DESCRI PTI ON EPOXY RESI N COMPCSI TI ON AND SEM CONDUCTOR
DEVI CE TECHNI CAL FI ELD The present invention rel ates
to an epoxy resin conposition and a sen conduct or

devi ce using the conposition. Mre particularly, the
present invention relates to an epoxy resin
conposition exhibiting excellent fluidity, releasing
property froma nold and continuous nol ding property
and to a sem conduct orDBSCRIPTIEIMg t he conposition
and exhibiting excellent resistance to sol der refl ow
BACKGROUND ART As electronic instrunents are recently
becoming snmaller_and |ighter and exhibiting nore
eRFOXY E%BNf%@%E@SETngNtMDrﬁMQONQU ROBYICE
Integration in sem conductors increases, and the
surface nounting in sem conductor packages is
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BACKGROUND ART

As electronic instruments are recently becoming smaller and lighter
and exhibiting more excellent performances in the market, the degree of
integration in semiconductors increases, and the surface mounting in
semiconductor packages is promoted. Moreover, it is considered to be
important for activities of corporations that the influences on the global
environment are considered, and it is required that the use of lead which
is a harmful substance be entirely prohibited by 2006 except specific
applications. However, since the melting point of lead-free solder is
higher than conventional lead/tin solder, the temperature during the
mounting with solder reflow such as infrared solder reflow and dipping
into a solder will be elevated to a temperature as high as 240 to 260°C
from 220 to 240°C in the conventional soldering. Due to the elevation of

the temperature during the mounting, a problem arises in that cracks



tend to be fornmed in the resin portion during the

mounti ng, and assurance of reliability becones

difficult. Moreover, with respect to a |lead frane,

application of a lead frane treated by the nicke

pal | adium plating in advance in place of the exterior

solder plating is pronoted fromthe standpoint of the

necessity of renmoving |ead fromthe exterior sol der
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causes a problemin the ndlding property in that the
reéﬁﬁdp&tﬁﬁhefes toa mold in the continuous productl on,
the productivity decreases. As the effort to
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and small modulus such as those described above has a small crosslinking

density, and the molded article is soft immediately after curing. This
causes a problem in the molding property in that the resin adheres to a
mold in the continuous production, and the productivity decreases.

As the effort to improve the productivity, application of a mold
release exhibiting an excellent releasing effect is proposed (for example,
Patent Reference 4). However, a problem arises in this case in that the
mold release exhibiting an excellent releasing effect inevitably tends to
bloom out on the surface of the molded article, and the appearance of the
molded articles is markedly deteriorated during the continuous production.
It is proposed that a silicon compounds having a specific structure is

added as a means to obtain an epoxy resin composition providing molded



It is proposed that a silicon conmpounds having a
specific structure is added as a neans to obtain an
epoxy resin conposition providing nolded 2 articles
exhi biting excel |l ent appearance (for exanple, Patent
Ref erences 5 and 6). However, this technol ogy causes
a problemin that filling of the resin conposition is
insufficient, and the productivity is decreased since
artivdes eklﬁbsumy ercalparttapfearanee (o éxamplesPéfentiReferences 5
and air vents are clo%ged due to attachnment of the
and6).n Howelver,aflis vechmology cdusey o lpgbleahdnethagfillipgxef the
resin conposition for encapsul ating sem_conductor
regity icewpogttiarh i mstﬁﬁewmn@ndh@edpmMWstyow fleerepsed since
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(pagés 2 to 5) [Patent Reference 51 Japanese Patent
hAPhddrcaiguired.ai d- Open No.  2002- 97344 (pages 2 to 10)

[ Pat ent Reference 61 Japanese Patent Application
Lai dPapemt Roference 1]  Japanese Patent Application Laid-Open No.
Heisei 9(1997)-3161 (pages 2 to 5)
[Patent Reference 2] Japanese Patent Application Laid-Open No.
Heisei 9(1997)-235353 (pages 2 to 7)
[Patent Reference 3] Japanese Patent Application Laid-Open No.
Heisei 11(1999)-140277 (pages 2 to 11)
[Patent Reference 4] Japanese Patent Application Laid-Open No.
2002-80695 (pages 2 to 5)
[Patent Reference 5] Japanese Patent Application Laid-Open No.
2002-97344 (pages 2 to 10)
[Patent Reference 6] Japanese Patent Application Laid-Open No.

2001-310930 (pages 2 to 8)

DISCLOSURE OF THE INVENTION

The present invention has been made to overcome the above

problems and has an object of providing an epoxy resin composition
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The present invention has been nade to overcone the

above problens and has an object of providing an

epoxy resin conposition 3 exhibiting excellent

fluidity, releasing property froma nold and

conti nuous nol ding property and a sem conductor device

usi ng the epoxy resin conposition and exhibiting
exhibitihgnbxcadkintt dhadityp seedeingr gidopertyThieomr esemiold and

invention provides: [i] An epoxy resin conposition for
comtapsid vroldiggsewpentydancd er sem&donductmrdﬂvii%usm the epoxy

essential conponents (A) an epoxy resin, (B) a phenol
resas compositionsand exhibitivg exeeewy resesm)maeh to paldguneidow.

f|IIer and (E). a conponent. conprising at |east one of
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(al)” a biphenyl type epoxy resin and (a2) a phenodl
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of bi phenyl ene and t he phenol reS| n (B) conprises at

oflceagionent (e phiandle ¢retdianeedyetsad compositivm Hr@0p% by weight
consi sting of (bl) a phenol aralkyl type resin having
orgrehtdreach 1%t byisteuglet of syphdleyl ene and (b2) a phenol
[21 The epoxy resin composition for encapsulating semiconductors
described in [1], wherein the epoxy resin (A) comprises at least one epoxy
resin selected from the group consisting of (al) a biphenyl type epoxy
resin and (a2) a phenol aralkyl type epoxy resin having a skeleton
structure of biphenylene and the phenol resin (B) comprises at least one
phenol resin selected from the group consisting of (b1) a phenol aralkyl
type resin having a skeleton structure of phenylene and (b2) a phenol
aralkyl type resin having a skeleton structure of biphenylene;
[8] The epoxy resin composition for encapsulating semiconductors
described in [1], wherein the epoxy resin (A) comprises (al) a biphenyl
type epoxy resin and the phenol resin (B) comprises (b1) a phenol aralkyl
type resin having a skeleton structure of phenylene;

[4] The epoxy resin composition for encapsulating semiconductors

described in [1], wherein the epoxy resin (A) comprises (a2) a phenol



aral kyl type resin having a skeleton structure of
bi phenyl ene; [3] The epoxy resin conposition for
encapsul ati ng senm conductors described in [1],
wherein the epoxy resin (A) conprises (al) a biphenyl
type epoxy resin and the phenol resin (B) conprises
(bl') a phenol aral kyl type resin having a skel eton
structure of phenylene; [4] The epoxy resin
aradkybtygd opoxy rednclapaniad iskglesemistouddued of diphenylene and
described in [1], wherein the epoxy resin (A
theophenaletesimiB) zoptpeirels (b2) ar phéaydl asalkylketxpeyresisibaving a
having a skel eton structure of biphenylene and the

skeheton| streetiuge oBpintrplenes (b2) a phenol aral kyl type
esin having a skeleton strugture of hi phenyl ene; &5]
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Bu represents a butadi ene unit, ACN represents an
cop6lyth@nitavihg cavbotyl Stow@Nle HON aBjorhpodid argecsented by a
randomy or In blocks, x and y each represents a
gemesal formulartbr | ess than 1, x +y = 1, and z
represents an integer of 50 to 80;

HOOC [ (Bu)x(ACN),]. COOH (1)

wherein Bu represents a butadiene unit, ACN represents an acrylonitrile
unit, Bu and ACN may be arranged randomly or in blocks, x and y each
represents a positive number less than 1, x + y = 1, and z represents an
integer of 50 to 80;

[71 The epoxy resin composition for encapsulating semiconductors
described in any one of [1] to [6], wherein the butadiene-acrylonitrile
copolymer having carboxyl group (e1) comprises an antioxidant;

[8] The epoxy resin composition for encapsulating semiconductors
described in [7], wherein the antioxidant is a non-phosphor type
antioxidant;

[9] The epoxy resin cdmposition for encapsulating semiconductors

described in [8], wherein the antioxidant is a phenol type antioxidant;



[7] The epoxy resin conposition for encapsul ating
sem conductors described in any one of [1] to [6],
wherei n the butadi ene-acrylonitrile copolyner having
carboxyl group (el) conprises an antioxidant; [8] The
epoxy resin conposition for encapsul ating
sem conductors described in [7], wherein the
antioxi dant is a non-phosphor type antioxidant; [9]
[TDhe dhexepoesi resinnmpaapbsiviont dor enmapsulainggsemiconductors
sem conductors described in [8], wherein the
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represents a hydrocarbon group having 1 to 40 carbon
atons and carboxyl group and rest of R each
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wherein at least one R among a plurality of R represents a hydrocarbon
group having 1 to 40 carbon atoms and carboxyl group and rest of R each
represent hydrogen atom or a group selected from phenyl group and
methyl group, the atoms and the groups represented by a plurality of R
may be a same with or different from each other, and n represents an
average value, which is a positive number of 1 to 50; and

[12] A semiconductor device which comprises semiconductor elements
encapsulated by using the epoxy resin composition described in any one of

[1] to [11].



represent hydrogen atomor a group selected from

phenyl group and nethyl group, the atons and the
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The present invention will be described specifically

(elNatbigallitneonérytonitrite édpolppex hakisd bafoxedapaneahd/od)(e2)
used in the present invention, nononers, oligoners

a ardctiohypsoduchasf gl wo bortadieme-applopigileupspolymernbaving
nol ecul e in general can be used. Exanples of the epoxy

carbexyl gmupudigh an epoxy resin.

