DESCRI PTION -« .. EPOXY RESI N COWPOSI TION  TECHNI'CAL FIELD = The present T33-3¢
~invention relates to an epoxy resin conposition .excellent in flame
retardancy, high-tenperature reliability —and solder heat resistance and,
mere particularly, to a sem conductor sealing epoxy resin conposition and
a sem conductor device. BACKGROUND ART . - As for a nethod for sealing
ekectronic circuit - portions, such as sem conductor devices, a sealing _
met hod ‘'using a sealing resin contai.ning an epoxy resin, a hardening agent
and an inorganic filler is mainly enployed, in view of cost effectiveness;
productivity, balance in properties. Due to the recent trend toward |ess
t hi ckness and hi.gher packagi ng dePEPERIBTI@®N conductor devices, there are
i-ncreasi ng demands for- high sol der heat resistance, high-

EPOXY RESIN COMPOSITION

" TECHNICAL FIELD

The present invention relates to an epoxy resin composition

excelleﬁt in flame retardéncy, high-temperature reliability

and solder heat resistance and, moreiparticularly; to a

semiconductor sealing epoxy resin composition and a

semiconductor device.

;.BACKGROUND ART
As for a method for seaiing electronic circuit
portions, Such as semiconductor devices, a sealing method
using a sealing resin containing'en epoxy rein, a hardening
agent_and an inorganic filler is méinly'employed, in view
.cf cost effectiveness, productivicy, balance in properties.
Due to the recent t?end tcward less thickness and higher
'packaging density of semiconductor devices, there are
;increasing demands for hich solder heat resistance, high-
femperature reliabilityp huﬁidity resistance reliabilitye
and the like of semiconductors., Ccrrespcndingly,
requirements for sealing resins have been escalating.
For safety ensurance,.the UL standardS'impcse-a
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tenperature reliability, humdity resistance reliability and the |ike of
.sem conductors. .Correspondi ngly, requirenments for sealing resins have been
escal at i'ng. . For safety ensurance, the .UL standards inpose a

requi rement that electronic conponent parts, such as sem conductor

devi ces, be provided with flame retardancy. Accordingly, conventional
sealing resins contain, as a flanme retarding agent, halide-based flane
retardant agents such as a brom nated epoxy resin and, as a flane
retardi ng assistant, ‘antinony conpounds such as antinony tri oxide.

Wth recently grow ng concerns about environmental issues, problens or
chal | engesequaieenrreh Puithteldainonic gompmemntt ardrs owiddo@sounds used as -
flame retarding agents'_in sen conductor sealing resins. There is a

pr obl em i semizendirtrn deshiesmhdke araedes widdn|fdang ratagsancy-esi n
conposition containing a halide flane retardant agent is placed in a high
t enper at AGCORHAFBHMAANVETNE MR AR3Ling glegine SoRtEIiu@DR

flamégretarding agent, halide-based flame retardant agents
such as a bromipated epoxy résiﬁ'and, as a flame retarding a
assistant, antimdnylcompounds such as ahtimony trioxide.

‘ With recently growing concerns about envifonmental
issues, problems_or challenges have been.pqinted out in
respect to various compoundé used as flame retarding agents
.in semicondﬁctor sealing'resins._.

There is a prob;ém in that when a semiconductor device
seaiéd by an epoxy rein compoSition containing a halide
flame retardant_agent is placed in a high temperature
envifonment, the reliabiiity of the semiconductor
decreasesr

Furthermore; concerns_ha?e‘risen ovéf troublesome
processes required_for_resin wastes if antimony compounds
are contained in the such resins.

There-havé been demands for further improvementsiin the
solder heat resistance and high-temperature reliability of"
semicdhductor devices and the package filliné
characteristics-ﬁop the sealing of semiconductors.

It is an objéct of the preseﬁt invention to providé.an
epoxy rein éomposition excelient in flame retardancy, high-

" temperature reliability,'solder hear resistance and
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decr eases. Furt hernore, concerns have risen over troublesone
processes requited for resin wastes if antinmony conpounds. are contained |n_
the such resins. . There have been demands for further inprovenents -in
the solder heat resistance and hi gh-tenperature reliability of

sem conductor devices and the package filling characteristics for the

seal ing of sem conductors. It is an object -of the present invention to
provi de an epoxy rein conposition excellent in flane retardancy, hi gh-
tenperature reliability, sol der 'hear resistance and
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characteristics wthout essentlally requiring a halide-based flanme
w1thout essentlally requiring a halide-based flame
retardlng agent or an antimony compound,.whlch are
conventional flame retarding agents, and to provide an

epoxy rein composition that'improves.the humidity

resistance reliability if that property is-required.

DISCLOSURE OF THE INVENTION

Accordingly, the present invention is:
(1) - an epoxy resin composition comprising an epoxy -
resin (A), a hardener(B), an inorganic filler(C), and a
phosphoric acid ester compound(D), an amount of the

) b inorganic filler (C) contained being 80% by weight relative

to the composition, and'more particularly,
(2)_ an epoxy resin.composition according to (i),
wherein a proportion of the epoxy rein.(A) in the epoxy
resin composition is 0.05-15% by weight, and a proportion
of the hardener (B) is such that a chemlcal equlvalent
ratlo of the hardening functlonal group of the component
(B) to the epoxy groups of the component (A) is 0.5-1.5,
and a proportion of the phosphoric acid ester compound (D)
is such that the phosphorous-atbms of the phosphoric acid.'
ester compound (D) is 0.01-10% by weight relative to the

components excluding the inorganic filler,
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retardi ng agent or an antinony compound, which are conventional flane
retardi ng agents, and to provide an epoxy rein conposition that inproves
the humdity resistance reliability if that property is required.

DI SCLOSURE OF THE | NVENTI ON - Accordingly, the present invention is:
(1) an epoxy resin conposition conprising an epoxy resin (A, a

hat dener (B), an inorganic filler(C, and a phosphoric acid ester =%
compound(D), an amount of the inorganic filler (C) contained being at

| east 80% by meight relative to the conposition, and nore particul arly,

2 i 1), wherei, i
o the epitly”PRokiTs! ”ﬁﬂ%@%@%&%”a?%ﬁf%‘yc%%&o rosbhord 0 2t oL py O
wei ght, %%deq: Q:rdﬂﬂ:‘?hfricﬁ% e%%Pd%Qter &I%) is such that. a chenical

uncti o

equi val ent” rati1 o0 of ardenlng a group of the component (B)

to the epoxy groupgOle %@Hﬁ”%@hg%)ith%n a eécrigaapggg%ﬂgom on of

t he phosphoric acid ester conmpound (D) is such that t rous atons

of the phasphyy i@ aciyd, welepm@u%o@%dracoa%d&%tw WRinglunge!l ative

to the eonponents excludlng the inorganic filler, (3) an epoxy resin
conposi t ik atr Arbned 0 grbupgr .

{5)  an epoxy resin composition as described in any
one of (1)-(4), wherein the phosphoric acid ester compound
(D) has in its molecule a structure of the following |

chemical formula (i):

B
X-0-P-0-X
ﬂf

ba

(in the fomula, X represents at least one aromatic group,'

and may be the same or different)

(6) an eﬁoxy resin composition as described in any
one of (1)-(5), wherein the epoxy resin composition
contdins an ion‘capturing agent,

(7) aﬁ epoxy resih composition as described in (6),
.wherein the ion capturing agent is 'a hydrotalcite-based |
compound, | |

(8) . an epoxy resin composition as'described_in.any

one of (1)-(7), wherein the epdxy resin (A) comprises as an



(2), wherein a phosphorous atom of the phosphoric acid ester conpound has

a valency of five, (4) “an epoxy resin conposition as described in
any one of (1)-(3), wherein the phosphoric acid ester conpound has an
aromatic group, (5) ~an epoxy .resin conposition as described in any
one of (1)-(4), wherein the phosphoric acid ester conpound. (D) has in |ts
nolecul e a structure of the following chemcal formula (1): O | E
X-OP-OX | O (in the formula, X represents at |east one aromatic group,
and may be the same or different) (6) an epoxy resin conposition

as described | A %% Ghbrchl WEee P BRRMhHE LA AP £ o

structure of the following chemical formula (II):

- (o)

(where R1-R8 in the formula repreéent hydrogen atoms, alkyl
groups -having a carboh number of 1-4, or halbgen atoms), -
(9) an epoxy resin composition as described in-any
one of (1)-(8), wherein the hardener_comprises'aé_an
essential component a phen01_compound'(VI) fepresentéd'by

the following formula:

.Y-Cl;lz—-X—CHz Y—CHz-X-—_CH%:‘Y "-..(VI)

.(iﬁ formula VI, m is an integef equal té or greater'than 0,
X is a bivalent aromatic group ahd may.be the same or
udlfferent, and Y is a unlvalent or blvalent aromatic groﬁp
.and may be the same or dlfferent),
'(10) an epoxy resin comp051tlon as described in any
one of (i)-(9), wherein at least 50% by'weight.of the
phosphorlc acid ester compound has a molecular weight of
300 or greater, . _
(11) ~ an epoxy resin composition.as described in any

one of (1)-(10), characterized in that an amount of the



contains an ion capturing agent, (7) an epoxy resin conposition as
described i'n (6), wherein the ion capturing agent is a- hydrotal cite-based:
conmpound, (8) - an epoxy resin conp05|t|on as described in any one of
(1)-(7), wherein the epoxy resin (A). conprises as an

4 essenti al el enent-.a bi phenyl type epoxy conmponent haV|ng a

st-ructure of the follow ng chemcal formula (I1): [err] "~ (where
R1-R8 in the fornula represent hydrogen atoms, alkyl groups having a
carbon nunber of 1-4, or halogen atons), (9) ~an epoxy resin
conposition as descrlbed I n any one of, (1 (8 wherej n the hardener
codpr i sekNREIFHiC egsle}ﬁlr’aw)corrponent a bh b RLINE \relafrissent ed by

to the resin composition,
(12) an- epoxy resin:compesition as described in any
one of (1)-(11), whereln an ‘oxygen index of the comp051tion
after being hardened is equal to or higher than 42%,
.(13) an epoxy resin composition as described in eny
one of (1)y-(12), wherein the epoxy resin compesition is
applieabie to semiconductor sealing,
(14) r A semiconductor device wherein a semiconductor
o) element is sealed by an epoxy resin cbmposition as
described 1n (13) . | |
Further, the invention of a produCing method is:
(15) a method for produCing an epoxy resin composition
characterized by melting and mixing an epoxy resin (3d), a
hardener (B), an inorganic filier(C), and a phosphoric acid
ester compound(Df (whereinﬁan-amount of the inorganic '
2. filler (C) compounded is at least 80% by weight relative to
the composxtion), L
{16) ‘a method for produCing a semiconductor sealing
9 epoxy resin composition'characterized by melting and mixing
-an.epoxy resin (A), a hardener(B), an inorganiclfiller(C),
a phospheric acid ester compound (D) and an ion capturing
agent (wherein an amount of the inorgenic filler (C)
2y componnded is at least 80%'by weight-relative to the-

composition), and T
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~the followng fornmula: - - Y-CH2-X-CHerr]-(Y-CHerr]-X-CH2)[err]-Y

(V) (in formula VI, mis an integer equal to or greater than 0, X is
a blvalent aromatic group and. may be the sane or . different, and Y is a '
‘unival ent or bivalent aromatic group. and may be the sane or different),
(10) - an ‘epoxy resin conposition as described inany one of (1)-(9),
wherein at | east- 50% by weight of the phosphoric acid ester conpoUhd'has a
nol ecul ar wei ght of 300 or greater, (11) an epoxy resin conposition
as described in any one of (1)-(10), characterized in that an amount of
t he 5 inorganic filler (Q is at
| east- 80%L7) byawmeghodrépatDVGduc@nghe sesicondupbertsealing12) - an

epoxy resin conposition as described in an
epoxXy resin composition as described in (16), wherein the

_1on capturlng agent 1s,a.hydrotalc1te-based compound.
In thé'compositioﬁ of-the pfesent invention; by
5~ compounding at least 80 wt.$% inorganié filler_(C) and

| compouﬁding.a thsphoric acid ester,.a flame retardancy is
provided and, further, formability represented by filling
characteristics is iﬁproved. Furthermore; if é'
semiconduétor device.is formed by sealing a semiconductor
element with the composition of the present invention, an
excellent'humidity resistance reliability and an excellent
solder heat resistance are achieved. Further, by |
compounding a_hyarotalcite~based compound, the humidify

resistance reliability is improved.

