1 SPECI FI CATI ON RESI N COVPCSI TI ON FOR ENCAPSULATI NG SEM CONDUCTOR
CH P AND SEM CONDUCTOR DEVICE THEREW TH 5 Field of the Invention
This invention relates to a resin conpositilon for encapsulating a
sem conductor chip and a sem conductor device 10 therewth.
Description of the Related Art Recently, epoxy resin conpositions
have been predom nantly 15 used for o E%@Eiﬁg a sem conduct or
chi p because of their good bal ance éﬁ%ﬁﬁgﬁ g ivity, a cost and
reliability. Along with reduction in a size and a thickness in a
sem conductor device, an epoxy resin conposition for encapsul ating

with a lower viscosity and _higher strength has_ been
S P o D EomehE AP LB SRR B Chae e Ao
i ncreasingly needed to make a_device fire-resistant without a fire

retardant such as Br conpound®&MIGAHPEREPRoHyY i det=Edmiisuch a

Fur t her nor e,

si tuati on,

there has been recently a distinctive tendency to

enpl oyi ng®a | ess viscous resin and adding nore inorganic fillers to
an epoxy resin conposition. 25 As a new trend, a sem conductor device
has been nor &ieffegliehi® yIHRINIER usi ng an unl eaded solder with a

hi gher nelting point than a conventional solder. For applying such a
solder, a 2 nounting tenperature nmust be higher by about 20 C than a

conventi onal

tenperature, and thus a nounted sem conductor device

becones consi der abl Fhi-8ssnyVeriidl ealidfsatdedi EesSht FPITelaPBALAF .

Therefore,
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the need for inproving reliability in a sem conductor

encapsulating a semiconductor chip and a semiconductor device

therewith.

Description of the Related Art

Recently, epoxy resin compositions have been predominantly
used for encapsulating a semiconductor chip because of their good
balance among productivity, a cost and reliability. Along with
reduction in a size and a thickness in a semiconductor device, an
epoxy resin composition for encapsulating with a lower viscosity and
higher strength has been needed. Furthermore, in terms of
environmental concerns, it has been increasingly needed to make a
device fire-resistant without a fire retardant such as Br compounds
and antimony oxide. From such a situation, there has been recently
a distinctive tendency to employing a less viscous resin and adding
more inorganic fillers to an epoxy resin composition.

As a new trend, a semiconductor device has been more
freguently mounted using an unleaded solder with a higher melting

point than a conventional solder. For applying such a scolder, a




5 device by providing a higher-level epoxy resin conposition has
i ncreasingly become stronger, which further accel erates reducing a
resin viscosity and increasing the anounts2of inorganic fillers. As
wel | - known technique, a |low viscosity and a high flowability during
nol di ng can be nmaintained by using a resin with 10 a |ower nelt
viscosity (Patent, docunent 1) or by surface-processing inorganic ,
fillers w t MY eheeRipt i 'HE %%%Peﬂbwh%?ﬁééépﬁa 2hé thamameaveptional
the inorganic fillers (Patent docunment 2 However,, an f these
ot hods. TR AH EanesUel S et TA Sb G SHENPSEGY (e Becomes
resi stance, higher flaowabilit n ir 15 resi stance., Thus, there
s bean necUBP TR Sudorn SALLHLE (6 AEER ErarovERe Gk canats:
fire resistance can be used agd t he, anmount s oﬁ,igg; anic fillers can
be i ncr eased PO TG citefit PR mpr bvE P TR b P § J?“'n%dtn a semiconductor
deterioration in flowability or curing property. Patent docunent . 1
Japanese Pat eRfI %% PEOVSALNG @ BHehSus.Srsdor OFBpre2i®)CPhRLet1on has
docunent 2: see, Japanese Patent plication NO 1996-20673 ggp. .
2-4) SUMVARY:RE SRENINVERTFERE SEIORIGTew bCh RBIEPERAGSHEFaReS reducing a
objective of this invention is to provide_ technique whereb , ,
f1owabil ity Eabeismsdtedaiilt Motteas ety 6PgETbR ¢h PP yLihers-
a resin conposition for encapsulating . a sem conductor chip during
mol di ng. Thi s i nvent?difSrlovirges éepggmu%rorﬁpdsq% vgFcperty and a high
ericapsul ati ng. a sem conductor chip conprising: an_ epoxy resin. éé%{ 5 .
r ept esent ed WRdteridyY ﬂBFﬁﬂgém(%gjéhaaalﬁﬁéﬁépt@é§ﬁﬁ'?$§u%%§€r% Egwith
by general fornmula (2) and an . inorganic filler (C%; a curing )

1t a lower melt viscosity (Patent document 1) or by surface-processing

inorganic fillers with a silane coupling agent for increasing the
amounts of the inorganic fillers (Patent document2).
However, any of these methods cannot simultanecusly meet
all requirements of crack resistance, higher flowability and fire
1 resistance. Thus, there has been needed technique in which a resin
with improved crack and fire resistance can be used and the amounts
of inorganic fillers can be increased to sufficiently improve
reliabilitywithout deterioration in filowability or curing property.
Patent document 1: Japanese Patent Application NO.
20 1995-130919 (pp. 2-5)
Patent document 2: see, Japanese Patent Application NO.

1996-20673 (pp. 2-4)
SUMMARY OF THE INVENTTION

In view of the situation, an cbjective of this invention

is to provide technique whereby flowability can be improved without




accelerator (D); a silane coupling agent (E); and Conpound (F)
containing two and nore hydroxyl groups conbined with each of
adj acent carbon atons conprising an arongd@ic ring. H2 -CH CH2-O -
OCH2- \ ] H VHCHR-~ -~~~ H O(7) n R 10 R (In the above
general fornula (1) , the Rrepresents hydrogen or alkyl having up
to four carbon atons; and n is a positive nunber from1l to 10 as an
average.) OHigrigrefionRn cgrpbiPity R anreein soppasthombey&ngaRepbfting
formula (2), Rl represents phenylene or biphenylene;, R2 represents
al kyl havi ng2 WFmieoheuctear Borp alwild Merdingis a positive nunber
from1l to 10 as an average.) The resin conposition for encapsul ating
a sem conduct or chi grhicf irvestiaventrdorlasomprrieses chepeesiim for
represented by general formula 20 (1) and general formula (2), and
further conpicsaswWetrpognd $¢)icmnductor- chip-comprd siag:essesndal resin. ()
conponent, so that sufficient curability and flowability can be
ensur ed. STheramsisencenpusoenenal dorentapdul and agplersénieoiddBl eepechppnted
of this invention may contain the epoxy resin (A), the phenol resin
5 (B), the imorgramiralf fbrenléCi2amhd ke dopirpgnaccel ket ofC)(Dp agring
main conponents. The resin conposition for encapsul ating a
seni conduct czcatligratofr t(P) s anveliorcowlicgnpoese (Be cowbCongorry (F)
in nore than or equal

containing two and more hydroxyl groups combined with each of adjacent
)

carbon atoms comprising an aromatic ring.

