1 SPECI FI CATI ON EPOXY RESI N COVPOSI TI ON AND SEM CONDUCTOR DEVICE 5
TECHNI CAL FI ELD [0001] This invention relates to an epoxy resin
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in a Seni ¢BRENEEDY

nore stre
sem condu
an epoxy
has been
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Ba?tﬁgﬁlgk, this invention is suitably used in an area mounting type
semiconductor device where a semiconductor chip is mounted on one side
of a printed-wiring board or metal lead frame and substantially only

the mounted side is encapsulated with a resin.

BACKGROUND ART
[0002]

Recent market trend to size reduction, weight saving and higher
performance in electronic devices has led to more integrated
semiconductors. As surface mounting of a semiconductor device has
been accelerated, there has been newly developed an area mounting type
semiconductor device, with which a semiconductor device with a
conventional structure has been replaced.

[0003]

Such size reduction and thinning in a semiconductor device
has demanded much lower viscosity and much more strength in an epoxy
resin composition for encapsulating a semiconductor chip. Inaddition,
because of envircnmental concerns, an epoxXy resin composition for

encapsulating a semiconductor chip has been increasingly required to




with lower viscosity and |arger anount of an inorganic filler. 5
[0004] As new trend, a |lead-free solder sith higher nelting point
than that conventionally used has been increasingly used for nounting
a sem conduct or device. When applying the sol der, the nounting
tenperature nmust be higher than that in a conventional process by
about 10 20 C, sonetines leading to significantly lower reliability
of a senteomnduet OIameviteed safaher wirobatt ng fImreonpanirsant wetidh aasconmon
device. In the light of such situation, it has been increasingly
requi red boomingrovecaelirgbidopunfls aase mcondugt oxidevi ceudyto the

i nproving properties of an epoxy resin conposition. For neeting the
requi renebeckghened 15 hevenbepoxynvesit ganbonst bin teddeitygceesahn 2 resin
viscosity and filling larger anount of an inorganic filler. [0005]
Typi cal ewaRpl éswor whsenrdd yrgunt LAGIEY pRINGEHI conductoprdenieefiller.

i ncl ude BGA éball grid array) and CSP (chip scale package) with a
furthér 26088Mpacted size, and further packages such as QFN and SCN
with the smaller nDuntlng area than conventional QFP or SOP. Thes
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In the light of such situation, it has been increasingly required to
improve reliability of a semiconductor device by improving properties
of an epoxy resin composition. For meeting the requirement, there
5 have been investigations of reducing resin viscesityand £filling larger
amount of an inorganic filler.
[0005]
Typical examples of an area mounting type semiconductor device
include BGA (ball gridarray) and CSP (chip scale package} with a further
2 compacted size, and further packages such as QFN and SONwith the smaller
mounting area than conventional QFP or SOP. These packages such as
QFN and SON were developed tc sclve the demands of high pin count and
high-speed. These demands approach the 1imit in an area mounting type
semiconductor device represented by conventional QFP, SOP and so on.
25 [0006]
BGA and CSP are encapsulated by molding an epoxy resin

composition on only the side, where the semiconductor chip is mounting,




5 Furthernore, on opposite side of side of a substrate on which a

sem conductor chip is mounted, the soldet ball is forned in parall el

in two dinensions to be nmounted on circuit board by sol dering.

[ 0007] As described above, the structure of BGA or CSP is a one-side

10 encapsul ated structure where only a side of a substrate on which a
sem conductor chip is nmounted is encapsul ated with an epoxy resin
conposi ti on 4 arddacstael Ofboarsubsth ale aoninbuth bvasal dersbatd difSBT resin
formed is not encapsulated) . Therefore, such a sem conductor device
tends to/bepmmrpedil nieldistal e naifdeett rivk dhagesdue oflasantonfiar aubytiate)
thermal 15 expansion and thermal shrinkage between the organic

subst r at elsrrethesemsed| substlatidlandriheed riedugpoxgardsiuph as a circuit
conposition, or curing shrinkage of the epoxy resin conposition

during nobdéng comsiiags ofFamdierimice, rawimpigéni/ncapsenitodhdur ropresented.
device causes a joining point of solder balls to be not |ocated

hor i z&nt aFRythaHeqRe o8, 0@92@l§@n$€@ﬁdﬁ%t&%ded@¢|éesﬂ§3$¥¢EQHPH|W§#ﬁ§ a
circuit board during packaging these sem conductor. devices t he

sol der | ofFAPlERPA e GhiPboar@ ntpdaditify SPédaétkéﬁ:'t]o%tf%lﬁm?% ln parallel
reliability of electric connection. 0008] On the contrary N .or

SON has béén CHP GRS WatEh tohBS SRRt CHbs‘il&ﬁu% BORTEMtY o?%%:ecﬁ‘l‘lﬁgor
SOP. Therg 58%§ been recently, however, produced packages by

nnunting R trix of sem conductor chips on one side of a netal

trate (for ex m,nate of a.cop f s
ni- CE pal | adi uw‘golAfsclrlPS zilbov ?he StY EﬁAaor 'Sg?eis aqane side
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with a gi %@Hlébﬁuétﬂbﬂ'dﬁ% &‘9' MbQH@éd%@&%%sﬁﬁ%@H”@H}?ran r&iBef 8dsin
5 to as MAP-QFN and Eib for exanple, see Patent Publlcatlon 1)

composition {and a szde of a substrate on which a solder ball is formed
is not encapsulated). Therefore, such a semiconductor device tends
to be warped immediately after molding, due to unconformity in thermal

15 expansion and thermal shrinkage between the organic substrate or the
meial substrate and the cured epoxy-resin composition, or curing
shrinkage of the epoxy resin composition during molding curing.
Furthermore, warpage in a semiconductor device causes a joining point
of solder balls to be not located horizontally. Therefore, a

2 semiconductor device is lifted from a circuit board during packaging
these semiconductor devices by the solder joint on a circuit board,
leading to deterioration in reliability of electric connection.
[0008]

On the contirary, QFN cr SON has been produced with the same

yis) design as conventional QFP or SOP. There have been recently, however,

produced packages by mounting the matrix of semiconductor chips on

cne side of a metal substrate (for example, a laminate of a copper-lead




[0009] As in the case of BGA or CSP, the structure of MAP-CFN or
MAP-SON is a one-side encapsul ated strugture where only a side of a
substrate on which a sem conductor chip is nounted is encapsul at ed
wi th an epoxy 10 resin conposition. Here, an encapsul ated area of
MAP- QFN or MAP-SON is larger than conmon package nol ding and only
one side is encapsul ated. Therefore, such a sem conductor device

tends to Beawal pedckermshlat=eliym+abt erph®t e Nggadyeatme yngoréarwidly 4 n

t hermal expansi on and thermal shrinkage between the netal substrate

and the cypoadimpaxyEiiegi,nehbaponposing aheor with i a1g epbikiynkagen aforpheition
epoxy resin conposition during nolding curing. Warpage in a

sem condudberemsp e atdugesn ansepditondodt orttdewy tee fubdtealtief it flrdbimice
a circuit board for nmounting that, leading to deterioration in
reliabilitwytdfaaiserr stze dnetye omdiz0.duedojclimres ddacthga e pagefienred
an area nounting type sem conductor device in which substantially

one sidde &P aA N agdpdbPat@or(fer avemplauliste Feréeng Publication 1).
encapsul ated with an epoxy resin conposition, it is inportant to

appr oxi matl@98% her mal expansi on coefficient of a 25 substrate with

that of a cured e%gxy resin conposition _and to reduce curin

shrinkage in an epdxy* FREFASR OMRET ¢F 6AF dinerig T THE R iR F TN or MAP-SON
0011] 5 .T hi eve th t h b | d ted th
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Therefore, such a semiceonductor device tends to be warped immediately
after molding, due to unconformity in thermal expansion and thermal
shrinkage between the metal substrate and the cured epoxy-resin

5 composition or curing shrinkage of the epoxy resin compositicn during
molding curing.

Warpage inasemiconductor device causes a semiconductordevice
to be lifted from a circuit board for mounting that, leading to
deterioration in reliakility of electric connection,

20 [0010]

For reducing warpage in an area mounting type semiconductor
device in which substantially one side of an organic substrate or a
metal substrate is encapsulated with an epoxy resin composition, it
is important to approximate a thermal expansion coefficient of a

25 substrate with that of a cured epoxy resin composition and to reduce
curing shrinkage in an epoxy resin composition during molding curing.

(0011}



[ 0012] When soldering is conducted by sol der processing such as
infrared ref | ow, vapor phase sol dering and sol der inmersion

noi sture 10 present within a sem conductor device due to noisture
absorption by a cured epoxy resin conposition (nolding) is rapidly
vapori zed at elevated tenperature. A stress generated during the
process may cause cracks in the sem conductor device or peeling in

an interface betwegachibgesuehaaciouRld Mk ABr&ol} SQEISt tiedtpchii que
the netal substrate 15 and the cured epoxy resin composition.

Ther ef or ethat d subeefiettiimnaledpsey aswanpage aini i iSemictabddt tidifenol resin
device by increasing the content of an inorganic filler. It is

needed t oareduobiasdtiness:iayaseetiict Ag epdoggresdopt@idosidfioa saml theigontent
Furthernore, inprovenent in heat } resistance of a nol ding and

i nproved aflhesi iremess iketiidérraisuadtust24] mat ewicah abd aComtialation of a
substrate are al so needed. [0013] There has been devel oped the

t echniSquenflb 1 i@l i Ingrhkgresfinuvdil v ol bhl wpodpnadsphenol resin may,
conposition used in a surface-nmounted sem conductor device such as
convent i oRAVEFP arifiuseP fdyidaly nbb digiee 25opdenexangt s tHéid 1ggyeoids.
been di sclosed using a resin with low nelt viscosity (for exanple,

see Patent9RLbl i cation 2) and surface treatnent of an inorganic

filler with a silane co i ng agent fqQr increasi 6 the content qf
an i norgani ¢ fi11 8PS 1018t a5 SEBIPGE e DS ek PORCSST L PARGt 25

he: hni I f ' ired, i es.
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such
a cured epoxy resin composition (molding) is rapidly wvaporized at

elevated temperature. A stress generatedduring the processmay cause
cracks in the semiconductor device or peeling in an interface between
the surface mounting the semiconductor chip in the metal substrate
15 and the cured epoxy resin composition. Therefore, it is needed to
reduce a warpage in a semiconductor device by increasing the content
of an incrganic filler. It is needed to reduce z stress by reducing
hygroscopicity of a melding. Furthermore, improvement in heat
resistance of a molding and improved adhesivensss between a cured
2 material and a metal substrate are also needed.
[0013]

There has been develcped the technique for maintaining high
fluidity of an epoxy resin composition used in a surface-mounted
semiconductor device such as conventional QFP and SOP during molding.

5 For example, there have been disclosed using a resin with low melt
viscosity (for example, see Patent Publication 2) and surface treatment

of an inorganic filler with a silane coupling agent for increasing



as reduced warpage and reduced stress in a nolding forned from an
epoxy resin conposition for encapsulating a sem conductor chip.

Furthernmore, for inproving filling properties of an epoxy resin
conposition for 10 encapsul ating a sem conductor chip, its fluidity
must be inproved. However, when filling an inorganic filler at high

concentration, fluidity of an epoxy resin conposition for

encapsul at tRg cansent eFEHIChOF gareit Pi1lBer edugestamphys sekheitenitsPublication
trade-off relationship between fluidity of an epoxy resin

conposi ti op) f oraeneaEPsukati dgcinispdceadunteot bl chine afdvert@ds required
material properties of a nolding. [0015] There have been still needs
for an epopyopestiesonposition for encapsulating a sem conductor

chip excellent in both fluidity and cured material properties in a
nol di ng, ag0ed] as a sem conductor 20 device produced using the
conposition. [Patent Docunent 1] Japanese Patent Laid-open No.

2003- 169983 [ Pat ehs dBecuiend a2pvgapdnes @cPaseaty [tai aldperdnNgganic filler
1995- 130919 [Patent Docunent 3] Japanese Patent Laid-open No.

1996- 20673at 251 gl SCrOSUREADECTTHEN NWVENTH ONE7r 14D 0mPear YobllgeeVsfeergf such
this invention for solving the problens in the prior art is to

provi de an28FGARcLENATREGRYN ERERCESETEREAPIUR ALHG NI & WBRACHIRILRE GPOXY
chip excellent in both fluidity and cured material, 5 properties in a

mol di ng, a$SHeN FOBROH Skt LONTIABTUFNTEE FrOGEEdCct §Cﬁgpt heturthemore,
S?g@?g;él?Egrpg%%8xﬁg%f%agﬁgggtggégé}'%%% b?vggtéégkytﬂggﬁg ggﬁposition for

10 encapsulating a semiconductor chip, its fluidity must be improved.
However, when filling an inorganic filler at high concentration,
fluidityof anepoxy resincomposition for encapsulatinga semiconductor
chip is reduced. Thus, there is trade-off relationship between
fluidity of anepoxy resin composition for encapsulating a semiconductor

15 chip and cured material properties of a molding.

[0015]

There have been still needs for an epoxy resin composition
for encapsulating a semiconductor chip excellent in both fluidity and
cured material properties in a molding, as well as a semiconductor

pil) device produced using the composition.
{Patent Document 1] Japanese Patent Laid-open No. 2003-109983
[Patent Document 2] Japanese Patent Laid-open No. 1985-130919

[Patent Document 3] Japanese Patent Laid-open No. 19%6-20673

DISCLOSURE OF THE TNVENTION




10 [1] An epoxy resin conposition for encapsul ating a sem conduct or
chip conmprising (A) a crystalline epoxy fesin, (B) a phenol resin
represented by general formula (1): OHOH OH(} O0)--(- CH2 OO
CH2-~ ~} CHQ@ CH 40 (RI), 1)> (R).-J n\ 1l (R2 15 wherein Rl
and R2 are independently hydrogen or alkyl having 1 to 4 carbon
atonms and two or nore Rls or two or nore R2s are the same or
differentjpalvp integer of O to 4; bis integer of O to 4, <c is
integer of 0 to 3; and n is average and is nunber of 0 to 10, 20 (O
a (co)pol ymer coniaidshyrgtivteadicenr: geinwattishr gekusal vinitheObrbbiems in
derivative, and (D) an inorganic filler in the amount of 80 wt%to 95
wt % bot h thaplisireart s thervet de sepapoxy eséin compositianfof @0t8ps8lating
[ 2] The epoxy resin conposition for encapsul ating a sem conduct or
chi p as dessembethdurtct] chibeercal batd iphboth fésidifB)arids cured material
represented by general formula 5 (2): OHI//I Hzt Hz/ HZTf Hz (2)

5 properties in a molding, as well as a semiconductor device produced

using the composition.
{0c18]
According to present invention, there are provided the
S followings.
10 1]
An epoxy resin composition for encapsulating a semiconductor
chip comprising
(A) a crystalline epoxy resin,

(B) a phenol resin represented by general formula {1):

OH

ol OH
[i}{ CH, CH CH ' CH @ 1
®D, 2 ®RDY 1 2 ®RYD), )
®2), ®R2), R2), B2,

.15
} wherein R1 and R2 are independently hydrogen or alkyl having
1 to 4 carbon atoms and two or more Rls or two or more RZs are the
same or different; a is integer of 0 to 4; b is integer of 0 to 4;
c is integer of 0 to 3; and n is average and is number of 0 to 10,
2 (C) a (co)pelymer containing butadiene-derived structural

unit or its derivative, and
{D) an inorganic filler in the amount of 80 wt% tc 95 wt% both
inclusive in the total epoxy resin composition.

[0019]




(Rl)a (RR)b (R2)b (Rl )c n (R2)b (R2)b (Rl)a } wherein R and R2 are

i ndependent|y hydrogen or alkyl having d to 4 carbon atons and two

or nore Rils or two or nore R2s are the sanme or different; ais

integer of 0O to 4; bis integer of 0 to 4; 10 c is integer of 0 to 3;
and n is average and is nunber of 0 to 10; said (co)polyner or its
derivative (C) is an epoxidized polybutadiene conmpound (C1); and

said inorganic fiftder (D) is contained in the anmount of 85 w%to 95

wt % both inclusive in the total epoxy resin conposition. 15 [0020]

[3] The epoxy reshaeporpasistinaronpers iecicapsit abcagsal semocasdnttonductor
chip as described in [2], wherein the nunber average nol ecul ar wei ght

of said epbxpdrzetks2fibeol youtféadli ene conpound (C-1) is 500 to 4000

both inclusive. [0021] [4] The epoxy resin conposition for

encapsul ati ng a sentroinisgidphenhi peasnd&scrd berird e[t by aengral formula
conprising a curing accelerator (E). 9 [0022] [5] A sem conductor
devi c& whéfein a semiconductor chip is encapsulated with the epoxy
resin conmposition for encapsulating a 5 sem conductor chip as

described in any one of [2] to [4]. [0023] [6] An area nounting

type epoxy resfin conposition forfiencapsul ating UH

oS wiie gy tty 2)

R1)a (R2)b (RE}b (Rl)c (RE}b (R2)b (R1)a

wherein R1 and R2 are independently hydrogen or alkyl having
1 to 4 carbon atoms and two or more Rls or two or more R2s are the
same or different; a is integer of 0 to 4; b is integer of 0 to 4;
10 c is integer of C to 3; and n is average and is number of 0 to 10;
said {co)polymer or its derivative (C) is an epoxidized
polybutadiene compound (C-1); and
said inorganic filler (D) is contained in the amount of 85
wt% to 95 wt% both inclusive in the total epoxy resin composition.
5 [0020]
[3)
The epoxy resin composition for encapsulating a semiconductor
chip as described in [2],
wherein the number average molecular weight of said epoxidized
2 polybutadiene compound (C-1} is 500 to 4000 both inclusive.
[0021]
(4]
The epoxy resin compesition for encapsulating a semiconductor

chip as described in [2], further comprising a curing accelerator (E).



a sem conductor chip which is the epoxy resin conposition for 10
encapsul ati ng a sem conductor chip as degcribed in any one of [2] to
[4] used for encapsul ating an area nounting type sem conduct or

devi ce,

wherein a sem conductor chip is nounted on one side of the

substrate and substantially only the side of the substrate nounting
the sem conductor chip is encapsulated. 15 [0024] [7] An area
nmounting typgopem conductor device, wherein a sem conductor chip is
encapsul ated wth the area nounting type epoxy resin conposition for
encapsul ating a segiconductor chip as described 20 in [6]. [0025]
[8] The epoxy resin conposition for encapsul ati ng a sem conduct or
chip as descri bedai gethildondiztslre Helvicsavle phianal seasicon@Brtos chip is
represented by general formula (2): 10 H Hz HHz \ Hz " H (2)
(Rl) a (R2phcéBRR)bat(Rlkd tih CR2) bpoRR) bed Rl )muoerieinmRicanchdarlating a
i ndependent|y hydrogen or alkyl having 1 to 4 carbon atons and two
or noe Rbsmorondwciorr miriep R2sdeserilhed marmmyrndi Pfef@httoaldis
integer of O to 4; bis integer of 0 to 4;, 5 c is integer of 0 to 3;
and n is aVB¢age and is nunber of 0 to 10, wherein said (co)polyner
or its derivative éCD is a butadiene-acrylonitrile copolynmer (C2).
[0026] [9] [6]

10

15

Anareamounting type epoxy resincomposition forencapsulating
a semiconductor chip which is the epoxy resin composition for
encapsulating a semiconductor chip as described in any one of [2] to
[4] used for encapsulating an area mounting type semiconductor device,

wherein a semiconductcer chip is mounted on one side of the
substrate and substantially only the side of the substrate mounting
the semiconductor chip is encapsulated.

[00241

[7]

An area mounting type semiconductor device, wherein a
semiconductor chip is encapsulated with the area mounting type epoxy
resin composition for encapsulating a semiconductor chip as described
in [6].

[0025]

(8]

The epoxy resin composition for encapsulating a semiconductor
chip as described in {1],

wherein saidphenol resin (B) is representedby general formulia



10 The epoxy resin conposition for encapsul ati ng a sem conduct or
chip as described in [8] wherein said bytadi ene-acrylonitrile
copolynmer (GC-2) is a carboxyl-term nated butadi ene-acrylonitrile
copol ymer represented by general formula (3): HOOC-[ (Bu)x (ACN)y Z
COOH (3) 15 wherein Bu represents a butadi ene-derived structural
unit; ACN represents an acrylonitrile-derived structural unit; X is
positive nunber of less than 1; y is positive nunber of |ess than 1;
X +y = 1, ang z is integer of 50 to 80. 20 [0027] [10] 11 The
epoxy resin cofiposition for encapsul ating a _sem cdnductor chip as
described in ,@- ) 3 : @ @ | e copol yrrer(2)
(CG2) is conty : G AL 90 5 Wt % both

i nclusive in ®he 5(mmta1mamoxymWES|nm@@npoﬁmtlommh[0028] [11] The
epoxy resin conposition for encapsul ating a sem conductor chip as
described in [8] 10 wherein said inorganic filler (D) is contained in
the anobunt of 85wiweféim RA5amt R bot hindeglensieve 1y hydmedeot ab adgodyhaving
resin conmposition. [0029] [12] The epoxy resin conposition for
encapsul ati hg 4 sErigordessornd1Bvep rred@der Phetivd oy goref Reehare the

conprising a curing accel erator (E%
same or different; a is integer of 0 to 4; b is integer of 0 to 4;

5 ¢ is integer of 0 to 3; and n is average and is number of 0 to 10,

wherein said (co)polymer or its derivative (C) is a
butadiene-acrylonitrile copolymer (C-2).
[0026]

[21]

10 The epoxy resin composition for encapsulating a semiconductor

chip as described in [8]

wherein said butadiene-acrylonitrile copclymer (C-2) is a
carboxyl-terminated butadiene-acrylonitrile copolymer representedby

general formula {(3):

HOOC —F— (Bu), (ACN),~3— COOH (3)
15
wherein Bu represents a butadiene-derived structural unit;
ACN represents an acrylonitrile-derived structural unit; x is positive
number of less than 1; y is positive number of less than 1; x + y =
1; and z is integer of 50 to 80.
20 [0027]



[0030] [13] A sem conductor device wherein a sem conductor chip is
encapsul ated with the epoxy resin conposjition for encapsulating a 20
sem conduct or chip as described in any one of [8] to [12]. [0031]

[14] An area nounting type epoxy resin conposition for encapsul ating

a sem conductor chip which is the epoxy resin conposition for 25
encapsul ati ng a sem conductor chip as described in any one of [8] to
[12] used for encapsWgddynNgefimh ab8gcSDUHH Bgr LYPEpse M €OMEHERi conductor
device, wherein a sem conductor chip is nounted on one side of the

12 substr-atie apddasybsiwedizal Ipgignly the side of the substrate

mounting the sem conductor chip is encapsulated. [0032] [15] 5 An
area nounting typ&hsesinosaldtiort divineeacwhesel firdle SePcAgnBUC{Or2) is
chip is encapsulated with the area nounting type epoxy resin

conposi t i avntainedcapsiteatinognia cseli. 66nditiEttar Ochiptadotbsenchestive nn the
[14]. [0033] 10 [16] The epoxy resin conposition for encapsulating a
sem cdndudtrl ehppyasestescranpediitaohl], wherein said crystalline

epoxy resin éA) is represented by general forrmula (4): CH - /Xx-cx

0~x- o-carmP&¢8¢ (4) 1.RL ni (R %

[11]

The epoxy resin compogsition for encapsulating a semiconductor

E \www*f‘

chip as described in [8]

10 wherein said inorganic filler (D} is contained in the amount
of 85 wt% to 95 wt% both inclusive in the total epoxy resin composition.
[0029]

[12]
The epoxy resin composition for encapsulating a semiconductor

15 chip as described in [8], further comprising a curing accelerator (E).
[0030]

(13]

A semiconductor device wherein a semiconductor chip is
encapsulated with the epoxy resin compesition for encapsulating a

20 semiconductor chip as described in any one of [8] to [12].