BEST MODES FOR CARRYING OUT THE INVENTION

- The present invention wili be described in detail'
below. |

The epoxy resin (A) in the present invention is not

barticularly 1imited_as long as it has a plurality of epoxy .
groups in ité molecule. Specific'examples of the.epoxy
resin (A) are, for exampie,.cresol novolac type epoxy
resin, phenol novoléc typé epoxy resin; biphenyl type epoxy
resin, bisphehol A type epoky resin, bisphenol F type epoxy

- resin, linear aliphatic epoxy resin, alicyclic epoxy resin,



one of (1)-(11), wherein an oxygen i-ndex of the conposition after being

hardened is ‘equal to or higher than 42% (13) " an epoxy resin
conposition as described in any one of (1)-(12), wherein the epoxy resin
conposition is applicable to sem conductor sealing, (14) A

sem conduct or device wherein a sem conductor elenent is sealed by-an epoxy
resin conposition as described in (13). Further, the invention of a
produci ng nmethod is: (15) a method for producing an epoxy resin

conposition characterized by nelting and mi xi ng an epoxy resin (A), a
_hardener(B), an inorganic filler(C), and a phosphoric acid ester :
conpound (BFCeRAGY 61 HC aRPARHURES HE- t FRLFPOF LRGT @Oontaintng (€yoxy at | east 80%
by weight relative . to 'the_conposition), (16 .a method for producing a
“sem conduEE®iRseBRLAgenapedy Py ntedhpostad ore nhikRt eri zed by nelting and

mxing an epoxy resin (A), a hardener , an inorganic filler(Q, a
phosphori c ac&ﬁg%%trek?‘e% Rl (55 S épfy'i &Pc%&)?’@?i?@sl%gent (wherein an
~amount of _the.inorganic firller compounded is _at |east 80% by wei ght
fovati ve PHEERGUCRERD RrehehebLe dor (EROH e Srdlent favaneiad, "¢ O

in view of excellence in solder heat resistance, is one

that contains as an essential component . a biphenyl type.
epoxy resin having a skeleton represented by the fbllowing

general formula (II):

(wherein R1-R8 in the formula repreéent the same or

_different ones of hydrogen atoms, alkyl groups having. a
carbon number of.l-4, and halogen atoms)

The.epdxy resin (A) preferably contains a'biphgnyl type
epoxy rein having a skeleton.represented by the foregoing
chemical formula (I) in an amogﬁt‘of 50% by weight or more,

| and, more preferably,.70% by weight or more.
| Preferable examples of the epoxy resin skeleton
' - represented by the foregoin§ formula (I) are:
4,4'-bis(2,3fepoxy-propoxy)biphenjl; 
4,4'-bis(2,3-epoxy-propoxy)-3,3',5,5"'tetramethylbipheny
1, :

4,4'—bis(2,3repoxY—p£Opoxy)-3,3',5,5'ftetramethyl-2-ch1-

8



6 (17) a nmethod for producing a sem conductor sealing
epoxy resin conposition as described in (16), wherein the ion capturing
agent is a hydrotal cite-based conpound. . I'n the conposition of the
present invention, by conpounding at- |east 80 wt. % inorganic filler (C
and conpoundi ng a phosphoric acid ester, a flane retardancy is provided
and, further, formability represented by filling characteristics is?* -

i nproved.  Furthernore, if a sem conductor device is forned by sealing a
sem conductor elenent with the conposition of the present invention, an

excellent hunmdity resistance reliability and an excell ent

sol der heat

resi st ancerabiphenykyed. Further, by conmpoundi ng a hydrotal cite-based

conpound, the humdity " re5|stance rellab|I|ty i's inproved.

BEST MODES

FOR CARRY1hKS(lﬂ'ﬁb%§(3&ﬁﬁﬂ@Q}W propoxy) -3,3',5,5"'-tetramethyl-2-bro

moblphenyl;

4;4'—bis(2;3—epoky;propoxy)—3,3',5,5'-tetraethylbipheny_

4,4'—bis(2,3~ep6xy;pr0poxy)-3,3',5;5'—tetrabutylbipheny

4,4'-bis(2, 3 -epoxy- propoxy)blphenyl

4,4 —bls(2,3-epoxy-propoxy)—3,3 .5, 5'—tetramethylb1phen

yl; and the like. Any of these may be used alone or in a

mixed system, ach1ev1ng sufficient advantages The

aforementloned epoxy resin 1nc1udes, within its scope,

polymers formed by.openlng the rings of epoxXy groups.

In the present invention, the amount of the epoxy resin
(A) compounded is normally 0.05-15 % by weight,,more-'_
preferably, 2-15% by weight, further more preferably 2—9%
by weight, in the epoxy resiﬁ compound, in view of |
formabilify and adhesion property. If the aﬁount is_too'
small, the formability or adhesion property becomes

insufficient. If the amount is too large, the coefficient

of linear expansion_of the hardened material becomes large, -

with a tendency that reduction of stress in the hardened
material will become difficult.
The hardener (B) in the present invention is not

particularly limited as long as it reacts with the epoxy



The present invention will be described in detail Dbelow The epoxy

resin (A) i'n the present invention is not particularly limted as |long as

it. has a plurality of .epoxy groups in its nolecule. Specific exanples of
the epoxy resin (A) are, for exanple, cresol novolac type epoxy -resin,

- phenal novol ac type epoxy resin; biphenyl type .epoxy resin, bisphenol A

t ype epoxy resin, bisphenol Ftype epoxy resin, linear aliphatic éepoxy

resin, alicyclic epoxy resin, ' g - : .

het erocyclic epoxy resin, spiro-ring-containing epoxy resin, hal ogenated

Fosn | RePtR Clkhr F5T RETAPRIAG: { QYL S (B SRR on, |1 vi ew
cssent | PECRTbHA AT SEOH DrEgEy SR PR 460 T St on
reDresenégdag¥négem£§|ﬁf@%é@bbly.be used. Examples of such a

compound, thét is, a compound having two or'more.phenolic.

hydroxyl groups in its mclecple, are, fof exaﬁplé; phenol

novolac reéin, Creéol_novolac resin, phenol—p—xylylene

COpblymer (generally termed phenol'aralkyl resin)

fepresented by formﬁia (VI) below, various novolac resins

synthesized from bisphenol A, resorcin or the like,‘various

polthdriq phenols_sucﬁ as tris(hydroxyphenyl)methéne,

dihydrobiphenyl and the like, polyvinyl phenol.
Y—-CHr—X—C Hz-(Y-_C_Hz—-X-—CH%‘—“.Y e (VD)

{in formula Vi, m is an integef equal_to or greater than 0)
X is a_bivalent aromatic-group and may be the same or
different, and Y is a univalent or bivalent aromatic group
'aﬁd may be the same or diffefent). |
| Examples.of the compound having an acid énhydride-are
maleic anhydride, phthalic anhydride, pyromellitic
anhydride, and the like. Examples of the amines include,
but are noE.limited to, aromatic amines, such as meta-
phenylenediamine,_di(émiﬁophenYlimethane (generaily termed
diaminodiphenyl methane), diéminodiphenyl sulfone and the -

- like. Fof.semiconductor_Séaling,'phenyl-based hardeners

10



general formula (rr): [err] ~(wherein R1I-R8 in the formula represent
the same or different ones of hydrogen atons, alkyl groups having a
carbon nunber of 1-4, and hal ogen atomns) The epoxy resin (A
preferably contains a biphenyl type  epoxy rein having a skeleton
réepresented by the foregoing chemical formula (1) in an anount of : 5096by

wei ght or nore, and, nore preferably, 70% by melght or nore.
- Preferabl e exanpl es of the epoxy resin skel eton represented by the
foregoing formula (1) are: 4,4 -bis(2,3-epoxy-propoxy)bi phenyl;

£ 5 B DERERARII e S B AR e s
resistance and storability. In some applications, two or'
more kinds of hardeners may be used together. |

| The phenol-based hardener preferably.contains a phenol
aralkyl resin having-a structure represented by formula
(III) below in view of an excellent solder heat_resistance
and a low weter'absorption“OE a resulting semiconductor
. devicel The amount thereof compounded is preferably at

least 50% of the hardener. : '

H : H : ' H

su{ )cH, cr{ HcH

R R . . R
(in the formula, R represents a hydrogen atom or an organic
group and may be the same or different, R preferably belng
a hydrogen atom or a methyl group, and m is an 1nteger
equal to or greater than 0).

It is preferable that a structure represented by the

foregoxng formula whereln m 1s equal to or less than 3 be

contalned in an amount of 90% by weight or less)

The amount of the hardener (B) compounded in the
present -invention is normally 0.5- 20% by welght, preferably
1-10% by welght more preferably 1-9% by welght, relative

. to the entire resin composrtlon. Preferably, the compound

- 11



or obi phenyl ; 4, 4" -bi s(2, 3-epoxy-propoxy)-3,3",5;5" -tetranet hyl -2-bro
‘nobi phenyl ; 4,4" -bis(2, 3-epoxy¢propoxy)-3,3',5,5 -tetraet hyl bi pheny
1; . 4, 4 -bis' -(2, 3-epoxy- propoxy) -3, 3", 5,5 -tetrabutyl bi pheny

4,4 -bis(2,3-epoxy- propoxy)blphenyl _

4, 4" - bi s(2, 3- epoxy- propoxy) -3, 3,5, 5'-tetranethy|b|phen yl; and the like.
Any: of these may be used al one or in a mxed system achieving sufficcient -
advant ages. The aforenenti oned epoxy resin includes, within its scope, '
pol ymers formed by opening the rings of ‘epoxy groups. In the present
I nvention, the amount of the epoxy resin (A) conpounded is normally

0. 05-15 %’bylwlebghweenotbe predenapl yB) 2an8% bg - epoght resimt bey imre
preferably 2-9% by weight, in_the epoxy resin conpound, in view of
fornablI|ﬁycanﬁhééhébﬁoﬁhﬁméﬁélt9qu¥Valﬁ@taﬁmgunt|Satbo ofnehé, the

fornablllh adhesi on property becones insufficient. If the amount is
t oo 1 arge; aFﬂénéﬁgfﬁPEFEthaofgFPHEﬁroéxﬁﬁhngntbﬁ eRexyiagrevwed afteri al

duction_of stress in the hardened
'becones l?ggeis w1£ﬁla Eeggﬁggyo%hgt rf uc preferably 0.8-1.2, in

view of mechanical characteristics and humidity resistance
reliability.