HC CH CH - Q- CH —C\H/CH
£®~w -0

(In the above general formula (1), the R represents hydrogen

10

or alkyl having up to four carbon atoms; and n i1s a positive number

from 1 to 10 as an average.)

~ OH OH
H @—CHQ R, ——CH%—@ (2)
n R

RZ
15 (In the above general formula (2), R; represents phenylene
or biphenylene; Ry represents alkyl having up to four carbon atoms:
and n 1s a positive number from 1 to 10 as an average.)
The resin composition for encapsulating a semiconductor chip
of this invention comprises the resins represented by general formula

N (1) and general formula (2), and further comprises Compound (F) as




to 0.01 wt% which may further inprove flowability w thout 10
deterioration in curability during nolding. The resin conposition for
encapsul ating a sem conductor chip of thig invention may conprise

the silane coupling agent (E) in 0.01 wt%to 1 wt% both inclusive,

whi ch may further inprove curability and flowability during nolding.

15 The resin conposition for encapsul ating a sem conductor chip of

thi s inventian amentéapr csepamentnorgganhetf shf frc{@)t iqnBHiwidyt and 90

wt % bot h inclusive, ensuring that the resin conposition can be |ess

vi scous and Staowahgarntyl nabhiee reassurecbnpositi on for encapsulating a

sem conductor 20 chip of this invention, the conmpound (F) may

contai n two hydr oxylThegreipscomopds Neicbrng ¢ heraabswla adjge eanicandprtor chip
atons conprising the aromatic ring, which may allow curability and
flowability dbthes sawdretilon mragurecdur thg gmlxgdi pgsihn(A)hethegihenol resin
conposition for encapsul ating a sem conductor 25 chip of this

inventiors ti{m achgaidcrganig fiylde (@) naphthal@ndng ageeladutelr (BY as main
further inprove curability and flowability during nolding. In the

resin conpostdnigameh@k.encapsul ati ng a senmi conductor 5 chip of this

i nvention, the conpound (F) may contain two hydroxyl groups conbined

wi th each of adj acenthectsdHoncahedsi €iTE S eAgapHel a thiapht baheaendudigyr chip
whi ch may further inprove bal ance between curability and flowability
during nol did®chds FhiivenitAvanid paoaps0sPraei cegpcursent ¢ dndustorhdevircequal
wherein a sem conductor chip is encapsul ated by the use of the resin
conposi tion €0r0 encapsyl ahisg magefiorduchproedi plsegerlired vabbwet

Since the sem conduct or device according to this invention is

encapsul at edddnertiheateshnifosposhiloly dor-iagcapsaladi ng a

The resin composition for encapsulating a semiconductor chip
of this invention may comprise the silane coupling agent (E) in 0.01
wt% to 1 wi% both inclusive, which may further improve curability
and flowability during molding.
15 The resin composition for encapsulating a semiconductor chip
of this invention may comprise an inorganic filler (C) in 84 wt% to
90 wt$% both inclusive, ensuring that the resin composition can be
less viscous and stronger.
In the resin composition for encapsulating a semiconductor
M chip of this invention, the compound (F) may contain two hydroxyl
groups combined with each of adjacent carbon atoms comprising the
aromatic ring, which may allow curability and flowability to be
suitably ensured during molding.
In the resin composition for encapsulating a semiconductor
%5 chip of this invention, the aromatic ring may be a naphthalene ring,
which may further improve curability and flowability during molding.

In the resin composition for encapsulating a semiconductor




10 sem conductor chip, production stability can be adequately

secured. As described above, this invention can provide a resin

conposition for encapsul ati ng a sem conducior chip having good

flowability during nolding while maintaining curability. 15 BRI EF

DESCRI PTI ON OF THE DRAW NG The above and the objectives, features and

advantages of this invention will beconme apparent with reference t

the fol I owi mrirpeéf 8Rt e d BHYdioRenticara R HE A dED nPBaRYFIRY diraki'Aghyomrxyl

FIG 1 is a cross-sectional view showing a structural exanple of a

seni conduct s cemaEred diig: 18 Can8nidith Rt COLPPR| JLONT\VORPIrdaLng the

DETAI LED DESCRI PTION OF THE | NVENTION 25 A resin conposition

accor di ng t caitdailapentiod, comll Sey Tamtapox{ipesis LeApRncepbekerfed

by general formula (1): 6 H2\ CHCHR-0- - OCH2-CHCH2 0 H CH2-~ / ~

[-CH2\ (1) curRkildtyvhandbbvevgeinertal dugingl melding R represents

hydrogen or al kyl having up to four carbon atons; and nis a .

posi tive mnunber frdhik tovaian ahsavacagdey Hsanpherbictodsiey @) wherein

represented by general formula (2): OHOH HCH2- Ry -CH2 4 (2) n R

R2 2 (In the sshdwengeneral chip mg er@psuRitedppesdm s19sheny EbReredin

bi phenyl ene; R2 represents al kyl having up to four carbon atons;
composition for encapsulating a semiconductor chip described above.

Since the semiconductor device according to this inventicn is
" encapsulated by the resin composition for encapsulating a
10 semiconductor chip, production stability can be adeguately secured.
As described above, this invention can provide a resin
composition for encapsulating a semiconductor chip having good

flowability during molding while maintaining curabiiity.

15 BRIEF DESCRIPTICN OF THE DRAWING

The above and the objectives, features and advantages of
this invention will become apparent with reference to the following
preferred embodiments and the accompanying drawing.

p.A] FIG. 1is across—sectional view showing a structural example
of a semiconductor device according to an embodiment of this

invention.

DETAILED DESCRIPTION OF THE INVENTION

A resin composition according to this invention comprises

an epoxy resin (A) represented by general formula (1):




and nis a positive nunber from1l to 10 as an average.) 10 an
inorganic filler (C, a curing accelerator (D), a silane coupling
agent (E) and Conpound (F) containing two @nd nore hydroxyl groups
combined with each of adjacent carbon atons conprising an aromatic
ring, as 15 essential conponents. An epoxy resin conposition of the
pr esent invention can contain each conponent as follows: (A) : 1 to

40 % wei ght. y {;ﬂ 0% weight. a0 (C : 40 to Y_é/m\/\ej@pt_.cﬁ
i'gh

(D) 0.001 to 'k 0.01 to 1 Wbme|ght (F) 9.01 ¢ 3\
wei ght. There w C s = [ ing the é%gxy
resin 5 conpone according (1)
to this invention. , by derekal formula
(1) has a hydrophobic and ragld blphenylene structuFe WEhin a main
chain thereof. Thus, a cured™product of the epoxy resin conposition
10 conprising the resin has a | ower coefficient of mpisture
absorption and a | over tekasbboengend sl | forauliaghit enPperatingsentanggdrogen
hi gher than a glass-transition tenperature (hereinafter, referred to
as "Tg"), o exkibhdsirgoag adhBsivenebsntacansseahdanductorociiiipre anmber
organic substrate and a netal substrate. It also exhibits good fire
15 retardancfraand has1a heaitnrevéhade,it exhibits relatively higher
heat resistance with respect to its |ow crosslinking density.

