DESCRIPTION

EPOXY RESIN COMPOSITION
' TECHNICAL FIELD |

The present invention relates to an epoxy resin composition
excelleﬁt in flame retérdéncy, high—temperature reliability
end solder heat resistance and, moreiparticularly;.to a
semiconductor sealiﬁg epox§ 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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" requirement that electronic component parts, such as

semiconductor devices, be provided with flame retardancy.
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 a

assistant, antimony compounds such as ahtimony trioxide.

With recently growing concerns about 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 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 excellent in flame retardancy, high-

" temperature reliability,'solder hear resistance and
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- formability represented by package filling characteristics

w1thout essentlally requlrlng a halide-based flame
retardlng agent or an antimony compound which 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 reein 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 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 excludlng the 1norgan1c flller,
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(2), wherein a phosphorous atom of the phosphoric ocid
estef compoﬁnd has a valency of five,

(4) . an epoxy resin composition as described in ah&
one of (1)-(3), wherein the phosphoric acid ester compound
has an aromatic group, |

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

i
X-0-P-0-X
.<,§ |

>4

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

and may be the same or different)

(6) an eooxy resin composition as described in any
one of (1)-(5), wherein the epoxyoresin 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 epoxy resin (A) comprises as an
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essential element a biphenyl type epoxy component having a

structure of the following chemical formula (II):

' — _-O—CH;}'{———CH:
o . ! RIR% R$¢ o

- (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
'diﬁférent, and Y is a~univa1¢nt dr.bivalent aromatic groﬁp
‘and may be the same or different), | |

'(iO) an epoxy resin cémposition as described in any
one of (i)-(9), wherein at least 50% by'weight.of the
phosphoric 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
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- inorganic filler (C) : is 85-98% by weight relative

to the resin composition,
(12) an- epoxy resin composition as described in any
one of (1)-(11), whereln an oxygen index of the comp051tion

after being hardened 1s equal to or higher than 42%,

.(13) an epoxy resin composition as described in any

one of (1)y-(12), wherein the epoxy resin compcsition is
applicabie to semiconductor sealing,
(14) r A semiconductor device wherein a semiconductor
element ie sealed by an epoxy resin ccmposition 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 (a), a

hardener (B), an inorganic filier(C), and a phosphoric acid
ester compound(Df (whereinﬁan-amount of the inorganic '
filler (C) compounded is at least 80% by weight relative to
the composxtion), L

{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(cC),

a phosphoric acid ester compound(D) and an ion capturing
agent (wherein an amount of the inorganic filler (C)
componnded is at least 80% by weight relative to the-

composition), and T
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(17) a-methpd'for producing a semicqnductor sealing
eﬁoxy resin compositién as described in (16), wherein the
_idn éapturing agent is,aihydrotalcite-based compéund.
In thé'compositioﬁ of-the pfesent invention; by
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,



heterocyciic epoxy resin, spiro ring-containing époxy
resin, halogeﬁated epoxy resin, and the like.

Among these epoxy.resins (a), an.epdxy resin
particulaily preferable for use in the present invention,
in view of excellence in solder heat resistance, ié one
that contains as an essential component .a biphenyl type
epoxy resin having a skgleton represented by the fbllowing

general formula (II):

CHz —CHCHz —(

(wherein R1-R8 in the formula represent 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-
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orobiphenyl; _
4,4'—bis(2,3—epoxy-propoxy)—3,3',5,5'—tetramethy1—2-bro
mobiphenyi;

4;4'—bis(2;3—epokyepropoxy)—3,3',5,5'-tetraethylbipheny_
4,4'—bis(2,3~ep6xy?propoxy)—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 she 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



résin-(Af fo: hardening. ;Normally, compounds having
phénolic hydrokyl groups, compound having acid anhydrides,
or aminés may preferably.be used. E#amples of such a
compound, thét is, a compound having two or'more.phenolic.
hydroxyl groups in its mclecple, are, fof exaﬁple; 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
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may preferably be used in v1ew of heat resistance, humldlty
-re51stance and storability. 1In some applications, two or
more kinds of hardeners may be used together. |

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

least 50% of the hardener.

