DESCRIPTION EPOXY RESIN COMPOSITION, METHOD OF
RENDERING THE SAME LATENT, AND SEMICONDUCTOR DEVICE
TECHNICAL FIELD The present invention relates to an epoxy resin
composition for encapsulating semiconductors and a semiconductor device
prepared by using the composition. BACKGROUND ART As the process for
encapsulating semiconductor elements such as IC and LSI, encapsulating
by molding using a molding mateHaldHET Epdky resin composition (also
referred to as "an epoxy resin molding material”, hereinafter) is suitable for
mass production at a low cost and has been used for a long time. With
respe8O Xhe RelRINIFOME ORINEMINS MIETH ©poF RSN DHRPNSIOREhave
been improved by improving the epoxy resin and a phenol resin used as the
crosslinking £ v ,’ésN E%%@pﬂgmg%@reased
sizes and weights and exhibit enhanced performances as the recent trend of
the market, the degree of integration of semiconductors continues to
indiEadENacA thEiidlace mounting of semiconductor devices has been
promoteg, Due to the above . situatjon, requirements to the epoxy resin
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compositions are arising. 1 The greatest among such problems is the
phesipgheroerthapsséaticonductor devices are rapidly exposed to a high
temperature such as

BACKGROUND ART

As the process for encapsulating semiconductor elements such as IC
and LSI, encapsulating by molding using a molding material of an epoxy
resin composition (also referred to as “an epoxy resin molding material”,
hereinafter) is suitable for mass production at a low cost and has been
used for a long time. With respect to the reliability, the properties of the
epoxy resin compositions have been improved by improving the epoxy
resin and a phenol resin used as the crosslinking agent. However, as
electronic instruments have decreased sizes and weights and exhibit
enhanced performances as the recent trend of the market, the degree of
integration of semiconductors continues to increase, and the surface
mounting of semiconductor devices has been promoted. Due to the above
situation, requirements to the epoxy resin compositions for encapsulating
semiconductors are becoming harder, and problems which cannot be

overcome with conventional epoxy resin compositions are arising.



200C or higher in the step of dipping into a solder or in the step of solder
reflow due to adoption of the surface mounting, and cleavages caused by
the stress formed by explosive vaporization of absorbed moisture take place
at the inside of semiconductor devices, in particular, at the interface of the
cured epoxy resin composition and various plated portions used for bonding
such as gold-plated portions and silver-plated portions on semiconductor
elements headiPeaness atitidnaesieddsphe plierio mdworpenssesnwnrddat
damage tod@%ogel'abili}:)é. Moreov%ﬁ the chanqe of SOIH%% cgp&'{gingn%hleﬁdas
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maintained, is proposed (for example, Patent Reference 1). Although the
resisriaeedecsotddeimgen lsadifiprovedednsitarigsidyoy Udligrhinprocess,
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ingofficipnihfilliegdofiite Ispdeke@ solders due to the environmental problems
increases the temperature of the soldering treatment, and the resistance
to soldering under explosive stress formed by vaporization of moisture
contained in the semiconductor devices is required more greatly than
before.

To overcome the decrease in the reliability due to the soldering
treatment, a process in which the amount of an inorganic filler in an
epoxy resin composition is increased so that a decrease in the absorption
of moisture, an increase in the strength and a decrease in the expansion
under heating are achieved and the resistance to soldering is improved,
and a resin having a small melt viscosity is used so that low viscosity and
excellent fluidity during molding is maintained, is proposed (for example,
Patent Reference 1). Although the resistance to soldering can be
improved considerably by using this process, this process has a drawback
in that fluidity is sacrificed by the increase in the amount of the inorganic

filler, and cavities tend to be formed due to insufficient filling of the space



in a package with the epoxy resin composition. A process in which various
coupling agents such as aminosilanes and mercaptosilanes are added and
fluidity and resistance to soldering are simultaneously exhibited so that
formation of cleavages at the interface of plated portions and the cured
epoxy resin composition is prevented, is proposed (for example, Patent
Reference 2). However, this method does not succeed in obtaining an epoxy
resin @oRAsE8RDIMOReHeapRABYNEeSEMcoRBRIGHNS- exhibitersthelBuffibisht
resyls; Lechnalogy for.sasiyino fhe reliabiity, withay! adversely.affecting.
the‘rﬂ[wéllfy and th fiﬁ%g property even when the amount of the Inorganic
filled de ihcaedseiuhdisbegnddesired aie the othéddrang, areadduci efreedariary
phosphine with a quinone exhibiting an excellent quick curing property is
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curing is accelerated (for example, Patent Reference 3). When the above
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earplgin the initial period of the curing reaction although the reaction is not
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composition (the molding material) increases due to the reaction. The
incvedsetirptherpeieeffectivgighe thodaseathevisdbsigropHestieeisandieas
th%\ result, a [Broc%t%lﬁm such as 1ﬁfect moldingearifgsbd%% to three (ipsufficient
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amount @@ filer tehimphave thenrediddiltty. of a tertiary phosphine with a
quinone exhibiting an excellent quick curing property is added to an epoxy
resin composition used in the electric and electronic fields as the curing
accelerator so that the curing reaction of the resin during the curing is
accelerated (for example, Patent Reference 3).

When the above curing accelerator is used, the curing reaction of
the epoxy resin proceeds early in the initial period of the curing reaction
although the reaction is not fast since the temperature range showing the
effect to accelerate curing extends to relatively low temperatures, and the
molecular weight of the resin composition (the molding material)
increases due to the reaction. The increase in the molecular weight
increases the viscosity of the resin and, as the result, a problem such as
defect molding arises due to the insufficient fluidity when a resin
composition (a molding material) contains a great amount of a filler to

improve the reliability.



3 Various attempts have been made to protect a reactive substrate using a
component suppressing the curing property so that the fluidity is improved.
This method is called the method of latency. For example, curing
accelerators provided with latency by converting a phosphonium ion into a
salt with a strongly anionic compound so that the active point of the curing
accelerators is protected, are known (for example, Patent References 4 to
5). HoweVarids afitheunt shhevieehagting preptrtpratect:fe mMaelitycapebstrate
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remalr*l%throuéﬁou{1 he mtial pefio o the final Berlg of the reac |on.]+¥1us,
thenabpare altTlare metsad stactdiyd[PadenicReiarentetdhdapanese Baige,
Application Publication No. Heisei 7(1995)-37041 (pages 1 to 9) [Patent
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8(15PRlr62300P (RAYES & ba N [RASDLREIEISNAS 3) 1BRPIRSARAIE Bbint of
Application Laid-Open No. Heisei 10(1998)-25335 (page 2) [Patent

Reterenceny JapahestoPatentpipiplicationtait:Open fo: 200019803 {page
S)é%atent Refgrengf Sé_#Jnited States#;gtegi N%. 41&1420 .ﬁgges 2 to 4()Ell
DISEPERITRE SFoTHE KRN THE S AR inUsh i8R BL BEsH hadd
unggr theialigve reireumaianees apdiRas-arabiR oo AW diRgaNLRaX Yihe
resin composition exhibiting excellent storage stability, excellent fluidity and
cusitigpressing component remains throughout the initial period to the final
period of the reaction. Thus, the above salts are not satisfactory.
[Patent Reference 1] Japanese Patent Application Publication No.
Heisei 7(1995)-37041 (pages 1 to 9)
[Patent Reference 2] Japanese Patent Application Laid-Open No.
Heisei 8(1996)-253555 (pages 2 to 9)
[Patent Reference 3] Japanese Patent Application Laid-Open No.
Heisei 10(1998)-25335 (page 2)
[Patent Reference 4] Japanese Patent Application Laid-Open No.
2001-98053 (page 5)
[Patent Reference 5] United States Patent No. 4171420 (pages 2

to 4)

DISCLOSURE OF THE INVENTION

The present invention has been made under the above
circumstances and has an object of providing an epoxy resin composition
exhibiting excellent storage stability, excellent fluidity and curing

property during encapsulating by molding and excellent resistance to



property during encapsulating by molding and excellent resistance to 4
soldering without forming cleavages or cracks by the soldering treatment at
high temperatures in accordance with the lead-free soldering, a process for
providing latency to an epoxy resin composition, and a semiconductor device
exhibiting excellent reliability. As the result of intensive studies by the present
inventors to overcome the above problems, it was found that the undesirable
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the chelate structure after the chelate structure was decomposed. It was also
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curing accelerator and a specific component for retarding curing which
provided latency to the function of the curing accelerator. It was also
found by the present inventors that, by protecting the curing accelerator
with an anion having a specific chelate structure, the chelate structure of
the anion could be decomposed as the curing reaction proceeded and the
excellent curing property and the latency could be exhibited
simultaneously. It was also found that the degree of latency could be
adjusted by using, in combination with the anion having the chelate
structure, a compound which could regenerate the chelate structure after
the chelate structure was decomposed.

It was also found by the present inventors that, when the anion
having the chelate structure was added in combination with a material
compound which could form a chelate structure, the anion having the
chelate structure could be formed in the reaction system as the curing

reaction of the epoxy resin proceeds, and the latency could be exhibited.



chelate structure could be formed in the reaction system as the curing
reaction of the epoxy resin proceeds, and the latency could be exhibited. 5 It
was also found by the present inventors that the epoxy resin composition
(the molding material) obtained in accordance with the above process could
exhibit the excellent fluidity and the excellent curing property even when an
inorganic filler was used in a great amount. The present invention provides:

(1) An epbxyaesitseotoipaditon thRich esmpriseerdare pda) resin qroxa resihg
agent (B),,a curing aceelerator (C d,a component retarding .curi the
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group having an aromatic ring or a heterocyclic ring or a substituted or
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general formula E © _,OH X3 OH Lﬂ .
curing agent , @ curing accelerator (C) and a component retarding
curing of the epoxy resin (D) which is at least one component selected
from following component (a) to component (c):

(a) an anion component represented by following general formula

[1]:

z|1
0—8Si—
[1]
:n:1f 7N X2

wherein X1 and X2 each represent an organic group and may represent a
same group or different groups, and Z1 represents a substituted or
unsubstituted organic group having an aromatic ring or a heterocyclic
ring or a substituted or unsubstituted aliphatic group;

(b) a compound represented by following general formula [2]:

_.OH
X3
™~ OH [2]

wherein X3 represents an organic group;

(c) a silane compound represented by following general formula

[3]:



wherein X3 represents an organic group; (c) a silane compound represented
by following general formula [3]: 6 Z2 | RI O-Si-OR3 [3] OR2 wherein R,
R2 and R3 each represent an aliphatic group having 1 to 3 carbon atoms
and may represent a same group or different groups, and Z2 represents a
substituted or unsubstituted organic group having an aromatic ring or a
heterocyclic ring or a substituted or unsubstituted aliphatic group; (2) The
epoxy resin g€émposition described in (1), wherein the curing accelerator of
comp£p§ ) |soa%gompound having phospIP rus atom; (3) The epoxy resin
composition described in any one of (1) and (2), wherein the curing
accelerator mponent (C) is a compound having a cation portion in a
molecule (4) The epoxy resin composition described in (3), wherein the
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and adducts of a phosphine compound with a quinone compound (c3); (5)
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aliphatic group;

(2) The epoxy resin composition described in (1), wherein the curing
accelerator of component (C) is a compound having phosphorus atom;

(3) The epoxy resin composition described in any one of (1) and (2),
wherein the curing accelerator of component (C) is a compound having a
cation portion in a molecule;

(4) The epoxy resin composition described in (3), wherein the compound
having a cation portion in a molecule is at least one tetra-substituted
organic phosphorus compound selected from tetra-substituted
phosphonium salts (c1), phospho-betain compounds (c2) and adducts of a
phosphine compound with a quinone compound (c3);

(5) The epoxy resin composition described in (3), wherein the compound
having a cation portion in a molecule is a compound represented by

following general formula [4]:

I R1 1" ,
re—p—ra | [ Al A, ¢
I R3 |a




following general formula [4]: t R1 Al | R2------- iRA)P1AHJCc[4] R3a7
wherein P represents phosphorus atom, RI, R2, R3 and R4 each represent a
substituted or unsubstituted aromatic group or alkyl group and may

represent a same group or different groups, A represents an anion of an
aromatic organic acid having at least one functional group selected from
hydroxyl group, carboxyl group and thiol group on an aromatic ring, AH

repreeents Rnepssratie ohyanieostiddiaming bt feadt daadunt toshl pongsent

?eée%h%ds%%)”eeﬂydrm&‘}{'s%%%‘]ﬁu%éébé’%%% oup.and thiol gropp on, an, afomalic
ring, a an beac represent an integer w icfiis T or greater anar 3°or
smaflessenepresentsasuiniegaiffehich igrogssgreatesesenisoasmallat, ofa
a=b; (6) The epoxy resin_.composition described in (3), wherein the compound
hatiRl atiafberpdrrmdra Hdetule astacisnpaeiiondpeeehisgiesyed from
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an alkyl group having 1 or more and 3 or less carbon atoms, Y represents
hychogpeeEto anoxtoyanoicybrgauie, acid having at least one functional group
selected from hydroxyl group, carboxyl group and thiol group on an
aromatic ring, a and b each represent an integer which is 1 or greater and
3 or smaller, ¢ represents an integer which is 0 or greater and 3 or smaller,
and a=b;
(6) The epoxy resin composition described in (3), wherein the compound

having a cation portion in a molecule is a compound represented by

following formula [5]:
X/
TN
~ N o B
—~/ 5\ y\j
/\/
Yn

wherein X represents hydrogen atom or an alkyl group having 1 or more
and 3 or less carbon atoms, Y represents hydrogen atom or hydroxyl group,
and m and n each represent a integer which is 1 or greater and 3 or

smaller;



and m and n each represent a integer which is 1 or greater and 3 or smaller;
8 (7) The epoxy resin composition described in (3), wherein the compound
having a cation portion in a molecule is a compound represented by
following formula [6]: R1 | R4 R2- P+ *R6R5 R3 OH wherein P represents
phosphorus atom, R1 to R3 each represent a substituted or unsubstituted
alkyl group having 1 to 12 carbon atoms or a substituted or unsubstituted

ar{TyroUe sy Beonl ozt enofes e dhiny(Reprewaisina Benre g roumnér
different groups, R4 to R6 each represent hydrogen atom pr a hydrocarbon
B Maving 118 12 o0 e " aloRC ARG Crolipe 1B amen e by FA (o S
méyl ey gavrenwith[ef: different from each other, and the groups
represented by R4 and R5 may be bonded to each other to form a cyclic
structure;_(8) An epoxy resin composition according to any one of (3) to (7),
wherein the compongnt retarding curing of the epoxy resin (D) is at least one
component selected from following component (a) to component (c'): (a) an
an@‘nﬂ @l by following general formula [1]: Z11_

[6]

OH

wherein P represents phosphorus atom, R1 to R3 each represent a
substituted or unsubstituted alkyl group having 1 to 12 carbon atoms or a
substituted or unsubstituted aryl group having 6 to 12 carbon atoms and
may represent a same group or different groups, R4 to R6 each represent
hydrogen atom or a hydrocarbon group having 1 to 12 groups, an atom
and groups represented by R4 to R6 may be a same with or different from
each other, and the groups represented by R4 and R5 may be bonded to
each other to form a cyclic structure;

(8) An epoxy resin composition according to any one of (3) to (7), wherein
the component retarding curing of the epoxy resin (D) is at least one
component selected from following component (a’) to component (c):

(@) an anion component represented by following general formula

z|1
0—8Si—
[1]
x1f 7N o\xz



'P-Si-O\ [1] X1 ~O/ O 1 X2 9 wherein Xl and X2 each represent an organic
group and may represent a same group or different groups, and ZI
represents a substituted or unsubstituted organic group having an aromatic
ring or a heterocyclic ring or a substituted or unsubstituted aliphatic group;
(b") the anion component represented by above general formula [1] and a
compound represented by following general formula [2]: OH X3 [2] OH

whekeneIx3Xrk pred et e arhorgisitenfoup Ole) the Tomp Gddrepresaieran by

above general formula [2] and a_silane ound represented,by followin
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a same group or different grm,_and Z2_represents a substituted or

Uit G EHRSYEHROFO YR HRAHE SR Agrhatis U8 a heterocyclic ring or
a substityigd %é’@ﬁ&'&?%&%&%%}i@e&%@d@ ADSERNIEFIBrmula [1]

composition described in any one of (1) to (8), wherein the component
retarding@upngrof therepexieresinfoflcomgareertal formula [2]:

_.OH

™ OH

wherein X3 represents an organic groups;
(¢) the compound represented by above general formula [2] and a

silane compound represented by following general formula [3]:

z2

R1 O—Si—OR3 (3]

OR2

wherein R1, R2 and R3 each represent an aliphatic group having 1 to 3
carbon atoms and may represent a same group or different groups, and Z2
represents a substituted or unsubstituted organic group having an
aromatic ring or a heterocyclic ring or a substituted or unsubstituted
aliphatic group;

(99 The epoxy resin composition described in any one of (1) to (8),
wherein the component retarding curing of the epoxy resin of component

(D) is a phenylsilane compound represented by following formula [7]:

10



(D) is a phenylsilane compound represented by following formula [7]: 10 (R1)
[7] R2 O-Si-OR4 OR3 wherein RI represents hydrogen atom or a
hydrocarbon group having 4 or less carbon atoms, R2, R3 and R4 each
represent an aliphatic group having 1 to 3 carbon atoms and may represent
a same group or different groups, and a represents an integer which is 1 or
greater and.5-Qr smaller; (10) The epoxy resin composition described in any
one of (1) t ~-\Whgrein the component retarding curing of the epoxy resin
of compone (D) cothprises the phenylsilane compound represented by
formulaz[g] d %l&ompound in which hydroxyl gr[g p is bonded to each of
two or more adjacent carbon atoms constituting an aromatic ring; (11) The
epoxy resin g{@posmon described in (10), wherein the aromatic ring is
benzene ring or naphthalene ring; (12) The epoxy resin composition
descrlbed in any one of (9) to (11), wherein an amount of the phenylsilane

Hel RdpreRessea by YOrRasa JUITs . 050y SaERgRt Somio RAEE 6. 5%
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(13) The epoxy resin’composition described in any one of (1) t0 (12),
whmemghetepbxyni&snn%mmpdma&(ﬁépseaaﬂpnxym&sgroapresehfﬁddm

following gengeral formula [8]: 11 OCH2CHC OCH2\ HC
group% gand a represents[ a!n]integer ill_clh 1s 1 or greater and 5 or smaller;

(10) The epoxy resin composition described in any one of (1) to (9),
wherein the component retarding curing of the epoxy resin of component
(D) comprises the phenylsilane compound represented by formula [7] and
a compound in which hydroxyl group is bonded to each of two or more
adjacent carbon atoms constituting an aromatic ring;

(11) The epoxy resin composition described in (10), wherein the aromatic
ring is benzene ring or naphthalene ring;

(12) The epoxy resin composition described in any one of (9) to (11),
wherein an amount of the phenylsilane compound represented by formula
[7] is 0.05% by weight or more and 0.5% by weight or less based on an
amount of an entire epoxy resin composition;

(13) The epoxy resin composition described in any one of (1) to (12),
wherein the epoxy resin of component (A) is an epoxy resin represented by

following general formula [8]:

11



&LO CH -Q-9- CH H O O H [8] n wherein n represents an average value
which is a positive number of 1 to 10; (14) The epoxy resin composition
described in any one of (1) to (13), wherein the curing agent of component
(B) is a phenol resin represented by following general formula [9]: OH OH O
CH -Q-9-CH O H [9] n wherein n represents an average value which is a
positive number of 1 to 10; (15) The epoxy resin composition described in
any one of (3) to (14), wherein the compound having a cation portion in a
moleceMiaieitis the 12 curing accelerator and thegepyesigpent retarding
curinq of the @poxy resin of component (D) are mixed with #ach Yother in
adyafse; (16 The epoxy regsimeco {tion descri in aiy one|of (1)[§?

I Qbin N iC filer; € EpPOXy fedth
e inorganig filler is 80%
by weight or more and 94% by weight or less based on an amouynt of an
entire epoxy resin composition; (18) An epoxy resin molding matétial for
encapsulating semiconductors which is obtained by mixing and/or melt
mixing the epoxy resin composition described in any one of (1) to (17);

wherein n represents an average value which is a positive number of 1 to
10;

(14) The epoxy resin composition described in any one of (1) to (13),
wherein the curing agent of component (B) is a phenol resin represented

by following general formula [9]:

OH OH

wherein n represents an average value which is a positive number of 1 to
10;
(15) The epoxy resin composition described in any one of (3) to (14),

wherein the compound having a cation portion in a molecule which is the

12



(19) A semiconductor device which comprises a semiconductor element
encapsulated by using the epoxy resin molding material for encapsulating
semiconductors described in (18); and (20) A process for providing latency to
an epoxy resin composition which comprises retarding curing of the epoxy
resin composition described in any one of (3) to (17) by adjusting an amount
of the component retarding curing of the epoxy resin relative to an amount of
thewsngpatsderalingad dcasorrporivmnatasiod i efctiiihgpoxy resin
acgc}elerator.JI@W%SQ&%EF%@%%&%M}BQBIQA v'ﬁcho CARRY OUT THE
INVERTISR T acedrdance with the presen?lnven ion, since the epoxy resin
cofngositias epaIprizesiancepmoLitesin Mweibpdnent@),cneuwiglagentia,
component (B), a curing accelerator of component (C) and a component for
rethafigte BRI EpORY FesTRBRtOsEhent (D), latency can be
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epoxy resin composition for encapsulating semiconductors which exhibits

exdellenofiadity AherstoRe propeighivithoubeeverddlyaftectingghe oculkas

p{ﬁper%/, excellent storage stahility, excellent fluidity and filling property
S AR AREHG 1Y AR Y OF BERYi CEHAUEIBIAE ™R ts and excellent

resisianag, teRAIHeHBE Wb forming ale ayages gk eracks Rynthte seitesing
treatment at high temperatures in accordance with the lead-free soldering,
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e SRS B SOMRASIHON: P AR I, (e Amount of the component for
(19) A semiconductor device which comprises a semiconductor element
encapsulated by using the epoxy resin molding material for encapsulating
semiconductors described in (18); and
(20) A process for providing latency to an epoxy resin composition which
comprises retarding curing of the epoxy resin composition described in
any one of (3) to (17) by adjusting an amount of the component retarding
curing of the epoxy resin relative to an amount of the compound having a

cation portion in a molecule of the curing accelerator.