In the presenf invention, ic-is possible to use a
hardening catalyst in.order to accelerate the hardehing"
reaction between the epo#y resin (A),and the hardener'(B).
The hardening cetalyst is not particularly limited as long
as it accelerates the hardening reaction. Ekamples of the_
hardening catalyst are imidazol compoundes such as 2-
methylimidazol 2, 4-dimethylimidazol, 2-éty1e4—
meth&limidazol, 2—pheny1imidazol, Z-pheny144-
methylimidazol,'2?heptadecylimiaazol and the like,
tertiary aﬁiﬁe compounds-Such as triethylamine,
benzyldimethylamine, «-mehtylbenzyldimethylamine, 2-
(dimethylaminomethyl)phenol 2:4'6-
trls(dlmethylamlnomethyl)phenol 1,8-diaza- -bicyclo(5,4,0)un
deccen-7 and the 11ke, organlc metal compounds such as
zirconium tet;amethox1de, 21rcon1um tetrapropox1de,
tetrakis(acetYlaceto)'zirconium, tri(acetylacetd)aluminum-

-~ and the like, organic phosphine compounds such as triphenyl
'phosphine, trimethyl phosphine, trlethyl phosphlne,

trlbutyl phosphine, trl(p methylphenyl)phosphlne,

12



material will becone difficult.. The har dener (B) in the present
~inventign is not particularly limted as long as it reacts with the epoxy
resin (A). for hardening. Normally, conpounds having. phenolic hydroxyl -
groups, conpound having acid anhydrides, or am nes may preferably be used.
Exanpl es of such a conpound, that is, a conpound .having two or nore
phenolic - hydroxyl groups in its nmolecule, are, for exanple, phenol = -
novol ac reésin, cresol novolac resin, phenol-p-xylylene copolyner
(general ly ternmed phenol aralkyl resin) represented by fornula (V1) bel ow,
various novol ac resins_synthesized.from bi sphenol A, resorcin or the |ike,
various tpél(physipbepnéhohesphéheagndr th¢hyikexyphvony) bhesdane,
di hydr obi phenyl and the Iike, polyvinyl phenol. Y-C Herr]-X-C .
H err] - (9rgppéer phrsphiger ppmpounds are.preferably used|in view e6rnula VI,
mis an . integer equal to or greater than 0, - _
‘ humidity resistance.” These hardening catalysts may be used
in combination of two or more kinds depending on
applications. The amount thereof added is preferably
within a range of 0.1-10 parts by weight relative to 100
parts by weight of the epoxy resin (a). |
Examples of the inorganic filler (C) are amorphous
silica, érystalline siliéa,_calcium carbonate, magnesium
carbdnate,-alumina, magnesia, clay, talc, calcium silicate,
titanium oxide, asbestos, glass fiber and the like. ‘Among
these, amorphous silica is preferably used since it has a
great effect on reduction of the coefficient of linear
expansion and is effectiVe to reduce stress. Amorphous
silica may be produced in any desired method, for example,
a method wherein crystalline silica is melted, a method
wherein amorphous silicé is synthesized from various
materials, ‘and the like.
The configuration and particle diameter of the
amorphous silica in the present invention are not
particularly limited. However, in view of fluidity, it is
preferable that the amorphous silica have spherical
particles of an average_partic1e7diameter equal to or

' greatér than 3 um but less than or equal to 40 um, and be

used in the inorganic filler in an amount of 60% by weight
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X is a bivalent aromatic group and may be the sane or different, and Y is
a univalent or bivalent aromatic .group and may be the sanme or different).
Exanpl es of the conmpound having an acid anhydride are maleic anhydride,

phthal i c anhydride, pyronellitic anhydride, and the |ike. Exanples of the
am nes include, but are not linited to, aromatic am nes,. such as neta-

phenyl enedi ani ne, di (anmi nophenyl ) net hane (generally terned diani.nodt phenyl
met hane), di am nodi phenyl sulfone and the - Iike. For sem conductor sealing,
phenyl - based hardeners 10 .- may

preferably be used in view of heat resistance, hunidity resistance and
st or abi | iory moren s¥exeappeifezebdis, thRoampunhopé Rimpgphotishaidéners may be
used toget her. The phenol - based hardener preferably contains a phenol
aral kyl fAdsithehdporgaaist fiddere iseBP&s bt waiphtf orntPEe-(111) bel ow in
vi ew of an .excell ent sol der heat resistance . .
' The average particle diameter herein means a particle
diameter (median diameter) with an accumulated weight of
50%. In the present invention, the proportion of the
inorpanié filler (C) is preferably 80-98% by weight and,
more preferably, 85—98%-by weight relative to the entire
.resin composition, in view df fiame retardancy, formability
and.low stress.
The phosphoric aCid-estef compound, that is, the
'component (D) in.the present invention, refers to pompounds_
having_bondé of "P-O-R" (R.being an orgahic group) as
chemical structures. 'Normélly} phosphoric apid ester
compounds wherein the phpsphbrus atoms have a valehcy.of
- three or five-are used. As for phosphoric acid ester
compounds haviﬁg tfivaleﬁt phosphorus atoms, there are
phosphite cbmpounds, phophonite compounds, and phosphinite
éompoundé. As'for phosphoric acid-éster compounds having
pentavalent phosphorus atoms,lphere are phosphate
coﬁpounds, phosphonate compounds, -and phoéphinate
compoundé. Among'these,'phpsphoric aéid ester having
‘pentavalent phosphorus atoms ére preferably used in view of
storage Stability and flame retardancy. |

Among these phosphoric acid ester compounds, compounds

‘having aromatic groups as organic groups forming esters are

14



and a | ow water absorption of a resulting sem conductor . device. The amount -
t her eof conpounded is preferably at |east 50% of the hardener. [err] -

(iszn the formula, R represents a hydrogen atomor an organic group and nay
be the sane or different, R preferably being a hydrogen atom or a nethyl
group, and mis an integer .equal to or greater than.0). - It s
preferable that a structure represented by the - fore90|ng f ormul a wherei n
mis equal to or less than 3 be contained in an amount of 90% by wei ght
or less). The annunt of the hardener'(B) conpounded in the present

or e or SO5R SO T S o e e Rl et on, T ©
Prefere“%é&lag¥ifggwghé]solder heat re51stance 11 |
| Examples of such phosphoric acid ester compounds are
triphenyl phosphate, resorcinol'bis(diphenol)-phosphéte, 2-
-eth&lhexyldiphenyl phosphate, and other compounds described
later. -_ . |
Further, it is prefefable that a skeleton represented

by formula (I) below is contained in the molecule:

X+O—F—O+X (1) . \
_ ﬁ) o _ | |
X
(in the'formgla, X represents an'aromatic'group'having-a
valency of one or greater, and may be.the same oY

 different).

More specifically, compounds represented by formulas

(IV) ‘and (V) are-indicated:

.ee (N)

wherein
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ratio between the hardener (B) and the epoxy resin (A) is such that the
chem cal equivalent anmount ratio of the hardening functional groups of (B)
tq the epoxy groups of (A) is ‘Wi thin a. range of 0.5-1.5, preferably
0.8-1.2, in view of- nechani cal characterlstlcs and hum dity resistance
reliability. In the present invention, it.is possible to use a: .
. hardening catalyst in order to accelerate the hardeni ng reaction bet ween
the epoxy resin (A) and the hardener (B). The hardening catal yst is not
particularly Iinited as | ong as ¥t accel Rrates t®e hardening reaction.

- Exanpl es of hardeni ng cajp=d npoundes such as 2- -
met hyl i m daz I 2 ﬂ -thyl” jzyLlnldazol o :
2- phenyl i m dazol , ~ enyI tadecyllnldazol and t he

like, tertiary am neRc orrpou _ R ne,

- benzyl di net hyl ami ne, [érr] - ‘y*benzyl di net hyl am ne, 2- '

(di net hyl am nonet hyl ) phenol , 2, 4,6- tris(dinethylam nonethyl) - phenol

1, 8-di aza- bi cycl o(5, 4,0) un deccen-7 and the like, organic.-netal’ conpounds.
such as 2|rcon|un1tetranethOX|de 2|rcon|un1tetrapropOX|de

Aro)—T——QOA: o | NS

—

(in the above formula, R represents the same or different
ones of a hydrogen atom or an alkyl group having a carbon
'number-of 1-5; Ar represents the same or different aromatic
groups, Y represents a dlrect bond ‘an alkylene group; a
phenylene group, —S-, -SOr- or —CO— Ar represents the same
or dlfferent phenyl groups or phenyl groups substituted

- with an organlc group; kX and m are integers equal to or
'greater than 0 but less than or equal to 2, and k+m is an
integer equal to or.greater_than 0 but less than or equal
to 2;'n is'an integer equal to or greater than.b). Among
~ such compounds, compounds having the structure of IV are
| preferably used. | | |
The phosphoric acid ester compound in the present
invention may aiso be a mixture of comoounds having
different chemical structures or a mlxture of compounds

hav1ng dlfferent molecular welghts As for the amount of
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tetraki s(acetylaceto) zirconium tri(acetylaceto)al um num. and the Iike,
organi ¢ phosphi ne conpounds' such as triphenyl phosphine, trinmnethyl
phosphi ne, triethyl phosphine, tributyl phosphine,

tri (p-nmethyl phenyl ) phosphi ne, I 12 _

tri (nonyl phenyl ) phosphine and the Iike. Anbng these, organic phosphi.ne
corpounds are preferably used in view of humdity resistance. These: -
har deni ng. catal ysts may. be used :in conbination of two or pore kinds
depending on applications. The anmpunt thereof added is preferably within
a range of. 0.1-10 parts by weight relative to 100 parts by me!ght of the
epoxy T esthe(phosp OrlExaﬁpdegsbertﬂempoon@aaddediIthe 1&yenr kimbor phous
silica, crystalline silica, calcium carbonate, nagnesi-um carbonate,

‘al uni na, ABGHBSI af Ehayphesphoreal atems sofithe ephosphaniarackd destesbest os,
‘gllass fiber and the like_ Anpng _these, anorphous silica is preferably used

since it Reupgund is preferably 0.01% by weight, more preferably
' 0.1% by weight, and the upper limit amount thereof is
'_preferabiy 10% by weight, mere preferably 5% by weight,
relative to the amount of components of the epoxy.resin
compositien excluding the_inorganic filler, in view of
flane retardancy;'solder heat resistance and humidity
resistance reliability.