éz—cﬂf—@-czir—e—éikoﬁé—@cﬂ

(in the formula, R represents a hydrogen atom or an organic

group and may be the same or different, R preferably being'
a hydrogen atom or a methyl group, and mlis an inteoer'
equal to or greeter than 0). |

It is preferable that a structure represented by the
foregoxng formula wherein m is. 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 compOSLtlon. Preferably, the compound

- 11



fatio between the hardener (B) and the-époxy resin (A) is
such.that the chemical equivalent amount ratio of the
"Hardening functional groups of (B) to the epoxy groups of
(A) is within a range of 0.5-1.5, 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 cstalyst is not particularly limited as long
as it accelerates the hardening reaction. Ekamples oﬁ the
hardening catalyst are imidazol compoundes such as 2-
methylimidazol 2,4-dimethylimidazol, 2-etyl-4-
meth&limidazol, 2—phény1imidazol, Z-pheny144-
methylimidazol,'2?heptadecylimiaazol and the like,
tértiary aﬁiﬁe compounds-such as triéthylamine,
benzyldimethylamine, «-mehtylbenzyldimethylamine, 2-
(diméthylaminomethyl)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,
tétrakis(acetYlaceto)'zirconium, tri(acetylacetd)aluminum-

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

trlbutyl phosphine, trl(p methylphenyl)phosphlne,

12
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tri(nonylphehyl)phssphine ahd.the like. Among these,
‘organic phpsphine compounds-are:preferably used in view of
‘humidity resistancé. 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) aré amorﬁhous
silica, érysfalline 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 ﬁo'reduce stressw Ambrphous_
silica may bé produced in any desired methéd, for example,
a method wherein crystalline silics is melted, a method
wherein smorphous silicé is synthesized from various
materials, ‘and the like.

The_cdnfigufstion and particle diameter of the
amorphous silica in the present invenfion are not
particularly limited. Howefer,:in view of fluidity, it is
preferable that the amorphous silica have spherical
parficles of an.average_partic1s3diameter equal to or
' greater than 3 um bﬁt less than or eéqual to 40 um, snd be.

used in the inorganic filler in an amount of 60% by weight
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or more. More preferably,.thé.amount of amorphous silica
in the inorganic filler is 90% by weight or more. |
The avérage particle diameter herein means a particle
diameter (median diameter) with an accumulated weight of
50%. In the present invention, the proportion of the

inorpanic filler (C) is preferably 80-98% by weight and,

more preferably, 85—98%-by weight relative to the entire

resin composition, in view of flame retardancy, formability

and. low stress.

The phosphoric acid ester compound, that is, the

'component (D) in the present invention, refers to compounds

having_bondé of "P-O-R" (R being an organic group) as
chemical structures. Normally, phosphoric acid ester

compounds wherein the phosphorus atoms have a valency.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 ester compounds having
pentavalent phosphorus atoms,lphere are phosphate
coﬁpounds, phosphonate compounds, ‘and phosphinate

compounds. Among'these,'phosphoric acid ester having

‘pentavalent phosphorus atoms are 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
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preférred in view of flame retardancy, humidity resistance
reliability,énd solder héat_:eéistance. |
Examples of such phdsphoric 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) , _

X

(in the formula, X represents an aromatic group having a
valency of one or greater, and may be the same or

different).

More specifically, compounds represented by formulas

(IV) ‘and (V) are-indicated:

.ee (N)

wherein
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(Af.°3—(?'r4r)°“) . S

(in the above formula, R represents the same or different
ones of a hydfogen atom or an alkyl group having a carbon
number of 1-5; Ar represents the same or different aromatic
grdﬁps, Y represents a diréét bénd,'an alky1ene group; a
phenyiene group, —S-; -S0z- or -cof; Ar reﬁresents the saﬁe
or different phenyl_gfoups-or phenyl groups substituted
- with an organiclgroup;.k'and m are integers equal to or
'Qreatér thanlO but less than or equal to 2, and k+m is an
integer equal to cr.greaﬁer_thaﬁ 0 but less than or equal
to 2;'n is'an integer equal to or greater than.b). Among
~ such cbmpounds, compounds having the strﬁcture of IV are
| preferably used. | | |

The phosphoric acid ester compound in the present
invention may aiso be a mixture of comﬁoundslhaving'
different chemical-structures or a mixture of compounds.‘

having different molecular weigh;s. as for the amount of
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the phosphoric acid ester componnd added, the lower limit
amount. of the phesphorus atoms of the phosphoric acid-ester
cbmpound is preferably 0.0l%'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
composition 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
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ion capturing agent into_the resin Compo#itidn of fhe
present ihventibn. The ion capturing agent is an agent
having a function of capturing an ion. Examples of such an
agent are ion exchangers, and hydrotalcite-based comppunds.