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE
INVENTION

In accordance with the present invention, since the epoxy resin
composition comprises an epoxy resin of component (A), a curing agent of
component (B), a curing accelerator of component (C) and a component for
retarding curing of the epoxy resin of component (D), latency can be

provided to the curing property of the epoxy resin composition, and the
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retarding curing of component (D) relative to the amount of the curing
accelerator of component (C) in the epoxy resin composition of the present
invention is provided. The present invention will be described specifically in
the following. As the epoxy resin of component (A) used in the present
invention, monomers, oligomers and polymers having two or more epoxy
groups in one molecule in general can be used, and the molecular weight
arPere YasiecwapemitronrenaappaaicomAgireduEREiTplashophabits

cpasufssindIshie sheylesins olde Risphangl e sk s pgu s

e bisphenol A type, epox In e bisp epo

resinsiy plaeperominatetl hisphiernaldygaabpgxyeiesiiensuthidsepoxy flkins
of the biphenyl type, epoxy resins of the stilbene type, epoxy resins of the

PRSI HEVHIEKE S8 CaPHR ey oraldinreebrraverad iibe: elsexsissiglof
the, PARNDAENS RE: £POXMEERIBS ARG JIRYSIRE RGNS IYPE BRI by

resins of the dihydroxybenzene type, epoxy resins of the triphenolmethane
typee epblernesinseaf thenallafl-nigtifiecntpiphenodsn ethavedyge @poxylreties
hﬂlvin | friazing nucleus, e ox%re.sin of the dicyclopentadiene-modified 14
phéft I’%ﬁﬁes ﬁﬁ%ng%gﬁg SAtHE bhenol aralkyl type (having a skeleton

structureofphenyene grHiRNeBYIaRMcEPLXY GREPAMES RICPFRML by thge
reaction of hydroxyl group in a polyfunctional phenol compound with

epithiorolepeRirroapmajtiesinkyp psaseich H vt loiaativmbartbeefipmpement for
Ry LT T,
twaceslaraer of component (C) in the epoxy resin composition of the present
invention is provided.
The present invention will be described specifically in the following.
As the epoxy resin of component (A) used in the present invention,
monomers, oligomers and polymers having two or more epoxy groups in
one molecule in general can be used, and the molecular weight and the
molecular structure are not particularly limited. Examples of the epoxy
resin include epoxy resins of the bisphenol type such as epoxy resins of the
bisphenol A type, epoxy resins of the bisphenol F type and epoxy resins of
the brominated bisphenol type; epoxy resins such as epoxy resins of the
biphenyl type, epoxy resins of the stilbene type, epoxy resins of the phenol
novolak type, epoxy resins of the cresol novolak type, epoxy resins of the
naphthalene type, epoxy resins of the dicyclopentadiene type, epoxy resins
of the dihydroxybenzene type, epoxy resins of the triphenolmethane type,

epoxy resins of the alkyl-modified triphenolmethane type, epoxy resins

having triazine nucleus, epoxy resins of the dicyclopentadiene-modified

14



When the resistance to soldering in the semiconductor device is considered,
epoxy resins of the phenol aralkyl type having the skeleton structure of
biphenylene are preferable among the above epoxy resins. Epoxy resins
represented by the following general formula [8] are more preferable.
OCH2CHC OCH2CHC OCHO O CHHO OH[8] nlInthe above general
formula [8], n represents an average value which is a positive number of 1 to

10w ktihrgragernebcsivortdib@yherd mrahbevptaseribaviastorkislaion
particularly linited as long as.the cuyin ent cures the epoxy resin e
o R e e I U PR SR S SR By e
phesnetidaset ssinsxflispheipolisompolytis stichasgispberobfo@si with
anhydrides such as maleic anhydride, phthalic anhydride and 15 pyromellitic
arfijaRlECRRd RorRATY aiffiRs BreprasthidtapHERtiem ! dandliéin with a

digrmyinadipbgoyimethane Apddiamingdiphepysyliong  The, Guing,A06R may

be used singly or in combination of two or moré. Among these curing agents,
phdrcidydsednesinpare pildferahiexyAs¢hmpheapl-basededsiningbd iorthe
present inventiopn, monomers, oligomers and polymers having two or more

pHATREAYERR Itgl%%glfﬁf%ne molecule in general can be used, and the

moleculapwegigihand i Melaguly) v alitnot RatictRIy-initge: is
Examples of the phenol-based resin include phenol novolak resins, cresol
noislaldesefhsepoxy resins of the phenol aralkyl type having the skeleton

structure of biphenylene are preferable among the above epoxy resins.
Epoxy resins represented by the following general formula [8] are more

preferable.

OCH,CHC OCH.CHC
| \/ %
o) O
CH CH H  [g]
n

In the above general formula [8], n represents an average value which is a
positive number of 1 to 10.

The curing agent of component (B) used in the present invention is
not particularly limited as long as the curing agent cures the epoxy resin
by the reaction with the epoxy resin. Examples of the curing agent
include phenol-based resins; bisphenol compounds such as bisphenol A,

acid anhydrides such as maleic anhydride, phthalic anhydride and
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phenol resins modified with dicyclopentadiene, phenol resins modified with
terpene, resins of the triphenolmethane type and phenol aralkyl resins
(having a skeleton structure of phenylene or biphenylene). The

phenol-based resin may be used singly or in combination of two or more.
When the resistance to soldering in the semiconductor device is considered,
phenol aralkyl resins having the skeleton structure of biphenylene are
preferapilgtonghindradiovepharonatinsa RHesols teBirks rapebaehraslppahe

folpuinggengralionmula.iRhare more praferables O O BGHL RO §H.O
H T N 16 In the above general formula 9], n represerli)ts an average value
whighi s a gpasithesy Misnmbed efrkle dibir\®fabithetielasienanouniseof the
epoxy resin and the phenol-based resin of the curing agent, it is preferable

that the rARPEpIPAYOIIHEN ALASEREOf BRI ERoUBSIED) Akt Blistipdle-
ePRYYHESIN IR DEAEP S/ 0f tRR RPEROE Hysrased OrokR AR B Infg &REHES,

phenol-based resin is 0.8 or greater and 1.3 or smaller. When the above
rabb gemattsirmtie @ puerahgelith d wossibilioy¢haien decrepde iy trrawn g

property of the epoxy resin molging m teriz#, weri %]flthe lass transitjon
it AR i S e S
Moishidce akestRidcsds sraathAs farthecing acreleratanefaerepopenihC)
which can be used in
phenol-based resin include phenol novolak resins, cresol novolak resins,
phenol resins modified with dicyclopentadiene, phenol resins modified
with terpene, resins of the triphenolmethane type and phenol aralkyl
resins (having a skeleton structure of phenylene or biphenylene). The
phenol-based resin may be used singly or in combination of two or more.
When the resistance to soldering in the semiconductor device is
considered, phenol aralkyl resins having the skeleton structure of
biphenylene are preferable among the above phenol resins. Phenol

resins represented by the following general formula [9] are more

preferable.

OH OH
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the present invention, any compound which accelerates the reaction of the
epoxy group in the epoxy resin with the phenolic hydroxyl group in the
phenol-based resin can be used. Compounds conventionally used for epoxy
resin compositions of the encapsulating material for semiconductor elements
can be used. Examples of the curing accelerator include compounds having
phosphorus atom such as organic phosphines, tetra-substituted

phsproakvecsnpelfasmyiadBha reriiesenin pountry agad abisusirieh is a

p.hoosﬂ]line co our}dls,&\-/vi Iaquinone compounds; and compounds having

nlt?ogenvgtrtl)lrlnmsﬁéhoas -diazabicyclo(5.4.0)- undecene-7,

benzyldine oyl anei nel atite2a imathydivlidaz elpoAnesig thedeheghpasincissed
compounds _having phosphorus atom areégreferable. Compounds havinlgga
e

catfHh SHiHIT R T aRte 145, BEHIGOIShARVIRG sediidhmBRh gt
fuq&?flﬁﬂ&f&%%'%&?&&g%gggﬁ@g i&?%ﬁg%@ﬁ&et@s&g%éfﬁ%wth@et%mber of

molecule, are more pr he form and the 17 type of the cation are

notheaphienialily hindtesly|Specificlly, ihéHerm ardp e oy pe sahreeiscke0t8ar
for example, from salts outside the molecule such as halogen salts and salts
of BT Aok o B 1o LA SUEHReY BIP s oA oo e
sugkhas nerlessdalsamPeiRds dexamples ahibe uHP G AGSEIRr oA vING &

cation portion in the molecule include tetra-substituted phosphonium salts

sukgsaseldaph arliptie sgRwisinne chlthidelastraphe Hyiphissphernitinenrbhide
and, & Tﬁ@ﬁﬂé’éph%’s@e@]'}“g miiodide; opium ﬁ%ﬂ?ﬁf N sals sushias metnyl-
ammonium bromide andedllp%enﬁsuﬁonlum romi g, pﬁosphonlumrbetaln
copipa@uidsisuth as adducts of triphenylphosphine with 1,4-benzoquinone,
As for the curing accelerator of component (C) which can be used in
the present invention, any compound which accelerates the reaction of the
epoxy group in the epoxy resin with the phenolic hydroxyl group in the
phenol-based resin can be used. Compounds conventionally used for
epoxy resin compositions of the encapsulating material for semiconductor
elements can be used. Examples of the curing accelerator include
compounds having phosphorus atom such as organic phosphines,
tetra-substituted phosphonium compounds, phospho-betain compounds
and adducts of phosphine compounds with quinone compounds; and
compounds having nitrogen atom such as 1,8-diazabicyclo(5.4.0)-
undecene-7, benzyldimethylamine and 2-methylimidazole. Among these
compounds, compounds having phosphorus atom are preferable.
Compounds having a cation portion in the molecule, i.e., compounds

having a cation having the function of accelerating the curing reaction of

the epoxy resin in the molecule, are more preferable. The form and the
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2-(triphenylphosphonio)- phenolate and 3-(triphenylphosphonio)phenolate;
ammonium betains such as 1-carboxyl-N,N,N-trimethylmethanaminium
intramolecular salts; molecular compounds such as molecular compounds
comprising tetraphenylphosphonium and a bisphenol such as bisphenol A
and molecular compounds comprising tetrabutylphosphonium and a
dihydroxynaphthalene such as 2,3-dihydroxynaphthalene; and quaternary

pHossHribmesalenformeetwiay taspahy I Brosphineaeeizcphentiedormp .
Among these compounds, the tetra-substituted.organic phasphorus
o K A Bt S S R et cueh
tetiaphaoydphesihemdnadsyddfispheriold ard, molecuhyl @amposids afch as
tetraphenylphosphonium and dihydroxyna@;l%halenes, the phosphonium

beRSH CormSotTaRIeE SR LS SR SRATETHIENS A EMIfe with
1,4-benzpauinene apdigs (MipharyReshiishiniRhendlate: and JBe ke A he

preferable since the epoxy resin composition exhibits the remarkably 18
excellenileurimgcprdpertiearadstinestattetrsl, siholtameously. Haéts such as

phospha-betain compound or the adduct of a phpsphine compqund with a
b P UAB R RO R B o e La s B ol P PEPBHCS et
of the SRy IBEIL SREMASItRARINIGR LB PRIBHE SaTtRescUlNgs AEGRIRIRIOT

can be used singly or in combination of two or more. Examples of the organic

phesphameRClgeisinteny pirphiedionismdaemiylphpkptihening betain

S%%rr‘é\{' ﬁ%%%%%%}g%ﬁ%%%%%s&p it ;%‘flr?ésg%%gpﬁ‘?ndei% iSRG 80ge,
2-(triphenylphosphonio)- phenolate and
3-(triphenylphosphonio)phenolate; ammonium  betains such as
1-carboxyl-N,N,N-trimethylmethanaminium intramolecular salts;
molecular compounds such as molecular compounds comprising
tetraphenylphosphonium and a bisphenol such as bisphenol A and
molecular compounds comprising tetrabutylphosphonium and a
dihydroxynaphthalene such as 2,3-dihydroxynaphthalene; and quaternary
phosphonium salts formed with triphenylphosphine and a phenol
compound.

Among these compounds, the tetra-substituted organic phosphorus
compounds, 1.e., the molecular compounds such as molecular compounds
of tetraphenylphosphonium and bisphenols and molecular compounds of
tetraphenylphosphonium and dihydroxynaphthalenes, the phosphonium
betain compounds such as adducts of triphenylphosphine with

1,4-benzoquinone and 2-(triphenylphosphonio)phenolate and the like, are

preferable since the epoxy resin composition exhibits the remarkably
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such as trimethylphosphine, triethylphosphine, tributylphosphine and
triphenylphosphine. Among the tetra-substituted organic phosphorus
compounds which can be used in the present invention, examples of the
tetra-substituted phosphonium salt of component (cl) include compounds
represented by general formula [4]: Ri R2-------- iIR4A[AIbIAH1[4] R3a
In the above general formula [4], P represents phosphorus atom, Rl, R2, R3
arfkRdleichvapresentepstystiindd dhaunsuissiutesiarelimirogrbup orlfaikyl
group and represent the same grqup, or.different,groups, A represents
it ia et R e i
selggiath & amnhyeiaxdyligrexsltarbaxy|dpaepsang el odupuen dnaramedic
ring, AH represents an aromatic organic acid having at least one functional

grBtpEElehd B BRATY BB FERIRAT Aok P gRotE N ALY At thiol HRSUP B EN
argRafic.fing.a.2pd Qs%a@?ﬁ@%?%@&s&wmi%wm%i&%%@.feater and 3

or smaller, c represents an integer which is 0 or greater and 3 or smaller,
and a=b Eraenpdenpoliitiaepresentathbyphene rat dbrdeulpri4] oan beosblaied,
for example, as described in the followjng. A tetra-substituted phosphoniu
ORI A SHBTAATR BRSHRS UIEAHB A N S RIRG R & BFOE A

Sohéeh K- ITHA RPMeReARAUAPHHEHIRBEHIR aRiRD RfrieAreRdaHRines
organic acid is generated in the solution. Then, water is added
such as trimethylphosphine, triethylphosphine, tributylphosphine and
triphenylphosphine.
Among the tetra-substituted organic phosphorus compounds which
can be used in the present invention, examples of the tetra-substituted

phosphonium salt of component (c1) include compounds represented by

general formula [4]:

[ R1 17 _
R2—P—R4 [ A] b[ AH} c [4]
I R3 |a

In the above general formula [4], P represents phosphorus atom, R1, R2,
R3 and R4 each represent a substituted or unsubstituted aromatic group
or alkyl group and may represent the same group or different groups, A
represents an anion of an aromatic organic acid having at least one
functional group selected from hydroxyl group, carboxyl group and thiol
group on an aromatic ring, AH represents an aromatic organic acid having

at least one functional group selected from hydroxyl group, carboxyl group
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to the solution, and the compound represented by general formula [4] can be
separated by precipitation. As the compound represented by general formula
[4], for example, compounds represented by general formula [4] in which the
groups represented by RI, R2, R3 and R4 and bonded to the phosphorus
atom are phenyl groups, AH represents a compound having hydroxyl group
on the aromatic ring, i.e., a phenol, and A represents an anion derived from
thaphéhsl! s ppedsrablcaramatg thegetaBdostiatbdroryastabhospHess

compaynds, which, can Q%g‘%e%‘%%%@{ esenk %%‘s’er@éisogn%’ﬁ%‘é“@re% % o
phospho-betain “compound of component (c%) include compo%nds
repraegeated bhydeoerah f0enwadd=0.3 [5] YTI 20 In the above general
formula [35], X represents hydrogen atom or an alkyl (i%?lgi having 1 to 3

I

carbon a §,0W@ﬁré%éﬁf>§waﬁﬁgehw3g6ﬁﬁ%ﬁi ek Graias Bnahtedrgin
eagh reRiERpN a fegrLwhieh isit ofngrediesaid 3 or sMallgr Thestituted

compound represented by general formula [5] can be obtained, for example,
aspdesphibethin the folfewingar testiaryghosphine svhichhissa plrosphedento

substituted with three ar?matic %:ou sand a dialri‘[onium salt are brou?fgt into
ORI K O SR CoRBBUREIFSRe S by b RTaR RPN B

be.pbtainrdbydeRIaciag the Rbeskhine aubsttutash Withhities Aramaticided

groups with the diazonium group in the diazonium salt. However, the
préeébs rohvitimitad theheoatumngrovressentethby general formula [4] can

be separated by precipitation. As the compound represented by general
formula [4], for example, compounds represented by general formula [4] in
which the groups represented by R1, R2, R3 and R4 and bonded to the
phosphorus atom are phenyl groups, AH represents a compound having
hydroxyl group on the aromatic ring, i.e., a phenol, and A represents an
anion derived from the phenol, are preferable.

Among the tetra-substituted organic phosphorus compounds which
can be used iIn the present invention, examples of the phospho-betain
compound of component (c2) include compounds represented by general

formula [5]:

X/
&M J (5]
- . j(\//\j

\/

Yn
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compound represented by general formula [5], for example, compounds
represented by general formula [5] in which X represents hydrogen atom or
methyl group, and Y represents hydrogen atom or hydroxyl group are
preferable. Among the tetra-substituted organic phosphorus compounds
which can be used in the present invention, examples of the adduct of a
phosphine compound with a quinone compound of component (c3) include

compderrkerepsenernbiopytdmiola¥oreREsPORAy R HRBRE RBaDFYin

the above general formyla [6], P represents phosphorus at R1 to,R3
BRI, M R SRUESELE ST RN 885
canpdnoatdmeai@® stiibtiuted dmuradbstiépiedeanty|growpdeavingiénhtdsld or

carbon atoms and may represent the same group or different groups, R4 to
REEAR BB SRtHydS§en atom or a hydrocarbon group having 1 to 12

groups, WigAIRM, A IR BAURR LRSS SeErh PYoR4 I8R5 DAY Be Hhe.same

with or different from each other, and the groups represented by R4 and R5
méyr e doopdis chtodeach latthen tthfofohlevoyglic gtrtmtureyAdtsplphesphink is

compoun usedﬁfl?r the a ducflfo the phosphine com ound_ ith the uinolne
coPBBUR B ORRSAH 5 A B U S R g el
SURRTIBIRRISHeN (B FMALIG HRGEAENBYING.A The compound represented by
general formula can be obtained by replacing the phosphine substituted
with three aromatic groups with the diazonium group in the diazonium
salt. However, the process is not limited to the above process. As the
compound represented by general formula [5], for example, compounds
represented by general formula [5] in which X represents hydrogen atom
or methyl group, and Y represents hydrogen atom or hydroxyl group are
preferable.
Among the tetra-substituted organic phosphorus compounds which
can be used in the present invention, examples of the adduct of a
phosphine compound with a quinone compound of component (c3) include

compounds represented by formula [6]:

R1

|
Re— |P i h [6]

R3 Ré6 RS
OH

In the above general formula [6], P represents phosphorus atom, R1 to R3

each represent a substituted or unsubstituted alkyl group having 1 to 12

21



substituent such as an alkyl group or an alkoxyl group on the aromatic ring
such as triphenylphosphine, tris(alkylphenyl)phosphine,
tris(alkoxyphenyl)phosphine, trinaphthylphosphine and tris(benzyl)-
phosphine are preferable. Examples of the organic group which is an alkyl
group or an alkoxyl group include alkyl groups and alkoxyl groups having 1
to 6 carbon atoms. From the standpoint of availability, triphenylphosphine is

mepssreferalbie OF RasHplds Biaf @y uinvHes Bowipd aislusegpor anengdi tetlsr

the_phasphine compound with the quinone compound .of component (
g e s
CORWehitltlse proenzofiiiiopen sapsaferall erirdroctid stapdpg riofithe 1 siorape
stability. As for the process for producing the adduct of the phosphine

coRipeRhd Mihteme YndifesearmsoisRySrREABNBALERES MavabritRe éaRDe
objained by LGN e PROSRRING. ComParg30ddNe SHnanE I3MRLURd

into contact with each other by mixing both components in a solvent
didtoiviag Ixothvicdedponsnts oflseithe Satvent ckdionesuaaving a 22 small

solubility of the adduct such as acetqne and, methyl ethyl ketone ar )
S e R R i e RS
COXRQISG deReRe e d Ry HoRN WshiBh fan exatRig R e AONNURSE example,

represented by formula [6] in which the groups represented by RI, R2 and
RIGhidbadedasite pRospheitseatomoardpheipngpdigpslzthdrRIaRBgmd

R6 etc)atscth represent r%droge&a om, i.e., a com ountii obtainetgl1 H}/eadditio .of

1,4- enlécgaufn%%e and %ﬁpﬁeﬁylgﬁ%% hblllglea,r}sapré) grable. © ° aromatic

ring such as triphenylphosphine, tris(alkylphenyl)phosphine,
tris(alkoxyphenyl)phosphine, trinaphthylphosphine and tris(benzyl)-
phosphine are preferable. Examples of the organic group which is an
alkyl group or an alkoxyl group include alkyl groups and alkoxyl groups
having 1 to 6 carbon atoms. From the standpoint of availability,
triphenylphosphine is more preferable.

Examples of the quinone compound used for the adduct of the
phosphine compound with the quinone compound of component (c3)
include o-benzoquinone, p-benzoquinone, and anthraquinone. Among
these compounds, p-benzoquinone is preferable from the standpoint of the
storage stability.