It is preferred that phosphoric acid ester compound.
having molecular weights of 300 or greater, preferably 500
:or greater, be contained in the bhosphoric acid estef in an
amount of 50% by weight or more, in.view of humidity
resistanee and solder heat fesistance.' In the composition
of the nresent invention, it is also possible to compound a
phosphoric_acid ester naving trivalent phosphorus atoms and
form a phbsphdric acid ester having pentavalent phosphofus '
atoms through oxidation'in the conposition, achieving

: substantially the same advantages. The phosphorie acid
.ester compound may also be a cempound obtained by
- hydrolyzing ester linkages and binding other-phoéphorus
atoms thereto so as to provide P-O-P linkages, that is, a
'condensate.' | | |
If a further enhanced_humidity stability is required

for a semiconductor device, it is preferable to compound an

17 -



great effect on reduction of the coefficient of 1i near expansi-on and is
effective to reduce stress. Anorphous silica may be produced in any
desjred nethod, for exanple, a nethod wherein crystalline silica is
mel ted, a nethod wher ei n anorphous silica is- syntheS|zed from vari ous
naterlals and the like. - The conflguratlon and particle dianeter. of
t he: annrphous silicain the present invention are not particularly =
limted. However, in viewof fluidity, it is preferable that the
anor phous silica have spherical particles of an average particle dianeter
equal to or greater than 3 [err]mbut less than or equal to 40 [err]m and
be used #@ntﬁépﬁﬁeﬂgﬁnﬁgeﬂtlPéholhhanraﬁmnncompoemﬁaby o€i ghe
13 or. nmore. More preferably, the anount of anorphous silica
in the inBFEERNE ANVEBELPB-90ThBy iR gAPtUriner agent ishanasgenge partlcle
di aneter herein ne ns a,particle
aving a function of capturing an ion. Examples of such an
agent are ion exchangers, and hydrotalcite-based compounds.
The ion exehanger means a substance having a funetioh
of ion exchange,—for example, a substance havihg a function
wherein in contact_with a solution having ions, ions leave
the substance into the solution while ions are taken up
into the substance from the solution.
The hydrota101te -based compound refers. generally to
nonst01ch10metr1c complex metal compounds represented by
formula (VII)'below, and compounds qbtalned by firing the
former compounds so that water and A™ groups are partially
or completely removed.
[M**1-aM**e (OH) 2] ™ [A™a/n®MH20] *- ... (VII)
In the fofmula, M* means a bivalent positive ion of
metal, for examples, bivalent positive ions of magnesium,
manganese, iron, cobalt, nickel and'copper.
M** means a trlvalent p031t1ve ion of metal, for
'example, trivalent p051t1ve ions of aluminum, iron, chrome,
cobalt and  indium.
A™ means a negatiVe'ion having a valency of n, for
example, OH™, Br~, F°, Cl°, NO3-, COs*, SO, Fe(CN)¢", CHCOO",

CeHa (OH) COO™, tartaric acid ion, oxalic acid ion, salicylic

acid ion, and the like.
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(median dianmeter) with an accumulated wei ght of 50% In the

nvention, the proportion of the inorganic filler (O is
y 80- 98@6by wei ght and, nore preferably, 85-98% by wei ght

to the entire resin conposition, in view of- flane retardancy,

ty and | ow stress. . The phosphoric. acid. ester conpound, .
conponent (D) in the present invention, refers to conpounds=

that

having bonds of "P-O-R' (R being an organic group) as chem cal structures.
phosphoric acid ester conpounds wherein the phosphorus atons

Nor mal | y,

have a val ency of

conmpounds havi A MAnRaldnt geedhsrortiaralomilt thesse thea oghesgyailt &0
conmpounds, :ggophonlte conpoungéi and phosph|n|te conmpounds. As for
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are phosphate conpqunds hos honat e, conpounds, and phosphi nat e
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compoundsc2
phosphor us
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three or five are used. As for phosphoric acid ester

there

atog§ arejprekgrably used in view of storage stablllty and

“flame ret ng these phosphoric acid ester conpounds,
compounds N3t A HddheiUP L B rAIBY Gl U0 T R R ©

ion may be used as M*, and C0:* may be used as AFﬂ
Preferred specific examples of the hydrotalcite-based
compounds represented by (VII)'ere Mg4sAl:(OH)n003i3 5H20,
Mga.sAlz (OH) 13COs, MgsAl1 5 (OH) 16CQ3® 4H20, Mg’sAlz(OH) 16CO3, and the
like. Preferred speC1f1c examples of compounds obtained by

removing water and negative ions from the compounds

represented by formula (VII) are Mgoe.esAlo.3s01.175, MQDJAIDJOLﬁt_

Mgo.75810.301.125, Mgo.sAlo.301.1, and the like Hydrotalcite—based

compounds from which water and negatlve ions have been

-removed may be obtalned by flrlng hydrotalc1te—based

compound represented by (VII) at 400-900°C and, preferably,

'500-700°C.

If ghhydrotalcitevbased compound is coﬁpounded in the
present invention, the amount thereof added is 0.01-5% by
weight, preferably 0.02—3%'by weight, more preferably 0.03-

1% by weight. If the amount is too small, no effect is

obtained by the addition. If it is too large, the solder

heat resistance tends to decrease
It is preferable that silane coupling agent be

compounded into the epoxy resin'composition of the present '
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preferred in'view of flanme retardancy, hunmidity resistance reliability and
sol der heat resistance. Exanpl es of such phosphoric acid ester conpounds
are. tri-phenyl phosphate, resorcinol bis(diphenol) phosphate, 2-

et hyl hexyl di phenyl phosphate, and other conpounds descri bed | ater.

Further, it is preferabl.e that a skeleton represented by fornula (I) below

i s contained in the mol ecule: . O || X-OP-O X _ (

) | O | . - X (in the fornula, X represents an
aromatic group having a valency of one or greater, and may be the sane or:
different). More specifically, conmpounds represented by fornul as (I\O and

(V) are |r;g1mtg@n [@;sr]a silane woepdiing agent, compounds wherein
silicon atoms direotly ere bonded with a an organic group.
such as hydrolytic group amino groups, halogen atoms,
alkoxy groups and the like, and partial hydrolytic

'conaensates thereof are normally used. As a hydrolytic
~group, an alkoxy group, in particular, methoxy group and
ethoxy group, may preferably be used. : As an organic group,
hydrocarbon groups or hydrocerbon groups substituted by
nitrogen atoms, oxygen atoms, halogen atoms, sulfur atoms
and'the like, may be used. Silane coupllng agents having
organic groups hav1ng amino groups, and silane coupllng
agents having organic groups having epoxy groups are
preferably used; Further, silane_coupling agents having
secoudary amino groups_are preferred.

It is also-possible to-add to the epoxy resin |
composition of.the present invention substances other than
described above, for example, colorants such asrcarbon

- black; iron oxide and the like, elastomers such as silicone
rubber, olefin-based copolymers, ﬁodified nitrile rubber,
'modified polybutadiene rubber, modified silicone oil and
the like, thermoplastic resins such as polyethylene. and the.
like, 1ong—chain_fatty ecid, metal salts of long-chain
fatty acids, esters of long-chain fatty acids, amides of
long-chain fatty acids, mold.release agents such as

paraffin wax and the like, cross linking agents such as
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[err] (in tHe above formula, R represents the same or
different, ones of a hydrogen atom or an al kyl group having a carbon

nunber of 1-5; Ar-represents the sane or different aromatic

groups, Y

represents a direct bond, an atkylene group; a phenylene group, -S-,
-SOerr]- or -CO; Ar represents the sane or different phenyl_groups$or
phenyl groups substituted wi th an organic group; k and mare integers
equal to or ~greater than O but Iess than or equal to 2, and k+mis an

i nteger equal to or greater than O but less than or equal to 2; nis an

I nteger equal to or greater than 0). - Among
organic peroxides, as desired. :

In the preseht invention, it,is also possible to

compound flame retardant agents-such as halogen,compounds

- including halogeﬁated epoxy resin, ahd.various flame

retarding assistants such as antimony trioxide. However,

since these substances have tendency to reduce the

feliabiiity of a semicénductor device, it is preferred that

the amounts of halogen atoms and antimony atoms in the

resin composition be, respectively, 0.2%'by weight or less,

further, 0.1% by weight or less, still further, 0.01% by

‘weight or less. It is further preferred that substantially

no halogen atoms and substahtially no antimony atoms be

compounded.

FUrthérmore,'in_the'epoxy resin composition of the

present invention, it iSjpreferred that the oxygen index

- after the hardening of the'epoxy resin be 42% or higher, in

view of flame retardancy, high—témperature reliability and

formability.

In the epoxy resin composition of the present

invention, it is preferred that after the aforementioned

materials are mixed,-the mixture be melted and kneaded.

The epoxy resin composition may be prbduced by melting and

kneading by usihg a known kneading method, for example, a

~Banbury mixer, a kneader, a roll, a single or double-screw

extruder, a co-kneader, and the like. 'Thg melting
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such conpounds, conpounds having the structure of IV are preferably used.
The phosphoric acid ester conpound in the present invention nmay al so be: a
m xture of conpounds having different chemical structures or a mxture of
conpounds having different -nol ecul ar weights. As for the anmount of
16- ' _ t he phosphoric acid ester conpound added, the [ower Limt
amount of the phosphorus atons of the phosphoric acid ester conmpound is:
preferably 0.01% by weight, nore preferably 0.1% by weight, and the upper
limt anount thereof is preferably 10% by weight, nore preferably 5% by
weight, relative to the ampunt of conmponents of the epoxy resin
conposi t i bemeerRtiar gl @ Here krrafly cvithirra yanae ef H0-¥3Ues ret ardancy,
sol der heat resistance and humdity resistance reliability. It is-
pref er r edF¢REREPhIBHHIPRELIRE | 3 B EFORGIPRINGith the epoxy resin
compositibn of the present invsntion{ a semiconductor
_dévice-is formed.
The semiconductor device herein refers to -electronic
circuits (integrated sircuits) prbduced”by intsgrating and
wiring semiconductor elements, such as transistors, diodes,
resistbrs, capacitors and the like, on substrates and, more
widely, to electronic parts sealed by the epoxy resin

composition of the present invention.