The present invention will be described specifically in the following.

As the epoxy resin of component (A) used in the present invention,
monomers, oligomers and polymers having two or more epoxy groups in
one molecule in general can be used. Examples of the epoxy resin include
epoxy resins of the phenol novolak type, epoxy resins of the cresol novolak
type, epoxy resins of the biphenyl type, epoxy resins of the bisphenol type,
epoxy resins of the stilbene type, epoxy resins of the triphenolmethane
type, epoxy resins of the phenol aralkyl type, epoxy resins of the naphthol
type, epoxy resins of the alkyl-modified triphenolmethane type, epoxy
resins having a triazine nucleus and epoxy resins of the
dicyclopentadiene-modified phenol type. However, the epoxy resin is not
limited to the resins described above. The epoxy resin may be used
singly or in combination of two or more. When the resistance to soldering

is required, it is preferable that an epoxy resin of the biphenyl type, an



epoxy resins of the phenol novol ak type, epoxy resins

of the cresol novol ak type, epoxy resins of the

bi phenyl type, epoxy resins of the bisphenol type,

epoxy resins of the stilbene type, epoxy resins of the

tri phenol net hane type, epoxy resins of the pheno

aral kyl type, epoxy resins of the naphthol type,

epoxy resins of the alkyl-nodified triphenol methane
epioxyerestp @f \therlesphendlatyipegormanré pxiynee s b€ tbe ashidbene type

epoxy resins of the dicyclopentadi ene-nodified pheno
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required, it is preferable that an epoxy resin of the
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phenyl ene or bi phenylene is used. However, the use of
reléwsing opsopeety nfromai noold ebeictrdsies ydaedta sndeckease in the
viscosity causes a problemin that the releasing
crpsdpering flensity althengle dnervssusc diiderso can dee rusgde1n i great
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As the phenol resin (B) used in the present invention, monomers,
oligomers and polymers having two or more phenolic hydroxyl groups in
one molecule in general can be used. Examples of the phenol resin
include phenol novolak resins, cresol novolak resins, triphenolmethane
resins, phenol resins modified with terpene, phenol resins modified with
dicyclopentadiene, phenol aralkyl resins having a skeleton structure of
phenylene or biphenylene and naphthol aralkyl resins having a skeleton
structure of phenylene or biphenylene. However, the phenol resin is not
limited to the resins described above. The phenol resin may be used
singly or in combination of two or more. When the resistance to soldering
is required, it is preferable that a phenol aralkyl resin having a skeleton

structure of phenylene or biphenylene is used among the above phenol



Conponent (E) described later. As the phenol resin (B)
used in the present invention, nononers, oligoners
and pol ynmers having two or nore phenolic hydroxyl
groups in one nolecule in general can be used.
Exanpl es of the phenol resin include phenol novol ak
resins, cresol novol ak resins, triphenol nethane
resins, phenol resins nodified with terpene, pheno
reb@S dosthmdhbiechivifillers dan el addod Ada @reat phenalt into a resin
aral kyl resins having a skel eton structure of
hapting flexikeilivy syidohesyhBnasarsitynamdt Acimall ahdgtureegbsnyption
having a skeleton structure of phenylene or
cabi b ongvidad toHbeexesin, similaneteltheerioxyi resiivt Howevendhe
to the resins described above. The_phenol. resin my be
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density decreases. The rel easing property froma nold
greater ®ed ipr ernedlldry andi mgre profedabli 645 er dpeatdrbend 1.5 or

later. The ratio of the anpunt by equivalent of the
sneqlbery gMhep deordases Bntthee nepiskyrer eesistancet pndartbhenicuring
by equival ent of the hydroxyl group in the entire
prphertylcagrhrupuppedsehwhiea thecasin isi within the abgve range.
preferably 0.5 or . ) L
The curing accelerator (C) used in the present invention is an agent
which works as the catalyst for the curing reaction between the epoxy
group in the epoxy resin and the hydroxyl group in the phenol resin.
Examples of the curing accelerator include amine-based compounds such
as tributylamine and 1,8-diazabicyclo(5.4.0)undecene; organic phosphorus
compounds such as triphenylphosphine and tetraphenylphosphonium
tetraphenylborate salts; and imidazole compounds such as
2-methylimidazole. However, the curing accelerator is not limited to the
compounds described above. The curing accelerator may by used singly
or in combination of two or more.
As the inorganic filler (D) used in the present invention, inorganic

fillers conventionally used for epoxy resin compositions for encapsulating

semiconductors can be used. However the inorganic filler is not



greater and 2 or smaller and nore preferably 0.7 or

greater and 1.5 or smaller. The decreases in the

noi sture resi stance and the curing property can be

suppressed when the ratio is within the above range.

The curing accelerator (C) used in the present

invention is an agent which works as the catal yst for

the curing reaction between the epoxy group in the
papizajarlgdimitadd FExaniplds of yhe gmangpninfillbe iplledelfused silica,

resin. Exanples of the curing accelerator include
crasialbnp sxilich, calwpounad sikensh nitazde andualjnzimiume nifide. When

1, 8-di azabi cycl o(5. 4. 0) undecene; organi c phosphorus._ . .
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iIlTer is not 9 particularly limted. Exanples of the
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silica, alumna, silicon nitride and alum numnitride.
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in general, fused silicais wused. As the fused
comipasiiaon anymefises ustragpohentd(B) | donaprsitgs b i ¢ abutadiene-

fused silica can be used. Spherical silicais .
aquy binetrallel eopdytieat havengmaahoxyf groep andiey 62 sar¢astion

i ncreased, and the increase in the nelt_viscosity of
profuct @fogaag} & bytardienepssylongmle copolymershayingrearboxyl group

rther increasing the .
w{tﬁ an epoxy resi"n ?n a% amount of 0.01% by weight or greater and 1% by
weight or smaller in an entire epoxy resin composition. The butadiene-
acrylonitrile copolymer having carboxyl group of component (el) is a
copolymer of butadiene and acrylonitrile. When the resin composition
comprises component (el) and component (e2) which is a reaction product
of component (el) with an epoxy resin, not only the excellent crack
resistance is obtained but also the releasing property from a mold can be
improved.
The butadiene-acrylonitrile copolymer having carboxyl group of

component (el) is not particularly limited. Compounds having carboxyl
groups at both ends of the structure are preferable, and compounds

represented by general formula (1) are more preferable. Due to the

polarity of carboxyl group, dispersion of the butadiene-acrylonitrile

10



amount of spherical silica, it is preferable that the
distribution of the particle size of the spherical
silicais adjusted to be broader. In the present
invention, it is essential that the epoxy resin
conposition conprises conponent (E) conprising (el) a
but adi ene- acrylonitrile copol yner having car boxyl
group and/or (e2) a reaction product of (el) a
copulyadéenetlae eybxynirégin | compopsddyirethdapoxygresin leomgosition for
group Wwth an epoxy resin in an anmount of 0.01% by
engapghlating spreonduatoas B Hmatesiaghe iwpreves, lagd the erease
_entire epoxy resin conposition. The butadjene-
ingthe Ifowling i ore thepsusiness phwi mepldanpdxy | meldsdpaniicle can be
conmponent _(el) is copo} ymer of butadi ene and )
SUPPLH$SS AP @snepgb fpronala, G & TePRIREALS 2 rontegtnof jhygadiene
C onent (gl)..and c onent (e2) which is a_ yeaction
i o, dRoiast HEbHEBnERE. Refy PP enm ot 15s tht by Ahd ¥
anl he excel |l ent. cragk . r.esist.ance i s _obtai .
reffesininen opEear Y SPSREHeRS P At apdlal hAHEn Ak is o
[ he Loni t.ril e. in
pds I HEtbek 8o WAt BRI ORtS AP inBREL HR0 R, (e

