chlorine atom and a bromine atom. Among them, a methyl group
is particularly preferable. When at least one of the substituents R2 to R
23 is a methyl group, the melt viscosity of the epoxy resin composition is
decreased, and therefore handling of the epoxy resin composition becomes
easy in, for example, manufacturing semiconductor devices. Further, a cured
product of the epoxy resin composition has reduced moisture absorption so
that it is possible to effectively prevent deterioration with age of parts
(e.g., occurrence of breakage of wires) in an obtained semiconductor
device. Therefore, the moisture resistance reliability of the obtained
semiconductor device is further improved. 



The substituents R24 to R31 in biphenyl aralkyl type epoxy resin
represented by the general formula (9) may be the same as or different from
one another, and specific examples of these substituents include: a
hydrogen atom, a methyl group, an ethyl group, a propyl group, a butyl
group, a chlorine atom and a bromine atom. Among them, a hydrogen atom or a
methyl group is particularly preferable. .When at least one of the
substituents R24 to R31 is a hydrogen atom or a methyl group, the melt
viscosity of the epoxy resin composition is decreased, and therefore
handling of, the epoxy resin composition becomes easy in, for example,
manufacturing semiconductor devices. In addition, the moisture resistance
reliability of an obtained semiconductor device is further improved. It is
to be noted that a in the general formula ( 9 ) indicates an average number
of times that epoxy resin unit is 17   repeated. Specifically, a is not
limited to any specific value as long as it is an integer of 1 or more, but
is preferably in the range of about 1 to 10, and more preferably in the
range of about 1 to 5. By setting the value of a to the above range, the
fluidity of the epoxy resin composition is further improved. <Compound (B)>
The compound (B) has two or more phenolic hydroxyl groups in one molecule,
and acts (functions) as a curing agent for the compound (A) described
above. Examples of the compound (B) include phenol novolak resin, cresol
novolak resin, bisphenol resin, trisphenol resin, xylylene-modified novolak
resin, terpene-modified novolak resin and dicyclopentadiene-modified
phenolic resin. They can be used alone or in combination of two or more.
Among them, the compound (B) preferably contains as a main ingredient one
or both of phenol aralkyl resin represented by the general formula (10) and
biphenyl aralkyl type phenolic resin represented by the general formula
(11). When such a compound (B) is contained in the epoxy resin composition,
the epoxy resin composition exhibits excellent fluidity during molding (e.
g., during manufacture of semiconductor devices). In addition, a
semiconductor device manufactured using such an epoxy resin composition can
have further improved solder cracking resistance and moisture resistance
reliability. OH OH R32 R34 ~ CH2>(~~/CH2 ~ H ( 10 ) b R33 R35 18   OH OH
R3038 840R42 1 - CH2~( \ ~CH2 H ( 11 ) / / ~I-,_ \I 1~ R3 /'R39 R41843 C
The substituents 83z to R35 in phenol aralkyl resin represented by the
general formula ( 10 ) may be the same as or different from one another,
and the substituentS R36 to R43 in biphenyl aralkyl type phenolic resin
represented by the general formula (11) may also be the same as or
different from one another. Specific examples of these substituents include
a hydrogen atom, a methyl group, an ethyl group, a propyl group, a butyl
group, a chlorine atom, and a bromine atom. Among them, a hydrogen atom or
a methyl group is particularly preferable. Such a phenolic resin itself has
low melt viscosity so that even in a case where the phenol is resin is
contained in the epoxy resin composition, it is possible to keep the melt
viscosity of the epoxy resin composition low. As a result, handling of the
epoxy resin composition becomeseasy during,forexample, manufacture of
semiconductor devices . In addition, a cured product of the epoxy resin
composition has reduced water absorption (moisture absorption) so that the
moisture resistance reliability and the solder cracking resistance of an
obtained semiconductor device are further improved. Further, it is to be
noted here that b in the general formula (10) and c in the general formula
(11) respectively indicate an average number of times that phenolic resin
unit is repeated. Specifically, each of b and c is not limited to 19   any
specific value as long as it is an integer of 1 or more, but is preferably
in the range of about 1 to 10, and more preferably in the range of about 1
to 5. By setting the value of each of b and c to the above range, it is
possible to prevent or suppress a lowering in the fluidity of the epoxy
resin composition. <Trisubstituted phosphoniophenolate orsaltthereof (C):
curing accelerator of the present invention> The trisubstituted
phosphoniophenolate or the salt thereof (C) is one having the effect
(function) of promoting the curing reaction of the epoxy resin composition.
As for the trisubstituted phosphoniophenolate (phosphonium inner salt), one
represented by the general formula (1) is preferable, one represented by
the general formula (2) is more preferable, and one represented by the
general formula (3) is even more preferable. R~ R2 P ~ Ar-O (1) R3 Are Ar2
P~ Ar-O~ c 2 ) Ar3 



20   R4 R i \ 6 R In the general formula (1), the substituents R1, RZ and
R3 bonded to the phosphorus atom may be the same as or different from one
another, and specific examples of these substituents include a benzyl
group, a methyl group, an ethyl group, an n-butyl group, an n-octyl group,
and a cyclohexyl group. Preferably, each of the substituents R1 to R3 is a
substituted or unsubstituted monovalent aromatic group such as a naphthyl
group, a p-tertiary-butylphenyl group or a 2,6-dimethoxyphenyl group, as
respectively represented by Ari, Ar2 and Ar3 in the general formula (2) ,
and is more preferably a phenyl group, one of the isomers of a methylphenyl
group, one of the isomers of a methoxyphenyl group or one of the isomers of
a hydroxyphenyl group, as represented by the general formula (3). In the
general formulas (1) and (2), each Ar represents an unsubstituted divalent
aromatic group or a divalent aromatic group in which at least one hydrogen
atom is substituted with a substituent other than a hydroxyl group.
Specific examples of the substituent Ar include aromatic 21   groups such
as a phenylene group, a biphenylene group, a naphthylene group and each of
them in which at least one hydrogen atom is substituted with a substituent
other than a hydroxyl group, such as a halogen atom, a nitro group, a cyano
group, or an alkyl or alkoxy group having 1 to 12 carbon atoms. More
specifically, as for the substituents R1, R2, R3 and Ar in the general
formula (1), it is preferable that each of the substituents R1, R2 and R3
is a phenyl group and the substituent Ar is a phenylene group. That is,
trisubstituted phosphoniophenolate represented by the general formula (3)
in which each of the substituents R9, RS and R6 is a hydrogen atom is
preferable. Such trisubstituted phosphoniophenolate has especially
excellent heat stability and effect of promoting curing reaction, and can
be produced at low cost. Further, trisubstituted phosphoniophenolate
represented by the general formula (3) in which the oxyanion (dissociated
from a phenolic hydroxyl group) is located in ortho position or meta
position to the phosphorus atom is preferable. When the epoxy resin
composition contains as a curing accelerator such trisubstituted
phosphoniophenolate in which the oxyanion is located in ortho or meta
position to the phosphorus atom, modulus of elasticity of the epoxy resin
composition during hea~,ing is further reduced, as compared with the case
where trisubstituted phosphoniophenolate in which the oxyanion is located
in para position to the phosphorus atom is used as a curing accelerator.
Further, by encapsulating semiconductor elements with such an epoxy resin
composition having reduced modulusof elasticity, an obtainedsemiconductor
22   device can have improved solder cracking resistance. On the other
hand, as for the salt of trisubstituted phosphoniophenolate (phosphonium
molecular compound), one represented by the general formula (4) is
preferable, one represented by the general formula (5) is more preferable,
and one represented by the general formula ( 6 ) or ( 7 ) is even more
preferable. RB-i -Ar-OH ; O-A-~OH~P-1 r { A~OH~ P } q l J R9 R1o OH
O-A-~-OH ~ { A-~-OH 11~~ R R12 R1 (4) (5) R16 R18 R18 R16 R16R18 R18R16
IjOH H0~/, I~ X ~ I jOH 



__ ~ ~ ~_~--- 17 19 ~~7 ~ 7, 19 R R R R R R R19R17 4 (6) 23    ,z OH \ \ \
\ O ~ OH HO~ ~ OH / / / / \ R15 The substituents R', R$ and R9 which are
bonded to the phosphorus atom in the general formula ( 4 ) may be the same
as or different from one another, and specific examples of these
substituents include a benzyl group, a methyl group, an ethyl group, an
n-butyl group, an n-octyl group, and a cyclohexyl group. Preferably, each
of the substituents R', Re and R9 is a substituted or unsubstituted
monovalent aromatic group such as a naphthyl group, a
p-tertiary-butylphenyl group or a 2,6-dimethoxyphenyl group, and is more
preferably a phenyl group, one of the isomers of a methylphenyl group, one
of the isomers of a methoxyphenyl group or one of the isomers of a
hydroxyphenyl group, as shown in the general formulas (5) to (7) . Further,
in the general formula (4), the substituent Ar represents an unsubstituted
divalent aromatic group or a divalent aromatic group in which at least one
hydrogen atom is substituted with a substituent other than a hydroxyl
group. Specific examples of the substituent Ar include aromatic groups such
as a phenylene group, a biphenylene group, a naphthylene group, and each of
them in which at least one 24    hydrogen atom is substituted with a
substituent other than a hydroxyl group, such as a halogen atom, a nitro
group, a cyano group, or an alkyl or alkoxy group having 1 to 12 carbon
atoms. More specifically, as for the substituents R', R8 and R9 and Ar in
the general formula ( 4 ) , it is preferable that each of the substituents
R', Re and R9 is a phenyl group, and the substituent Ar is a phenylene
group. That is, a salt of trisubstituted phosphoniophenolate represented by
the general formula ( 5 ) in which each of the R1 to R12 is a hydrogen
atom, or a salt of trisubstituted phosphoniophenolate represented by the
general formula (6) or (7) in which each of the R13 to R'S is a hydrogen
atom is preferable. Such a salt of trisubstituted phosphoniophenolate has
especially excellent heat stability and effect of promoting curing
reaction, and can be produced at low cost. Further, a salt of
trisubstituted phosphoniophenolate in which the hydroxyl group (phenolic
hydroxyl group) in the cation component thereof is located in ortho
position or meta position to the phosphorus atom is preferable. When the
epoxy resin composition contains as a curing accelerator such a salt of
trisubstitutod phosphoniophenolate in which the hydroxyl group is located
in ortho or meta position to the phosphorus atom, modulus of elasticity of
the epoxy resin composition during heating is further reduced, as compared
with the case where a salt of trisubstituted phosphoniophenolate in which
the hydroxyl group is located in para position to the phosphorus atom is
used as a curing accelerator. Further, by encapsulating semiconductor
elements with such an epoxy resin composition 25   having reduced modulusof
elasticity, an obtainedsemiconductor device can have improved solder
cracking resistance. In the general formulas (4) to (7), various phenol
compounds (phenol based compounds ) can be suitably used as the anion
component forming the salt of trisubstituted phosphoniophenolate. Examples
of such a phenol compound include: bisphenols such as bisphenol A
(2,2-bis(4-hydroxyphenyl)propane), bisphenol F (4,4-methylenebisphenol,
2,4-methylenebisphenol, 2,2-methylenebisphenol), bisphenol S
(2,2-bis(4-hydroxyphenyl)sulfone), bisphenol E (4,4-ethylidenebisphenol),
bisphenolfluorene (4,4-(9H-fluorene-9-ylidene)bisphenol),
4,4-methylidenebis(2,6-dimethylphenol) or bis(4-hydroxyphenyl)methanone;
biphenols such as 4,4-biphenol, 2,2-biphenol or
3,3,5,5-tetramethylbiphenol; hydroquinone; resorcinol; catechol;
2,6-dihydroxynaphthalene; 1,4-dihydroxynaphthalene;
2,3-dihydroxynaphthalene; 1,6-dihydroxynaphthalene; 1,1-bi-2-naphthol;
1,4-dihydroxyanthraquinone; pyrogallol; and phloroglucinol. Among them,
divalent phenol compounds are preferable as shown in the general formulas (
4 ) and ( 5 ) in which p is 2, and divalent phenol compounds shown in the
general formulas (6) and (7) are also preferable. Further, divalent phenol
compounds shown in the general formulas (4) and (5) in which p is 2 and q
is 0. 5 to 2, and divalent phenol compounds shown in the general formulas (
6) and ( 7 ) in which q is 0 . 5 to 2 are more preferable . Specifically,
bisphenol A, bisphenol F 26  