5 a phenol resin (B) represented by general formula (2):

. OH OH

H CH,— R, —CH, (2)

R ! R,

2

(In the above general formula (2), R; represents phenylene
or biphenylene; R, represents alkyl having up to four carbon atoms;
and n is a positive number from 1 to 10 as an average.)

I  an incrganic filler (C),
a curing accelerator (D),
a silane coupling agent (E) and
Compound (F) containing two and more hydroxyl groups combined with
each of adjacent carbon atoms comprising an aromatic ring, as
% essential components.

An epoxy resin composition of the present invention can
contain each component as follows:
(A) : 1 to 40 % weight.

{(B) : 1 to 40 % weight.

N {(C) : 40 to 97 % welght.



Exanpl es of the epoxy resin (A) represented by general } forrmula (1)

may i nclude phenol - bi phenyl aral kyl type epoxy resins, but those

having the structure of fornmula (1) may bejyused w thout 29

limtations. The epoxy resin represented by general fornula (1) may

be conbined with another epoxy resin as long as the effects of the
former resin are not deteriorated. Exanples of an epoxy resin which

can be conbibed: ihdoideobbphemyightiype epoxy resins, bisphenol type
epoxy 25 resins, stilbene type epoxy resins, phenol novol ac type

epoxy resins{k) cr g€s.dll moval acwéygie: epoxy resins, triphenol net hane

type epoxy resins, phenol aral kyl type epoxy resins, naphthol type

epoxy resins{FB8 : a.lol teoodi &i edigit phenol net hane type epoxy resins,
triazine-structure containing type epoxy resins and

di cycl opent adi Bne-awil I bedidsypebphenalh eponharastmsst tuttihe dHagdpoof resin
noi sture-resistance reliability as an epoxy 5 resin conposition for
encapsul a8 i n@orpGresnitc gbdusi@ipsatliaf.inigt a | Semipioatiatabl eciraticNaraty o this
ions as ionic inpurities exit as little as possible. In view of
curability, amvepoxdn.equivalent may be, for exanple, 100 g/eq to 500

g/ eq both inclusive. The phenol resin (B) represented by general

formula (2) has 10 endyepghebsenphepydenecgl eyp gehehyUr ophallic @ndhas a
rigid bi phenylene structure within a main chain thereof. Thus, a

cured producky@fodtisi cepONY ri§5 Mo LSO dricOBtEQEPHLS WGk iihe oy @8iin chain
ha;aa | ower coefficient of noisture absorption and a | ower elastic

lus in achdedot enrenat Uk ecli ageidhe) dfh@Reaedxy atuhiex kichbbsition
good 15 adhesi veness to a sem conductor chip, an organic substrate
and a net@l c idiaiethétraalisohex i bblver gaat fiicient el Amdascyrambshastion

a feature
and a lower elastic modulus in a high-temperature range higher than
a glass-transition temperature (hereinafter, referred to as "Tg"),
and exhibits good adhesiveness to a semiconductor chip, an organic
substrate and a metal substrate. It also exhibits good fire
15  retardancy and has a feature that it exhibits relatively higher heat
resistance with respect to its low crosslinking density.

- Examples of the epoxy resin (A) represented by general
formula (1) may include phenol-biphenylaralkyl type epoxy resins,
but those having the structure of formula (1) may be used without

Y limitations.

The epoxy resin represented by general formula (1) may be
combined with another epoxy resin as long as the effects of the former
resin are not deteriorated. Examples of an epoxy resin which can
be combined include biphenyl type epoxy resins, bisphenol type epoxy

% resins, stilbene type epoxy resins, phenol novolac type epoxy resins,

cresol novolac type epoxy resins, triphenolmethane type epoxy resins,

phenolaralkyl type epoxy resins, naphthel type epoxy resins,



that it exhibits relatively higher heat resistance with respect to

its low crosslinking density. Exanples of the phenol resin (B)
represented by general 29 fornula (2) mayi nclude phenol

bi phenyl aral kyl resins and phenol aral kyl resins, but those having

the structure of forrmula (2) nay be used without |limtations. In

this invention, the phenol resin represented by general formula (2)

may be conbiaiad wirollighet herighendnatdsing agpkosgp:as tdséns25 ef fects

of the fornmer phenol resin are not deteriorated. Exanples of a phenol
resin whi ch icamAieccenbiinedré nodbnide milen alyprogpbae ressinss ander esol
novol ac resins, triphenol nmethane resins, terpene-nodified 9 phenol
resins, di cydilspanipadicedeenpdhddett gheyple pashod gmoky nashnkol ar al kyl
resins (including a phenylene or biphenylene structure) .In the

light of curability,rrathydriem oeaiiivahest reaysbece folisxdnylyeas an epoxy
preferably 90 g/eq to 250 g/eq both inclusive. 5 Exanples of an

i norgani ¢ fildeim (Grpgeneiahl yoi nelameflasedg si bétigorsphepircahip, it is
silica, crystal silica, alumna, silicon nitride and al um num

nitride, whigh@emMemIRAtYNASEH ar ianseasapsulAtimpgritheerd:ailt a4 little
particle size of the inorganic filler may be 0.01 pm to 150 pm both
inclusive ingd beskight. of1f bhkiyngr prepeilies, ahtepdky GuirpdentAmay be, for

filling amount of the inorganic filler (C nay be, for exanple, 84
w%to 90 Wb, nebugiyvg o6 e 4Ripboamountleéian. epoxy resin
C osition. If afilling anount is too |ow, water absorption by a

cured product of ther@pPex¥nbeSidsicOMPPIiddresenBydhs, §bneéneY dagedia (2) has
| eading to deterioration in strength and thus insufficient solder

resi stangge. YW dohoblcighdrog dtedfrofip anvabikirbpholbBy @l rigid biphenylene
deteriorated, l'eading to deterioration in noldability.
structure within a main chain thereof. Thus, a cured product of the
epoxy resin composition comprising the resin has a lower coefficient
of moisture absorption and a lower elastic modulus in a
high-temperature range higher than a Tg, and exhibits good
5 adhesiveness to a semiconductor chip, an organic substrate and ametal
substrate. It also exhibits good fire retardancy and has a feature
that it exhibits relatively higher heat resistance with respect to
its low crosslinking density.
Examples of the phenol resin (B) represented by general
M formula (2) may include phenol biphenylaralkyl resins and
phenolaralkyl resins, but those having the structure of formula (2)
may be used without limitations.
In thi_s invention, the phenol resin represented by general
formula (2) may be combined with another phenol resin as long as the
%5 effects of the former phenol resin are not deteriorated. Examples