As for the process for producing the adduct of the phosphine
compound with the quinone compound of component (c3), the adduct can
be obtained by bringing the phosphine compound and the quinone
compound into contact with each other by mixing both components in a

solvent dissolving both components. As the solvent, ketones having a

22



In the present invention, conventional curing accelerators can be used as
long as the effects exhibited with the tetra-substituted organic phosphorus
compound are not adversely affected. Examples of the conventional curing
accelerator include compounds having phosphorus atom such as organic
phosphines and compounds having nitrogen atom such as
1,8-diazabicyclo(5.4.0)undecene-7, benzyldimethylamine and

2-fiedhy ieditalisteotThe afbinitoicthaseretend stinditad drgatieypkosphoars

COPIRRYA l%vsegd&ét}s pEﬁses%ﬁéré}’l%ﬁ‘éi%%ﬁ'H{{%L%f %Q%Q-%ﬁ@v@’s%‘ﬁ%‘&ﬁ? or
more and 1% by weig t or less based on the amount of the entire epoxy
resin copypogitionoMamtherapresuiticawishinféherabovisradge, éhemptellent
curing property can be obtained with?éiadver_sely affecting the fluidity. As the

coFAPBIRERCE S PPEBSFAR RS QU FRY B iRe Btk Rasth thsedr RR & Tresssnted by
INYeNtion  COMPPRERHSKIE £6)RD \ﬁesﬁgh%@él&%%g@%@%qu%af

the three components or a combination of two or more of the three
colhdhe s &6 bedsedplayod apibogomponent. eepresentediy theéained

following.general formula [1]: 23 Z7 O-Si-o [1] X1 -Q ,0 - X2 wherein X| and
XD AN VERPoeht S BAGAHE GHo 45 LAETHRE) YIRS SAE 6P or
different gyogRs pREb 4l HERISEBAISBBHRRItHIad R i HRSHRSIEWIREOTeRRIBe
group having an aromatic ring or a heterocyclic
used as long as the effects exhibited with the tetra-substituted organic
phosphorus compound are not adversely affected. Examples of the
conventional curing accelerator include compounds having phosphorus
atom such as organic phosphines and compounds having nitrogen atom
such as 1,8-diazabicyclo(5.4.0)undecene-7, benzyldimethylamine and
2-methylimidazole.
The amount of the tetra-substituted organic phosphorus compound
used in the present invention is preferably 0.1% by weight or more and 1%
by weight or less based on the amount of the entire epoxy resin
composition. When the amount is within the above range, the excellent
curing property can be obtained without adversely affecting the fluidity.
As the component for retarding curing of the epoxy resin used in
the present invention, components (a) to (c) shown in the following can be
used. One of the three components or a combination of two or more of the
three components can be used.
(a) An anion component represented by the following general

formula [1]:
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ring or a substituted or unsubstituted aliphatic group; (b) A compound
represented by the following general formula [2]: OH X3 OH [2] wherein X3
represents an organic group; (c) A silane compound represented by the
following general formula [3]: Z2 RI O -Si-0 R3[3] 1 OR2 wherein RI, R2
and R3 each represent an aliphatic group having 1 to 3 carbon atoms and
may represent the same group or different groups, and Z2 represents a
substituted orinsubstituted organic group having an aromatic ring or a
heterocycgc_r' ¢ opa substituted or unsubstitut?ﬂ aliphatic group. 24
Componeént hich is the anion component represented by general
formuldt}das ap anihic chelate structure. Xl and X2 in the above general
formula [1] each represent an organic group and may represent the same

9rQHR. An AINare Nt OKaLIRg . AN £l GRIESENGS b U sed Qf HNRHRSHRGRH .

organic group having an aromatic group or a heterocyclic group'or a
sutistitsded: agronpubstitiffecealiphatipgroupl Exaraptesenftthe erganitugedupr
represented by Xl and X2 includﬁ substituted and unsubstituted aliphatic .
gl’B‘Bﬁg bW@e?ﬁ%?éH& §F8HB aving an aromatic ring or a heterocyclic

ring or a substituted or unsubstituted aliphatic group;

(b) A compound represented by the following general formula [2]:

X2 9
~ oH [2]

wherein X3 represents an organic groups;
(0 A silane compound represented by the following general

formula [3]:

2

R1 0—Si—OR3 [3]

OR2

wherein R1, R2 and R3 each represent an aliphatic group having 1 to 3
carbon atoms and may represent the same group or different groups, and
72 represents a substituted or unsubstituted organic group having an
aromatic ring or a heterocyclic ring or a substituted or unsubstituted

aliphatic group.
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and methylethylene group and substituted and unsubstituted aromatic
groups such as phenylene group and naphthalene group. Among these
groups, 1,2-phenylene group and 2,3-naphthalene group are preferable due
to the excellent stability of the chelate structure of component (a) and
excellent latency. It is preferable that XI and X2 represent the same group
since the stability of the chelate structure is further increased. Examples of
the orgakiergreugiaving akishstituteher andemsaeneanansmegr eieg sida by

heterocyclic rin ar@the substituted or unsubstituted alipRatic which
BRI ] A SR Rt A B s

sugboas pheryhyroupunethylpbaiyl giouperathyiphbegyhgrosipandand may
naphthalene group, substituted and unsubstituted heterocyclic groups such

as'PYFRARYT gtBeipSame sabettutell Ahdetrdumssatined andndtc seBtpatir

as MV G WR - FHOYH AU PEIBY h: f&&l#%ﬂﬂ@/ hAroHan RUEY baEaYR,ARd

hexyl group. Among these groups, substituted and unsubstituted aromatic
groepsentisupstitpted asnd stbulestitutedsalipheticegralipb dawviggdpio 8

carbon ms such as .phenyl group and hexyl group.are prefertaple due t
MR s A R e e i g
CosNBeONERtd@)Narks asuhetGosaPangRhtietardings thaGUiRgMY&he group

suppresses the effect to accelerate curing of the epoxy resin by the curing
acteferamihitaing encagoripoiivh sihREtwhelectid. Hswbyarushscatpmatic

component censtituing the chelate rng in . the ANODN.companent fepresentgd
by>general 16rmula. [Eﬁ%]as reagctley With the epoxy resin, the ¢ el%%g rng is
destooysd aipreiagereaciipnand 2,3-naphthalene group are preferable
due to the excellent stability of the chelate structure of component (a) and
excellent latency. It is preferable that X1 and X2 represent the same
group since the stability of the chelate structure is further increased.
Examples of the organic group having a substitute or unsubstituted
aromatic ring or a heterocyclic ring and the substituted or unsubstituted
aliphatic group which are represented by Z1 include substituted and
unsubstituted aromatic groups such as phenyl group, methylphenyl group,
ethylphenyl group and naphthalene group, substituted and unsubstituted
heterocyclic groups such as pyridinyl group and substituted and
unsubstituted aliphatic groups such as methyl group, ethyl group, propyl
group, isopropyl group, butyl group and hexyl group. Among these
groups, substituted and unsubstituted aromatic groups and substituted
and unsubstituted aliphatic groups having 4 to 8 carbon atoms such as

phenyl group and hexyl group are preferable due to the excellent stability

of the chelate structure.
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proceeds, and the effect to retard the curing is gradually lost. In contrast,
conventional components for retarding the curing continues to retard the
curing reaction throughout the initial period to the final period of the reaction,
and the sufficient property of curing cannot be obtained. In the case of the
present component for retarding curing, as opposed to the case of the
conventional components for retarding the curing, the reaction is latent only
in the inifial ﬁ@l@@%ﬁﬂﬁ@éuﬁm@%}n@éﬁr@@%ﬂtﬁ rEeaRs the t{h@n?@nponent

decr eS| éhe final sta fgr&e cugéggé% d e > U red artl an 1%zn of
prowge r§p| ﬁ/WI{hnl%e suf men?%regreeo curing. omponen ?bf g

cothpaipastyviaehcn fhmﬂaenrgngcoélamefatﬁwfﬁlgeacemnﬁupdrtameﬁenlﬁ@d
by general formula [2] has an organic group represented by X3. The organic
oroaeHfe s RS XA AR LheFOrmRRNSBF SAREFYING Hhehsal 36rHing ).

In the RIESENEIRNEIHAN. Alheughhenfiectia impipye ihe fiuidity &Q@t}bﬁy

filling property of the epoxy resin composition can be exhibited when
cowipbribet ¢h)is ussich sihglyhalgteatergeffedestraygat e tine duidity remditre

coPHROHERE 1€ HRE 0N dErEIRE SRR e s it PREPELENc
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the retarding effect of the anion component represented 26 by general

foﬂﬁdlrag[ﬂ]ei%cré@n ddeguririgthrodetds trriednipotid fi@@}elwmdddéythe

gen%r? formu(fé?% exﬁll()ﬁtesn e func |onfof re%energtln ebg)g e(p cfieI%

ring. The "stfec he anion component repres%ntaecfl(by genera I'formata ?

to @xdaibit the jaterey iwexvhied far @lan@elstitaeing, as opposed to the case
of the conventional components for retarding the curing, the reaction is
latent only in the initial period of the curing since the effect to retard the
curing decreases in the final stage of the curing, and the cured article can
be provided rapidly with the sufficient degree of curing.

Component (b) is a compound which can form the ring of a chelate.
The compound represented by general formula [2] has an organic group
represented by X3. The organic group represented by X3 are as defined
for X1 and X2 in general formula [1].

In the present invention, although the effect to improve the fluidity
and the filling property of the epoxy resin composition can be exhibited
when component (b) is used singly, a greater effect to improve the fluidity
and the filling property of the epoxy resin composition can be exhibited
when component (b) is used in combination with the anion component

represented by general formula [1] due to the synergistic effect. In the

process in which the retarding effect of the anion component represented
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than when the curing of the epoxy resin is suppressed with the anion
component represented by general formula [1] of component (a) alone due
to the effect of the addition of the compound which can form the chelate ring.
As component (b), i.e., the compound represented by general formula [2],
compounds in which hydroxyl group is bonded to each of two or more
adjacent carbon atoms constituting the aromatic ring are preferable due to

thé@ré&@@@éiﬁé@@bﬁe@én@ra@ﬂg e thelaraingg PERerAplethef teeapoved
°°mgoe%%%t'é‘&'%gﬁ%‘(%%g%%&%%%%ﬁ% ?%O%x 'f%qut@é%%?eﬁlsp ccateeiolng

4-m yl-o-cate -ethyl-o-catec romo-o-ca
5-chioherakeateodiakedritiigo-Orbatedfeot, dftert-bulyrocaaieahalt represented
4-aminomet}|;¥9l-o-cate ol and 4-hydroxymethyl-o-catechol; naphthalene

coPpBRirsaaloematea Ll bl dnsrdrdd s RGeS SX1thHydr 6% AdpRESE biee
7-@i&%&hy&ﬁérdéﬂxdéaweh%egﬁo%dre%im%&hxhapm@eﬂr&i%f{]%ﬁ@tlaﬁh%ﬂe:

pyrogallol compounds such as gallic acid and esters of gallic acid; and
devivativesrof thessaump byrgisierahfmgitdesd kofmpoundsnt (a) alone due

2,3-dihydroxynaphthalene is more preferable since the chelate ring tends to
oo 8 o A e LA CET R AP O ol AR B
latgpey can be kept for a longer time. When component (b) is used in

combination with the anion component represented by general formula [1],
the relatifhé atpmeResttHE).ation ddmperehevasesaesiedehsradotilla

TR AL TR A SR SR s e
Sprcititally, ddmpsateraibon atoms constituting the aromatic ring are
preferable due to the great easiness of regenerating the chelate ring.
Examples of the above compound include catechols such as
1,2-dihydroxybenzene (o-catechol), 4-methyl-o-catechol, 4-ethyl-o-catechol,
4-bromo-o-catechol, 5-chloro-o-catechol, 4-nitro-o-catechol, 4-tert-butyl-o-
catechol, 4-aminomethyl-o-catechol and 4-hydroxymethyl-o-catechol;
naphthalene compounds such as 1,2-dihydroxynaphthalene,
2,3-dihydroxynaphthalene, 7-methyl-2,3-dihydroxynaphthalene and
6-methyl-2,3-dihydroxynaphthalene; pyrogallol compounds such as gallic
acid and esters of gallic acid; and derivatives of these compounds.
Among these compounds, 2,3-dihydroxynaphthalene is more preferable
since the chelate ring tends to be formed more easily, and the effect of the
anion component to exhibit the latency can be kept for a longer time.
When component (b) is used in combination with the anion

component represented by general formula [1], the relative amounts of the

anion component represented by general formula [1] and the compound
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that the amount of the compound represented by general formula [2] is 0.05
to 5 moles and more preferably 0.5 to 2 moles per 1 mole of the anion
component represented by general formula [1]. When the relative amounts
are within the above range, the balance between the curing property and the
effect to exhibit the latency becomes more excellent. When the amount of
the compound represented by general formula [2] is excessively great, there

is tﬁé@é@%ﬁﬁﬂit‘?ﬁlﬁ&?ﬂ?@h&h@ﬁﬁo@@&hé.@mﬂigsﬁgdekté%w@@llg@eﬁiﬂarﬁbe
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compoun resen y general XCessiv ere’is
thelpassibiliiynthattthe effecbiaexhibitihe clatenay is nesufficfentadlael2] is
amount of the compound represented by general formula [2] is preferably
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of the entire epoxy resin composition. When the amount of the compound
repregentedary geitbral fbrmaib@ 2] rengithiththdabove fartgectheteidity]tge

filling property and the storage stahility. can be further improved. Although
iy S e R AT e T
COWRESIHRA sabREtEXRked WPERRPRRBPARM(R) Iy BERE - sINGmAla [2] is

synergistic effect can be exhibited when component (c) is used in _
cosrbinatishyvgthate inssnentlie)poesibiid e thapdbad sepdsiemed thye geneal

formulla l2l; The sllane compound,is,a compound represented, Y 9angtaly

formu a‘{%% i which I,alggqand% eadh rgpre%ent an aﬁp atic roup Eavmg

1 WBeeathornatoms andhvayapesentihe samel goyesraSformula [2] is
excessively small, there is the possibility that the effect to exhibit the
latency is not sufficient. The amount of the compound represented by
general formula [2] is preferably 0.01% by weight or more and 1% by
weight or less and more preferably 0.02% by weight or more and 0.8% by
weight or less based on the amount of the entire epoxy resin composition.
When the amount of the compound represented by general formula [2] is
within the above range, the fluidity, the filling property and the storage
stability can be further improved.

Although the effect to improve the fluidity and the filling property
of the epoxy resin composition can be exhibited when component (c) is
used singly, a synergistic effect can be exhibited when component (c) is
used in combination with component (b), i.e., the compound represented
by general formula [2]. The silane compound is a compound represented

by general formula [3] in which R1, R2 and R3 each represent an aliphatic

group having 1 to 3 carbon atoms and may represent the same group or
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different groups, and Z2 represents a substituted or unsubstituted organic
group having an aromatic ring or a heterocyclic ring or a substituted or
unsubstituted aliphatic group. In the present invention, the silane compound
represented by general formula [3] which is component (c) and the
compound which can constitute a chelate ring and is represented by general
formula [2] can form the anion component represented by general formula
[1dadeatantotning Teart o sRiHesspdx Y rathteorisbetivnsplsdeaded ARsapeic

result, t Iatencyésmllar o that descrl abovr can be obta|1r11§éjEl Itlggdj%p

th&" mgthog ofaddifion 1s (ﬁfé}relﬁtoﬁxamp e sil noerc%%poun

repmﬂmedlbymmatif@gmﬂg [3] include silanes havmg an aromatic
substituent group such as phenyltrimethoxysilane, phentyltrlethoxysnane
phenyltrifRopbkyBrSHE tanBYSHEINIdifRStheIg R SRy samed aFfpesssided by

haying,an AlIRNGHIC [SURSHIENt GpKR SUeh @5 MaeowhesislirRs % an

diethoxymethoxy- octylsﬂane Among these compounds, the phenylsnane
compsuhds BepheMeddgyéodnulae[ﬁ?eae[ﬂﬂecRb;Ogﬁn@RhMﬁﬂa can

ferable due to the excellent abilit toe |t the Iat In he bove
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having 1 to 3 carbon atoms and may represent the same group or

the latency similar to that described above can be obtained although the
method of addition is different.

Examples of the silane compound represented by general formula
[3] include silanes having an aromatic substituent group such as
phenyltrimethoxysilane, phentyltriethoxysilane, phenyltripropoxysilane
and phenyldimethoxyethoxysilane; and silanes having an aliphatic
substituent group such as trimethoxyhexylsilane and diethoxymethoxy-

octylsilane. = Among these compounds, the phenylsilane compounds

represented by formula [7]:

(R1),

RZ O—5Si—O0R4

OR3

is preferable due to the excellent ability to exhibit the latency. In the
above formula [7], R1 represents hydrogen atom or a hydrocarbon group
having 4 or less carbon atoms, R2, R3 and R4 each represent an aliphatic

group having 1 to 3 carbon atoms and may represent the same group or
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29 different groups, and a represents an integer which is 1 or greater and 5
or smaller. Among the above compounds, phenyltrimethoxysilane and
phenyltriethoxysilane are preferable. However, the phenyl silane compound
is not particularly limited as long as the compound is represented by formula
[7]. The above compounds can be used singly or in combination of two or
more. The amount of component (c) represented by general formula [3] used
in ghidepradegiimpention & isfesebly 010 10teE9Wwelyhh 0B rhotestAaterogy 5

welg %?51}1%%? apd mor ﬁéeg%%av%'ycg-og’/&r?é{swei}%‘ﬁ qrmoreand 9,50 byg
welght or less based 6n the amount of the entire epo&y resin coymposnion.
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and the storage stability of the epoxy resin composition can be improved
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), the compounds described as the examples of the compound o
compomgnh@vjorarf hewsedasethe compound represented by general
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is used, the time when the latency is exhibited can be adjusted by adjusting

thd‘ansureithecirapomddmepeesteferally geRr&rdrYorreigat[2) itk ead

:2%%‘:@‘?%%@%&%&%% gﬁga%%” haSheR A0S SANROYDLy resin
composition. When the amount is within the above range, the fluidity,
the filling property and the storage stability of the epoxy resin
composition can be improved while the sufficient curing property is
maintained.

When the compound represented by general formula [2] is used in
combination with component (c), the compounds described as the
examples of the compound of component (b) can be used as the compound
represented by general formula [2]. The compounds described as the
examples of the preferable compound of component (b) are also preferable
as the compound represented by general formula [2]. Similarly, when
the above component (c) is used, the time when the latency is exhibited
can be adjusted by adjusting the amount of the compound represented by
general formula [2] which can form the chelate ring relative to the amount
of the silane compound represented by general formula [3].

When component (c) is used in combination with component (b), i.e.,

the compound represented by general formula [2], the relative amounts of
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When component (c) is used in combination with component (b), i.e., the
compound represented by general formula [2], the relative amounts of 30 the
compound represented by general formula [2] and the silane compound
represented by general formula [3] can be adjusted in accordance with the
desired degree of retardation of the curing. Specifically, it is preferable that
the amount of the compound represented by general formula [2] is 1 to 5

moéhes sampesvedprederapintieto Pynslesasal formidaf Bk diketdempdand

represented by general for ulagg.w ep._the relatiye amounts are within.the
iyt N 6 o e D A g e
exhibirthatatendytbetdamersma® axgedenbf\Whearheamount eidéheuring.
compound represented by general formula [2] is excessively great, there is

thERRSIEMANY thde tRecTrEBI Gt Shenaeeniigal iBeceuBRRN g e esa e
CUENGNORE Ry 5 IR spfficiently Gxiubitedh When, e Amaratefdhg les per

compound represented by general formula [2] is excessively small, theré is
thé pobsiffilityethd teecsufficient aepoestobthbychetatarifogrsubat $orméthand

the, effect to exhibit the latency.is not sufficient. In epoxy resin composition of
AN AR A COIERR (Rt RO ARt OB S PREBRERCRS
retafding eHuperepnabe agiestathdn accerdanee twithitheigsired Aeareaofe
latency. Specifically, it is preferable that the component for retarding curing

is exftidlgin. anVBheouitherntheyahgd ¢berespopeling toepese0 S nholcgeanthl

MoLe PLgler y19-5e583?2§s%8135 ot he apion inthe, anion COMRQNeRt ¢ the

represente ;/genera ormula g[rﬁ per 1 mole of the c mponen¥for
acealgraditigring ehenguriihan Bxeessively great, and the curing property is
not sufficiently exhibited. When the amount of the compound
represented by general formula [2] is excessively small, there is the
possibility that the sufficient amount of the chelate ring is not formed, and
the effect to exhibit the latency is not sufficient.
In epoxy resin composition of the present invention, the content
(the added amount) of the component for retarding curing can be adjusted
in accordance with the desired degree of latency. Specifically, it is
preferable that the component for retarding curing is added in an amount
in the range corresponding to 0.1 to 0.5 moles and more preferably 0.5 to 2
moles of the anion in the anion component represented by general formula
[1] per 1 mole of the component for accelerating the curing. When the
relative amounts are within the above range, the balance between the
curing property and the effect to exhibit the latency becomes more

excellent.
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relative amounts are within the above range, the balance between the curing
property and the effect to exhibit the latency becomes more excellent. 31
The process for synthesizing the component for retarding curing used in the
present invention will be described in the following. As the component for
retarding curing used in the present invention, the anion component
represented by general formula [1] or a compound which can form the anion

compondrtcardsessstd. Fortlesgimpie thve conpsosant ffor retarding curings

can be easily obtained by mixing.the compound represented. by general
paliiRiie e bl Sl sl

heating the reseltasin poixéute. (Specificadin dhewamponant fon retasdipgcetitng
can be obtained by homogeneously dissolving the compound represented by
|_@1] a

9SS ERE 21 IR RIRSBO IS8 Péfd%%@&eﬁ%%%jﬂj
intQ, & SOMEIT SUethagAD aleapalhfollawsd by, sandensatian by heating the,,

resultant mixture at 80 to 120C under mixing. The condensation may also be
coerdusigd, bshmbongptive b dve ratardomgponents sepdratedpilyiebheinesinby
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retarding curing is not formed within the resin composition, the component

fomzaseleratingregtingBnd the «component fdpreterdingeariagrars brengthe

into %g?r%l(?nk}{) %goﬁgggﬁ&%%ly dissolving the compound represented by
general formula [2] and the compound represented by general formula [3]
into a solvent such as an alcohol, followed by condensation by heating the
resultant mixture at 80 to 120°C under mixing.

The condensation may also be conducted by mixing the above two
components separately into the resin composition, followed by achieving
the condensation by the heating during the curing reaction so that the
anion component represented by general formula [1] is formed within the
resin composition.

When the component for retarding curing is not formed within the
resin composition, the component for accelerating curing and the
component for retarding curing are brought into reaction in advance, and
the salt or the complex salt such as the molecular compound formed by
the reaction is added. The latter process is preferable since the anion
which is the component for retarding curing is surely added to the curing

accelerator, and the effect can be exhibited sufficiently by the component

for retarding curing.
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the salt or the complex salt such as the molecular compound formed by the
reaction is added. The latter process is preferable since the anion which is
the component for retarding curing is surely added to the curing accelerator,
and the effect can be exhibited sufficiently by the component for retarding
curing. 32 As the process for synthesizing the salt of the component for
accelerating curing and the component for retarding curing, for example,

three compotientBrintiieh aps thendhfsingloden sak 24 theecgapponent for

accelelrator. haviquja catigqlpgrtion in thet @olecglggthe silane compound
C
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obtained similarly by using the tetra-substituted organic phosphorus
corapmsed dd iiegenerglsilamewdempburidicbpeesefivech by fdrebate [Ahim as

combination, The tetra-substituted organic phosphorus compound is a latent
UHBPRREE b i BHHEILng GRS IMBlotBnE R HEflAy
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compound is used singly. When the above compounds are used in

cothbifiegived sadteffect to remarkably improve the fluidity, the filling property
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obtained similarly by using the tetra-substituted organic phosphorus
compound and the phenylsilane compound represented by formula [7] in
combination. The tetra-substituted organic phosphorus compound is a
latent curing accelerator and exhibits the effect to improve the fluidity,
the filling property and the storage stability of the epoxy resin
composition when the compound is used singly. When the above
compounds are used in combination, the effect to remarkably improve the
fluidity, the filling property and the storage stability of the epoxy resin
composition can be obtained due to the synergistic effect. When a resin
having a relatively great viscosity is used or when an inorganic filler is
used in a great amount, the sufficient fluidity, filling property and storage
stability are not occasionally obtained by the single use of the
tetra-substituted organic phosphorus compound of component (C) or the
phenylsilane compound. The excellent fluidity, filling property and

storage stability can be obtained by using the tetra-substituted organic

phosphorus compound and the phenylsilane compound in combination.
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having a relatively great viscosity is used or when an inorganic filler is used
in a great amount, the sufficient fluidity, filling property and storage stability
are not occasionally obtained by the single use of the tetra-substituted
organic phosphorus compound of component (C) or the phenylsilane
compound. The excellent fluidity, filling property and storage stability can be

obtained by using the tetra-substituted organic phosphorus compound and
the phenlisiian@ressipotneitieombinatiohe 3P HE Presant theerioROWHEN
the epoxy resin and the compou aving two or more phenolic hydroxy,
o R R BBt I TR e
addednamatuit) efrthecedingh aceslesatoftisenaddadicitarintimiedhl isuring
preferable that the content is about 0.01 to 10% by weight and_more
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the compound having two or more phenolic hydroxyl groups in one molecule
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more phepolic hydroxyl groups in gne molecule is used in an .amount such
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epoxy resin. When the relative amounts are in the above range, the cured

pretieictaf Bastepsylyekmitednpdsitomedarabice thaduitieisamupemgthaxsnge
in%r;goanicfillerwhicl:h can ealsedfn the present invention inorganiafiﬂgargn
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amount such that the amount of the phenolic hydroxyl group is about 0.5
to 2 moles and more preferably about 0.7 to 1.5 moles per 1 mole of the
epoxy group in the epoxy resin. When the relative amounts are in the
above range, the cured product of the epoxy resin composition can have a
sufficient strength.

As the inorganic filler which can be used in the present invention,
inorganic fillers conventionally used for epoxy resin compositions for
encapsulating semiconductors can be used. Examples of the inorganic
filler include fused silica, crystalline silica, tale, alumina and silicon
nitride. Spherical fused silica is preferable. The inorganic filler may be
used singly or in combination of two or more. The content (the added
amount) of the inorganic filler is not particularly limited. It is preferable
that the amount of the inorganic filler is about 200 to 2,400 parts by
weight and more preferably about 400 to 1,400 parts by weight per 100

parts by weight of the resin component comprising the epoxy resin and the

curing agent. It is preferable that the content (the added amount) of the
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encapsulating semiconductors can be used. Examples of the inorganic filler
include fused silica, crystalline silica, talc, alumina and silicon nitride.
Spherical fused silica is preferable. The inorganic filler may be used singly or
in combination of two or more. The content (the added amount) of the
inorganic filler is not particularly limited. It is preferable that the amount of the
inorganic filler is about 200 to 2,400 parts by weight and more preferably
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fluidity using the curing accelerator and the component for retarding
curing in a manner such that the excellent fluidity is exhibited. In this
case, a semiconductor device exhibiting excellent reliability on the
properties such as the resistance to soldering and the reliability under
moisture can be obtained due to the effect exhibited with the inorganic
filler.