(4,4-methylenebisphenol, 2,4-methylenebisphenol, 2,2-methylenebisphenolor
bisphenol F-D made by HONSHU CHEMICAL INDUSTRY CO., LTD., which is a
mixture of these isomers of bisphenol F), bisphenol S, 4,4-biphenol,
2,3-dihydroxynaphthalene and 1,6-dihydroxynaphthalene are more preferable.
By using a salt of trisubstituted phosphoniophenolate, which contains such
a phenol compound as the anion component, for a curable resin composition
as a curing accelerator, the curable resin composition can have excellent
fluidity, and as a result a cured product thereof has especially excellent
physical properties. In this regard, it is to be noted that the salt of
trisubstituted phosphoniophenolate to be used in the present invention may
be formed as a molecular compound, a clathrate compound, a complex compound
or the like, instead of an ionic compound composed of a cation part and an
anion part as usual. In the epoxy resin composition of the present
invention, the content (blending amount) of the trisubstituted
phosphoniophenolate or the salt thereof (C) is not limited to any specific
value, but is preferably in the range of about 0.01 to 10 wt o, more
preferably in the range of about 0 . 1 to 5 wt%, and most preferably in the
range of about 0.1 to 1 wt%. By setting the content of the trisubstituted
phosphoniophenolate or the salt thereof to the above range, it is possible
to provide an epoxy resin composition having an excellent balance of
curability, storage stability, fluidity and other properties. The blending
ratio of the compound (A) to the compound 27   (B) is not limited to any
specific value, but they are preferably blended such that about 0.5 to 2
mol, more preferably about 0.7 to 1.5 mol of phenolic hydroxyl group in the
compound (B) is available per 1 mol of epoxy group in the compound (A).
This makes it possible to further improve various properties of the epoxy
resin composition while keeping an excellent balance of the properties.
Hereinbelow, a description will be made with regard to an example of a
method for producing the trisubstituted phosphoniophenolate or the salt
thereof which is a curing accelerator of the present invention, with
reference to the following equation (12): Diazo~ization reagent 6 RO -Ar -
NHZ ~ RO-Ar- N- NX Ceprotection  8  8 R3P- Ar - OR X ~ R3P- Ar - OH X  8
-HX  8 R3P-Ar-OH X ---~ R3P-Ar-O Tertiary phosph'_ne  8 R3P-Ar - ORX + NZ t
(12) _ `~ 18 [3b] R3P Ar-OHX + HO-A-OH HX ~ CR3P-Ar-OHJ CO-A-OHJ wherein R
represents a hydrogen atom or a residue appropriately selected, and X
represents a halogen atom. (Process 1) First, for example,
alkoxy-substituted aromatic amine is reacted with a diazotization reagent
such as sodium nitrite under acid conditions to form a diazonium salt.
Examples of the alkoxy-substituted aromatic amine to be used include
o-methoxyaniline, m-methoxyaniline, p-methoxyaniline, 28  



2-methoxy-5-methylaniline and the like. Next, the obtained diazonium salt
is brought into contact with tertiary phosphines. By doing so, NZ is
eliminated and the alkoxy-substituted aromatic group is bonded to the
phosphorus atom in the tertiary phosphine to generate a quaternary
phosphonium salt. Namely, in the process (1), substitution of the diazonium
group in the diazonium salt for the tertiary phosphine occurs. Examples of
the tertiary phosphines to be used include triphenylphosphine,
tri-p-tolylphosphine, tri(4-methoxyphenyl)phosphine and the like. Such
substitution reaction is preferably performed in the presence of alkali. By
doing so, the substitution reaction efficiently proceeds . The alkali which
is used in the reaction is not limited to a specific one, and examples of
the alkali include: inorganic base such as sodium hydroxide, potassium
hydroxide, calcium hydroxide, sodium carbonate, potassium carbonate, sodium
hydrogen carbonate, sodium hydride, lithium hydride, calcium hydride or
lithium aluminum hydride; and organic base such as triethylamine,
tripropylamine, tributylamine, pyridine, piperidine, diaminoethane,
diaminopropane, diaminobutane, diaminopentane, diaminohexane, diaminooctane
or triethanolamine. These alkalis can be used alone or in combination of
two or more. A reaction temperature in the substitution reaction is not
limited to any specific value, but is preferably in the range of about -10
to 10C, and more preferably in the range of about 29   0 to 5C. If the
reaction temperature is too low, there is a case that the substitution
reaction does not sufficiently proceed. On the other hand, if the reaction
temperature is too high, there is a case that the tertiary phosphine and
the diazonium salt are decomposed depending on the kinds thereof . A
reaction time in the substitution reaction is appropriately set depending
on the kinds of tertiary phosphine and diazonium salt, and is not limited
to a specific value, but is preferably in the range of about 20 to 120
minutes, and more preferably in the range of about 40 to 80 minutes. If the
reaction time is too short, there is a case that the substitution reaction
does not sufficiently proceed. On the other hand, even if the reaction time
is lengthened so as to exceed the above upper limit value, an increase in
yield can not be expected. (Process 2) Next, the alkoxy group is replaced
by a hydroxyl group by a common deprotection method to obtain a hydrogen
halide salt of trisubstituted phosphoniophenolate. In this way, a salt of
trisubstituted phophoniophenolate can be easily obtained through these
processes. However, in a case where trisubstituted phosphoniophenolate
itself is to be prepared or a salt of trisubstituted phosphoniophenolate
can be easily obtained through contact with acid, it is possible to utilize
a reaction in which RX is directly eliminated, instead of the process 2.
(Processes 3a and 3b) Next, the obtained hydrogen halide salt of
trisubstituted 30   phosphoniophenolate is neutralized in the absence of a
phenolic component (process 3a) or in the presence of a phenolic component
(process 3b) to synthesize trisubstituted phosphoniophenolate or a salt of
trisubstituted phosphoniophenolate, respectively. It is to be understood
that the method for producing the curing accelerator of the present
invention is not limited to these processes. As a common example of
trisubstituted phosphoniophenolate, a compound which can be obtained by
addition reaction of tertiary phosphine with quinones is known. As for the
most representative trisubstituted phosphoniophenolate, an adduct of
tertiary phosphine with p-benzoquinone, which is represented by the formula
(13) can be mentioned. (13) Such trisubstituted phosphoniophenolate has a
feature that a hydroxyl group is located in para position to the oxyanion,
and the structure thereof is completely different from that of the
trisubstituted phophoniophenolate used in the present invention (the curing
accelerator of the present invention). Such a structural feature is common
to trisubstituted phosphoniophenolate which is obtained as an adduct of
tertiary 31    phosphine with quinones ("quinone is a compound having a
structure in which two hydrogen atoms bonded to a benzene ring of an
aromatic hydrocarbon are replaced by two oxygen atoms", which is cited from
"Kagaku Daijiten" published by KYORITU SHUPPAN C0. , LTD. ) . That is, two
carbonyl groups in the quinone are respectively converted into an oxyanion
and a hydroxyl group in a resultant phosphoniophenolate. Therefore, the
trisubstituted phosphoniophenolate used in the present invention, which
does not have a hydroxyl group located in para position to the oxyanion,
can not be obtained by addition reaction of tertiary phosphine with
quinones. Further, the trisubstituted phosphoniophenolate or the salt
thereof (C) which is the curing accelerator of the present invention has
extremely excellent properties as a curing accelerator, especially storage
stability, as compared with an adduct of tertiary phosphine with
p-benzoquinone (which is a compound represented by the formula ( 13 ) and
is a conventional curing accelerator). The reason for this is considered
that the bonding of an ion pair between a phosphonium cation and an
oxyanion in a molecule is extremely stable in room temperature. On the
other hand, in G case where a hydroxyl group is located in para position to
an oxyanion as is the case with the adduct of tertiary phosphine with
p-benzoquinone (that is a compound represented by the formula (13)), it is
considered that the state of charge of the oxyanion is unstable so that a
stable ion pair in a molecule is hard to be formed. <Inorganic filler (D)>
32   The inorganic filler (D) is blended (mixed) into the epoxy resin
composition for the purpose of reinforcing an obtained semiconductor
device. Such an inorganic filler is not particularly limited, and one which
is commonly used for an encapsulating material can be used. 



Examples of the inorganic filler (D) include crushed fused silica, fused
silica, crystalline silica, secondary agglomerated silica, alumina,
titanium white, aluminum hydroxide, talc, clay, glass fiber and the like,
and these fillers can be used alone or in combination of two or more. Among
them, fused silica is particularly preferable as the inorganic filler (D).
Since fused silica has poor reactivity with the curing accelerator of the
present invention, even in a case where such fused silica is blended
(mixed) into the epoxy resin composition in large quantity as will be
described later, the curing reaction of the epoxy resin composition is not
interfered. Further, by using such fused silica as the inorganic filler
(D), the effect of reinforcing an obtained semiconductor device is
improved. Further, the shape of the inorganic filler (D) is not
particularly limited, and may be granule, agglomerate, flake or the like.
Among them, an inorganic filler in the form of granules or particles
(especially, spherical particles) is preferably used as the inorganic
filler (D). When an inorganic filler in the form of granules or particles
is used, the average particle size of the inorganic filler (D) is
preferably in the range of about 1 to 100 Vim, and 33   more preferably in
the range of about 5 to 35 Vim. In addition, the inorganic filler
preferably has a wide size distribution. By using such an inorganic filler
as the inorganic filler (D) , it is possible to fill (use) the inorganic
filler in large quantity and as a result, the effect of reinforcing an
obtained semiconductor device is improved. The content (blending amount) of
the inorganic filler (D) is not limited to any specific value, but is
preferably in the range of about 200 to 2,400 parts by weight per 100 parts
by weight of the total weight of the compound (A) and the compound (B) ,
and more preferably in the range of about 400 to 1, 400 parts by weight. If
the content of the inorganic filler (D) is less than the above lower limit
value, there is a case that the reinforcing effect by the addition of the
inorganic filler is notsufficiently developedin an obtainedsemiconductor
device. On the other hand, if the content of the inorganic filler (D)
exceeds the above upper limit value, a resultant epoxy resin composition
has lowered fluidity, thus resulting in the case that short shot or the
like occurs during molding of the epoxy resin composition (e. g., during
manufacture of semiconductor devices). When the content (blending amount)
of the inorganic filler (D) is within the range of 400 to 1, 400 parts by
weight per 100 parts by weight of the total weight of the compound (A) and
the compound (B), a cured product of the epoxy resin composition has
reduced moisture absorption so that solder cracking is prevented from
occurring in an obtained semiconductor device. Further, since such an epoxy
resin 34   composition exhibits excellent fluidity during molding by
heating, it is possible to effectively prevent gold wires from being
deformed in a semiconductor device. It is to be noted that the content
(blending amount) of the inorganic filler (D) may be determined by using a
value represented by volume percent instead of parts by weight in
consideration of the specific gravity of each of the compound (A), the
compound (B) and the inorganic filler (D). If necessary, various additives
such as a coupling agent e.g.,y-glycidoxypropyltrimethoxysilane, a coloring
agent e.g., carbon black, a flame retardant e.g., brominated epoxy resin,
antimony oxide or phosphorus compound, a low-stress component e. g. ,
silicone oil or silicone rubber, a releasing agent e. g. , natural wax,
synthetic wax, higher fatty acid or metal salts thereof, or paraffin, an
antioxidant and the like may be blended (mixed) into the epoxy resin
composition of the present invention in addition to the compounds
(components) (A) to (D) . There is no problem in blending (mixing) other
known catalysts such as triphenyl phosphine, 1,8-diazabicyclo
(5,4,0)-undecene-7 and 2-methylimidazole into the epoxy resin composition
within the range not impairing the capability of the trisubstituted
phosphoniophenolate or the salt thereof (C) as the curing accelerator of
the present invention. The epoxy resin composition of the present invention
can be obtained through the processes of mixing of the compounds
(components) (A) to (D) and other optional additives using a 35   mixer at
room temperature, kneading of the mixture using a hot roll or a heated
kneader, and cooling and then grinding of the mixture. The thus obtained
epoxy resin composition for use as a mold resin is molded and cured by a
molding method such as transfer molding, compression molding, inj ection
molding or the like to encapsulate an electronic part such as a
semiconductor element. In this way, a semiconductor device of the present
invention can be obtained. The type of the semiconductor device of the
present invention is not limited to any specific one, and examples of the
semiconductor device include SIP (Single Inline Package), HSIP (SIP with
Heatsink), ZIP (Zig-zag Inline Package), DIP (Dual Inline Package), SDIP
(Shrink Dual Inline Package), SOP (Small Outline Package), SSOP (Shrink
Small Outline Package), TSOP (Thin Small Outline Package) , SOJ (Small
Outline J-leaded Package), QFP (Quad Flat Package), QFP (FP) (QFP Fine
Pitch), TQFP (Thin Quad Flat Package), QFJ (PLCC) (Quad Flat J-leaded
Package) and BGA (Ball Grid Array). The semiconductor device of the present
invention obtained in such a manner described above has excellent solder
cracking resistance and moisture resistance reliability. The reason for
this is considered that the trisubstituted phosphoniophenolate or the salt
thereof (C) which is the curing accelerator of the present invention is
stable in the soldering process (e. g., reflow soldering process or the
like). 