[0031]

[14]

An areamounting type epoxyresincomposition for encapsulating
a semiconductor chip which is the epoxy resin composition for

25 encapsulating a semiconductor chip as described in any one of [8] to
[12] used for encapsulating an area mounting type semiconducter device,

wherein a semiconductor chip is mounted on one side of the



15 wherein X is group selected fromsingle bond,-O, -S and
-C(R2)2-; Rl is alkyl having 1 to 6 carhen atons; two or nore Ris are
the same or different; mis integer of O to 4; R2 is hydrogen or
al kyl having 1 to 4 carbon atons; and two or nore R2s is the same or
different, 20 said phenol resin (B) is represented by general fornula
(5 OHOH 4CH2CH2 Ht(51 0) (R)a(R)an (R)b (R2)b 13
wher ei n RL,886-2 airf sndeReRdenily M egensRle alekvhe MG akel Bodnt ing
carbon atons; two or nmore Rls or two of nore R2s are the sane or
differenttha bémiddregescddf Biboid; ehchssindteger of 0 to 4; n is
average and is positive nunber of 1 to 5 5 said (co) polynmer or its
derivativep(&]is a polybutadi ene having the intranol ecul ar oxirane
structure (C-3) with the oxirane-oxygen content of 3 %to 10 % both
i nclusive, and saitlsinorganic filler (D) is contained in the anount
of 85 wW%to 95 wt% both inclusive in the total epoxy resin
conposi tion; 10 andafem trmemitdomgpriypengeancapbxytaresievitcE) wherein a
represented by general formula (6): OCH CHCH2 OCH2CHCH2 H {6} O O
CH 0 CH2 AEhOceRIyeEed chipwhersgicaprRElahed R2 tar ehé mimpendent iy type epoxry
hydrogen or al kyl having

resin composition for encapsulating a semiconductor chip as described

in [14].
[0033]
10 {1l6]
The epoxy resin composition for encapsulating a semiconductor
chip as described in [1],
wherein said crystalline epoxy resin (A) 1s represented by

general formula (4):

CH,— CH—CH, O X 0— CH, —CH —
I @ @ TR ()
®RD R

D,
15
wherein X is group selected from single bond, -0-, -5- and
~C(R2).~; Rl is alkyl having 1 to 6é carbon atcoms; two or more Rls are
the same or different; m is integer of 0 to 4; R2 is hydregen or alkyl
having 1 tc 4 carbon atoms; and two or more R2s 1s the same or different,
20 said phenol resin (B) is represented by general formula (%) :

OH OH
(R1), 2 | ®1),” n ) (5)
(R2), (R2),



15 1 to 4 carbon atons; two or nore Ris or two or nore R2s are the
sane or different; ais integer of 0 toy;3, b is integer of 0 to 4,
and n is average and is positive nunber of 1 to 5. [0034] [17] 20
The epoxy resin conposition for encapsul ating a sem conductor chip
as described in [16], wherein said pol ybutadi ene having the

i ntranol ecul ar oxirane structure (C-3) has a viscosity of 20 Pas to

700 Pas both inclygbveinah 29d G2 dfe j[rﬁ%‘éhd[e%@lg_h%c@@%éfr 81 having
|

conposition for encapsul ating a sem conductor chip as described in
[16], furthes £eERHSI 88oms CWWNEragsed eat 8t two (02 mok808Hd drk9khePsame
sem conduct or device wherein a sem conductor chip is encapsul ated

W th the epodyffesdit conpesihtegef osf encapsyl at ipgiacddeserd corguet ofi is
chip as described in any one of [16] to [18]. [0037] [20] An area
nount i Ng bypeagpPoxyd resiprsdadpeshtumioar faf lencapgsul ating a

sem conductor chip which is the epoxy resin conposition for 15
encaps$ul ati ng a seaiddndiuctbynehipibsddescai e (Chianpodfybhitéfiiens having
[ 18] wused for encapsul ating an area nounting type sem conduct or

devi ce, whersilransemridenduct e bitpursuneunt@ed)onishetlsd deighnehexygen
substrate and substantially only the side of the substrate nounting

O,

content of 3 % to 10 % both inclusive, and
said inorganic filler (D} is contained in the amount of 85
; wt% to 95 wt% both inclusive in the total epoxy resin composition;
10 and
further comprising an epoxy resin (F) represented by general

formula (6} :

OCH,CHCH, OCH,CHCH,
o 0
CH CH 7 {6
ml@k { S O
R2), R2),

wherein R1 and R2 are independently hydrogen or alkyl having
15 1 to 4 carbon atoms; two or more Rls or two or mere R2s are the same
or different; a is integer of 0 to 3 , b is integer of 0 tc 4; and
n is average and is positive number of 1 to 5.
[0034]
(17]
2 The epoxy resin compesition for encapsulating a semiconductor
chip as described in [16],
wherein said polybutadiene having the intramclecular oxirane
structure (C-3) has a viscosity of 20 Pas to 700 Pa-s both inclusive

at 25 °C.



the sem conductor chip is encapsulated. 20 [0038] [21] An area
mounting type sem conductor device, whergin a sem conductor chip is
encapsul ated with the area nounting type epoxy resin conposition for
encapsul ating a sem conductor chip as described 25 in [20]. [0039]

[22] 15 The epoxy resin conmposition for encapsulating a

sem conductor chip as described in [1], wherein said crystalline

epoxy resifpog#h) is represented by general formula (4): C-12- CHC
ate( } x- z o-clL-c\ j (4) (R1% (R1%5 wherein X is group selected
fromsingle bond, (183, -S and -C(R2)2-; R is alkyl having 1 to 6
carbon atons; two or nore Ris are the sane or different; mis

integer of 0 to 4Th&2posymEliegedsnmys ialiloyl fohantagsdldnird eaehononductor
atons; and two or nore R2s is the sane or different, 10 said phenol
resin (B)chspreprésemieédddoyngéhéi al furtmad achb)is Oy GH cuQiGdZaCHRlélrator
t(53JDOI (Rl)a (u~ ~n~ (Rl)a n R2b (R2)b wherein R and R2 are

i ndepénden&bly hydrogen or al kyl having

[0036]
[(19]

A semiconductor device wherein a semiconductor chip is

R

encapsulated with the epoxy resin composition for encapsulating a
10 semiconductor chip as described in any one of [1l6] to [18].
[0037]

[20]

An areamounting type epoxy resincomposition for encapsulating
a semiconductor chip which is the epoxy resin composition for

15 encapsulating a semiconductor chip as described in any of [16} to {18]
used for encapsulating an area mounting type semiconductor device,
wherein a semiconductor chip is mounted on one side of the
substrate and substantially only the side of the substrate mounting
the semiconductor chip is encapsulated.
20 (0038]

[21]

An area mounting type semiconductor device, wherein a
semiconductor chip is encapsulated with the area mounting type epoxy
resin composition for encapsulating a semiconductor chip as described

25 in [20].
[0039]

[22]



1 to 4 carbon atons; two or nore R's or two or nore R2s are the sane
or different; ais integer of 0 to 3; bjigzs integer of 0 to 4, nis
15 average and is positive nunber of 1 to 5, and said (co)pol yner or
its derivative (C) is an epoxidized polybutadiene conpound (C1),
said inorganic filler (D) is contained in the amount of 80 w%to 94

wt % both inclusive in the total epoxy resin conposition; 20 further
conprising an epo%ﬂe%?@kgfﬁgthﬁﬁ%ﬁﬁﬁQﬁ%giﬁ%:&@%gﬁéﬂlaﬂf% Wygémﬁg%ﬁddé%or
OCH2; HCH2 OCH2CHCH2 cx20 Cx2 Ox (6) (Rl)a ao n -2)b (R2)b
whereln Rin 8p th R iivadepandent | y hydrogen or al kyl haV|ng l1to4
carbon atons; two or nore Ris or two or nore R2s are the sane or
different; a is |ipi&8eIn @il toydtalbins dpdixgoeesoh (Wit AsArepRdsedtdd by
is average and is positive nunber of 1 to 5; and wherein the wei ght
rati o [ (Fyéhéndl oforsaild €poxy resin (F) to said crystalline epoxy
resin (A represented by general formula (4) is 10/90 to 90/10 both
inclusive. [0040] 10 [23] The epoxy resin conposition for

; ribed in [22], wherein

|52a$§%hfgggi$hﬁr avez%aj

RD,,

.MNQE
]
.:‘j

wherein X is group selected from single bond, -0-, —-38- and
-C(R2)2-; Rl is alkyl having 1 to © carbon atoms; two or more Rls are
the same or different; m is integer of 0 to 4; RZ is hydrogen or alkyl
having 1 to 4 carbon atoms; and two or more R2s is the same or different,

10 said phencl resin (B) is represented by general fermula (5):

OH OH
CH; CH, H 5

@@m E @@jn )
R2), R2),

wherein Rl and R2 are independently hydrogen or alkyl having
1 to 4 carben atoms; two or more Rls or two or more RZs are the same
or different; a is integer of 0 to 3; b is integer of 0 to 4; n is
15 average and is positive number of 1 to 5, and
said (co)polymer or its derivative (C) is an epoxidized
polybutadiene compound (C-1},
said inorganic filler (D) is contained in the amount of 80
wt% to 94 wt% both inclusive in the total epoxy resin composition;
2 further comprising an epoxy resin (F) represented by general

formula (6):



[24] The epoxy resin conposition for encapsul ating a sem conduct or
chip as described in [22], further conpriging a curing accel erator
(E). 20 [0042] [25] A sem conductor device wherein a sem conductor
chip is encapsulated with the epoxy resin conposition for

encapsul ating a sem conductor chip as described in any one of [22]
to [24]. 17 [0043] [26] An area nounting type epoxy resin
conposition for encap&gﬁaéﬂeg a sem conduct or chi Q)(‘;“%@ﬁd—ls t he
epoxy resin compositi Zencapsul ating a sem condecyor 2chip as
described in any on to [24] used for en ul &inglan are
mounting type semc (e, & Hip |@)
nount ed on one si%&) S bstr @ onlyjthe side

of the substrate [ ol ‘ [

[0044] [27] An area nounting type-st [0 device, wherein a

sem conductor chip is encapsulated wwth the area nounting type epoxy

15 resin conposit woaréor RéngapRH are nqderseniecohdutdrogsm praslkyl having
described in [26]. [0045] [28] The epoxy resin conposition for
encapsul atli hg 4 sewotoatioes brtwo or more Rls or two or more RZs are the same

or different; a is integer of 0 to 3 , b is integer of 0 to 4; and
5 n is average and 1is positive number of 1 to 5; and

;ME wherein the weight ratio [(F)/(R&)] of said epoxy resin (F)

to said crystalline epoxy resin (A) represented by general formula
(4) is 10/90 to 90/10 both inclusive.
[G040]
10 [23]
The epoxy resin composition for encapsulating a semiconductor
chip as described in [22],
wherein sald epoxidized polybutadiene compound (C-1) has the
number average molecular weight of 500 to 4000 both inclusive.
15 [0041]
[24]
The epoxy resin composition for encapsulating a semiconductoer
chip as described in [22], further comprising a curing accelerator
(E).
20 [0042]
{25]
A semiconductor device wherein a semiconductor chip is
encapsulated with the epoxy resin composition for encapsulating a

semiconductor chip as described in any one of [2Z2] to [Z24].



20 chip as described in [1], wherein said crystalline epoxy resin (A
is represented by general fornmula (4): 16\ /x-cam QX )~-Y-1zo-cry-c\
jir (4) ""ml/ n, 1) mwherein X is group selected from single bond,
-0-, -S- and 18 -C(R2)2-; Rl is alkyl having 1 to 6 carbon atons;
two or nore Rls are the same or different; mis integer of 0 to 4;
R2 is hydrogen or alkyl having 1 to 4 carbon atons; and two or nore
R2s is thepsapge or different, said phenol resin (B) is represented by
general formula (5) OHOH QCH2 CH2 H(5) (Rl)s (Rl)an 5 (P-2)b
wherein R and R2[(asg i ndependently hydrogen or alkyl having 1 to 4
carbon atons; two or nore Rls or two or nore R2s are the sane or
different; a is ipnhegesmun@ihgtIpekposyiriiégeionpbs@tion4prrncapsulating
average and is positive nunber of 1 to 5 and 10 said (co)pol ynmer or
its derivat bgrit@)dusta diitadhend- Asryhorddady eecdpobympes{tt&) ;£cand
further conprising an epoxy resin (F) represented by general fornula
(6): OGCH, eHCERs QCH20OHCH, se@icOnCHRtOr GHRLD ad 8pcxrlibad (R2)dny RR2Ebol} a22l
15 wherein Rl and R2 are independently hydrogen or alkyl having 1 to
4 carbon &vofg4] tukedrfqroeacrRRsuUbRTIVD Y arsreMRRBT ARG TiRe swmaconductor
device,
wherein a semiconductor chip is mounted on one side of the
-m) substrate and substantially only the side of the substrate mounting
10 the semiconductor chip is encapsulated.
(00447
(27]
An area mounting type semiconductor device, wherein a
semiconductor chip is encapsulated with the area mounting type epoxy
15 resin composition for encapsulating a semiconcductor chip as described
in [26].
f0045]
(28]
The epoxy resin composition for encapsulating a semiconductor
20 chip as described in [1],

wherein said crystalline epoxy resin (A) is represented by

general fermula (4):

CH{—-CH——CH&(}m<C::>}~X 0 — CH,—CH—CH,
'
(RD,, ®RD,,

wherein X is group selected from single bond, -0-, -5- and



or different; ais integer of 0 to 3, bis integer of 0 to 4; and n

is average and is positive nunber of 1 g 5. [0046] 20 [29] The

epoxy resin conposition for encapsul ating a sem conductor 19 chip as
described in.[28] wherein said butadiene-acrylonitrile copolymner

(G2) is a carboxyl-term nated butadi ene-acrylonitrile copol yner
represented by general fornula (3): HOOC-+- (Bu). (ACN Yy, -OOCH (3)

5 wherei n_Byrtepriegenis A 14t agyene-deni y edirpohust sl tii b md¥eNR1s are
represents an acrylonitrilé-derived structural unit; x is positive
nunber of thessaridar differehtogitd varByebest oftd @ssre Ranhdradgen vroalkyl
1; and z is integer of 50 to 80. 10 [0047] [30] The epoxy resin

conposi ti aavieg lehsapsidiain Hgonss Sent aordicinofe RORI 15 aiedeserdbadifarent,
[ 28], wherein said butadiene-acrylonitrile copolyner (CG2) is 15

contai ned in the asbdnheoiol0rO&imt(#®)t bs Gepretsenbetitioy nehaseVefdmutlhe (5) :
total epoxy resin conposition. [0048] [31] The epoxy resin

conposition for qﬂﬁapsulating a sem conduct orqr20 chip as descri bed

in [28], wherein jthe fveight ratio [(F)/(A)] of the epoxy resin (F) to
the crystalline EBoxy rgiin (A) represented ene a&IfornuIa (A?ES)

2 2
koS
5 (R2), (R2),

. wherein R1 and R2 are independently hydrogen or alkyl having

(R1),

1 to 4 carbon atoms; two or more Rls or two or more R2s are the same
or different; a is integer of 0 to 3; b is integer of 0 to 4; n is
average and is positive number of 1 te 5, and
10 said (co)polymer or its derivative (C) is a
butadiene-acrylonitrile copolymer (C-2}; and
further comprising an epoxy resin (F) represented by general

formuila (6):

OCH,CHCH, OCH,CHCH,
NS N
- O O
L CH%‘:'}—A‘IIi:CHé H (ES)
(Rl)a (R]- )a n
(R2), (R2),
15 wherein Rl and R2 are independently hydrogen or alkyl having

1 to 4 carbon atoms; two or more Rls or two or more R2s are the same
or different; a is integer of 0 to 3, b is integer of 0 to 4; and n
is average and is positive number of 1 to 5.
[0046]

20 [29]

The epoxy resin composition for encapsulating a semiconductor



is 10/90 to 90/10 both inclusive. [0049] 20 [32] The epoxy resin
conposition for encapsul ating a sem condugtor chip as described in
[28], further conprising a curing accelerator (E). 5 [0050] [33] A
sem conduct or device wherein a sem conductor chip is encapsul ated

with the epoxy resin conposition for encapsulating a sem conductor
chip as described in any one of [28] to [32]. 10 [0051] [34] An area
nmounting tURE SROXYsELSIdY GeMpeshtion for encapsulating a

sem conductor chip which is the epoxy resin conposition for

encapsul ati ng a sqREcendUSIN HhiRiasedaseribett dinarypenemnet [28}) 1% a
to [32] used for encapsul ating an area nounting type sem conductor

devi ce, whehBbRya-seMaerdichofaditine -z ryount edi Do copel phete reprédented by
substrate and substantially only the side of the substrate nounting

t he sem caepdachdr fehiyd s{¥3ncapsul ated. 20 [0052] [35] An area
nounting type sem conductor device, wherein a sem conductor chip is
encapsul ated with the area nounting type epoxy resin conposition for
encapsul ating a sem conductor chip as described 25 in [34]. [0053]

HOOC —f— (Bu), (ACN),—J— COOH (3)
5
:M} wherein Bu represents a butadiene-derived structural unit;
ACN represents an acrylonitrile-derived structural unit; x i1s positive
nunber of less than 1; y is positive number of less than 1; x + y =
1; and z is integer of 50 toc 80.
10 [0047]

[30]
The epoxy resin composition for encapsulating a semiconductor
chip as described in [28],
wherein said butadiene-acrylonitrile copolymer (C-2) is
15 contained in the amount of 0.05 wt% to 0.5 wt% both inclusive in the
total epoxy resin composition.
[0048]
[31]
The epoxy resin composition for encapsulating a semiconductor
20 chip as described in [28],
wherein the weight ratio [(F)/(A)] of the epoxy resin (F) to
the crystalline epoxy resin (A) represented by general formula (4)
is 10/90 to 90/10 both inclusive.

[0049]



An epoxy resin conposition for encapsul ating a sem conductor 21 chip
according to the present invention can 3l ow for higher filling rate
of an inorganic filler and higher fluidity in conparison wwth the
prior art. The epoxy resin conposition for encapsulating a

sem conductor chip according to the present invention can, therefore,
5 exhibit good cured material properties such as warpage reduction in
a nmol ding and a regpced stress and good filling properties. Thus, it
is particularly suitable for an area nounting type epoxy resin

conposition for epfgappukaticig na-GRIPGINGUCE eﬁ@ég?s@&ti@zg a semiconductor
sem conductor device with the conposition. 10 BEST MODE FOR CARRYI NG

OUT THE | AVENTA ONie 30941 AR epoXy MesinRrCeBResisivd 4 Guring accelerator
encapsul ating a sem conductor 15 chip according to the present

i nvention(epntains the follow ng conponents (A to (D): (A a
crystalline epoxy resin, (B) a phenol resin represented by general
formulba (IPOS@H OHOH (( }} 4 OOcHcHOcH3 t | (R1), (R1).- n

(P-2~ (R1), 20 wherein Rl and R2 are independently hydrogen or al kyl
having 1 to 4 cafBdh atons and two or nore Rls or two or nore R2s

are the sane or different; ais integer of O to 4; b is integer of O
to 4; c is integlrsgiignandoradgvacesvhasetEye arhiconduaber @Hiw i
10, (C) a (co)polynmer containing butadi ene-derived structural 22
unit or ipgcg@@m¥Qﬁqq”§it§n§he epoxy resin composition for encapsulating a

’M} semiconductor chip as described in any cne of [28] to [3Z2].

10 [0051]

[34]

Anareamounting typeepoxyresincomposition forencapsulating
a semiconductor chip which is the epoxy resin composition for
encapsulating a semiconductor chip as described in any one of [28]

15 to [32] used for encapsulating an area mounting type semiconductor
device,

wherein a semiconductor chip is mounted cn cne side of the
substrate and substantially only the side of the substrate mounting
the semiconductor chip is encapsulated.

2 [0052]

[35]

An area mounting type semiconductor device, wherein a
semiconductor chip is encapsulated with the area mounting type epoxy
resin composition for encapsulating a semiconducteor chip as described

25 in [34].
[0053]

An epoxy resin composition for encapsulating a semiconductor



(D) an inorganic filler. The inorganic filler (D) is contained in the
amount of 80 wt% to 95 wt% both inclusikve in the total epoxy resin
conposition. 5 [0055] An epoxy resin conposition for encapsulating a
sem conductor chip having such a conposition can satisfyboth
requirements of reduction in thermal expansion by higher content of

the inorganic filler (D) } and reduction in elasticity by adding the
(co) pol yner; Baydg-a nt0tButiddieag=derimathiSidhushdrall dinicb r Aidies: £illing
derivative (C) Thus, the epoxy resin conmposition for encapsul ating a
sem condugh@e €hign exlilianS c iFAPIeyethd Iniigheky £1hedieed WaIRR@e ikBnawith
cured material and soldering resistance, which are required to an

area nounthagptype &€ camduehoky devigezonpieria icanfbe, ehbeseioneng a
nore reliable sem conductor device. 15 [0056] There will be detailed

an epoxy sesiinosdupiost thap faforddncaps ohatpmgeatsemaoniductan, chepefore,
according to the present invention. [0057] Crystalline epoxy resin

(A) 20 Examplibkstofoa cuystanéiael ®porypeesias (A)clusedwanpade sreduction in
invention include glycidyl ether of hydroqui none, bisphenol-F type
epoxy resiénsoldbhphenyla trpdecedosyressiarsl gopdeseht el Brapardrigls. Thus,
formula (7), stilbene type epoxy resins represented by general _
formul a (8F afRdrepokgitasithsuitaplestnt el B e MOAt 1ner hviPa %Y 23sin
[0058] 23 R3 R6 R7T RIO HZCO H2 Q0 /-, O H2 CO CH2 (7) R4 RS R8 RO

| wher ei FORBOEHLRAD faF EFRSHRR1BY 2T FACHAVCHE T - iPorne & yepdronductor

.y device with the composition.

10

BEST MCODE FOR CARRYING OUT THE INVENTION

[0054]
An epoxy resin composition for encapsulating a semiconductor
15 chip according to the present invention containg the following
components {A) to (D):
(A) a crystalline epoxy resin,

(B) a phenol resin represented by general formula (1):

OH OH OH
CH, CH H—C}I CH 4‘ 1
21 e, O
(R2), R2), h R2),

11’.
®2 (R1)

20 wherein R1 and R2 are independently hydrogen or alkyl having
1 to 4 carbon atoms and two or more Rls or two or more RZs are the
same or different; a is integer of 0 to 4; b is integer of 0 to 4;
¢ is integer of 0 to 3; and n is average and is number of 0 to 10,

(C) a {(co)pelymer containing butadiene-derived structural



atons and are the same or different. [0059] R11 R14 R17 R20 H2CY®/ C-
H2 OHQ f 2 HH (8 H2 R15 R16 z 0 55R12 R13 R18 R19 wherein R11
to R20 are hydrogen or alkyl having up to 4 carbon atons and are the
sanme or different. [0060] 0112 CHCIL, 0 X C1-C-L -CQ Clz 0 (4) O
(R) m(RI1~ m10 wherein X is group selected fromsingle bond, -0-,
-S- and -C(R2)2-; Rl is alkyl having 1 to 6 carbon atons and two or
nmore Rls pake bheisampAradiifkergna; mis integer of 0 to 4, R2is
hydrogen or alkyl having 1 to 4 carbon atons and two or nore R2s are
the same or diffeppnin koALREE sPheael resin (B) A phenol resin (B)
used in this invention is represented by general formula (1): 24 OH

OHOHr } Cl72 0 Oh&€H2rorG@HIiE) fTHI (D) lis pohtdihel)ion the3moRhiacf 80 wt$

wherein RL and R2 are independently hydrogen or alkyl having 1 to 4
carbon at aps95awds thclorinmiueiResior thevoc@ralnepexR2secate tdmposition.

5 [0055]

An epoxy resin composition for encapsulating a semiconductor

chiphavingsuchacompositioncansatisfybothrequirementsof reduction

in thermal expansion by higher content of the inorganic filler (D)

\) and reduction in elasticity by adding the (co)polymer having a

10 butadiene-derived structural unit or its derivative (C). Thus, the

epoxy resincomposition for encapsulating a semiconductor chipexhibits

improved fluidity, reduced warpage in a cured material and soldering

resistance, which are required to an area mounting type semiconductor

device. There canbe, therefore, more reliable semiconductor device.

15 [0056]

There will bhe detailed an epoxy resin composition for

encapsulating a semiconductor chip according to the present invention.