of a phenol resin which can be combined include phencl novolac resins,

cresol novolac resins, triphenolmethane resins, terpene-modified



The curing accel erator (D) may be any conmpound which can accelerate
a reaction between an epoxy group in an epoxy resin and 23 a
hydr oxyl group in a phenol resin, and may ge sel ected fromthose
commonly used in an epoxy resin conposition as an encapsul ati ng
material for a sem conductor chip. Specific exanples include
phosphor ous- cont ai ni ng conpounds such as or ganophosphi nes,
t et r a- subst ivhened phosphoniisrcdowpotadseandnghiosstopaeaPhergsins and
conmpounds; and nitrogen-contai ni ng conpounds such as
1, 8- di azabi cychohbl4r8) kndessnies?,(ibehegioy netdhdratiene andoiphenylene
2-met hyl i m dazol e. 10 Exanples of an organophosphi ne include primry
phosphi nes stcicasrel hiph pheshhireodindiaiedy tphes philnesys eqohdalsnt may be,
phosphi nes such as di net hyl phosphi ne and di phenyl phosphi ne; tertiary
phosphi nes gieah exampi & ep eyt pteddphiote g/ eqi o B3 Mhosphbreh Snclusive.
tri butyl phosphi ne, and tri phenyl phosphine. A tetra-substituted
phosphonisum conpoun@xamaylbe & ennpaurednicepidsent @d deypegehéyalnclude fused
formula (3): R + R2-P- R4 [Al:[AH (3 )R3 (In the above general
formul a (3),siPiica, phosahiordusil Ria, RyysthQ K3laral Riumiea s didtiicont edtride
or unsubstituted aromatic or alkyl; Ais an anion of an aromatic
or gani ¢ aci ériavingiauh unatricdeal wigt dugres ebeeteldy fusen Aydraaxgheapsulating
carboxyl and thiol in the aromatic ring; AH is an aronmatic organic
aci d havi ng ratcergast onepsel eatedifE08Y hysk orWrganear bokydr and thi 0l 01 pm
i-hthe aromatic ring; a and b are an integer of 15 1 to 3 both
i ncl usive; anrdiGoi gnabimtiegensobe Oid @nd boght idclrusilveg ppomatitded into a
that a = b.) The conpound represented by general fornula (3) nay be

0 mold.

A filling amount of the inorganic filler (C) may be, for
example, 84 wt% to 90 wt% both inclusive of the total amount of an
epoxy resin composition. If a filling amount is too low, water
absorption by a cured product of the epoxy resin cbmposition.may'be

15 increased, leading to deterioration in strength and thus
insufficient solder resistance. While if it is too high, flowability

may be deteriorated, leading to deterioration in moldability.

¥

The curing accelerator (D) may be any compound which can

accelerate a reaction between an epoxy group in an epoxy resin and

20 a hydroxyl group in a phenol resin, and may be selected from those
commonly used in an epoxy resin composition as an encapsulating
material for a semiconductor chip. Specific examples include
phosphorous-containing compounds such as organophosphines,
tetra-substituted phosphonium compounds and phosphcobetaine

% compounds; and nitrogen-containing compounds such as
1,8~diazabicyclo(5,4,0)undecene-7, benzyldimethylamine and

Z-methylimidazole.




prepared as follows. First, a tetra-substituted phosphonium bron de,

an aromatic organic acid and a base are conbined in an organic 23

sol vent and honobgeneously m xed to generaflé aromati c organic acid

anions in the solution system Then, by adding water, the conpound
represented by general formula (3) may be precipitated. A preferable
conpound represented by general formula (3) 11 is a conpound wherein,
Rl, R2, R3 and R4 bduictlesphésihGrgascrresphary | inclade ke dnaphpbaapnines
havi ng a hydroxyl group in an aromatic ring, that is, phenols; and A

i s preferabl sudh amieshyébhohph phenwid .Phﬁnp'a@‘s‘lgﬁﬁbé@%i MEGBEPSYnEL fegh1nes
be a conpound represented by 5 general fornula (4): XmO P (4) i -

3 Yn (In thaucheare dgesthalrhospilee () drnsnkydhogeming: lKyLary
having 1 to 3 carbon atons both inclusive; Y is hydrogen or hydroxyl;

m and n are @imspitieger sofhlasot ity iphelspsiive, ) t 10 The EGFPOLRE,
represented by general formula (4) may be prepared as foll ows.

First, arf i odopghendphasghanet r éad opmtpremsdipbtsphied- phosphi ne are
honobgeneously m xed in an organic solvent and by using a nickel

catal yst, a product 4 sekrpreubptiatieetl phoaphtotionicempsahd maghkee a compound
i odoniumsalt and a base may 15 be honbgeneously m xed in an organic

sol vent and ymaterserayedbey bpEneneteSsamyla ddded to precipitate the
conmpound represented by general fornula (4). The conpound

represented by _general, formula (4) may be selected from but not

Iif@ted to, those wheRgin X is| Aydrogen or

v—t—n| (][], @)

B R, _a

(In the above general formula (3), P is phosphorous; Ri, Rg,
10 R; and R, are substituted or unsubstituted aromatic or alkyl; A is
an anion of an aromatic organic acid having a functional group
selected from hydroxyl, carboxyl and thiol in the aromatic ring; AH
is an aromatic organic acid having at least one selected from hydroxyl,
carboxyl and thiol in the aromatic ring; a and b are an integer of
5 1 to 3 both inclusive; and ¢ is an integer of O to 3 both inclusive,
provided that a = b.}

The compound represented by general formula (3) may be
prepared as follows. First, a tetra-substituted phosphonium
bromide, an aromatic organic acid and a base are combined in an organic

2 solvent and homogeneously mixed to generate aromatic organic acid
anions in the solution system. Then, by adding water, the compound
represented by general formula (3) may be precipitated.

A preferable compound represented by general formula (3)




23 methyl, and Y is hydrogen or hydroxyl, which may be used al one or

in conbination of two or nore. An amount of the curing accel erator

(D) may be 0.1 wt%to 1 w%both inclusivd, preferably 0.1 wt%to

0.6 Wwt% both inclusive 12 of the total amount of an epoxy resin
conposition. If the amount of the curing accelerator (D) is too | ow,
desired level of curability may not be obtained, while if too high
f1owabi ity hag dsepogatericoredrett, B TReasd Rakeussiist PRYSRIyERIS(E)E RRGYL:
be selected from epoxysilanes, am nosilanes, ureidosilanes and

ner capt osi | akiésis aHowewetnd inaviiay BehydRaHOUETPRR HatEroASoNaRic i@y, that
whi ch can be reacted between an epoxy resin conposition and an

i norgani ¢ fil$erphemdlspr end Aj ht epfafaradtlvenyt Anbet wekrtich@hepoxs -

resin conposition and the 10 inorganic filler. Conpound (F)

contai ning two and roméokptrbehige ouppoundminée i tdrroaeh Bfpresented by
adj acent carbon atons conprising an aromatic ring (hereinafter,

referred i o0 @sndfdnpgoumdttl&F)4) :significantly inproves viscosity and

fl ow properties by synergistic effect with 15 a silane coupling agent
(E). The silane coupling agent (E) is essential for adequate effects

of Conpound ( These sil\ane coupling agents (E) may be used al one

or in conbin tx@ agﬁunt of the silane coupling

agent (E) may be : i nclusive, preferably 0.05

W% to 20 0.8\w % b i gpreferabl y(d )l w%to 0.6 w %
both inclusive of t AN epoxy resin conposition. |f
the’ amount is too |ow, Conpound ey not be adequately effective

and sol der resistance of a sem conductor package may be

deteriorated. |If too high, an epoxy r e¥iin conposition becones so

wat er - absor pti ve

(In the above general formula (4), X is hydrogen or alkyl
having 1 to 3 carbon atoms both inclusive; Y is hydrogen ox hydroxyl;
m and n are an integer of 1 to 3 both inclusive.)