36   If an adduct of tertiary phosphine with quinones (e. g., a compound
represented by the formula ( 13 ) ) is used as a curing accelerator for an
epoxy resin composition (thermosetting resin composition), a reverse
reaction of addition reaction occurs at a certain rate when a cured product
of the epoxy resin composition is exposed to high temperature in the reflow
soldering process, for example, and as a result, decomposition of the
adduct into tertiary phosphine and quinones occurs. At this time, the
tertiary phosphine and the quinines, or compounds (components) generated by
the reaction between other components contained in the epoxy resin
composition (cured product) and the tertiary phosophine and quinones may be
volatilized, thus resulting in the case where cracking occurs. On the other
hand, since the trisubstituted phosphoniophenolate or the salt thereof (C)
which is the curing accelerator of the present invention is synthesized by
substitution reaction as described above, higher energy is required to
initiate a reverse reaction (decomposition of the compound) as compared
with the case of the adduct. for this reason, the possibility that the
curing accelerator of the present invention is decomposedin
generalsoldering conditions is extremely low. Therefore, the semiconductor
device of the present invention hasexcellent solder cracking resistance and
moisture resistance reliability as compared with a semiconductor device
which is encapsulated with a cured product of an epoxy resin 37
composition containing the adduct of tertiary phosphine with quinones ( a .
g . , a compound represented by the formula ( 13 ) ) as a curing
accelerator. In this regard, it is to be noted that a description has been
made based on the exemplary case where the curing accelerator (that is the
trisubstituted phosphoniophenolate or the salt thereof represented by any
one of the general formulas ( 1 ) to ( 7 ) ) of the present invention is
used for the epoxy resin composition, but the curing accelerator of the
present invention can be used for thermosetting resin compositions for
which phosphine or phosphonium salt can be suitably used as a curing
accelerator. Examples of such a thermosetting resin composition include
resin compositions containing epoxy compounds, maleimide compounds, cyanate
compounds, isocyanate compounds, acrylate compounds, or alkenyland alkynyl
compounds, or the like. The curing accelerator of the present invention can
be used for various curable resin compositions such as reactive curable
resin compositions, photo-curable resin compositions or anaerobic curable
resin compositions, in addition to thermosetting resin compositions. In the
present embodiment, although a description has been made based on the case
where the epoxy resin composition of the present invention is used as an
semiconductor encapsulating material, the use of the epoxy resin
composition of the present invention is not limited thereto. In the epoxy
resin composition of the present invention, mixing (blending) 38   of the
inorganic filler may be omitted according to the use of the epoxy resin
composition. Although the preferred embodiments of the curing accelerator,
theepoxy resin composition, andthesemiconductor device of the present
invention have been described, the present invention is not limited to
these embodiments. EXAMPLE Next, actual examples of the present invention
will be described. 1. Evaluation of trisubstituted phosphoniophenolates
First, compounds C1 to C10 and triphenylphosphine were prepared as a curing
accelerator. 1-1 Synthesis of curing accelerator Each of the compounds C1
to C10 was synthesized as follows. (Synthesis of compound C1) 



12.3 g of o-methoxyaniline (0.100 mol) and an aqueous hydrochloric acid
solution, which had been prepared by dissolving 25 ml of concentrated
hydrochloric acid ( 37 0 ) in 200 ml of pure water in advance, were put
into a 500 ml separable flask equipped with a condenser and a stirrer, and
they were stirred to dissolve o-methoxyaniline. Thereafter, the separable
flask was cooled with ice such that the temperature in the flask was held
at 0 to 5C, and in this state 7.2 g (0.104 mol) of sodium nitrite dissolved
in 20 39   ml of pure water was slowly dropped into the solution in the
flask. Then, 20.0 g (0.076 mol) of triphenylphosphine dissolved in 150 ml
of ethyl acetate was dropped into the separable flask and then the solution
in the flask was stirred for 20 minutes. Then, 8.0 g (0.200 mol) of sodium
hydroxide dissolved in 20 ml of pure water was slowly dropped into the
separable flask, and then the solution in the flask was strongly stirred
for about 1 hour. After bubbling of nitrogen gas was very slight, dilute
hydrochloric acid was added until pH reached 3.0 or below, and 30 g (0.200
mol) of sodium iodide was then added. A resultant precipitate was filtered
and then dried to obtain 29.7 g of reddish brown crystal of 2-methoxyphenyl
triphenylphosphonium iodide. Next, 29.7 g (0.060 mol) of the obtained
2-methoxyphenyl triphenylphosphonium iodide, 88.7 g (0.769 mol) of pyridine
hydrochloride, and 12.0 g (0.118 mol) of acetic anhydride were put into a
500 ml separable flask equipped with a condenser and a stirrer, and they
were heated at 200C for 5 hours under reflux and stirring. After reaction
was completed, a reaction product was cooled to room temperature, and then
3. 3 g (0.022 mol) of sodium iodide dissolved in 250 ml of pure water was
put into the separable flask. A precipitated solid was filtered and then 40
dried to obtain 24.1 g of a brown solid of 2-hydroxyphenyl
triphenylphosphonium iodide. Next, 24.1 g (0.050 mol) of the thus obtained
2-hydroxyphehyl triphenylphosphonium iodide and 100 ml of methanol were put
into a 500 ml separable flask equipped with a condenser and a stirrer and
they were stirred to dissolve 2-hydroxyphenyl triphenylphosphonium iodide.
Then, 125 ml of a 10% aqueous sodium hydrogen carbonate solution was slowly
dropped into the flask under stirring. After bubbling of carbon dioxide gas
was very slight, the solution in the flask was heated at around 70C for
about 2 minutes, and then was cooled. A precipitated crystal was filtered
and then dried to obtain 15.9 g of yellowish brown crystal. The thus
obtained crystal was defined as a compound C1. As a result of analyses of
the compound C1 by 1H-NMR, mass spectrometry, and elementary analysis, it
was confirmed that thecompound Clwasa targettrisubstituted
phosphoniophenolate represented by the following formula (14). The yield of
the compound C1 was 59%. (14) 41    (Synthesis of compound C2) A~ compound
was synthesized in the same manner as the compound Cl except than. 12.3 g
(0. 100 mol) of m-methoxyanililne was used instead of o-methoxyaniline, to
thereby ultimately obtain 12.0 g of yellow crystal. The thus obtained
crystal was defined as a compound C2. As a result of analyses of the
compound C2 by 1H-NMR, mass spectrometry, and elementary analysis, it was
confirmed that the compound C2 wasa target trisubstituted
phosphoniophenolate represented by the following formula (15). The yield of
the compound C2 was 45%. 



(15) (Synthesis of compound C3) A compound was synthesized in the same
manner as the compound C1 except that 12.3 g (0.100 mol) of
p-methoxyaniline was used instead of o-methoxyaniline, to thereby
ultimately obtain 17.5 g of pale yellow crystal. The thus obtained crystal
was defined as a compound C3. As a result of analyses of the compound C3 by
1H-NMR, mass spectrometry, and elementary analysis, it was confirmed that
the compound C3wasa target trisubstituted phosphoniophenolate represented
by the following formula (16). The yield of the 42    compound C3 was 650.
(16) (Synthesis of compound C4) A compound was synthesized in the same
manner as the compound Cl except that 13.7 g (0.100 mol) of
2-methoxy-5-methylaniline was used instead of o-methoxyaniline and that
23.l g (0.076 mol) of tri-p-tolylphosphine was used instead of
triphenylphosphine, to thereby ultimately obtain 17.0 g of brown crystal.
The thus obtained crystal was defined as a compound C4. As a result of
analyses of the compound C4 by 1H-NMR, mass spectrometry, and elementary
analysis, it was confirmed that the compound C4 wasa target trisubstituted
phosphoniophenolate represented by the following formula (17). The yield of
the compound C4 was 55%. / (17) 3 CH3 (Synthesis of compound C5) A compound
was synthesized in the same manner as the 43    compound C1 except that
26.8 g (0.076 mol) of tris(4-methoxyphenyl)phosphine was used instead of
triphenylphosphine, to thereby ultimately obtain 16. 5 g of pale yellowish
white crystal. The thus obtained crystal was defined as a compound C5. As a
result of analyses of the compound C5 by 1H-NMR, mass spectrometry, and
elementary analysis, it was confirmed that the compound C5wasa
targettrisubstituted phosphoniophenolate represented by the following
formula (18). The yield of the compound C5 was 540. Ho (18) 3 (Synthesis of
compound C6) A compound was synthesized in the same manner as the compound
C1 except that 19.9 g (0.100 mol) of 5-phenyl-2-methoxyaniline was used
instead of o-methoxyaniline, to thereby ultimately obtain 23. 5 g of yellow
crystal. The thus obtained crystal was defined as a compound C6. As a
result of analyses of the compound C6 by 1H-NMR, mass spectrometry, and
elementary analysis, it was confirmed that the compound C6wasa
targettrisubstituted phosphoniophenolate represented by the following
formula (19). The yield of the compound C6 was 72%. 44   \ (19) 3
(Synthesis of compound C7) A compound was synthesized in the same manner as
the 



compound C1 except that 13.0 g (0.076 mol) of tributylphosphine was used
instead of triphenylphosphine, to thereby ultimately obtain 6.7 g of white
crystal. The thus obtained crystal was defined as a compound C7. As a
result of analyses of the compound C7 by 1H-NMR, mass spectrometry, and
elementary analysis, it was confirmed that the compound C7 was atarget
trisubstituted phosphoniophenolate represented by the following formula
(20). The yield of the compound C7 was 300. ~H9C4~~ \ (20) (Synthesis of
compound C8) A compound was synthesized in the same manner as the compound
C7 except that 12.3 g (0.100 mol) of m-methoxyaniline was used instead of
o-methoxyaniline, to thereby ultimately obtain 6.0 g of white crystal. 45
The thus obtained crystal was defined as a compound C8. As a result of
analyses of the compound C8 by 1H-NMR, mass spectrometry, and elementary
analysis, it was confirmed that the compound C8was a targettrisubstituted
phosphoniophenolate represented by the following formula (21). The yield of
the compound C8 was 270. O (21) 3 (Synthesis of compound C9) A compound was
synthesized in the same manner as the compound C7 except that 12.3 g (0.100
mol) of p-methoxyaniline was used instead of o-methoxyaniline, to thereby
ultimately obtain 7.8 g of white crystal. The thus obtained crystal was
defined as a compound C9. As a result of analyses of the compound C9 by
1H-NMR, mass spectrometry, and elementary analysis, it was confirmed that
the compound C9was atarget trisubstituted phosphoniophenolate represented
by the following formula (22). The yield of the compound C9 was 350.
~H9C4~~ \ (22) O (Synthesis of compound C10) 26.2 g (0.100 mol) of
triphenylphosphine was dissolved in 75 ml of acetone in a 500 ml beaker at
room temperature. ~6   Then, 10.8 g (0.100 mol) of p-benzoquinone dissolved
in 45 ml of acetone was slowly dropped into the solution in the 



beaker under stirring. As its dropping was continued, a precipitate was
gradually produced. After its dropping was completed, the solution in the
beaker was being stirred for about 1 hour, and then was allowed to stand
for about 30 minutes. Thereafter, a precipitated crystal was filtered and
then dried to obtain 27.75 g of a greenish brown powder. The thus obtained
powder was defined as a compound C10. As a result of analyses of the
compound C10 by 1H-NMR, mass spectrometry, and elementary analysis, it was
confirmed that the compound C10 was a target adduct of triphenylphosphine
with p-benzoquinone represented by the following formula (13). The yield of
the compound C10 was 75%. (13) 1-2 Preparation of epoxy resin composition
and manufacture of semiconductor device Epoxy resin compositions of
Examples and Comparative Examples were prepared using the obtained
compounds C1 to C10 47    and triphenylphosphine, and further semiconductor
devices of Examples and Comparative Examples were manufactured, as follows.
(Example 1) First, biphenyl type epoxy resin represented by the formula
(23) as the compound (A), phenol aralkyl resin represented by the formula
(24) (wherein the number of repeat units is 3 and it is an average value)
as the compound (B) , the compound C1 as the curing accelerator (C),
spherical fused silica (having an average particle size of 15 ~,m) as the
inorganic filler (D), and carbon black, brominated bisphenol A type epoxy
resin and carnauba wax as additives were prepared. H2C ~CHCH2C O ZC\ /CH2 (
2 3 ) O <Physical properties of compound represented by the formula (23) >
Melting point: 105C Epoxy equivalent: 193 ICI melt viscosity at 150C: 0.15
poise H (24) 48     <Physical properties of compound represented by the
formula (24)> Softening point: 77C Hydroxyl equivalent: 172 ICI melt
viscosity at 150C: 3.6 poise 



Then, 52 parts by weight of biphenyl type epoxy resin, 48 parts by weight
of phenol aralkyl resin, 1.77 parts by weight of the compound C1, 730 parts
by weight of spherical fused silica, 2 parts by weight of carbon black, 2
parts by weight of brominated bisphenol A type epoxy resin, and 2 parts by
weight of carnauba wax were mixed at room temperature. Thereafter, the
mixture was kneaded using a hot roll at 95C for 8 minutes, and was cooled
and then ground, to thereby obtain an epoxy resin composition
(thermosetting resin composition). Next, 8 packages of 100-pin TQFP
(semiconductor devices) and 15 packages of 16-pin DIP (semiconductor
devices) were manufactured using the obtained epoxy resin composition as a
mold resin. The 100-pin TQFP packages were manufactured by subj ecting the
epoxy resin composition to transfer molding under the conditions of a mold
temperature of 175C, an injection pressure of 7.4 MPa and a curing time of
2 minutes, and then after-curing the molded product at 175C for 8 hours. In
this regard, it is to be noted that this 100-pin TQFP package has a size of
14 x 14 mm and a thickness of 1.4 mm, a silicon chip (semiconductor
element) has a size of 8.0 x 8.0 49   mm, and a lead frame is made of alloy
42. The 16-pin DIP packages were manufactured by subjecting the epoxy resin
composition to transfer molding under the conditions of a mold temperature
of 175C, an injection pressure of 6.8 MPa and a curing time of 2 minutes,
and then after-curing the molded product at 175C for 8 hours. In this
regard, it is to be noted that this 16-pin DIP package has a size of 6.4 x
19.8 mm and a thickness of 3.5 mm, a silicon chip (semiconductor element)
has a size of 3.5 x 3.5 mm, and a lead frame is made of alloy 42. (Example
2) First, biphenyl aralkyl type epoxy resin represented by the formula (25)
(wherein the number of repeat units is 3 and it is an average value) as the
compound (A), biphenyl aralkyl type phenolic resin represented by the
formula (26) (wherein the number of repeat units is 3 and it is an average
value) as the compound (B) , the compound C1 as the curing accelerator (C)
, spherical fused silica (having an average particle size of 15 Vim) as the
inorganic filler (D), and carbon black, brominated bisphenol A type epoxy
resin and carnauba wax as additives were prepared. 50   H2C~ HC `2 H2COHC
`2 O O _ \ \ CH2~( ~ ~CH2 ~ H ~ / / 3 (25) <Physical properties of compound
represented by the formula (25) > Softening point: 60C Epoxy equivalent:
272 ICI melt viscosity at l50C: 1.3 poise H H CH2 ~ ~ \ / CH2_ I_ ~ H ( 2 6
) / ~/ / 3 <Physical properties of compound represented by the formula (26)
> Softening point: 68C Hydroxyl equivalent: 199 ICI melt viscosity at 150C:
0.9 poise Then, 57 parts by weight of biphenyl aralkyl type epoxy resin, 43
parts by weight of biphenyl aralkyl type phenolic resin, 1.77 parts by
weight of the compound C1, 650 parts by weight of spherical fused silica, 2
parts by weight of carbon black, 2 parts by weight of brominated bisphenol
A type epoxy 51   resin, and 2 parts by weight of carnauba wax were mixed
at room temperature. Thereafter, the mixture was kneaded using a hot roll
at l05C for 8 minutes, and was cooled and then ground, to thereby obtain an
epoxy resin composition (thermosetting resin composition). Then, packages
(semiconductor devices) weremanufactured in the same manner as Example 1
except that the epoxy resin composition prepared in Example 2 was used as a
mold resin. 