relsi.d(;lﬁctoﬁﬂ)os SR O 4Re NBMdSRAL CRIVERXWN kP URStRdr Q@%g)srise as

ends of the structure are preferable, "and conpou

col ARReEh P¥a@ese ;p@bdﬁ@d (82) Bbtdined By MERIng and reacting
preferable. Due to the polarity of carboxyl group,

thdi epeirsi amamintt e butgsttme-ofc (yl)orther ibugadibde-acrylonitrile
copol ynmer in the epoxy resin conprised in the epoxy

copelyinmerchapiosy taxoxfyberowm ofpsum mirend (8&hiwdtnductpoxy assin
a material is inproved, and the increase in the

anfdoal cnyngnacdedersiior danesdvince. noAsl thrdepodypirdeid, amphemers,
can be suppressed. In general fornula (1), X

oligepreas emdspelymsns dviving tHgtrdnere epoxy groups in one molecule

in general can be used. The epoxy resin used here is not limited by its
molecular weight or molecular structure and the same epoxy resin which
is exemplified before to be usable as the epoxy resin (A). As for the
curing accelerator, it is sufficient that the curing accelerator accelerates
the curing reaction between carboxyl group in the butadiene-acrylonitrile
copolymer having carboxyl group and epoxy group in the epoxy resin, and
the same curing accelerator which is exemplified before to be usable as the
curing accelerator (C) can be used. It is necessary that the content of
component (el) in the entire epoxy resin composition is 0.01% by weight or
greater and 1% by weight or smaller. The content is preferably 0.05% by
weight or greater and 0.5% by weight or smaller and more preferably 0.1%
or greater and 0.3% by weight or smaller. Problems such as insufficient

filling during molding due to a decrease in the fluidity and deformation of
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unit in nolar fraction and is a positive nunber |ess
than 1, and y represents a content of acrylonitrile
unit in nmolar fraction and is a positive nunber |ess
than 1, and z represents an integer of 50 to 80. The
resin conposition of the present invention may further
conprise as conponent (E) a reaction product (e2)
obtained by nelting and reacting the entire anmount or
agagldrwirendoé tpedn inkeedsetladiseswityacayl loaistpipiressed when the
copol ynmer havi ng carboxyl group of conponent (el) wth
amouspox yithinithe abotteaaogei ng accel erator in advance.
As the epoxy resin, nononers, oligonmers and polyners
having two or nore epoxy groups in one nolecule in

ot ot SHOOCE L IR AN cigEOH )
structure and the same epoxy resin which is

exenplified before to be usable as the epoxy resin
utficient

) f h i | i i .
Iy Rhe Rt el EEMNROGIC AL BaBieBbnid b Biiadidd SRl ‘acN
. Rt i
PSSP 0 B BEIOACN b s
ordiBBRA% ERE e HPrtritD S SRGHIYe ttRlr BAC AN, x + v =

1,bthd's 28R s8ftd A integel BY50¢6@0er ator (C) can be used.
It is necessary that the content of conponent (el) in

t he Ehé | ésntepoXxyf ragyondaileosidit oth | Mol ffastyoney gbf the
or greater and 1% by weight or smaller. The content

buta dperes ecrybonitfild 6opdiymenciapihg amrboxdt grouan@ 10 used by the
wei ght or smaller and nore preferably 0.1% or greater

prasenissnbions prefembly 003 er m@reophé desssthein 830 and more
insufficient filling during nolding due to a decrease

preferahly Q.40 den ynened agdf Brdfator olessf valyplof wiafdecigethe

to an increased viscosity ca e suppressed when f he
compatrﬁ)ﬁlty o? ?he guta 1ene-ac¥ylon?trﬁe copglgrmer having carboxyl end

group with epoxy resin matrix. When y is in these ranges, it is possible
to control the fouling on a mold or deterioration in appearance of articles
of cured resin due to phase separation between the butadiene-acrylonitrile
copolymer having carboxyl group and the epoxy resin matrix. The
possibility of occurrences of drawbacks such as insufficient filling on
molding due to lowering of fluidity or deformation of gold wire in
semiconductor devices due to increased viscosity can be controlled.

The number average molecular weight of the
butadiene-acrylonitrile copolymer having carboxyl group of component
(e1) used in the present invention is preferably 2000 or more and less than
5000 and more preferably 3000 or more and 4000 or less. When the

number average molecular weight is in these ranges, it is possible to
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amount is wthin the above range. HOOC [ (Bu). (ACN)Y
]z COOH (1) In the above general fornmula (1), Bu
represents a butadiene unit, ACN represents an
acrylonitrile unit, Bu and ACN nay be arranged
randomy or in blocks, x and y each represents a
positive nunber less than 1, x +y = 1, and z
represents an integer of 50 to 80. The content of
comtroll th tpossibility of ioocumreaces ofidrasbagkefsucheas insufficient
but adi ene-acrylonitrile copol ynmer havi ng carboxyl
filhimguen edlilingsdde ito loweringof Slendity o gleforanatien of gold wire in
preferably 0.05 or nore and | ess than 0.30 and nore
seprispaiugioy d@vms stuerfgriacegased vzsszogxtm cagshe qudroldedie of

y affects conpa |b|||t
but abne rfar @th %ﬁumaﬁerret 965 #abiﬂ%% ﬁ@ry(%%’&a&@ﬂw@ﬂbfmer

BRI RS ) BT g DBl P rgira
1) G e 2O B FLISF Bl L DR lore ana
2566 %&“ ]%QE QG 2tk &é&ox&?%@ﬁ&ﬁiéqﬂ%' ﬂlgtﬁ@%eb(}é%{ge it is

nd the epoxy reéesin” mat 0SSI

pd%%ﬂﬂér?ﬁ%gﬁtrgf t%%aﬁpﬁhﬁcﬁéj%ﬁcﬁsaé %@f fib&leqat df hluh&EGy or

ding due to lowering of dity or defornmation

deRbrigPAtioNVof erdla reRie %ﬁﬁgé‘ﬁﬁrQTf t‘ﬁ@‘lﬂe@ﬁﬁc&ﬁﬁo&@mn on molding
i ncreased viscosity can be controlled. The nunber

ardl €l gee 6D heslds @ meldedt asticlédhand thus the continuous molding
but adi ene-acrylonitrile copol yner having carboxyl

capabilityoidweortpgermntly atedipedised in the present invention
is preferably 2000 or nore and | ess than 5000 and

nor elnpthsf presbhy id0OTian, itms prefedabiodhas the eontenthadrsodium
the nunber average nol ecul ar weight is in these
iopaiydbe qagbpxylpeguivglent; of the butadiene-acrylonitrile copolymer

having carboxyl group (el) is 10 ppm or less and the content of chlorine
ion in the copolymer (el) is 450 ppm or less. The content of sodium ion
and chlorine ion can be obtained by the following methods. The content
of sodium ion is determined by ICP emission spectrometry after the
butadiene-acrylonitrile copolymer having carboxyl group (el) is
decomposed and ashed under dry condition and dissolved in an acid. The
content of chlorine ion is determined by ion chromatography. When the
content of sodium ion or chlorine ion is within the above range, the
possibility of deterioration of the reliability in anti-humidity property of
semiconductor device due to the corrosion of circuit by sodium ion or
chlorine ion.