The amount of the inorganic filler may be expressed by the unit
of % by volume by conversion from the unit of % by weight based on the
specific gravities of the epoxy resin, the curing agent and the inorganic
filler.

In the epoxy resin composition of the present invention, a silane
coupling agent such as epoxysilanes, mercaptosilanes, aminosilanes,
alkylsilanes, ureidosilanes and vinylsilanes can be used, where necessary.
Examples of the silane coupling agent include y-aminopropyltriethoxy-

silane, y-aminopropyltrimethoxysilane, N-B-(aminoethyl)-y-aminopropyl-
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moisture can be obtained due to the effect exhibited with the inorganic filler.
The amount of the inorganic filler may be expressed by the unit of % by
volume by conversion from the unit of % by weight based on the specific
gravities of the epoxy resin, the curing agent and the inorganic filler. In the
epoxy resin composition of the present invention, a silane coupling agent
such as epoxysilanes, mercaptosilanes, aminosilanes, alkylsilanes,

urtidosibpesianainyiBilaniaeeth e visseinpprreyhactkekhimathervpitanes

the,silane equpling agent.include y-aminopropyltriethoxy- silane, . i
e e oy BHeyFminggropyl
trimethakysilaiand- (3N rinostbybhylaminapiopymeathid dinetsioxysiland; 6-

N-phenyl-y-aminopropyltriethoxysilane, N-phenyl-y-aminopropyl- i
m@&m@@%ﬂ&%@;mgl?aﬁﬂmahw-%ﬁﬁ%mpy|triet%zgéhaﬁe%th96YSllyl'
(agliponsyd-HsamunoRaRMEmainexysilang. N (35 (imeHex i Rienyd)
-1,3-benzenedimethanamine, y-glycidoxypropyltriethoxysilane,
y-giptidokyyimetieohysilaneny:glycidekypropyimetiidinhotionysitangsilane,
Sﬁgh poxycyclohexyl t%lt{imeth xysilane, rmercaptopropyl- )
B SR e RO AS A copropyit S RBR AR BH
vinyltriethexysilane; AReeRd {heseBIRNE 16D A RGE5Po SPSRYEIRARFane
mercaptosilanes and aminosilanes are preferable. As the aminosilane,
pritndry amilbsithesy slangnilinodifaneg atdpreferalaiee A coradtag effeiendan
be gxhibiled when wo ormore the Jllans, coupling, 39Nty 384389 s the
COFRBIFY& on. ﬁ’iS prefaepra(bslleatﬂa? an aniinosiiane Is P )
aminosilane, primary aminosilanes and anilinosilanes are preferable. A
greater effect can be exhibited when two or more the silane coupling
agents are used in combination. It is preferable that an anilinosilane is
used in combination with an epoxysilane, a mercaptosilane or a primary
aminosilane. It is more preferable that four types of the silane coupling
agents of an epoxysilane, a mercaptosilane, a primary aminosilane and an
anilinosilane are used in combination. The amount of the silane coupling
agent is not particularly limited. It is preferable that the amount of the
silane coupling agent is 0.01% by weight or more and 1% by weight or less
and more preferably 0.05% by weight or more and 0.8% by weight or less
based on the amount of the entire epoxy resin composition. When the
amount of the silane coupling agent is within the above range, a further
decrease in the viscosity and the effect to improve the fluidity can be
expected. The possibility that the curing property decreases is small

when the amount is within the above range. The silane coupling agent

may be used after being treated for hydrolysis by adding water or, where
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used in combination with an epoxysilane, a mercaptosilane or a primary
aminosilane. It is more preferable that four types of the silane coupling
agents of an epoxysilane, a mercaptosilane, a primary aminosilane and an
anilinosilane are used in combination. The amount of the silane coupling
agent is not particularly limited. It is preferable that the amount of the silane
coupling agent is 0.01% by weight or more and 1% by weight or less and
mokEEEYalbly 09069 Wi dnrmereastd 0°8% byowadgit Silksspaded
on, e, ameunt ol {hs Sntivs Soxy fesin compogifion. When the amount of
the silane coupling agent is ithin the above range, a further decrease in the
viscositylanehih e pitectiaimpmnpdiiediiditythanpbes@xpactedtibhe a mold
possibility that the curing property decreases is small when the amount is

witlsH AR BBHWRE rafisk. VNG e meieseatpling aehinaldy Hearse 4oarsrHaR?Y
tregiad ] deolysis Ry 206InaWaLeh RE WHEIE nifl P ECRSSB Y ANRCI] QAN

alkali in advance. The inorganic fillermay be treated with the silane coupling
adiantyin addanceetial thelepoxdy heshecdinppshionsof ¢heplesed: inwaeatioana
mold release may be used, where necessayy. As the mold release, :
SRR IO RASES callse TEUh TERART RE SR B in
incldeinighen fatty qeidseimata)isalts offigher faty asils esterdbasgehses,
waxes and polyethylene-based waxes. The mold release may be used singly
orhalxshbiraibasefliwy dranorteAnseigtaklaboyednolembleasons of a

polyethylene-pased waxes arg preferaple, and compnalions ola .re more

po%esfﬁy]ilgne-gaseg wax andaa montanic eéjter-based wax are more

prefefabi®ld heldmcund oh the maldnieldasgdssaoispastcodatiyhimilgdlimited.
It is preferable that the amount of the mold release is 0.05% by weight or
more and 3% by weight or less and more preferably 0.1% by weight or
more and 1% by weight or less based on the amount of the entire epoxy
resin composition.

In the epoxy resin composition of the present invention, an ion
trapping agent can be used, where necessary. As the ion trapping agent,
conventional ion trapping agents can be used. Examples of the ion
trapping agent include hydrotalcites and water-containing oxides of
elements selected from magnesium, aluminum, bismuth, titanium and
zirconium. Among these ion trapping agents, hydrotalcites are
preferable. The amount of the ion trapping agent is not particularly
limited. It is preferable that the amount of the ion trapping agent is
0.05% by weight or more and 3% by weight or less and more preferably

0.1% by weight or more and 1% by weight or less based on the amount of

the entire epoxy resin composition.
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It is preferable that the amount of the mold release is 0.05% by weight or
more and 3% by weight or less and more preferably 0.1% by weight or more
and 1% by weight or less based on the amount of the entire epoxy resin
composition. In the epoxy resin composition of the present invention, an ion
trapping agent can be used, where necessary. As the ion trapping agent,
conventional ion trapping agents can be used. Examples of the ion trapping
agent indludehydratakstes spappstsionovitalting eseaeswfertimeits selagted

from nesium, aluyminum, bismuth, titaniuym. an]zirconium.A ong thes

RS ST BT, B R U AT ISP
traphing agenisisrnahpatdtudarky tineieditt ¢spreiesable itbattthe qpnounésh,
the ion trapping agent is 0.05% by weight or more and 3% by weight or less

andPnSHEIBRrRaRSBly BheosByRderfiteliAtore it 19mBYREBIGRPbIRIsLding
bagedn i 2MeuM O Ahe SRITS ePOYHESIH CAMRESHOR, A hJBi I ERRY

resin composition of the present invention, the silane coupling agents, the
méidtiedeases @rig thenpmitapgineg agedis are usednplherefnedesbaydtude

addition to the main components, i.e., the epoxy.resin, the curing agent, the
cUTHE HEGeatsr, DB ToMIemEHE o1 i B G R o R g Arate
fillesu PhREPOOAIESIAICAMRRSItIeBUPAU gfUsthel SUARIYComPIiae/Sth@hium
additives, examples of which include coupling agents other than the silane

cotplirlgnagesestich esaiiagareavdphtghagenteadiomihlapkcoapiitgvagefis
ang Aluminumizitconium  couRling 291S, GPIANNY, 208N AUG 33 63000,
black, additves for
such as brominated epoxy resins, antimony tribromide, aluminum
hydroxide, magnesium hydroxide, zinc borate, zinc molybdate and
phosphazenes.

The epoxy resin composition of the present invention can be treated,
for example, by uniformly mixing the materials using a mixer or the like,
followed by melt mixing by heated rolls or a kneader, cooling and
pulverization to form an epoxy resin molding material.

For encapsulating various types of electronic parts and producing
semiconductor devices using the epoxy resin composition of the present
invention, electronic parts such as semiconductor elements are
encapsulated by molding with curing in accordance with a conventional
process such as the transfer molding, the compression molding and the
injection molding. The semiconductor device of the present invention can
be obtained in this manner.

The form of the semiconductor device of the present invention is not

particularly limited. Examples of the form include SIP (Single Inline
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decreasing stress such as silicone oils and rubbers, and flame retardants
such as brominated epoxy resins, antimony tribromide, aluminum hydroxide,
magnesium hydroxide, zinc borate, zinc molybdate and phosphazenes. The
epoxy resin composition of the present invention can be treated, for
example, by uniformly mixing the materials using a mixer or the like, followed
by melt mixing by heated rolls or a kneader, cooling and pulverization to form

anPasbrgabsihSHDIEHRE iteridpatemincapBuiéimgasiolsayedere), DIP

elepon lﬁlar{%s é‘&&"%ﬂ”@ﬂﬂp ﬁ@%ﬁ%ﬁ%&%ﬁfﬁfﬁvﬂceﬁa‘éﬁggeﬁ‘%6‘%%% rea%tln
composition of the présent invention, electronic parts such as’semiconductor
el@neliis aPackagapsekoa (Bhmaldisgwith@uting:irPackasdan@S @ith(Thin

conventional process such as the transfer molding, the compression molding

antrid iRjedinn fliigg) TROde e Rittineyikdeadh Prskaseinvafiton
caf ReIoPIRINBLARLBUS QAP TReerm.al e RS MieansusiRidevise filpe

present invention is nof particularly limited. Examples of the form include SIP
(Shaylkdpih BS PadRE) R8I PLES 1P Medtthed dtskaide) ZRA BG-2a@mliterid
Package), DIP (Dual Inline Package), SDIP (Shrink Dual Inline Package),
Sélgr(’%?nall Outline Package), SSOP (Shrink Small Outline Package), TSOP

(Thin Srpall Quitingfoackagabvre dkemaliQutirg HilradssRackagsiQhE
(Quad Flat Package), QFP(FP) (QFP Fine Pitch), TQFP (Thin Quad Flat

PackaeRtQRIPRTE) tOusddeEng-leadedPackingdieahdBGRI{BaI Grider
Arrrgg?s'ture.

In the present invention, the epoxy resin composition comprising
the component for retarding curing and, in particular, comprising the
anion component represented by general formula [1] and the compound
represented by general formula [2] is thermally more stable and exhibits
the more excellent resistance to soldering and reliability under moisture
since the mobility of free ions derived from the component for retarding
curing by dissociation during the curing reaction is decreased due to the
bulky structure of the anion component.

The most preferred embodiments of the epoxy resin composition
and the semiconductor device of the present invention are described in the
above. However, the present invention is not limited to those shown as

the embodiments.

EXAMPLES
The present invention will be described more specifically in the

following.
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The semiconductor device obtained as described above exhibits the
excellent resistance to soldering and the excellent reliability under moisture.
In the present invention, the epoxy resin composition comprising the
component for retarding curing and, in particular, comprising the anion
component represented by general formula [1] and the compound

represented by general formula [2] is thermally more stable and exhibits the
more exdelfanprasistaide fosvlbEtingeand reliabiliyasitengvicelpratoinead

the.mobility of free io erjved from the,component for retarding  curing.b
et Ss e Rt L L R R
strtigtig of theeapesseampeneition hendosicpeefestad sambleimesis afuhag
epoxy resin composition and the semiconductor device of the present
iNASABIGHA4PE WEERMIERAFEthe above. However, the present invention is not
limited to those shown as the embodiments. EXAMPLES The present
invention will be described more specifically in the following. 39 Compounds
Cl3grCHentsioh Yeenpused @% the curing accelerator and Compounds C5 and

C6 which were salts with the component for retarding cyring of the present
omtorl A S rEa oL MG S i e ara
Synthesisaf ampaineet! 1nto@ separsbla flask {heipRraciyh dYPhmb and

equipped with a
102.42 g (0.150 moles) of a phenol aralkyl resin expressed by the following

formula [10] were placed, and the resultant mixture was stirred under
heating at 100°C in an oil bath to form a homogeneous solution. After a
completely homogeneous solution was obtained, the stirring was
continued for 30 minutes. The obtained resinous substance was cooled
and pulverized, and 106.3 g of a curing accelerator of Compound C1 was
obtained as a powder. Compound C1 was analyzed in accordance with
TH-NMR and was confirmed to be an addition product of
triphenylphosphine with phenolic hydroxyl group expressed by the
following formula [11], which was the object compound. The yield of

Compound C1 was 92%.

Y b
X X
— [10]
@Jf%@% WLH
3

<Physical properties of the compound expressed by formula [10]>

Softening point: 77°C
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condenser and a stirrer, 13.10 g (0.050 moles) of triphenylphosphine and
102.42 g (0.150 moles) of a phenol aralkyl resin expressed by the following
formula [10] were placed, and the resultant mixture was stirred under heating
at 100C in an oil bath to form a homogeneous solution. After a completely
homogeneous solution was obtained, the stirring was continued for 30
minutes. The obtained resinous substance was cooled and pulverized, and
106.3 g dhedegripaetetsator of Compoi?d Cl was obtained as a powder.
Compound,Cl was.analyzed in.acgordange,with  1H-NMR and was confirmed
to be an ifgldfﬁ%r? Blr%cé)ﬁcty O%tg%?eehylphogs%fﬁ%les%ith phenolic hydroxyl group
expressed by the following formula [11], which was the object compound.
The yield of Compound Cl was 92%. OH OH 6 1CH2 CH2 H [10] 3
<Physical properties of the compound expressed by formula [10]> Softening
point: 77C 40 Hydroxyl equivalent: 172 ICI melt viscosity at 150C: 3.6 poises
OH -~30 OH CH2 CH2 v CH2 CH2 UH 2 [11] Synthesis of Compound

Cc2
_ < I;_/H _
OH : ;3 0) OH
< N N
| T CHZ—Q CHz_K/_ CH{@‘ CHz—v H
L 1 2
--[11]

Synthesis of Compound C2

Into a separable flask (the capacity: 200 ml) equipped with a
condenser and a stirrer, 6.49 g (0.060 moles) of benzoquinone, 17.3 g
(0.066 moles) of triphenylphosphine and 40 ml of acetone were placed, and
the reaction was allowed to proceed at the room temperature under
stirring. The separated crystals were washed with acetone, separated by
filtration and dried, and 20.0 g of brown crystals were obtained.

The obtained substance was used as Compound C2. Compound C2
was analyzed in accordance with 1H-NMR, the mass spectroscopy and the
elemental analysis and was confirmed to be a compound expressed by the

following formula [12]. The yield of Compound C2 was 84%.
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Into a separable flask (the capacity: 200 ml) equipped with a condenser and
a stirrer, 6.49 g (0.060 moles) of benzoquinone, 17.3 g (0.066 moles) of
triphenylphosphine and 40 ml of acetone were placed, and the reaction was
allowed to proceed at the room temperature under stirring. The separated
crystals were washed with acetone, separated by filtration and dried, and
20.0 g of brown crystals were obtained. The obtained substance was used as
Compaound C2. cf pound C2 was analyzed in accordance with 1H-NMR,
the m tfos and the elemental analysis and was confirmed to be
acom res by the following formula [12]!2the yield of Compound
C2 was 84%: 41 O ~~R\/ [12] 3 OH Synthesis of Compound C3 Into a
separable flask (the capacity: 200 ml) equipped with a condenser and a
stirrer, 10.4 g (0.060 moles) of 2-bromophenol, 17.3 g (0.066 moles) of
triphenylphosphine, 0.65 g (5 mmole) of nickel chloride and 40 ml of
etlyletieglyoblGuerpquiaddd and the reaction was allowed to proceed by

heating at 160C under stirring. After the reaction solutio Was,coo(%:\a/d,AO ml
of pure \Eﬁf& S B A dtEPWIER AR sePAriidy powRRF AL th 2

washadnith teluenestsararaied by fismsoman) dsed mothaprbiieIpPawdes

was obtained. The obtained powder was dissolved into 100 ml of methanol.

Td0tABGevalemtaototidrenatoimafibe mb it fagueole sbluwickebicbbelisa

and 40 ml of ethylene glycol were placed, and the reaction was allowed to

proceed by heating at 160°C under stirring. After the reaction solution
was cooled, 40 ml of pure water was slowly added dropwise. The
separated powder was washed with toluene, separated by filtration and
dried, and a white powder was obtained.

The obtained powder was dissolved into 100 ml of methanol. To
the resultant solution, 60 ml of a 1 mole/liter aqueous solution of sodium
hydroxide and 500 ml of pure water were successively added. The
obtained crystals were separated by filtration and washed, and 12.7 g of
light yellow crystals were obtained.

The obtained substance was used as Compound C3. Compound C3
was analyzed in accordance with TH-NMR, the mass spectroscopy and the
elemental analysis and was confirmed to be a compound expressed by the

following formula [13]. The yield of Compound C3 was 83%.
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hydroxide and 500 ml of pure water were successively added. The obtained
crystals were separated by filtration and washed, and 12.7 g of light yellow
crystals were obtained. The obtained substance was used as Compound C3.
Compound C3 was analyzed in accordance with 1H-NMR, the mass
spectroscopy and the elemental analysis and was confirmed to be a
compound expressed by the following formula [13]. The yield of Compound
C3 was 83%. 42 - [13] (03+ Synthesis of Compound C4 Into a beaker (the

capac}g@ggnl)@gped with a stirrer, 25.2 §1f0.060 moles) of

tetrap ph bromide, 27.4 g (0.120 moles) of bisphenol A and

200 ml'of metrgnol were placed. After the solid substances were completely
dissolved under stirring, 60 ml of a 1 mole/liter aqueous solution of sodium

hygg;%'}ge%igqg @gglgy&{doégp water were successively added. The

separated powder was washed with pure water, separated by filtration and
dried, anbhétovahiteapew(ibreveapactsaingOTing ahpaippelswidtanstwears G52l

as Compound C4. Compound C4 was analyzed in accordance with
R Rl S BERR D A Bl € e ol
copfiinmeshiafe & RRESROONMMINQIRGUIRL EATAPOURE @WPreaged: bihtheolid

following formula [14], which was the object compound. The yield of
Cotipdandec4weas g3yspletely dissolved under stirring, 60 ml of a 1

mole/liter aqueous solution of sodium hydroxide and 600 ml of pure water
were successively added. The separated powder was washed with pure
water, separated by filtration and dried, and a white powder was
obtained.

The obtained substance was used as Compound C4. Compound C4
was analyzed in accordance with TH-NMR, the mass spectroscopy and the
elemental analysis and was confirmed to be a phosphonium molecular
compound expressed by the following formula [14], which was the object

compound. The yield of Compound C4 was 83%.

<@>;P+ _O\©><©/OH HO\©><©/OH

Synthesis of Compound C5

Into a separable flask (the capacity: 200 ml) equipped with a

condenser and a stirrer, 10.4 g (0.060 moles) of 3-bromophenol, 17.3 g
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(c*+ OOHHO ~1~OH 4[14] Synthesis of Compound C5 Into a separable
flask (the capacity: 200 ml) equipped with a condenser and a stirrer, 10.4 g
(0.060 moles) of 3-bromophenol, 17.3 g 43 (0.066 moles) of
triphenylphosphine, 0.65 g (5 mmole) of nickel chloride and 40 ml of
ethylene glycol were placed, and the reaction was allowed to proceed by
heating at 160C under stirring. After the reaction solution was cooled, 40 ml

of BREvaelen)ef Srimheardybivise.6Phe (eparaled efysglislvedleride
wash ith tolugne, separated by filtration and , dried, and
e B R e s e 0
sepasahlé Baskedhiergapaciye @athay) eguinpgd Withea ttengensmass@ion
stirrer, 7.92 g (0.040 moles) of phenyltrimethoxysilane, 6.40 g (0.040 moles)
of 925 iRy troxyithghthafemaira SBRIEBNEASGURRY Hys6siad pRapared i e

adyanGe v Q%%BM@gv&rg%éﬁe%vﬁ'ﬁleéﬁ&’éé@,déHH&rQYQJSS?dﬁl’E%‘Bi&Q i f

methanol and 50 ml of methanol were placed, and "the resultant mixture was
stifieddto farmila hompbgenEsusysotutiphefip) e sptainedsol itiomidesolwtion
prepared in advance by dissolving 17.4 g (0.04 moles) of

trip EW?ihydroxyphenyl)phosphonium bromide obtained above into 25 ml

of methapgbwassipayraddess drapyisea gdisty Sils nipreRappeategithhe
crystals were obtained by filtration, washed with water and dried in vacuo,
arepRdesspofiigheretiarsn, Wiae er{@@dd weetes) of phenyltrimethoxysilane,

6.40 g (0.040 moles) of 2,3-dihydroxynaphthalene, a solution of sodium
hydroxide prepared in advance by dissolving 1.60 g (0.04 moles) of sodium
hydroxide into 10 ml of methanol and 50 ml of methanol were placed, and
the resultant mixture was stirred to form a homogeneous solution. To
the obtained solution, a solution prepared in advance by dissolving 17.4 g
(0.04 moles) of triphenyl(3-hydroxyphenyl)phosphonium bromide obtained
above into 25 ml of methanol was slowly added dropwise, and crystals
were separated. The crystals were obtained by filtration, washed with
water and dried in vacuo, and 20.3 g of light reddish white crystals were
obtained.

The obtained substance was used as Compound C5. Compound C5
was analyzed in accordance with 1H-NMR, the mass spectroscopy and the
elemental analysis and was confirmed to be a phosphonium silicate
expressed by the following formula [15], which was the object compound.

The yield of Compound C5 was 75%.
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obtained. The obtained substance was used as Compound C5. Compound
C5 was analyzed in accordance with 1H-NMR, the mass spectroscopy and
the elemental analysis and was confirmed to be a phosphonium silicate
expressed by the following formula [15], which was the object compound.
The yield of Compound C5 was 75%. 44 OH \/ Si [15] 30//2 Synthesis of
Compound C6 Into a separable flask (the capacity: 200 ml) equipped with a

condensenand a stirfef17.92 g (0.040 enyltrimethoxysilane,

4.4 of categli i hydroxide[fgfpared in
advan ISS g 1.60 g\(0:04 moleg sodiugt hydroxide into 10 ml of
methanol 50 ml of methanol were placed, and thegzesultant mixture was

stirred to form a homogeneous solution. To the obtained solution, a solution
prepared in advance by dissolving 16.8 g (0.040 moles) of
te%ag%gg{lé)rgf)éghoniumd%gmide into 25 ml of methanol was slowly added

dropwise, AN cry%]l%?él Were separated. The crystals were obtained by

filtration,Iwashedwvythravdéerlast deied thpacit9, avd 28 Gehnbie Grtstals
were obtained. The obtained substance was used as Compound C6.