(Example 3) An epoxy resin composition (thermosetting resin composition) of
Example 3 was prepared in the same manner as Example 1 except that the
compound C2 was used instead of the compound Cl, and packages
(semiconductor devices) of Example 3 were manufactured in the same manner
as Example 1 except that the epoxy resin composition prepared in Example 3
was used as a mold resin. (Example 4) An epoxy resin composition
(thermosetting resin composition) of Example 4 was prepared in the same
manner as Example 2 except that the compound C2 was used instead of the
compound C1, and packages (semiconductor devices) of Example 4 were
manufactured in the same manner as Example 2 except that the epoxy resin
composition prepared in Example 4 was used as a mold resin. (Example 5) An
epoxy resin composition (thermosetting resin 52   composition) of Example 5
was prepared in the same manner as Example 1 except that the compound C3
was used instead of the compound C1, and packages (semiconductor devices)
of Example 5 were manufactured in the same manner as Example 1 except that
the epoxy resin composition prepared in Example 5 was used as a mold resin.
(Example 6) An epoxy resin composition (thermosetting resin composition) of
Example 6 was prepared in the same manner as Example 2 except that the
compound C3 was used instead of the compound C1, and packages
(semiconductor devices) of Example 6 were manufactured in the same manner
as Example 2 except that the epoxy resin composition prepared in Example 6
was used as a mold resin. (Example 7) An epoxy resin composition
(thermosetting resin composition) of Example 7 was prepared in the same
manner as Example 1 except that 2.05 parts by weight of the compound C4 was
used instead of the compound C1, and packages (semiconductor devices) of
Example 7 were manufactured in the same manner as Example 1 except that the
epoxy resin composition prepared in Example 7 was used as a mold resin.
(Example 8) An epoxy resin composition (thermosetting resin composition) of
Example 8 was prepared in the same manner as Example 2 except that 2.05
parts by weight of the compound C4 was used instead of the compound C1, and
packages ( semiconductor 53   devices ) of Example 8 were manufactured in
the same manner as Example 2 except that the epoxy resin composition
prepared in Example 8 was used as a mold resin. (Example 9) An epoxy resin
composition (thermosetting resin composition) of Example 9 was prepared in
the same manner as Example 1 except that 2.01 parts by weight of the
compound C5 was used instead of the compound C1, and packages
(semiconductor devices) of Example 9 were manufactured in the same manner
as Example 1 except that the epoxy resin composition prepared in Example 9
was used as a mold resin. (Example 10) An epoxy resin composition
(thermosetting resin composition) of Example 10 was prepared in the same
manner as Example 2 except that 2.01 parts by weight of the compound C5 was
used instead of the compound C1, and packages (semiconductor devices) of
Example 10 were manufactured in the same manner as Example 2 except that
the epoxy resin composition prepared in Example 10 was used as a mold
resin. (Example 11) An epoxy resin composition (thermosetting resin
composition) of Example 11 was prepared in the same manner as Example 1
except that 2.15 parts by weight of the compound C6 was used instead of the
compound C1, and packages (semiconductor devices) of Example 11 were
manufactured in the same manner as Example 1 except that the epoxy resin
composition prepared in Example 11 was used as a mold resin. 54   



(Example 12) An epoxy resin composition (thermosetting resin composition)
of Example 12 was prepared in the same manner as Example 2 except that 2.15
parts by weight of the compound C6 was used instead of the compound C1, and
packages ( semiconductor devices) of Example 12 were manufactured in the
same manner as Example 2 except that the epoxy resin composition prepared
in Example 12 was used as a mold resin. (Example 13) An epoxy resin
composition (thermosetting resin composition) of Example 13 was prepared in
the same manner as Example 1 except that 1.47 parts by weight of the
compound C7 was used instead of the compound C1, and packages (
semiconductor devices) of Example 13 were manufactured in the same manner
as Example 1 except that the epoxy resin composition prepared in Example 13
was used as a mold resin. (Example i4) An epoxy resin composition
(thermosetting resin composition) of Example 14 was prepared in the same
manner as Example 2 except that 1.47 parts by weight of the compound C7 was
used instead of the compound Cl, and packages ( semiconductor devices ) of
Example 14 were manufactured in the same manner as Example 2 except that
the epoxy resin composition prepared in Example 14 was used as a mold
resin. (Example 15) An epoxy resin composition (thermosetting resin 55
composition) of Example 15 was prepared in the same manner as Example 13
except that the compound C8 was used instead of the compound C7, ar_~d
packages (semiconductor devices) of Example 15 were manufactured in the
same manner as Example 1 except that the epoxy resin composition prepared
in Example 15 was used as a mold resin. (Example 16) An epoxy resin
composition (thermosetting resin composition) of Example 16 was prepared in
the same manner as Example 14 except that the compound C8 was used instead
of the compound C7, and packages (semiconductor devices) of Example 16 were
manufactured in the same manner as Example 2 except that the epoxy resin
composition prepared in Example 16 was used as a mold resin. (Example 17)
An epoxy resin composition (thermosetting resin composition) of Example 17
was prepared in the same manner as Example 13 except that the compound C9
was used instead of the compound C7, and packages (semiconductor devices)
of Example 17 were manufactured in the same manner as Example 1 except that
the epoxy resin composition prepared in Example 17 was used as a mold
resin. (Example 18) An epoxy resin composition (thermosetting resin
composition) of Example 18 was prepared in the same manner as Example 14
except that the compound C9 was used instead of the compound C7, and
packages (semiconductor devices) of Example 56   18 were manufactured in
the same manner as Example 2 except that the epoxy resin composition
prepared in Example 18 was used as a mold resin. (Comparative Example 1) An
epoxy resin composition (thermosetting resin composition) of Comparative
Example 1 was prepared in the same manner as Example 1 except that 1.85
parts by weight of the compound C10 was used instead of the compound C1,
and packages (semiconductor devices) of Comparative Example 1 were
manufactured in the same manner as Example 1 except that the epoxy resin
composition prepared in Comparative Example 1 was used as a mold resin.
(Comparative Example 2) An epoxy resin composition (thermosetting resin
composition) of Comparative Example 2 was prepared in the same manner as
Example 2 except that 1.85 parts by weight of the compound C10 was used
instead of the compound Cl, and packages (semiconductor devices) of
Comparative Example 2 were manufactured in the same manner as Example 2
except that the epoxy resin composition prepared in Comparative Example 2
was used as a mold resin. (Comparative Example 3) An epoxy resin
composition (thermosetting resin composition) of Comparative Example 3 was
prepared in the same manner as Example 1 except that 1.00 part by weight of
triphenylphosphine was used instead of the compound Cl, and packages
(semiconductor packages) of Comparative Example3were 57 



manufactured in the same manner as Example 1 except that the epoxy resin
composition prepared in Comparative Example 3 was used as a mold resin.
(Comparative Example 4) An epoxy resin composition (thermosetting resin
composition) of Comparative Example 4 was prepared in the same manner as
Example 2 except that 1.00 part by weight of triphenylphosphine was used
instead of the compound C1, and packages (semiconductor devices) of
Comparative Example 4 were manufactured in the same manner as Example 2
except that the epoxy resin composition prepared in Comparative Example 4
was used as a mold resin. 1-3 Characteristic evaluation For each of the
epoxy resin compositions obtained in Examples and Comparative Examples,
characteristic evaluations (I) to (III) were made as follows. Further, fox
each of the semiconductor devices obtained in Examples and Comparative
Examples, characteristic evaluations (IV) and (V) were made as follows. (I)
Spiral flow The spiral flow of each of the epoxy resin compositions was
measured using a mold for spiral flow test according to EMMI-I-66, under
the conditions of a mold temperature of 175C, an inj ection pressure of 6.
8 MPa, and a curing time of 2 minutes . The spiral flow is a parameter of
fluidity. Here, larger spiral flow means better fluidity. 58   (II) Curing
torque The torque after 45 seconds at 175C of each of the epoxy resin
compositions was measured using a curelastometer ("JSR curelastometer IV PS
model" manufactured by Orientech Co., Ltd.). Here, larger curing torque
means better curability. (III) Residual flow percentage Each of the epoxy
resin compositions was preserved at 30C for 1 week in atmospheric air, and
thereafter the spiral flow thereof was measured in the same manner as
described above. Then, the percentage (o) of the thus obtained spiral flow
was determined on the basis of the initial spiral flow of the epoxy resin
composition just after the preparation. Here, larger residual flow
percentage means better storage stability. (IV) Solder cracking resistance
Each of the 100-pin TQFP packages was left at 85C and at 85% relative
humidity for 168 hours, and was then immersed in a solder bath at 260C for
10 seconds. Thereafter, each package was observed under a microscope to
determine whether or not cracking occurred in its surface. The occurrence
rate of cracking was obtained as a percentage (%) by calculating using the
following formula. Occurrence rate of cracking = (the number of packages in