[0057]

Crystalline epoxry resin (A)

2 Examples of acrystalline epoxyresin {(A) usedinthis invention

include glycidyl ether of hydroquinone, bisphenol-F type epoxy resins,

biphenyl type epoxy resins represented by general formula (7), stilbene

Lype epoxy resins represented by general formula (8) and epoxy resins

represented by general formula (4).

25 [0058]



sane or different; ais integer of O to 4; bis integer of O to 4; 5
c isinteger of 0 to 3; n is average ands s nunber of 0 to 10.

[ 0062] (Co)pol yner having a butadi ene-derived structural unit or its
derivative (C) A (co)polyner having a butadi ene-derived structural
unit or 10 its derivative (C) used in this invention (hereinafter,
sonetinmes sinply referred to as "(co)polymer or its derivative (Q")
is a (co) polynmer or its derivative (C , which is prepared from
but adi ene as a nonomer. {00636 Fhe (E‘m]) polymer or its derivative (C

may be an epoxidizegd 15 poly e conpouynd (G- 1), a

but adi ene-acrylppiirid e 0-Of — | ybut adi ene havi

oxi rane structuree‘-; CH). These nds ki |14’ e descri bed Iat£.?'))JI
[ 0064] Inorganlcflllercf&) ’%{Ff% inmgrganic filler (D) used in this
invention may be selecte fro hose "general | y used for an epoxy

resin conposition for encapsulating a sem conductor chip. [0065]

These may i ncl udevheseth &3] te&10caysthaldriogenset iaday lserondary 2% 4 carbon
aggregated silica, alumna, titaniumwhite, alum num hydroxide, talc,
clay and gtems snbere \Mhecﬁamyobedyéﬁ%lf%ﬂfone or in conbination of

two or rmre Fused silica is particularly preferable. Fused silica

may be in[PReformof nilled particles or spheres. Mre preferably, 5
spherical silica my be used for increasing its content and

mnimzing increase imgmelt mqscosgﬂ;ry ofgs@n epoxy resin conposition.

I n~order to increase th t hérical silica, it is

desirable to t -
ﬁﬂ{u—%—ﬁz—o 0—¢ C\Usz (8)

R15 R16
R12 R13 R18 R19

5
wherein R11 to RZ20 are hydrogen cr alkyl having up to 4 carbon
atoms and are the same or different.
[0060]
CHQ——W CH—CH, 0@— @ —i::H2
No oo (4)
(R1)

10 wherein X is group selected from single bond, =-0-, -S- and
-C{R2),—; Rl is alkyl having 1 to 6 carbon atoms and two or more Rls
are the same or different; m is integer of 0 to 4; R2 is hydrogen or
alkyl having 1 to 4 carbon atoms and two or moré RZs are the same or
different.

15 [0061]

Phenol resin (B)

A phenol resin (B) used in this invention is represented by

general formula (1):



size distribution of the spherical silica to be relatively w der.

[0066] 10 Furthernore, an inorganic fillgr may be, if necessary,
surface-treated with a coupling agent, an epoxy resin or a phenol

resin. Surface treatnment nay be conducted by appropriate process

such as renoving a solvent after blending themin the solvent and
directly adding the additives to an inorganic filler to give a

m xture which 15 is then treated using a mxer. [0067] An epox

resin conpoQXi for encapsul ating i conductor chip acc i ng

to this inyen 0 onponents ( o (D
descri bed e G, F) an{'])
a silane ) (B cur.ing
accel erat tE) mayphe sel ect from pRgﬂy part |ar R,
restrictions, those capable o chelerating edttion of an epoxy
group with a phenolic hydroxyl group, including diazabicycl oal kenes

and their derivat whesesudil asd H2 8vdi azddpeandana(y, dyd)egeecenel iyl 26ving
or ganophosphi nes and their derivatives such as triphenyl phosphi ne and
met hyl di pRenyl phospgiimetoasd and two or more Rls or two or more RZ2s are the
tetra-substitutedphosphoni untetra-substitutedborates such as

t et r aphenyieposphehf et ettraphdsyiboeaee, o5 0 to 4; b is integer of 0 to 4;
t et raphenyl phosphoni unt et r abenzoi c acid borate,

t et r aphenyl pRodpheACEING BT ditaptit Roité A¥PHA®RDrate,is number of 0 to 10.

t et-r aphenyl phosphoni uni t et r anapht hoyl oxyborate, and
teLﬁaphenﬁpBﬁgéphoniuntetranaphthyloxyborate. These may be used

(Co)polymer having a butadiene-derived structural uvnit or its

derivative (C)

A (co)polymer having a butadiene~derived structural unit or
10 itsderivative (C) usedinthisinvention (hereinafter, sometimes simply
referred to as "{co)pclymer or its derivative (C)") is a (co)poclymer
or its derivative (C), which is prepared from butadiene as a monomer.
[0063]
The (co)polymer or its derivative (C) may be an epoxidized
15 polybutadiene compound {C-1), a butadiene-acrylonitriie copoclymer
(C-2) or a polybutadiene having an oxirane structure (C-3). These
cempounds will be described later.
[0064]

Inorganic filler (D)

2 An inorganic filler (D) used in this invention may be selected
from those generally used for an epoxy resin composition for
encapsulating a semicconductor chip.

[0065]

These may include fused silica, crystalline silica, secondary



al one or in conmbination of two or nore. 10 [0069] Epoxy resin (F) An
epoxy resin (F) may be an epoxy resin represented by general fornula
(6): OCH2CHCH2 OCHO; HCH2 O O CH2 CH2 OH (6) (Ri)a (R)s n (R2)n
(R?)n 15 wherein R and R2 are independently hydrogen or al kyl having
1 to 4 carbon atons and two or nore Rls or two or nore R2s are the
sanme or different; ais integer of O to 3; b is integer of 0 to 4;

and n is é&@%@@&t@@@1!L§c90%1'lh&n\:£%anbt@%%ﬁmﬂfn th;lFt% 5aldianQq7ﬁi|h g%ﬁdeanﬁalc,

coupling agent (G A silane coupling agent (Q nay be a corrpoun

represent edabyang@ener figeryl ani8h ndy LRI RioSk (&R} .LBadiRat Ydn of

wherein R3 is an organic group having 1 to 12 carbon atonms; R4, RS

and R6 ar@waﬁHQ@@ébonF@@Mﬂ@glichQuﬂ%a@ﬁib@Daﬁip@EefEBabIeF5IﬁﬁkﬁiEDEica
same or different; and nis integer of 1 to 3. 5 [0071] O her

conmponent sakrbadeessarfsrranpiepoklyed eairiicdaposi tphares. t ierd prefitraniy,

may appropriately contain, in addition to conponents (A) to (G

descriSbedspaboyeal @iy ick mear beusscadtvt ivesgasiod udsngpri@ra aad mialimizing

wax such as carnauba wax;
increase in melt viscosity of an epoxy resin composition. In order
to increase the content of spherical silica, it is desirable tc adjust
size distributicn of the spherical silica to be relatively wider.

) [0066]

10 Furthermore, an inorganic filler may be, if necessary,
surface-treatedwith a coupling agent, an epoxy resin or a phenol resin.
Surface treatment may be conducted by appropriate process such as
removing a solvent after blending them in the solvent and directly
adding the additives to an inorganic filler to give a mixture which

1% is then treated using a mixer.

[0067]
An epoxy resin composition for encapsulating a semiconductor
chip according to this inventionmay contain, in addition to components
(A) to (D) described above, a curing accelerator (E), an epoxy resin
20 (F) and a silane coupling agent {G).
[0068]

Curing accelerator (E)

A curing accelerator (E) may be selected from, without any
particular restrictions, those capable of accelerating reaction of
2 an epcxy group with a phenolic hydroxyl group, including
diazabicycioalkenes and their derivatives such as

1,8-diazabicyclo{5, 4, 0}undecene-7;



a synthetic wax such as pol yethyl ene wax; a higher fatty acid or its
nmetal salts such as stearic acid and zipng stearate; a nold rel ease
such as paraffin; 15 a coloring agent such as carbon black and red
ocher; a flane retardant such as brom nated epoxy resins, antinony
trioxide, alum num hydroxi de, nagnesi um hydroxi de, zinc borate, zinc
nol ybdenum oxi de, phosphazene and phosphorous conpounds; an inorganic
i on exchanger sucBrganbbissaitiny dechydeat egeaneht 3R A shew gkress
conponent such as silicone oils and rubbers; and an anti oxi dant.
[0072] Anteppk¥nyeshdsmomeosink eatbildhbisen yiverispbingayahe prepared
by m xi ng conmponents (A) to (G and other additives at anbient
tenperature 28 uskhga-§@hexiadieRl pradEpkRni ukineadiargubbel ghkédaperatdhsuch
heati ng by kneading neans such as a roller mll, a kneader and an
extruder, aagndetoaphagyl@nsgghen uniddtimghthelhoxstee. [0073] 5 For
manuf acturi ng a sem conduct or devi ce by encapsulating an electronic
part such tasrapienytpnekpitcrivohi g nadiengodn epoddtybowsiay  conposition
of this invention, curing nolding nmay be conducted by a conventi onal
mol di ng pretesshsughplasspransinere tmsindiphghod onpeed sharetawl di ng and
injection nolding. Oher nethods involved in 10 manufacturing a

seni condu¢ESEABRTN ¢EPRRPISEISEY E6t EanRPioRh el IX¥aRE R S nBBiflods. I n
particul ar, an epoxy resin conposition of this invention is nost

sui t abl e f6EraRhgREEPRRRTAHEN Ye ernebrdasyoer#eti c & neprefayr g used

enbodi ment s (of Lhi 5,1 yENtlon W Ll be,deperibed.  [0074)

10 [0069]

Epoxy resin (F)

Bn epoxy resin (F) may be an epoxy resin represented by general

formula (6):

OCH,CHCH, OCH,CHCH,
N/ N/
O 0
O ) ™ © ©
(R1), R1), n
(R2), (R2),
5 wherein R1 and RZ2 are independently hydrogen or alkyl having

1 to 4 carbon atoms and two or more Rls or two cor more RZs are the
same or different; a is integer of 0 to 3; b is integer of 0 to 4;
and n is average and is pcositive number of 1 to 5.

f0070]

20 Silane ccupling agent (G)

A silane coupling agent (G) may be a compound represented by

general formula (9}):




15 Enbodi nent 1: An epoxy resin conposition for encapsul ating a

sem conductor chip of Enbodinent 1 contains the follow ng conponents

(A to (E): (A a crystalline epoxy resin, (B) a phenol resin

represented by general formula (2), 20 (C1) an epoxidized

pol ybut adi ene conpound, (D) an inorganic filler in the amobunt of 85

Ww%to 95 wt% both inclusive in the total epoxy resin conposition

and (E) a curing accelerator. The epoxi di zed pol ybut adi ene conpound

(CG1) is contained in 25 the anbunt of 0.05 wt %to 5 w % both

inclusive in the total epoxy resin conposition. [0075] 29 H OH éf(

\\JJ Hz H Hz f Hz (R — NRDSRARSHORDLREBL).c (R2 )b (R)b (RI){ )

wherein RL and R2 are independently hydrogen or alkyl having 1t

carbon atonms and two or nore RIs or two or nore R2s are the same or

different; ais integer of O to 4, bis integer of O to 4; 5c is

integer of O to 3; and n is average and is nunber of 0 to 10. [0076]

Such an epoxy resiwheceipdsi tisoanfe@rgancapsubpthangiray lseo toroudioor atoms;

chip can neet both reduction in thernmal expansion by higher content

of the inBAgaRbcand [HeepreDhydnetawduchpvangnl eladid carpontabhymsxd@dsdngo RO

t he epoxi di zed pol ybut adi ene conpound (C-1). The epoxy resin

conposi t i enef ehe epapseit atliffgransenpedndued omteiey e§ hi §Rl Y- fl uent

and thus has inproved filling properties. Furthernore, the epoxy

resin® corPB<ilii on for encapsul ating a seniconductor chip can provide

a nol di ng
{0 Other compcnents

In necessary, an epoxy resin composition of this invention
mayappropriatelycontain, inadditiontocomponents {A) to (G) described
above, any of various additives, including

10 a natural wax such as carnauba wax;

a synthetic wax such as polyethylene wax;

a higher fatty acid or its metal salts such as stearic acid
and zinc stearate;

a mold release such as paraffin;

15 a coloring agent such as carbon black and red ocher;

a flame retardant such as brominated epoxy resins, antimony
trioxide, aluminum hydroxide, magnesium hydroxide, zinc beorate, zinc
molybdenum oxide, phosphazene and phosphorous compounds;

an inorganic ion exchanger such as bismuth oxide hydrate; and

2 a low stress component such as silicone oils and rubbers; and
an antioxidant.
(0C72]
An epoxy resin composition of this invention may be prepared

bymixingcomponents (A) to (G) andotheradditivesat ambient temperature



exhi biting excellent cured nmaterial properties such as reduced

war page 15 and sol dering resistance. The gonposition can be,

therefore, significantly effective to give a highly reliable

sem conduct or device. As described above, the epoxy resin

conposition for encapsulating a sem conductor chip of this

enbodi mrent can be suitably used for an area nounting type

sem condugisahgdeviresampleThelieaM, |dncbaisgeskiicaliry wvdestekbeflgby kneading
Enbodi ment 1. [0077] Crystalline epoxy resin (A) Exanples of a
crystal |l i mez@poxychess i Allusediin Briradeaentand annekudegdyciayd cocling
et her of hydroqui none, bisphenol-F type epoxy resins, 30 biphenyl

type epoxyndeshas meplasentted mhwtgeneral forrmula (7) and stil bene

type epoxy resins represented by general formula (8). [0078] R3 R6

R7 RI0 HZQWOTY3{C-Oo0-CGc_CHZ 1'71 H2 2 01 1 R4 R5 R8 R9 5 wherein

R3 to R10 are hydrogen or alkyl having up to 4 carbon atons and are

the sd&ire or diffefentnafOFrIUrRIY RESTREPNERROL $7 Ce7 CCEL0eNCHPSON Mg an
(8 0 R15 16 0 R12 R13 R18 R19 wherein Rl11 to R20 are hydrogen or _
al kyl haviedgThponec4apresl boirh B &t 6RBLEAERR 0T HE LS 16 dnf PREENILSSIN
[ 0080]

compesition of this invention, curing molding may be conducted by a
conventional molding process such as transfer molding, compression
:WE molding and injection molding. Other methods involved in
10 manufacturing a semiconductor device may be selected from well-known
methods. In particular, an epoxy resin composition of this invention
is most suitable for an area mounting type semiconductor device.
Preferred embodiments of this invention will be described.
[0074]

15 Embodiment 1:

An epoxy resin composition for encapsulating a semiconductor
chip of Embodiment 1 contains the following compenents (A) to (E):
{A) a crystalline epoxy resin,
(B) a phenol resin represented by general formula (2),
2 (C-1) an epoxidized polybutadiene compound,
(D) an inorganic filler in the amount of 85 wt% to 95 wt% both
inclusive in the total epoxy resin composition, and
(E}) a curing accelerator.
The epoxidized polybutadiene compound (C-1) is contained in
25 the amount of 0.05 wt% to 5 wi% both inclusive in the total epoxy resin
composition.

[0075]



These epoxy resins is solid at anbient tenperature so that it

exhi bits good handling properties, and hag |ow nelt viscosity during
nol ding. A lower nelt viscosity can inprove fluidity of the epoxy 15
resin conposition for encapsul ating a sem conductor chip and al |l ows

for filling the inorganic filler at higher concentration. Thus,

noi sture resi stance can be inproved and difference in coefficient of
| i near expansion can be reduced, resulting in inproved properties as
a nol ding. 20 [0081] Preferable gxanples of the biphenyl type epoxy

resin 31 repr sented by gener al forrrula (7
a 4 )
ia onpounds, V\/n{c:]

4 4' -diglycid 3'
-dlegC|dbe {ﬁiiﬁ?*dibi@ MY LW '

are wel | - bal amoed | nrawor ke | i tygnand” {mmactmmabllmmw 5 [0082]
Preferabl e exanples of the stil bene type epoxy resin represented by
general formula (8) include

5-tert-butyl -4, 4" sgleyeidyR} 2n8' RD5'arter i néépgrcddridllyehedrogen or alkyl having
4,4 -diglycidyl-3,3 ,5,5 -tetranethylstil bene and a fused m xture of

10 t hese clorpodndsrbwhi zhoms engeltkvobak aneedl Rls wor kabi brtyosmdi2s are the
practicability. [0083] Such a crystalline oxy resin (A my be used

i n combi nat@msn crwili hfaherthera dpoipteasrnot 1@ Wheri bsitAgiphess’ et 0 to 4;
conmbi nation, the content of the crystalline epoxy resin (A) is

pref erbl ¢ dtS L8&§EST00M Yot Grow e3pefet AN 6F TEFEST fUr thér 10-
preferably 50 wt% or nore in the total epoxy resin. The crystalline
epoxy resi (ﬁ@ can be added within the above range,

Such an epoxy resin composition for encapsulating a
semiconductor chip can meet both reduction in thermal expansion by
higher content of the inorganic filler (D) and reduction in elasticity

10 by adding the epoxidizedpolybutadiene compound {C-1). Theepoxyresin
composition for encapsulating a semiconducter chip is highly fluent
and thus has improved fillingproperties. Furthermore, the epoxyresin
composition forencapsulatinga semiconductor chipcanprovideamolding
exhibiting excellent curedmaterial properties such as reduced warpage

15 and soldering resistance. The composition can be, therefore,
significantlyeffectivetogiveahighlyreliable semiconductordevice.
As described above, the epoxy resin composition for encapsulating a
semiconductor chip of this embodiment can be suitably used for an area
mounting type semiconductor device.

2 There will be specifically described Embodiment 1.

[0077]

Crystalline epoxy resin (A)

Examples of a crystalline epoxy resin (A) used in Embodiment

linclude glycidyl ether of hydroguinone, bisphenol-F type epoxyresins,




to inprove fluidity of an epoxy resin conposition for encapsul ating
20 a sem conductor chip. [0084] Exanpl eggof an epoxy resin which can
be conbined include, but not Iimted to, phenol novolac type epoxy
resins, cresol novolac type epoxy resins, triphenol methane type
epoxy resins, phenol aral kyl type 25 epoxy resins, naphthol type epoxy
resins, naphthal ene type epoxy resins, alkyl-nodified
tri phenol gebRane tiy: RRRXY; KBSHAS, r SPIRY B geABEAl Fd8wla (7) and
triazine-core and dicyclopéentadi ene-nodi fi ed phénol type 32 epoxy
resins, watehbésd B@H-dISd:@ @BLiAE oLl bgngehetdD OSrmIL. (8)L.1
is desirable that an epoxy resin conbi ned has viscosity as | ow as
possi bl e ffog7ayoi di ng deterioration in the advantageous property of
the crystalline epoxy resin, that is, lower nelt viscosity during 5
nol di ng. [0085] Phenol resin &ﬁ% A phenol resin (B) used in this
enmbodi ment may be a phend® . Hsented by general formula (2).
10 The phenol resin represgnted by—gsneral fgrrmula (2) has a
hydr ophobi c andﬂchLd}bUe-“ 2 c—be#meﬁﬂzphenolic hydrox@}f)
groups. Thus, thejgphehol r vi ng & bigphenyl ene noiety c
be used to reduce warpagey RiCAY py oduct (nol di ng) of an epoxy
resin conposition for encapsulating a sem conductor chip.
Furthernore, 15 the nol ding has reduced noi sture-absorption rate, has
| ower Sel asticity "AsBeHRuSS Ro Hildhate ERoe e T dide lobeying URnge 4 carbon
exhj bits good adhesiveness to a sem.conductor chip, an organic

H5AES 2 e

substrate t e t5P8Ce O F<d'ras features that it is
hi ghly flaﬁﬁ-é si stance and exhibits higher heat resistance in spite
of its | ow’eldsslinking density.

R11 R14 R17 R20

H H
H,C~C —C—0 — Q 0—C—C—H, (8)
o R R15 R16 LI
R12 R13 R18 R19

wherein R11 to R20 are hydrogen or alkyl having up to 4 carbon
10 atoms and are the same or different.
[O080]

These epoxy resins is solid at ambient temperature so that
it exhibits good handling properties, and has lowmelt viscosity during
molding. A lower melt viscosity can improve fluidity of the epoxy

1% resin composition for encapsulating a semiconductor chip and allows
for filling the inorganic filler at higher concentration. Thus,
moisture resistance can be improved and difference in coefficient of
linear expansion can be reduced, resulting in improved properties as
a molding.

20 [0081]

Preferable examples of the biphenyl type epoxy resin



20 [0086] In the light of curing properties, the phenol resin
represented by general fornula (2) is preferably a phenol resin
represented by general forrmula (10). [0087] 33 OHOH OH 'f ~} H2 1
| H\ HZz 1 H2\ ( 1 0) n wherein n is average and is nunmber of 0
to 10. In general fornmulas (2) and (10), when n is within the above
range, fluidity of a resin conposition during nolding can be

i nproved, o5, E8SHELL MY, HBnLRET 6R3&W1R ¢oNtieRh Ok 2N i DT PaRIiGi bl bRERY],
whi ch can contribute to”l owering hygroscopicity and reduction’in

war page. 3] 808§] 5 The.phenaln /el 0 ' Lepsesed £t iRy cagner afrorstul i e of

used in Enbodinment 1 can be used in conbination wth another phenol
resin. 1@n¥hencespiehddemdirhcanrbi patl opsldhecant esrikabil ey pienol
resin (B) represented by general forrmula (2) is preferably at | east
10 wt % mpiactpesberably 30 wt% or nore, further preferably 50 wt % or
nore in the total phenol resin. The phenol resin (B) can be added
w thirs thdoabave range to provide an epoxy resin conposition
exhibiting low elasticity 15 at high tenperature and | ow
hygroscopicity, aRdeferaibhbr goorplashesi tbaessibrmhd [tape cpskyt apgen
[ 0089] Exanpl es of a phenol resin which can be used in conbination

i ncl ude, beprasentéedikediangraghdénomuhay 6 acir@sides, cresol novol ac
20 resins, napht hol araIKyI resins, triphenol methane resins,

t er pene- noditerédbphehot - 4 esilysidgilcy e P opent bditatdwisdif Paae phenol
 j} 4,4'-diglycidyl-3,3',5, 5" —tetramethylstilbene and a fused mixture of

10 these compounds, which are well-balanced in workability and
practicability.
[0083]

Such a crystalline epoxy resin (A) may be used in combination
with another epoxy resin.

15 When using them in combination, the content of the crystalline
epoxy resin (A) is preferably at least 10 wt%, more preferably 30 wt%
or more, further preferably 50 wt$% or more in the total epoxy resin.
The crystalline epoxy resin {A) can be added within the above range,
to improve fluidity of an epoxy resin composition for encapsulating

20 a semiconductor chip.

[0084]

Examples of an epoxy resin which can be combined include, but
not limited to, phenol novolac type epoxy resins, cresol novolac type
epoxy resins, triphenclmethane type epoxy resins, phenolaralkyl type

2 epoxy resins, naphthol type epoxy resins, naphthalene type epoxy resins,
alkyl-modified triphenolmethane type epoxy resins, epoxy resins

containing triazine-core and dicyclopentadiene-modified phenol type



resins and phenol aral kyl resins having a phenyl ene noiety. These
can be used alone or in conbination of typ or nore. For higher
content of the inorganic filler, it is preferably of |ow viscosity
as with 34 an epoxy resin. [0090] An equival ence ratio of the nunber
of epoxy groups in the total epoxy resin to the nunber of phenolic
hydroxyl groups in the total 5 phenol resin used in Enbodinment 1 is

pr ef er abl ol 5402 Dot Il BEhUSI UBeq R SHLALMPLERELARLY folod fore.