CORIRETCE asSErERzddh 8CAoPdaneelsithof it meckhosysilane,
SPeqiioseamLanddnRe) slemenialanalyis ARt vas£anfitgadaRe @epared

phosphonium silicate
in advance by dissolving 1.60 g (0.04 moles) of sodium hydroxide into 10

ml of methanol and 50 ml of methanol were placed, and the resultant
mixture was stirred to form a homogeneous solution. To the obtained
solution, a solution prepared in advance by dissolving 16.8 g (0.040 moles)
of tetraphenylphosphonium bromide into 25 ml of methanol was slowly
added dropwise, and crystals were separated. The crystals were obtained
by filtration, washed with water and dried in vacuo, and 20.4 g of white
crystals were obtained.

The obtained substance was used as Compound C6. Compound C6
was analyzed in accordance with TH-NMR, the mass spectroscopy and the
elemental analysis and was confirmed to be a phosphonium silicate
expressed by the following formula [16], which was the object compound.

The yield of Compound C6 was 92%.

O sl

2

[Preparation of epoxy resin compositions (molding materials)]
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expressed by the following formula [16], which was the object compound.
The yield of Compound C6 was 92%. P _Si O [16] 4 0 p [Preparation of
epoxy resin compositions (molding materials)] 45 Epoxy resin compositions
(molding materials) containing Compounds CI to C6 obtained above were
prepared as described in the following. Examples 1 to 12 and Comparative
Example 1 An epoxy resin of the biphenyl type expressed by the following
formula [EPprmantfeicture@ Dy JAPaN EPoXHRESINateridlt.; thentaigeng

name; YX-400 . the.epaoxy equivalent: 190; the meltin int;.10 C{ll,
o e e PR el PR o B
byfdlidvad KAGAKU Co., Ltd.; the trade name: XLC-LL; the hydroxyl

equivalent: 165; the softening point: 79C; n=5 in formula [18]], Compound CI

as the curing accelerator, fused spherical silica (the average particle

_di%ysmﬁiéélgmhésam@a%ga%@li%ﬁmgﬁ%ng retarders of the present

invention shown in Table 1 were used. CH3 CH3 CH CH- CH2 0 0- CHz CH

CHz [17AD «©biy GldS10ef Ohle OGHeny][1i8jpe expressed by the following
formula [17] [manufactured by JAPAN EPOXY RESIN Co., Ltd.; the trade
name: YX-4000HK: the epoxy equivalent: 190; the melting point: 105°C], a
phenol aralkyl resin expressed by the following formula [18]
[manufactured by MITSUI KAGAKU Co., Ltd.; the trade name: XLC-LL;
the hydroxyl equivalent: 165; the softening point: 79°C; n=5 in formula
[18]], Compound C1 as the curing accelerator, fused spherical silica (the

average particle diameter: 15 um) as the inorganic filler and curing

retarders of the present invention shown in Table 1 were used.

CH3 CH3
CHy—CH—CH; O @ @ O—CH,—CH—CH, [17]
No” N
/
CH; CH;

0)

(DS

The epoxy resin of the biphenyl type in an amount of 52 parts by

weight, 48 parts by weight of the phenol aralkyl resin, 8.8 parts by weight
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n The epoxy resin of the biphenyl type in an amount of 52 parts by weight,
48 parts by weight of the phenol aralkyl resin, 8.8 parts by weight 46 of
Compound ClI, 730 parts by weight of the fused spherical silica and a
component for retarding curing in amounts shown in Table 1 were mixed at
the room temperature and then at 95C for 8 minutes using heated rolls.
Mixtures obtained in the manner described above were cooled and

puldrizagonnd &goxiBresit tohipusitisofmbliivg e atehiersyalericalstathed.

47 Table 1 - 1.Example.1 2345 6 7 Comparative Exa Epoxy resin
T e s R G A R e,
4022 40e2r4012 teniijrgancelaigdotHeh8:3 85°8.803. 3 &18:18:88. 8isGenipeneat
for retarding curing trimethoxyphenylsilane 0.8 0.8 0.8 0.8 0.8
trififetProxYHEkyrSTapid o aed. 80 (319 SRa8sRY sIiiIRA itk ymeeoled and

(SHRRFEARLAPT o) i IS QXS 3N OTRBAE IR FR IR AINGEVIAY  were

obtained.

47



2,3-dihydroxynaphthalene 0.6 1.2 3.6 1.2 pyrogallol 0.9 1.3 catechol 0.8
Inorganic filler fused spherical silica 730 730 730 730 730 730 730
Evaluation of properties spiral flow (cm) 83 98 134 96 92 90 108 gel time (s)
40 47 59 45 43 42 52 torque in curing (N-m) 7.18 7.02 6.89 7.04 7.08 7.15
6.92 90 second torque saturation 89 87 84 87 89 89 81 (%) residual flow
(%), in atmo- 78 81 87 sO 79 78 83raphere, 30C, 1 week flow after moisture
absorption s0 91 108 87 84 69 72 (cm), 40C, 60% RH, 48 hours 48 Table 1 -
2 Exan éJ[l)le 89101112 Comparqtlve E§<ampl 1 Epoxy re§|n YX:4000HK
52 52 52 52 52 52 Phenol resin XLC-LL 40.2 40.2 40.2 40.2 40.2 40.2
cUfinyHatEdrstBrEl 8.8 8.8 8.8 8.8 8.8 8.8 Component for retarding curing
tnmethvxyphenyisrtanﬂrrnethwyhexyisﬁane—

Epoxy resin YX-4000HK
Phenol resin XLC-LL 40.2 40.2 40.2 40.2 40.2 40.2 40.2
Curing accelerator C1 8.8 8.8 8.8 8.8 8.8 8.8 8.8

Component for retarding curing
trimethoxyphenylsilane 0.8 0.8 0.8 0.8 0.8
trimethoxyhexylsilane 0.8 0.8

(3-glycidoxypropyDtri-
methoxysilane

(3-mercaptopropyDtri-
methoxysilane

Component for retarding curing
2,3-dihydroxynaphthalene 0.6 1.2 3.6 1.2
pyrogallol 0.9 1.3
catechol 0.8

Inorganic filler

fused spherical silica 730 730 730 730 730 730 730

Evaluation of properties

spiral flow (cm) 83 98 134 96 92 90 108

gel time (s) 40 47 59 45 43 42 52

torque in curing (N'm) 718 17.02 6.89 704 708 715 6.92

90 second torque saturation 89 87 84 87 89 89 81
(%)

residual flow (%), in atmo- 78 81 87 80 79 78 83

sphere, 30°C, 1 week

flow after moisture absorption 80 91 108 87 84 69 72
(cm), 40°C, 60% RH, 48 hours
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(3-glycidoxypropyl)tri- 0.9 0.9 0.9 methoxysilane (3-mercaptopropyl)tri- 0.7
0.7 methoxysilane Component for retarding curing
2,3-dihydroxynaphthalene 1.2 3.6 pyrogallol 0.9 0.9 catechol 1.6 Inorganic
filler fused spherical silica 730 730 730 730 730 730 Evaluation of properties
spiral flow (cm) 97 128 94 91 114 78 gel time (s) 45 56 43 43 54 34 torque
in curing (N-m) 7.10 6.91 7.09 7.12r&8% 721 90 second torque saturation 88
85&MLQ@ESMML@MM
30C.1) eek flow after moisture absorptign 66 88 64 6p 7253 (c % 40C,
60% Rﬁ 48 hours 49 Examples 13 to 24 and Comparative Example 2 Epoxy
regﬁi@ﬁmﬁﬁsﬁi‘é‘ﬁ@ {molding materials) were obtained in accordance with the
samvpmwdumqﬂhmmndm@wﬁmﬂwftrﬁamﬁ@mmmtwe
ExapnpledireXgepbtiat 1 part by weight &f Compound2 52 52

Phenol resin XLC-LL 40.2 40.2 40.2 40.2 40.2 40.2
Curing accelerator C1 8.8 8.8 8.8 8.8 8.8 8.8

Component for retarding curing
trimethoxyphenylsilane
trimethoxyhexylsilane

(3-glycidoxypropyl)tri- 0.9 0.9 0.9
methoxysilane

(3-mercaptopropyltri- 0.7 0.7
methoxysilane

Component for retarding curing
2,3-dihydroxynaphthalene 1.2 3.6
pyrogallol 0.9 0.9
catechol 1.6
Inorganic filler

fused spherical silica 730 730 730 730 730 730

Evaluation of properties

spiral flow (cm) 97 128 94 91 114 78

gel time (s) 45 56 43 43 54 34

torque in curing (N-m) 710 691 7.09 7.12 689 7.21

90 second torque saturation 88 85 88 88 82 90
(%)

residual flow (%), in atmosphere, 80 85 85 79 84 72
30°C, 1 week

flow after moisture absorption 66 88 64 65 72 53

(cm), 40°C, 60% RH, 48 hours
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C2 as the curing accelerator and components for retarding curing shown in
Table 2 in amounts also shown in Table 2 were used. 50 Table 2 - 1 Example
13141516 17 18 19 Comparative Example Epoxy resin YX-4000HK 52 52
52 52 52 52 52 Phenol resin XLC-LL 48 48 48 48 48 48 48 Curing
accelerator C21.01.01.01.01.0 1.0 1.0 Component for retarding curing
trimethoxyphenylsilane 0.8 0.8 0.8 0.8 0.8 trimethoxyhexylsilane 0.8 0.8

(3gtparadsy propy Bttiane theryeikaievq imeneap ®propyl)tri- methoxysilane

Component for retarding curin 2 3-dih tha ne 0.61. 612
yrogalloﬁl% §y1.§eségtec(§%?%sbgl?norgar§€ Iﬁ% %s e‘r’fgg sjé% 756 730
73 d3A Aok wW30h7 8 ﬁ\tﬁwl’iﬁﬁtﬁb&lﬁ]ﬂf@B@ﬁlﬁﬁépﬁﬂﬂﬂ@w({@m)ﬂ&QrﬂQ@éA‘to
103 99 97 116 gel time (s) 38 44 56 42 40 40 49
2 and Comparative Example 1 except that 1 part by weight of Compound
C2 as the curing accelerator and components for retarding curing shown

in Table 2 in amounts also shown in Table 2 were used.
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torque in curing (N-m) 6.09 5.96 5.85 5.98 6.01 6.07 5.87 90 second torque
saturation 87 85 82 85 87 87 79 (%) residual flow (%), in atmo- 88 91 98 90
89 88 93 sphere, 30C, 1 week flow after moisture absorption 81 95 119 94
89 65 79 (cm), 40C, 60% RH, 48 hours 51 Table 2 - 2 Example 20 21 22 23
24 Comparative Example 2 Epoxy resin YX-4000HK 52 52 52 52 52 52
Phenol resin XLC-LL 48 48 48 48 481482 Curing accelerator C21.01.0 1.0
1.0.1.01.0_Component for retarding curing trimethoxyphenylsilane
trl@ethquhexylsnane (3- eg(:ldo prop¥ tr|- 0.90.90.9 m%hoxy%]ane 19

(3- mercaptopropyl)trl 0.7 0.7 me oxyS| ane Component for retarding curing
2, S GRYaroR/idHtalene 1.2 3.6 pyrogallol 0.9 0.9 catechol 1.6

Epoxy resin YX-4000HK 52 52 52 52 52 52 52
Phenol resin XLC-LL 48 48 48 48 48 48 48
Curing accelerator C2 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Component for retarding curing
trimethoxyphenylsilane 0.8 0.8 0.8 0.8 0.8
trimethoxyhexylsilane 0.8 0.8

(3-glycidoxypropyDtri-
methoxysilane

(3-mercaptopropyDtri-
methoxysilane

Component for retarding curing
2,3-dihydroxynaphthalene 0.6 1.2 3.6 1.2
pyrogallol 0.9 1.3
catechol 0.8

Inorganic filler

fused spherical silica 730 730 730 730 730 730 730

Evaluation of properties

spiral flow (cm) 89 106 144 103 99 97 116

gel time (s) 38 44 56 42 40 40 49

torque in curing (N'm) 6.09 596 585 598 601 6.07 5.87

90 second torque saturation 87 85 82 85 87 87 79
(%)

residual flow (%), in atmo- 88 91 98 90 89 88 93

sphere, 30°C, 1 week

flow after moisture absorption 81 95 119 94 89 65 79
(cm), 40°C, 60% RH, 48 hours
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Inorganic filler fused spherical silica 730 730 730 730 730 730 Evaluation of
properties spiral flow (cm) 104 138 101 98 123 84 gel time (s) 42 53 40 40
51 32 torque in curing (N-m) 6.03 5.87 6.02 6.04 5.85 6.12 90 second
torque saturation 86 83 86 86 sO 88 (%) residual flow (%), in atmosphere, 90
96 96 89 95 81 30C,1 week flow after moisture absorption 72 82 72 66 78 62
(cm), 40C, 60% RH, 48 hours 52 Examples 25 to 36 and Comparative
Example 3 An epoxy resin of the biphenyl aralkyl type expressed by the
folko\évrinr%)geformula [19] [manufactured byzlbllPPQJ\l KAYAKUCoO., Lé? the
trade name: NC3000P; the softening point: 58C; the epoxy equivalent: 273,
N=2BRA SN TPY]), a phenol resin of the biphenyl aralkyl type expressed
by the foftowing formula {20} fmanufactured by MEIWAKASEL Co:, ttd:; the
trade-yame: MEBBTBB1SS; the softeningepoint265C;sthe hyzlroxydzquivalent:
204 Amt-iindornyla [20]], Compound &3 as the cufing aggelerafgr, fused
SPBGTEL@L (%ielig% tgh&average particle dialrraeter;l 3.5 gring as tpg inogg)anic 1fiHer
and curing retarders of the present invention shown in Table 3 were used.
CH,cCCHccc

Component for retarding curing

trimethoxyphenylsilane
trimethoxyhexylsilane

(3-glycidoxypropyl)tri- 0.9 0.9 0.9
methoxysilane

(3-mercaptopropyltri- 0.7 0.7
methoxysilane

Component for retarding curing
2,3-dihydroxynaphthalene 1.2 3.6
pyrogallol 0.9 0.9
catechol 1.6
Inorganic filler

fused spherical silica 730 730 730 730 730 730

Evaluation of properties

spiral flow (cm) 104 138 101 98 123 84

gel time (s) 42 53 40 40 51 32

torque in curing (N-m) 6.03 5.87 6.02 6.04 585 6.12

90 second torque saturation 86 83 86 86 80 88
(%)

residual flow (%), in atmosphere, 90 96 96 89 95 81
30°C, 1 week

flow after moisture absorption 72 82 72 66 78 62

(cm), 40°C, 60% RH, 48 hours
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OCHOOCHOOHI[19] n HOCH-Q-9- CHH [20] n 53 The epoxy resin
of the biphenyl type in an amount of 57 parts by weight, 43 parts by weight of
the phenol aralkyl resin, 1 parts by weight of Compound C3, 650 parts by
weight of the fused spherical silica and a component for retarding curing in
an amount shown in Table 3 were mixed at the room temperature and then
at 105C for 8 minutes using heated rolls. Mixtures obtained in the manner
deBEAbadesbdy towbranddetapanet pigerizadleand epoxy resin compositions

(molding materials) .were obtained. 54 Table 3,7 1.Example 25 26 27,28 29
3031 Cobparae bl e G b IR S iR d Lt i
P Heneowiesi fovirtda/ B3 A3 A A3 Ad &8 8NP RIINNG ACoderator, C:3dl; @He 0
1.01.01.01.0 1.0 Component for retarding curing trimethoxyphenylsilane

0.878% 02808 08 WRREM bRy TkinEREREP0!80.85 (S ghcidayrsstR ent

273; n=2.3 in formula [19]], a phenol resin of the biphenyl aralkyl type
expressed by the following formula [20] [manufactured by MEIWA KASEI
Co., Ltd.; the trade name: MEH-7851SS; the softening point: 65°C; the
hydroxyl equivalent: 204; n=1.6 in formula [20]], Compound C3 as the
curing accelerator, fused spherical silica (the average particle diameter:

15 pum) as the inorganic filler and curing retarders of the present

invention shown in Table 3 were used.

H
CH CH H [20]
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methoxysilane (3-mercaptopropyl)tri- methoxysilane Component for
retarding curing 2,3-dihydroxynaphthalene 0.6 1.2 3.6 1.2 pyrogallol 0.9 1.3
catechol 0.8 Inorganic filler fused spherical silica 620 620 620 620 620 620
620 Evaluation of properties spiral flow (cm) 87 103 141 101 97 95 114 gel
time (s) 33 39 49 37 35 35 43 torque in curing (N-m) 6.97 6.82 6.69 6.83
6.87 6.94 6.72 90 second torque saturation 91 89 86 89 91 91 83 (%)
residual fibw engxwaﬁhbo’énhg@ipi@egxlgtzzm oy asphe@ugo, a7vesaksfibyy

ﬁgﬁ:s%ésgge %%’ptlonﬁiﬁ] 8%311 % g ! (l)irnparétl eéo%r‘xﬁf 1§‘}185 of
E pooiy pesindNC3 3 @60 patié i W@S?o%%éé&l@ﬁﬂ&lb@@ﬂhé@ 4343
430§ri§§nent for retarding curing in an amount shown in Table 3 were
mixed at the room temperature and then at 105°C for 8 minutes using
heated rolls. Mixtures obtained in the manner described above were

cooled and pulverized, and epoxy resin compositions (molding materials)

were obtained.
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Curing accelerator C31.01.01.0 1.0 1.0 1.0 Component for retarding curing
trimethoxyphenylsilane trimethoxyhexylsilane (3-glycidoxypropyl)tri- 0.9 0.9
0.9 methoxysilane (3-mercaptopropyl)tri- 0.7 0.7 methoxysilane Component
for retarding curing 2,3-dihydroxynaphthalene 1.2 3.6 pyrogallol 0.9 0.9
catechol 1.6 Inorganic filler fused spherical silica 620 620 620 620 620 620
Evaluation of properties spiral flow (cm) 102 135 99 96 120 82 gel time (s)
374835 35 44 28 torque in curing (N-m) 6.89 6.71 6.88 6.91 6.69 7.00 90
second torque saturation 90 87 90 90 84 92 (%) residual flow (%), in
atfrosphere, 93 99 99 92 98 84 30C,1 Week fldw aftéh moidlure a9sorptibn
71084phtabibe A&dplécm), 40C, 60% RH, 48 hours 56

Epoxy resin NC-3000 57 57 57 57 57 57 57
Phenol resin MEH-7851 43 43 43 43 43 43 43
Curing accelerator C3 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Component for retarding curing
trimethoxyphenylsilane 0.8 0.8 0.8 0.8 0.8
trimethoxyhexylsilane 0.8 0.8

(3-glycidoxypropyDtri-
methoxysilane

(3-mercaptopropyDtri-
methoxysilane

Component for retarding curing
2,3-dihydroxynaphthalene 0.6 1.2 3.6 1.2
pyrogallol 0.9 1.3
catechol 0.8

Inorganic filler

fused spherical silica 620 620 620 620 620 620 620

Evaluation of properties

spiral flow (cm) 87 103 141 101 97 95 114

gel time (s) 33 39 49 37 35 35 43

torque in curing (N-m) 697 6.82 669 6.83 687 694 6.72

90 second torque saturation 91 89 86 89 91 91 83
(%)

residual flow (%), in atmo- 91 95 100 93 92 91 97

sphere, 30°C, 1 week

flow after moisture absorption 78 89 110 91 86 64 73
(cm), 40°C, 60% RH, 48 hours
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Examples 37 to 48 and Comparative Example 4 Epoxy resin compositions
(molding materials) were obtained in accordance with the same procedures
as those conducted in Examples 25 to 36 and Comparative Example 3
except that 1 part by weight of Compound C4 as the curing accelerator and
components for retarding curing shown in Table 4 in amounts also shown in
Table 4 were used. 57 Table 4 - 1 Exassple 37 38 39 40 41 42 43
Camparative Example Epoxy resin NC-3000 57 57 57 57 57 57 57 Phenaol
reim Mll—'_H -7851 43 43 43 43 43 43 43 &urlngsgccelgiator %4 1.0 & 01.01.0
1.0 1070 Component for retarding curing trlmethoxyphenylsnane 0.80.8
0.80°8%°8  trithdthlixyhexylsilane 0.8 0.8 (3-glycidoxypropyl)tri
methoxysitane (3-mercaptopropy!)tri- methoxysitane Component for —
retareingaumg2B-dihydroxynaphthaleive 0.651.2 3.871.2 pyrogaitol 0.871.3

catechal 0.8 Nngrgasic filler 43 43 43 43 43 43

Curing accelerator C3 1.0 1.0 1.0 1.0 1.0 1.0

Component for retarding curing
trimethoxyphenylsilane
trimethoxyhexylsilane

(3-glycidoxypropyl)tri- 0.9 0.9 0.9
methoxysilane

(3-mercaptopropyltri- 0.7 0.7
methoxysilane

Component for retarding curing
2,3-dihydroxynaphthalene 1.2 3.6
pyrogallol 0.9 0.9
catechol 1.6
Inorganic filler

fused spherical silica 620 620 620 620 620 620

Evaluation of properties

spiral flow (cm) 102 135 99 96 120 82

gel time (s) 37 46 35 35 44 28

torque in curing (N-m) 6.89 6.71 6.88 6.91 6.69 17.00

90 second torque saturation 90 87 90 90 84 92
(%)

residual flow (%), in atmosphere, 93 99 99 92 98 84
30°C, 1 week

flow after moisture absorption 71 84 71 65 76 57

(cm), 40°C, 60% RH, 48 hours
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fused spherical silica 620 620 620 620 620 620 620 Evaluation of properties
spiral flow (cm) 84 99 136 97 93 91 109 gel time (s) 28 33 42 32 30 30 37
torque in curing (N-m) 8.08 7.90 7.75 7.92 7.96 8.04 7.78 90 second torque
saturation 91 89 86 89 91 91 83 (%) residual flow (%), in atmo- sO 83 89 82
81 s0 85 sphere, 30C, 1 week flow after moisture absorption 75 89 107 87
84 63 71 (cm), 40C, 60% RH, 48 hours 58 Table 4 - 2 Example 44 45 46 47
48EcanipesativtoERamngl & amppsnd) ye i aaRobo 57 57 57 57 57 57

Phenol rgeip MEHLTB51 43.43,43.43 43,43, Cying.acsalelalor 64004040
1.01.01. é%mponent forre aréllng curing frimet oxyp enyfsnane
tricnedioaylrexyishatie: (319l pictaxyprepyidrthdL Qdh R taetroKysilapks 25

(3-mercaptopropyhtri- 0.7 0.7 methoxysilane )
to 36 and Comparative Example 3 except that 1 part by weight of

Compound C4 as the curing accelerator and components for retarding

curing shown in Table 4 in amounts also shown in Table 4 were used.
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Component for retarding curing 2,3-dihydroxynaphthalene 1.2 3.6 pyrogallol
0.9 0.9 catechol 1.6 Inorganic filler fused spherical silica 620 620 620 620
620 620 Evaluation of properties spiral flow (cm) 98 130 95 92 115 79 gel
time (s) 32 40 30 30 38 24 torque in curing (N-m) 7.99 7.77 7.98 8.01 7.75
8.11 90 second torque saturation 90 87 90 90 84 92 (%) residual flow (%),
in atmosphere, 82 87 87 81 86 74 1306 A-week flow after moisture absorption
7082 7067 71 60 (cm), 40C, 60% RH, 48 hours 59 Examples 49 to 56 and
C(Eyé)n%ﬁtive Example 5 Epoxy r%gin coggpos(ijtﬁjgns (rlboldinglmateﬁals) were
obtained in accordance with the same procedures as those conducted in
EXAApIEy A8 %nd Comparative Example 4 except that 3 parts by
weight of Compound C5 or C6, 2 parts by weight of tetraphenyiphiosptionium
tetraphenyibs@sems the conventimal latent caring accelerator arid a 57
copppainent fafketagding curing shgwn insrablgH in amounts alsoghown gin