10 The compound represented by general formula (4) may be
prepared as follows. First, an iodophenol and a
triaromatic-substituted phosphine are homogeneously mixed in an
organic solvent and by using a nickel catalyst, a product is
precipitated as an iodonium salt. The iodonium salt and a base may

15 Dbe homogeneously mixed in an organic solvent and water may be, if
necessary, added to precipitate the compound represented by general
formaula (4).

The compound represented by general formula (4) may be
selected from, but not limited to, those wherein X is hydrogen or

» methyl, and Y is hydrogen or hydroxyl, which may be used alone or
in combination of two or more.

An amount of the curing accelerator (D) may be 0.1 wt% to

1 wt% both inclusive, preferably 0.1 wt% to 0.6 wt% both inclusive



25 that solder resistance in a sem conductor package nay be al so
deteriorated. Conpound (F) containing two and nore hydroxyl groups
conbined 13 wth each of adjacent carbonqgtons conprising an
aromatic ring nmay contain optionally a substituent other than the
hydr oxyl groups. Conpound (F) nay be a nonocyclic conpound
represented by general fornula (5) or a polycyclic conmpound

represent ed &y wgenepaklfardi@ o5 ahbppoxPHeRn Bompbzit Rén R2 I3 thenamount
t he above general fornmula (5) , one of RL and R5 is hydroxyl and

when one is dwehexiringcadhafatos Mydregen 1byduesylrearievel of curability
substituent other than hydroxyl; and R2, R3 and R4 are hydrogen, 10

hydroxyl or g subst ickugptaohder #Hiane hydrexyhigh RIf ReaHiQiRy 16y b7
R4 R6 R5 (In the above general forrmula (6) , one of RL and R7 is

hydroxyl ang.when@reqis hydroxyl, the other is hydrogen, hydroxyl
or a substituent other than hydroxl; and R2, R3, R4, R5 and R6 are

hydrogen,s 15 hydr oxythe0lsia a84bsbi:pueny Lider (maﬁ\a?ygé 0yl et X @mphes

of the nonocyclic conpound represented by general 14
epoxysilanes, aminosilanes, ureidosilanes and mercaptosilanes.
However, it may be, without limitations, any one which can be reacted
between an epoxy resin composition and an inorganic filler to improve
interface strength between the epoxy resin composition and the

10  inorganic filler.

Compound (F) containing two and more hydroxyl groups
combined with each of adjacent carbon atoms comprising an aromatic
ring (hereinafter, referred to as "Compound (F)") significantly
improves viscosity and flow properties by synergistic effect with

15 a silane coupling agent (E). The silane coupling agent (E) is
essential for adequate effects of Compound (F}.

These silane coupling agents (E) may be used alone or in
combination of two or more. An amount of the silane coupling agent
(E) may be 0.01 wt% to 1 wt% both inclusive, preferably 0.05 wi% to

% 0.8 wt¥ both inclusive, more preferably 0.1 wt% to 0.6 wt% both
inclusive of the total amount of an epoxy resin composition. If the
amount is too low, Compound (F) may not be adequately effective and
solder resistance of a semiconductor package may be deteriorated.
I1f too high, an epoxy resin composition becomes so water-absorptive

% that solder resistance in a semiconductor package may be also

deteriorated.

Compound (F) containing two and more hydroxyl groups combined



formula (5) include catechol, pyrogallol, gallic acid, gallic acid
esters, and their derivatives. Exanples of the polycyclic conpound
represented by general formula (6) includegl, 2-di hydroxynapht hal ene,

2, 3-di hydr oxynapht hal ene and their derivatives. 5 In particular, the
above conmpound preferably has two hydroxyl groups neighboring an
aromatic ring for flowability and easy control to curability. In the

| i ght of voMamhleaamlqﬁ1adgacagtacaﬁhumadtn@spﬂqmpﬁmﬁln@ sDrarguatg Ccnayng may
be preferably a naphthalene ring which contributes to | ower

volatility amttagnghbhioss by ld tspbstltGenpountey Mhamyyhsehyfiopxyl groups.
exanpl e, a napht hal ene-contai ning conpound such as

1, 2- di hydr oxaongphbal( Bnenay 28-adidvydooxy haphirteheme repdeshated by general
derivatives. Such a compound may be used to further inprove

cont rol | abi ldcxywile handin agpaycgpdiy comgsiumdcoaposiantmt apdarenaddiganla
volatility of the epoxy resin 15 conposition. The conpounds as
Compound 5( F)(gyay be used in conbination of two or nore. An anount of
Compound (F) may be 0.01 wt%to 0.5 w% both inclusive, preferably

0.02 t%to 0.3 wt% both inclusive of the total 2J anpbunt of an

epoxy resin conp05|t|q3 If the anbunt is too | ow, expected viscosity

or flow properties by gynergetic effect wwth a silane coupling agent
(E) may not be obtalneo while if too high, curing of the epoxy

i nh Rted | eading to deteriorated physical
properties of & cufed product and t hus deterioration in its
performance as a r¢ in for encapsulatlﬁéga sem conduct or chi p.

Al t hough an epoxy position according to this 15 invention

(In the above general formula (5), one of R; and Rs is hydrozryl
and when one is hydroxyl, the other is hydrogen, hydroxyl or a
substituent other than hydroxyl; and R, R; and Rs are hydrogen,

10  hydroxyl or a substituent other than hydroxyl.)
) R, R,
HO R,
Rﬁ R5
(In the above general formula (6), one of R; and Ry is hydroxyl
and when one is hydroxyl, the other is hydrogen, hydroxyl or a
substituent other than hydroxl; and R;, R3, R4, Rs and R¢ are hydrogen,

5 hydroxyl or a substituent other than hydroxyl.)