1.5 both sive. Wen the eqU|va ence ratio is wthin the above

range, an I%IO%YdéseiSJdM%OHHQ@'éﬂ %@ox&%e@ﬂ?%ﬁ%ﬁﬁéﬁ%@v%%@b%@@?% Qbw as
chip which provides a nolding exhibiting good noisture resistance

and curingoR:E9BeEt 688 .aveaning dd@:ohiitnes. 1H 088l advEpexydbéetroperty of
pol ybut adi ene conpound (C-1) An epoxi di zed pol ybut adi ene conpoung

(G 1) usedhencegbodinemd egbxyyelen, buhabols) iTouadnotr @igespDUNturing
represented by general formula 15 (11). [0092]

R21- CHR2- ( @idZdChegKCH- CH) k(CHZ-CH) i (Cl - LL-CHCH-CH M CHCH), HCH o ¢

o~ (11 } wherein k, 1, mand n are integer of 1 to 50; R21 has

structure [00O8piesented by CpHg; p is integer of O to 10; and q is
integer of 1 20 to 21. A content of the epoxidized pol ybutadi ene
conpound (EBebpli sespref®rably 0.05 wt%to 5 wt % bot h incl usi ve,
particularly preferably 0.1 w %to 2 wt % both inclusive in the

total epoxy resin?cBhpos}tiemin (Pieusedt bnttivig mmbodhBeRboIRY ihge phenol

nay result in reduction in elasticity
resin represented by general® formula (2).

10 The phenol resin represented by general formula (2) has a
hydrophobic and rigid biphenylene moiety between phenolic hydroxyl
groups. Thus, the phenol resin (B) having a biphenylene moiety can
be used to reduce warpage in a cured product {(molding) of an epoxy
resincomposition forencapsulatingasemiconductorchip. Furthermore,

15 the molding has reducedmoisture~absorpticon rate, has lower elasticity
modulus in high temperature range over Tg and exhibits good adhesiveness
to a semiconductor chip, an organic substrate and a metal substrate.
It alsc has features that it is highly flame-resistance and exhibits
higher heat resistance in spite of its low crosslinking density.

2 [0086]

In the light of curing properties, the phenol resin represented
by general formula (2) is preferably a phenol resin represented by
general formula (10).

[0087]



25 nmodul us and f urther |owering of viscosity of the epoxy resin
conposition. 35 [0093] In addition, thegnunber average nol ecul ar
wei ght of the epoxidized pol ybutadi ene conpound (C-1) used in this
enbodi ment is preferably 500 to 4000 both inclusive. The nunber
average nol ecular 5 weight within the above range may result in
reduction in elasticity nodulus of the epoxy resin conposition and
desired viscosity. [0094] Inorganic filler (D) An inorganic filler
(D) used in Enbodinent i maybe the inorganic 10 giller descri bed

above. A contdht of the inorganfc filler used in ?&his embodi nent s

85 wt %to 9 % i usi Jr £7r apFy 87 % to 93 Wtoﬁ'qc@')
inclusive in yﬁ{ i, |CRnPos ON§, n the content Of

t he inorganic fil'ler (D) is within'the above range, a nolding

prepared nmay have adequately reduced hygroscopicity and 15 thernma
expansion, resulting in good soldering resistance and reduction in

war page in a senm sbadethor dewveeagEurhber somenbdt wdik ywoofl0an epoxy
resin conposition for encapsul ating a sem conductor chip can be

i mproved, so that Intgemrdle freninhds y(X)i Rhdd(dur.i mhenot disngiahdn tthgs above
probl enms such as gold-wire deformation can be prevented. 20 [0095]
Curing acé&eneeatiGriCEl vk arigsy aceapetdtion ¢uyingsglihngAsedparerpreved,
may be the above conpound. [0096] 25 O her conponents An epoxy . .

resi n ‘conpESPt-FoRY o t i sasBod P neRbteRly YomtailtRorHaN 16t heyler, which can

conponents descri bed above in addition to conponents, (A), ,
.#E contrgbute to lowering hygroscopicit&ngnd redugt%on(E% warpage.

(00881
The phenol resin represented by general formula (2} used in
Embodiment 1 can be used in combination with another phenol resin.
10 When using them in combination, the content of the phencl resin (B)
represented by general formula (2) is preferably at least 10 wt%, more
preferably 30 wt% or more, further preferably 50 wt% or more in the
total phenol resin. The phenol resin (B) can be added within the above
range to provide an epoxy resin composition exhibiting low elasticity
15 at high temperature and low hygroscopicity, and further good
adhesiveness and flame resistance.
[0082]
Examples of a phenol resin which can be used in combination
include, but not limited to, phenol novolac resins, cresol novolac
2 resins, naphthol aralkyl resins, triphenolmethane resins,
terpene-modified phenol resins, dicyclopentadiene-modified phenocol
resins and phenol aralkyl resins having a phenylene moiety. These

can be used alone or in combination of two or more. For higher content

of the inorganic filler, it is preferably of low viscosity as with



36 (C1), (D) and (E) Furthernore, the conposition nmay appropriately
contain, if necessary, any of various additives including a silane
coupling agent such as epoxysil anes, nercaptosil anes, am nosil anes,
al kyl sil anes, ureidosilanes and vinyl silanes and coupling agents such
5 as titanate coupling agents, alum num coupling agents and
al um nunt zi rconi um coupl i ng agents. [0097] An epoxy resin conposition
of Embodi nent, &xgaye prepared by m xing conponents (A) to (E) and
ot her additives &t arbi ent tenperature 10 using, forexanple, am xer,
kneadi ng tihegpi xture with heating by kneading neans such as a roller
mll, a kneader and an extruder, and cooling and then mlling the
m xture. [0098] Fap JpNWhaeheking id SerhenEWel s 88yt E8rBMps in the total
encapsul ating an 15 electronic part such as a sem conductor chip
using an epexy resim t&amRosihber of Edadiine Rty dtoxeUr §Ng:Fwlidi RGemygtal
be conducted by a conventional nol ding process such as transfer
nmol di g, @bEROHESSIsOn udmd dh Mgpbaddment ecid ppefdralh Ngo . Otloer baeh Hoddusive,
i nvol ved in manufacturing a sem conductor device nay be selected from
wel | - knowpar2@cokdhbgsprd fenzdrltyl Oullate anS dpubty imesius igenpoghén orheof
this enbodinent is nost suitable for an area nounting type
seni conduetor vdéence ratfi0099}i Envotheebov2 Tamogepoxyepesy nesonpesPrsohion
for encapsul ating a sem conductor 25 chip of Enbodi nent 2 contains
t he fol | oWorigenoapdabaitng A Iedicendpctoy Ajhip eyisthalirpriédepoxynelding
resin, (B) a phenol resin represented by general formula (2), 37

Lo exhibiting good moisture resistance and curing properties, can be

10 obtained.
[CG091]

Epoxidized polybutadiene compound (C-1)

An epoxidized polybutadiene compound (C-1} used in Embodiment
1 may be, but not limited to, a compound represented by general formula
5 (11).

(0092}

R21 —CHz—(CHZ—OI*i:CI-E-Cl—Iz)k(Cl-lz—ilf)]-f)l(CHz—CH—Cf{—C'){I—lz)m(ClH-GHZ)n—H

R S CE)

Ch, Y
wherein k, 1, m and n are integer of 1 to 50; RZ21 has structure
represented by CpHg; p is integer of 0 to 10; and g is integer of 1
2 to 21.
A content of the epoxidized polybutadiene compound {(C-1) is
preferably 0.05 wt% to 5 wt% both inclusive, particularly preferably
0.1 wt% to 2 wt% both inclusive in the total epoxy resin composition.
The content within the above range may result in reduction inelasticity

2 modulus and further loweringofviscosityof theepoxyresincomposition.



(CG-2) a butadiene-acrylonitrile copolyner. [0100] HHOH "JJ Hi, H2
H H2 (2) (Rl)a (R2)b (R2)b (R)c n (R2)p (R2)b (RGa wherein Rl and

R2 are independently hydrogen or alkyl having 5 1 to 4 carbon atons
and two or nore Rls or two or nore R2s are the sane or different; a

is integer of O to 4; bis integer of 0 to 4; <c is integer of O to

3; and n is average and is nunber of O to 10. [0101] Such an epoxy
resin co ggggLon may neet both higher content 10 of an inorganic
filler and higher fluidity. Furthernore, the epoxy resin conmposition
for encapsul atingra s@M GoRdUEhRr nGhbBr Cate PAQY I8 ec 18! deght of the
exhi biting excellent curedmaterial properties such as reduced

war page asfogoddesd g inesitstange. cdheoe@Pasilyi apegain bthid kebeltionent is
significantly effective to give a highly reliable sem conduct or

devi ce. 1brAScdsaisty islhedt@akiove, botie iepaxyivesi NTed madkti ore faye molecular
encapsul ating a sem conductor chip of this enbodi nent can be

sui tably usédhforitdnratea alpountianget ype semldonducedncidewn dew el830RGity
There will be specifically described Enbodi nent 2. 20 Crystalline
epoxy resinad@iys AT rifst alpokye reporycomsdFi {iAN yeed deniEadodl Frereity .

can be as described in Enbodiment 1 The crystalline epoxy resin (A)

of this eBB8fhent may be conbined with another epoxy resin as

descri bed in Enbodi nent 1. When 38 wusing themin conbination, the
content ofnPREaR}§sEAIIGMdDdpoxy resin (A) is preferably at |east 10

wt.% nore preferably 30 wt % aor_nore , , , ,
) Aninorganicfiller (D) usedinEmbodiment 1 maybe the inorganic

10 filler described above. A content of the inorganic filler used in
this embodiment is 85 wt® to 95 wt% both inclusive, preferably 87 wt%
to 93 wt% both inclusive in the total epoxy resin composition. When
the content of the inorganic filler (D) is within the above range,
a molding prepared may have adeguately reduced hygroscopicity and

15 thermal expansion, resulting ingoodsoldering resistance and reduction
in warpade in a semiconductor device. Furthermore, fluidity of an
epoxy resin composition for encapsulating a semiconductor chip can
be improved, so that it can be religbly filled during molding and thus
problems such as gold-wire defeormation can be prevented.

20 {0095]

Curing accelerator (E)

A curing accelerator (E) used in Embodiment 1 may be the above
compound.
[00%6]

25 Other components

An epoxy resin compesition of this embodiment may contain the

other components described above in addition to components (A}, (B),



further preferably 50 wt% or nore in the total epoxy resin. The
crystalline epoxy resin (A) can be addedygvM thin the above range, to 5
inprove fluidity of epoxy resin conposition. [0103] Phenol resin (B)

A phenol resin (B) used in Enbodi mrent 2 may be a conpound

represented by general formula (2) as described in Enbodinment 1. 10
[0104] The phenol resin (B) in Enbodi nent 2 maybe conbi ned with

anot her pkenol gpidhagrescrhbad inbETDoRE iMook tMBENmaks | A} ridpeihtely
in conbination, the content of the phenol resin (B) is preferably at

least 10 can¥%aiADr ef pieieyably 30y o eir ML adduttibes phiefediaty v 86lane
wt % or 15 nore in the total phenoF resin. The phenol resin (B) within

t he above coi@ngagCadelte sadtess tepoaysepaxys | esd tapampeasbheon drdimosilanes,
encapsul ating a sem conductor chip to provide a nolding exhibiting
| ow el ast iadikiyyl siabnds ghireedpet ding e aadds ingishy gnes copl codpyl, irandgents such
further good adhesiveness and flane resistance. 20 [0105] An
equi vdl enes rtatkeoabé theo humbergeofsepekymgnaoupsouml iige agendk argpoxy
resin to the nunber of phenolic hydroxyl groups in the total phenol
resi n usealiuminhing zénbodi we rmtoupd ipgefgerbsfy 0. 5 to 2 both inclusive,
particularly preferably 0.7 to 1.5 both inclusive. Wen the 25
equi val end®9%dtlio is within the above range, an epoxy resin
conposition exhibiting good noisture resistance and curing
properties can be?loBPaiketrs30 CBPe6T 1ot &bl ERRGEEeohi FaY IRe prepared
copolymer (CG2) A butadiene-acrylonitnjl%jcqgﬁ&yner (G 2) used in
Enpédinenp mixXingcemponents (A) to (E) andother ftivesat ambient temperature
10 using, forexample, amixer, kneadingthemixturewithheatingby kneading
means such as a roller mill, a kneader and an extruder, and cooling
and then milling the mixture.
[0098]
For manufacturing a semiconductor device by encapsulating an
15 electronic part such as a semiconductor chip using an epoxy resin
composition of Embodiment 1, curing molding may be conducted by a
conventional molding process such as transfer molding, compression
melding and injection melding. Other methods involved in
manufacturing a semiconductor device may be selected from well-known

20 methods. Inparticular, anepoxy resin composition of this embodiment

is most suitable for an area mounting type semiconductor device.

[0099]

Embodiment 2

Bn epoxy resin composition for encapsulating a semiconductor
25 chip of Embodiment 2 contains the following components (A) to (C-2):
(A) a crystalline epoxy resin,

{B) a phenol resin represented by general formula (2),



2 may be, but not |limted to, a conpound represented by general
formula 5 (3), both of whose ends haves carboxyl group. [0107] HOOC
f (Bu)X (ACN)Y_ COOH (3) wherein Bu represents a butadi ene-derived
structural unit; ACN represents an acrylonitrile-derived structural
unit; x is positive 10 nunber of less than 1; y is positive nunber of
less than 1; x + y = 1; and z is integer of 50 to 80. [0108] The
carboxyl groups incthe QHB&EHd%@%ea%EXk@BhiEtifé(Eﬁﬁﬂ (G 2) can
conbine an inorganic filler and an epOxy resin as startlng 15

mat eri al s fhepoan epoxy resin conposition for encapsulating, with a
seniconductor chip and an organic substrate as sem conductor device
menbers. [0109] A content of the butadiene-acrylonitrile copol yner
(G 2) used 20y n this enbodineny; is preferably 0.5 to 0.5 wt % both
inclusive, norg p -ferabl 0.1 % 0.3 % bo |ncIu5|ve |n r>

total epoxy r ‘..éi»' { ithin the a
range can i npriove:s84der Mg 46 8 cat t brings ab

good adhesi vefigss béRkeenab cur@ide Hf@@uct(mnonléﬁhepoxy resin

conposi tion for encapsulating a semniconductor chip and a substrate.
Furthernore, the epoxy resin conposition can becone adequately

fluent to be reliabpycti Rleand#d Agesiimsrindgntlyswidiqasn ar alkyl having

prevention of gold-wire deformation within a_sem conductor device.
[0111P 1 to 4 carbon atoms and two or more Rls or two or more RZs are the

} same or different; a is integer of 0 to 4; b is integer of 0 to 4;
c is integer of 0 to 3; and n is average and is number of 0 to 10.
[0101]

Such an epoxy resin composition may meet both higher content
10 0of an inorganic filler and higher fluidity. Furthermore, the epoxy
resin composition for encapsulating a semiconductor chip can provide
amoldingexhibitingexcellent curedmaterial properties suchas reduced
warpage and soldering resistance. The composition can be, therefore,
significantlyeffectivetogiveahighlyreliable semiconductor device.
15 As described above, the epoxy resin composition for encapsulating a
semiconductor chip of this embodiment can be suitably used for an area
mounting type semiconductor device.
[0102]
There will be specifically described Embodiment 2.

20 Crystalline epoxy resin (A)

A crystaliline epoxy resin (A) used in Embodiment 2 can be as
described in Embodiment 1
The crystalline epoxy resin (A) of this embodiment may be

combined with another epoxy resin as described in Embodiment 1. When



An epoxy resin conposition for encapsul ating a sem conductor chip of
this enbodi ment may contain, in additiongo conponents (A) 10 to
(C2) described above, an inorganic filler (D) and/or a curing
accelerator (E). [0112] Inorganic filler (D) An inorganic filler (D)
used in Enbodinent 2 may be the filler 15 as described in Enbodi nent
1. Acontent of the inorganic filler (D) wused in this enbodinent is

85 W%t ou%n?ﬁt%éap&h d s en, PRf ebabbdt Fth® B33 swha1%i Retdboxy resin

inclusive in fhe total epoxy resin conposition. Wien the content of
the inorgancikiprefedddiy Stwilthkd 1hesEhove reapgerera Pl RES or more,
prepared may have adequately reduced hygroscopicity and 20 thermal
expansi on fut-esglt prgréragaodosatdebkngoresistiancecand epdugtiadinl nThe
war page in a sem conductor device. Furthernore, fluidity of an epoxy
resin conpeystabhifi@repexyapsutat (Ay cars el godelicticthichipe carovedbeange, to
i nproved, so that it can be reliably filled during nolding and thus
probl éns suphows fohiHitiy efdeborxyateonn carmiyss igrievent ed. 25 [ 0113]
Curing accelerator (E) A curing accelerator (E) used in Enbodi nent 2
maybe the [§dfBbund 41 as described in Enbodiment 1. [0114] Oher
conponents An epoxy resin conposition in Enbodinent 2 may be sel ected

5 fromthggenas geseri fdd in Enbodi ment 1 or others. [0115] The epoxy
resin conposition_in Enbodi ment 2 can be prepared as described in
Enbodi nent 1. Fur fhBRADPE, CeHE elfoxSFesih E%PRE%W%WQN? may be a compound

: ; represented by general formula (2) as described in Embodiment 1.
10 [0104]

Thephenol resin (B) inEmbodiment 2maybe combinedwith another
phenol resin as described in Embodiment 1. When using them in
combination, the content of the phenol resin (B) is preferably at least
10 wt%, more preferably 30 wt% or more, further preferably b0 wt% or

15 more in the total phenol resin. The phenol resin (B) within the above
range can be added to an epoxy resin composition for encapsulating
a semiconductor chip to provide a molding exhibiting low elasticity
at high temperature and low hygroscopicity, and further good
adhesiveness and flame resistance.

2 [0105]

An equivalence ratio of the number of epoxy groups in the total
epoxy resin to the number of phenclic hydroxyl groups in the total
phencl resinusedinthis embodiment ispreferably0.5to2both inclusive,
particularly preferably 0.7 to 1.5 both inclusive. When the

25 equivalence ratio is within the above range, an epoxy resin composition
exhibiting good moisture resistance and curing properties can be

obtained.



can be used to encapsul ate an electronic part such as a sem conduct or

10 chip to prepare a semni conductor devige as described in Enbodi nent

1. [0116] Enbodi nent 3 An epoxy resin conposition for encapsul ating

a sem conductor chip according to Enbodi ment 3 contains the

foll owi ng conponents (A) 15 to (G. (A a crystalline epoxy resin
represented by general formula (4), (B) a phenol resin represented

by generalghggpula (5), (G 3) a polybutadiene having the

i ntranol ecul ar "oxirane 20 structure , (D) a curing accelerator, (E)

an i nor gaphgafh bh&Lad P, 1de tanauntoghl Sremt o010 95 Wt % both inclusive
in the tofal epoxy resin conposition, (F) an epoxy resin represented

by general formla {f)adidne-a2by(&nierSid abgoTatdt i(092R36%RId in Embodiment
represented by general formula (9). An oxirane-oxygen content in the
pol ybut adietey bE; Iud 508 1%md 2edttm, 18 Umbotuhdimgiseveed[B1ddheral formula
QOzHCHz O~ i 1 Xg 0-CH2-CH(4) wherein X is group selected from

singl & bond,) ,-Peth-& wintb<s enGsRBEZe; aRlatisoxatlkyrdmaving 1 to 6

carbon atonms and two or nore Rls are the same or different; mis

i nteger ofl0Q0%d 4; R2 is hydrogen or alkyl having 1 to 4 carbon

atons and two or nore R2s are the sane or different. [0118]

HOOC —— (Bu), (ACN),—-— COOH (3)

wherein Bu represents a butadiene-derived structural unit;
ACN represents an acrylonitrile-~derived structural unit; x is positive
10 numpber of less than 1; y is positive number of less than 1; x + y =
1; and z is integer of 50 toc 80.
{0108]
The carboxyl groups in the butadiene-acrylonitrile copolymer
(C-2) can combine an inorganic filler and an epoxy resin as starting
15 materials for an epoxy resin composition for encapsulating, with a
semiconductor chip and an organic substrate as semiconductor device
members.
[C109]
& content of the butadiene~acrylonitrile copolymer {C-2) used
20 in this embodiment is preferably 0.05 to 0.5 wt% both inclusive, more
preferably 0.1 wt% to 0.3 wt% both inciusive in the total epoxy resin
compositicn.
[0110]

The content within the above range can improve scldering



OHox 4CHCHC-HI I)s ~O~~1)an (5 10 wherein R and R2 are

i ndependent |y hydrogen or al kyl having 5} to 4 carbon atons, and two

or nore Rls or two or nore R2s are the sanme or different; ais

integer of 0 to 3; bis integer of 0 to 4, and n is average and is
positive nunber of 1 to 5. 15 [0119] OCH2CHCH2 OCH2CHCH2 O O O CH)

CH2 OH(6) /14 (R)a~ n (R)e (R2)b (R'), wherein RL and R2 are

i ndependeRtkysfyEOBRR 0] KWy i Rg%I A3 goddt ik GAPRR sab O PeerfROcured
two or nore Ris or two or nore R2S are thé same or different; ais

i nteger 0br8atdt rdh iz idporgeredin Ocdibdkitiand fBri sneyes@ge and d s
positive nunber of 1 to 5. [0120] R3-NHR4-Si (OR5) nR63-n (9) 5

wher ei N R3em$cand@tganidhigr aup haviipgrdatis 12uveahbonoas pnaie dpbxRresin
and R6 are hydrocarbon having 1 to 12 carbon atons; R3 to R6 are the
sane or dcbihpoeht:orardnndconanbégauatodl i fioeldt o0 elidblGuthi laml during
epoxy resin conposition may neet both higher content of an inorganic
filles andohigher fdaildiing iRuptéresmora) afhgoépexyre deformation within a

semiconductor device.
[0111]
An epoxy resin composition for encapsulating a semiconductor
M chip of this embodiment may contain, in addition to components (A)
10 te {C-2) described above, an inorganic filler (D) and/or a curing
accelerator (E).
(01123

Inorganic filler (D)

An inorganic filler (D) used in Embodiment 2 may be the filler
15 as described in Embodiment 1. A content of the inorganic filler (D)
used in this embodiment is 85 wt% To 95 wt% both inclusive, preferably
87 to 93 wt% both inclusive in the total epoxy resin composition. When
the content of the inorganic filler (D) is within the above range,
a molding prepared may have adeguately reduced hygroscopicity and
2 thermal expansion, resulting ingood soldering resistance and reduction
in warpage in a semiconductor device. Furthermore, £fluidity of an
epoxry resin composition for encapsulating a semiconductor chip can
be improved, so that it can be reliably filled during molding and thus
problems such as gold-wire deformaticn can be prevented.
25 [0113]

Curing accelerator (E)

Acuringaccelerator (E) usedinEmbodiment 2maybe the compound



resin conposition for encapsulating a sem conductor chip can provide

a nol di ng exhi biting excellent curednatefial properties such as

reduced warpage and sol dering resistance. The conposition can be,
therefore, 15 significantly effective to give a highly reliable

sem conductor device. As described above, the epoxy resin

conposition for encapsulating a sem conductor chip of this

enbodi mentycaRsbei syt bl ynniseehh@r 1an area nounting type

sem conductor device. [0122] 20 There will be specifically described
Enbodi nent[g3.14]Crystal | i ne epoxy resin (A) A crystalline epoxy resin

(A) used in Enbodinent 3 may be a crystalline epoxy resin

represent edHoy genpvabnto®rmula (4). The crystalline epoxy resin (A)
represented by general fornula (4) is a 44 solid at ambient

tenperature, but becepes’yexdsiEnmeElognpdoswtybscousErbioguimdntal neyper aeldeeted
over its nmelting point, so that an inorganic filler can be added in

hi gher5 corfiremt thAreepsxyes@sibred ampasbbdomeriont abmiatgierishe resin can,

t herefore, exhibit excellent soldering resistance. 5 (0123] The
crystal li ndldpdxy resin (A) represented by general formula (4) may

be, for exanple, a bisphenol A type epoxy resin, but there are no
particul ar restri dhieoRBORE Yid 88MPPShekon HE Elpedingnt of Cgbres arepared
formula (4). 10 A content of, another epoxy resin conbined is, if any, .
pr ef er abl y*S S¥RIF P41 HECKHEP T Bsi f WEPCERATE h&NERPORY| 1S5E Py t1on
resin (A) anount to 70 wt% tqQ 100 wt % both inclusive to the total

epoxy resiGi? PRerred he §uiens G2 GrLeChEOBPBRA TeSHAR (39 gt idraductor

o1 baudl AT RRE R RoP LU R o DL O A a0 B AP B AT pFLodinent 1.

excel | ent ﬁﬁﬂﬁﬁ resi st ance.