Taé)d% r?g were rlé%ercbgs a salt of th(,i &uringoaccell%ratoEgnd tli\% corq!%oneqt_o

Component for retarding curing
trimethoxyphenylsilane 0.8 0.8 0.8 0.8 0.8
trimethoxyhexylsilane 0.8 0.8

(3-glycidoxypropyDtri-
methoxysilane

(3-mercaptopropyDtri-
methoxysilane

Component for retarding curing
2,3-dihydroxynaphthalene 0.6 1.2 3.6 1.2
pyrogallol 0.9 1.3
catechol 0.8

Inorganic filler

fused spherical silica 620 620 620 620 620 620 620

Evaluation of properties

spiral flow (cm) 84 99 136 97 93 91 109

gel time (s) 28 33 42 32 30 30 37

torque in curing (N'm) 808 790 7.75 792 796 804 7.78

90 second torque saturation 91 89 86 89 91 91 83
(%)

residual flow (%), in atmo- 80 83 89 82 81 80 85

sphere, 30°C, 1 week

flow after moisture absorption 75 89 107 87 84 63 71
(cm), 40°C, 60% RH, 48 hours
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for retarding curing in place of the curing accelerator and the component for
retarding curing which were used separately. 60 Table 5 Example 49 50 51
52 53 54 55 56 Comparative Example 5 Epoxy resin NC-3000 57 57 57 57
57 57 57 57 57 Phenol resin MEH-7851 43 43 43 43 43 43 43 43 43 Curing
accelerator C5 3.0 3.0 3.0 3.0 C6 3.0 3.0 3.0 3.0 Conventional accelerator
tetraphenylphospho- 3.0 nium tetraphenaykborate Component for retarding
curing 2,3-dihydroxynaph- 0.6 0.6 1.2 thalene pyrogallol091.809
In%%anllc filler fused spherical silica 620 620 620 62Q 620 §20 620,620 620
Evaluation of ropertles spiral flow (cm) 101 112 111 146 98 107 134 105
14 TNE 35 B%0 49 63 42 48 58 45 64 torque in curing (N-m) 6.22

6.186.21 592728 7197107244

Epoxy resin NC-3000 57 57 57 57 57 57
Phenol resin MEH-7851 43 43 43 43 43 43
Curing accelerator C4 1.0 1.0 1.0 1.0 1.0 1.0

Component for retarding curing
trimethoxyphenylsilane
trimethoxyhexylsilane

(3-glycidoxypropyl)tri- 0.9 0.9 0.9
methoxysilane

(3-mercaptopropyltri- 0.7 0.7
methoxysilane

Component for retarding curing
2,3-dihydroxynaphthalene 1.2 3.6
pyrogallol 0.9 0.9
catechol 1.6
Inorganic filler

fused spherical silica 620 620 620 620 620 620

Evaluation of properties

spiral flow (cm) 98 130 95 92 115 79

gel time (s) 32 40 30 30 38 24

torque in curing (N-m) 799 7.77 798 801 7.75 8.1

90 second torque saturation 90 87 90 90 84 92
(%)

residual flow (%), in atmosphere, 82 87 87 81 86 74
30°C, 1 week

flow after moisture absorption 70 82 70 67 71 60

(cm), 40°C, 60% RH, 48 hours
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90 second torque 88 86 87 74 87 86 80 87 55 saturation, (%) residual flow
(%), 84 87 86 91 82 85 90 84 89 in atmosphere, 30C,1 week flow after
moisture 81 94 102 122 68 87 90 86 64 absorption, (cm), 40C, 60% RH, 48
hours 61 [Evaluation of physical properties] The properties of the epoxy resin
compositions (molding materials) obtained in Examples and Comparative
Examples were evaluated in accordance with the methods shown in (1) to

(4Erethelfsl 60 tegp  BrS fiarperatising xioripressure transfer molding
machinean_epoxy.resin _compaositio olding materi %Wasi jected,into
mold o S R A e BRI BSSELTN
congtitiath ot @ withldliernspeiatre: od lrds G sat hoe s stiedoi taje ¢ HobxahpdeM Ba
and a curing time of 2 minutes, and the length of flow was measured. The

spifaltfoid S aramteEy snbiifPifie fidRP B rehBRr theais ghe of
be@&ﬁ%‘tﬁlﬂﬂ'd@% (%) yaue Ph?téf ing apd ﬂts%‘foﬂéjcfgf)%léﬁﬁg%é‘ﬂﬂ&nﬂﬁﬁﬁ‘g
CURASTOMETER (manufactured by ORIENTEC Co., Ltd.; JSR
CuURADhOMBDERE \aP Shypeintrea tongaie laftent4d 51sesgndscaket IGE avab a
measured. . . . .
component for retarding curing shown in Table 5 in amounts also shown
in Table 5 were used as a salt of the curing accelerator and the component
for retarding curing in place of the curing accelerator and the component

for retarding curing which were used separately.
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The greater the value of the torque in curing, the better the curing property.
Using afore-said CURASTOMETER, torque in curing was measured at 90
second and 300 second after the initiation of heating, respectively, and 90
second torque saturation was calculated according to the following equation:
90 second torgque saturation = (torque in curing after 90 second)/ (torque in
curing after 300 second) 90 secondntengue saturation is a parameter of
curing property and the greater the value of 90 second torque saturation, the
beé’g(%qntgg c_uring 62 proper'ty49(3) 5esiq§lfal flgé/v ngg sp'ggl fl%\g/ was,
measured in accordance with the same procedures as those described

ab AP dREFaIf epoxy resin composition (a molding material) was

of : ’ )
pergentagem (¥6) oased on thesvalueobtamed simmediately after beiig 57

preparadias@piaigd. The gieates theyyalug:of the resjdual flow, the bgjter

th% storage property. The spiral flow was measured in accordance with the
urin celerator . . .
same EroceJures as those described above in (1) after an epoxy resin
compBsition (a molding matetial) was tré3ted*fdr moisture absorption in a
vesséet kept at a constant temperature of 40C and atcorstantdfumiglity of

6086kt farA&haurserand the flow after moisture absorption (cm) was
tetraphenylphospho- 3.0

nium tetraphenyl-
borate

Component for retarding curing

2,3-dihydroxynaph- 0.6 06 1.2
thalene

pyrogallol 09 18 0.9
Inorganic filler

fused spherical silica 620 620 620 620 620 620 620 620 620

Evaluation of properties

spiral flow (cm) 101 112 111 146 98 107 134 105 142
gel time (s) 46 50 49 63 42 48 58 45 64
torque in curing (N'm) 6.22 6.18 6.21 592 728 7.19 7.10 7.22 4.14
90 second torque 88 86 87 74 87 86 80 87 55
saturation, (%)
residual flow (%), 84 87 8 91 8 8 90 84 89
in atmosphere,
30°C, 1 week
flow after moisture 81 94 102 122 68 87 90 86 64

absorption, (cm), 40°C,
60% RH, 48 hours
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obtained. Similarly, the greater the above value of the flow, the better the
storage property under a humid condition. (4) Gel time An obtained epoxy
resin composition (a molding material) was melted on a heated plate at
180C. The melted composition was mixed by a spatula, and the time before
the melted composition lost fluidity (the gel time; the unit: second) was
measured. As shown in Tables 1 to 4, the epoxy resin compositions (the
molenalatiearidishopieahetopeEseshples (the epoxy resin compositions (the

molding materials) of the sent invention showeﬁ improved. fluidity an
Corage B S TR RISl I B
cosbpaiiiedn it iaeselef thedeSisncpmpasiiopsathelésoldirg malernals) in
obtained in Comparative Examples in accorda%f}:e with the conventional

pracedlprisgd R ihtgrasihadrabe wpHe (Byalfldnrtgeheliawsimt of the

compporgitfefsetarding curing, the fluidity and the storage property were
successiully adjusted while the practically sufficient curing property was
maintain€sires shiown pnetaite 31 avisder theotdinigy meckieat@amanpdiie resin

component for retarding curing were added as the salt, the ellent curin
B AR A B Py G bR R T eR e B

COMRBARMS fRiwelarding clhing. WOt vesEXampIe R LWINEDA of a
conventional latent curing accelerator was used, problems arose in that the

cureddbéravicnaiis velryl Sl apdirrs torguefinwatingn of 6.8 MPa and a

curing time of 2 minutes, and the length of flow was measured.

The spiral flow is a parameter showing the fluidity. The greater
the value, the better the fluidity.

(2) Torque in curing and 90 second torque saturation

Using CURASTOMETER (manufactured by ORIENTEC Co., Ltd.;
JSR CURASTOMETER IV PS type), the torque after 45 seconds at 175°C
was measured.

The greater the value of the torque in curing, the better the curing
property.

Using afore-said CURASTOMETER, torque in curing was
measured at 90 second and 300 second after the initiation of heating,
respectively, and 90 second torque saturation was calculated according to
the following equation:

90 second torque saturation =
(torque in curing after 90 second)/ (torque in curing after 300 second)
90 second torque saturation is a parameter of curing property and

the greater the value of 90 second torque saturation, the better the curing
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was not sufficiently saturated although the fluidity and the storage property
were improved. The fluidity and the storage property could be adjusted while
the practically sufficient curing property was maintained by adding the
component for retarding curing further. Examples 57 to 60 and Comparative
Examples 6 and 7 [Preparation of materials for encapsulating
semiconductors] Epoxy resin compositions (molding materials) containing
Caovpsuid Cl obtained above were prepared as shown in the following. An
epaexy kesin.of biphenyl type [manufactured by JAPAN EPOXY RESIN
%@Lt%s?%deuﬁg & name: YX-4000HK] in an amount of 52 parts by weight,
48 parts Dyeveigirtbf floevphenol akalkyl-édsimXlaceddd afi@desiginghe same
manufactured by MITSUI KAGAKU Co., Ltd.], 8.8 parts by 64 weight of
CarfsSaHEeE! &fid thees <Hrsresrsili¥hadla compahisht R reberdingesin

CULRGD-ATAUAIF WD Hafahnif) Bie" SPEEMh Ahing RO ISRE EYAl G or

and then at 95C for 8 minutes using heated rolls. Mixtures "obtained in the
manner adscribk thabivuetwerbycpetedrdangdeplidrized, @anthepekyerebimined

compositions (mplding.materials) of Examples 57 to 60 and Comparative
EXaHipt a%%éwap %%éngﬂfﬁ?ﬁé‘ ?%Jg’i?@‘fhiéagbe e epoxy resin compositions

(moldingmateriaisdashthedrsinfornnalging: A prekaaes pELOP ple TRFRZe

(semiconductor devices) and 15 packages of 16 pin DIP (semiconductor
deriepsytwere prepared. The package of 100 pin TQFP was prepared by

transfer mplding, Updgr, the condition of &amgld tempsrature of 479G Wame
injection pressure

procedures as those described above in (1) after an epoxy resin
composition (a molding material) was treated for moisture absorption in a
vessel kept at a constant temperature of 40°C and a constant humidity of
60% RH for 48 hours, and the flow after moisture absorption (cm) was
obtained.

Similarly, the greater the above value of the flow, the better the
storage property under a humid condition.
(4) Gel time

An obtained epoxy resin composition (a molding material) was
melted on a heated plate at 180°C. The melted composition was mixed
by a spatula, and the time before the melted composition lost fluidity (the
gel time; the unit: second) was measured.

As shown in Tables 1 to 4, the epoxy resin compositions (the
molding materials) obtained in Examples (the epoxy resin compositions
(the molding materials) of the present invention) showed improved

fluidity and storage property without great adverse effects on the torque
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of 7.4 MPa and a cure time of 2 minutes, followed by post-curing at 175C for
8 hours. The package of 100 pin TQFP had a size of 14x14 mm and a
thickness of 1.4 mm. The size of the silicon chip (the semiconductor
element) was 8.0x8.0 mm, and the lead frame was made of the 42 alloy. The
package of 16 pin DIP was prepared by transfer molding under the condition
of a mold temperature of 175C, a injection pressure of 6.8 MPa and a cure
tinke SRZnEiH RSN RSIHWaMG{ B eridareTnc oD stdens. (the patkiage
of 8RN DIP had 8 sipe,of GBS A mm Anga, ickness of &2 Mgy
size of the Silicon ¢ ip dﬁe semiconductor e{][elR]ent)1 WAS 3.5%3.5 mm, an
thedeachiriame pas ssadeiakthe drallayce[Evatration«of properties of
semiconductor devices| The properties of the semiconductor devices

obtained T EXBIFBRS TB7 1180 Y EnBETRAVENEKAFHSIEY & FiRgréhe
evaliate! Ihacenidenss 05wl e mefbodsSuanmin (IR IBITE e
following. (5) Spiral flow Using a low pressure transfer molding machine, an
epwacresity cofifipositieni(em gptdig ty stesiabpwdgiimgdcted into a mold for

measuring the spiral floy i ac%ord ce wijth EMMI-1-66 under the co dit'ﬁ)n
ofa mo S[eﬁﬁi)égﬁtu]r% o\f 175C?a B?gggurélf’)f AR5 e E Mdva ﬁﬁg athe
cugnggimene! Rminkieaiendhenlength Offipwdavas measuredHbespiaint

flow is a parameter showing the fluidity. The greater the value, the better the
f|Lﬁ@p('}(1g property, fluidity and storage property could be exhibited without

using other components for retarding curing. In Comparative Example 5
in which a conventional latent curing accelerator was used, problems
arose in that the curing behavior was very slow and the torque in curing
was not sufficiently saturated although the fluidity and the storage
property were improved.

The fluidity and the storage property could be adjusted while the
practically sufficient curing property was maintained by adding the

component for retarding curing further.

Examples 57 to 60 and Comparative Examples 6 and 7
[Preparation of materials for encapsulating semiconductors]
Epoxy resin compositions (molding materials) containing
Compound C1 obtained above were prepared as shown in the following.
An epoxy resin of the biphenyl type [manufactured by JAPAN
EPOXY RESIN Co., Ltd.; the trade name: YX-4000HK] in an amount of 52
parts by weight, 48 parts by weight of the phenol aralkyl resin XLC-LL
[trade name, manufactured by MITSUI KAGAKU Co., Ltd.], 8.8 parts by
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(6) Torque in curing Using CURASTOMETER (manufactured by ORIENTEC
Co,, Ltd.; JSR CURASTOMETER IV PS type), the torque after 45 seconds
at 175C was measured. The greater the value of the torque in curing, the
better the curing property. (7) Resistance to soldering A package of 100 pin
TQFP was left standing in an environment of 85C and 85% relative humidity

for 168 hours and then dipped into a solder tank at 260C for 10 seconds.
Theeeglttepl thepresertddrand dbsehcdlbfasadiidicer acis svaemeaeinedby

obs rv%t.ion bX a microscoooe. Th%degree f Eacg formation wa tained
r%}ar 11’1[%0 I‘lq_g 1 amounts snNoOw 1 %_le were IIlee ? e room
as (the number of‘packages having cracks /?t e total number of the

pagkages)txt0 Qandxpse sed ByrtBepaicestage ¢shpatdediigreaViiktures
cleavage by area between the silicon chip and the cured product of the

epiiiaedniBdip derigrrivasStabed kP veiNg thcomtpdsBRRL PresirsShtter,
and 16 Jegiee aholsavags wasiahigined 5.6 thearea.efclenvadsy/ dha

area of the silicon chip) x100. The average of the values on 8 packages was
obtaimeczritve Xpxessdddy dnd pereentagaidNdlThe smaller the values of the

degree of crack formation and the degree of cleavage, the better the
ot S SR o PETABT B PR e R SHEET 55 Yk

appliesbioprpaskaigemel $& RN B 2088t TQFP (semiconductor devices)
and 15 packages of 16 pin DIP (semiconductor devices) were prepared.

The package of 100 pin TQFP was prepared by transfer molding
under the condition of a mold temperature of 175°C, an injection pressure
of 7.4 MPa and a cure time of 2 minutes, followed by post-curing at 175°C
for 8 hours.

The package of 100 pin TQFP had a size of 14X14 mm and a
thickness of 1.4 mm. The size of the silicon chip (the semiconductor
element) was 8.0x8.0 mm, and the lead frame was made of the 42 alloy.

The package of 16 pin DIP was prepared by transfer molding under
the condition of a mold temperature of 175°C, a injection pressure of 6.8
MPa and a cure time of 2 minutes, followed by post-curing at 175°C for 8
hours.

The package of 16 pin DIP had a size of 6.4x19.8 mm and a
thickness of 3.5 mm. The size of the silicon chip (the semiconductor
element) was 3.5%3.5 mm, and the lead frame was made of the 42 alloy.
[Evaluation of properties of semiconductor devices]

The properties of the semiconductor devices obtained in Examples

57 to 60 and Comparative Examples 6 and 7 were evaluated in accordance
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vapor at a temperature of 125C and a relative humidity of 100%, and the
defect due to broken wire was examined. The time before the defect was
found in 8 or more packages among 15 packages was used as the defect
time. The maximum time of the measurement was set at 500 hours. When
the number of the defect packages was smaller than 8, the defect time is
expressed as "exceeding 500 hours" (>500). The greater the defect time, the

betttihthecratribitds shawn indidtiec(St i fesdidastig: evaluations in (5) to

(8}§re %r)]o%\;ln%r)] Table 6. 67 Table 6 Example 57 58 59 60 Comparative

Example 8 7 EpOxy resin YX-4000HK 52 52 52 52 52 52 Phenol resin

XLC-LL 40:ih 8 0a216G. 462140 . 2rd0 e L uifisidiageetardinned st SeB ok 3. 8818
8.8 8.8 Companent for retarding curing trimethoxyphenylsilane 0.8

trifREIROS R RIRAKIDE TigEboXgsrBEgntd dndnomakiHek araRBring

C‘%Hb"%?ﬁ%‘l fan et ding cHERG 2t RV PR INAlEPf He 2 b Rifn of a
pyrogallol 1.3

mold temperature of 175°C, a pressure of injection of 6.8 MPa and a
curing time of 2 minutes, and the length of flow was measured.

The spiral flow is a parameter showing the fluidity. The greater
the value, the better the fluidity.

(6) Torque in curing

Using CURASTOMETER (manufactured by ORIENTEC Co., Ltd.;
JSR CURASTOMETER IV PS type), the torque after 45 seconds at 175°C
was measured.

The greater the value of the torque in curing, the better the curing
property.

(7) Resistance to soldering

A package of 100 pin TQFP was left standing in an environment of
85°C and 85% relative humidity for 168 hours and then dipped into a
solder tank at 260°C for 10 seconds.

Thereafter, the presence or the absence of external cracks was
examined by observation by a microscope. The degree of crack formation
was obtained as (the number of packages having cracks)/(the total number
of the packages) X100 and expressed by the percentage (%).

The degree of cleavage by area between the silicon chip and the
cured product of the epoxy resin composition was measured using an

ultrasonic defect inspector, and the degree of cleavage was obtained as
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Inorganic filler fused spherical silica SO0 SO0 SO0 820 730 SO0 Evaluation of
properties spiral flow (cm) 84 91 86 76 78 33 torque in curing (N-m) 8.42
8.30 8.52 9.23 7.21 8.75 resistance to soldering0 000205 (number of
cracks at the outside,%) resistance to soldering0 00055 (degree of
cleavage, %) reliability under moisture (hr) >500 >500 >500 >500 480 >500
As shown in Table 6, the epoxy resin compositions gfthe molding materials)

obtdinedsn Bkalepresaitecnren shobvesi bsemirbipkititiey, dritetheeanssurit

of t g%%%anic fgler c%uld be incr %sed gt e result ﬁ'gmgr %iﬂ'stance
ow

. t
soldering and the refia ?Iﬁ?/suvr‘{ggromtﬁls tre Which pégsg terelia ﬁlﬁ%f

th&@package in the encapsulating of the semiconductor element were
excellent. In contrast, in Comparative Example 6, the amount of the inorganic

filler was décreadigrsthhapdisicinthridigresutl seehiaredtisngand the
sufficient selipbilin:of the Patkror.¥as iekeh R ngthdR fLomparative

Example 7, the reliability of the package could be improved due to the
inéfeadeehatbidi smoutirahthetinerganic filler. However, the fluidity was very

D onl Aol eSSl A FnaRage of 16'ofn BRIRY Walks
vapor at a temperature of 125°C and a relative humidity of 100%, and the
defect due to broken wire was examined. The time before the defect was
found in 8 or more packages among 15 packages was used as the defect
time.

The maximum time of the measurement was set at 500 hours.
When the number of the defect packages was smaller than 8, the defect
time is expressed as “exceeding 500 hours” (>500).

The greater the defect time, the better the reliability under
moisture.

The results of the evaluations in (5) to (8) are shown in Table 6.
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Example 61 Epoxy resin 1: an epoxy resin of the phenol aralkyl type
[manufactured by NIPPON KAYAKU Co., Ltd.; the trade name: NC3000P]
7.40 parts by weight Phenol resin 1: a phenol aralkyl resin having the
skeleton structure of biphenylene [manufactured by MEIWA KASEI Co., Ltd.;
the trade name: MEH-7851SS] 5.00 parts by weight Phenyltrimethoxysilane
0.20 parts by weight 2,3-Dihydroxymaphthalene 0.20 parts by weight Curing
accelerator: an adduct of triphenylphasphine with 1,4-benzoquinone 0.20
parts b Welght Fused spherical silica (the average particle diameter: 30 gm)
821506 garts by weight Coupling agent 1gay gyl%%doxy%griopy%r(?methoxygIane

0 nﬁ’é‘t’”ﬁ‘ﬂy 8 eCoupllngagentz

1 %m@iyeﬂﬂyi'mmdmﬂed wax 0.20 partsazy weﬁght Muld release 22a 52
mepLapic.esiei-baged wax 0.10 part byweighty lon tigppingyagent s  40.2

hydratalcite [manufactured by KYOWA GAKU K YO o
I§ zfﬁf% éLd ga;iés?by weight Carbon bﬁgﬁ\k C')Aé 3|%0 pa%)ts by welght $he aabove

components were mixed by a mixer, further mixed by
Component for retarding curing

trimethoxyphenylsilane 0.8
trimethoxyhexylsilane 0.8

(3-glycidoxypropyl)tri- 0.9 0.9
methoxysilane

Component for retarding curing
2,3-dihydroxynaphthalene 1.2 1.2 3.6
pyrogallol 1.3

Inorganic filler

fused spherical silica 800 800 800 820 730 800

Evaluation of properties

spiral flow (cm) 84 91 86 76 78 33
torque in curing (N-m) 842 830 852 923 721 875
resistance to soldering 0 0 0 0 20 5

(number of cracks at the
outside, %)

resistance to soldering 0 0 0 0 5 5
(degree of cleavage, %)
reliability under moisture (hr) >500 >500 >500 >500 480 >500

As shown in Table 6, the epoxy resin compositions (the molding
materials) obtained in Examples 57 to 60 all showed excellent fluidity,
and the amount of the inorganic filler could be increased. As the result,

the resistance to soldering and the reliability under moisture which
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heated rolls at 95C for 8 minutes, cooled and pulverized, and an epoxy resin
molding material was obtained. The properties of the obtained epoxy resin
molding material were evaluated in accordance with the following methods.
The results are shown in Table 7. [Methods of evaluation] (1) Spiral flow
Using a low pressure transfer molding machine, an epoxy resin composition
(a molding material) was injected into a mold for measuring the spiral flow in
actnwadcehvithrEMmiliteertintes thecdawdition dha wtdnawipergurd othe
17SSC 2 ?%r&usstlé;e J@érelgt\i;‘(’)er} eog gégﬂ\/lgta and a curing time of 120 seconds,
an(ﬂﬁe engtqn of Hlow was measured arnd expressed by the unit of mm. (2)
Curing piapsfiyréergueCatiop it v Gxbisipl 6 HRASHOMIE 6EfR e inorganic
(manufactured by ORIENTEC Co., Ltd.; the JSR CURASTOMETER IV PS

typletorasedRare et sorsbiasfienbimndihyaniddisoiarduantiehso
SeColsat TGN forti G, RiteE 3002060 Wasisedn T e a[eaigsbe

value, the better the Curing property. The value is expressed by the unit of
% ExQ1(8)1Storahe stbilityity vafl ub olptaikedebyodilddirgitherspizd| flow to the

obtained after an epoxy resin composition (a molding material) was |eft
et s RS e b ittt B o A
usedhyThe greatetrbecydiesitiaa better the storee stohilityedineryaMgliging

expressed by the unit of %.
in the practical applications.