which cracking occurred / the total number of manufactured packages) x 100
59   Here, smaller occurrence rate of cracking means better solder cracking
resistance. Further, an area where delamination occurred between the
silicon chip and the cured product of the epoxy resin composition was
measured using a reflectoscope. Then, the delamination ratio of the
semiconductor package was obtained as a percentage ( % ) by calculating
using the following formula. Practically, an average value of 8
semiconductor packages was used for evaluation. Delamination ratio = (area
where delamination occurred) / (area of silicon chip) x 100 Here, smaller
delamination ratio means better solder cracking resistance. (V) Moisture
resistance reliability A voltage of 20 V was applied to each of the 16-pin
DIP packages in water vapor at 125C and at 100% relative humidity, and each
package was then checked whether or not conduction failure occurred
therein. The time until the conduction failure occurred in 8 or more
packages of the 15 packages was measured and the time was defined as a
failure time. In this regard, it is to be noted that the measuring time was
500 hours at longest, and in a case where the number of failed packages at
that time was less than 8, the failure time was shown as "more than 500
hours (> 500)". Here, longer failure time means better moisture resistance
reliability. 60   The results of the characteristic evaluations (I) to (V)
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OUNMNNNcdbtdcdxxxxwwww0000UUUU 63   As shown in Table 1, each of the epoxy
resin compositions obtained in Examples 1 to 18 (epoxy resin compositions
of the present invention) had extremely excellent curability, storage
stability and fluidity. Further, each of the packages of Examples 1 to 18
(semiconductor devices of the present invention) encapsulated with a cured
product of each of the epoxy resin compositions of Examples 1 to 18,
respectively had excellent solder cracking resistance and moisture
resistance reliability. Further, the semiconductor devices manufactured in
Examples 1 to 4, in which the compound C1 or the compound C2 was used as a
curing accelerator had improved solder cracking resistance as compared with
the semiconductor devices manufactured in Examples 5 and 6, in which the
compound C3 was used as a curing accelerator. Also, the semiconductor
devices manufactured in Examples 13 to 16, in which the compound C7 or the
compound C8 was used as a curing accelerator had improved solder cracking
resistance as compared with the semiconductor devices manufactured in
Examples 17 and 18, in which the compound C9 was used as a curing
accelerator. From these results, it is confirmed that by using
trisubstituted phosphoniophenolate in which the oxyanion is located in
ortho position or meta position to the phosphorus atom, as a curing
accelerator, an obtained semiconductor package can have improved solder
cracking resistance as compared with the case where trisubstituted
phosphoniophenolate in which the oxyanion is located in para position to
the phosphorus atom is used. On the other hand, each of the epoxy resin
compositions 64   obtained in Comparative Examples 1 and 2 had poor storage
stability, and each of the packages obtained in Comparative Examples 1 and
2 had poor solder cracking resistance and extremely low moisture resistance
reliability. Further, each of the epoxy resin compositions obtained in
Comparative Examples 3 and 4 had extremely poor curability, storage
stability and fluidity, and each of the packages obtained in Comparative
Examples 3 and 4 had poor solder cracking resistance. (Examples 19 to 27,
Comparative Examples 5 and 6) Epoxy resin compositions (thermosetting resin
compositions) of Examples 19 to 27 and Comparative Examples 5 and 6 were
prepared in the same manner as Examples 1, 3, 5, 7, 9, 11, 13, 15 and 17
and Comparative Examples 1 and 3, respectively, except that a mixture of 26
parts by weight of biphenyl type epoxy resin represented by the formula
(23) and 28.5 parts by weight of biphenyl aralkyl type epoxy resin
represented by the formula (25) as the compound (A), and 45.5 parts by
weight of phenol aralkyl resin represented by the formula (24) as the
compound (B) were used. Further, packages (semiconductor devices) of
Examples 19 to 27 and Comparative Examples 5 and 6 were manufactured in the
same manner as Example 1 except that the epoxy resin compositions prepared
in Examples 19 to 27 and Comparative Examples 5 and 6 were used,
respectively. For each of the epoxy resin compositions and each of the
packages obtained in Examples 19 to 27 and Comparative Examples 5 and 6,
characteristic evaluations were made in the same manner 65   described
above. Their measurement results were substantially the same as those of
Examples 1, 3, 5, 7, 9, 11, 13, 15 and 17 and Comparative Examples 1 and 3
shown in Table 1, respectively. (Examples 28 to 36 and Comparative Examples
7 and 8) Epoxy resin compositions (thermosetting resin compositions) of
Examples 28 to 36 and Comparative Examples 7 and 8 were prepared in the
same manner as Examples 1, 3, 5, 7, 9, 11, 13, 15 and 17 and Comparative
Examples 1 and 3, respectively, except that 54.5 parts by weight of
biphenyl type epoxy resin represented by the formula (23) as the compound
(A) , and a mixture of 24 parts by weight of phenol aralkyl resin
represented by the formula (24) and 21.5 parts by weight of biphenyl
aralkyl type phenolic resin represented by the formula (26) as the compound
(B) were used. Further, packages (semiconductor devices) of Examples 28 to
36 and Comparative Examples 7 and 8 were manufactured in the same manner as
Example 1 except that the epoxy resin compositions prepared in Examples 28
to 36 and comparative Examples 7 and 8 were used, respectively. For each of
the epoxy resin compositions and each of the packages obtained in Examples
28 to 36 and Comparative Examples 7 and 8, characteristic evaluations were
made in the same manner described above. Their measurement results were
substantially the same as those of Examples 1, 3, 5, 7, 9, 11, 13, 15 and
17 and Comparative Examples 1 and 3 shown in Table 1, respectively.
(Examples 37 to 45 and comparative Example 9) Resin compositions
(thermosetting resin compositions) of 66   Examples 37 to 45 and
Comparative Example 9 were prepared by blending 100 parts by weight of
bismaleimide resin composed of diaminodiphenylmethane (BMI-H made by K~I
CHEMICAL, INDUSTRY Co., LTD.) with each of the compounds C1 to C9 and
triphenylphosphine as a curing accelerator at the blending ratio shown in
Table 2, respectively, and homogeneously mixing them. For each of the resin
compositions obtained in Examples 37 to 45 and Comparative Example 9, gel
time at 175C was measured. The measurement results and the blending ratio
of each of the curing accelerators are shown in Table 2. 67   



Table 2 Curing Accelerator Gel TimeKindBlending Ratio (parts by
weight)(second)Example 37Compound C11.7738Example 38Compound
C21.7740Example 39Compound C31.7736Example 40Compound C42.0536Example
41Compound C52.0l31Example 42Compound C62.1537Example 43Compound
C7l.4737Example 44Compound C8l.4740Example 45Compound C91.4735Com.Example
9Triphenyl- hos Nine1.00Microgel As shown in Table 2, each of the resin
compositions obtained in Examples 37 to 45 was immediately cured. On the
other hand, the resin composition obtained in comparative Example 9 was not
cured but micro-gelled. 2 Evaluation of trisubstituted phosphoniophenolate
salts First, compounds C11 to C20 were prepared as a curing accelerator.
2-1 Synthesis of curing accelerator Each of the compounds C11 to C20 was
synthesized as follows. (Synthesis of Compound C11) 68   12.3 g of
o-methoxyaniline (0.l00 mol) and an aqueous hydrochloric acid solution
which had been prepared by dissolving 25 ml of concentrated hydrochloric
acid (37%) in 200 ml of pure water in advance were put into a 500 ml
separable flask equipped with a condenser and a stirrer, and they were
stirred to dissolve o-methoxyaniline. Thereafter, the separable flask was
cooled with ice such that the temperature in the flask was held at 0 to 5C,
and in this state 7.2 g (0.104 mol) of sodium nitrite dissolved in 20 ml of
pure water was slowly dropped into the solution in the flask. Then, 20.0 g
(0.076 mol) of triphenylphosphine dissolved in 150 ml of ethyl acetate was
dropped into the separable flask and then the solution in the flask was
stirred for 20 minutes. Then, 8.0 g (0.200 mol) of sodium hydroxide
dissolved in 20 ml of pure water was slowly dropped into the separable
flask, and then the solution in the flask was strongly stirred for about 1
hour. After bubbling of nitrogen gas was very slight, dilute hydrochloric
acid was added until pH reached 3.0 or below, and 30 g (0.200 mol) of
sodium iodide was then added. Then, a resultant precipitate was filtered
and then dried to obtain 29. 7 g of reddish brown crystal of
2-methoxyphenyl triphenylphosphonium iodide. Next, 29.7 g (0.060 mol) of
the obtained 2-methoxyphenyl 69   triphenylphosphonium iodide, 88.7 g
(0.769 mol) of pyridine hydrochloride, and 12 . 0 g ( 0 . 1l8 mol ) of
acetic anhydride were put into a 500 ml separable flask equipped with a
condenser and a stirrer, and they were heated at 200C for 5 hours under
reflux and stirring) 



After reaction was completed, the reaction product was cooled to room
temperature, and then 3 . 3 g ( 0 . 022 mol ) of sodium iodide dissolved in
250 ml of pure water was put into the flask. Then, a precipitated solid was
filtered and then dried to obtain 24 . 1 g of a brown solid of
2-hydroxyphenyl triphenylphosphonium iodide. Next, 24.1 g (0.050 mol) of
the thus obtained 2-hydroxyphenyl triphenylphosphonium iodide, l2.5 g
(0.050 mol) of bisphenol S (2, 2-bis (4-hydroxyphenyl) sulfone) , and l80
ml of methanol were put into a 500 ml beaker, and they were stirred. Then,
2 g (0.050 mol) of sodium hydroxide dissolved in 200 ml of methanol was
dropped into the beaker, and then the solution in the beaker was stirred
for 30 minutes. Then, the reaction product was dropped into 2, 000 ml of
pure water. Then, a precipitated solid was filtered and then dried to
obtain 10.2 g of a brown solid which is a salt of 2-hydroxyphenyl
triphenylphosphonium with bisphenol S. The thus obtained solid was defined
as a compound C11. As a result of analyses of the compound C11 by 1H-NMR,
mass 70   spectrometry and elementary analysis, it was confirmed that the
compound C11 was a target trisubstituted phosphoniophenolate salt
represented by the following formula (27) . The yield of the compound C11
was 220. OH p II O S \ / OH O (Synthesis of compound C12) (27) A compound
was synthesized in the same manner as the compound C11 except that 8.0 g
(0.050 mol) of 2,3-dihydroxynaphthalene was used instead of bisphenol S
(2,2-bis(4-hydroxyphenyl)sulfone), to thereby ultimately obtain 10.8 g of
brown crystal. The thus obtained crystal was defined as a compound C12. As
a result of analyses of the compound C12 by 1H-NMR, mass spectrometry and
elementary analysis, it was confirmed that the compound C12 was a target
trisubstituted phosphoniophenolate salt represented by the following
formula (28) . The yield of the compound C12 was 42%. 71   / OH O / \ \ \ /
(28) HO / / (Synthesis of compound C13) A compound was synthesized in the
same manner as the compound C11 except that 12 . 3 g ( 0 . 100 mol ) of
m-methoxyaniline was used instead of o-methoxyaniline, 16.0 g (0.100 mol)
of 2,3-dihydroxynaphthalene was used instead of 12.5 g of bisphenol S
(2,2-bis(4-hydroxyphenyl)sulfone), and that an addition amount of sodium
hydroxide was changed to 4.0 g (0. 100 mol), to thereby ultimately obtain
17.5 g of pink crystal. The thus obtained crystal was defined as a compound
C13. As a result of analyses of the compound C13 by 1H-NMR, mass
spectrometry and elementary analysis, it was confirmed that the compound
C13 was a target trisubstituted phosphoniophenolate salt represented by the
following formula (29) . The yield of the compound C13 was 520. 72   O / \
HO / \ / ~ p \ ~H \ ~ / \ ~ / HO HO / / 



(Synthesis of compound C14) (29) A compound was synthesized in the same
manner as compound C13 except that 12.3 g (0.100 mol) of p-methoxyaniline
was used instead of m-methoxyaniline, to thereby ultimately obtain 18.1 g
of white crystal. The thus cbtained crystal was defined as a compound C14.
As a result of analyses of the compound C14 by 1H-NMR, mass spectrometry
and elementary analysis, it was confirmed that the compound C14 was a
target trisubstituted phosphoniophenolate salt represented by the following
formula (30). The yield of the compound C14 was 540. O / ~ \ HO / ~ \ (30)
p I \ HO \ / HO \ / / OH (Synthesis of compound C15) A compound was
synthesized in the same manner as compound 73   C11 except that 13 . 7 g (
0 . l00 mol ) of 2-methoxy-5-methylaniline was used instead of
o-methoxyaniline, 23.l g (0.076 mol) of tri-p-tolylphosphine was used
instead of triphenylphosphine, and that 8. 0 g (0.050 mol) of 1,
6-dihydroxynaphthalene was used instead of 12.5 g of bisphenol S
(2,2-bis(4-hydroxyphenyl)sulfone), to thereby ultimately obtain 14.6 g of
pale yellowish white crystal. The thus obtained crystal was defined as a
compound C15. As a result of analyses of the compound C15 by 1H-NMR, mass
spectrometry and elementary analysis, it was confirmed that the compound
C15 was a target trisubstituted phosphoniophenolate salt represented by the
following formula (31) . The yield of the compound C15 was 510. OH OH H3C /
\ P \ / \ -J I / i 3 O \ / CH3 (31) (Synthesis of compound C16) A compound
was synthesized in the same manner as the compound C11 except that 13.7 g
(0.100 mol) of 2-methoxy-5-methylaniline was used instead of
o-methoxyaniline, and that 23.1 g (0.076 mol) of tri-p-tolylphosphine was
used instead of triphenylphsophine, to thereby ultimately obtain 16.8 g of
yellow crystal. The thus obtained crystal was defined as a compound C16. 74
As a result of analyses of the compound C16 by 1H-NMR, mass spectrometry
and elementary analysis, it was confirmed that the compound C16 was a
target trisubstituted phosphoniophenolate salt represented by the following
formula (32). The yield of the compound C16 was 510. OH H3C /_\ P \ O ~ ~ O
OH II 3 O CH3 (32) (Synthesis of compound C17) A compound was synthesized
in the same manner as the compound C11 except that 26.8 g (0.076 mol) of
tris (4-methoxyphenyl)phosphine was used instead of triphenylphosphine, and
that 20.0 g (0.100 mol) of bis(4-hydroxyphenyl)methane was used instead of
bisphenol S (2,2-bis(4-hydroxyphenyl)sulfone), to thereby ultimately obtain
5.4 g of white crystal. The thus obtained crystal was defined as a compound
C17. As a result of analyses of the compound C17 by 1H-NMR, mass
spectrometry and elementary analysis, it was confirmed that the compound
C17 was a target trisubstituted phosphoniophenolate salt represented by the
following formula (33). The yield of 



the compound C17 was 18%. 75   OH HO ~ ~ P ~ O / \ CH2 \ / OH 3 (33)
(Synthesis of compound C18) 40.0 g (0.2 mot) of bisphenol F-D (a mixture of
the isomers of bisphenol F, which is made by HONSHU Chemical INDUSTRY C0. ,
LTD. ) and 50 ml of methanol were put into a 1-liter separable flask
equipped with a stirrer, and they were stirred at room temperature to
dissolve bisphenol F-D. Further, a solution which had been prepared by
dissolving 4 . 0 g ( 0 . 1 mol ) of sodium hydroxide in 50 ml of methanol
in advance was added to the solution in the flask under stirring. Then, a
solution which had been prepared by dissolving 41.9 g (0.1 mol) of
tetraphenylphosphonium bromide in l50 ml of methanol in advance was added.
The solution in the flask was being stirred for a while, and 300 ml of
methanol was then added. Thereafter, the solution in the flask was dropped
into a large amount of water under stirring, to thereby obtain a white
precipitate. The thus obtained precipitate was defined as a compound C18.
As a result of analyses of the compound C18 by 1H-NMR, mass spectrometry
and elementary analysis, it was confirmed that the compound C18 was a
target trisubstituted phosphoniophenolate salt represented by the following
formula (34). The yield of the compound C18 was 57%. 76   OX ~ CH =OH / HO
( 34 ) CH2 ~~H (Synthesis of compound C19) In a 500 ml beaker, 26.2 g
(0.100 mol) of triphenylphosphine was dissolved in 75 ml of acetone at room
temperature. Then, 10.8 g (0.100 mol) of p-benzoquinone dissolved in 45 ml
of acetone, was slowly dropped into the solution in the beaker under
stirring. As its dropping was continued, a precipitate was gradually
produced. After its dropping was completed, a resultant solution was
stirred for about 1 hour and then was allowed to stand for about 30
minutes. Thereafter, a precipitated crystal was filtered and then dried, to
thereby obtain 27.75 g of a greenish brown powder. Next, 27.75 g (0.075
mol) of the obtained greenish brown powder, 3.5 g (0.075 mol) of formic
acid, and 180 ml of methanol were put into a 500 ml beaker, and they were
stirred. Then, 3 g (0.075 mol) of sodium hydroxide dissolved in 200 ml of
methanol was dropped into the beaker, and then the 77   solution in the
beaker was stirred for 30 minutes. Then, the reaction product was dropped
into 2, 000 ml of pure water. A precipitated solid was filtered and then
dried, to thereby obtain 13.4 g of a brown solid. The thus obtained solid
was defined as a compound C19. As a result of analyses of the compound C19
by 1H-NMR, mass spectrometry and elementary analysis, it was confirmed that
the compound C19 was a target trisubstituted phosphoniophenolate salt
represented by the following formula ( 35 ) . The yield of the compound C19
was 250. O-CO-CHs ( 35 ) (Synthesis of compound C20) A compound was
synthesized in the same manner as the compound C19 except that 18.8 g
(0.075 mol) of bisphenol S 