Embodiment 3

An epoxy resin composition for encapsulating a semiconductor
chip according to Embodiment 3 contains the following components (A)
15 to (G).
(A) a crystalline epoxy resin represented by general formula
{4),
(B) a phenol resin represented by general formula (5),
(C-3) a polybutadiene having the intramclecular oxirane
20 structure ,
(D} a curing accelerator,
(E) an inorganic filler in the amount of 85 wt% to 95 wt% both
inclusive in the total epoxy resin composition,
(F) an epoxy resin represented by general formula (6), and

25 {G) a silane coupling agent represented by general formula

An oxirane-oxygen content in the polybutadiene (C-3) is 3 %



[0124] An epoxy resin which can be conbined may be a nononer,

oligomer or polymer having an intranol geul ar epoxy group. Exanples
of an epoxy } resin which can be conbi ned include phenol novol ac
type epoxy resins, 20 ortho-cresol novolac type epoxy resins,
napht hol novol ac type epoxy resins, phenol aral kyl type epoxy resins
havi ng a phenyl ene noiety, naphthol aral kyl type epoxy resins
(having, feriexami@ iachhenykene or biphenyl noiety),

di cycl opent adi ene-nodi fi ed phenol type epoxy resins, stilbene type
epoxy resimsi7fri phenol net hane type epoxy resins, 25 alkyl-nodified
tri phenol net hane type epoxy resins and epoxy resins containing
triazine-core. The epoxy resin, mhich can be conbi ned, my be one or
conbi nation of two or nore sg ' ese conpounds. 45 [0125]
Phenol resin i) —Amphangl 0r¢ @ —obagi, rept; 3ciRy be
phenol resin q?resented by a (5.5 [@12@] OH OHTﬁieQ
CH2 HIt 51 a o erein RL ahd R2 are

i ndependent |y hydrogen or y1 having 1 t0 - # carbon atonms, and two
or nore Rls or two or nore R2s are the same or different; ais
integer of 0 to 3; bis integer of 0 to 4; 10 and n is average and
is positive nunbewh%#GQQﬁ%15 gpouR 73 IEfe gshdmen ﬁé%g%ﬁﬂ%ﬁFbse%Ted py and

gener al fornula (5% as
5 -C(R2) 1l is alkyl having 1 to 6 carbon atoms and two or more Rls

- are the same or different; m is integer of 0 to 4; R2 is hydrogen or
alkyl having 1 to 4 carbon atoms and two or more RZ2s are the same or
different.

(0118}

OH OH
! }—% CH; CHZ@—}~ H 5
R1), (R1),” n ( )

(R2), (R2),

10
wherein Rl and R2 are independently hydregen or alkyl having
__ 1 to 4 carbon atoms, and two or more Rls or two or more RZs are the
§
’ same or different; a is integer of 0 to 3; b is integer of 0 to 4;
and n is average and is positive number of 1 to 5.
15 [0119]

OCHQCHCHQ OCHE(%I}CHE

CH; CH,; ° H ES
@*’Jfﬂ (©)

it

wherein Rl and R2 are independently hydrogen or alkyl having



hydr ophobi ¢ and rigi d bi phenyl ene noi ety between phenolic hydroxyl
groups. A cured product prepared from arn, £poxy resin conposition 15
contai ning the phenol resin has reduced noi sture-absorption rate and
| ower elasticity nmodulus in high tenperature range over Tg. It also
exhi bits good adhesi veness to a sem conductor chip, an organic
substrate and a netal substrate. It also has the feature that it

exhi bits highen A8 rRhe! aBEE tib T EBrel 1S Sof QWCHESHEbLAK NG are the
density. Therefore, 20 a seni conduct or devi ce encapsul ated with a

resin conpRsict b@NAEONE b NG 1tshQnBE?@Q|of gsitd exhbbiksiexegdd &1 0 to 4;
crack resistance. [0128] In general formula (5), nis average and is

positive nwaber isohvdrige Sandrief @oabkyvenhegesr off I ke 3. Wth n

wi thin the above range, 46 an epoxy resin conposition exhibits good
curing prdmaroies and i nproved fluidity. The phenol resins
represented by general formula (5) may be used alone or in

conbi nation of two or nore. [0129] 5 The phenol resin represented by
general formula (5) may be, for exanple a phenol bi phenyl aral kyl
resin, but there are no articul ar %trICtIOHS as long as it ha
the structure of geRér Rda5i §)R3 [[{RBO], I n this embodi nent, 69)
anot her phenol resin nay be conbined as 10 long as it does not
deteriorate the features obtained by using the phenol resin (B)
repre§%nted by general fornmula (5). A content of the additional

phenol resin conbined iis preferably such that the content
phenol resin (B) Wéie?ﬁlwgétjo‘; f@ooéﬂ%b‘btﬂquﬁchﬁg?@% Yo hé C?%?Oé} atoms;

phonol resifn SV LhRe cantent ool e phenl 811 (Bl DRS4S o
Furthernorg.. the curgd,produel, &xhi biks exgel lenle adhesi ygness
[0121]

10 Such an epoxy resin composition may meet both higher content
of an inorganic filler and higher fluidity. Furthermore, the epoxy
resin composition for encapsulating a semiconductor chip can provide
amoldingexhibitingexcellent curedmaterial properties suchas reduced
warpage and soldering resistance. The composition can be, therefore,

15 significantliyeffectivetogiveahighlyreliable semiconductordevice.
As described above, the epoxy resin composition for encapsulating a
semiconductor chip of this embediment can be suitably used for an area
mounting type semiconductor device.

{01223
20 There will be specifically described Embodiment 3.

Crystalline epoxy resin (A)

A crystalline epoxy resin (A) used in Embodiment 3 may be a
crystalline epoxy resin represented by general formula (4}. The

crystalline epoxy resin (A} represented by general formula (4) is a



to a base material and soldering resistance after soldering. [0131]
The additional phenol resin may be a nonaoper, oligomer or 20 polyner
havi ng an intranol ecul ar phenolic hydroxyl group, which desirably
has viscosity as | ow as possi bl e. Exanpl es include phenol novolac
resins, cresol novol ac resins, phenolaral kyl resins (having a

phenyl ene noi ety), naphthol aral kyl resins, triphenol nethane resins,

t er pene- medinfibed PRSIt Eesbasaantk dbay ¢eepaBtaditargrnpdidi eds@henol quid
25 resin, which nay be used alone or in conbination of two or nore.

In the | iaghtefberethadididry it Mol 61t @Jiesl,SkaneRadSa@M ROy ikesiDler
conposition for encapsul ating a sem conductor chip, it is preferable

47 that the beadteddntladgteeNaowtertl. | Gase@sky oastn icoppbeit ésn @entaining
little as possible. [0132] An equival ence ratio of the nunber of

epoxy groups iresihecdmt dherefepexyerbsbit taxddld eminseddef iphered isg-ance.
hydroxyl groups in the phenol resin, i. e., the epoxy nunber/the
phenold ¢ HypdEégxyl nunber, is preferably 0.7 to 1.5 both inclusive.

Wth the ratio within the range, an epoxy resin for encapsulatin% a
seni conduct or chi Fhexxyivsitesd léke epoantresdr {Agrppopeeniaskby general formula

Furthernore, a cured product has an increased 10 gl ass-transition
t enper at urld)aRayi wpr o‘&a@a FEMPABi | At §LEPNeRA s PuePer BBPRY afRELn W there

conmbining the epoxy. resin (F) and the crystalline epoxy resin (A

with the PREAR PFESIGHAS) restie HhiigRests g‘?‘éé%t&ﬁ? t}g%sgé‘ﬁ‘?"e‘%/%%éf general
crack resi tanie Tng war page, in soldering after noisture

absor pti of°™181£01%5] Pol ybut adi ene having the intranol ecul ar oxirane

Souchgre (G3) AR A] eNG, L T P8 | Bofl e LIPOTETRY N8%erabiy

such that the epoxy resin (F) and the crystalliine epoxy resin (A) amount

to 70 wt% to 100 wt% both inclusive tco the total epoxy resin. When

the total amount of the epoxy resin (F) and the crystalline epoxy resin

{A) 1s within the above range, a cured product can has lower moisture
15 absorption rate and exhibit excellent crack resistance.

[0124]

An epoxy resin which can be combined may be a monomer, oligomer
or polymer having an intramolecular epoxy group. Examples of an epoxry
resin which can be combined include phenol novolac type epoxy resins,

20 ortho-cresol novolac type epoxy rasins, naphthol noveolac type epoxy
resinsg, phenol aralkyl type epoxy resins having a phenylene molety,
naphthol aralkyl type epoxy resins (having, for example, a phenylene
or biphenyl moiety), dicyclopentadiene-modified phencl type epoxy
resins, stilbene type epoxy resins, triphenolmethane type epoxy resins,

25 alkyl-modified triphenolmethane type epoxy resins and epoxy resins
containing triazine-core. The epoxy resin, which can be combined,

may be one or combination of two or mere selected from these compounds.



i ntranol ecul ar oxirane structure . A content of the oxirane oxygen
i nfl uences adhesi veness. As determ ned ki accordance with standard 20
nmet hods for the analysis of fats, oils and related naterials (oxirane

oxygen),

t he oxirane-oxygen content is 3 %to 10 % both i ncl usive,

nore preferably 5 %to 8 %both inclusive. Wth the oxirane-oxygen
content within the above range, adhesiveness of a cured product to a
substratepspgpproved. Furthernore, fluidity of an epoxy resin 25
conposition can be inproved, resulting in reliable filling. [0134] A
vi scosi t ypRéndhergolybufyadi ene (C-3) having the 48 intranol ecul ar
oxirane sfiructure influences viscosity of a resin conposition for
encapsul ati ng a semhcRvduetoin OlB) pusdd MinSEQSOd et 3afia epexy pesiol resin
conposition for encapsul ating a sem conductor chip containing the
pol ybut adirepes$&1133d iksy 2@nkRaslt o0l #assbot h i ncl usive, 5 nore
preferably 50 Pas to 500 Pas both inclusive as determned at 25 Cin
accor dancéOkth JI'S Z-8803. Wth the viscosity within the above

range,

t he epoxy resin conposition for encapsulating a sem conductor

chip exhibits inpsgved fluidity. Furthernore,og cured product

exhi bits good adhesi veness to a substrate an

war page in a 10

sem conduct or d ] ut adi ene (C 3
havi ng an oxira 0 é%resented d25)
general formul hrent , ?Rggl but adi ene (C3)

i s~essenti al . Bflp iene (C 3) n fnprove

adhesi veness of an epoxy ré%in conposit®”on with a netal substrate

(Tor examle, ni okel:pal kadh e oL, 0i Skels Rl 2d YDA PLEU NG having

10

15

1 fto 4 carbon atoms, and two or more Rls or two or more RZ2s are the
same or different; a is integer of 0 to 3; b is integer of 0 to 4;
and n is average and is positive number of 1 to 5.

[0127]

The phencl resin represented by general formula (5). has a
hydrophobic and rigid biphenylene moiety between phenolic hydroxyl
groups. A cured product prepared from an epoxy resin composition
containing the phenol resin has reduced moisture-absorption rate and
lower elasticity modulus in high temperature range over Tg. It also
exhibits goodadhesiveness tcasemiconductor chip, anorganic substrate
and ametal substrate. It also has the feature that it exhibits higher
heat resistance in spite 0f its low crosslinking density. Therefore,
a semiconductor device encapsulatedwitha resincompositioncontaining
Lhe phenol resin exhibits excellent crack resistance.

[0128]
In general formula (5), n is average and is positive number

of 1 to 3, preferably integer of 1 to 3. With n within the above range,



resistance. 20 As long as effects of using the pol ybutadi ene (C 3)

are not deteriorated, another stress-|awering agent maybe conbi ned.
Exanpl es of a stress-lowering agent which can be conbi ned, include
silicone oils such as organopol ysil oxanes and rubbers such as
silicone rubbers and acrylonitrile rubbers which are solid at

anbi ent tenperature. 25 [0137] Its content is 0.05w %to 1. 5w %

bot h i ncl usi Mesx\pF&d Bf ablyos Or oV 1191 ths M6 3@ BAt ng pebisi¥ ees WhliRrpReved

content within the range, 49 a cured product exhibits excellent

adhesi vengssitiet§. subisé ol Fusiherdapreschitebdby yedferan epexyli e )nmay
conposition can be inproved, resulting in nore reliable filling.

[0138] b5Hdenosganatofielderin RQomAinanaogant ctdd |demas). used in

Enbodi ment 3 nay be the filler as described in Enbodinment 1. A

content of{0fl@&li norganic filler (D) is 85 w %to 95 wt % both
inclusive, preferably 87 to 93 wt % both inclusive in the total epoxy
resi n Tonposi ti onThehehendhke reenteneposemesd pyr ganécall Foriuiler (3 Dmaysbe,
wi thin the above range, a nolding prepared may have adequately

reduced hygrosEopls: taprhePt hephaiylexparisilore s Yoshilt Fhgre pheged@rticular
sol dering resistance and _reduction in warpage in a sem conductor

devi ce. FUESHhELFBLENS fARlAPEY2 D tah28pEig StEsrRuEBMosicresaLf bprmula (5) .
encapsulatiq% a sem conductor chip can be inproved, so that it can 15

be reliabﬂy ol ed during nol ding and thus problens such as gold-wre

def gt ion can b L et o b0l L g accpl Ll or (D A SHIN ..
10 long as it does not deteriorate the features obtained by using the
phenol resin (B) represented by general formula (5). A content of
the additional phenol resin combined is preferably such that the content
of the phencl resin (B) is 70 wt% to 100 wt% both inclusive in the
total phenol resin. With the content of the phenol resin (B) within
15 the above range, a cured product has a reduced moisturse-absorption
rate. Furthermore, the cured product exhibits excellent adhesiveness
to a base material and soldering resistance after soldering.
[0131}]
The additional phencl resin may be a monomer, oligomer or
2 polymer having an intramclecular phenolic hydroxyl group, which
desirably has viscosity as low as possible. Examples include phencl
novolac resins, cresol novolac resins, phenclaralkyl resins (having
a phenylenemoiety), naphthelaraikyl resins, triphenolmethane resins,
terpene-modified phenol resins and dicyclopentadiene~modified phenol
3 resin, which may be used alone or in combination of two or mcre. In
the light of reliability in moisture resistance as an epoxy resin

composition for encapsulating a semiconductor chip, it is preferable



20 as described in Enbodi nent 1. [0140] Epoxy resin (F) An epoxy

resin (F) maybe the epoxy resin represented by general formula (6).

25 [0141] As seen in formula (6), the epoxy resin (F) has hydrophobic
and rigid bi phenyl ene noi ety between epoxy groups. Thus, a cured 50
product prepared fromthe epoxy resin conposition containing the

epoxy resin (F) has reduced noisture-absorption rate and | ower

el asti Cit ¥na00E Uedih BbaBal SN frute {aRgePvehigl agsuti@anRy kisONittle
tenperature (hereinaf ter, ref erred to as"Tg"). It also exhibits

good adheskvepesshbel 0 a sem conductor chip, an organic substrate and

a nmetal substrate. It also has the feature that it exhibits higher

heat resigpapge in spite of its |ow crosslinking density. [0142] The
epoxy resin (F) may be, for exanple, a phenol biphenyl 10 aral kyl

type epoxy resin, Abuiquikai enae eatdopal the muaberest epety gnsupasnl drgtotal
as it has the structure of general fornmula (6). [0143] In general
fornulsa (&ppxyhessim it whehhwmitdie cebphiene dhgeydexydpgxgupesim the phenol
conposition exhibits inproved curing properties and 15 fluidity.

[0144] Sirkahe, coupt i ng-rEgepoxyGrunbsr [ thmehsngdiicngvdgenyl (I@mkgsod s

i n Enbodi nent 3 nay be a conpound represented b{ageneral formul a

(9). In tRrsferdply Rertto t hebsthdmelupgveoupliHythgamtie@ithdn the range,
essenti al .

anepoxyresin forencapsulatinga semiconductor chipexhibitsexcellent

"ME curing properties. Furthermore, a cured product has an increased

10 glass-transition temperature and improved reliabiiity in moisture
resistance. When combining the epoxy resin (F) and the crystalline
epoxy resin (A) with the phenol resin (B), the highest effects can
be achieved in crack resistance andwarpage, in solderingaftermoisture
absorption.

15 [0133]

Polybutadiene having the intramolecular oxirane structure (C-3)

A polybutadiene (C-3) used in this embodiment has the
intramolecular oxirane structure . A content of the oxirane oxygen
influences adhesiveness. As determined in accordance with standard

2 methods for the analysis of fats, oils and related materials {oxirane
oxygen), the oxirane-oxygen content is 3 % to 10 % both inclusive,
more preferably 5 % to 8 % both inclusive. With the oxirane-oxygen
content within the above range, adhesiveness of a cured product to
a substrate is improved. Furthermore, fluidity of an epoxy resin

5 composition can be improved, resulting in reliable filling.

[0134]

A viscosity of the polybutadiene (C-3) having the




[0145] R3 - NH- R4- Si (ORS5)11Rb3-n , (9) wherein R3 is an organic
group having 1 to 12 carbon atons; R4, /& and R6 are hydrocarbon
having 1 to 12 carbon atons and R3 to 51 R6 are the sane or
different; and n is integer of 1 to 3. [0146] Using the silane
coupling agent (G represented by general forrmula (9), viscosity of
an epoxy resin conpositionis lowered and 5 thus its fluidity is

i mproved. iAtganbeatuDir tdie incanre reedntht Ngn foecdOviistoshdy 8ta resin
limted to, 0.05 wt%to 1 wt% both inclusive, nore preferably 0.1 w

%to 0.8 wicpbethibnctdiSievieappul heiddtzakepposydi€ssn chd@NPOoRitimusity of

Wth the content of the silane coupling agent (G wthin the range,

a cured prodepbxgxhebit scgoadiadbesifeenessapoulatsiistr abaicdfductor chip

Furthernore, the epoxy resin conposition is excellent in fluidity and

curing preperttiesng the illvdne acdepki (Ug-320en20 P&)s tetesEns edthyinclusive,

general fornula (9) may be used al one or in conbination of two or

nore. 5 [ 0tk Ascfengphg 50 FeestadCidébes itortdt éneflhetvs af degiampirkd at

silane 15 coupling agent (G represented by general formula (9),

anot her cé@wpf? nigr cagentianagbel omdiSnéd88ExanpiEsh dheavésapsiny wigdnn the

whi ch can be conbined, include silane coupling agents such_as,

epoxysi | af@SVemEPREPt 05 ARBY T&Si-RoSPIEARSLeN MRS gngResulating a

urei dosi l anes and vinyl sil anes; titanate l.ing agents; alum num

coupl i ng é&&%@?gaﬁ*aogm n%ffﬁﬂﬂ?lrtcsoﬁﬁﬂam‘f%%%ﬁgasﬁ?ﬁg aﬁé&me.mmmﬁ cured

Ot her conponents The. epoxy resin. conposition of %g% di nent % ma .

Contain, O FRONL o CBILASHES CRYCTD (Q° SHRE-adHI TTanaipage in 3

Conpo%?nt%e%ac%% 8E£8§qdevice is minimized.

[0135]

The polybutadiene (C-3) having an oxirane structure may be
the compound as representedbygeneral formula (11). Inthisembodiment,
the polybutadiene (C-3} is essential.

5 [0136]

The polybutadiene (C-3) can improve adhesiveness of an epoxy
resincompositionwithametal substrate (forexampie, nickel-palladium
or nickel-palladium-gold plating), resulting in high reflow heat
resistance.

20 As long as effects of using the polybutadiene (C-3) are not
deteriorated, another stress-loweringagentmaybeccmbined. Examples
of a stress-lowering agent which can be combined, include silicone
0ils such as organopolysiloxanes and rubbers such as silicone rubbers
and acrylonitrile rubbers which are sclid at ambient temperature.

25 [0137]

Its content is 0.05 wt% to 1.5 wt% both inclusive, preferably

0.1 wt% to 1 wit% both inclusive. With the content within the range,




25 above.

[0149] The epoxy resin conposition in Enbodi mnent 3 can be

prepared 52 as described in Enbodi ment sl Furthernore, the epoxy
resin conposition can be used to encapsulate an el ectronic part such
as a sem conductor chip to prepare a sem conductor device as
described in Enbodinent 1. [0150] 5 Enbodi nent 4 [0151] An epoxy
resin conposition for encapsul ating a sem conductor chip of
Enbodi menty 4ueent gidgudhe:fipldiew adceomponetfeifenk@s( Ed. a JuhMrate.
crystalline epoxy resin represented by general formula 10 (4), (B) a
phenol
pol ybut adi ene conpound, (D) an inorganic filler, (E) a curing
accel er at eesandiddy {fr)mate epdxypblesiEnllepgesent ed by general fornula
[0152] A weight ratio [(F)/(A)] of conponent (F) to component
is 1a0968§o 90/10 both inclusive. Conponent (D) is contained in
amount of 80 wt%to 94 wt% both inclusive in the total epoxy
resi n 20 donmpgsiticohilFrtHBrnore, the epoxidi zed pol ybut adi ene

(6).
(A
t he

conpound
i ncl usi ve

r esuRthephesentac iy tgede=al epof e b5 ompdsrthloranagpexiicbzeded,

(CG1) is contained in the anount of 0.05 wt%to 5 wt % both
i n t heAnotatragsdxyfFlekim (Bomsesi i dmbopdmsst 3 pay biexths filler

t~xO-cx-c\ /x ! n ~F

;
R

10

15

as described in Embodiment 1. A content of the inorganic filler (D)
is 85wt% to 95wt both inclusive, preferably 87 to 93 wt® both inclusive
in the totalepoxy resin composition. When the content of the inorganic
fililer (D} is within the above range, a molding prepared may have
adeguately reduced hygroscopicity and thermal expansion, resulting
in good soldering resistance and reduction inwarpage in a semiconductor
device. Furthermore, fiuidity of an epoxy resin composition for
encapsulating a semicconductor chip can be improved, so that it can
be reliably filled during molding and thus problems such as gold-wire
defeormation can be prevented.

[0139]

Curing accelerator (E)

Acuringaccelerator {(E) used in Embodiment 3 maybe the compound
as described in Embodiment 1.
[0140]

Epoxy resin (F)

An epoxy resin (F) may be the epoxy resin represented by general
formula (6).
[0141]

As seen in formula (6), the epoxy resin (F) has hydrophobic

and rigid biphenylene moiety between epoxy groups. Thus, a cured




p (7]/~/ D(RI) ~mm53 1In general fornula (4), X is group selected
fromsingle bond, -0-, -S and -C(R2)2-5¢R's are alkyl having 1 to 6
carbon atons and are the sane or different; mis integer of 0 to 4,

R2s are hydrogen or alkyl having 1 to 4 carbon atons and are the

same or different. 5 [154] OHOH CH20 0 CH2 H(5) (RI), (vi)an

(R2~ (R2)b In general fornula (5) , R and R2 are hydrogen or al kyl

havi ng 1g§@d&c§%&@9@réﬁ@ﬁ%ﬁ@ﬂﬁaéb@x%E%siﬂmﬁm%bsgtﬁBﬁkﬁmkai@ihg1133epoxy
i nteger o O0to 3; bis integer of to 4; and n is average and is
positive puaber (F)1Ga6f rddi®ed ndiGtosk - kRGN QalH2CHH2 ow@rOcta§b}city
OCH2 OOCH2 Op 74 ~1)aDl)gll (R')b (R2)b ] In general

formul a (Apdulfd antiBR esmpdnedrogerange adad ghavsAgradsioich cambenature
atons and are the same or different; ais integer of 15 0to 3; bis

i nt eger of(hérédndftandrafésraves agéTafid.i sIpessbiexbiniinbgpod adhesiveness

5 to a semiconductor chip, an organic substrate and a metal substrate.
It also has the feature that it exhibits higher heat resistance in

spite of its low crosslinking density.

[0142]

i ;
R

The epoxy resin (F) may be, for example, a phencl biphenyl
10 aralkyl type epoxy resin, but there are no particular restrictions
as long as it has the structure of general formula (6).
[0143]
In general formula (6), when n is within the above range, an
epoxy resin composition exhibits improved curing properties and
15 fluidity.
[(0144]

Silane coupling agent (G)

Asilanecouplingagent (G) usedinEmbodiment 3maybe a compound
represented by general formula {9). In this embodiment, the silane
2 coupling agent (G) is essential.