It is preferable that the butadiene-acrylonitrile copolymer having

carboxyl group (el) comprises an anti oxidant and it is more preferable
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control the possibility of occurrences of drawbacks

such as insufficient filling on nolding due to

| owering of fluidity or deformation of gold wire in

sem conduct or devices due to increased viscosity can

be controll ed. The carboxyl equival ent of the

but adi ene-acrylonitrile copol yner having carboxyl

group (el) used in the present invention is preferably
the200ther amtiexidadt| eéss at haon-pboSplord typee pnwbxdabpky The

1700 or nmore and 2500 or |ess. Wen the carboxyl )
negphesplor type antioksbmtsangbule phendl typessntipxidagts, amine

control the drawbacks such as the decrease of fluidity
type anfaexidpotaand thigether dypepaswxidaniser Amens these, phenol

resin conposition on nol di pg nd fouling of nolds,or
tYRS| de@REOKIGATEE andre hué’r?%é"ab@nti A8us di ggample, 2,

oRERRH 5P RERARL Y | B BB 2
e RdsPahBELes A ARG 1% caifpenciit
B PP ASpht? BB B PR PP EE Mg bo oot

allkt£§x§ h BpecitRaii§infe s Qgitﬁ%é.onl‘héggx&?hefit%ei SikiGAdants

obt ai ned by "the fol |l om ng netho he content of

arR0slbtUpRdf&rabls bded @feiHead Hive! SR RI¥nESitoRnIRGRE thERbIMsion
after the butadiene-acrylonitrile copolyner having

ofc asifvany | agldoence! )thes retiabilitgosiad ad-hashebdtyunpespedty of
condi tion and dissolved in an acid. The content of
semiicondnetoir alevice idete¢eroretddby i on chr omat ogr aphy. \Wen
the content of sodiumion or chlorine ionis wthin
the ibdhe paessmt tmeentpussiB) |4 topmyfontate cowpaising G1) an
the reliability in anti-humdity property of |
organpeokaliexane havingcashexybetaws %@/1062?23@ ¥ractiopgyoduct of

(ﬂ%yaf:’ %géelljr?g;lo?;si?orxan%qlle?vriingecair‘t?g)iyl group with an epoxy resin may
be used. The organopolysiloxane having carboxyl group of component (f1)
which can be used in the present invention is an organopolysiloxane
having one or more carboxyl group in one molecule. When component (F)
comprising (f1) an organopolysiloxane having carboxyl group and/or (f2) a
reaction product of (f1) an organopolysiloxane having carboxyl group with
an epoxy resin is used, the effect of suppressing the fouling on a mold and
a molded article and remarkably improving the continuous molding
property can be obtained without decreasing the fluidity or the releasing
property in molding of the resin composition.

The organopolysiloxane having carboxyl group of component (f1)
which can be used in the present invention is not particularly limited.

The organopolysiloxane represented by general formula (2) is preferable.
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It is preferable that the butadiene-acrylonitrile
copol ynmer having carboxyl group (el) conprises an
anti oxidant and it is nore preferable 13 that the
anti oxi dant is a non-phosphor type antioxidant. The
non- phosphor type antioxi dants include phenol type
anti oxi dants, amne type antioxidants and thioether
type antioxi dants. Anong these, phenol type
Irapgéneral danhsla(?), Brepeeshite sandrdaric gxampl eAndng the entire
6-di -tert-butyl -4-net hyl phenol, 2, ) )
orgadic geoupshreptesdntednly &Ee@b leasp oxie geaupyis dvraBAB{Agroup
6-di-tert-butyl phenol), 2,2 ethylidenebis(2,
hayigg.- eanboxpligyeypcard )L ta, 4G carberratoms: yanghdhe) rest of the

the |i ke can be used, although specifically Limted
gHoYDs .TWSB%;’(Y%EP%I}/ (OB OF SHaHP sSelegted fgpm_ Dhenyl
g]{%r eferabl e .because thgse rt1ave a (ﬁégldenc to enhanced

e apdrpethd srun; (RE atams #athdle wEoups) YeRsersRtgd; by a

plglg%dép:ﬁ (l(?lf"ﬁj igtb%/y {%rﬁot?r%reg%?lggxgh efr)rlir,] \%lgﬁgll%gltrt];ofr?%e (\-,(%cqle otfer. The
dﬁiﬁg%g’gﬁ&tx ifi PR pied9ahéd é§ b F%H%géﬂ] APALMSILO¥F B decrease in
and/ or a

avi'ng carboxyl “group af a reaction product
co%ﬁgahﬁlf)illi)ty PitR"tBeNeRA] ¥sh Ib%";ﬁ‘é%eid%b\ﬂ_rﬁgeﬁaﬁﬂé%ﬂﬂnb@f @¥Rarbon

an epoxy resin may e used.

atohfA 1Y APley §idadid B olip VhAEingEDDoXY] @hrowp ief widiRahenibove
(fl) which can be used in the present Invention is an

radiggan 0 deysirdloforirila (a) imgemrsents amaeectagdnubeys witich is
in one nol ecul e. When conponent (F) conprising (fl)
aminiegganddoty 501 oTheaddravasegi ahbddhyitlityr dump t@nad/ mcrease in
(f2) a reaction product of (fl) an organopol ysil oxane
thieavisagsitarafothel ofriseelf wiamhbe assupgressed sdhen ithe yedue of the
the effect of suppressing the fouling on a nold and a
nywbge dreprepentedahy renty KEBhD | B o3P t1988eont Wisusthe

nol di
organop&gfsﬂoxane represented by general formula (2) is used, the

appearance of the molded article can be remarkably improved without a
decrease in the fluidity. When the reaction product of component (f2)
obtained by melting and reacting the entire amount or a portion of (f1) the
organopolysiloxane having carboxyl group with an epoxy resin and a
curing accelerator in advance is used, the fouling on the mold during the
continuous molding is suppressed, and the continuous molding property 1s
remarkably improved. As for the curing accelerator, it is sufficient that
the curing accelerator accelerates the curing reaction between the
carboxyl group in the butadiene-acrylonitrile copolymer and epoxy group
in the epoxy resin, and the same curing accelerator which is exemplified
before to be usable as the curing accelerator (C) can be used. The

number of carbon atom in the organic group having carboxyl group in the

15



property can be obtai ned wi thout decreasing the
fluidity or the releasing property in nolding of the
resin conposition. The organopol ysil oxane havi ng
car boxyl group of conponent (fl) which can be used in
the present invention is not particularly limted.
The or ganopol ysi |l oxane represented by general fornula
(2) is preferable. 14 In general formula (2), R
orgapopslgsilexate oegaentdgl by Eendiahpridac(®) iis ehe dotndfcthe
groups represented by R at |east one group is an
nwnpeniof gurbop atoms ny thar]hwiaplcagymugralmb andotht0 number of
carbon atoms, and the rest of the groups each
carben asemt inkgaabogsErgrauprindhergapimeErosmect ed from
phenyl group and nethyl group. The atons and the
groups represented by a plurality of R nmay be the
same with or different fromeach other. The
deterRoration iR the appeRrance of the nolded article
due tp a decreaie inconpatibility with the resin can
be prevented|{whén the|nunther of carbon atons in the

Rroangg. g Vi g xyt—gsoup is y hin the
above| range geney al ?ornula (2), presents an
aver age nunber whichi's ‘an integer of 1 to 50. The

decreldse in theRfIw dity Bue to an increase in the

1th1§,£ %bbé/tgﬁﬁei-anefo%dulbt @8 it tadsthes WORRRTEES pasAlidyhsf R

val ue of nunber represented by n is within the

regbé@é@lté angedrotiion HivupOh SRmePD by 20/caxBoe ateRk esanéaBoxyl
y general formula (2) is used, the appearance of the

group dadl tid redteofdReabk reprasekalbydroggmt avad ov 4 lgoap aelected
decrease in the fluidity. Wien the reaction product of

froonpdweayl gf@)p abd amrtybygreip, i nlge aatbmeaaninghe heroups

entire anount or a portion of (fl) the
represandpd bys i | Wxamktshal ifgnasabsobhel sapmeuithi on dalfexend dyom
earcleisc)l’clrlex{'jl na?nd n represents an average value, which is a positive number
of 1 to 50.

It is preferable that the amount of component (f1) which can be |
used in the present invention is 0.01% by weight or more and 3% by
weight or less in the entire epoxy resin composition. The fouling in the
appearance of the molded article with the mold release or the
organopolysiloxane in an excess amount can be suppressed, and the
excellent continuous molding property can be obtained when the amount
is the within the above range.

In the present invention, other organopolysiloxanes can be used in
combination as long as the effect of addition of component (F) comprising

(f1) an organopolysiloxane having carboxyl group and/or (f2) a reaction

product of (f1) an organopolysiloxane having carboxyl group with an epoxy
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curing accelerator in advance is used, the fouling on
the nold during the continuous nolding is suppressed,
and the continuous nol ding property is remnarkably
i mproved. As for the curing accelerator, it is
sufficient that the curing accel erator accel erates
the curing reaction between the carboxyl group in the
but adi ene-acrylonitrile copol ymer and epoxy group in
reisheiepoxydvasely, affsndedhe same curing accel erator which
is exenplified before to be usable as the curing
acceTke apoxy (répirc eompesitizadof the presatemventioar ey further
atomin the organlc group having carboxyl group in the
copspI8ey FRapvisy sl didieasein epmbinatien withyepmpanents ) 40 (F).

byt 0 Sl R o B g

e85 g SH B B AP, Pty nd Qe
R I f

ki R S A a bt S BlARIE ne

coE@éR%éébnt%%l?#g?QQgrﬁrdglﬁbfagglt enQ{ egi ?%mﬁgﬁélﬁaéﬁggxes such as

ca@ﬂguﬂgt\pé& Q}Iﬁﬂ@tlctxpgx?s[ Qi&n %@g{)(%‘rggt IQH@%ax, mold releases

represented a plurality of e the sane wth

sueh 44 highle 'lﬁttgfraf?:'iﬂs 8A& étal %blts%ﬁ@rébf" RIFSSAMHIe Abaric acid
average val ue, which is a positive nunber of 1 to 50.

a% _zh‘f]c @l’feﬁfrﬁteabirﬁl phsaffinh eraimadtioxifarte nguehead bisthhth oxide
hydrla(ize. C\?Vrilereez necessary, the inorganic filler may be used after being
subjected to a surface treatment with a coupling agent, an epoxy resin or a
phenol resin in advance. Examples of the process of the surface
treatment include the process of mixing with a solvent, followed by
removal of the solvent and the process of adding directly to the inorganic
filler, followed by treating by a mixer.