Example 61
Epoxy resin 1: an epoxy resin of the phenol aralkyl type
[manufactured by NIPPON KAYAKU Co., Ltd.; the trade name:
NC3000P] 7.40 parts by weight
Phenol resin 1: a phenol aralkyl resin having the skeleton structure

of biphenylene [manufactured by MEIWA KASEI Co., Ltd.; the trade

name: MEH-7851SS] 5.00 parts by weight
Phenyltrimethoxysilane 0.20 parts by weight
2,3-Dihydroxynaphthalene 0.20 parts by weight

Curing accelerator: an adduct of triphenylphosphine with
1,4-benzoquinone 0.20 parts by weight
Fused spherical silica (the average particle diameter: 30 pm)
86.00 parts by weight
Coupling agent 1: y-gylcidoxypropyltrimethoxysilane
0.10 part by weight

Coupling agent 2: N-phenyl-y-aminopropyltrimethoxysilane
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(4) Filling property (presence or absence of voids) Using a low pressure
transfer molding machine, a package of 160 pQFP was formed under the
condition of a temperature of molding of 175C, a pressure of 9.3 MPa and a
cure time of 120 seconds. The obtained product was observed by an
ultrasonic defect inspector, and the presence or the absence of internal
voids was examined. good: no voids found fair: voids found at some portions
poor: voids found in the entire area of the package (5)-Kesithhremeght

Ideri | I f di | f,.80
OFp (o e S S R IR o e PaE e M e

the condiieniakietem pesatusatahieicingeistdSaa pressure of 8.3 MPa
and a cure time of 120 seconds and treated by heating at 175C for 8 hours
for the after-baking. The package was treated with m JRA ey sl Ftative

humidity 0f. 8596 for, 1 20h0urs andithendreatad hydhe R areflpy at Q%A

The inside of the package was examined by an ultrasonic defect inspector
onkadEd & KanaYanacCks, lans HDPELKAYe having either2d oedvdgevorightrack

was decided to he defect. The number of the defect package among the
evaluated ¥0'Pa ‘iﬁes is shown. 71 Examples 62 toe}g(iﬁ%r&mp‘g{g?ég%
Examplesi taped ERMp IRt SOMResHonsI W e PraRare R REFUHRBE &y
with the same procedures as those conducted in Example 61 using the

fotmatatordlshoWaia Tabfsmatapndooded avdlpatedirebcardantecnity

th%esé%rln %olding material was obtained. The properties of the obtained

epoxy resin molding material were evaluated in accordance with the
following methods. The results are shown in Table 7.

[Methods of evaluation]

(1) Spiral flow

Using a low pressure transfer molding machine, an epoxy resin
composition (a molding material) was injected into a mold for measuring
the spiral flow in accordance with EMMI-I-66 under the condition of a
mold temperature of 175°C, a pressure of injection of 6.9 MPa and a
curing time of 120 seconds, and the length of flow was measured and
expressed by the unit of mm.

(2) Curing property (torque ratio in curing)

Using CURASTOMETER (manufactured by ORIENTEC Co., Ltd.;
the JSR CURASTOMETER IV PS type), torque was measured. A value
obtained by dividing the torque after 60 seconds at 175°C by the torque
after 300 seconds was used. The greater the value, the better the curing

property. The value is expressed by the unit of %.
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methods as those used in Example 61. The results of the evaluation are
shown in Tables 7, 8 and 9. Components other than those used in Example
61 are shown in the following. Epoxy resin 2: an epoxy resin of the biphenyl
type [manufactured by JAPAN EPOXY RESIN Co., Ltd.; the trade name:
YX-4000HK] Phenol resin 2: a phenol aralkyl resin [manufactured by MITSUI
KAGAKU Co., Ltd.; the trade name: XLC-LL] Phenyltriethoxysilane Catechol
PyagaisthrEaasikilitExample 61 62 63 64 65 66 67 Epoxy resin 1 7.40

7.00 7.5Q,7.00 7.4Q0 8.00 xy. resin, 2 6.30 Phenol resin 1 5.00 4.70 5.10
570 500 TRk PR PP ac RO BRI Sk 98
0.9650h0 MB6:0i20 @, 3rbihygsoxynaghhalasd Ft26 £H.90:9.02 0(2Q G000
0.20 Curing accelerator 0.20 0.20 0.20 0.20 0.20 0.20 0.20 Fused spherical
silfE8eEePH 0 a5 B0t 8b rsB 6O BB RS 6 W B BT Tdtisithg ddertredrabtheo

01018 s %%&érocﬂelé%o&%é@%@m;nt 10 R OQ AR QL0 QeI Ghit
0.10 Mold release 1 0.20 0.20 0.20 0:20 0.20 0.20 0.20

of %.

(4) Filling property (presence or absence of voids)

Using a low pressure transfer molding machine, a package of 160
pQFP was formed under the condition of a temperature of molding of
175°C, a pressure of 9.3 MPa and a cure time of 120 seconds. The
obtained product was observed by an ultrasonic defect inspector, and the
presence or the absence of internal voids was examined.

good: no voids found

fair: voids found at some portions

poor: voids found in the entire area of the package
(5) Resistance to soldering

Using a low pressure transfer molding machine, a package of 80
pQFP (a Cu frame, the size of the chip: 6.0 mmx6.0 mm) was formed
under the condition of a temperature of molding of 175°C, a pressure of
8.3 MPa and a cure time of 120 seconds and treated by heating at 175°C
for 8 hours for the after-baking. The package was treated with moisture
under a relative humidity of 85% for 120 hours and then treated by the IR
reflow at 260°C. The inside of the package was examined by an
ultrasonic defect inspector on cleavages and cracks, and a package having
either a cleavage or a crack was decided to be defect. The number of the

defect package among the evaluated 10 packages is shown.
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Mold release 2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 lon trapping agent 0.20
0.20 0.20 0.20 0.20 0.20 0.20 Carbon black 0.30 0.30 0.30 0.30 0.30 0.30
0.30 Spiral flow (cm) 103 110 97 108 100 103 105 Torque ratio in curing (%)
87 84 89 91 81 87 86 Storage stability (%) 89 86 87 92 85 84 87 Filling
property good good good good good good good Resistance to soldering 0 0
00000 (number of defect in 10 pieces) 73 Table 8 Example 68 69 70 71
7273 Epoxy resin 1 9.80 6.20 7.40 7.40 7.40 7.40 Phenol resin 1 6.60 4.20

5. (ﬂg{ e?ﬁ%% %0093 %%y%gfr%etg gx%%lane q eZSO OF]ZQ .20 0.200.10

Phen oxysﬂane ynap thalene 0.20 0.20 0.20

0.20 Ca@gdnql QP yoagedkatidz) weuengrapaeddratoradcddddzé: Owad) 20
0.20 0.20 Fused spherical silica 82.00 88.00 86.00 86.00 86.00 86.00
CoapingLegentted authors eord sl on b rpleSlpmgsaigentosbulations

0.10 Q100 4Q B0 7M9'9r{8'%a§ﬁd1 e%ﬂth@&’ $h200:28:0:c0 (i MOhme

release 2 0.10 0.10 0.10 0.10 0.10
methods as those used in Example 61. The results of the evaluation are

shown in Tables 7, 8 and 9.

Components other than those used in Example 61 are shown in the
following.

Epoxy resin 2 an epoxy resin of the biphenyl type [manufactured
by JAPAN EPOXY RESIN Co., Ltd.; the trade name: YX-4000HK]

Phenol resin 2: a phenol aralkyl resin [manufactured by MITSUI
KAGAKU Co., Ltd.; the trade name: XLC-LL]

Phenyltriethoxysilane

Catechol

Pyrogallol
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lon trapping agent 0.20 0.20 0.20 0.20 0.20 0.20 Carbon black 0.30 0.30
0.30 0.30 0.30 0.30 Spiral flow (cm) 127 93 102 105 99 104 Torque ratio in
curing (%) 85 87 87 87 86 87 Storage stability (%) 91 84 87 88 85 90 Filling
property good good good good good good Resistance to soldering0 0000
0 (number of defect in 10 pieces) 74 Table 9 Comparative Example S 9 10
11 12 Epoxy resin 1 7.50 7.50 7.501418077.40 Epoxy resin 2 Phenol resin 1
5.105.105.10 5.10 5.00_Phenyltrimethoxysilane 0.20 Phenyltriethoxysilane
0.20_2.3-Dihydroxynaphthalene Q.20 0.20 Catechol .20 Curing.accelerator
0.5%63&5% 0.20 0.20 0.20 Fused (sgéhericgaél)si|igigse.o%gsa.ob&%.g%gse.o%g
56.00 Coupling agent 1 0.10 0.10 0.10 0.10 0.20 Coupling agent 2 0.10 0.10
0.¥p®y16:0:20 Mold release 1 0.26%.28@.200°20 0720 Mbid release 20%0
0.1Rykesth 20 0.10 lon trapping agent 0.20 0.20 0.20 0.20 0.20 6.30

Phenol resin 1 500 4.70 5.10 470 5.00 6.10

Phenol resin 2 4.40
Phenyltrimethoxysilane 0.20 0.20 020 090 0.03 020 0.20
2,3-Dihydroxynaphthalene 0.20 090 0.02 020 0.20 0.20 0.20
Curing accelerator 0.20 0.20 020 0.20 0.20 0.20 0.20
Fused spherical silica 86.00 86.00 86.00 86.00 86.00 86.00 86.00
Coupling agent 1 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Coupling agent 2 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Mold release 1 020 0.20 0.20 020 0.20 0.20 0.20
Mold release 2 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Ton trapping agent 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Carbon black 030 030 030 030 030 0.30 0.30
Spiral flow (cm) 103 110 97 108 100 103 105
Torque ratio in curing (%) 87 84 89 91 81 87 86
Storage stability (%) 89 86 87 92 85 84 87
Filling property good good good good good good good
Resistance to soldering 0 0 0 0 0 0 0

(number of defect in 10 pieces)
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Carbon black 0.30 0.30 0.30 0.30 0.30 Spiral flow (cm) Si 78 82 78 83
Torque ratio in curing (%) 83 83 82 83 87 Storage stability (%) 70 72 75 78
50 Filling property fair good poor poor fair Resistance to soldering2 3020
(number of defect in 10 pieces) Examples 61 to 73 were in accordance with
the present invention, and the type and the amount of the phenylsilane
compound, the type and the amountidlhe compound in which hydroxyl
groups were bonded to _each of adjacent two or more carbon atoms
coEstltupng an aromatic ring, the e of %e resn:) or theﬁmounré)f the
morganlc filler was changed. 75 In aII cases, the splral flow was sufﬁ(:lently
long, and the excellent fluidity was obtained; the torque in curing was great,
aniéperie texiaellent curing property Wéls obtaifed; thédreterttdn of i€ spiratd
flomafterestorage at 30C one weekawvas sutficienslyagreas,cand theexcelent
st%gggglg{my(ygyl%eobtained voiglsowereg pet foynd, ang she excellent @il{i@g

ggeenry}/me ob ained; and cleavages or cracks were not found |? the I

ow treatmeYnt atter being treated under moisture, and the exce Pent

re%ét%‘r}i‘é(émf@%%’lﬁté‘ﬁ]r‘?@ewas obtairfed. OntA8 other hand, in Corﬂﬁ%ratn?ezo
Exaarpbes 8 and 9, the compound in which hydrox$® groups were bonded to
eaghdhadjacent two or more carbon atoms constituting @gparomatic ring

was Nok used,.and the fluidity, the sjgrage, stability,gnd the jesistapce tq o

soldering were poor.

Fused spherical silica 82.00 88.00 86.00 86.00 86.00 86.00
Coupling agent 1 0.10 0.10 0.10 0.10 0.10 0.10
Coupling agent 2 0.10 0.10 0.10 0.10 0.10 0.10
Mold release 1 0.20 0.20 0.20 0.20 0.20 0.20
Mold release 2 0.10 0.10 0.10 0.10 0.10 0.10
Ion trapping agent 0.20 0.20 0.20 0.20 0.20 0.20
Carbon black 0.30 0.30 0.30 0.30 0.30 0.30
Spiral flow (cm) 127 93 102 105 99 104
Torque ratio in curing (%) 85 87 87 87 86 87
Storage stability (%) 91 84 87 88 85 90
Filling property good good good good good good
Resistance to soldering 0 0 0 0 0 0

(number of defect in 10 pieces)
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In Comparative Examples 10, 11 and 12, the phenylsilane compound was
not used, and the fluidity, the storage stability and the filling property were
poor. As described above, in Examples in accordance with the present
invention, epoxy resin compositions (molding materials) for encapsulating
semiconductors which exhibited the excellent storage stability, the excellent
fluidity and curing property in the entagsulating by molding of semiconductor
elements and the excellent resistance to soldering without forming any
cleavages.or cracks in the solderingtreatment at high temperatures
cc?ﬁ?’énspgéar?%\fﬁgﬁxt%n}[ﬂ% lead-free soldgeSr, could B% obtainelﬁ Exa?n{gle 74 Elpoxy
resin 1: an epoxy resin of the phenol aralkyl type having the skeleton
stitreireesf Biphenylene [manufactdred by NIPPON KAYAKU 76Co., Ltd?
thejragdesiame: NC3000P] 7.40 parts by weight Phenol resin 1: a phenol

aralkylresip, having the skeleton stryggure of bighenylenglmanyfactured by
M';qu\r/{Al Klé\estlg(l)xcsgI 4 Iétd.; the trade ame: MEH-7851SS] 5.00 parts by

wei tygurlng a%:cef‘erator 1: an adduct of triphenylphosphine with
1,3?66}‘112]6%%6?%@16’.20 parts by weight Pherfyftimethoxysilane 0.20 parts by
welighihFdseghspiiérlcat silica (the average particle diapfter: 30 gm) 86000

partsdayoweight 1,2-Dihydroxynaphthalene 0.20 parts by weighg 2goupling
aget.&; Y-awicidoxypropyltrimethoxysjjane o, 0.20 0.20 0.20

Fused spherical silica 86.00 86.00 86.00 86.00 86.00
Coupling agent 1 0.10 0.10 0.10 0.10 0.20
Coupling agent 2 0.10 0.10 0.10 0.10 0.20
Mold release 1 0.20 0.20 0.20 0.20 0.20
Mold release 2 0.10 0.10 0.10 0.10 0.10
Ion trapping agent 0.20 0.20 0.20 0.20 0.20
Carbon black 0.30 0.30 0.30 0.30 0.30
Spiral flow (cm) 81 78 82 78 83
Torque ratio in curing (%) 83 83 82 83 87
Storage stability (%) 70 72 75 78 80
Filling property fair good poor poor fair
Resistance to soldering 2 3 0 2 0

(number of defect in 10 pieces)

Examples 61 to 73 were in accordance with the present invention,
and the type and the amount of the phenylsilane compound, the type and
the amount of the compound in which hydroxyl groups were bonded to
each of adjacent two or more carbon atoms constituting an aromatic ring,

the type of the resin or the amount of the inorganic filler was changed.
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0.10 part by weight Coupling agent 2:
N-phenyl-y-aminopropyltrimethoxysilane 0.10 part by weight Mold release 1:
a polyethylene-based wax 0.20 parts by weight Mold release 2: a montanic
ester-based wax 0.10 part by weight lon trapping agent: hydrotalcite
[manufactured by KYOWA KAGAKU KOGYO Co., Ltd.; DHT-4H] 0.20 parts
by weight Carbon black 0.30 parts by weight The above components were

mikedlbyasenitbe fiteedlorkatpyuhéarstioliena: 98¢ foe sxerHartsilesblad

ang puivizeeh Al A, spxyy Tesinpaind material v As CIaNed 1 n
propertles OPﬁ'Ie obtained epoxy res moﬁd g material were evaluated in
aceaspangewrithdbexiasie theethodstamtho 3b ¢ispdril Exampfes Gtdemgd and

Comparative Examples 8 to 12. The results are shown in Table 10. 77

E 1887 565 88VaR PGt parRtivE B kafipldd e BHs e e Rty 8eiAtASIMRg
MYELAGINRER PSR G-I %%%%%'a?%ﬁat%,&%5@1%%@{%%%%@&9%@

conducted in Example 74 using the formulations shown in Tables 10,11 and
12obhtdmediluadd dheazegedantecruithshe sameandithodt as thioselBsedfilow
Example 74. The results of the, evaluation are shmam in Tables 10, 11 and

12T B MEBH BNE B BT HR O SE B AP B 05n B 74 /8 SHH T iséance
folgwinge FEROXYALESIRAn SN EPOXY resin of the biphenyl type [manufactured

On the other hand, in Comparative Examples 8 and 9, the
compound in which hydroxyl groups were bonded to each of adjacent two
or more carbon atoms constituting an aromatic ring was not used, and the
fluidity, the storage stability and the resistance to soldering were poor.
In Comparative Examples 10, 11 and 12, the phenylsilane compound was
not used, and the fluidity, the storage stability and the filling property
were poor.

As described above, in Examples in accordance with the present
invention, epoxy resin compositions (molding materials) for encapsulating
semiconductors which exhibited the excellent storage stability, the
excellent fluidity and curing property in the encapsulating by molding of
semiconductor elements and the excellent resistance to soldering without
forming any cleavages or cracks in the soldering treatment at high

temperatures corresponding to the lead-free solder, could be obtained.
Example 74

Epoxy resin 1: an epoxy resin of the phenol aralkyl type having the
skeleton structure of biphenylene [manufactured by NIPPON KAYAKU
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by JAPAN EPOXY RESIN Co., Ltd.; the trade name: YX-4000HK] Phenol
resin 2: A phenol aralkyl resin [manufactured by MITSUI KAGAKU Co., Ltd.;
the trade name: XLC-LL] Curing accelerator 2: a curing accelerator
expressed by the following formula [21]: [21] Curing accelerator 3: a curing
accelerator expressed by the following formula [22]: O Ph3P+ [22] Curing
accelerator 4: triphenylphosphine 78 Curing accelerator 5:

1,8 lidkatbicadsdeo)amge dpa0PPHeny - triethoxysiaHerratdI OvEEhple

74 75 7647 78 79 80 .Epoxyv resin 1,7.40 7.00,7.40 7.20 7.4 .00 Epox
s oEp i fesin ) CRPRREE Rkt RS g el B
Cuinigi gleeeisator i O F2206l 16y0 MEIWA 2B PAo., Ltd.; the trade

Phenyltrimetho%(%;'ssilan 0.20 0.20 0.20 0.50 0.05 0.20 0.20 Fused spherical
silass. D86 0T3890 86.00 86.00 86.00 86.00 1,22BihdrdxapRtERlene

0.20 0.2@:0,20:0-20:@120,0:20 £-2Q1,  adduct of triphenylphosphine with

1,4-benzoquinone 0.20 parts by weight
Phenyltrimethoxysilane 0.20 parts by weight
Fused spherical silica (the average particle diameter: 30 pm)

86.00 parts by weight
1,2-Dihydroxynaphthalene 0.20 parts by weight
Coupling agent 1: y-gylcidoxypropyltrimethoxysilane

0.10 part by weight
Coupling agent 2: N-phenyl-y-aminopropyltrimethoxysilane

0.10 part by weight
Mold release 1: a polyethylene-based wax 0.20 parts by weight
Mold release 2: a montanic ester-based wax

0.10 part by weight
Ion trapping agent: hydrotalcite [manufactured by KYOWA

KAGAKU KOGYO Co., Ltd.; DHT-4H] 0.20 parts by weight
Carbon black 0.30 parts by weight
The above components were mixed by a mixer, further mixed by
heated rolls at 95°C for 8 minutes, cooled and pulverized, and an epoxy
resin molding material was obtained. The properties of the obtained
epoxy resin molding material were evaluated in accordance with the same
methods as those used in Examples 61 to 73 and Comparative Examples 8

to 12. The results are shown in Table 10.
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Coupling agent 1 0.10 0.10 0.10 0.10 0.10 0.10 0.10 Coupling agent 2 0.10
0.10 0.10 0.10 0.10 0.10 0.10 Mold release 1 0.20 0.20 0.20 0.20 0.20 0.20
0.20 Mold release 2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 lon trapping agent
0.20 0.20 0.20 0.20 0.20 0.20 0.20 Carbon black 0.30 0.30 0.30 0.30 0.30
0.30 0.30 Spiral flow (cm) 108 89 123 118 103 106 104 Torque ratio in
curing (%) 87 92 s0O 83 85 88 84 Storage stability (%) 86 78 90 91 sO 84 87
Filling property good good good good good good good Resistance to

sojdering,0 0 mber of defect in 10 pieces) 79 Table 11 Example
Si %@%%5 g%%a%aélé Scl)?("i‘/rraefté‘{r‘? ?%?‘érbpg;ﬁ%oﬁ.m 7.40 7.40 7.40
7.50 Phémpokfestsih efldnd) HORH00 &8 HOHEEA Inl@céoudnagee with

accelerator 1 0.20 0.20 0.15 0.20 0.20 0.20 Curing accelerator 2 0.20 Curing
acdiflerftBies Broereiifig atcEierstof A 8usse b rgn imbioxydilaes otre

0.20 OraR 0l el 18 940 H@”X'i“&H&)ﬁSéJEH%Qa?Qathgi&F)éﬂ&%Qdance

spherical silica 82.00 88.00 86.00 86.00 86.00 86.00 86.00 86.
1,3 Dihyecsamaphtiihlete:s. 2008208 RO0R20.:0181 020 (1RO Be20lts of the

evaluation are shown in Tables 10, 11 and 12.

Components other than those used in Example 74 are shown in the
following.