The ion exéhanger means a substance having a fun¢tioh
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 hYdrotalcite—based compound refers generally to
nonstoichiometrié'complex metal cbmpounds represenfed by
formula (ViI)'below, and compounds qbtainéd by firing the
former compounds so that water and A™ groups are partially

or completeiy removed;_
[M**1-aM**e (OH) 2] ™ [A™a/n®MH20] *- ... (VII)

In the fofmula, M* means a bivaient positive ion of
metal, for examples, bivalent positive ibns of magnesium,
manganese, iron, cobalt, nickel, énd éopper. |

M** means a trivalent positiﬁe-ion of metal, for
'ekample, trivalent pbsitive ions of aluminum, iron, chrome,
cobalt and  indium.

A™ means a negatiVe:ion having a valency of n, for
example, OH‘,.Br'(,F‘; cl-, Nb3', C0:*", SO.", Fe(CN)¢*~, CHCOO-,
‘CsHa (OH) COO™, taftaric acid ion, oxalic acid ion, salicylic

acid ion, and the like.
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o is normally greater than 0 but less than or equal to
0.33 in order”to provide a structure having an ion
capturing characteristic,_and m représents a number equal
or greater than 0.

Normallf, magnesium ion may be used as M¥*, and aluminum
ion may be used as M*, and CO:* ﬁay be used as A™. |

Preferréd specific examples of the hydrotalcite-baséd
compounds represented by (VII)'ére Mg45Al:(OH)n003i3.5Hﬁ);
Mga.sAlz (OH) 13CO3, MgsAli.s tOH) 16CO3®#4H20, MgsAl: (OH) 16CO3, and the
like. Preferred specific examples of-compounds obtained by
removing water and hégative ions from the compounds
represented by formqla (VII) ére Mgo.65ALo.3501.175, MgonAloJOLw,_
MgmnA103014n, MgijlOJOL1, and the like. Hydrofalcite—based
compoundé-frOm which water and negative idns.have been
-}emoved may be 6btained by'fi:iﬁg hydfdtalcite—based
compound represented by (VII) at 400-900°C énd, preferably,
1500-700°C.

If ghhydrotalcitevbased c§mpound is coﬁpounded in the
presént 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 smali, no effect is
obtained by the addition.. If it is too large, the solder
heat resistance tends to Aecfease.

It is preferable that éilane coupling_agent be

compounded into the epoxy résin'composition of the present '
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inventioh.: As a silane'COupIing agent, compdunds'wherein
silicon atoms direétly ére bonded with a an organic group.
such as hydrolytic groﬁp amino groups, halogen atoms,
alkoxy groups and the like, and partial hydrolytic
'conaensates ;hereof 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,

hydfocarbon groups or hydrocgrbon groups substituted by
nitrogen atoms, oxygen afoms, halogen atoms, sulfur atoms
and'the like, may be used. Silane coupling agents having
organic gfdups héving amino grQups, aﬁd silane cdupling
agents having organic groups having epoxy groups are
preferably used; Further, silane_coupling agents having
secoﬁdary 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, élastomers such as silicone
rubber, olefin-based copolymers, ﬁodified nitrile rubber,

'modified polybutadiene rubber, modified silicone oil and

the like, thefmdplastic resins such as polyethylene. and the

like, 1ong—chain_fatty acid, 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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organic peroxides, as desiréd.

In the preseht invention, it,is also possible to
cbmpound flame retardant agents-such as halbgen,compounds
- including halogeﬁaﬁed epoxy resin, ahd.various flame
retarding assistants sﬁch as antimény trioxide. lHowevér;
siﬁce these substances have tendency to redﬁce the
feliabiiity of a semicénductor device,.it is preférred that
the amounts of halogen atoms and antimony atoms in the
resin composition be,.respectively, 0.2%'by”weight or 1ess,
further, 0.1% by weight or less, still further, 0.01% by
‘weight or less. It is fufther preferred that substantially
no halogen atoms and substahtially no antimony atoms be
comppunded. |

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 retafdancy, high;témperature reliabilitj-and
formébility.

In the epoxy resin composition of the present
invention,-it is preferred that after the aforeméntioned
materials are mixed, the mikﬁure be'melted and kneaded.

The epoxy fesin composition may be pfbduced by melting and.
kneading by usihg a known kneadihg mefhod, for example, a

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

extruder, a co-kneader, and the like. 'Thg melting

21



temperaﬁure is prefeiablylwithin a range sf 60—130°C.i
Further, by sealing a semiconductor.with the epoxy resin
compositibn of the prssent invsntion{ a semicondustor
_dévice-is formed. | |

The semiconductor device herein refers to-electronic
circuits (integrated sircuits) prbduced”by intsgrating and
wiring semiconauctor elements, such as transistors, diodes,
resistbrs, capacitors and the like, on substrates and, mors
widely, to electronis 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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at 180°C for S houfs, prdperties\o£ the resin compositions
were evaluated by the following property measurement
methods.