Examples of the monocyclic compound represented by general




conponents, it may further contain, if necessary, additives

including a fire retardant such as a brom nated epoxy resin and

antinony trioxide; a nold release; a colofijng agent such as carbon 5

bl ack; a |lowstress additive such as silicone oil and silicone

rubber; and an inorganic ion exchanger as appropriate. An epoxy

resin conposition according to this invention may be prepared by
honmobgeneous|fiprfiuXiangs c ampanest safédnhdlo pFrogatlal hermlladditidegailhig acid
m xer at a normal tenperature, followed by 10 nelt-kneadi ng using an
appropri at e &appatatasd shebrakrd vaedvieng rbdmesles kfigdeepobycyextirudenyound
cooling and then grinding. For encapsulating a sem conductor chip

usi ng an epmepreeshiedCONPOsttd DHcarncds disngind udei 5, 2-nligntdromyhephthalene,
provi de a sem conductor device, the conposition nay be nol ded and

cured by an appdapriabeylsptididie pHeCessisusdr amttivarsft er nol di ng,
conpression nolding and injection nolding. An epoxy resin

conposi tison accor di ng pbarthibglhnyeflhd abdy cobgoshd t pid fenad hap two
encapsul ating a variety of sem conductor chips. It my be used, for
exanpl e, as WHRAGARSMhHS MG d18Sd ML 0dn arsuat ace i MRUftdwipillyipe and easy
sem conduct or device such as QFP (quad flat package) and TSOP (thin

snmal | outlinepackage) curzEd)ﬁiﬂ%/j S & &hes3igretéOnallatil@wation during a

illustrating a structural exanple of a sem conductor device produced

usi ng an epoxitdBsipLosRHs) @6:@%9{@%@3 b8 pfd SeramientimphtbAlene ring
Tbconductor chip lis fixed on a die pad 2 via a cured di e bonding

se
25-materi al i Eol@nwiri Bt Ss COMPl Qrdh o3 et C O Ui @ rwetiffiiny saabeatky.
frames 4. The sem conductor chip 1 is encapsulated with an

encapsul @ i ng resin GmplBndTe) $&Ri BeNduGt ekadevé Ca shokthaerfd-Gontaining
may be prepared by nolding and curing the above epoxy resin
conmposi tion @ndd®d such as 1,2-dihydroxynaphthalene,
2,3-dihydroxynaphthalene and their derivatives. Such a compound
may be used to further improve controllability in handling an epoxy
resin composition and to reduce volatility of the epoxy resin
15 composition.
The compounds as Compound {F) may be used in combination
3 of two or more.
An amount of Compound (F) may be 0.01 wt% to 0.5 wt% both
inclusive, preferably 0.02 wt% to 0.3 wt% both inclusive of the total
2 amount of an epoxy resin composition. If the amount i1s too low,
expected viscosity or flow properties by synergetic effect with a
silane coupling agent (E) may not be obtained, while if too high,
curing of the epoxy resin composition may be inhibited, leading to
deteriorated physical properties of a cured product and thus
% deterioration in its performance as a resin for encapsulating a

semiconductor chip.

Although an epoxy resin composition according to this




encapsul ating resin 5 by an appropriate process such as transfer

mol di ng, conpression nolding and injection nolding and then 5
encapsul ati ng the sem conductor chip 1. Sijnce the sem conduct or

device shown in FIG 1 is encapsulated by a encapsulating resin
conposition conprising Conpound (F) containing two and nore hydroxyl
groups conmbined with each of adjacent carbon atons conprising an
aromati c ri ngyveniiitablcemp®@ivescolst tabamd ddmpanpnopefd) e off)t he essential
encapsul ating resin conposition may be achieved. Thus, a

sem conduct oromByicgeE sy tih pepdfnptldabidartyainganfbeeconsast,erddy tives
provi ded. By encapsul ating the sem conductor chip using an epoxy

resin conposndiwiireorpriisengeanr@poX ysudEsias represiam eeh Bpogeneecalin and
formula 15 (1) and a phenol resin represented by general fornula

(2), a sem camditeiror taevktgend mofldr thdsaexcel tehbring eageettasdanas carbon
and sol der resistance can be nore consistently provided. This

i nventi ons wibladle aoke-speess badk kyvdesch dedi Wddhe ¢ £f enande itone hubber;
not limted to, Exanples. Throughout this a disclosure, a blending

ratio i s presedtad asigantis bynwekdhngeExanplberdp)ridtphenol
bi phenyl aral kyl type epoxy resin (N ppon Kayaku Co., Ltd., NC3000-P,
epoxy equival ent: 27#h epakyl fed Ot Bdpokllibs acthrdiBgaso ahiavenage;ion may
softening point: 58 C): 7.35 wt parts; phenol biphenylaral kyl resin
(Meiwa Kaseib&prepatrdd, by Mohtod8haS8s 1 pydinany canpbrialtent a0 (Fn"andother
forpula (2) is 2.5 as 17 an average, softening point: 65 C: 5.5 w
parts; spheridddtifwsedrsial néletayerageoPal ieh®eshzere 30f PIYcwedo 0§
wt parts; y-glycidylpropyl-trinmethoxysilane: 0.4 w parts;

10 melt-kneadingusing an appropriate apparatus such as g heating roller,

kneader or extruder, cooling and then grinding.

For encapsulating a semiconductor chip using an epoxy resin
composition according to this invention to provide a semiconductor
device, the composition may be molded and cured by an appropriate

15  molding process such as transfer molding, compression molding and
injection molding.
- An epoxy resin composition according to this invention may
be suitably used for encapsulating a variety of semiconductor chips.
It may be used, for example, as an encapsulating resin for a surface
A  mounting type semiconductor device such as QFP (quad flat package)
and TSOP (thin small ocutline package). FIG. 1 is a cross-sectional
view illustrating a structural example of a semiconductor device
produced using an epoxy resin composition according to this invention.
& semiconductor chip 1 is fixed on a die pad 2 via a cured die bonding
% material 6. Gold wires 3 couple the semiconductor chip 1 to lead

frames 4. The semiconductor chip 1 is encapsulated with an

encapsulating resin 5.




5 triphenyl phosphine: 0.2 wt parts; 2, 3-di hydroxynapht hal ene

(Reagent grade): 0.05 wt parts; carnauba wax: 0.2 w parts; and

carbon black: 0.3 w parts were mxed in ggnxer at an anbi ent
tenperature, followed 10 by nelt kneading by a heating roller at 80

to 100 C, cooling and then grinding to obtain an epoxy resin
conposition. The resultant epoxy resin conposition was eval uated as

foll ows. The eval uatThon semdswindscapre dhvive | shokablia FIGSpirmdy ffeowrepared
t he epoxy resin conposition was nolded by a 15 | ow pressure transfer

nmol di ng machinenaintiery el condngi tns @foee dpemyeratimecor¥gitioa as the
nol di ng pressure: 6. 9 MPa anda pressure keeping time: 120 sec,

usi ng a nol dencr@odatdange eewihhb BV ad -ffrapnd attkeproaespi swth fAsowransfer
was determ ned. A spiral flowis a paraneter for flowability. The

| arger the pashideicer daprebeibetheidihgveatd lHinjyct20ni soldinmiand $hen
"cm'. Curing torque ratio: Using a curastoneter (Orientec Inc., JSR