Epoxy resin 2 an epoxy resin of the biphenyl type [manufactured
by JAPAN EPOXY RESIN Co., Ltd.; the trade name: YX-4000HK]

Phenol resin 2: A phenol aralkyl resin [manufactured by MITSUI
KAGAKU Co., Ltd.; the trade name: XLC-LL]

Curing accelerator 2: a curing accelerator expressed by the

following formula [21]:

Curing accelerator 3: a curing accelerator expressed by the

following formula [22]:

o)
PhsP’

[22]

Curing accelerator 4: triphenylphosphine
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Coupling agent 1 0.10 0.10 0.10 0.10 0.10 0.10 0.10 Coupling agent 2 0.10
0.10 0.10 0.10 0.10 0.10 0.10 Mold release 1 0.20 0.20 0.20 0.20 0.20 0.20
0.20 0.20 Mold release 2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 Ion
trapping agent 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 Carbon black 0.30
0.30 0.30 0.30 0.30 0.30 0.30 0.30 Spiral flow (cm) 127 93 103 108 100 104
107 92 Torque ratio in curing (%) 89 85 88 86 87 85 86 84 Storage stability
(%) 86 8788180 Fce3BBI8E Filling Prdivanbigudelgddd yedrs rrod gbeny!”
got%e%%)d ode Resistance to soldering0 0000000 (number of defect in
10 pleces}:()y Fable 12 Comparative Example 13 14 15 16 17 Epoxy resin 1
7.40 7.40 7.50 7.50 7.40 Phenol resin 1 5.00 5.00 5.10 5.10 5.00 Curing
accelerator 1 0.20 0.20 0.20 Curing'@gdeelerator 4 0.20 Curing accelerator 5
spherigal silica 86.00 86.00 86.00,86.00,86.00,41,2-Dihydroxynaphthalege
0.20 0.20 0.20 0.20 0.20

Epoxy resin 1 740 7.00 7.40 7.20 7.40 8.00
Epoxy resin 2 6.30

Phenol resin 1 500 4.70 5.10 490 5.10 6.10

Phenol resin 2 4.40
Curing accelerator 1 020 090 0.10 0.20 0.20 0.20 0.20
Phenyltrimethoxysilane 0.20 0.20 0.20 050 0.05 020 0.20
Fused spherical silica 86.00 86.00 86.00 86.00 86.00 86.00 86.00
1,2-Dihydroxynaphthalene 020 0.20 0.20 020 0.20 0.20 0.20
Coupling agent 1 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Coupling agent 2 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Mold release 1 0.20 0.20 0.20 020 0.20 0.20 0.20
Mold release 2 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Ton trapping agent 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Carbon black 030 030 030 030 0.30 0.30 0.30
Spiral flow (cm) 108 89 123 118 103 106 104
Torque ratio in curing (%) 87 92 80 83 85 88 84
Storage stability (%) 86 78 90 91 80 84 87
Filling property good good good good good good good
Resistance to soldering 0 0 0 0 0 0 0

(number of defect in 10 pieces)
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Coupling agent 1 0.10 0.10 0.10 0.10 0.20 Coupling agent 2 0.10 0.10 0.10
0.10 0.20 Mold release 1 0.20 0.20 0.20 0.20 0.20 Mold release 2 0.10 0.10
0.10 0.10 0.10 lon trapping agent 0.20 0.20 0.20 0.20 0.20 Carbon black
0.30 0.30 0.30 0.30 0.30 Spiral flow (cm) 81 78 79 83 85 Torque ratio in
curing (%) 89 86 88 89 89 Storage stability (%) 64 68 71 73 69 Filling
property fair fair poor poor fair Resigtaiaae to soldering 7 8 4 5 3 (number of
defect in 10 pieces) Examples 74 to 88 were in accordance with the present
in\ﬁ%gti%ﬂg and the type anglthe aggountggf thesgptra-gﬁbstitgéed oganic a8
phos;%orus compound, the type and the amount of the phenylsilane
compound, the type of the resin or the amount of the filler was changed. In
allfeasesesthé spiral flow wasCsuffid@ntly-#8ng, afd thetexcéliéht flsidity Wals
obraimediesdilithe torque in €avingaras gseat, anadothesexcellent curng property

was, ARtaingd; the retentiog gf thg spiral flow after stgrage ab30CG 95 wisk

was rslgfﬁacicee etlj great, and the excellentas£8rage stability was obtained; voids
were ,ngt ound, and the excellent filling property was obtained; and
clEAVHGES B @ AERs were not found in the IR f&fidw treatment after being

treatadauncéermaigture, and the excellent resistance @®soldering was

obpaia@Arimethoxysilane 020 020 020 020 0.20 0.10  0.20
Phenyltriethoxysilane 0.20 0.10
Fused spherical silica 82.00 88.00 86.00 86.00 86.00 86.00 86.00 86.00
1,2-Dihydroxynaphthalene 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Coupling agent 1 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Coupling agent 2 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Mold release 1 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Mold release 2 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Ton trapping agent 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Carbon black 030 030 030 030 030 030 030 0.30
Spiral flow (cm) 127 93 103 108 100 104 107 92
Torque ratio in curing (%) 89 85 88 86 87 85 86 84
Storage stability (%) 86 87 88 89 87 83 88 86
Filling property good good good good good good good good
Resistance to soldering 0 0 0 0 0 0 0 0

(number of defect in
10 pieces)
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On the other hand, in Comparative Examples 13 and 14, curing accelerators
different from the tetra-substituted organic phosphorus compound were
used, and the fluidity, the storage stability, the filling property and the
resistance to soldering were poor. In Comparative Examples 15, 16 and 17,
the phenylsilane compound was not used, and the fluidity, the storage
stability, the filling property and the Tasiste@nce to soldering were poor. As
described above, in Examples in accordance with the present invention,
epoxy resin compositions (molding materials) for encapsulating

se(r%)lcr())?]r %d‘(’:%ogr)éawﬂfléch exhibited the{%xcellen}[lgstorage Etgability, %ﬁe exce]ﬂent
fluidity and curing property in the encapsulating by molding of semiconductor
elémrentsaind the excellent resistanté%to soldetthg withetft forndiAg) any 7-40
cleavagessor icracks in the soldering.teatmemstaat high femperatures  5.00

c ding.te.the lead-free solder, could be obtainggs INDUYSHRIALj o
AI%EJIELCA%HQQ%V using the epoxy £§sin, the curing agent, the curing
acceﬁerga%or and the component retarding curing of the epoxy resin in
actbrd8Aes§iiti” the present invention, the epéXy resin composition
exPhbithigitivehexcdilent 82 curing pédPerty, fluidity and storage stability can
berabtainethokhglagemponent for retarding cusifig used in the present
im@g&@&&g%mm&ve the fluidity gpgthe stgragge stapilify withgutadversely

affecting the curing property, and it is very easy that the Iatenc¥ is adjusted
by AHOSHRETE AROWS of the confpdnent fot Tetarding Euring Y6 impro¥&®
th&édesiedsproperty. The epoxy redinCompositfon for éd€apsufating  0-20

Coupling agent 2 0.10 0.10 0.10 0.10 0.20
Mold release 1 0.20 0.20 0.20 0.20 0.20
Mold release 2 0.10 0.10 0.10 0.10 0.10
Ion trapping agent 0.20 0.20 0.20 0.20 0.20
Carbon black 0.30 0.30 0.30 0.30 0.30
Spiral flow (cm) 81 78 79 83 85
Torque ratio in curing (%) 89 86 88 89 89
Storage stability (%) 64 68 71 73 69
Filling property fair fair poor poor fair
Resistance to soldering 7 8 4 5 3

(number of defect in 10 pieces)

Examples 74 to 88 were in accordance with the present invention,
and the type and the amount of the tetra-substituted organic phosphorus
compound, the type and the amount of the phenylsilane compound, the
type of the resin or the amount of the filler was changed. In all cases, the

spiral flow was sufficiently long, and the excellent fluidity was obtained;
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semiconductors which exhibits the excellent storage stability, the excellent
fluidity and curing property in the formation of the encapsulated structure of
semiconductor elements and the excellent resistance to soldering such that
no cleavages or cracks are formed in the soldering treatment at high
temperatures corresponding to the lead-free solder, can be obtained.
Therefore, the epoxy resin composition can be advantageously used for
préeidieigse niic s o devstestofane shefaseeHfatntne BgperaRaralsovisy

anglications ysina e epogy fesin, compositions AL 1A UBc ope wock
semiconductor deviceas 83 CLAIME . N epoxy resin‘tomposition Which

cowyyisafirieaploxyresindA), theusinglagenitiBlga stulsitiBcoeleratoniged;
and a component retarding_ curing of the epoxy resin (D) which is at least

on@bimpditertisiBRE R bR FTsRlE bShPERIREt o RS AEM i)

ar!cm%fgg mPenentraRIesEaied v ol owineroeneid! ivmulent et Hoing
-5I\-O [1] X1~O/ 0 I1X2 wherein Xl and X2 each represent an organic group

andtenmydreprésenbaissarne gnoupher diffetemitgresigsaaetd @ repdesargsvans
suhstituted or unsubstituted organic group having an aromatic ring or a
het8H8B/dic ring or a substituted or unsubstituted aliphatic group: (b) a

Compoungl & PEE SRR A {0 lIVIEhgRneR OFRMAHR 13 and 14, curing
accelerators different from the tetra-substituted organic phosphorus
compound were used, and the fluidity, the storage stability, the filling
property and the resistance to soldering were poor. In Comparative
Examples 15, 16 and 17, the phenylsilane compound was not used, and
the fluidity, the storage stability, the filling property and the resistance to
soldering were poor.

As described above, in Examples in accordance with the present
invention, epoxy resin compositions (molding materials) for encapsulating
semiconductors which exhibited the excellent storage stability, the
excellent fluidity and curing property in the encapsulating by molding of
semiconductor elements and the excellent resistance to soldering without
forming any cleavages or cracks in the soldering treatment at high

temperatures corresponding to the lead-free solder, could be obtained.

INDUSTRIAL APPLICABILITY

By using the epoxy resin, the curing agent, the curing accelerator
and the component retarding curing of the epoxy resin in accordance with

the present invention, the epoxy resin composition exhibiting the excellent
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OH [2] X3 OH wherein X3 represents an organic group; (c) a silane
compound represented by following general formula [3]: 8422 IRIO-Si-O
R3[3] 1 U R2 wherein RI, R2 and R3 each represent an aliphatic group
having 1 to 3 carbon atoms and may represent a same group or different
groups, and Z2 represents a substituted or unsubstituted organic group
having an aromatic ring or a heterocyclic ring or a substituted or

urBubsgtReePaliphdtie groupnel Bhe e 2bHiYc o oRitiohtaceefding e
Claim 1, iy rﬁir“rt&% ciring, accelerator of,component (G5 ShoomRound. .
havmgf)p]ﬁosp orus atom: 3.ufhegepoxy resin 8omp05|1t|on accord?ng 0 any

onghof Gladits laaddthe wherede theabulityg wtdelatataivelsampafenii ) tisea
compound having a cation portion in a molecule. 4. The epoxy resin

cOHPBSBKCREEBYdiAG to 1My S XvRaTSin iR EdfnpisREhavirgtixetatorry

po&ﬁﬂ!ﬂs'{%ﬁ molegig i abieaR! QO PSR YOS IRIGH I FUR RDASPHR S ve

compound selected from
the desired property. The epoxy resin composition for encapsulating
semiconductors which exhibits the excellent storage stability, the
excellent fluidity and curing property in the formation of the encapsulated
structure of semiconductor elements and the excellent resistance to
soldering such that no cleavages or cracks are formed in the soldering
treatment at high temperatures corresponding to the lead-free solder, can
be obtained. Therefore, the epoxy resin composition can be
advantageously used for producing semiconductor devices of the surface

mounting type and also for applications wusing the epoxy resin

compositions other than the semiconductor devices.
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tetra-substituted phosphonium salts (cl), phospho-betain compounds (c2)
and adducts of a phosphine compound with a quinone compound (c3). 5. The
epoxy resin composition according to Claim 3, wherein the compound having
a cation portion in a molecule is a compound represented by following
general formula [4]: 85 R1 Fit-i ------ R4 [Alla[ AH, [4] R3 a wherein P
represents phosphorus atom, R1, R2, R3 and R4 each represent a
substituted or unsubstituted aroma$i&-#Up or alkyl group and may

represent a same group or different groups, A represents an anion of an
aromatic organic acid having at least one functional group selected from
hytroxyh gepuipy ardinxyd gy and dHidllgraipeisan aromais rngitkA), a
represents an argmatic organic acid having at least one functional group
sefxtad fﬁgﬁpﬁﬁ% x§)| GHOLRE 1587 GFo i aRB dhibIGrBRPER AR CLHkiRsiC
ring, AN RACLESRIeSEht @P)INRGeE Whieh 18506 LRI AN QLlected
smaller, c represents an integer which is 0 or greater and 3 or smaller, and
a=boB. fiHeepmxgorepimentipdsitiomegeoendirig)to Claim 3, wherein the
compound having a cation portion in a molecule is.a compound re esenlied
by followiiy MU TS B DR LTSRT S BLTAoEh MO BB YRG5 L an 1>

alkyl:group having 1 or more

1]1
= [1]
0—Si—
:-:1f 7N o\xz
—0 0~

wherein X1 and X2 each represent an organic group and may represent a
same group or different groups, and Z1 represents a substituted or
unsubstituted organic group having an aromatic ring or a heterocyclic
ring or a substituted or unsubstituted aliphatic group;

(b) a compound represented by following general formula [2]:

_.OH (2]

™ OH

X3

wherein X3 represents an organic groups;

(c) a silane compound represented by following general formula

[3]:
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and 3 or less carbon atoms, Y represents hydrogen atom or hydroxyl group,
86 and m and n each represent a integer which is 1 or greater and 3 or
smaller. 7. The epoxy resin composition according to Claim 3, wherein the
compound having a cation portion in a molecule is a compound represented
by following formula [6]: R1 | R4 R2- P+ *R6R5 1 [6] R3 OH wherein P
represents phosphorus atom, R1 to R3 each represent a substituted or
unsubstituted alkyl group having 1 to 12 carbon atoms or a substituted or
unsubstitutedzaryl group having 6 to 12 carbon atoms and may represent a
same group ¢r different groups, R4 to R6 each represent hydrogen atom or

a hydegaarbegn-gromp having 1 to 12 groups, an atom and gro{jis
represented by R4 to R6 may be a same with or different from each other,

and the groupraepresented by R4 and R5 may be bonded to each other to
form a cyclic structure. 8. An epoxy resin composition according to any one of

Claims 310R7, Wheiain e sempepesidielardintishiing 8fdhp BRoOXYLresto @)
is at least one component selected from following component (&) to

cOFAPRATEATYRY ta R BhISRIESHPohene Braserfie d B renb ety Rie serh’2
fowgségil:s a substituted or unsubstituted organic group having an

aromatic ring or a heterocyclic ring or a substituted or unsubstituted

aliphatic group.

2. The epoxy resin composition according to Claim 1, wherein the curing

accelerator of component (C) is a compound having phosphorus atom.

3. The epoxy resin composition according to any one of Claims 1 and 2,
wherein the curing accelerator of component (C) is a compound having a

cation portion in a molecule.

4. The epoxy resin composition according to Claim 3, wherein the
compound having a cation portion in a molecule is at least one
tetra-substituted organic phosphorus compound selected from
tetra-substituted phosphonium salts (c1), phospho-betain compounds (c2)

and adducts of a phosphine compound with a quinone compound (c3).

5. The epoxy resin composition according to Claim 3, wherein the
compound having a cation portion in a molecule is a compound

represented by following general formula [4]:
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87 Z11_'P-Si-O\ [1] X1 moo/ \o -X2 wherein Xl and X2 each represent an
organic group and may represent a same group or different groups, and ZI
represents a substituted or unsubstituted organic group having an aromatic
ring or a heterocyclic ring or a substituted or unsubstituted aliphatic group;
(b") the anion component represented by above general formula [1] and a
compound represented by following general formula [2]: OH X3 OH [2]
wherein X3 represents an organic group; (c') the compound represented by
abpve general formulg [2] and a silane compound represented by following
geheral fornﬁ}la [3]: Z2 RIO-Si-OR3[3] OR2 wherein RI, R2 and R3 each
represent ar a_llg tic[gro pll| nng| o0 3 carbon atoms and may represent
a §amegro e nt Bs, and ZQ represents a substituted or
ungubstitut organlc roup having an aromatic ring or a heterocyclic ring or
a dubstituted or unsubs@ituted aliphatic group.

(n

wherein P represents phosphorus atom, R1, R2, R3 and R4 each represent
a substituted or unsubstituted aromatic group or alkyl group and may
represent a same group or different groups, A represents an anion of an
aromatic organic acid having at least one functional group selected from
hydroxyl group, carboxyl group and thiol group on an aromatic ring, AH
represents an aromatic organic acid having at least one functional group
selected from hydroxyl group, carboxyl group and thiol group on an
aromatic ring, a and b each represent an integer which is 1 or greater and
3 or smaller, ¢ represents an integer which is 0 or greater and 3 or smaller,

and a=b.

6. The epoxy resin composition according to Claim 3, wherein the
compound having a cation portion in a molecule is a compound

represented by following formula [5]:
Xm~Z/
AN
O [5]
3 | / \j
/\/
Yn

wherein X represents hydrogen atom or an alkyl group having 1 or more

and 3 or less carbon atoms, Y represents hydrogen atom or hydroxyl group,
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88 9. The epoxy resin composition according to any one of Claims 1 to 8,
wherein the component retarding curing of the epoxy resin of component (D)
is a phenylsilane compound represented by following formula [7]: (R1) R2
O-Si-OR4 [7] OR3 wherein RI represents hydrogen atom or a hydrocarbon
group having 4 or less carbon atoms, R2, R3 and R4 each represent an
aliphatic group having 1 to 3 carbon atoms and may represent a same group
or &ifleranngraugechntBrasgrdsantstagentederivtich ier1ssefieamiarid ®
or sm 1I8err. 10. The epoxy resin composition according to any one of Claims
1 tomé?, wherein the component retarding curing of the epoxy resin of
component (D) comprises the phenylsilane compound represented by
formula#}?é and a compound in which hydroxyl group is bonded to each of
twé or FitfreC BRI CERtIBaBIRPABHRNCSRERdiInG 47 drbHiatSringRareiride
R IESINCAMPRRItADN acerlingoiRiGlaim 10, whaRindhe s arpmaticJing s
benzene ring or naphthalene ring. 12. The epoxy resin composition according
to @y ore eldORifridodviod formwhlerésh an amount of the phenylsilane
compound represented by formula 89 [7] is 0.05% by weight or more and
0.5% by iight or less based on an amount of an entire epoxy resin
composition. 13. Thegepoxy resin composition according to any one of Claims
1to 12, Wherein the poxyl_fﬁsin of component (A) is an epoxy resin

repggsentpd

R3 Ré6 RS
OH

[6]

wherein P represents phosphorus atom, R1 to R3 each represent a
substituted or unsubstituted alkyl group having 1 to 12 carbon atoms or a
substituted or unsubstituted aryl group having 6 to 12 carbon atoms and
may represent a same group or different groups, R4 to R6 each represent
hydrogen atom or a hydrocarbon group having 1 to 12 groups, an atom
and groups represented by R4 to R6 may be a same with or different from
each other, and the groups represented by R4 and R5 may be bonded to

each other to form a cyclic structure.

8. An epoxy resin composition according to any one of Claims 3 to 7,
wherein the component retarding curing of the epoxy resin (D) is at least
one component selected from following component (a’) to component (¢):

(@) an anion component represented by following general formula

[1]:
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following general formula [8]: OCH2CHC OCH2CHC O CHQ Q CH O H [8]
n wherein n represents an average value which is a positive number of 1 to
10. 14. The epoxy resin composition according to any one of Claims 1 to 13,
wherein the curing agent of component (B) is a phenol resin represented by
following general formula [9]: 90 OH OH O CH -9-9-CH O H [9] n wherein n
represents an average value which is a positive number of 1 to 10. 15. The
epoxy resin coﬁlbosition according to any one of Claims 3 to 14, wherein the
compoundt_jpﬂ' a gation portion in a molecule which is the curing
accelerater an {% coimponent retarding EUring of the epoxy resin of
compo#dnt-() aregnixe¥Bwith each other in advance. 16. The epoxy resin
composition according to any one of Claims 1 to 15, which further comprises
an,{peraaniefileia X% IN% SRBRYGRIR COMPOSIION AEAANGP GG o
wherein an amount of the inorganic filler is' 80% by weight or more and 94%
bysweig h¢ronpess baiséaort agrampsuniol dhlemtipeespoky ressulcamposition.
18. An epoxy rﬁsin molding mat%rial. for encapsulating semiconductors .

unsubstituted organic group having an aromatic ring or a heterocyclic

ring or a substituted or unsubstituted aliphatic group;

() the anion component represented by above general formula [1]

and a compound represented by following general formula [2]:

_.OH
X3
™~ OH [2]

wherein X3 represents an organic group;
(¢) the compound represented by above general formula [2] and a

silane compound represented by following general formula [3]:

zZ

R1 O—Si—OR3 (3]

OR2

wherein R1, R2 and R3 each represent an aliphatic group having 1 to 3
carbon atoms and may represent a same group or different groups, and Z2
represents a substituted or unsubstituted organic group having an
aromatic ring or a heterocyclic ring or a substituted or unsubstituted

aliphatic group.
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which is obtained by mixing and/or melt mixing the epoxy resin compaosition
described in any one of Claims 1 to 17. 91 19. A semiconductor device which
comprises a semiconductor element encapsulated by using the epoxy resin
molding material for encapsulating semiconductors described in Claim 18.
20. A process for providing latency to an epoxy resin composition which
comprises retarding curing of the epoxy resin composition described in any

on of lbkifre R taesMmboaspgstineancapiours 69 thedconthonhdrriratandiig S,

curiﬁg of th&lepox resin relattiv .o an amoun Hf the compound. having a
reln .the. co I%orrent re zﬁﬁlng curmg 0 e %:)oyéxér sin oI compohent
cation portion in a molecule of the €uring &ccelerator.

(D) is a phenylsilane compound represented by following formula [7]:

(R1)_
R2 0—Si—ORd4 7]

OR3

wherein R1 represents hydrogen atom or a hydrocarbon group having 4 or
less carbon atoms, R2, R3 and R4 each represent an aliphatic group
having 1 to 3 carbon atoms and may represent a same group or different

groups, and a represents an integer which is 1 or greater and 5 or smaller.

10. The epoxy resin composition according to any one of Claims 1 to 9,
wherein the component retarding curing of the epoxy resin of component
(D) comprises the phenylsilane compound represented by formula [7] and
a compound in which hydroxyl group is bonded to each of two or more

adjacent carbon atoms constituting an aromatic ring.

11. The epoxy resin composition according to Claim 10, wherein the

aromatic ring is benzene ring or naphthalene ring.

12. The epoxy resin composition according to any one of Claims 9 to 11,

wherein an amount of the phenylsilane compound represented by formula

89



[7] is 0.05% by weight or more and 0.5% by weight or less based on an

amount of an entire epoxy resin composition.

13. The epoxy resin composition according to any one of Claims 1 to 12,
wherein the epoxy resin of component (A) is an epoxy resin represented by

following general formula [8]:

OCH2CHC OCH.CHC
I \/ | D O/
O | cH CH H (8]

wherein n represents an average value which is a positive number of 1 to

10.
14. The epoxy resin composition according to any one of Claims 1 to 13,

wherein the curing agent of component (B) is a phenol resin represented

by following general formula [9]:

90



OH OH

wherein n represents an average value which is a positive number of 1 to

10.

15. The epoxy resin composition according to any one of Claims 3 to 14,
wherein the compound having a cation portion in a molecule which is the
curing accelerator and the component retarding curing of the epoxy resin

of component (D) are mixed with each other in advance.

16. The epoxy resin composition according to any one of Claims 1 to 15,

which further comprises an inorganic filler.

17. The epoxy resin composition according to Claim 16, wherein an
amount of the inorganic filler is 80% by weight or more and 94% by weight

or less based on an amount of an entire epoxy resin composition.
18. An epoxy resin molding material for encapsulating semiconductors

which is obtained by mixing and/or melt mixing the epoxy resin

composition described in any one of Claims 1 to 17.
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19. A semiconductor device which comprises a semiconductor element
encapsulated by using the epoxy resin molding material for encapsulating

semiconductors described in Claim 18.

20. A process for providing latency to an epoxy resin composition which
comprises retarding curing of the epoxy resin composition described in
any one of Claims 3 to 17 by adjusting an amount of the component
retarding curing of the epoxy resin relative to an amount of the compound

having a cation portion in a molecule of the curing accelerator.
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