[0145]
R3—NH—R4—Si(ORS) R6,_ (9)

wherein R3 is an organic group having 1 to 12 carbon atoms;

R4, R5 and R6 are hydrocarbon having 1 to 12 carbon atoms and R3 to



of 1 to S. [0156] Such an epoxy resin conposition can be used to
provide a sem conductor device with reduced warpage and excel | ent

sol dering crack 20 resistance. The epoxy resin conposition is,
therefore, particularly suitable for encapsul ati ng an area nounting

type sem conductor. 54 [0157] There will be specifically described
Enbodi ment 4. Crystalline epoxy resin (A) A crystalline epoxy resin

(A) used ipg EFBOodhEERing JRHiFELBAL ;SafaYstad liMtegepoXy fesbn3as
described in Enbodi ment 3. [0158] In Enbodiment 4, the weight ratio [
(F) /I (A [oiakithe epoxy resin (F) to the crystalline epoxy resin

(A) is 10/90 to 90/10 both inclusive, preferably 20/80 to 70/30 both

i ncl usive, particukanbytips efidraalsl yo3p170g 18gdrct 50 S@epot beninsd sl yeneral
When the weight ratio [(F)/(A] is within the range, a cured product
prepared ffiromudn époxyirsesisitgonpasi tapoxy exhibidenbositied m®ilstwered and
absorbing rate. Furthernore,an inorganic filler can be contained in

hi gher5 coritherst Lt flhadebpiy Irasiavesbnpéstantemt oThile, shlang edupt stuetent
can exhibit |ower noisture absorbing rate and 15 higher strength.

[0159] | n (Erbédi nent wot tlHaidedi tPondl Oepoxy taedi Wtasbdel cyidawivg, more
Enbodi nrent 3 can be added as long as it does not deteriorate_the ,
f eat ures %@tfﬁFﬁ%Ytﬂ/ WEEAGES Re Beok Patdsi RC i ehdnt Hee 6P§§t1a€FFPCP}ﬁ>é resin
epoxy resin 20 (A) . A content of the addjtiqnal epoxy . resin is, i

any, pref éP&lBPy?lt%a’&h W=t R opdey trdsHA® R ARREIRS 1opREAY #%’e‘“’lthm

0 Wt ©
'?(F))t.g?/ ggzﬁ‘eﬂé ng]aerr,oé\hnctéthrec?ngd%é)ex%llb S go/g adpxelsgglerlgeség%o a Su Strate.

10 Furthermore, the epoxy resin composition is excellent in £luidity and
curing properties. The silane coupling agent (G) represented by
general formula (2) may be used alone or in combination cf two or more.
[0147]

As long as it does not deteriorate effects of using the silane

15 coupling agent (G) representedby general formula (9), another coupling
agentmaybecombined. Examplesofaccuplingagentwhichcanbecombined,
include silane coupling agenis such as epoxysilanes, mercaptosilanes,
aminosilanes, alkylsilanes, ureidosilanes and vinylsilanes; titanate
coupling agents; aluminum coupling agents; and aluminum/zirconium

20 coupling agents.

[0148]

Other components

The epoxy resin composition of Embodiment 3 may contain, in
additiontocomponents (A} to (G}, theadditional componentsasdescribed
25 above.
[0149]

The epoxy resin composition in Embodiment 3 can be prepared




the total amount of the epoxy resin (F) and the crystalline epoxy

resin (A is within the range, a curedsproduct exhibits a reduced 25
noi st ur e- absorbing rate and further inproved crack resistance.

[0160] Phenol resin (B) 55 A phenol resin (B) used in Enbodi nent 4

may be the phenol resin represented by general formula (5) as

described in Enbodinent 3. [0161] The above additional phenol resin

may be corbidedraseHaRE@Ddieht 1doeFuROheARbLS ) @m@bgow@eggﬁb@fapasitzon
obt ai ned by using the phenol resin (B) represented by general

formul a (2hnusedsied tdicsicapbalabenin ePectomienbaat dieh addi tsediabnductor
phenol resin conbined is preferably such that the content of the

phenol reshhp(B) prepeesentsthibyngeneoalddvdrauba ddsribed/On VRr¥bdtcdom&0o 1.
wt % both inclusive in the total phenol resin. 10 Wth the content of

t he phenoll0i&é8in (B) within the above range, a cured product has
reduced noi sture-absorption rate, and furthernore, exhibits

excel I5ent Enbhdsherheds to a base material and sol dering resistance
after soldering. [0162] 15 An equivalence ratio of the nunber of

epoxy groups°ih the total epoxy resin to the number of phenolic
hydroxyl groups in the phenol resin, i. e., the epoxy nunber/the

phenol i c hydroxyIAHdﬁﬁéﬂfr?§ln6@@?@?&5?9ﬂGk”7e@%ﬁﬂﬁu%?qiﬁﬂfi%ﬁﬂlﬁ§PQBCt°r

Wth th t th t hi bi t
Wih (he LEoQU AL e S0 o SOTREDSL SIS o o
d gl t t t d d bilit
e SR e e s i Fe L

by gep er al Eornula (6) and the crystalline epoxy resin (A
representéé by general fornmula (4) with the phenol resin (B)

(B) a phenol resin represented by general formula (5),

(C~1) an epoxidized polybutadiene compound,

(D} an inorganic filler,

(E) a curing accelerator and

15 (F) an epoxy resin represented by general formula (6&).
[0152]

A weight ratio [(I)/(A)] of component (F} to component (A)
is 10/90 to 90/10 both inclusive. Component (D) is contained in the
amount of 80 wt% to 94 wt% both inclusive in the total epoxy resin

20 composition. Furthermore, the epoxidized polybutadiene compound
(C-1) is contained in the amount of (.05 wt% to 5 wt% both inclusive
in the total epoxy resin composition.

[0153]




represented by general formula (5), the highest effects can be

achieved 25 in crack resistance and warpage in soldering after

noi sture absorption. [01631 Epoxidi zed pol ybut adi ene conpound (C- 1)

56 An epoxi di zed pol ybut adi ene conpound (C-1) used in this

enbodi ment maybe the conpound as described in Enbodinment 1. Its

content is preferably 0.05 wt%to 5 wt% both inclusive, particularly
preferably 0.1 wWrPoddnedamt Yobatin i(a¢l usiveytcand beiéotad fepRxy:ind@si Bond,
conposition 5 with the content within the range, an el astic nodul us

can be | owered-sanchdiso@ity; dld heeepdXyl riesiihocanposé t¢arbwanmtbas and
reduced. [0164] The epoxi di zed pol ybut adi ene conmpound (C-1) used in
this enbadentehe jamef errabliyfhasnt hen nunberegeerafd tol écuRzy amsl itirogen
of 500 10 to 4000 both inclusive. When the nunber average nol ecul ar

wei ght i sowi ehkplthevirmnde toa dcoredopradust sexhibit shexewmd ent different.
soldering resistance, and furthernore, increase in viscosity of the
epoxy I esild>4¢onposition can be prevented. [0165] 15 | norganic

filler (D) An inorganic filler (D) used in Enbodi ment 4 may be the
filler as descridggd in Enmbodiment 1. In the bpght of bal ance between
nol dability and rkliapility, the content of the tot i norganic

filler is pref Lyl 8 %to 94 wt, %.bo ive inthe to
R A & 65)

epoxy resin 20 os| t I OTY.
prevention of ngring\shrin Z Q nnlding/%H [ and therma

_ a® erature room-t n%br ure, resulting
i n_¢feduced war page. Furtherfiore, nois u#e-absorption rate of a cured

shri nkage from nmol di ng
B 1 o Cper o4 LIS SRLAPTE0Y 6 86k 2211 0E8oLR JRIRYPHaving

In addition, flui

1 to 4 carbon atoms and are the same or different; a is integer of

0 to 3; b is integer of 0 to 4; and n is average and is positive number
10 of 1 to 5.

[0155]

OCH,CHCH, OCH,CHCH,
N7 N

0
CIE CH g (6
e, e S
(R2), R2),

In general formula (6), Rl and R2 are hydrogen or alkyl having
1 to 4 carbon atoms and are the same or different; a is integer of
15 0 to 3; b is integer of 0 to 4; and n is average and is positive number
of 1 to 5.
[0156]
Such an epoxy resin composition can be used to provide a
semiconductor device with reduced warpage and excellent secldering crack
20 resistance. The epoxy resin composition is, therefore, particularly

suitable for encapsulating an area mounting type semiconductor.




25 is inproved, resulting in good noldability. [0166] Curing
accelerator (E) 57 A curing acceleratomgE) used in Enbodi nent 4
maybe the conpound as described in Enbodinent 1. [0167] Epoxy resin
(F) 5 An epoxy resin (F) used in Enbodi ment 4 may be the epoxy resin
as described in Enbodiment 3. [0168] O her conponents An epoxy resin
conposition used in Enbodinment 4 may contain, 10 in addition to
conponent §oAyjto (F), the additional conponents as described above.
Furthernore, it may appropriately contain, if necessary, any of

vari ous additi vesThaet uei g e cpupliifigadgendesttibedaEmbodiment 4.

y-gl yci doxypropyl tri met hoxysilane. [0169] 15 The epoxy resin

conposi ti gayasetll ime tdpexyemaadnngnhl i s prepared by bl ending
conponents (A) to (F) and the other additives at anbient tenperature
using a m xer, nebtekreadilnget époxy xeane Usi ngeknigadinhgdimeand sagkre the
as a roller mll, a kneader and an extruder, and cooling and then
mllirdg t seyatribies SOV IEGENTEE dpoxylrediin cowpddinenbn of

Enbodi mrent 4 can be prepared as described in Enbodi nent 1.

Furt her nrol@158he epoxy resin conposition can be used to encapsul ate
an electronic part such as a sem conduct or th?iéﬁ/ggepare a

sem conduct or deviBEEOGESEE| el e oAb I HeRt [ o1 #lp epoxy resin
(F) to the crystalline epoxy resin (A) is10/90 to 90/10 both inclusive,

: } preferably 20/80to70/30both inclusive, particularlypreferably 30/70
10 to 50/50 both inclusive. When the weight ratio [(F)/(A)] is within
the range, a cured product prepared from an epoxy resin composition
exhibits lowered moisture absorbing rate. Furthermore,an inorganic
filler canbe contained inhigher content in the epoxy resin compositiocn.
Thus, a cured product can exhibit lower moisture absorbing rate and
15 higher strength.
[0159]
In Empbodiment 4, the additional epoxy resin as described in
Embodiment 3 can be added as long as it does not deteriorate the features
obtained by using the epoxy resin (F} and the crystalline epoxy resin
2 (A). A content of the additional epoxy resin is, if any, preferably
such that the epoxy resin (F) and the crystalline epoxy resin (A) amcunt
fto 70 wt% to 100 wt% both inclusive to the total epoxy resin. When
the total amount of the epoxy resin (F) and the crystalline epoxy resin
(A) is within the range, a cured product exhibits a reduced
s moisture-abscrbing rate and further improved crack resistance.

[0160]

Phenol resin (B)




Enbodi ment 5 An epoxy resin conposition for encapsul ating a

sem conductor 58 chip of Enbodinent 5 gaentains the foll ow ng
conponents (A) to (CG2) and (F). (A a crystalline epoxy resin
represented by general formula (4), 5 (B) a phenol resin represented
by general fornmula (5), (C2) a butadiene-acrylonitrile copolyner
and (F) an epoxy resin represented by general fornula (6). [0172]

CLL2-CH CH2 0 K Or@hdnc1GeR (g used 1f08bod 1thénd @ hdl; Beedbhenol resin
formula (4), X is group selected fromsingle bond, -0-, -S and

-C(R2) 2-; rBbsecaertad Ky} dwdnag Iokmubacadbas alGsidad iar Bubddinsane 3.

or different; mis integer of 0 to 4; R2s are hydrogen or alkyl

havi ng 1 ti6é141¢arbon atons and are the sane or different. [0173] OH

H [ QCHHCH2 H(5) (Rl)a ~1)a n 15 (R2)b (R2)b In general formula

(5), Rl and R2 ar Ehhyadrogendditadhyl phevbhgredin oad kardpowiacdnes dodg as

are the sanme or different; ais integer of O to 3; bis integer of O

to 4; Sand it deesnet dgseahdrate 5bsi fdaranegnderaingid By U618g I ploarrd] resin
(B) represented by general formula (5) used in this embodiment. A
content of the additional phenol resin combined l1ls preferably such
that the content of the phenol resin (B) represented by general formula

b (5) is 70 wt% to 100 wt% both inclusive in the total phenol resin.

10 With the content of the phenol resin (B) within the above range, a
cured preduct has reduced moisture-abscrpticn rate, and furthermore,
exhibits excellent adhesiveness to a base material and soldering
resistance after soldering.

[0162]

15 An equivalence ratio of the number of epoxy groups in the total
epoxy resin to the number of phenolic hydroxyl groups in the phenol
resin, i. e., the epoxy number/the phenolic hydroxyl number, is
preferably 0.7 to 1.5 both inclusive. With the ratic within the range,
a resin component exhibits excellent curing properties. Furthermore,

2 a curedproduct hasg increasedglass—transition temperature and improved
reliability in moisture resistance. When combining the epoxy resin
{F} represented by general formula (6) and the crystalline epoxy resin
(A) represented by general formula (4) with the phenol resin (B)
represented by general formula (5), the highest effects can be achieved

25 in crack resistance and warpage in soldering aftermoisture absorption.

(0163]

Epoxidized polybutadiene compound (C=1)




59 OCH2CHCH2 CCHICHCH2 OO OCH2 OOCH2 OHH(6) (H)a (R)an
(R2), (n") In general fornmula (6) , R amfl R2 are hydrogen or al kyl
having 1 to 4 carbon atons and are the sane or different; ais

integer of O to 3; bis integer of 0 to 4; and n is average and is
positive nunber 5 of 1 to 5. [0175] Such an epoxy resin conposition

may neet both higher content of an inorganic filler and higher

fluidity. Thus, itArcapopriovizde polghufrdiccentconppent {¢at) used in this
particularly an area nmounting type 10 sem conductor device can neet

bot h r eductnilslimeniarayaget maonpeialas des ¢ruibidd DyErpedingnt hpr dked-ontent
sol dering resistance. 50176]0There will be ;gfcjfically_described

Enbodi nentisprefeyalphy Pi Re veiog S mésirptiainabisiva.yraaf 1 Hardyoxgeterably
resin (A used in Enbodi nent 5 may bhe the epox¥gresin represented hy

general f ot rul¥&3( 4y %&“&e?@??bﬁﬁﬂiﬁiﬁﬁbBaﬁﬁﬁhFO 1 grepa7repan composition

Enbodi pent 5, the weight ratio F / (A f an epoxy. resin . 20
D Geher B IHhEer ShELt e LehYal ti] gt pnay TS RSN LS Eafepapt grered
10/90 to 90/ 10 both.inclusjive, nore preferably 20/80 to 70/ 30 botg
ncl usi ve, SHa IRy Obr BPSr ST 307536 £5MBEF 5oL HotGr R dEveed-
VWhen the\%%fgg]ratio [(F)/(A)] is within the above range, a cured

The gpoxidized polybutadiene compound (C-1} used in this

embodiment preferably has the number average mclecular weight of 500

3 i
pSWE

10 to 4000 both inclusgive. When the number average molecular weight is
within the range, a cured product exhibits excellent socldering
resistance, and furthermore, increase in viscosity of the epoxy resin
composition can be prevented.

[0165]

15 Inorganic filler (D)

An inorganic filler (D) used in Embodiment 4 may be the filler
as described in Embodiment 1. In the light of balance between
moldability and reliability, the content of the total inorganic filler
ig preferably 80 wt$% to 94 wt% both inclusive in the total epoxy resin

20 composition. A content within the range may lead to prevention of
curing shrinkage during molding/curing and thermal shrinkage from a
molding temperature to room temperature, resulting in reduced warpage.
Furthermore, moisture-absorption rate of a cured product is lowered
and thus solderingcrack resistance is improved. Inaddition, fluidity

25 is improved, resulting in good moldability.

[0166]

Curing accelerator (E)




product fromthe epoxy resin conposition can exhibit |ower 60

noi st ure-absorbing rate and an inorgani &7iller can be added in high
content without deterioration in fluidity of the epoxy resin
conposition during nolding, resulting in excellent soldering
resistance. [0178] 5 In Enbodi ment 5, the additional epoxy resin as
described in Enbodi ment 3 can be added as long as it does not
deteriorate the fa2atuiegacobtaraedr i) uskddnttmboeporyt desivbd e apdoound
the crystalline epoxy resin (A) A content of the additional epoxy
resin is, apf dapgripecefier dpbgdisesh that the epoxy resin (F) and the
crystalllne epoxy resin (A) amount 10 to 70 wt%to 100 wt % bot h

i nclusi velPééThe total epoxy resin. Wien the total amount of the
epoxy resin (F) and the crystalline epoxy resin (A) is within the
range, a | ow noi sture absorption and adequate

solderlng re5|stance can be achleved kleg 15 Phenol resin (B
phenol® resin (B) HR&EPFY Enbui(fesas! fayFhocifenprbRgy heihs © XY resin

represent ed er ..[0180] In this enbodi ment, as
| ong as tHA& g%?gﬁg%‘gﬁfh%%gﬁ ﬂ%i%g 20 the phenol resin (B) are
not deter|nggg t he addltlonal phenolic resin as described in
Enbodinent n be added. A content of the additional phenolic

resin co preferably such that the content of the
phenol Lhe émpéﬁ quw to 100 wt % both inclusive to the total
phegollc resin. f hang| ; Lesii ) it hL D
the’/above range, a sé%?@?ggg%f?%m%ogaﬁggﬁsturelgbsorﬁﬁggﬁﬁ QI%BM%Bgtgln'
adequat e spl desi P & $habegeRal e achi@vedink0d8ddtional components as

described above. Furthermecre, it may appropriately contain, if
necessary, any of various additives including a coupling agent such
as y-glycidoxypropyltrimethoxysilane.

[0169]

15 The epoxy resin compositionused in this embodiment is prepared
by blending components (A} to (F) and the other additives at ambient
temperature using a mixer, melt-kneading the mixture using kneading
means such as a roller mill, a kneader and an extruder, and cooling
and then milling the mixture.

2 [0170]

The epoxy resin composition of Embodiment 4 can be prepared
as described inEmbodiment 1. Furthermore, the epoxy resincomposition
can be used to encapsulate an electronic part such as a semiconducter
chip to prepare a semiconductor device as described in Embodiment 1.

25 (01713

Embodiment 5

An epoxy resin composition for encapsulating a semiconductor



61 Butadiene-acrylonitrile copolyner (C2) A butadiene-acrylonitrile
copolymer (C-2) used in Enbodinment 5 ne&s be, but not limted to, the
conpound represented by general fornmula (3) as described in

Enbodi rent 2. A content of the 5 butadiene-acrylonitrile copolyner

(CG2) is preferably 0.05 to 0.5 wt% both inclusive, nore preferably
0.1 to 0.3 Wm%both inclusive in the total epoxy resin conposition.

A cont ent aniphoh Edisodibere bangetaiars theaflol bowingy aveywentnta (A} to (C-2)
adhesi veness of a cured product to abase material. Furthernore,
fluidity efmd HE)epoxy resin conposition is inproved, so 10 that it

can be reliably filled during nolding. In addition, since the epoxy
resin conposition (Bécomeystassing soouy, révin acprpbentedlay- apreral formula
defornatlon mnthln a sem conductor device can be prevented. [0182]

Epoxy resiid)¢F) 15 An epoxy resin (F) used in Enbodlnent S may be the
epoxy resin represented by general fornmula (6) as described in
Enboditrent 3. An (EpoRyPPesy Jﬁﬁﬁﬁb§€PF8ﬁeFB?de%%dﬁ§H¥§ﬂ1ﬁGIQ“la (5},
sem conductor chip of this eq%odlnent ﬁan conialn in addition to

conponents (A) tdc(é) 2§ BRPS g hRd tab O%‘#%g"&ﬁi c filler
D d [ I t E 0183 I fidl D
mbr gani o f111er (8] QSeEPT B HERESBCnEg D (HETiHY dPorgo 16

descri bed q7§gbod|nent 1. A content of the inorganic filler (D) 25

is preferébly %to 95 wt % both inclusive, nore preferably 86 to
93-wt % both inclusive in the total epoxy resin conposition. The

content within the range ad to p evention of sol dering
resi stance frem 62(:}{ CH, O 0 — CH,— CH—CH,

% g (4)

10 In general formula (4), X is group selected from single bond,
-0-, =S- and -C(R2),-; Rls are alkyl having 1 to 6 carbon atoms and
are the same or different; m is integer of 0 to 4; RZs are hydrogen
or alkyl having 1 to 4 carbon atoms and are the same or different.

[0173]

: _} OH OH
! }—& CH; CHE‘@—% H 5
R1), (R1),” n ( )
(R2), (R2),

15

In general formula (5), RL and R2 are hydrogen or alkyl having
1 to 4 carbon atoms and are the same or different; a is integer of
0 to 3; b is integer of 0 to 4; and n is average and is positive number
of 1 to 5.

20 [0174]




bei ng deteriorated due to increase in noisture-absorbing rate and
coefficient of thermal expansion. In addidion, warpage of a cured
product can be prevented. Furthernore, fluidity of an epoxy resin
conposition is inproved and thus it can be
reliablyfilledduringmolding. 5 1t allows for further |ower viscosity,
whi ch can prevent problens such as gold-wire deformation within a
sem conduct or devi ce.of€ ﬁbHQC‘uri ng accel erator (EycH @Htjfgg
accelerator (E) used in odifment 5 nmaybe the conp und\/10
descri bed in Enbodi

. osition|of thi
enbodi ment can cont B 0 et EithefES)
addi ti onal conpon f i a . er nore
appropriately contarh, if necessagyyy any gﬁzvarlou ditives

epo

including a silane coupling agent sJEh as si | anes,

mer capt osi | anes, am nosi | anes, al kyl silanes, ureidosilanes and '

vi nyl sil anes and é8uiSGlafertilsybh, &5 eng &dates hyeupreRPragehys having
al um num coupl i ng agents and al um nuni zi rconi um_coupling agents. 20
[0186] Thé é&fofy“?EPH &ssosnti 8RS of "ENBM MEnfi5ear be pricharégaer of
as descri bed i npodi nent 1._Furthernore, .the epoxy resin . .
conpositignto 'n5555&§589F6‘%QQaB%EVaf%déhléﬁﬁf F@ﬁi%ngdﬁ%PgﬁkElﬁ%“§mber
senicquuctor ch%p to prepare a sem conductor device as descri bed
above.’ 25 EXAMPPES" [0187] This invention will be described with
reference b%q55ut not 63 Ilimted to, Exanples. Here, any content

shal | e[xpre sed as Wm %

Such an epoxy resin composition may meet both higher content

of an inorganic filler and higher fluidity. Thus, it can provide a
significant effect that particularly an area mounting type
10 semiconductor device can meet both reduction in warpage and higher
reliability such as improved soldering resistance.
[0176]
There will be specifically described Embodiment 5.