The epoxy resin composition of the present invention can be
obtained by mixing components (A) to (F) and other additives using a
mixer or the like, followed by further mixing under heating by a heated
kneader, heated rolls or an extruder, cooling and pulverizing the mixture.

For encapsulating electronic parts such as semiconductor elements
using the epoxy resin composition of the present invention and preparing
semiconductor devices, a conventional molding and curing process such as

the transfer molding process, the compression molding process and the

injection molding process can be conducted.
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used in the present invention is 0.01% by wei ght or
nore and 3% by weight or less in the entire epoxy
resin conposition. The fouling in the appearance of
the nolded article with the nold rel ease or the
or ganopol ysi | oxane i n an excess anmount can be
suppressed, and the excellent continuous nol di ng
property can be obtai ned when the anmobunt is the
EMAMPLOEShe above range. In the present invention
ot her organopol ysi| oxanes can be used in conbination
as |'Bneg mesehe isvertionowildbe t deseribfedc omgrenenecifipylly with
conprising (fl) an organopol ysil oxane having carboxyl .
refarenge dmekampléin the following. ~ Flayerver, Bie prgspnppnvention is
or.ganopol ysi | oxane havi ng carboxyl group with an epoxy
notdimgertoithe eyamploer sel y affected. The epoxy resin
conposition of the present invention may further
conprise various additives in conbination with
Econﬁgnints (A) to M Exanples of the additive include
¥R et ardant s such as broninated epoxy resins,
ant "ﬁ%‘goﬁd'vbﬁgj gq%%&%%&@*w&&smﬁgéﬁ’ O R P RSB hRl95°C for 8
hydr'oxi des; couplThg agents such ds
ergiﬁ\ég' ﬁiéli‘lgp%@zméht fdl[;@?tébgfé’(ﬁ' |n%ln?i11ve992e‘i’lr, I} 3%€BpSxy resin
such as carbon bl ack and red oxide; natural waxes such

coBSposFB6NANWAS M Xinedy NS ightHENAS ePobGH rasind ebMpbbiticinevas
wax; nold rel eases such as higher fatty acids and

evibh@ledsal d@otdaiceafithithe mxeiqdsealss ehowa iached foHowing.
zinc stearate, and paraffin; and anti oxi dants such as

bi srlilh Ani g®xyhyebint exprdbsed hye fassalay (3t baannfagaréd by
filler may be used after being subjected to a surface
NIPRAONEAYAKY Gogdul.i NCIQROR;, then seffering @vimt: 0h8°4; the

phenol resin in_advance. Exanples of the process of

epolp egwivaleat: 274] 8.07 parts by weight
3)
H,C—CH—CH, H,C—CH—CH,

O

Y y
Ol OO

H-1: A phenol resin expressed by formula (4) [manufactured by

MEIWA KASEI Co., Ltd.; MEH-7851SS; the softening point: 107°C; the

hydroxyl equivalent: 203] 5.98 parts by weight

@)
OH

OO

=-n
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treatnment include the process of mxing with a

sol vent, followed by renoval of the solvent and the
process of adding directly to the inorganic filler,
followed by treating by a mi xer. The epoxy resin
conposition of the present invention can be obtained
by m xi ng conponents (A) to (F) and other additives
using a mxer or the like, followed by further m xing
under heating by a heated kneader, heated rolls or an
extruder, cooling and pul verizing the m xture. For

enc a8 iazabigy eloft trdnndeqearet & (redetred so s Bbh dheeeimafter)
el enents using the epoxy resin conposition of the |
present invention and preparing seni cdhdb®ass by weight
devi ces, a_conventional nolding and_curing proqces
sucHused spherigal sEicay &h% PYPFREPHTe ,ﬁléflﬁéteé’o ﬂ“’é’:z)s i on

nol di ng process and the injection noldj pro s _ca
be conducted. 17 EXAMPLES The present %ﬂ@gwgﬁﬁ%@ﬁém

e
ORISR0 7 TBHCAIT BN RS g PR

coggﬁnﬁ&r rgﬁé%ﬂgéﬁw ERGr A1l Rfl1A Ol Swhe POMe§=08182, y=0.18,

verl z an“epoxy resin conposition was

avPhgd Nefue THE zOR FoneshBBeX Vavdiakl MOIRATAE iwsighBsis 3550,
evaluated in accordance with the nethods al so shown in

calrbsxylduivhleat i&2R00ANegPestehe Sf Bodii d6add Hppm, content
formula (3) [manufactured by N PPON KAYAKU Co., Ltd.;
of NB3EHL ot e 260fgpa)j agd pohtdins38@-di-bert-butyl-4-methylphenol
as a non-phosphor type antioxidant] 0.20 parts by weight
Coupling agent (y-glycidoxypropyltrimethoxysilane)
0.20 parts by weight
Carbon black 0.20 parts by weight

Carnauba wax 0.20 parts by weight

Methods of evaluation

Spiral flow: Using a low pressure transfer molding machine, an
epoxy resin composition was injected into a mold for the measurement of
spiral flow in accordance with EMMI-1-66 under the condition of a mold
temperature of 175°C, an injection pressure of 6.9 MPa and a curing time
of 120 seconds, and the length of flow was measured. The unit was cm.
The spiral flow was decided to be poor (failed) when the length was
shorter than 100 cm, and to be good (passed) when the length was 100 cm

or longer.
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epoxy equivalent: 274] 8.07 parts by weight (3)

H2C-CH CH2 H2GCCHCH2 O O\NO [/ 4 CH2\ [ \ [/

Cl-12 / Hn H 1= A phenol resin expressed by formula

(4) [manufactured by Ml WA KASEI Co., Ltd.;

VEH 7851SS; the softening point: 107C, the hydroxyl

equi val ent: 203] 5.98 parts by weight (4 OH OH 64

CH2 \ \ CH2 H 18 1, 8-Di azabi cycl o(5. 4. 0) undecene-7

(r ef @onedudas amolBUg beswirtgf lésing 8. Idw pprdssul®/ automatic

wei ght Fused spherical silica §t he average particle
trdinafert molding macBin«)07¢hshetpf waolding of 80pQFP (a Cu lead

But adi ene-acrylonitrile copolymer 1 [nmanufactured k))(y
frae; ﬂ@smt@o.qu@mnmﬁmcmk@ges-lép pmx20 mmx2 mm

but adi ene-acrylonitrile copolynmer represente y L. .
thyelnassi the i of the pRre Geh MIRX®. g nm, thegze ngﬁgﬁa@ép' 6.0

val of z is 62,.n er average .ecul ar i.,ght is
myeb el wass PoRLd e HeISuRRY B! & B eryetature

io ion.is. 5 cO thepQf . chlorine ji.on i 0
ot fi- i BifioR Rk u OB S POPRAT h MR U ST G onde.
Tl\i;\‘élng%]tr&?ﬂg FH}BBQR?JW YPERld 2 ARk de1font G RBh L theP¥ontinuous
molding of 700 shots could be conducted without problems such as
insufficient filling; to be good when the continuous molding of 500 shots
could be conducted without problems such as insufficient filling; and to be
poor when insufficient filling took place before 500 shots were completed.

Appearance of a molded article and fouling on a mold: Fouling on
the package and the mold used in the above after 500 shots and 700 shots
of the continuous molding was examined by visual observation. The
result was evaluated to be excellent when no fouling was found after 700
shots, to be good when no fouling was found after 500 shots, and to be poor
when fouling was found before 500 shots were completed.