Cur ast onmef ereryfesd MRS)hg ahkeosguecwasucetieraniped.after 90 and 300

sec frominitiation of heating at a nold tenperature of 175 C and a
curing torque ratio Sifdoriiee sahtieond0csee)dévideordueenafineFI@5 BAGs

sec) was calculated. A torque determned by a curastoneter is a

par amet er foenddiesumrltdd givdiat ¥ncdpeul @r ey AdwE e ubhnpgsiof guecamatdieing

is, the better curability is. Aunit is "% . 18 Sol der

resi stance- r ebtyovircd €Ki 8Lt &S Y awcouhpresstihedtbansferoum domgined with
ma"gwi ne, a 100pQFP frame (Cu frane) with a body size of 14 x 14 x

1.4 mm t o whégkh AT SHjebépe Watrboa staes ebmPrisbny 0 36omamd siadhesEidable
was nol ded under the conditions of a nold tenperature: 5 175 C, an

i njectionotidBscddhSeandaleu pigpditiss 80 theCerpubsan ating resin composition

may be achieved. Thus, a semiconductor device with good moldability
can be consistently provided.

By encapsulating the semiconductor chip using an epoxy resin
composition comprising an epoxy resin represented by general formula

15 (1} and a phencl resin represented by general formula (2), a

semiconductor device with further excellent fire retardancy and
solder resistance can be more consistently provided.

This invention will be more specifically described with
reference to, but not limited to, Examples. Throughout this

2 disclosure, a blending ratio is presented as parts by weight.

( Example 1 )
A phenol biphenylaralkyl type epoxy resin (Nippon Kayaku
Co., Ltd., NC3000-P, epoxy equivalent: 274, "n" in formula (1) is
% 2.8 as an average, softening point: 58 °C): 7.35 wt parts;
phenol biphenylaralkyl resin {Meiwa Kasei Co., Ltd.,

MEH-7851SS, hydroxyl equivalent 203, "n" in formula (2) is 2.5 as




injection pressure: 9.8 MPa. After post-curing at 175C for 8 hrs, it
was hum di fied under the condition of 85 C and 85 %for 48 hrs and
passed through an IR reflow at a peak tenpgrature of 260 C
consecutive three tinmes (three times, 10 sec at 255 C or higher for
10 each run). Then, it was exam ned for internal cracks and
del am nations using an ultrasonic test equipnment. Eval uation was
based on t hannurbeasgepf soetanimaticdns : 065t 18 :cl3i.p andpanter nal cracks
in 10 packages. Fire retardancy: using a | ow pressure transfer
mol di ng 15 nachi nesphest cpl eueed ofl fia daveragdamoy iwilehsizet:hBe kimes s86. 0
of 3.2 mm were prepared under the conditions of a nold tenperature:
175 C, an iy eetricen tinme: 15 sec, a curing tinme: 120 sec, and an
injection pressure: 9.8 MPa and was tested for fire retardancy in
accordance with the-gpeeidyaatdpgn -k ideiox@9i Bxeaploed 2tt patB8sand
Conparative Exanples 1, 4-6, 8, 10-15) According to the bl ending
rati os siown in Tabltespheantl Zhoswpme: e mtcpapostti ons were
prepared and eval uated as described in Exanple 1. The eval uation
results are shown iz, Babdliasdiornthhti2l Cendesantst ugestiot:hér. 0bhah parts;
those in Exanple 1 are as follows. Abiphenyl type epoxy resin (Japan
Epoxy Resin Inc., Yx4Q0@Hba ®pRXYy0 exuitya=ents; 288, nelting point: 105
O ; 19 phenolaralkyl resin (Mtsui Chemcal Inc., XLC LL, hydroxyl
equi val ent: 174, "n'campohobmukr: (@)3iw8: Ppbtas an average, softening
poimt: 79 C); a cresol novol ac type epoxy resin (N ppon Kayaku Co.,
Lted., 5 EOCN 1020- S&reepoxydeipiayaliedt: ad%h =ofitani ngnpaiatures5 fG]iowed
phenol novol ac resin (hydroxyl equivalent: 104, softening

10 by melt kneading by a heating roller at 80 to 100 °C, cooling and

then grinding to obtain an epoxy resin composition. The resultant
epoxy resin composition was evaluated as follows. The evaluation
results are shown in Table 1.
Spiral flow; the epoxy resin composition was molded by a
15 low-pressure transfer molding machine under the conditions of a
temperature: 175 °C, amolding pressure: 6.3 MPa and a pressure keeping
time: 120 sec, using a mold in accordance with EMMI-1-66, and then
a spiral flow was determined. A spiral flow is a parameter for
flowability. The larger the parameter is, the better flowability
2 is. A unit is "cm".
Curing torgque ratio: Using a curastometer (Orientec Inc.,
JSR Curastometer Type IVPS), a torque was determined after S0 and
300 sec from initiation of heating at a mold temperature of 175 °C
and a curing torgue ratio = (torque after 90 sec) / (torque after
% 300 sec) was calculated. A torque determined by a curastometer is
a parameter for thermal rigidity. The larger the curing torque ratio

is, the better curability is. A unit is "§".



point: 80 C); y-nercaptopropyltrinmethoxysilane;

1, 8-di azabi cycl o( 5, 4, 0) undecene-7 (hereinafter, referred 10 to as
"DBU'); a curing accel erator representedl%y formula (7); L Ph4P+ 12
[osooH |1 HO SOZ OH ~ (7) a curing accelerator represented by
formula (8); 0 Ph3P (8) 15 1, 2-di hydroxynapht hal ene (Reagent grade);
catechol (Reagent grade); pyrogallol (Reagent grade);

1, 6-di hydr oxynapht hal eng- (Reagenhcaradelsw mCm%%@r@gﬂ% 4 Reagentssure
grade). 2D 20 Table 1 0 inmoc mmmmmmyV Oo0OL 001 rn

(r)n ron 8 % (N) %tQaﬁsf@r B M M NeB N R 00, 0@ £hbihe MO frdhey MAMaBIENsize

of 14 x 14 x 1.4 mm to which an Si chip with a size of 6 x 6 x 0.30
mm is adhered was molded under the conditions of a mold temperature:
5 175 °C, an injection time: 10 sec, a curing time: 20 sec and an
injection pressure: 9.8 MPa. After post-curing at 175°C for 8 hrs,
it was humidified under the condition of 85 °C and 85 % for 48 hrs
and passed through an IR reflow at a peak temperature of 260 °C
consecutive three times (three times, 10 sec at 255 °C or higher for
0 each run). Then, it was examined for internal cracks and
delaminations using an ultrasonic test equipment. Evaluation was
based on the numbers of delaminations of the chip and internal cracks
in 10 packages.
Fire retardancy: using a low-pressure transfer molding
15  machine, test pileces for fire retardancy with a thickness of 3.2 mm
were prepared under the conditions of a mold temperature: 175 °C,
an injection time: 15 sec, a curing time: 120 sec, and an injection
pressure: 9.8 MPa and was tested for fire retardancy in accordance

with the specification of ULS4.