(2,2-bis(4-hydroxyphenyl)sulfone) was used instead of formic acid, to
thereby ultimately obtain 30.2 g of brown crystal. The thus obtained
crystal was defined as a compound C20. As a result of analyses of the
compound C20 by 1H-NMR, mass spectrometry and elementary analysis, it was
confirmed that the compound C20 was a target trisubstituted
phosphoniophenolate 78    salt represented by the following formula (36) .
The yield of the compound C20 was 490. OH O _ II O ~ ~ S ~ ~ OH (36) / / O
OH 2-2 Preparation of epoxy resin composition and manufacture of
semiconductor device Epoxy resin compositions of Examples 46 to 59 and
Comparative Examples 10 to 15 were prepared using the obtained compounds
C11 to C20, respectively, and semiconductor packages of Examples 46 to 59
and Comparative Examples 10 to 15 were manufactured, as follows. (Example
46) First, biphenyl type epoxy resin represented by the formula (23) as the
compound (A), phenol aralkyl resin represented by the formula (24) (wherein
the number of repeat units is 3 and it is an average number) as the
compound (B), the compound C11 as the curing accelerator (C) , spherical
fused silica (having an average particle size of 15 Vim) as the inorganic
filler (D), and carbon black, brominated bisphenol A type epoxy resin and
carnauba wax as additives were prepared. Then, 52 parts by weight of
biphenyl type epoxy resin, 79   48 parts by weight of phenol aralkyl resin,
3. 02 parts by weight of the compound C11, 730 parts by weight of spherical
fused silica, 2 parts by weight of carbon black, 2 parts by weight of
brominated bisphenol A type epoxy resin and 2 parts by weight of carnauba
wax were mixed at room temperature. Thereafter, the obtained mixture was
kneaded using a hot roll at 95C for 8 minutes, and was cocled and then
ground, to thereby obtain an epoxy resin composition (thermosetting resin
composition). Next, 8 packages of 100-pin TQFP (semiconductor devices) and
15 packages of 16-pin DIP (semiconductor devices) were manufactured using
the obtained epoxy resin composition as a mold resin. The 100-pin TQFP
packages were manufactured by subjecting the epoxy resin composition to
transfer molding, under the conditions of a mold temperature of l75C, an
inj ection pressure of 7 . 4 MPa, and a curing time of 2 minutes, and then
after-curing the molded product at 175C for 8 hours. In this regard, it is
to be noted that this 100-pin TQFP package has a size of 14 x 14 mm and a
thickness of 1.4 mm, a silicon chip (semiconductor element) has a size of
8.0 x 8.0 mm, and that a lead frame is made of alloy 42. The 16-pin DIP
packages were manufactured by subjecting the epoxy resin composition to
transfer molding under the conditions of a mold temperature of 175C, an
injection pressure of 6. 8 MPa, and a curing time of 2 minutes, and then
after-curing the molded product at 175C for 8 hours. 80  



In this regard, it is to be noted that this 16-pin DIP package has a size
of 6.4 x 19.8 mm and a thickness of 3.5 mm, a silicon chip (semiconductor
element) has a size of 3.5 x 3.5 mm, and a lead frame is made of alloy 42.
(Example 47) First, biphenyl aralkyl type epoxy resin represented by the
formula (25) (wherein the number of repeat units is 3 and it is an average
number) as the compound (A) , biphenyl aralkyl type phenolic resin
represented by the formula (26) (wherein the number of repeat .nits is 3
and it is an average number) as the compound (B) , the compound C11 as the
curing accelerator (C), spherical fused silica (having an average particle
size of 15 ~.m) as the inorganic filler (D), and carbon black, brominated
bisphenol A type epoxy resin and carnauba wax as additives were prepared.
Then, 57 parts by weight of biphenyl aralkyl type epoxy resin, 43 parts by
weight of biphenyl aralkyl type phenolic resin, 3.02 parts by weight of the
compound C11, 650 parts by weight of spherical fused silica, 2 parts by
weight of carbon black, 2 parts by weight of brominated bisphenol A type
epoxy resin and 2 parts by weight of carnauba wax were mixed at room
temperature. Thereafter, the obtained mixture was kneaded using a hot roll
at 105C for 8 minutes, and was cooled and then ground, to thereby obtain an
epoxy resin composition (thermosetting resin composition). Next, packages
(semiconductor devices) were manufactured 81   in the same manner as
Example 46 except that the epoxy resin composition prepared in Example 47
was used as a mold resin. (Example 48) An epoxy resin composition
(thermosetting resin composition) of Example 48 was prepared in the same
manner as Example 46 except that 2.56 parts by weight of the compound C12
was used instead of the compound C11, and packages ( semiconductor devices
) of Example 48 were manufactured in the same manner as Example 46 except
that the epoxy resin composition prepared in Example 48 was used as a mold
resin. (Example 49) An epoxy resin composition (thermosetting resin
composition) of Example 49 was prepared in the same manner as Example 47
except that 2.56 parts by weight of the compound C12 was used instead of
the compound C11, and packages ( semiconductor devices ) of Example 4 9
were manufactured in the same manner as Example 47 except that the epoxy
resin composition prepared in Example 49 was used as a mold resin. (Example
50) An epoxy resin composition (thermosetting resin composition) of Example
50 was prepared in the same manner as Example 46 except that 3.36 parts by
weight of the compound C13 was used instead of the compound C11, and
packages (semiconductor devices) of Example 50 were manufactured in the
same manner as Example 46 except that the epoxy resin composition prepared
in Example 50 was used as a mold resin. 82   (Example 51) An epoxy =esin
composition (thermosetting resin composition) of Example 51 was prepared in
the same manner as Example 47 except that 3.36 parts by weight of the
compound C13 was used instead of the compound C11, and packages
(semiconductor devices) of Example 51 were manufactured in the same manner
as Example 47 except that the epoxy resin composition prepared in Example
51 was used as a mold resin. (Example 52) An epoxy resin composition
(thermosetting resin composition) of Example 52 was prepared in the same
manner as Example 50 except that the compound C14 was used instead of the
compound C13, and packages (semiconductor devices) of Example 52 were
manufactured in the same manner as Example 46 except that the epoxy resin
composition prepared in Example 52 was used as a mold resin. (Example 53)
An epoxy resin composition (thermosetting resin composition) of Example 53
was prepared in the same manner as Example 51 except that the compound C14
was used instead of the compound C13, and packages (semiconductor devices)
of Example 53 were manufactured in the same manner as Example 47 except
that the epoxy resin composition prepared in Example 53 was used as a mold
resin. (Example 54) An epoxy resin composition (thermosetting resin
composition) of Example 54 was prepared in the same manner as 83   



Example 46 except that 2.85 parts by weight of the compound C15 was used
instead of the compound C11, and packages ( semiconductor devices ) of
Example 54 were manufactured in the same manner as Example 46 except that
the epoxy resin composition prepared in Example 54 was used as a mold
resin. (Example 55) An epoxy resin composition (thermosetting resin
composition) of Example 55 was prepared in the same manner as Example 47
except that 2. 85 parts by weight of the compound C15 was used instead of
the compound C11, and packages (semiconductor devices) of Example 55 were
manufactured in the same manner as Example 47 except that the epoxy resin
composition prepared in Example 55 was used as a mold resin. (Example 56)
An epoxy resin composition (thermosetting resin composition) of Example 56
was prepared in the same manner as Example 46 except that 3.32 parts by
weight of the compound C16 was used instead of the compound C11, and
packages (semiconductor devices) of Example 56 were manufactured in the
same manner as Example 46 except that the epoxy resin composition prepared
in Example 56 was used as a mold resin. (Example 57) An epoxy resin
composition (thermosetting resin composition) of Example 57 was prepared in
the same manner as Example 47 except that 3.32 parts by weight of the
compound C16 was used instead of the compound C11, and packages
(semiconductor devices) of Example 57 were manufactured in the 84   same
manner as Example 47 except that the epoxy resin composition prepared in
Example 57 was used as a mold resin. (Example 58) An epoxy resin
composition (thermosetting resin composition) of Example 58 was prepared in
the same manner as Example 46 except that 3.01 parts by weight of the
compound C17 was used instead of the compound C11, and packages
(semiconductor devices) of Example 58 were manufactured in the same manner
as Example 46 except that the epoxy resin composition prepared in Example
58 was used as a mold resin. (Example 59) An epoxy resin composition
(thermosetting resin composition) of Example 59 was prepared in the same
manner as Example 47 except that 3. O1 parts by weight of the compound C17
was used instead of the compound C11, and packages (semiconductor devices)
of Example 59 were manufactured in the same manner as Example 47 except
that the epoxy resin composition prepared in Example 59 was used as a mold
resin. (Comparative Example 10) An epoxy resin composition (thermosetting
resin composition) of Comparative Example 10 was prepared in the same
manner as Example 46 except that 3.69 parts by weight of the compound C18
was used instead of the compound C11, and packages (semiconductor devices)
of Comparative Example 10 were manufactured in the same manner as Example
46 except that the epoxy resin composition prepared in Comparative Example
10 was used as a mold resin. 85   (Comparative Example 11) An epoxy resin
composition (thermosetting resin composition) of Comparative Example 11 was
prepared in the same manner as Example 47 except that 3.69 parts by weight
of the compound C18 was used instead of the compound C11, and packages
(semiconductor devices) of Comparative Example 11 were manufactured in the
same manner as Example 47 except that the epoxy resin composition prepared
in Comparative Example 11 was used as a mold resin. (Comparative Example
12) An epoxy resin composition (thermosetting resin composition) of
Comparative Example 12 was prepared in the same manner as Example 46 except
that 4.34 parts by weight of the compound C19 was used instead of the
compound C11, and packages (semiconductor devices) of Comparative Example
12 were manufactured in the same manner as Example 46 except that the epoxy
resin composition prepared in Comparative Example 12 was used as a mold
resin. (Comparative Example 13) An epoxy resin composition (thermosetting
resin composition) of Comparative Example 13 was prepared in the same
manner as Example 47 except that 4.34 parts by weight of the compound C19
was used instead of the compound C11, and packages (semiconductor devices)
of Comparative Example 13 were manufactured in the same manner as Example
47 except that the epoxy resin composition prepared in Comparative Example
13 was used as a mold resin. 86   (Comparative Example 14) An epoxy resin
composition (thermosetting resin composition) of Comparative Example 14 was
prepared in the same manner as Example 46 except that 3.l0 parts by weight
of the compound C20 was used instead of the compound C11, and packages
(semiconductor devices) of Comparative Example 14 were manufactured in the
same manner as Example 46 except that the epoxy resin composition prepared
in Comparative Example 14 was used as a mold resin. (Comparative Example
15) An epoxy resin composition (thermosetting resin composition) of
Comparative Example 15 was prepared in the same manner as Example 47 except
that 3.10 parts by weight of the compound C20 was used instead of the
compound C11, and packages (semiconductor devices) of Comparative Example
15 were manufactured in the same manner as Example 47 except that the epoxy
resin composition prepared in Comparative Example 15 was used as a mold
resin. 2-3 Characteristic evaluation 