Deformation of a gold wire: Using a low pressure transfer molding
machine, molding of 160pLQFP (PPF frame; the size of the package: 24
mmx24 mmX1.4 mm thickness; the size of the chip: 7.0 mmx7.0 mm; the
thickness of the gold wire: 25 pm; the length of the gold wire: 3 mm) was
conducted under the condition of a mold temperature of 175°C, an
injection pressure of 9.3 MPa and a curing time of 120 seconds. The
160pQFP package obtained by the molding was examined by observation

using a soft X-ray fluoroscopy apparatus, and the ratio: (the amount of

flow)/(the length of the gold wire) was calculated and used as the
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Coupl i ng agent (y- gl ycidoxypropyltrimethoxysilane)
0.20 parts by weight Carbon black 0.20 parts by
wei ght Carnauba wax 0.20 parts by wei ght Methods of
evaluation Spiral flow Using a | ow pressure transfer
nol di ng machi ne, an epoxy resin conposition was
injected into a nold for the neasurenent of spiral
flow in accordance with EMM - 1-66 under the condition
deformationdof 4 goldewateur 8'hef resdiliGraapvahjated itobemoed stiten the
of 6.9 MPa and a curing time of 120 seconds, and the
défongationf wasodlnes smealer,eaind Toebe moorwabennthe @hformation
spiral flow was decided to be poor (failed) when the
exc@ﬁéetﬂx%s shorter than 100 cm and to be good
(passed) when the_length was 100 ¢m  or

Cont Rﬁ@ét@qedmoﬁ%erp%p“éh@ yaclé%g%@btém%@vag ¥ b Fée molding
omati .tra % Oﬁal ne, 700 shots of d
@ieYg wation %’-t e(%? ‘F qm PI'C{H%' ty, Jyas post-cured at

f th
lf%ﬁﬁﬁre? Roffs (ROBT O RS rdRbtel by 8976 under a
e s s TR BT A DA e o
sleéera{JUP 8t .?.3 {)Ie 10%seSofisVParang the z)lél%kﬁge ?%dEEee)&fmlmd by

secon ding property was d

olfs?é?@éth@ﬂ%s‘fﬂ@rh hﬁ@rdé@&% N $he TPAGIAY 0P fer 480 fhRaion was
coul d be conducted w thout problens such as

cdloslaitéd caen((the | fiadtiont of bRraeebnvaN cidvksialthé nhabher of
nmol di ng of 500 shots could be conducted w thout
pavkeiges nhawinghesternab wirhélks)Athie fridrhbey;ofathe temtive packages)
x100]. The unit was %. Ten packages were used for the examination.
The adhesion at the interface of the semiconductor device and the cured
product of the epoxy resin composition was examined by observation using
an ultrasonic crack detector. Ten packages were used for the evaluation.
The result was evaluated to be good when the fraction of crack formation

was 0% and no cleavage was found and to be poor when a crack or a

cleavage was found.

Examples 2 to 13 and Comparative Examples 1 to 3

Epoxy resin compositions were obtained in accordance with the
formulations shown in Tables 1, 2 and 3 and in accordance with the same
procedures as those conducted in Example 1 and evaluated in accordance
with the same methods as those conducted in Example 1. The results are
shown in Tables 1, 2 and 3. Raw materials other than those used in

Example 1 are shown in the following.
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poor when insufficient filling took place before 500
shots were conpl eted. Appearance of a nolded article
and fouling on a nold: Fouling on the package and the
nol d used in the above after 500 shots and 700 shots
of the continuous nol ding was exam ned by visua
observation. The result was evaluated to be excellent
when no fouling was found after 700 shots, to be good
whenEr® Anuporyg sesin ofuwhd kiphenybthestpressah byt forimela (5)
poor when fouling was found before 500 shots were
[anpfesteced bef N BPQXYaRFSIN wor,elitds Yg4a00;0the epoxy
pressure transfer nolding  nmachine, nolding of
eqeplemtpl8PRre themeltmg point HI5°Ohe package: 24
nmmx24 mx!| .4 mm thickness; the size of the chip: 7.0
mx7.0 mm the thickness of the gold wire: 25 m the
|l ength of the gold wire: 3 nm was conducted under
the condition of gy@old tenperaturgpof 175C, an
injection pressure & 9.3 MPa and/a curing tinme of 120

seconds. The 160pQFF—package/obt\i ned by the nol ding
MRs—exarcngdobycmbs @ @ S CSQf—tO—X'OT@-)‘CH—/-éCHZ
3 </ O A

&)

f1 Mgt oscopy appar at i o: (the amoun\ Af

fld%b/(the | ength of/the gold wre) was cal cul at €¥ and

used as the 20 deformation of a gohd wire. The result

was eval uated to be good when the deformation was 4%

or smaller, and to be poor when the deformation

exceeded 4% Resistance to soldering: The package

obt ai ned above by the nolding in the evaluation of

t he Ho2rt Amploarel mebiti of) the ppeylylensamodifiéd aovekhkatype which

175C for 8 hours. After the humdifying treatnent at
is@5@resagdrbyaformailat(by bnhonfatittyedoby 35S G KUSGAKICGy., Ltd.;

t he package was_di pped into a ) )
XCL-4L; the hydroxyl equivalent: 168 g/eq; the softening point: 62°C]

(6)
OH _ OH _

Nl
/-CHZ \ / CH, —1—H

A melted reaction product A: An epoxy resin of the bisphenol A type
[manufactured by JAPAN EPOXY RESIN Co., Ltd.; YL-6810; the epoxy

equivalent: 170 g/eq; the melting point: 47°C] in an amount of 66.1 parts
by weight was melted by heating at 140°C. Then, 33.1 parts by weight of
butadiene-acrylonitrile copolymer 1 [manufactured by UBE KOSAN Co.,
Ltd; HYCAR CTBN 1008-SP] and 0.8 parts by weight of triphenyl-

phosphine were added. The resultant mixture was mixed by melting for
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sol der tank at 260C for 10 seconds. Then, the package
was exam ned by observation using a m croscope, and
the fraction of crack formation was cal cul ated as:
[(the fraction of formation of cracks)=(the nunber of
packages havi ng external cracks)/(the nunber of the
entire packages) x100]. The unit was % Ten packages
were used for the exam nation. The adhesion at the
30 ntiautes andf mehedseatiion gucduet Aewvascebtantkd.he cured
product of the epoxy resin conposition was exam ned by
obseButadieneusiylgnitaile ulcopalyomérc 2 alek letiadiene-acrpdonitrile
packages were used for the evaluation. The result was
copolymer aepresepsed dud fowmnla Kb whereinx=9:8% ¥k 18, average

formati on was 0% and no cl eavage was fo and_to b
valygr ol £2 raember eaverag@amag@% weight. 1SE§§$&; %2xy1

tq 1 rativ les 1t OXy resi
e%sﬁﬁf?atﬂ% 3BT S o bt @ Radimcion i SHak o ep ot chlorine

atl on n Tabl es nd 3 and

ioh e R RCHR” APROE B e orery BB BRC rd fidkidant Gelerol
m\%\ngtﬂgg‘ﬁﬁ@gd bﬂé&;ﬂ%ﬁ%ll and eval uated in accordance

e sa as those conducted in Exanple 1.

The g 1Eﬁe-ac&:f‘ylo fiong cg%a_lg‘megts %xmaawrﬁa&‘brylomtrlle

material s ot her” t antho anple 1 are

Bﬁyiﬁef ri'eﬁ)ﬁ?sefn%d By Bskmah &) W}ﬁri'eﬁp%)ﬂ) B SyH0.98, tdverage

|p enyl type expréssed by fornmula (5) [ nanufact ured
vlie JOPANIER2X 1 RRDEN fReragdtBoleclard@ght He 898X Ycarboxyl

equi val ent : 185 g/eq; the nelting point: 105C] (5)
edudGaleldd is 2200 gleq, content of sodium ion is 500 ppm, content of
chlorine ion is 1500 ppm, and contains 4, 6-di-tert-butylphenol as a
non-phosphor type antioxidant]

Butadiene-acrylonitrile copolymer 4: [a butadiene-acrylonitrile
copolymer represented by formula (1) wherein x=0.82, y=0.18, average
value of z is 62, number average molecular weight is 3550, carboxyl
equivalent is 2200 g/eq, content of sodium ion is 5 ppm, content of chlorine

ion is 200 ppm, and contains no antioxidant]

Organopolysiloxane 1: An organopolysiloxane expressed by formula

(7):

(7)
CH;, CH, CH;

HOOCH;56Cog—Si—O— 81 0)10—Si—Cy3H5cCOOH

CHj CHj CHj

23



H2 % HCHR-0CH2 CH2-O-CHZ-CH /CH2 0 0 H3C CH3 H2: A

phenol resin of the p-xylylene-nodified novol ak type

which is expressed by fornula (6) [manufactured by

M TSU KAGAKU Co., Ltd.; XCL-4L; the hydroxyl

equi valent: 168 g/eq; the softening point: 62C] (6)

OHox 6 1""3 - CHZ\ / CHZ 7/ HK A nelted reaction

product A: An epoxy resin of the bisphenol A type

[ manOt gt apotsilnx ahAPAN R bty MlGamne dxtphessed bg&dinula

the epoxy equivalent: 170 g/eq; the nelting point:
(8X7C] in an anount of 66.1 parts by weight was nelted

by heating at 140C. Then, 33.1 parts by wei ght of

but adi ene-acryl onitri l e copol ymer 1 [ manufactured by (8)

UBE KOS@¥I50. , HYCARCETBN 1008- SP] and 0.8

parts b wei ght a %I‘I phenyl phosphl ne were added.