20
( Examples 2 to 13 and Comparative Examples 1, 4-6, 8, 10-15)
According to the blending ratics shown in Tables 1 and 2,
epoxy resin compositions were prepared and evaluated as described
in Example 1. The evaluation results are shown in Tables 1 and 2.
. Components used other than those in Example 1 are as follows.

Abiphenyl type epoxy resin (Japan Epoxy Resin Inc., YX4000H,

epoxy equivalent: 195, melting point: 105 °C);
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c c~i mo > O phenolaralkyl resin (Mitsui Chemical Inc., XLC-LL, hydroxyl

©o3o3-0

equivalent: 174, "n" in formula (2) is 3.6 as an average, softening
point: 79 °C);
a cresol novolac type epoxy resin (Nippon Kayaku Co., Litd.,
5 EOCN 1020-55, epoxy equivalent: 198, softening point: 55 °C);
| phenol novolac resin (hydroxyl equivalent: 104, softening
peint: 80 °C);

y-mercaptopropyltrimethoxysilane;

J
) 1,8~diazabicyclo (5,4, 0)undecene-7 (hereinafter, referred
0 to as "DBU");
a curing accelerator represented by formula (7);
+ -
[th ]2 o@sor@—oH {HD@*%@*DH} (7)
2 1

a curing accelerator represented by formula (8);

) +

Ph.P
’ (8)

15 ' 1,2~dihydroxynéphthalene (Reagent grade);
catechol (Reagent grade);
pyrogallol (Reagent grade);
1, 6-dihydroxynaphthalene (Reagent grade); and

resorcinol {(Reagent grade).
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resin conposition for encapsul ating a sem conductor chip conprising:
5 an epoxy wesr md Arareppesented by general fornmula (1): \GHGH2-0
|-1H -CHCH 0 HCH2-0-0-CH2 O (1) Rn R wherein R represents
hydrogen or al kyl having up to four carbon atons; and n is a
positive nunber fromO0.5 to S as an average; a phenol resin (B)

represented by geneIaU&EQ%EM|@oﬁ§%51€1$ﬂ}foﬂ4e@Hapsﬁiat£$@Za&%%uc@%@uator

R2 10 wherein Rl represents phenyl ene or biphenylene; R2 represents
hydrogen orc@dkydordpauisnggup to four carbon atons; and n is a
positive nunber fromO0.5 to 5 as an average; an inorganic filler (O;

15 a curj ng acceleréﬁ(gpd£®1re51n (A) represented by general formula (1):

CH CH,— O—CH,—GH—CH,

N

{QCH OO~y ¥ o

wherein R represents hydrogen or alkyl having up to four
carbon atoms; and n is a positive number from 0.5 to 5 as an average;

a phenol resin (B) represented by general formula (2):

OH OH
@cm— R, -*CH_%Q (2)
n R

10 R2
wherein R; represents phenylene or biphenylene; Ry
represents hydrogen or alkyl having up to four carbon atoms; and n
is a positive number from 0.5 fo 5 as an average;
an inorganic filler (C);
15 a curing accelerator (D);
a silane ccoupling agent (E); and
Compound (F) containing two and more hydroxyl groups

combined with each of adjacent carbon atoms comprising an aromatic

ring.



a silane coupling agent (E); and Conpound (F) containing two and nore
hydroxyl groups conbined with each of adjacent carbon atons
conprising an aromatic ring. 23 2. The 5esin conposition for
encapsul ati ng a sem conductor chip accorglng to Claim1, wherein the
resin conposition conprises said Conpound (F) in nore than or equal
to 0.01 wt% 5 3. The resin conposition for encapsulating a

sem conductor chip according to Caim1, wherein the resin
conposition conprises said silane coupling agent (E) in 0.01 w%to

1 wt% both inclusive. t4@ Aesithechfst e LOMRRS LAib 0l teReaR HehbbRbudtor
sem conductor chip according to Caim1, wherein said conpound (F)

contai ns twenj hu-exyk ngrQups 268mpi nekrwihhreach ah @Qﬁl@@@fﬂid}ﬁ'&:’@ﬁ?rises
atons conprising said aromatic ring. 15 5. The resin conposition for

encapsul ati og @ éﬁrﬂo@%dte@f Ofn hddd 13eGOLE BgutP & ai Milwtherein the
aromatic ring is a naphthalene ring. 6. The resin conposition for
encapsulating a sem conductor 27 chip according to Claim5, wherein
said Conpound (F) contains two hydroxyl groups conbined with each of

adj acent carbon at ofis re@MRLd §i EQmﬁ@EﬂtI@P%%&(’:‘%ﬂl@&in& a Hikeshictor
conposition for encapsul ating a sem conductor 25 chip according to

Cainms 1, waereil-bhaih§Sid cCAQAROS] WG OMPRA S&Ss i nS BbfpbHOF G cemprises
filler (O 1n 84 wt%to 90 Wt % both inclusive. 24 8. A senlconducgor

devi ce wher gi i3 &3 gRECAAGIGCE a?_@ﬁ@ iB® encapsukateds by wkhepyse iakitibeve.
resin conposition for encapsul atl ng
10 4. The resin composition for encapsulating a semiconductor
chip according to Claim 1, wherein said compound (F) contains two
hydroxyl groups combined with each of adjacent carbon atoms

comprising said aromatic ring.

15 5. The resin composition for encapsulating a semiconductor
chip according to Claim 1, wherein the aromatic ring is a naphthalene

ring.

6. The resin composition for encapsulating a semiconductor
D chip according to Claim 5, wherein said Compound (F)} contains two
hydroxyl groups combined with each of adjacent carbon atoms

comprising said naphthalene ring.

7. The resin composition for encapsulating a semiconductor
% c¢hip according to Claims 1, wherein the resin composition comprises

said inorganic filler (C) in 84 wt% to 90 wt% both inclusive.



a sem conductor chip according to Clains 1. 5 9. The resin
conposition for encapsul ating a sem conductor chip according to
G aim1, wherein the resin conposition cenpprises said inorganic

filler (C

in 8 m%to 90 wt % both inclusive, the resin conposition

conprises said silane coupling agent 10 (E) in 0.01 wft%to 1 w%
both inclusive, and the resin conposition conprises said Conpound (F)
in 0.01 wt%to 0.5 g Wisbat BohBGttSt VR vice wherein a semiconductor chip is

10

encapsulated by the use of the resin composition for encapsulating

a semiconductor chip according to Ciaims 1.

9. The resin composition for encapsulating a semiconductor
chip according to Claim 1,

wherein the resin composition comprises said inorganic
filler (C} in 84 wt% to 90 wt% both inclusive,

the resin composition comprises said silane coupling agent
{(E) in 0.01 wt% to 1 wt% both inclusive, and
the resin composition comprises said Compound (F} in 0.01 wt% to 0.5

wt% both inclusive.