EXAMPLES ‘

The present invention will be described specifically
with reference to_Exaﬁplés;' In Examples, % is based on
weight. |

EXAMPI;ES, COMPARATIVE EXAMPLES

Comppnents shown.in Table 1 were dry-blended by a mixer
at composition percentages shown in fable 2. After the
mixtures were heated and kneaded for five minutes by a

~mixing roll at a roll surface tsmperature sf 90°C, the
mixtures were cooled and ground ts produce semiconductor
" sealing epoxy resins composition. | |

'Using the resin compositions, moldings were formed by a

low-pressure transfer'moldinglmethod in conditions of 175°C

and 2 minutes for cure time. After post-cure was performéd
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havi ng nol ecul ar wei ghts of 300 or greater, preferably 500 or greater, be
contained i'n the phosphoric acid ester in an anmount of 50% by wei ght or
mare, in view of humdity - resistance and sol der heat resistance. In the
conposition of the present invention, it is also possible to conpound a
phosphoric acid ester having trival ent phosphorus atons and forma:.
phosphoric acid ester having pentaval ent' phosphorus atons through - -
oxidation in the conposition, achieving substantially the sane advantages.
- The phosphoric acid ester conpound may al so be a conpound obtai ned by .
hydrol yzi ng ester |inkages and bi-ndi ng other phosphorus atons thereto so
as to pr @&k d80PCofPr| PnRayEs; Praperkieq ofokensasin compositi@nsgurt her

enhanced h%nidi%ﬁﬁ%%%g?g&t hgsfgiﬁuaggd for % seniconductor device, it is
preferabM@ @beg. owlng property measuremegﬁ _ )
i on capt%gt%%d%qent into the resin conpogition of the . '

Solder Heat RgsiStaﬁce: Twenty 160-pin QFPs (quad flat
packages) having a chip size_of_12 x 12 mm carrying dummyl
semicondﬁctors with vapor—deposited.Al wirings wefe formed.;
Aftér_being subjected to moistening at 85°C/85%RT fér a
predetermined iength of time, ﬁhe QFPs were heated in an IR
re-flow furnace at a maximum temperature of 245°C. The
number of external créck.incidents wére determined.

Water Absorptibn: After the same 160-pin QFPs as used
in the solder heat resistance test were subjected to 
moistening at 85°C/85%RT, the wéter absqrption of the resin
compositions were measured.

High-Temperature Reliability: Using 16—pin DIPs (dual
in-line packages) cafrying dummy semiconductors thefeon,
high-temperature reliability at 200°C was'evaluated. The
leﬁgth df timelbefore the accumulaﬁed failure fate became
63% was determined'as-high-temperature_property life time.

Flame Retardancy Test: Flame tesﬁ piécés qf'5*.x /2"

X 1/16“ wéré molded and post—curéd. Flame'retardancy
theréof was evaluated in accordance with the UL94
standards. |

Oxygen Ihdex: Test pieces of 5" x 1/2" x 1/8" were

molded and poSt—curéd. In accordance With JIS K7201, the

23.



present invention. The ion capturing agent is an agent having a function
of capturing .an ion. Exanples of such an agent are ion exchangers, and
hydr ot al ci t e- based conpounds. - .The ion exchanger neans a substance
haVing a function of ion exchange, for exanple, a substance having a
~finction wherein in contact with a solution having ions, i.ons |eave;. the
substance into the solution while ions are taken up into the substance
-fromthe sol ution. The hydrotal cite-based conpound refers generally to
nonst oi.chi onetric conpl ex netal conpounds represented by - formula (VI1l)

bel ow, and conpounds obtained by firing the forner cquounds.sp that ‘water
and Al er ryoljime peoneentirdticns \Of gassgmlat el imierovkdf lameakility

oo (V) In the formula, Merr] neans a bival ent positive ion of
netal , fo¥eEXaApFeEMinedal ent positive ions of magnesium nanganese, iron,
~cobal t, nickel, and copper err ns a trival ent positive ion of
netal, for em%,ll?cﬁ) % al ¥ht= p ‘-ﬁfb %{%cy&eré\h Ui QW) chrone,
cobalt and indium Alerr] means a negative .ion having a val ency of n,
“for exanple, OHerr], Br[err], F[err], CJerr], NO[err], CO[err], SO[err],

Fe (CN)[err], err] éég%éé}%ee | . tartaric. acid ion, oxalic

~acid 1on, sal?% 17t %ﬂchQ%éggg. ¢ iiéQCka§%.§Hifi&b :
Characteristics): After 160-pin QFPs for use in the solder
heat resistance test were formed, the QFPs were observed
visually and microscopically to check ﬁresence/absence of

unfilling or void.

Results are shown in Table 3.
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18 ' ais normally greater than O but |less than or equal to
0.33 in order to provide a structure having an ion capturing
characteristic, and mrepresents a nunber- equal or greater than O.

Normal |y, magnesiumion nay be used as Merr], and alum num ion may be
used as Merr], and CO[err] may be used as Alerr]. Preferred specific
exanpl es of the hydrotal cite-based conpounds represented by (Vi) are’
My[err].Al[err](OH) [err]CO[err].3 . 5Herr]0, Mlerr].[err]Allerr] (OH)
‘[err]Cderr], My[err]Al[err] (OH)[err]C03.4H err] O, M[err]A[err] (OH)
[err]CCIerr] and the |ike. Preferred specific exanples of conpounds

obt ai ned %BLEI’érTDVI ng water and negative ions fromthe corrpounds

represent d h\l fnrmnl g'[XIII\ at-e l\/h[nLr'l I\I rnr_LI{'anr'l
I\/g[err]AI[I‘lamle]Qerr] I\/g[erl?e]SAt{Iérlpl]lQerr] I\/g[err]AI[err]C gnd t he
11 ke. Hydfotalcite- basdd cpnmpounds from whi ch water and necigg;}qswns have

been renpved may be ohtained by firing hydrotal cite-based rrpound
represented by (VII) at] 400t 900[err] C and, preferably, weight)
- ' ' I Ortho-cresol novolac resin of an epoxy |*
Epoxy resin equivalent amount of 200
II  |4,4'-bis(2,3- epoxy—propoxy) -3,3',5,5-|*
tetramethylblphenyl :
Hardener _ I  |Phenol novolac resin of a hydroxyl *

group equivalent amount of 107

II Phenol compound represented by formula | *
E below

Inorganic filler " }|Aamorphous silica having an average N
. . particle_diameter of 10 um

Frame retardant |I . |Phosphoric acid ester compound *
' represented by formula A below '

II |Phosphoric acid ester compound *

represented by formula B below

III |Phosphoric acid ester compound o *
represented by formula C below

v Phosphofic acid ester compound *
represented by formula D below .

v Triphenyl phosphate *

VI |Bisphenol A type resin of an epoxy *

equivalent amount of 400, having a
bromine content of 50% by welght

Flame retarding Antimony trioxide . ] *

assistant _

Hardening ' 'Triphenylphosphine ; - 10.1
accelerator _ .

Silane coupling Naphenylaminopropyltrimethoxysilane _ 1.0
agent 1 _

Colorant . Carbon black _ ' 0.2
Mold release agent Carnauba wax : : _ 0.3
Hydrotalcite DHT4H by Kyowa Kagaku Kogyo : S x
compound

*amounts added are indicated in Table 2.
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5009700[err]C. If.a hydr ot al ci t e-based conpound is conpounded.in the
present invention, the anmount thereof added is 0.01-5% by weight,
preferably 0.02-3% by weight, nore preferably 0.03- 1%by weight. If the

amgunt is too small, no effect is obtained by the addition. If it is too

| arge, the solder heat .resistance tends to decr.ease. It is preferable
that silane coupling agent be conpounded into the epoxy resin conposition
of the present .19 i nvention.
As a silane coupli agent conpounds wherein silicon atons directly are
bonded with a a Q)group such hy dHgC tlc group am no groups,

hal ogen at ons, Koy gr qups and the i }—nartial hydrolytic
condensat €#) t heked are ndrT /v ‘E%é? @r o ytic groupst.an al koxy
group, in particul &y th xy nup and /ai hox¥y=Yroup, may preferably be
.used. . As an orgamg@ *or Ubcr,  mc 3C ' _

.<B>._ Q *{-.—o p}_@ ' .=1.1

o B -

"OH " OH ' OH

.'.E) R@E&H;—@—CH;@CH;—@CH:@

(in formula (E), R is a methyl group; and n is 0.8)
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hydr ocar bon groups or hydrocarbon groups substituted by nitrogen atons,
oxygen atons, hal ogen atons, sulfur atons and the |Iike, may be used.
‘Sil.ane coupling agents having organic groups having am no groups, and
silane coupling agents having organic groups having epoxy groups are
preferably used. Further, silane coupling agents having secondary am no
groups are preferred. It is also possible to.add to the epoxy resin
conposition of the present invention substances other than described
above, for exanple, colorants such as carbon black; iron oxide and the

i ke, el astoners such as silicone rubber, olefin-based copol yners,
modi fi ed MWABEE |2 rubber, nodified polybutadi ene rubber, nodified silicone

oil and thelike therimpplastic resins such as polyet hV| ene and the 1ike,
| ong-chainp fatty aci amoum-'ebfal @it L Of |Anoumg- dPakenretfradnt Yanact ds|yesdael s of
. ) i er i
| ong-chaif fatty aci cigd A UqESEET ™ | otiffyghailn fatty acilfiame nplctter el pase
agents suc¢h as paraﬂﬁmﬂmmax and (Hhe fdab@, dross | i nki ngsagmefcenmpsddgh as
20 weight) weight) (part (s) added {part (s}
) ~ by (part(s) |by
I I1 I II weight) |Type |Amount by weight)
: . added weight) -
(part (s)
by
weight)
Example 1 0.0{7.9|0.0{7.0| 80.0 | 1 3.5 0 0
'|Example 2 0.0 6.00.0[4.9] 85.0 I 2.5 0 0
Example 3 2.6 2.6 |0.0 | 4.7 87.0 I 1.5 0 0
Example 4~ | 0.0 | 6.2 }1.9 1.9 | 87.0 I 1.5 0 0
Example 5 0.0}5.5}0.0]4.4] 87.0 I 1.5 0 0
Example 6 0.0 | 5.0} 0.0|4.0] 89.0 I 0.4 0 0
Example 7 0.0 | 5.5]0.0]4.4 87.0 I 1.5 0 0
Example 8 0.0 |5.5]0.0{4.4] 87.0 1I 1.5 0 0
Example 9 0.0 |5.5|0.0[4.4]| 87.0 | 1II 1.5 0 0
Example 10 0.0}5.5]0.0]4.4]| 87.0 | 1V 1.5 0 0
Example 11 0.0-15.5]0.0]4.4] 87.0 I 1.5 0 0.1
|Example 12 0.0 |4.3/0.0]3.8] 90.0 | 1 | 0.3 0 0
Example 13 [0.0 [5.5 | 0.0 [4.4 | 87.0 | v i.5 0 0
Comparative | 0.0 { 9.0 | 0.0 ] 7.9 78.0 I 3.5 0 0
Example 1
Comparative | 0.0 | 6.3 | 0.0 ] 5.1 87.0 - - 0 0
Example 2 - . _ R ‘
Comparative |0.0 | 6.8 |0.0]5.6| 85.0 | vi | 0.5 0.5 | o
Example 3 1
Comparative | 0.0 [ 6.3 | 0.0 | 5.1 | 87.0 - - | o 0.1
Example 4 ) ,
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organi ¢ peroxi des,