For each of the epoxy resin compositions obtained in Examples 46 to 59 and
Comparative Examples 10 to 15, characteristic evaluations (I) to (IV) were
made as follows. Further, for each of the semiconductor packages obtained
in Examples 46 to 59 and Comparative Examples 10 to 15, characteristic
evaluations (V) and (VI) were made as follows. (I) Spiral flow 87   The
spiral flow of each of the epoxy resin compositions was measured using a
mold for spiral flow test according to EMMI-I-66, under the conditions of a
mold temperature of 175C, an inj ection pressure of 6 . 8 MPa, and a curing
time of 2 minutes . The spiral flow is a parameter of fluidity. Here,
larger spiral flow means better fluidity. (II) Curing torque The torque
after 45 seconds at 175C of each of the epoxy resin compositions was
measured using a curelastometer ("JSR curelastometer IV PS model"
manufactured by Orientech Co., . Ltd.). Here, larger curing torque means
better curability. (III) Residual flow percentage Each of the epoxy resin
compositions was preserved at 30C for 1 week in atmospheric air, and
thereafter the spiral flow thereof was measured in the same manner
described above. Then, the percentage (%) of the thus obtained spiral flow
was determined on the basis of the initial spiral flow of the epoxy resin
composition just after the preparation. Here, larger residual flow
percentage means better storage stability. (IV) Modulus of elasticity 52
parts by weight of biphenyl type epoxy resin represented by the formula
(23) as the compound (A) , and 48 parts by weight of phenol aralkyl resin
represented by the formula (24) as the compound (B) were blended with each
of the compounds C11 to C20 as the curing accelerator (C) in an amount
shown in Table 3, respectively, and then they were mixed at room 88
temperature. The thus obtained each mixture was kneaded using a hot roll at
95C for 8 minutes, and was cooled and then ground, to thereby obtain an
epoxy resin composition (thermosetting resin composition). Next, the
obtained each epoxy resin composition was molded by subjecting it to
transfer molding under the conditions of a mold temperature of 175C, an
injection pressure of 7.4 MPa, and a curing time of 2 minutes, and then the
molded product was after-cured at 175C for 8 hours, to thereby obtain a
cured product. The storage modulus of the cured product at 175C was
measured using Rheovibron model DDV-25FP (manufactured by ORIENTEC C0.).
(V) Solder cracking resistance Each of the 100-pin TQFP packages was left
at 85C and at 85% relative humidity for 168 hours, and was then immersed in
a solder bath at 260C for 10 seconds. Thereafter, each package was observed
under a microscope to determine whether or not cracking occurred in its
surface. The occurrence rate of the cracking was obtained as a percentage
(o) by calculating using the following formula. Occurrence rate of cracking
= (the number of packages in which cracking occurred / the total number of
manufactured packages) x 100 89   



Here, smaller occurrence rate of cracking means better solder cracking
resistance. Further, an area where delamination occurred between the
silicon chip and a cured product of the epoxy resin composition was
measured using a reflectoscope. Then, the delamination ratio of the
semiconductor package was obtained as a percentage by calculating using the
following formula. Practically, an average value of 8 semiconductor
packages was used for evaluation. Delamination ratio = (area where
delamination occurred) / (area of silicon chip) x l00 Here, smaller
delamination ratio means better solder cracking resistance. (VI) Moisture
resistance reliability A voltage of 20 V was applied to each of the 16-pin
DIP packages in water vapor at 125C and at 100% relative humidity, and each
package was then checked whether or not conduction failure occurred
therein. The time until the conduction failure occurred in 8 or more
packages of the 15 packages was measured and the time was defined as a
failure time. In this regard, it is to be noted that the measuring time was
500 hours at longest, and in a case where the number of failed packages at
that time was less than 8, the failure time was shown as "more than 500
hours (> 500)". Here, longer failure time means better moisture resistance
reliability. The results of 90   the characteristic evaluations (I) to (VI)
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xxxxxwwwwww000000UUUUUU 93   As shown in Table 3, each of the epoxy resin
compositions obtained in Examples 46 to 59 (epoxy resin compositions of the
present invention) had extremely excellent curability, storage stability
and fluidity. Further, since the modulus of elasticity of each of the cured
products of the epoxy resin compositions of Examples 46 to 59 was low, each
of the packages of the Examples 46 to 59 (semiconductor devices of the
present invention) encapsulated with the respective cured product had
excellent solder cracking resistance and moisture resistance reliability.
Further, the semiconductor devices manufactured in Examples 48 to 51, in
which the compound C12 or the compound C13 was used as a curing accelerator
had improved solder cracking resistance as compared with the semiconductor
devices manufactured in Examples 52 and 53, in which the compound C14 was
used as a curing accelerator. From this result, it is confirmed that by
using a salt of trisubstituted phosphoniophenolate in which the hydroxyl
group in the ration component is located in ortho position or meta position
to the phosphorus atom, as a curing accelerator, an obtained semiconductor
package can have improved solder cracking resistance as compared with the
case where a salt of trisubstituted phosphoniophenolate in which the
hydroxyl group in the ration component is located in para position to the
phosphorus atom is used as a curing accelerator. On the other hand, each of
the epoxy resin compositions obtained in Comparative Examples 10 and 11 had
poor storage stability. Further, since the modulus of elasticity of each 94
of the cured products of the epoxy resin compositions of Comparative
Examples 10 and 11 was high, each of the packages obtained in the
Comparative Examples 10 and 11 had extremely poor solder cracking
resistance. Further, each of the epoxy resin compositions obtained in
Comparative Examples 12 to 15 had extremely poor curability, storage
stability and fluidity. Further, since the modulus of elasticity of each of
the cured products of the epoxy resin compositions of the Comparative
Examples 12 to 15 was high, each of the packages of the Comparative
Examples 12 to 15 had poor solder cracking resistance. (Examples 60 to 66
and Comparative Examples 16 to 18) Epoxy resin compositions (thermosetting
resin compositions) of Examples 60 to 66 and Comparative Examples 16 to 18
were prepared in the same manner as Examples 46, 48, 50, 52, 54, 56 and 58
and comparative Examples 10, 12 and 14, respectively, except that a mixture
of 26 parts by weight of biphenyl type epoxy resin represented by the
formula (23) and 28.5 parts by weight of biphenyl aralkyl type epoxy resin
represented by the formula (25) as the compound (A) , and 45. 5 parts by
weight of phenol aralkyl resin represented by the formula (24) as the
compound (B) were used, and packages (semiconductor devices) of Examples 60
to 66 and Comparative Example 16 to 18 were manufactured in the same manner
as Example 46 except that the epoxy resin compositions prepared in Examples
60 to 66 and comparative Examples 16 to 18 were used as a mold resin,
respectively. 95   



For each of the epoxy resin compositions and packages obtained in Examples
60 to 66 and Comparative Examples 16 to 18, characteristic evaluations were
made. Their measurement results were substantially the same as those of
Examples 46, 48, 50, 52, 54, 56 and 58 and Comparative Examples 10, 12 and
14 shown in Table 3, respectively. (Examples 67 to 73 and Comparative
Examples 19 to 21) Epoxy resin compositions (thermosetting resin
compositions) of Examples 67 to 73 and Comparative Examples 19 to 21 were
prepared in the same manner as Examples 46, 48, 50, 52, 54, 56 and 58, and
comparative Examples 10, 12 and 14, respectively, except that 54 . 5 parts
by weight of biphenyl type epoxy resin represented by the formula (23) as
the compound (A) , and a mixture of 24 parts by weight of phenol aralkyl
resin represented by the formula (24) and 2l.5 parts by weight of biphenyl
aralkyl type phenolic resin represented by the formula (26) as the compound
(B) were used, and packages (semiconductor devices) of Examples 67 to 73
and Comparative Example 19 to 21 were manufactured in the same manner as
Example 46 except that the epoxy resin compositions prepared in Examples 67
to 73 and Comparative Examples 19 to 21 were used as a mold resin,
respectively. For each of the epoxy resin compositions and packages
obtained in Examples 67 to 73 and Comparative Examples 19 to 21,
characteristic evaluations were made. Their measurement results were
substantially the same as those of Examples 46, 48, 50, 52, 54, 56 and 58
and Comparative Examples 10, 12 and 14 shown in Table 3, respectively. 96
(Examples 74 to 80 and Comparative Example 22) Resin compositions
(thermosetting resin compositions) of Examples 74 to 80 and Comparative
Example 22 were prepared by blending 100 parts by weight of bismaleimide
resin composed of diaminodiphenylmethane (BMI-H made by K~I CHEMICAL,
INDUSTRY Co. , LTD. ) with each of the compounds C11 to C17 and C20 as a
curing accelerator at the blending ratio shown in Table 4, respectively,
and homogeneously mixing them. For each of the resin compositions obtained
in Examples 74 to 80 and Comparative Example 22, gel time at 175C was
measured. The measurement results and the blending ratio of each of the
curing accelerators are shown in Table 4. Table 4 CuringAccelerator Gel
Time KindBlending Ratio  (parts by weight)
(second)Example74CompoundC113.0230Example75CompoundC123.3735Example76Compou
ndC133.6538Example77CompoundC143.6535Example78CompoundC153.6538Example79Com
poundC164.5535Example80CompoundC174.3032Com.Example 22CompoundC203.1040 As
shown in Table 4, each of the resin compositions obtained in Examples 74 to
80 was immediately cured. On the 97   other hand, the resin composition
obtained in Comparative Example 22 was slowly and unsatisfactorily cured.
As has been described above, according to the curing accelerator of the
present invention, it is possible to immediately cure curable resin
compositions, and it is also possible to effectively prevent defects from
occurring in cured products of the curable resin compositions even in a
case where they are exposed to high temperature. 



Further, the epoxy resin composition of the present invention has excellent
curability, storage stability and fluidity. Furthermore, even in a case
where the semiconductor device of the present invention is exposed to high
temperature, defects such as cracking, delamination and the like are hard
to occur therein. Also, deterioration with age due to moisture absorption
is hard to occur. 98   WfiPaT I S CLAIMED I S 1. A curing accelerator to be
mixed into a curable resin composition for promoting the curing reaction of
the curable resin composition, wherein the curing accelerator comprises
trisubstituted phosphoniophenolate or a salt thereof. 2. The curing
accelerator as claimed in claim 1, wherein the trisubstituted
phosphoniophenolate is represented by the following general formula (1): R~
R2 P ~ Ar-O 1 R3 wherein R1, RZ and R3 may be the same as or different from
one another, and each contains at least one aromatic ring, and represents a
substituted or unsubstituted monovalent organic group or a substituted or
unsubstituted monovalent alkyl group; and Ar represents an unsubstituted
divalent aromatic group or a divalent aromatic group in which at least one
hydrogen atom is substituted with a substituent other than a hydroxyl
group. 3. The curing accelerator as claimed in claim 1, wherein the
trisubstituted phosphoniophenolate is represented by the following general
formula (2~: 99   Are Arz P~ r- ~ A O Ar3 wherein Arl, Ar2 and Ar3 may be
the same as or different from one another, and each represents a
substituted or unsubstituted monovalent aromatic group; and Ar represents
an unsubstituted divalent aromatic group or a divalent aromatic group in
which at leas t one hydrogen atom is substituted with a substituent other
than a hydroxyl group. 4. The curing accelerator as claimed in claim 1,
wherein the trisubstituted phosphoniophenolate is represented by the
following general formula (3): R4 (3) R~ wherein R9, R5 and R6 may be the
same as or different from one another, and each is selected from a group
consisting of a hydrogen atom, a methyl group, a methoxy group and a
hydroxyl group. 5. The curing accelerator as claimed in claim 4, wherein
100  \~ R6  



the oxyanion in the general formula (3) is located in ortho position or
meta position to the phosphorus atom. 6. The curing accelerator as claimed
in claim 1, wherein the salt of trisubstituted phosphoniophenolate is
represented by the following general formula (4): Re-P-Ar-OH j O-A~OH~ _ r
{ A-~OH) } ~s1 p1~ P 9 wherein R7, R$ and R9 may be the same as or
different from one another, and each represents a substituted or
unsubstituted monovalent aromatic group or a substituted or unsubstituted
monovalent alkyl group; Ar represents an unsubstituted divalent aromatic
group or a divalent aromatic group in which at least one hydrogen atom is
substituted with a substituent other than a hydroxyl group; A represents a
p-valent organic group containing at least one aromatic ring and/or at
least one heterocycle; and p is an integer of 2 to 8 and q is 0 to 2. 7.
The curing accelerator as claimed in claim 1, wherein the salt of
trisubstituted phosphoniophenolate is represented by the following general
formula (5): 101   R10 R11 0 A\-~H~PpIATOH) IqJ ~`i 12 wherein R1, R11 and
R12 may be the same as or different from one another, and each is selected
from a group consisting of a hydrogen atom, a methyl group, a methoxy group
and a hydroxyl group; A represents a p-valent organic group containing at
least one aromatic ring and/or at least one heterocycle; and p is an
integer of 2 to 8 and q is 0 to 2. 8. The curing accelerator as claimed in
claim 1, wherein the salt of trisubstituted phosphoniophenolate is
represented by the following general formula (6) or (7): R~ R1s R18 R~8 R~6
R~sRas RIBR~s H p~I ~~ X 1-IjOH HO'/, I \ X ~ I j0 R s R~~ R ~Rls R~sRl7 G
(6) 102     R13 1 w w 