Crystalline epoxy resin {A)

15 A crystalline epoxy resin {A) used in Embodiment 5 may be the
epoxyresinrepresentedbygeneral formula {4) asdescribed in Embodiment
3.
[0177]
In Embediment 5, the weight ratic [(F)/(A)] of an epoxy resin
2 (F) described later to the crystalline epoxy resin (A) is preferably
10/90 to 90/10 both inclusive, more preferably 20/80 to 70/30 both
inclusive, particularly preferably 30/70 to 50/50 both inclusive.
When the weight ratio [(F)/(A)] is within the above range, a cured

product from the epoxy resin composition can exhibit lower



[0188] Experinental Exanple A Experinental Exanple a-1 5 Epoxy resin

1: a biphenyl type epoxy resin (Japan Epaxy Resins Co., Ltd.,

YX4000K, nelting point: 105 C, epoxy equivalent: 185): 4.13 w%

Phenol resin 1. a phenol aral kyl resin having a bi phenyl ene noiety
(Meiwa Plastic Industries, Ltd., MEH7851SS, softening point 10 65C,
hydr oxyl equival ent 203) : 4.54 wt % Tri phenyl phosphi ne: 0.13 wt %

Fused sphernisahrst+dbsa{iaverage fat thcieosiazec §0lpay .ca890b80adddd %n high
Epoxi di zed pol ybut adi ene conmpound 1 (Ni ppon Petrochem cals 15

Conpany, EtbnteetdyiEnd800ebe5]onuinterimfbnadge nof ebakapxweieght coh08jtion
viscosity (25C): 350 Pas): 0.50 wt % y-d ycidyl propyl trinethoxysil ane:
0.20 w % duaingubaldind, O30l Canbercdl sk s0l3ering, rogi $10I8g.
These conponents were bl ended by a m xer. Then, the m xture was
kneaded udPAd8two rolls whose surface tenperatures were 90 C and 45

C. After cooling, the mxture was mlled to give anepoxy resin

conposi tion. The EPIXIPIEFIcEnpeT HO6H HHROSL G AN EGSMBS  BVREISGALEAT 11

20 Y 1o ghebloung e fod The Lepulis are, shown Lo Table L, 190

175G an Lnleetlon. pressurs of O % BA AP 5U LAY R0 A My vesin

(A). A content of the additional epoxy resin is, if any, preferably

3 such that the epoxy resin (F) and the crystalline epoxy resin (A} amount

10 to 70 wt% to 100 wt% both inclusive to the total epoxy resin. When

the total amount of the epoxy resin (F) and the crystalline epoxy resin

(A) is within the range, a satisfactorily low moisture absorption and
adequate soldering resistance can be achieved.

[0179]

15 Phenol resin (B)

A phenol resin (B) used in Embodiment 5 may be the phenol resin
represented by general formula (5).
[0180]
In this embodiment, as long as the effects obtained by using
20 the phenol resin (B} are nrot deteriorated, the additional phenoliic
resin as described in Embediment 3 can be added. A content of the
additional phenolic resin combined is, if any, preferably such that
the content of the phenol resin (B) is 40 wt% to 100 wi% both inclusive
to the total phenolic resin. When the content c¢f the phencl resin
25 (B) is within the above range, a satisfactorily lowmoisture absorption
and adequate soldering resistance can be achieved.

[0181]



a spiral flowin accordance with EMM-1-66. It is expressed in units

of centineter. 5 [0191] Package warpage:sm 352-pin BGA was forned

using a transfer nolding machi ne under the conditions of nold

tenperature: 175 C, an injection pressure: 6.9 MPa, curing tinme: 2

mn, where a substrate was a bisnaleimde-triazine resin/glass

fabric substrate with 10 thickness of 0.56 nm a sem conductor device

size was 3 tamhixndOaonyldiitirckresdpolyhdrmi~2ja sem conductor chip

size was 10 nmx 10 mm (thickness: 0.35 mm , and a sem conductor

chi p was bound w fhoatdrbirgiengcrpadni traleicopuil ymboaiCd2viwsal jolEhbwidiment

with diameter of 25 pm It was post-cured at 175 C for 2 hours to

gi ve a sarfphay béd, bet roft tien tES sentlbonduptond depreesntéiiby geeparédormula

was cooled to roomtenperature. Then,the displacenent in height

di recti on \asagedsaretoed di dghwalinedir éct i dredntomtt vd gaee of the

package, using a surface roughness gauge. The maxi mum di spl acenent

di f f erfenc®Ukasi gaeon & e ds Mdr parel Ve 1UAFTS) 16f PR &eRdtvel - Pmto B wts

[0192] CGold-wire deformation rate: a 352- ?i n BGA package forned, for

eval uat i ngCaNpaekage! r Page ReRfVRkdr 8dibye & -Solt® eqtdy inclusive in the

fluoroscope, .to express a gold-wire deformation ra%e a ra%e of
Eéfg”fﬁ a

(flow andhe)/ EooFu-Awsre ¢ LR -unit SORBTEBE W25 graerdiegy 2"

|21 S aNCS 8 S A hckate LOLTRd ol o, AU, 8 JRLkARerian.
(o4 d t t.ed d th { f .

empor at ure ot S6BBE et Feiy] S8 T PHP Ry 0 oI ar S Roubmprovgs oo

te”pe&9tu%%a%fi§50ghq&g féﬁfgﬂiyefﬁﬂﬂég'adkfﬁg(%%f%ﬁ%%( 1§§ £&H€Eﬁon, since

the epoxy resincompositionbecomes less viscous, forexample, gold-wire

deformation within a semiconductcr device can be prevented.
[0182]

Epoxy resin (F)

15 An epoxy resin (F) used in Embodiment 5 may be the epoxy resin
represented by general formula (6) as described in Embeodiment 3.
An epoxy resin compositicn for encapsulating a semiconductor
chip of this embodiment can contain, in addition to components (&)
Lo (C-2) and (F) described above, an inorganic filler (D) and a curing
20 accelerator (E).
[0183]

Inorganic filler (D)

An inorganic filler {D) used in Embodiment 5 may be the filler

as described in Embodiment 1. A content of the inorganic filler (D)

% is preferably 80 wt% to 95 wt% both inclusive, more preferably 86 to
93 wt% both inclusive in the total epoxy resincomposition. The content

within the range may lead to prevention of soldering resistance from




and then of tenperature of 85 C and relative humdity of 85 %for 5

72 hours. Then, the packages were subjea2ed to IR refl ow treat nent

at peak tenperature of 260 C (at 255 C or higher for 10 sec.) . After
treatment, the presence of an internal detachnent or crack was

observed by an ultrasonic flaw detector, and defective sem conductor
devices were counted. Wen the nunber of defective sem conductor

devi ces wasindOdatetherdiaie dv@s texphessesk aim moliGtu8188$crbing rate and
Experimental Exanples a-2 to a-11 and b-1 to b-7 In accordance with

t he conposbtiffnsiewescri bdetrimaiTabpaessioand In2 addpoxyny esdtpage of a cured
conpositions were prepared and eval uated as described 15 in

Experi nenpabd&xhnpie l#e brevhetedal uagtrgremeswl, t $latdishown dm efablyesesin
1 and 2. [0195] Conponents other than those used in Experinmental

Exanpl e actmpapétaen {slinpueve@gnEponyiF eshiveZzelaabdythdlerddyoingmolding.
novol ac t%pe epoxy resin gepoxy equi val ent: 196, softening point: 55

C) Phénol IEesikpws far ghed Prdxﬁqu—”y‘i’wfé%filﬁlma\?}ilh‘gh é?aﬁﬁé?ﬁﬂeéﬁemﬁ@@@rﬂﬁ such
(Mtsui Chemcals Inc., XLCLL, softening point: 75 C, hydroxyl
equivalentaS goL§- WEr PG4 PR glt%l%H%ﬁﬁmuﬁ6V6F§$OFe§?ﬁl?%oftenlng
poi nt : % Fydroxyl equi val ent: 105)

1, 8-Di azaﬂp 96 o(5, 4,0)undecene-7 (hereinafter, referred to 66 as

"DBU") EpQX|d|zed b tadu @e conmpound 2 (an nunber average
nol ecul armmr (25 ©): 10 Pa-s) Epoxidized
pObeUtadlene CoMpQy Qn a% ele %gger EYuseglnEmbodlment5maybethecompound

10 &s described in Embodiment 3.
[0185]

An epoxy resin composition of this embodiment can contain,
inadditiontocomponents (A) to (F), theadditional componentsdescribed
above. Furthermcre, it can appropriately contain, if necessary, any

15 of various additives including a silane coupling agent such as
epoxysilanes, mercaptosilanes, aminosilanes, alkylsilanes,
ureidosilanes and vinylsilanes and coupling agents such as titanate
coupling agents, aluminum coupling agents and aluminum/zirconium
coupling agents.

20 [0186]

The epoxy resin composition of Embodiment 5 can be prepared
asdescribed in Embodiment 1. Furthermore, the epoxy resincompesition
can be used to encapsulate an electronic part such as a semiconductor
chip to prepare a semiconductor device as described above.

25 EXAMPLES
[0187}

This invention will be described with reference to, but not
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Experimental Example A

Experimental Example a-1

Epoxy resin 1: a biphenyl type epoxy resin (Japan Epoxy Resins
Co., Ltd., YX4000K, melting point: 105 °C, epoxy equivalent: 185):
4.13 wt%

Phenol resin 1: a phenol aralkyl resin having a biphenylene
moiety {(Meiwa Plastic Industries, Ltd., MEH78518S, softening point
65°C, hydroxyl equivalent 203): 4.54 wt$

Triphenylphosphine: 0.13 wt%

Fused spherical silica (average particle size: 30 pm): 90.00

Epoxidized polybutadiene compound 1 (Nippon Petrochemicals
Company, Limited, E-1800-6.5, number average molecular weight: 1800,
viscosity (25°C): 350 Pas): 0.50 wt%

y-Glycidylpropyltrimethoxysilane: 0.20 wt%

Carnauba wax: 0.20 wt%

Carbon black: 0.30 wt3
(0189]

These components were blended by a mixer. Then, the mixture
was kneaded using two rolls whose surface temperatures were 90 °C and
45 °C. After cocling, the mixture was milled to give anepoxy resin
composition. The epoxy resin composition thus obtained was evaluated
by the follcowing method. The results are shown in Table 1.

[0190]

Fvaluation method
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10

15

pressure of 6.9 MPa and curing time of 2 min, using a mold for measuring

‘a spiral flow in accordance with EMMI-1-66. It is expressed in units

cf centimeter.
[0191]

Package warpage: a 352-pin BGA was formed using a transfer
molding machine under the conditions of meld temperature: 175 °C, an
injecticn pressure: 6.9 MPa, curing time: 2 min, where a substrate
was a bismaleimide-triazine resin/glass fabric substrate with
thickness of 0.56 mm, a semiconductor device size was 30 mm x 30 mm
(thickness: 1.17 mm), a semiconductor chip size was 10 mm x 10 mm
(thickness: 0.35mm), and a semiconductor chip was bound with a bonding
pad in a circuit becard via a gold wire with diameter of 25 um. It
was post-cured at 175 °C for 2 hours to give a sample. A set of ten
semiconductor devices thus prepared was cooled to room temperature.
Then, the displacement in height direction was measured in diagonal
direction fromthe gate of the package, using a surface roughness gauge.
The maximum displacement difference was determined as warpage in units
of micrometer (pm).

[0192]

Gold-wire deformation rate: a 352-pin BGA package formed for
evaluating a package warpage was observed by a soft X-ray fluoroscope,
to express a gold-wire deformation rate as rate of (flow
amount) / (gold-wire length) in units of %.

[01293]
Soldering resistance: a 352-pin BGA package formed for

evaluating a package warpage was post-cured at 175 °C for 2 hours.
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f i [0197] 68 Table 2 Experinental Exanple b-1 b-2 b-3 b-4 b-5
b-6 b-7 Epexy ofesém phokadéslithls bripared icdelbroatdl vhpexycie€sitfogpohere
4.26 Phenol resin 1 4.80 1.66 1.44 8.14 4.41 Phenol resin 2 4.21
ghegol r esifnt SmPe dak url oghenylcphes phd g iGel BuRi d3t .35 60. 24r&k 1380hd3rs,
1

oO~NOZ2
8 .
S

of temperature of 85 °C and relative humidity of 60 % for 168 hours,
and then of temperature of 85 °C and relative humidity of 85 % for
5 72 hours. Then, the packages were subjected to IR reflow treatment
at peak temperature of 260 °C (at 255 °C or higher for 10 sec.). After
treatment, the presence of an internal detachment or crack was observed
by an ultrasonic flaw detector, and defective semiconductor devices
fi? were counted. When the number of defective semiconducter devices was
10 n, the rate was expressed as n/10.
[0194]

Experimental Examples a-2 te a-11 and b-1 fo b-7

In accordance with the compositions described in Tables 1 and
2, epoxy resin compositions were prepared and evaluated as described
15 inExperimental Examplea-1. TheevaluationresultsareshowninTables
1 and 2.
[0195]
Compeonents other than those used in Experimental Example a-1
are as follows.
2 Epoxy resin 2: an crtho-cresol novolac type epoxy resin (epoxy
egquivalent: 196, softening point: 55 °C)
Phenol resin 2: aphenol aralkyl resinhavingaphenylenemoiety
(Mitsui Chemicals Inc., XLC-LL, softening point: 75 °C, hydroxyl
equivalent: 175)
i Phencl resin 3: a phenol novelac resin (softening point: 80
°C, hydroxyl equivalent: 105)

1,8~Diazabicyclo (5, 4, 0)undecene-7 (hereinafter, referred to



Fused spherical silica 90.00 90.00 96.00 83.00 90.00 90.00 90.00
Epoxi di zed pol ybut adi ene conpound 1 6.0@#.50 0.50 0.50 0.50 0.50

y- QA yci dyl propyl trimethoxysilane 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Car nauba wax 0.20 0.20 0.20 0.20 0.20 0.20 0.20 Carbon black 0.30
0.30 0.30 0.30 0.30 0.30 0.30 sSpiral flow (cm 150 87 35 230 64 149
156 Package warpage (pm) 35 59 unfilled 112 40 37 36 Gold wre
deformatieg rate"{% 2 8 unfilled 1 10 2 2 Sol dering after treatnent
at 60C160% for 0/10 0110 unfilled 7/10 0/10 1/10 2/10 resistance
168hr after treat Bpokiaiz&b@E0Mftaridhd0cOidOinhfi | aednhohdd 3ddbage
7/ 10 8110 168hr after treatnment at 85C/85% for 6/10 0/10 unfilled
10110 6/ 16010t40aP Ll giiZhr7dQ198kcoExper (2@tal Exappke B
Experimental Exanple a-1 5 Epoxy resin 1: a biphenyl type epoxy resin
(Japan Epoxy Resi Bpox8dizéd dogl WXxueOAKnemedtpagngpal nian hoBO:r epoxyage
equivalent: 185): 4.29 w parts Phenol resin 1: a phenol aralkyl

r esi n shavinedgeaubaphenidlane 2000, ey s¢binwa Rastic dbmduz-sies, Ltd.,
MEH7851SS, softening point: 10 65 C, hydroxyl equivalent: 203): 4.71
wt parts BGL&6] ene-acrylonitrile copol ymer (Ube Industries, Ltd.,
HYCAR CTBN 1008-SP, x = 0.82, y = 0.18, z = 62 (average)): 0.15 wt 69
parts Tri phenyl phosphine: 0.15 wt parts Fused spherical silica
(average particle size: 30 n): 90.00

P
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wt parts 5 y-Adycidyl propyltrimethoxysilane: 0.20 wt parts
wax: 0.20 wt parts Carbon black: 0.30 wsparts These conponents were
bl ended by a m xer. Then, the m xture was kneaded using two rolls

Car nauba

whose surface tenperatures were 90 C and 10 45 C. After cooling, the
mxture was mlled to give an epoxy resin conposition. The epoxy
resin conposition thus obtained was evaluated by the foll ow ng
nmet hod. The 5 age shown jon| 23l e B. |RPXOPE | Hval uag on| et hed
15 Spiral f AsUkeld Under|d hE |ebnd|tijenss as |Fekfbhed i &
Experi ment a eTATA[sanpre With ajspiral [LIfow of 1[ess [han [L00
. Sloio|o =] ©
cmwas reje )chd Package Warpage]wmeasuredinger e |x =
condi tions i 0 | £l Exfer i nenPal® Fxamnlel Al TASsanpPe whi chj
was convex i By 60| 1wor MBrie Mas deteshbned as defectove. o
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5 humdity of 60 % for

to IR ref
hi gher for
det achnent
defective
defective 1
n/ 10. [0203]

168 hours. Then,

10 sec.) After treatnent,

t he packages were subjected
| ow treat nent at peak tenperatgyge of 260 C (at 255 C or
t he presence of an internal

or crack was observed by an ultrasonic flaw detector and

0 seni conduct or
peri nent al
TS

devi ces was n,

sem conduct or devices were counted. Wen the nunber of
the rate was expressed as
Exanples a-2 to a-10 and b-1to b-4 In

accordance w he-conposi-ti-ons—descri-bed-in--Tabl-es--3—4and5—epoxy
resin compositions were prepared and evalE@etwaenial Esmpla i hed 15 in
Experinmental | Exanpl e a-1. The eval uation|béslii-2s ¥ e shohn bih [Pdblléd
3, 4 and 5. [ER@dfesi@dnponents ot her than|4¥opeiusiked i n|ERper i nddtgh.53
Exanpl e a-| |mp&keream 2f ol | ows. 20 Epoxy resin|2: g triphenolamthansg
type epoxy T eseRollrek@PaN Epoxy Resi ns Coladd th.¢s E44032 lﬁgftenlng
point: 59 C, PR rvarent: le) Phenol—esim 27 a pnﬂn0| gl Kyl
resin havi ng lthll ?§¥ re—rot cty \IVILDUI Ehremrcals—tne | ) 1
sof t eni ng pol-Al— We-oxH—25—equi-yal-ent—01+75) Phen dsi-p1374
phenol novol aﬁlphﬂwfphosm tening point: a0%1% O-Hl*ﬁ'q!?yyl %41 0\-/'QI g 0,43
105) 71 1, 8-Di azablcyclo (5,4, 0) undecene-7 [hereij aftler
referred to |BEsed $pBefidal silideer capt opr opy! t 1971 996% \A5HOP anEs3-0 (32-675]]°0-00g BR-48
3 Epoxidized polybutadiene compound 1 6.00 | 0.50 0.50 [ 0.50 | 0.50 | 0.50
Y-Glycidylpropyltrimethoxysilane 0.20 | 0.20 | 0.20 0.20 §0.20 | 0.20 | 0.20
; Carnauba wax 0.20 [ 0.20 | 0.20 0.20 | 0.20 |0.20 | 0.20
Carbon black 0.30 j0.30 | 0.30 0.30 | 0.30 (0.30 j0.30
Spiral flow {cm) 150 |87 |35 230 |64 [149 156
Package warpage {prn} 35 59 unfilled |12 140 37 36
Gold wire defonmation rate {%) 2 8 unfilled |1 10 2 2
Soldering | after treatment at 60°C/60% for [ 0/10 1010 |unfilled | 70 | 0440 | 110 | 2/10
resistance |168hr
after treatment at 85°C/60% for | 4410 | 0/10 |unfilled |1040| 310 | 710 | 8/10
168hr
after treatment at 85°C/85% for| 6/10 | 0/10 | unfilled 10110 | 6/10 1100 hoMo
72hr
[0198]

Experimental Example B

Experimental Example a-1

Co. Ltd., YX4000K, melting point: 105 °C, epoxy equivalent: 185):

wi

moiety (Meiwa Plastic Industries, Ltd.,

10 65

HYCAR CTBN 1008-SP,

Epoxy resin 1: a biphenyl type epoxy resin (Japan Epoxy Resins

parts

Phencl resin 1: a phenol aralkyl resin having a biphenylene

°C, hydroxyl equivalent: 203):

Butadiene-acrylonitrile copolymer

x = 0.82,

y = 0.18,

4.71 wt parts

z = 62

(average} ) :

{Ube Industries,

MEH7851SS, softening point:

Ltd.,

0.15 wt

4.29



Experinmental Exanple a-1 a-2 a-3 a-4 a-5 Epoxy resin 1 4.29 3.30
5.16 4.40 4.95 Phenol resin 1 4.71 3.73¢.81 2.30 2.03 Phenol resin
2 2.30 Phenol resin 3 2.03 Butadiene-acrylonitrile copolyner 0.15
0.15 0.15 0.15 0.15 Tri phenyl phosphine 0.15 0.12 0.18 0.15 0.15
Fused spherical silica 90.00 92.00 88.00 90.00 90.00

Y-QG yci dyl propyl tri nmet hoxysilane 0.20 0.20 0.20 0.20 0.20 Carnauba

wax 0. 20

Spi r al

B8a20s0.20 0.20 0.20 Carbon black 0.30 0.30 0.30 0.30 0.30
flow (cm 150 126 185 160 155 Package warpage (m 35 15 50 33

32 Cold wire deforpphéonl pradsph(ie:10512. Wt Oortls 3 1.5 Sol dering

after treatnent at 60C160% for 0/10 0110 O/10 O0/10 0110 resistance
168hr after treatgeBédaiph2@ic0%f10Ica0140e04dd pRA10c04 14 A2L100 1kG8he0. 00
5 [0206] 72 Table 4 Experinental Exanple a-6 a-7 a-8 a-9 a-10 Epoxy
resin 1 3w#0pdr25 4.16 4.29 4.29 Epoxy resin 2 0.85 Phenol resin 1
4.75 4.80 4.69 4.71 4.71 Butadiene-acrylonitrile copolynmer 0.15 0.10
0.30 &. 15 0. 15 vy-Glycidylpropyltrimethoxysilane: 0.20 wt parts

ot

10

15

Carnauba wax: 0.20 wt parts

Carbon black: 0.30 wt parts

These components were blended by a mixer. Then, the mixture
was kneaded using two rolls whose surface temperatures were 90 °C and
45 °C. After cooling, the mixture was milled to give an epoxy resin
composition. The epoxy resin composition thus obtained was evaluated
by the fcllowing method. The results are shown in Table 3.
[0199]

Evaluation method

Spiral flow: measured under the conditions as described in
Experimental Example A. A sample with a spiral flow of less than 100
cm was rejected.

[0200]

Package warpage: measured under the conditions as described
in Experimental Example A. A sample which was convex downward by 60
um or more was determined as defective.

[02011

Gold-wire deformation rate: determined under the conditions
as described in Experimental Example A. A sample with 3 % or more
was determined as defective.

[0202]

Soldering resistance: a 352-pin BGA package formed under the



Tri phenyl phosphine 0.15 0.15 0.15 0.15 DBU 0.15 Fused spheri cal

silica 90.00 90.00 90.00 90.00 90.00 79@ ycidyl propyltrinmethoxysi

| ane 0.20 0.20 0.20 0.20 7-Mercaptopropyltrinethoxysilane 0.20

Car naubawax 0.20 0.20 0.20 0.20 0.20 Carbon black 0.30 0.30 0.30

0.30 0.30 Spiral flow (cnm) 121 160 130 155 125 Package war page (pm

12 37 25 35 26 Cold wire deformation rate {% 2.8 1.2 2.5 1.2 2.5

Sol der i ngcahdef i diLALNBEE c2l b Ch6086:ho 1o F06181 Qddih P h1Pa Ok QatPage was
resi stance 168hr after treatnent at 85C160% for 0/10 0110 0/10 0110

0/10 168ResiO02@fdq &3 173kt &cr EXR|MsTENhad e tE%E&MP e pabkdghs Zis3pbedared
Epoxy resin 1 4.59 5.76 4.31 Epoxy resin 2 4.09 Phenol resin 1 4.91

4.84 Phepetertesiated vnddr PhenaindgsichedbBtéfperature of 60 °C and relative
But adi ene-acrylonitrile copolynmer 0.15 0.15 0.15 Tri phenyl phosphi ne

0.15 0. 15n0mi&idy I dbusedosphed itealrssbki tam@k00r@0 o008 90°0An80r&lat ive
Y- QG yci dyl propyl tri nmet hoxysilane 0.20 0.20 0.20 0.20 Carnauba wax

0.20 6.20hom20:100y 20 60 % for 168 hours. Then, the packages were subjected

to IR reflow treatment at peak temperature of 260 °C (at 255 °C or higher

for 10 sec.). After treatment, the presence of an internal detachment

or crack was observed by an ultrasonic flaw detector and defective

5 semiconductor devices were counted. When the number of defective

10 semiconducter devices was n, the rate was expressed as n/10.