The res | tan ur e ed b |t 22 30
Hsbaressi—an |o Ipro Ullﬁ dfé&kgbt ai ned.

But adi erfe- acrylo |tr|Ie copdl yner 2: [a

but adi e crylogiyri l e copgipy represented by

f or mul aﬁ%{? V\hergngx =0. 82, y= gel8 average val ue of

z is 62, nunber average nol ecul ar weight is 3550,

car s L3 00n W 19sil GRMHCHEpBEs SPBY YR mul

[ onblegé[?oﬂ%%ﬂé%ﬁt%gn?{ %?%% ?n&;é N i s p200S ppﬁ%’ an]:lelu 2
(9y:ontai ns an organi ¢ phosphor type anti oxi dant Gel trol

©)

CH3 CHj3 CH3

HOOCH,,C 10— Si—0—¢Si—0) 10— Si—C 10H20COOH

CH; CH; CH,

Organopolysiloxane 4: An organopolysiloxane expressed by formula

(10):

(10)
CH; CH; CH;

H—Si—O0—¢Si—0);p—Si—H

CH; CH; CH;

Melted reaction product B: An epoxy resin of the bisphenol A type
[manufactured by JAPAN EPOXY RESIN Co., Ltd.; YL-6810; the epoxy
equivalent: 170 gleq; the melting point: 47°C] in an amount of 66.1 parts
by weight was melted by heating at 140°C. Then, 33.1 parts by weight of
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manuf actured by AG RITE | Butadi ene-acrylonitrile
copol yner 3: [a butadiene-acrylonitrile copolyner
represented by fornmula (1) wherein x=0.82, y=0.18,
average value of z is 62, nunber average nol ecul ar
wei ght is 3550, carboxyl equivalent is 2200 g/eq,
content of sodiumion is 500 ppm content of chlorine
ion is 1500 ppm and contains 4, 6-di-tert-butyl pheno
organapolysilopims fhdthe y)pwmnal}asdmlmb] expressed by formula (9)]
But adi ene-acrylonitrile copolynmer 4: [a
amdit B epartachby| oreight | of tcwx@lnyhﬂtosvbm@swm@da@@ed The
formula (1) wherein x=0.82, y=0.18, average val ue of
resultang smiktirgerasy arizgd bviweliing fasi Yhiminutess@nd melted
car boxyl |vale i s 2200 g/eq, content of sodium
reasHong g Bﬁrﬁ‘ﬁ%f’ taingd- chiorine ion is 200 ppm and
contai ns no anti oxi dant] Organopol ysil oxane 1: An
or ganopol ysi | oxane expressed by formula (7): (7) CH3
CH3 i H3 HOOCH56C28-Si - Ot Si - O10 - Si -
C28H56CO0H CH3 CH3 CH3 23 Organopol ysil oxane 2: An
or ganopol ysi | oxane expressed by formula (8): (8) CH3
CH3 C H3 H3C-Si-O(-Si-Olo-Si-Cl0H20000H
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CH3 CH3 CH3 Organopol ysil oxane 3: An

or ganopol ysi | oxane expressed by formula (9): (9) CH3
Cl113 CH3 HOOCH2QOCl 0-Si -O--(- + i-0O1lo-Si -Cl 0H20000H
CH3 'CH3 CH3 Organopol ysil oxane 4: An

or ganopol ysi | oxane expressed by formula (10): (10)
CH3 C-13CHB H i i-O~ii-Olo- i i-H CH3 CH3 CH3
Mel ted reaction product B: An epoxy resin of the

bi sphenol A type [manufa qd by JAPAN EPOXY RESI N
Co., Ltd.; YL-6810; the eé%gé equi val ent: 170 g/ eq;

EYBight was melted by heating at 14pC. Then, 33 1 parfs
by wei ght of 24 organopol ysil oxane 3 [the
or ganopol ysi T oxane expressed by formula (9)] and 0.8
Eparts by wei ght of sori phisnyl glsesphi ne were adeled. The7
E_resultant m xture was m xed by rrel4t615ng for 30 m nutes,
4nd nelted reaction product B was 0Obtai ned. 25 Tabl e
H1

598 6.08 5.88 5.76  7.05 5.88
H-2 4.20
DBU 0.15 015 0.15 0.15 0.15 0.15 0.15
Spherical fused silica 85.00 85.00 85.00 90.00 85.00 80.00 85.00
Butadiene-acrylonitrile
copolymer 1 0.20 020 020 0.50 0.20 0.20
Melted reaction product A 0.60
Organopolysiloxane 1 020 0.20 0.20 2.50
Organopolysiloxane 2 0.20
Coupling agent 020 020 020 020 0.20 0.20 0.20
Carbon black 0.20 020 020 020 0.20 0.20 0.20
Carnauba wax 0.20 0.20 020 0.20 0.20 0.20 0.20
Spiral flow (cm) 110 105 114 120 103 124 110

Continuous molding property G EX EX EX EX EX EX

Appearance of molded article G G EX EX EX EX EX
Fouling on mold G G EX EX EX G EX
Deformation of gold wire G G G G G G G
Resistance to solder reflow G G G G G G G

Note: In tables 1 to 3, EX means “excellent”, G means “good” and P means

“poor”.
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Exanple 1 2 3456 7 E18.07 7.57 7.97 7.79 9.50

7.97 E-2 4.65 H15.986.08 5.885.76 7.055.88 H2

4.20 DBU 0.15 0.15 0.15 0.15 0.15 0.15 0.15

Spherical fused silica 85.00 85.00 85.00 90.00 85.00

80.00 85.00 Butadiene-acrylonitrile copolynmer 1 0.20

0.20 0.20 0.50 0.20 0.20 Melted reaction product A

0. 60 Organopol ysil oxane 171@p1g@ 0.20 0.20 2.50

Or ganopol ysil oxane 2 0.20 Coupling agent 0.20 0.20

0.20 0.20 0.20 0.20 0.20 Carbon black 0.20 0.20 0.20
Exgund® 0. 20 0.20 0.20 Carn8uba wak 0.2000.201D.20 ® 20 13

0.20 0.20 0.20 Spiral flow (cm 110 105 114 120 10’%

124 110 Continuous nol din pro erty G EX EX EX EX

'EX Appearance of nol ded 7a’?7t| cl e97G G EA%EX |7:'>?7EX71§7( 7.97
gHfouling on nold G G EX EX.6X G488 Deemonat 5688 05.8gol &.88

ire GGGGGGG Resis ce sol der refl ow G

D%bG G G Note: In tables (gl?%]o 30t r?glg’ns " )%gel ?el%t w 0-15
SpBeri@d fised gibad” and P nmeads00 " pdiot0' . 8680 85.00 85.00 85.00

Butadiene-acrylonitrile copolymer 1 0.20 0.20 0.20

Butadiene-acrylonitrile copolymer 2 0.20
Butadiene-acrylonitrile copolymer 3 0.20
Butadiene-acrylonitrile copolymer 4 0.20
Organopolysiloxane 1 0.20 020 0.20
Organopolysiloxane 3 0.20

Organopolysiloxane 4 0.20

Melted reaction product B 0.60

Coupling agent 0.20 0.20 0.20 0.20 0.20 0.20
Carbon black 0.20 0.20 0.20 020 020 0.20
Carnauba wax 0.20 0.20 0.20 0.20 020 0.20
Spiral flow (cm) 109 111 125 115 113 117
Continuous molding property EX G EX EX EX EX
Appearance of molded article EX G G EX EX EX
Fouling on mold EX G G EX EX EX
Deformation of gold wire G G G G G G
Resistance to solder reflow G G G G G G
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Table 2 Exanple 8 9 10 11 12 13 E-1 7.97 7.97 7.45

7.97 7.97 7.97 H1 5.88 5.88 6.00 5.88 5.88 5.88 DBU

0.15 0.15 0.15 0.15 0.15 0.15 Spherical fused silica

85.00 85.00 85.00 85.00 85.00 85.00

But adi ene-acrylonitrile copolynmer 1 0.20 0.20 0.20

But adi ene-acrylonitrile copolyner 2 0.20

But adi ene-acrylonitrile cagaebkygner 3 0. 20

But adi ene-acrylonitrile copolyner 4 0.20

O ganopol ysil oxane 1 0.20 0.20 0.20
Camgpantdpdpmpleoxane 3 0. 20 O danopol ysi |l oRane 4 0.20 3