possi bl e
ingluding

such as antinony trioxide.
t 0’ reduce the

t he anopun

as desired. In the present invention, it is also
to conpound flame retardant agents such as hal ogen conpounds

hal ogenat ed epoxy resin, and various flane retarding assistants
However,  since these substances have tendency
reliability of a semiconductor device, it is preferred that
ts of hal ogen atons and antinony atoms in the resin conposition’

be, respectively, 0.2%by weight or less, further, 0.1% by weight or |ess,
still further, 0.01%by weight or less. It is further preferred that
substantiaII% no hal ogen atoms and substant.ially no antinony atons be
. conpounde®BLE 3 ° Fyrthernore, in the epoxy resin conposition of the
pm%miwwaw,ti%mea%éﬂﬁtmﬁfwm%%kaHM%m~
har deni ng| of the ep/®espesin Fléeme42% diidh-gher ,|PR& vi|Sewdef f| Erg; 't
H X e e P aps
retardancl, hi gh-telB&¥afUr e|THES S| EEpe ﬁﬁ Fe M HiemilPety. e I)?‘ﬁ’ $9%e
epoxy res§ n conposifion of the preseruh,lnve kgﬂmcg I's preferred th
af t er t hefaforemrentonedt—arerats—gre—nrxed—the—nrxtur-e—petnetted—and
kneaded. |Example 1 |45 V-0 400 good 0/20 0.28
Exanmple 2 44 V-0 500 good 0/20 0.21
Example 3 47 v-0 >500 good 0/20 0.19
Example 4 48 1v-0 >500 good 0/20 0.19
Example 5 50 v-0 >500 good 0/20 0.15
Example 6 |52 v-0 >500 good . 0/20 0.13
Example 7 50 V-0 >500 good 0/20 0.15
Example 8 |50 v-0 >500 good 0/20 0.15
Example 9 |50 V-0 >500 good  [0/20 0.15
Example 10 }49 V-0 >500 good 0/20 0.17
Example 11 |50 V-0 >500 good 0/20 0.16
Example 12 |55 V-0 >500 good  [0/20 0.12
Example 13 50 V-0 400 good 5/20_ 0.16
Comparative {41 v-1 200 good  |{10/20 0.31
Example 1 '
Comparative |40 V-out |400 Void 0/20 0.13
Example 2 : :
Comparative |49 V-0 130 Void 2/20 0.25
Example 3 :
Comparative |39 V-out 400 void 0/20 0.13
Example 4
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The epoxy resin conmposition may be produced by nelting and kneadi ng by
usi ng a known kneadi ng nethod, for exanple, a Banbury m xer, a kneader, a
roll, a S|ngle or doubl e-screw extruder, a co-kneader, and the like. The
rmulm 221 . tenperature is

preferably within a range of 60- 130[err}C. Further, by sealing a
semi conductor with the epoxy resin conposition-of the present invenfion, a
sem conductor device is forned. The sem conductor device herein '
‘refers to electronic circuits.-(integrated circuits) produced by
~integrating and wring sem conductor elenents, such as transistors,
di odes, resiks showrapadtalkes ndendry Ideen wormdsstTianes saubrdimge
mﬁdely, to electronic parts seal ed by the epoxy resin conposition of the
present |ﬁqeﬁnsdmresentymmgqmg;on were excellent in flame
retardancy, solder heat resistance, high-temperature
reliability and package filling characteristics.
A few of the aforementioned compositions were selected
and subjected to humidity resistance reliability test (PCBT
property life time measurement). In the measurement
method, 16-pin DIPs (dual in-line packages) were used for
evaluation of disconnections under conditions of 140°C,
85%RT and DC20V applied. The length of time before the
accunmulated failure (disconnection) rate became 63% was

'determined.

Results are shown in Table 4.

 TABLE 4
._PCBT characteristic life time (h)
Example 5 _ 80
Example 11 250 °
Comparative Examplc 2 | 200
Compara_tiire Example 4 . - 250 .

Table 4 shows that compounding the hydrotalcite-based
compound achieved a greater improvement in the humidity
resistance reliability in the compositions containing

- phosphoric acid ester compound than in the compositions
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The present invention will be described specifically wth reference to
Exanples I'n Exanples, %is. based on weight. EXAMPLES, COVPARATI VE
EXANPLES Conponents shown in Table 1 were dry-blended by a nmixer at
conposrtron percentages shown in Table 2. After the m xtures were heated
and kneaded for five minutes by a mixing roll at a roll surface .
tenperature of 90[err]C, the mxtures were cooled and ground to produce
sem conductor sealing epoxy resins conposition. Using the resin
conpositions, moldings were forned by a |ow pressure transfer nolding

met hod in-conditions of 175[err]C and 2 mnutes for cure tine. After ,
post-cur@cma@imém@pmwe@hosphoric acid ester compound. 22 at

180[err]C for 5 hours, properties of the resin conposrtrons wer e eval uat ed
by the follow ng property measur enent  net hods.

INDUSTRIAL APPLICABILITY

‘A semiconductor sealing epoxy resin composition
excellent in flame retardancy, formability, reliability ahd
solder heat resistance is obtained without an essential
need to use a halogen-based flame retarding agent or an
antimony-based flame-retarding_agent. It becomes pessible_
to improve the performance of semiconductors obtained as a

result of use of the epoxy resin composition.
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Sol der Heat Resistance: Twenty 160-pin QFPs (quad flat packages) having a
chip size of 12 x 12 mmcarrying dunmmy sem conductors w th vapor-deposited
Al wirings were.formed. After being subjected to npistening at

-85[err](785@@ﬁ for a. predetermned |ength of tinme, the QFPs were heated in

- af IR re-flow furnace at .a maxi mum tenperature of 245%e#%}€%-¢he——ﬁuﬁher
- of, external crack incidents were determ ned. - Water Absor

the sane 160-pin QFPs as used in the sol der heat remﬂ mll Hﬂtﬁfm

~subjected to noistening at 85[ err] C/ 85%RT, the water
‘resin conpositions were neasured. H gh- Tenperature Rellablllty

Using 16-pin DIPs (dual in-line packdddd’S carrying dunmmy sem conductors
thereon, high-tenperature reliability at 200[err]C was eval uated. The
| engt h of time before the accunulated failure rate becane 63% was

determ ned aﬁ hi gh- tengerature erty life tine. . Fl ane Retardancy
Test: Flame test pPBc&ROFY Fesi 1F MpOy it i9p: CREPELFLNEeARaRBOBYst - cur ed.

Fl tard f | yat ed d he_UL94
Ctandar s, Feeka T Anlere %‘Vf%éﬁ?p.ese'eingﬁgéﬁl%”%fﬂex?Eﬁ "38e ol ded

and post-cur g 10,3600 daNe8 ol RodbSuk&?B}, Biamount of the

inorganic filler (C) contained being 80% by-welght
relative to the composition. o
2. An epoxy resiﬁ composition according to claim 1,
wherein a proportion of the époxy rein (A) in the epok& :
resin composition is 0.05-15% by weight, and a
proportion of the hafdéner,(B) is such that a cheﬁical
equivalent ratio of the hardening functional group.of
the éomponent {B) to the epoxy'groups qf the componenp
~(A) is 0.5-1.5, and a proporﬁioﬁ of the phosphoric acid
 ester compound (D) is such that the phosphoroué atoms
of the phospho?ic acid ester cdmpound (D) ié 0.01~10%
by weight relative to the components excluding the
3 inorganic filler. |
3. An epdky resin-compoéition according to claim 1
or 2, wherein a phospﬁorous atom of the phosphoric;adid
ester compound has a valency of flve.
4, An epoxy resin comp081tlon according to any one
of claims 1-3, whereinlthe phosphoric aci§ ester. |

compound has an aromatic group.

5. An epoxy resin composition according to any one
31
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vol une concentrations of gasses at I|n1ts of flammability were det er i ned.’
Oxygen i ndex (% [ oxygen] / ([ oxygen] + [nitrogen]) PKG Filling -
Chagacterlstlcs (Package Filling Characteristics):. After 160-pin QFPs for-
-use in the solder heat resistance test were for rred tht"mmlmmlmmnved
vi Sual | y and m croscopically to check presence/absence

voi 4. S Results are shown in Table 3.

of claims 1-4, wherein the phosphoric acid ester
compound (D) has in its molecule a structure of the

followihg chemical formula (I):

(in formula fIf, X represents at-least one aromatic
group, and may be-the same or different)

6. An epoxy resin composition accordlng to any one
of clalms 1-5, whereln the epoxy re31n comp031tlon
eohid1ﬂ~s an ion capturlng agent . |

7. An epoxy resin composition accordiné_to claim 6,
whereiﬁ.the ion capturing agent is a hydrotalcite~based
compound. | |

8. An epoxy resin composition according'fo any one
of claims ;—7, wherein at least 50% by weight of the
phosphoric-acid estef compound has a molecular weight
of 300 or greater. |

. An epoxy fesin compoSition accordiag to any one
of claims 1-8, characterlzed in that an amount of the
inorganic flller (c)y . is 85-98% by welght

relatlve to the res1n comp031t10n

32 This Sheet Has Been Re'p
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24 " TABLE 1 Name  Description

Anmount o . : : ' —added
(part(s) : by
~wei ght ) I Ort ho-cresol novolac H *
Epoxy resin equi val ent anount of 200 Hm“ “m “‘m‘lﬂq W(
4, 4z - bi s('2, 3- epoxy- propoxy)-3,3",5,5"- . * _
t et r amet hyl bi phenyl Har dener I "~ Phenol novol ac resin of a
hydr oxyl -~ group equivalent anount of 107

10. An epoxy resin coﬁposition according to any one

of claims 1-9, wherein an oxygeﬁ index of the
composition after being hardenéd is equal to or higher.l
than 42%.
11. An epoxy resin composition:accordihg to ény one.’
of olaims 1-10, wherein thé EpPoOxXy resin composition is
applicable'to semiconductor seaiing.
12. A semiconductor.device'wherein a semiconductor
element is éealed by an epoxy resin composition oefined
in claim 11.. | |
13. '.A method for producing an epoxy resin composition
characteriéed by melting and mixing an epoxy resin (A),
a hérdener(B), an inorgahic.filier(C), and a phosphoric
acid ester'compouﬁd(D) (wherein an amount of the
inorganic filler (C).compoundéd is at least 80% by