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 of'5*.x /2"
X 1/16“ wéré molded and post—curéd. Flame'retardancy

thereof 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
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volume conéentrations'of'gassés at limits of flammability -
were determined;_

Oxygen index (%) = [oxygen]/([oxygen] + [nitrogen])

PKG Filling Characteristics (Package Filling
Characteristics): After 160-pin QFPs for usé in the solder
heat resistance test were forﬁed, the QFPs were observed
visually and microscopically to check ﬁresence/absenqe of

unfilling or void.

Results are shown in Table 3.
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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—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
acceleratoxr _ . :

Silane coupling Naphenylaminopropyltrimethoxysilane _ 1.0
agent ' _

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.

BS
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' H,C CH, H,C CH, | o
S CH, 0 - 9 HyC o
o Qe O—tD
: CH; O 0 CH G o ,
ch\©/cn3 H;C. f CH;
st 0 ™ i Tm
o OeHo- OO oty e

| . \ 9 o o
(©) | | 0_4<::>}_0_€ - -
| ’ \ : 0 n ' : o

' OH " OH ' OH

.'.E) R@EC'H;—@—CHZ@}CH’_@—C&@

(in formula (E), R is a methyl group{ and n is 0.8)
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TABLE 2

Amount. of Amount of Amount Flame retardant |Amount of |Hydrotal
epoxy resin |hardener of flame fcite-
added added filler retarding |base
(part(s) by |(part(s) by {added assistant |compound
weight) weight) (part (s) added {part (s}
T by (part(s) |by
I II 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 6.0]0.0] 4.9 85.0 I 2.5 0 0
Example 3 2.6 ]2.6]10.014.7 87.0 I 1.5 0 0
Example 4 - 0.0}l6.211.9]1.9 87.0 I 1.5 0 0
Example .5 0.05.5]0.014.4 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]10.01]4.4 87.0 III 1.5 0 0
Example 10 | 0.0 |5.5.]0.0 4.4 87.0 | v | 1.5 0 0
Example 11 0.015.5710.0]4.4 87.0 I 1.5 0 0.1
|Example 12 [ 0.0 |4.3.}0.0|3.8] 90.0 | T |. 0.3 0 0
Example 13 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 - S '
Comparative | 0.0 | 6.8 0.0 |5.6 ] 85.0 | vI 0.5 0.5 0
Example 3 :
Comparative | 0.0 | 6.3 | 0.0 |5.1| 87.0 - - 0 0.1
Example 4 )
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TABLE 3

Oxygen Flame High- PRG Solder Water 3
index (%) - |retardancy |temperature|[filling [heat absorption
(UL94) reliability |characte |resistance | (%) '
(h) ristics '
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

28




As shown in Table 3, epoxy resin combdsitions according
to the present invention were excellent in flame
retafdancy, 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'neasurement). ' In the measurement
method,_ls—pin DIPs (dnal in-line packages) were nsed for
evaluation of disconnections under COnditions_of 140°c,
BS%RT and DC20V applied. The length of time before the
‘accumulated 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 Exampl_e 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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containing no phosphoric acid ester compound.

INDUSTRIAL AéPLICABILITY

‘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-baséd flame-retarding_agent. It becomes pdssible_
to improve the performance of semiconductors obtained as a

result of use of the epoxy resin composition.
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CLAIMS

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 80% by weight
relative to'the composition. o

2. An epoxy resin comp031tlon according to clalm 1,
whereln a proportion of the epoxy rein (A) in the epoxy
resin compos;tlon 1s-0.05-15% by weight, and a
proportion of the hafdener,(B) is such that a chenical
equivalent ratio of the hardening functional group.of
the component {B) to the epoxy'groups of the componenp
~(A) is 0.5-1.5, and a proporcion of the phosphoric acid
 ester compound (D) is such that the phospnoroue atoms
of the phospho?ic acid ester compound (D) ie 0.01~10%
by weight relative to the components excluding the

3 inorganic filler. |

3. An epoky resin-compoeition according to claim 1
or 2, wherein a phospnorous 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 acio ester.
compound has an aromatic group.

5. An epoxy resin composition according to any one

31
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of claims 1-4, whereln the phosphorlc ac1d ester
compound (D) has in its molecule a structure of the

following chemical formula (I):

(in formula fIf, X répresents 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 cleim 6,
whereiﬁ.the ion capturing agent is a hydrotalcite~based
compound. | |

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

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

relatlve to the res1n comp031t10n
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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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" the ion capturing agent is a hydrotalcite-based

compound.
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