Melted reaction product B Q.60 Coupling agent Q.20

0.20 0.20 0.20 0.20 0.20 Carbhon black 0.20 0.20 0.20
E@. 20 0.20 0.20 Carnauba wax®8920 0.20 0736 0.20 0. 57
HQ.20 Spiral flow (cm 109 1815125 115 1483 117 5.98

nti nuous nol di ng property G EX EX
Déﬁpearance of nol ded articlegé% G G EX E§HE§ Fouli&§5
Spﬂi@riﬁﬁiﬁtﬁkenﬂiﬁh@ G EX EX EX Defdofrati on of 860 d wi re (3590
Blgéa(%ex%-a%rylg%?‘rlﬂggc?p%&%e;? sol der reflow G Gl% GGG 27

Organopolysiloxane 1 0.20 0.20
Coupling agent 0.20 0.20 0.20
Carbon black 0.20 0.20 0.20
Carnauba wax 0.20 0.20 0.20
Spiral flow (cm) 123 92 118
Continuous molding property P EX G
Appearance of molded article P EX G
Fouling on mold P EX G
Deformation of gold wire G P G
Resistance to solder reflow P G P

INDUSTRIAL APPLICABILITY

The epoxy resin composition of the present invention exhibits the
excellent properties in that the moisture absorption and the stress are
small. When semiconductor elements are encapsulated by molding using
the composition, the releasing property from the mold and the continuous
molding property are excellent, and the adhesion with a lead frame, in
particular a plated copper lead frame (such as a silver-plated lead frame,
a nickel-plated lead frame and a preplated frame having gold plating on a

nickel/palladium alloy), is also excellent. The semiconductor device
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Tabl e 3 Conparative Exanple 1 2 3 E-1 8.20 7.37 8.07
H1 6.05 5.48 5.98 DBU 0.15 0.15 0.15 Spherica
fused silica 85.00 85.00 85.00 ,
But adi ene-acrylonitrile copolynmer 1 1.20
Organopol ysil oxane 1 0.20 0.20 Coupling agent 0.20
0.20 0.20 Carbon black 0.20 0.20 0.20 Carnauba wax
0.20 0.20 0.20 Spiral flow (cnm 123 92 118 '
exBIbitinp osgceliehndi Rgsigtaper tto Psdidetc rdfibpearcanc ebeof obtained.
nol ded article P EX G Fouling on nold P EX G
ThRet forenthe repokygresin wionep oBitiors caRe be sadvaogageowdy deged for
reflow P G P | NDUSTRI AL APPLI CABI LI TY The epoxy resin
seotnpodudtpodevices Hor prhdcle the iswyfacei mauaiimighisteondyeted using
excel l ent. properties in that the noisture absorption
a lead frepe seldegss are small. Wien sem conductor el enents
are encapsul ated by nol ding using the conposition,
the releasing property fromthe nold and the
continuous nolding property are excellent, and the
adhesion with a lead franme, in particular a plated
copper lead frame (such as a silver-plated | ead frane,
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a nickel-plated | ead frame and a preplated frane
having gold plating on a nickel/palladiumalloy), is
al so excellent. The sem conductor device 28
exhi biting excellent resistance to solder reflow can
be obtained. Therefore, the epoxy resin conposition
can be advant ageously used for sem conductor devices
for which the surface nmounting is conducted using a
| ead-free solder. 29 CLAKWBAIMS A seni conductor device
made by using an epoxy resin conposition which
conprises (A) an epoxy resin conprising at |east one
epoxy reS|n sel ected from_the group consisting of

1.( aft) semisiopruator @?m? nade byl 2N eROFHARBIN SPHIPR§Ition

Xy resjn a skel eton structure of
ng“gh EPRIPEISES ng B §PPRe APy %%’PH“@H?&J At é?ﬂﬁt gie [epgxy resin
B il A T i A s o
PGS HESHE onBRR A Ra Bk AfbIctaR HhR Bk e Btbbenglpne,
Ef) g:n!eﬂone ? ?ﬁfxgﬁémg(a@l 30t 'OHQ oT I‘Eé].ln] ﬁlect@@fréﬁl the

utadi ene-acrylonitr e copol ymer

gﬂaﬁp R sFRNPSH (h19 raob'lf?er?(ﬂdara(]%a)reﬁlﬂ Ra6ing0f sRERUSE ktr@icture

a butadi ene-acrylonitril’e copolymer having

f(rp‘:l{ Fidhe ShQ U2 bhedbl £RAKY F&sh havikieh &kBltoAROARtire of
is present in the entire epoxy resin conposition

bibheagleaeD (0} acdurdng Hécdlgrawirgld) ha ibUrghyicvilleht(Elrnd least
(F) at least one of (fl) an organopol ysil oxane havi ng

ore oft@ilbaxlyhtagienmpaarydogitfile eopagmerdravpngadachoxyfl grop and
an organoponS|onane havi ng a carboxyl group with_an

(e8bexspactionmrodhet of (e ﬁ@tglen(efacyylnogltrﬂe copolymer having

carboxyl group with an epoxy resin, wherein component (el) is present in
the entire epoxy resin composition in an amount of 0.01% by weight to 1%
by weight and (F) at least one of (f1) an organopolysiloxane having a
carboxyl group and (f2) a reaction product of (f1) an organopolysiloxane
having a carboxyl group with an epoxy resin, wherein component (f1) is
present in the entire epoxy resin composition in an amount of 0.01% by

weight to 3% by weight.

2. The semiconductor device according to claim 1, wherein the epoxy
resin (A) comprises (al) a biphenyl epoxy resin and the phenol resin (B)
comprises (b1) a phenol aralkyl resin having a skeleton structure of

phenylene.

3. The semiconductor device according to claim 1, wherein the epoxy
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present in the entire epoxy resin conmposition in an
anmount of 0.01% by weight to 3% by weight. 2. The
sem conduct or device according to claim1, wherein the
epoxy resin (A) conprises (al) a biphenyl epoxy resin
and the phenol resin (B) conprises (bl) a pheno
aral kyl resin having a skeleton structure of
phenyl ene. 3. The sem conductor device according to
resimi(A) tomprisesi @2) he phparl arslkyl egpony (vepin beyins esskeleton
(a2) a phenol aral kyl epoxy resin having a skel eton
stzuctwee of diphemylphe myidethe aﬁemlw@sm ERbrompzisas (B8) a phenol
conprises_(b2) a phenol aralkyl resin having a
argtlylyesin baving askeloton spruchyrapfbiphenylene.
sem conduct or devi ce nmade by using an epoxy resin
conposition according to claim1, wherein content of
sodj um.ian i el), is 10 or .less and content of ..
4o b erationdydtSt BeyioemalB b fsite”RE Py SHE YrmBosition
sem.condugt or devij .accor.di i.m 1 : L
QR CaBh, Pk hBFeiRCeaisEhf £ sPalsl; B BIFIEO bO or
i : rmula (1):
Lo AR ot o RO G PG OTRE Bles
represents a butadi ene unit, ACN represents an
acrylonitrile wunit, Bu and ACN may be arranged
5. angpgl YefficddHuROE K8evike aBEcordBRe hto I RIS ANt svierein the
positive nunber less than 1, x +y =1, and z
buttdi@seatylemitrilat egelymer5hadving0 cafboxfibe group (el) is a
sem conduct or device according to Caim1l, wherein the
compmnupsdyresémbedrisy frarwiwlg @Xr boxyl group is an
or ganopol ysi | oxane

HOOC [ (Bu)x(ACN),]. COOH |,

wherein Bu represents a butadiene unit, ACN represents an acrylonitrile
unit, Bu and ACN may be arranged randomly or in blocks, x and y each
represents a positive number less than 1, x + y = 1, and z represents an

integer of 50 to 80.

6. The semiconductor device according to Claim 1, wherein the
organopolysiloxane having carboxyl group is an organopolysiloxane

~ represented by formula (2):

ol
R~ Si-O i-0 i~ R (2)
rtrety



represented by formula (2): RRRR-%i-0i - Oi R (2
) n RRRZ31 wherein at | east one R represents an
organi ¢ group having a carboxyl group, said organic
group conprising 1 to 40 carbon atons and rest of R
each represents a hydrogen atom a phenyl group or a
nmet hyl group, the plurality of R groups may be the
same or different, and n represents an average val ue,
which is a positive nunber of 1 to 50. 32

wherein at least one R represents an organic group having a carboxyl
group, said organic group comprising 1 to 40 carbon atoms and rest of R
each represents a hydrogen atom, a phenyl group or a methyl group, the
plurality of R groups may be the same or different, and n represents an

average value, which is a positive number of 1 to 50.
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