- weight relaﬁive to the'oomposition).
14. A methodlfor producing alsemiconductor sealing
epoxy resin compos1tlon characterlzed by melting and
m1x1ng an epoxy resin (A), a hardener(B), an 1norgan1c.
filler(C), a phosphoric acid ester compound(D) and aﬁ
ion capturing agent (wherein an amount of the inorganio
filler (C) compounded is at least 80% by welght
.relatlve to the. compos1t10n)
15. A method for producing a semioonductor sealing_'

epoxy resin composition according to claim 14, wherein
33 heet Has Been Rep‘laced :
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I Phenol conpound represented by formla * ' E
below I.norganic filler Anor phous silica having an average *

particle diameter of 10 [err]nt Fl ane retardant L__—Jﬂxkﬁﬁﬁﬁ+€—atrd

-est.er conpound . represent
below : 1 Phosphoric acid ester‘ ‘u Eﬂiu
reptesented by fornmula B belom/ _ R

ester conpound : ' represented by fornula C
bel ow |V Phosphorrc acid ester conpound _
represented by forrmula D bel ow Vv Tri phenyl phosphate
the ion uhptuBunghagehtAaByaehydsoﬁamélaé -BRssd *

equi val ent amount of 400, having a brom ne content
of 50% by wei ghtnpouBilane r et ar di ng Ant i nony trioxide assistant
Har deni ng Tri phenyl phosphi ne : 0.1
accel erator Si | ane coupling N-phenylantnopropyltrrnethoxysrlane
1.0 agent Col or ant Car bon bl ack
‘0.2 Mol d rel ease agent . Car nauba wax - . 0.3 .
‘Hydrotalcite DHT4H by Kyowa Kagaku Kogyo _ * . conpound
* Anmount s added are indicated in Table 2. :
25
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ABSTRACT

Disclosed-ié_an.epoxy resin gompoSition suitab1e 
for seaiing a semiconductor, comprising an epoxy resin
(A), a hardener(B), én inorganic filler(C), and a
phosphofic acid ester compound(D), an amount of the
inorganic filler (C) cdntained being 80% by weight
relativé to the composition. |

lWith this constitution, -a semiconductor sealing
‘epoxy resin composition e#cellent'in flame retardéncy,
formability, reliability and solder heat resistance is
obtained without an essential need to use a halogen-
based flame retardant or an antimony—based flame

retardant.
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— ﬂmam7

[err] zo>"{in formula (E), Ris a methyl grou nis 0.8
26 . TABLE 2 m“\“ \“ Arount
Fl amre ret ar dant, Amount of Hydrotal T“mm“& hardener
of flame cite- tadded - added
filler retardi ng base (part(s) by (part(s)
by added 10. An epoxyaiﬁsiha&bm@@@ﬁ@i% according to aeiciy )
wei ght) (part(s) added (part(s)
by of claims l¢Par whekrein bByy oxygen index off the || | Il
wei ght) Type Anount by wei ght)

composition after being hardened is equal to or higher

than 42%.

11, An epoxy resin composition according to any one

of claims 1-10, wherein the epoxy resin composition is
applicable to semiconductor sealing.
12. A semiconductor device wherein a semiconductor

element is sealed by an epoxy resin composition defined

in claim 11.

13. A method for producing an epoxy resin composition
characterized by melting and mixing an epoxy resin (A) comprising
as an essential element a biphenyl type epoxy component having a
structure of the following chemical formula (II):

1 { R§ 1

CH, —CHCH, - 0—~CH-: C{———CH:

N~ R? RIRE R
(1)

(where R1-R8 in the formula represent hydrogen atoms, alkyl groups
having a carbon number of 1-4, or halogen atoms), a hardener (B),
an inorganic filler (C), and a phosphoric acid ester compound (D)
Y _ (wherein an amount of the inorganic filler (C) is at least 80% by
weight relative to the composition).
14. A method for producing a semiconductor sealing
epoxy resin composition characterized by meltilng and
mixing an epoxy resin (A), a hardener(B), an inorganic
filler(C), a phosphoric acid ester compound(D) and an

ion capturing agent (wherein an amount of the inorganic

F{‘FP . 47\ .
filler (C) is at least 80% by weight “WE EENT SHEETS SG

relative to the composition).
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added -. * - wei ght) | ———

WIgn) Eample i 0.0 T3 00 7 eo\m\y\\\\ull\u\l\\\ﬁm5

o
\‘
©
o

0 0 Exanple 2 0.0 6.0 0. 0 4 9 2.5
0 0 Exanple 3 2.6 2.6 038 4.7 87.0 1.5
0 0 Exanple 4 0.0 6.1 1 1.9 87.0 | 1.5
0 0 anple 5 0 5.5. 0.0 4.4 87,0 | 1.5
0 0 Eéarrpl 2‘ gethod fg’.’b prodyring @ sepigondggtgr sealing 0.4
0 0 5 0 . 1.5
0 0 E?)%% ?regsln com;go%ltlcgn 5acc<8r<81ng4F§ clggm 14, wl'ﬁreln 15
0 0  Ex28Pién 9capturifglagent® i 1 Ny 1.5
0 0 Exanple 10 0 202985 1s 5 dvatbtalefletbased || 1.5
0 0 Rafipdendl 0.0 55 0.0 4.4 87.0 | 1.5
0 0.1 Exanple 12 0.0 4.3 0.0 3.8 90.0 | 0.
0 0 Exanple 13 0.0 55 0.0 4.4 87.0 \Y 1.
0 0 Ibnpa?atépexy re@;ﬂ co&p%91ﬂadh adbd%d1d§3ﬂb any ole of 3.5
0 0 ; ar.a 1 87.0
DL O SRRty BREEE S pardingy shmEmiese a3 6.6 0.0
5.6 85.0 esatntla@_éomponent a0 phenol conpdamahpl{VI)3 Conparative

0.0 6.3 Pefresented b§7t%e following formula: 0 0.1 Exanple 4

Y—CHz-—X-—CHz—(Y—CHz—X-—CHf);Y w (TD
o .

(in formula VI, m is an integer equal to or greater than 0,
X is a bivalent aromatic group and may be the same or
different, and Y is a univalent or bivalent aromatic group
and may be the same or different)
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27 TABLE 3 : , Oxygen _Fl ane o5 gh-
PKG ,-Sol. der Wat er I ndex (9% retardancy tenperature
filling heat absorption (UL94)
reliability characte resistance (%
(h) ristics Exanple 1 45 V-0 400 - +good
0/ 20 0.28 Exanple 2 44 . V-0 560~ 004 —
0/ 20 0.21 Exanple 3 47 V-0 1 %b“"i%{;EMENT JEHAS  SG
0/ 20 0.19 Exanple 4 48 V-0 E‘Zg’"‘- jeipon :g@t 0 paged .=..
0/ 20 0.19 Exanple 5 50 - L5007  magyodd  paged 4.
0/ 20 0.15 Exanple 6 52 DESCRTPTYGH, L X500 720 < - goods paged
0/ 20 0.13 I3 Absitact . 1o paged

EPOXY RESIN COMPOSITION _DATE OF RECEIPT .. 2M1......

TECHNICAL FIELD .

The present invention relates to an epoxy resin composition
excellent in flame retardancy, high-temperature reliability
and solder heat resistancé and, more.particularly, to a
semiconductdr sealiﬁg epoxy resin composition and a

semiconductor device.

BACKGROUND ART

As for a method for sealing electronic circuit.
portions, such as semiconductor devices, a sealing method
using a sealing resin containing an epoxy resin, a hardening
agent and an inorganic filler is mainly employed, in view
of cost effectiveness, productivity, balance in properties.
Due to the recent trend toward less thickness and higher
packaging density of semiconductor devices, there are
increasing demands for high solder heat resistance, high-
femperature reliability, humidity resistance reliability
and the like of semiconductors. Correspondingly,
requirements for sealing resins have been escalating.

For safety ensurance, the UL standards impose a

" REPLACEMENT SHEET
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Example 7 50 i V-0 . >500 good 0/ 20
Exanple, 8 .50 - V-0 >500 good 0/ 20
Exanpl e 9 50 V-0 >500 good 0/ 20
Exanple 10 49 V-0 >500 good 0/ 20
Exanple 11 50 V-0 >500 - good 0/ 20
Exanple 12 55 V-0 >500 good 0/ 20
Exanple 13 50 V-0 400 good 5/ 20
Conparative 41 V-1 200 good 10/ 20

Exanpl e ﬁeqﬁ@?@ﬁéﬁ&'Eﬁaﬂoelectronlc ¥b&bbnent paty, such apid 0
0.13 Exanple 2 Conparative 49 V-0 130 Voi d
2/ 20 semicBndbcEs2nBkeidesCoBrapabvideddwith flame ¥eHdrdancy. 400
Voi d 0/ 20 0.13 Exanple 4

28 Accordingly, conventional sealing resins contain, as a

flame retarding agent, halide-based flame retardant agents
such as a brominated epoxy resin and, as a flame retarding
assistant, antimony compounds such as antimony trioxide.

. With recently growing concerns abouﬁ environmental
issues, problems or challenges have been pointed out in
respect to various compounds used as flame retarding agents
in semiconductor sealing resins.

There is a problem in that when a semiconductor device
sealed by an epoxy resin composition containing a halide
flame retardant agent is placed in a high temperature
environment, the reliability of the semiconductor
decreases.

Furthermore, concerns have risen over troublesome
processes required for resin wastes if antimony compounds
are contained in the such resins.

There have been demands for further improvements in the
solder heat resistance and high-temperature reliability of
semiconductor devices and the package filling
characteristics for the sealing of semiconductors.

It is an object of the present invention to provide an
epbxy rein composition excellent in flame retardancy, high-

temperature reliability, solder hear resistance and
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As shown in Table 3, epoxy resin conpositions according to the present

i ivention were excellent in flame retardancy, solder heat resistance,

hi gh-tenperature reliability and package filling characteristics. A
few of the aforenentioned conpositi.ons were selected and subjected to
hum dity resistance reliability test (PCBT property life tine -
nmeasurenent). In the neasurenent nethod, 16-pin DI Ps (dual in-line
packages) were used for evaluation of disconnections under conditions of
140[err] C, 85%RT and DC20V applied. The length of tine before the

o A FhOIRad (A Gk T AP R TLI  ogy

Cha 2t G | R rar PR S g abgsea srame;oo®0 (BT

E§3?§L;ﬁ%ﬁﬁ£ﬂiﬁﬁﬂégght or aﬂzﬁﬁfﬁﬂbﬁyoﬁﬁmbgﬁhdgOQBQHﬂthg the
conventional flame retarding agents, and to provide an
epoxy rein composition that improves the humidity
résistance reliability if that property is required.
DISCLOSURE OF THE INVENTION

Accordingly, the present invention is:

(1) an epoxy resin composition comprising an epoxy
resin (A), a hardener(B), an inorganic filler(C), and a
phosphoric acid ester compound({D), an amount of the
inorganic filler (C) contained being at least 80% by weight
relative to the composition, and more pa;tibularly,
(2) an epoxy resin composition according to (1),
wherein a proportion of the epoxy rein (A) in the epoxy
resin composition is 0.05-15% by weight, and a proportion
of the hardenef (B) is such that a chemical equivalent
ra;id of the hardening functional group of the component
(B) to the epoxy groups of the compoﬁent (A) is 0.5-1.5,
and a proportion of the phosphoric acid ester compound (D)
is such that the phosphorous atoms of the phosphoric acid
ester compound (D) is 0.01-10% by weight relative to the

components excluding the inorganic filler,

(3) an epoxy resin composition according to (1) or

 REPLAGEMENT Stitey
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conpound achi eved a greater Inprovenent in the humdity resistance

reliability.in the conpositions contalnlng phosphoric acid ester conpound
than in the conpositions 29

cont ai ni ng no phosphoric acid ester conpound. | NDUSTRI AL APPLICABILITY
A sem conduct or sealing epoxy resin conposition excellent in flane-
retardancy, formability, reliability and solder heat resistance is
obtai ned without an essential need to use a hal ogen-based flame retarding
agent or an antinony-based flane retarding agent. It becones possible to

i mprove tl%x@eamﬂf BNCR OF (S niss Gtdudiaerts sl ai Nnedp@s,@; gheSHbiapivyse of

t he epoxy resin conposition.
to the resin composition,

(12) an epoxy resin composition as described in any
one of (1)-(11), wherein an oxygen index of the composition
after being hardened is equal to or higher than 42%,
(13) an epoxy resin composition as described in any
one of (1)-(12), wherein the epoxy resin composition is
applicab;e to semiconductor sealing,
(14) A semiconductor device wherein a semiconductor
element is sealed by ah epoxy resin composition as
described in (13).