O ~ OH Hp ~ -OH / / / / G ~~) wherein R13, R19 and R15 may be the same as
or different from one another, and each is selected from a group consisting
of a hydrogen atom, a methyl group, a methoxy group and a hydroxyl group;
R16, Ri', R18 and R19 may be the same as or different from one another, and
each is selected from a group consisting of a hydrogen atom, a halogen atom
and a monovalent organic group having 1 to 6 carbon atoms; X represents a
single bond, an ether group, a sulfone group, a sulfide group, a carbonyl
group or a divalent organic group having 1 to 13 carbon atoms and q is 0 to
2. 9. The curing accelerator as claimed in any one of claims 6 to 8,
wherein the hydroxyl group in the cation component forming the salt of
trisubstituted phosphoniophenolate is located in ortho position or meta
position to the phosphorus atom. 10. An epoxy resin composition comprising
a compound having two or more epoxy groups in one molecule, a compound
having two or more phenolic hydroxyl groups in one molecule, and the curing
accelerator claimed in any one of claims 1 to 9. 103    11. The epoxy resin
composition as claimed in claim 10, wherein the compound having two or more
epoxy groups in one molecule contains as a main ingredient at least one of
epoxy resins represented by the following general formulas (8) and (9):
H2C~ /CH2 ( 8 ) O wherein RZ, RZ1, R22 and R23 may be the same as or
different from one another, and each is selected from a group consisting of
a hydrogen atom, a linear or cyclic alkyl group having 1 to 6 carbon atoms,
a phenyl group and a halogen atom; and H2C~ HC 12 O R24 R26 CH2~ R 5 R2~
H2C CHC \2 O R28 R30 ~1~CH2 ~ H R2s R31 a (9) wherein R24 to R31 may be the
same as or different from one another, and each is selected from a group
consisting of a hydrogen atom, an alkyl group having 1 to 4 carbon atoms
and a halogen atom; and a is an integer of 1 or more. 12. The epoxy resin
composition as claimed in claim 11, wherein a is an integer of 1 to 10. 13.
The epoxy resin composition as claimed in claim 10, 104    wherein the
compound having two or more phenolic hydroxyl groups in one molecule
contains as a main ingredient at least one of phenolic resins represented
by the following general formulas (10) and (11): OH ~ C (10) wherein R32 to
R35 may be the same as or different from one another, and each is selected
from a group consisting of a hydrogen atom, an alkyl group having 1 to 4
carbon atoms and a halogen atom; and b is an integer of 1 or more; and OH
OH R3f~38 R40842 - CH2~ \ ~CH2 H ( 11 ) / ~~_ \_ \~ 1 



83T839 R4~R43 c wherein R36 to R93may be the same as or different from one
another, and each is selected from a group consisting of a hydrogen atom,
an alkyl group having 1 to 4 carbon atoms and a halogen atom; and c is an
integer of 1 or more. 14. The epoxy resin composition as claimed in claim
13, wherein b is an integer of 1 to 10. 15. The epoxy resin composition as
claimed in claim 13, wherein c is an integer of 1 to 10. nN 105    16. The
epoxy resin composition as claimed in claim 10, wherein the content of the
curing accelerator is in the range of 0.01 to 10 wto. 17. The epoxy resin
composition as claimed in claim 10, further comprising an inorganic filler.
18. The epoxy resin composition as claimed in claim 17, wherein the
inorganic filler is fused silica. 19. The epoxy resin composition as
claimed in claim 17, wherein the inorganic filler is in the form of
granules or particles. 20. The epoxy resin composition as claimed in claim
19, wherein the average particle size of the inorganic filler is in the
range of 1 to 100 um. 21. The epoxy resin composition as claimed in claim
17, wherein the content of the inorganic filler is in the range of 200 to
2, 400 parts by weight per 100 parts by weight of the total amount of the
compound having two or more epoxy groups in one molecule and the compound
having two or more phenolic hydroxyl groups in one molecule. 22. A
semiconductor device manufactured by encapsulating at least one
semiconductor element with a cured product of the epoxy resin composition
claimed in any one of claims 17 to 21. 106 .As;.Aa3_.A .Au.A.A.A.AN.AU.A
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7 H 10%'m'&'()-p5H 10%'m'&'()-p5-H 10%'m'&'()-p5H
10%'m'&'()-p56666666dD{_5H 10H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p56666666qU9{_5H 10%'m'&'()-p5%H
10%'m'&'()-p55Wl5 7 H 10%'m'&'()-p5pH 10%'m'&'()-p5H
10%'m'&'()-p56666666cC{_5H 1H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p56666666R6{_5H 10%'m'&'()-p55Wl5
7 H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p566777 



777lP45H 10%'m'&'()-p5-H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p57 777777nN245H 10%'m'&'()-p5-H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7
7777777vZ>45H 10H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 H 10%'m'&'()-p5-H
10%'m'&'()-p5H 10%'m'&'()-p577#7%7&7'7(7)7gK/5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5)7*7+7,7.7/707rV:/5H 10H 10%'m'&'()-p50H 10%'m'&'()-p50H 



10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 07172737475767vZ>/5H 10H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 -H 10%'m'&'()-p5H
10%'m'&'()-p567778797:7;7<7Z>/5H 10H 10%'m'&'()-p55Wl5 7 -H 10%'m'&'()-p5H
10%'m'&'()-p5-H 10%'m'&'()-p5H 10%'m'&'()-p5<7=7C7D7E7F7G7pT/5H 10H
10%'m'&'H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5G7H7I7J7O7P7Q7rV:/5H 10H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 



10%'m'&'()-p55Wl5 7 Q7R7S7T7U7V7_7vZ:/5H 10H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p55Wl5 7 -H 10%'m'&'()-p5H 10%'m'&'()-p5_7`7a7b7c7d7e7Z>/5H 10H
10%'m'&'()-p55Wl5 7 -H 10%'m'&'()-p5H 10%'m'&'()-p5-H 10%'m'&'()-p5H
10%'m'&'()-p5e7f7h7t7v7x7z7dD/5H 10H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5z7|7}7~7777qQ1/5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 H
10%'m'&'()-p57777777I-/5H 10%'m'&'()-p55Wl5 



7 H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p577777777lP45HH 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p57777777rR645HH
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p55Wl5 7 7777777vZ>45HHH 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 -H
10%'m'&'()-p5-H 10%'m'&'()-p5H 10%'m'&'()-p57777777o945H5Wl5 7 H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5(H 10%'m'&'()-p5(H
10%'m'&'()-p577777777pT85HH 



10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p57777777rV:85HH 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 7777777vZ>85HH
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 H 10%'m'&'()-p5H
10%'m'&'()-p57777777Z>85HH 10%'m'&'()-p55Wl5 7 -H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p57777777pT85HH 10%'m'&'H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 



10%'m'&'()-p57777777nR685HH 10%'m'&'()-p5&H 10%'m'&'()-p5-H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 7777777vZ>85HHH 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 H 10%'m'&'()-p5H
10%'m'&'()-p57888888Z>85HHH 10%'m'&'()-p55Wl5 7 -H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p58888 888pT85HHH 10%'m'&'H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p58 888888rV:85HH 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 



10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 888888 8rV685HH 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 H 10%'m'&'()-p5H 10%'m'&'()-p5
8"8%8'8)8-8.8_)85Wl5 7  H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5.808186888<8>8hH85Wl5 7 H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5>8A8B8C8F8G8L8mQ185WH 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p55Wl5 7 H 10%'m'&'()-p5(H 10%'m'&'()-p5L8M8N8O8P8Q8R8Z>85WHH 



10%'m'&'()-p5 5Wl5 7 H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5R8S8T8U8V8W8X8tX85WHH 10%'m'&'()-H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5X8Y8]8_8c8d8e8jN285WH 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 e8f8g8h8m8q8v8rR285WH
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 H 10%'m'&'()-p5H
10%'m'&'()-p5v8w8x8y8z8{8}8Z:85WH 10%'m'&'()-p55Wl5 7 H 10%'m'&'()-p5H
10%'m'&'()-p5H 



10%'m'&'()-p5H 10%'m'&'()-p5}8888888kO85WH 10%'mH 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p58888888vZ>85WH 10%'m'&'()-p50H 10%'m'&'()-p50H 10%'m'&'()-p50H
10%'m'&'()-p50H 10%'m'&'()-p55Wl5 7 8888888vV:85WH 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p505Wl5 7 -H 10%'m'&'()-p5H
10%'m'&'()-p58888888Z>85WH 10%'m'&'()-p55Wl5 7 -H 10%'m'&'()-p5H
10%'m'&'()-p5-H 10%'m'&'()-p5H 10%'m'&'()-p58888888oS85WH 10%'m'&H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5(H 



10%'m'&'()-p5(H 10%'m'&'()-p5(H 10%'m'&'()-p58888888vZ>85WH 10%'m'&'()-p5HH
10%'m'&'()-p5HH 10%'m'&'()-p5HH 10%'m'&'()-p5HH 10%'m'&'()-p5H5Wl5 7
8888888vV685WH 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H5Wl5 7 -H
10%'m'&'()-p5H 10%'m'&'()-p58888888Z>85WH 10%'m'&'()-p55Wl5 7 -H
10%'m'&'()-p5H 10%'m'&'()-p5-H 10%'m'&'()-p5H 10%'m'&'()-p588888888hL05H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5&H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p58888888vV605H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 



10%'m'&'()-p55Wl5 7 H 10%'m'&'()-p58888888Z>05H 10%'m'&'()-p55Wl5 7 -H
10%'m'&'()-p5-H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p58888888pT05H
10%'m'&'H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p58888888nN.05H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 8888888iM-05H
10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 %H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p58888888o905H5Wl5 7 H 



10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p588889999pT85H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p59999999vZ>85H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p55Wl5 7 9 999 999vZ>85H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p55Wl5 7 -H 10%'m'&'()-p5H 10%'m'&'()-p59999999Z>85H
10%'m'&'()-p55Wl5 7 -H 10%'m'&'()-p5H 10%'m'&'()-p5-H 10%'m'&'()-p5H 



10%'m'&'()-p59999999tX85H 10%'m'&'()-H 10%'m'&'()-p5H 10%'m'&'()-p5-H
10%'m'&'()-p5H 10%'m'&'()-p5-H 10%'m'&'()-p5H 10%'m'&'()-p59999!9#9$9nN285H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p55Wl5 7 $9%9&9'9(9)9*9vZ>85H 10H 10%'m'&'()-p5H
10%'m'&'()-p55Wl5 7 H 10%'m'&'()-p5-H 10%'m'&'()-p5H
10%'m'&'()-p5*9,9-9.9/90919o985H5Wl5 7 H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5(H 10%'m'&'()-p5(H 10%'m'&'()-p5192949798999:9;9lP45H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 



10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5;9<9=9>9?9@9C9vZ:45H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p55Wl5 7 C9E9F9G9H9I9O9qU545H 10%'m'&'()-p5H 10%'m'&'()-p5(H
10%'m'&'()-p5(5Wl5 7 H 10%'m'&'()-p5H 10%'m'&'()-p5O9Q9T9W9Z9[9\9I-45H
10%'m'&'()-p5'5Wl5 7 H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5\9]9^9_9`9a9b9tX45H 10%'m'&'()-p5'5Wl5 7H 10%'m'&'()-p5H
10%'m'&'()-p5%H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5b9c9d9e9g9h9i9rV:45H 10%H 10%'m'&'()-p5H 



10%'m'&'()-p5-H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7
i9j9k9l9m9n9o9vZ>45H 10%H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7
-H 10%'m'&'()-p5H 10%'m'&'()-p5o9p9q9r9s9t9u9Z>45H 10%H 10%'m'&'()-p55Wl5 7
-H 10%'m'&'()-p5H 10%'m'&'()-p5-H 10%'m'&'()-p5H
10%'m'&'()-p5u9v9w9x9y9z9{9tX45H 10%H 10%'m'&'()-H 10%'m'&'()-p5H
10%'m'&'()-p5-H 10%'m'&'()-p5H 10%'m'&'()-p5-H 10%'m'&'()-p5H
10%'m'&'()-p5{9|9}9~9999vZ>45H 10%H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 



10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 9999999rV:45H 10%H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 -H 10%'m'&'()-p5H
10%'m'&'()-p59999999l645H 5Wl5 7 H 10%'m'&'()-p5'H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p599999999pT85H 5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p59999999vV:85H 5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p55Wl5 



7 9999999rV:85H 5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 -H
10%'m'&'()-p5H 10%'m'&'()-p59999999Q585HH 10%'m'&'()-p5(5Wl5 7 mH
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5(H 10%'m'&'()-p59999999pT85HH
10%'m'&'()-p5(5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p59999999rR685HH 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7
9999999qU985HH 10%'m'&'()-p5H 10%'m'&'()-p5pH 10%'m'&'()-p555Wl5 



7 H 10%'m'&'()-p5H 10%'m'&'()-p59999999U985HH 10%'m'&'()-p55Wl5 7 -H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p59999999tX85HH
10%'m'&'()-p55H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p59999999vZ:85HH 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 9999999qU985HH
10%'m'&'()-p5H 10%'m'&'()-p5(H 10%'m'&'()-p5(5Wl5 7 H 10%'m'&'()-p5H
10%'m'&'()-p59999999N285H 10%'m'&'()-p55Wl5 7 



H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p59999999tX85H
10%'m'&'()-p55WlH 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5999::::vZ>85H 10H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7
:::::::vZ>85H 10H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 -H
10%'m'&'()-p5H 10%'m'&'()-p5:::::::I-85H 10%'m'&'()-p505Wl5 7  H
10%'m'&'()-p5H 10%'m'&'()-p5H 



10%'m'&'()-p5H 10%'m'&'()-p5:::::: :hH85H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5
:!:":#:$:&:(:vV685H H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 (:*:,:-:.:/:0:mQ585HH 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p55Wl5 7 H 10%'m'&'()-p5H
10%'m'&'()-p50:1:2:3:4:5:6:Z>85HH H 10%'m'&'()-p5 5Wl5 7 H 10%'m'&'()-p5H
10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p56:7:8:::<:>:@:hH85HH H 



1H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H 10%'m'&'()-p5H
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