Further, the invention of a prodnéing method is:
(15) a method for producing an epoxy resin composition
characterized by melting and mixing an epoxy resin (&), a
hardener (B), an inorganic filler(C), and a phosphoric acid
ester compound(D) (wherein an amount of the inorganic
filler (C) is at least 80% by weight relative to
the composition),
(16) a method for producing a semiconductor sealing
epoxy resin composition characterized by melting and mixing
an epoxy resin (A), a hardener(B), an inorganic filler(C),
a phosphoric acid ester compound(D) and an ion capturing
agent (wherein an amount of the inorganic filler (C)
compounded is at least 80% by weight relative to the

composition), and

S | REPLACEMENT SHEET
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30 - CLAIMS 1. An epoxy

résin compasition conprising anepoxy . .. resin (A) conprising as an
essential el ement a biphenyl t ype epoxy conponent having a
structure of the follow ng chem cal fornula (11) [err]

(where R1I-R8 in the formula represent hydrogen atons, al kyl:

groups having a carbon nunber of 1-4, or hal ogen

TABLE 1
Name Description - | Amount
added
(part(s)
weight)
I Ortho-cresol novolac resin of an epoxy | *
Epoxy resin equivalent amount of 200
II 4,4‘-bis(2,3—epoxy—propo£y)—3,3‘,5,5'— *
tetramethylbiphenyl
Hardener I Phenol novolac resin of a hydroxyl *
group equivalent amount of 107
II |Phenol compound represented by formula |*
E below
Inorganic filler Amorphous silica having an average *
particle diameter of 10 um
Flame retardant |I . |Phosphoric acid ester compound *
represented by formula A below
II Phosphoric acid ester compound *
represented by formula B below
III {Phosphoric acid ester compound *
represented by formula C below
v Phosphoric acid ester compound *
represented by formula D below _
\"2 Triphenyl phosphate *
VI Bisphenol A type resin of an epoxy *
equivalent amount of 400, having a
bromine content of 50% by weight
Flame retarding Antimony trioxide ) *
assistant
Hardening Triphenylphosphine 0.1
accelerator
Silane coupling N-phenylaminopropyltrimethoxysilane 1.0
agent _
Colorant Carbon black . 0.2
Mold release agent Carnauba wax 0.3
Hydrotalcite ' DHT4H by Kyowa Kagaku Kogyo *
compound

*Amounts added are indicated in Table 2.

25



atons), a hardener (B), an inorganic filler (C), and a ' phosphoric

acid ester conpound (D), an anount. of the inorganic filler (O
cont ai ned being at | east 80@6by ~ CLAIMS ght relative to the

conposi tion. An, ep n co ositipon according to claim
1, Ther M %P‘b%‘%p’B‘??’r% %%p?ﬁ?eteﬁﬁxﬁ TRFHSTAY #1 ER@%¥poxy

resin conposi tresins (M) OceripPhibdbingeaghan asdeatial elementpaopipheaplof the
har dener (B) i t a the
har deni ng f unc na%béQg c§%§g§gﬁ€aﬂav1ngt%estrugngg £§B§h%OE?§18L1

conponent € epoxy
groups of the %mm@htformula (IT)(A) is 0.5-1.5, and a proportion of the

phosphoric acid . ester c@ R Isuch that the phosphorous

at ons of the phosphoric /,-.‘ % -ound ( s 0 096
by wei ght rel ati w@H,0 -t BH @®Hpomedt¥ e> fi e — n| c
filler. 3.~ An epoxy regfn % b accordln claim1

or 2, wherein a phos@horous atom o he™ph horic acid ester
conpound has a val ency of five, ' 4. . An epoxy resin conbé%)tlon
according to ahvh@me R1-R8 in th@fformmha ﬂeﬁreﬂbntehydrbgephaSQMQr|c acid

t
?Zs?h conposi t h o ac@P&gﬂgng to aégcg%{%%]ﬁ%ﬁ‘%@%l\ﬁfshﬁﬁ‘r orShaloégnepOXy

31 atoms), a hardener ), an inorganic filler (C), and a

phosphoric acid ester compound (D), an amount of the

inorganic filler (C) contained being at least 80% by
weight relative to the composition.

2. An epoxy resin composition according to claim 1,
wherein a proportion of the epoxy rein (A) in the epoxy
resin composition is 0.05-15% by weight, and a
proportion of the hardener (B) is such that a chemical
equivalent ratio of the hardening functional group of
the component (B) to the epoxy groups of the component
(A) is 0.5-1.5, and a proportion of the phosphoric acid
ester compound (D) is such that the phosphorous atoms
of the phosphoric acid ester compound (D) is 0.01-10%
by weight relative to the components excluding the
inorganic filler.

3. An epoxy resin composition according to claim 1
or 2, wherein a phosphorous atom of the phosphoric acid
ester compound has a valency of five,

4, An epoxy resin composition according to any one
of claims 1-3, wherein the phosphoric acid ester
compoond has an aromatic group.

5. An epoxy resin composition according to any one
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of clainms 1-4, wherein the phosphoric acid ester compound (D) has in
its nolecule a structure of the follow ng chemcal forrmula (I): 0 ||
X-OP-OX (ry | 0 | X
(in formula (1), X represents at | east one aromatic group, and may be
the sane or different). 6. An epoxy resin conposition according to
any one of clainms 1-5, wherein the epoxy resin conposition cont ai ns
an ion capturing agent. 7. An epoxy resin conposition according to
cl aim 6, wherein the ion capturing agent is a hydrotalcite-based

compound.  of8claimAn 18X wheadiih adretiddphoricE HeidgedOeANy oOne of
clainms 1-7, wherein at |east 50% by wei ght of the phosphoric acid ester
conmpound hascempouadul (@) Wasghin its adolMMuler gHreafwiture of.the An epoxy
resin conposition according to any one of clainms 1-8, characterized in
that an anpufipldbwiimg chenimslgdinmndlid |E€F) {C) is at | east 80% by
wei ght relative to the resin conposition. 32

(in formula (I), X represents at least one aromatic
group, and may be the same or different).

6. An epoxy resin composition according to any one
of claims 1-5, wherein the epoxy resin composition
contdin s an ion capturing agent.

7. An epoxy resin composition according to claim 6,
wherein the ion capturing agent is a hydrotalcite-based
compound.

8. An epoxy resin composition according to any one
of claims 1-7, wherein at least 50% by weight of the
phosphoric acid ester compound has a molecular weight
of 300 or greater.

9. An epoxy resin composition according to any one
of claims 1-8, characterized in that an amount of the
inorganic filler (C) is at least 80% - by weight

relative to the resin composition.
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33 10. An epoxy resin conposition according to any one of clainms 1-9,

wherein an oxygen index of the conposition after being hardened is equal
to-or higher than 42% 1iF\\Eﬁ‘Epe%y\ngLg\gonposition ecording 1o _any
one of clains 1-10, wherei lm resinconposi tion f§ $HISapiETCENS BEER

sem conductor sealing. 12. m devi ce wheregi n a fgEp geEpduct o
el ement is sealed by an epoxy resi ”’/i on defined Tn tramit—-I13

A method for producing an epoxy resin conpssition characterized by nelting
and m xi ng an epoxy resin (A) conprising as an essential elenent a biphenyl

t havi 1 f. follow hem cal _f I
Ty P Lo o 1B hin o ot ol Faf ot s e ihd kS afBclog: onm.
| Kyl Egle? - . , har d

(B) an i nor g i oF () AUEEE R cfeed s AALR088 BT oind (D)
B, an fer (0" and " B i con D)

elative Lo (R RERoRTTnyer e hecBRach) Lo elhal Pl o R e et or

seal ing epoxphd£sisg conposition characterized by nelting and m xing an
epoxy resin (A), a hardener(B), an inorganic

11. An epoxy resin composition according to any one -

of claims 1-10, wherein the epoxy resin composition is
applicable to semicon@uctor sealiné.

12. A semiconductor device wherein a semiconductor
element is sealed by an epoxy resin composition defined
in claim 11.

13. A method for producing an epoxy resin composition
characterized by melting and mixing an epoxy resin (A),
a hardener(B), an inorganic filler(C), and a phosphoric
‘acid ester compound(D) (wherein an amount of the
inorganic filler (C) .is at least 80% by ~ ~°~ - -
weight relative to the composition).

14. A method for producing a semiconductor sealing
epoxy resin composition characterized by melting and
mixing an epoxy resin (A), a hardener(B), an inorganic
filler(C), a phosphoric acid ester compound(D) and an

ion capturing agent (wherein an amount of the inorganic

filler (C) 1is at least 80% by weight
relative to the composition).

15. A method for producing a semiconductor sealing

epoxy resin composition according to claim 14, wherein
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filler(C, a phosphoric acid ester conpound(D) and an ion capturing agent
(Wnerel n. an.anount of the inorganic filler (C is at |east 80% by wei ght
relative to the conposition)

15. A nmet hod for producin msm ing epo ;‘;H,rseSH T HA§LBEEN
conposi tion according to clai MMMIIM e ion capt ukd RACED; o
hydr ot al ci t e-based conpound. Ewumem n -conposi ti on accor di ng 1o
any one of clainms 1-7 wherein t he® har deénes cenpri ses as an essenti al
conponent a phenol conpound (VI) repr esent ed by the follow ng fornul a:

Y-CH err] - X- T Y- ]‘Jg ~ (V1) (in
formula VI, %ﬂ{e gh 8 gg&%gq&% rtg’qr?t‘—%%%]ht% bg(sed a bival ent

aronatic grogrg grég Ry be the sane or different, and Y is a univalent or
bi val ent ar offal] group and may be the sanme or d| fferent)

16. An epoxy resin composition according to any one of
claims 1-7, wherein the hardener comprises as an
essential component a phenol compound (VI)

represented by the following formula:

e (Y
Y—CHz—X—CHz—(Y-—CHz—X—CH%Y (Vo

(in formula VI, m is an integer equal to or greater than 0,
X is a bivalent aromatic group and may be the same or
different, and Y is a univalent or bivalent aromatic group

and may be the same or different)
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