[0203]

Experimental Examples a-2 to a-10 and b-1 to b-4

In accordance with the compositions described in Tables 3,
4and 5, epoxyresincompositionswerepreparedandevaluatedasdescribed
15 inExperimental Examplea-1. TheevaluationresultsareshowninTables
3, 4 and 5.
[0204]
Components other than those used in Experimental Example a~1
were as follows.
20 Epoxy resin Z2: a triphenoimethane type epoxy resin (Japan Epoxy
Resins Co. Ltd., E-1032H60, softening point: 59 °C, epoxy equivalent:
169)
Phenol resin2: aphenol aralkyl resinhaving a phenylenemoiety
(Mitsui Chemicals Inc., XLC-LL, softening point: 75 °C, hydroxyl
25 equivalent: 175)
Phenol resin 3:a phenol novolac resin (softening point: 80

°C, hydroxyl equivalent: 103)



Car bon black 0.30 0.30 0.30 0.30 Spiral flow (cm 155 154 82 95
Package warpage (pm 31 32 5 37 Cold wre deformation rate (%9 1.7
3.0 9.0 5.0 Soldering after treatnent at 60C160% for 1110 1110 1110
5110 resistance 168hr after treatnent at 85C160% for 5110 7110 3/10
10110 168hr [0208] Experinental Exanple C Experinental Exanple a-1
5 Epoxy resin 1: a phenol biphenyl aral kyl type epoxy resin (N ppon
Kayaku Co. Ltd., NC800OFzalepoyca@uidyal entieca4-7 snétemattepotatarsd to
CO: 1.47 wt parts Epoxy resin 2: bisphenol-A type crystalline epoxy
resin (Japan"DEpbxy Resins Co. Ltd., YL6810, epoxy equivalent: 171,
melting point: 74 45 C): 3.41 wt parts Phenol resin 1: a phenol

bi phenyl aral kyl yasircd{deipr@plliasinethdnghisianees, Ltd., MEH 7851SS,
hydr oxyl equival ent: 203, softening point: 65 C: 5.12 vt parts 5
Tri phenyl dR@8phi ne: 0.15 wt parts Spherical fused silica (average
particle size: 30 n) : 88.85 w parts Polybutadiene 1 (viscosity at

25 C 350 P 5] Xi rane-oxygen 5 content: 6.5 %: 0.30 w parts 10
N- Phenyl y-m.u;py.l_t_u_rxef hoxysilane, 0.20. W parts Carnauba wax:

0.20 wt parts Carbon bl ack: O. 30 wt parts Experimental Example
a1 |a-2 |a-3 a4 a-5
Epoxyresin 1 4.29 [3.30 (516 |4.40 [4.95
Fhenol resin 1 471 [3.73 {581 230 |2.03
N Phenol resin 2 2.30
Phenol resin 3 2.03
Butadiene-acrylonitrile copolymer 015 (015 (015 | 0145 | 015
Triphenylphosphine 0145 | 012 |018 | 015 [0.15
Fused spherical silica 90.00 | 92.00 | 83.00 | 90.00 | 90.00
T-Glycidylpropyttrimethoxysilane 0.20 | 0.20 |0.20 |0.20 |[0.20
Carnauba wax 0.20 ;0,20 |0.20 |0.20 |0.20
Carbon black 0.30 {0.30 |0.30 |0.30 |0.30
Spiral flow {cm) 150 |126 |185 |160 |155
Package warpage {jxm) 35 15 50 33 32
Gold wire deformation rate (%) 15 |27 (0.9 1.3 1.5
Soldering | after treatment at 60°C/60% for| 010 | 010 (010 |0/0 |0/10
resistance |168hr
) after treatment at 85°C/60% for | 0/40 | 0/10 |00 [ 010 | 0/10
168hr

[0206]




These conponents were bl ended at anbi ent tenperature by a mxer. The
m xture was kneaded using two rolls at %@ to 120 C. After cooling,

15 the mxture was mlled to give an epoxy resin conposition. Epoxy
resin compositions thus obtained were eval uated as descri bed bel ow.
The results are shown in Table 6. [0209] Eval uation nethod 20
Spiral flow measured under the conditions as described in
Experinental Exanple A [0210] MAP nolding (unf il |led void): MAP-QFN
(metal substrgiied a copper frane plated with nickel-palladi um gold,

encapsul atijg-area Stzer 45 25 mm X 62 mm ﬂkﬁéﬂ?ﬁéﬁm,ﬁ%aﬁl?ﬂem“ ST Z€

of a sem conductor device (QFN-16L) piece: 4 o—m
sem conduct of- el ement_size: 1.5 mmx 1.5 mm |36hi ¢Rhesba8y @M | a-10
passi vati on By r&iblt was nol ded under the canadi {#ehs; 436 of.2%0I(d.20
t enper at ur e: é;?o@(y?esﬁ'ﬁ I nj ectl on pressure 6 835/% and curing tifnme:

90 sec usi ngra—tfans frot-cag—rrechtre—Unt s 1 otft-er:
[0211] 5 PMB mmn'!mp for u'r he MAP- QFN f #:15 g':é[} m‘}ilgu, 14\7 r@;?é
mol di ng (unf |Blitediem>ad)ylorﬁtm§e tzzhwmnmrenent i n| Bdbght.1di 1 €630i 9R. Miag 0i 1

| ongi t udi nal | pl’hgﬁﬁbﬁ@smﬁﬁé’lg a surface rough1@_s;§ dauge | oilge |gapsi mum
di spl acenent SEfferemce was determmed—as pagkage | war page 111 ur t 15
of mcronete resi ¢ : 2—

bt ance.—the aboy
MAP- OFN was [fRsed¢pheiiical pdisa- cured at 175 C 1300 | PR $90-P¢ | RR&QO | §RAC
cut into i ndyweHdrivipropieRRethéxyelud n seni condyet pu.2devioe (OFN- 16l

s_an%)I es. A S%Mggcaptopropyltrimethoxysiiane 0.20
" Carnauba wax 0.20 (020 |[0.20 |0.20 |0.20
Carbon black 0.30 (0.30 |0.30 |0.30 |0.30
Spiral flow {cmy) 121 (160 (130 [155 |125
Package warpage {um) 12 37 25 35 26
Gold wire deformation rate (%) 28 (1.2 |25 1.2 |25

Soldering | after treatment at 60°C/60% for | 0/10 [0/10 | 0/10 |0/10 |0/10
resistance | 168hr
after treatment at 835°C/60% for|0/10 | 0/10 | 010 | 0110 | 0/10
168hr

[0207]

S



twenty sanples was individually treated under the conditions of 15
tenperature of 60 C and relative humdity pf 60 %for 120 hours and
of tenperature of 85 C and relative humdity of 60 % for 168 hours.
Then, the sanples were treated by IRref low (260 C) for 10 sec.
Using an ultrasonic flaw detector, the sanples were observed to
determ ne the presence of various interface detachnents. \Wen the
nunber of 20 defective packages, in which detachnent occurs, is n,
the rate i sJaB¢pBessed as n/20. [0213] Experinental Exanples a-2 to
a-12 and b-fL to b-9 In accordance with the conpos nqimwn
Tables 6 and 25 7, epoxy resin conpositions were Ek%,%ﬁn Ae ple
eval uated ap described in Experinmental Exanple a b1 Thé-2vditudt i qb-4

results are a Peld qbl es 6 and 7. Conponents mrﬁr’ bhﬂ? t hose 4.31

used in Exp sfollons. ”__‘_j I:nnvu
resin 3: a pEpbegyesity@e epoxy resin (Japan Epoxy Resifis Cq.4.08d. :
YX4000K, so nin nf. 105 C, epoxy equivalent| 185 5 10 ]
Phenol resi # 9#4&@0[ aralkyl resin (Mtsui Chemcalls Inr‘ﬁg? 4.84

XLC-LL, softg phem{ p@smtz 75 C, hydroxyl equival en}4.417%)
-dyci dyl | TEtOXyST TanePol ybutadi enes P10 An
L e RS S o y ol

oXi r ane- oxy nd viscosity at 25 C for polly diene lare
shown i n TapBetddieh®2dédyidritidcopdlyge© O O O O 0.1 00.15 | 0.15
. Triphenylphosphine 0.15 | 0.15 [0.153 | 015
- Fused spherical silica 90.00 | 90,00 | 90.00 | 90.00
T-Glycidylpropyitrimethoxysilane 0.20 | 0.20 [0.20 |0.20
Carnauba wax 0.20 | 0.20 [0.20 |0.20
Carbon black 0.30 ;| 0.30 [0.30 |0.30
Spiral flow {cm} 155 {154 |82 95
Package warpage {pm} 31 32 |5 37
Gold wire deformation rate (%) 1.7 [3.0 |9.0 |50

Soldering | after treatment at 60°C/60% for | 1/10 | 1/10¢ | 110 | 510
resistance | 168hr
after treatment at 85°C/60% for | 510 | 7710 {3/10 | 10/10
168hr

[0208]

Experimental Example C

Experimental Example a-1

5 Epoxy resin 1: a phenol biphenyl aralkyl type epoxy resin
(Nippon Kayaku Co. Ltd., NC3000P, epoxy equivalent: 274, softening
point: 58 °C): 1.47 wt parts

Epoxy resin 2: bisphenol-Atype crystalline epoxy resin (Japan

Epoxy Resins Co. Ltd., YL6810, epoxy equivalent: 171, melting point:
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000000 MNOOFr OMco NMONNN4{{6T1 (') vOWOOOOOON
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point: 65 °C): 5.12 wt parts
5 Triphenylphosphine: 0.15 wt parts
Spherical fused silica (average particle size: 30 um): 88.85

WL parts

Polybutadiene 1 {viscosity at 25 °C: 350 Pa's, oxirane-oxygen
“tf content: 6.5 %): 0.30 wt parts
10 N-Phenyl y-aminopropyltrimethoxysilane: 0.20 wt parts
Carnauba wax: 0.20 wt parts
Carbon black: 0.30 wt parts
These componentswere blendedat ambient temperaturebyamixer.
The mixture was kneaded using two rolls at 70 to 120 °C. After cooling,
15 the mixture wasmilled to give an epoxy resin composition. Epoxy resin
compositions thus obtained were evaluated as described below. The
results are shown in Table 6.

[0209]

Evaluation method

20 Spiral flow: measured under the conditions as described in
Experimental Example A.
[0210]
MAPmeolding (unfilledwvoid) : MAP-QFN (metal substrate: acopper
frame plated with nickel-palladium-gold, encapsulating-area size: 45
25 mm x 62 mm, thickness: ¢.65mm, size of a semiconductor device (QFN-16L)
piece: 4.0 mm x 4.0 mm, semiconductor-element size: 1.5 mm = 1.5 mm,

thickness: 0.2mm, passivationtype: SiN) wasmoldedunder the conditions



i
et

NLbo OOOOOOOO Xr 'SSrr OMNNTfl r ON~V W
00OO0OO0OOOr ONON Lc2EwmgELLO'YVCT7TL NOCco
0'0O,COaa 0-000CQG COO ')yEcmO NEa. -0
(O. ->VO(OwO0Or r NMNNNdOG60OOCL XO00cCC
O(6 XCO~ CCCnNnQOONNNOOQ 3 0"6R (D>>X
77 ,p7 373 CU(60Ona a. aLL, aa O00000amoO

72{3)} n_?)al%’ci ggryﬁ%y\c/lwge d1950cd g drqebt forprelssBl: . #MEQ and curing

time: 90 sec using a transfer molding machine. Unfilled voids are
counted.
[0211]

Package warpage: for the MAP-QFN formed for evaluating MAP
molding (unfilled void), the displacement in height direction was in
longitudinal direction using a surface roughness gauge. The maximum
displacement difference was determined as package warpage in units
of micrometer {(pm).

[0212]

Soldering crack resistance: the above MAP-QFN was formed and
post-cured at 175 °C for 4 hours. It was then cut into individual
pileces to obtain semiconductor device (QFN-16L) samples. A set of
twenty samples was individually treated under the conditions of
temperature of 60 °C and relative humidity of 60 % for 120 hours and
of temperature of 85 °C and relative humidity of 60 % for 168 hours.
Then, the samples were treated by IR reflow {260 °C} for 10 sec. Using
an ultrasonic flaw detector, the samples were observed to determine
the presence of varicus interface detachments. When the number of
defective packages, in which detachment occurs, is n, the rate is
expressed as n/20.

[0213]

Experimental Examples a-2 to a-12 and b-1 to b-9

In accordance with the compositions described in Tables 6 and
7, epoxy resin compesitions were prepared and evaluated as described
inExperimental Examplea-1. TheevaluationresultsareshowninTables

6 and 7. Components other than those used in Experimental Example



Experinmental Exanple b-1 b-2 b3 b.4 bS b-6 b-7 b9 b-9 Epoxy resin 1
5.76 2.00 2.36 0.47 1.47 1.47 1.47 1.47 4 Epoxy resin 2 4.59 2.90 5. 46
1.00 3.41 3.41 3.41 3.41 Epoxy resin 3 Phenol resin 1 4.25 5.41 8.18
1.63 6.12 5.12 5.12 5.12 Phenol resin 2 5.10 Tri phenyl phosphi ne 0. 15
0.15 0.15 0.15 0.15 0.15 0.15 0.16 0.15 Spherical fused silica 88.85
88.85 88.85 82.85 95.85 88.86 88.85 88.85 88.85 Pol ybutadiene 1 0.30
0.30 0.3030439,9. 39 f,80,,Lol ybutadi ene 2 Pol ybut adi ene 3

Pol ybut adi ene 4 0. 30 Pol ybutadi ene 5 0.30 Pol ybut adi ene 6 0. 30

N- Phenyl (Q2G49.20 0.20 0.20 0.20 0.20 0.20 0.20

y-am nopropyl tri met hoxysil ane y-G yci dyl propyl tri nmet hoxysil ane 0. 20

Car nauba wax 0.20EQ020 &30 9 2000200, 2050 eB0x0.:2810. Rfkp-EALBey Resins
black 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 Spiral flow (cm

78 155 10@c110t30, 78x4G6060 sbl@enVAG BB g naL ANt | beok ¢ nsnbierlchitd 085)
0 >20 8 0 20 O void) MAP warpage (p 140 350 240 400 d) 200 250

200 260 Sadlzdeini ng (60C160/d120hr) 0120 0120 0120 0120 C) 0120 0120
0120 4120 resistance (85C/ 60/d168hr) 2120 2120 8120 2120 ("1) 2120
9120 2120 20120 Rokeol rksimo? evathgatilorasldng essierl¥ineti Ebeainabs Inc.,
due to unfilling } [0218]

XLC-LL, softening point: 75 °C, hydroxyl equivalent: 175)
Y=Glycidylpropyltrimethoxysilane
) Polybutadienes 2 to 6
10 An oxirane-oxygen content and viscosity at 25 °C for a

polybutadiene are shown in Table 8.

[0216]



1.90 wt

[0219] 5

anple a-1 Epoxy resin 1. a
(Ni ppon Kayaku Co. Ltd.,
58 O):

0 10 900
softening point:

[

type epoxy resin

123456 OXirane-oxygen %6.55 8 9 2 11
274,

ar al kyl

epoxy equi val ent :
parts 5 Epoxyresin2: abisphenol-A type crystalline epoxy resin (Japan

Epoxy Resins Co. Ltd.,

45 C):

Exanple D 79 Experi nental

rate Viscosity at 250C Pa-s 350 200 550
bi phenyl

Experi nent al

Tabl e 8 Pol ybut adi ene
phenol

NC3000P,

nmel ting point:
resin

ar al kyl

171,
bi phenyl

epoxy equi val ent:
resin is a phenol

YL6810,

2.85 wt parts Phenol
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The m xture was kneaded using two rolls at 70 to 120 C. After
the m xture was mlled to givggan epoxy resin conposition.

cool i ng,

Epoxy resin
bel ow. The

conpositions thus obtained were eval uated as descri bed
Eval uati on

results are shown in Table 9. 25 [0220]
met hod Spir al
Experi nent al

fl ow neasured under the conditions as described in 80
Exanple A. Wen a spiral flowis less than 90 cm

fluidity is so lowthat defects such as unfilling may occur during
mol ding a pPa2RAge [0221] 5 Package warpage: a 352n BGA was farned
using a transfer nol di ng nmachi ne UhRdermemd Egamdé ti ons of nol d
tenperature; 175C, an injection pressus-: |83 9! MPa,b-Lurmkng b7 e 905
sec, where agsdipsdsiraf € was a bi smpses m derddd Brien.arelsign/[glaaga.47 [1.47
fabric substEaLe M4 TN CKNEess 0f 0. bhsq(l oA | RN RNAUAT[37a1 8% 4841
size was 30 Eﬁ&i@ré’ﬁﬂé”“ (thickness: 10 37y —arsenfi-conductior g p
si ze was 15 [ x 15 FR-{thtekness—0. 35 A—11 %8S ;lgs*; eHead—at
175 C for 2 |hBPY St er cooling Ll enpest B PR 15 Bz {88 [s2
di spl acement Pgpohiast ' ' s neasult®® | n  diadonall dirlect.ilon
fromt he gat &igentliesparckage, usi ngl.86 s@td g GlEgHTEsIP. 15qMige 0. 1§ 8.16
maxi mum di spbpean@nisedsififaer ence wagsabe( ®rer| sved| @ss pspajchares.dd ss.85 | 8885
war page in Upbisutfien@ Croneter (pnyo.so Yhen|@smbsiapesoar page ijn tHosoe
package is PoipeRfier@BT € the COMpOsi [.i on S MpU SO T a+_b| e@s gn 1
oo sl B O o bl desbr+ bpdt i xper rondlar
Exanpl e A. \ Qﬁb'ﬁaq@ﬁﬁﬁ wi.re. deformation rate |s 4 O/nglr “ore,
shor t - ci r cuil Powestitsiened occur due t¢ contact befuee 0.30
Polybutadiene 6 0.30
N-Phenyl 0.20 |0.20 (0.20 |0.20 10.20 |0.20 | 0.20 |0.20
y-aminopropyltrimethoxysilane
+Glycidylpropyltrimethoxysilane 0.20
Carnauba wax 0.20 |0.20 |0.20 |0.20 |0.20 ]0.20 [0.20 |0.20 |0.20
Carbon black 0.30 |0.30 [0.30 [0.30 |0.30 |[0.30 |0.30 |0.30 |030
Spiral flow {cm) 78 155 {100 |110 |30 78 130 |89 110
MAP molding (unfilled | (number) |5 0 0 0 >20 |8 4] 20 0
void)
MAP warpage {um) 140 350 |240 (400 |(*M1) }200 |250 200 |200
Soldering | (60°Ci60%/120hr) 020 |0/20 | 0720 |0/20 |(*1) |0i20 |0/20 | 0720 |4i20
resistance | (85°C160%/168hr) 220 | 220 {8/20 |2/20 |(1) |2i20 [9/20 |2/20 |20/20
_ Note: ™1; no evaluatich samples were not obfained due to unfilling
[6218]
Table 8
Polybutadiene
1 2 3 4 5 6
Oxirane-oxygen Yo 85 |5 8 9 2 1
rate
Viscosity at25°C | Pa-s |350 | 200|550 | 750 |10 | 200
[0219]

Experimental Example D




gold wires. [0223] Soldering resistance: a 352pBGA was formed as
described for 25 evaluating a package way page and post-cured at 175
Cfor 2 hours, to obtain sanples. A set of ten sanples were

i ndividually wetted under the conditions of tenperature of 60 C and
relative humdity of 60 %81 for 168 hours and of tenperature of 85
C and relative humdity of 60 %for 168 hours, and treated by IR

reflom/(2§%pg}i&gﬁtgpg%§£¥ﬂgg%_lsanples were eval uated for the

presence i various interface detachnent by

observing them byrapxyl t&asoni €  awndet sepREnyD Man th%Eé”@ﬁéx@fresin
defective packages is n, the rate is expressed as n/10. en the

nunber of (debpeti ngyPackages.ths, NOBOOE®SS eddi§ saiplelePasses ,t Berftening
sol dering resistance evaluation test. [0224] Experinental Exanples

a-2 to a-26i40:! pgaggar dancewwi phrthe conpositions described in
Tables 9, 10 and 11, epoxy resin conpositions were prepared and
eval uat ed as desE&pbkedekinBExpasiagriall ~-Exgoplervatil]l Theepval uasinrfJapan
results are shown in Tables 9, 10 and 11. Conponents other than
t hose usedpiory Fxgpierd fentatd ExdmpBéla-dpaneeasital drmws 1715 f@A25]g point:
Epoxy resin 3: an ortho-cresol novol ac type epoxy resin (N ppon
Kayaku Co.45Lfd) ; EGCN«I020x55, epoxy equival ent: 196, softening
point: 55 C) Phenol resin 2: a phenol phenyl aralkyl resin (M tsui ,
Chenical s 20 | ncPherptresinsbt g ahienglgoimienyiz el nldresdn (Meiwa Plastic
equi valent: 175) 1, 8-Di azabic%clo 85, 4, 0) undecene-7 (hereinafter,,
refeérred @gdu§§rnffiy§§d., MEH-7851S5, hydroxyl equivalent: 203, softening
10 point: 65 °C): 4.65 wt parts
Triphenylphosphine: 0.20 wt parts
Spherical fused silica (average particle size: 30 um): 859.00
wt parts
Epoxidized polybutadiene compound 1: Nippon Petrochemicals
15 Co. Ltd., E-1800-6.5, number average molecular weight: 1800, viscosity
(25 °C): 350 Pa:s: 0.50 wt parts

y-Mercaptopropyltrimethoxysilane: 0.40 wt parts

Carnauba wax: 0.20 wt parts

Carbon black: 0.30 wt parts

20 These componentswereblendedat ambient temperaturebyamixer.

The mixture was kneaded using two rolls at 70 to 120 °C. After cocling,
themixture wasmilled to give an epoxy resin compesition. Epoxy resin
compositions thus obtained were evaluated as described below. The
results are shown in Table 9.

25 [0220]

Evaluation method

Spiral flow: measured under the conditicns as described in



Epoxi di zed pol ybut adi ene conpound 2: a conpound represented by
general formula (4), wherein k, 1, manggsn are integer of 1 to 3; 25
R1 has structure represented by CpHg; p is integer of 0 to 3; and q
is integer of 1 to 8, nunmber average nol ecul ar wei ght: 400, viscosity
(25 C) : 150 Pas 82 Epoxidized pol ybutadi ene conmpound 3: a conpound
represented by general formula (4), wherein k, 1, mand n are integer
of 1 to 180perflefian shinGidhe MRLPsenlied) B dOPHOI oRs IhahMi0Rger £0fi Bty
to 10; and g I1s integer of 1 to 21, nunber average nol ecul ar wei ght:
4500, visggskd yiow tha® @féc‘g@%f&sag%@ﬂlﬁﬁiéfmag 8P By Qoldbng a
OWlh OO N'D<f NC) Nrr t4r NNr Oco OOOOr u)y Nh O m
0cnv 0 gaeky®. 000 opOnrnv Nto bT Nmm(6 r Nmr 0 Oo 0 O
OOr t() NOr morncooooO0000 nrnO(DNWVNMmMDb. r
(cr nogzPjcoo 0" 100 (DNmcoh- 000000O a?r r (DN
VNmMr rr |1l Nr VOdoDOOOOTr LDNO 4~V NuoDV N2 O
OO0514 1 () mOP&BkEgDwErpPagg: & IB2D BEA wT founid (s iNgW Vrahg B @ mling
O mr 4 0000O0000OTr sTmO O

machine under the conditions of mold temperature: 175 °C, an injection

o3©°~™

pressure: 6.9 MPa, curing time: 90 sec, where a substrate was a
bismaleimide-triazine resin/glass fabric substrate with thickness of
s 0.56 mm, a semiconductor device size was 30 mm x 30 mm (thickness:
10 1.17 mm), a semiconductor chip size was 15 mm x 15 mm {(thickness: 0.35
mm) . It was post-cured at 175 °C for 2 hours. After cooling to room
temperature, the displacement in height direction was measured in
diagenaldirectionfromthegateof thepackage, usingasurfaceroughness
gauge. Themaximumdisplacement differencewasdeterminedasapackage
15 warpage in units of micrometer (um). When a package warpage in this
package is 70 um or more, the composition is not suitable as an
encapsulator for encapsulating one side.
[0222]
Gold-wire deformation rate: measured under the conditions as
2 described in Experimental Example A. When a gold-wire deformation
rate is 4 % or more, short-circuit tends to occur due to contact between
gold wires.
[0223]
Soldering resistance: a 352pBGAR was formed as described for
2 evaluating a package warpage and post-cured at 175 °C for 2 hours,

to obtain samples. A set of ten samples were individually wetted under

the conditions of temperature of 60 °C and relative humidity of 60 %



Ecaolll mMMONVNMMOOO (6 VLIDOco OOOOTr h Nw Cr
'q" LIDODOOOCA 00 NNU (DOONQ "'Dd Nmmr r fl- 1 E
(40mC 000OOOCO(Drr0cd LCLOLOU 0000000 Xr
OCD(DN(D'" NmONorr W(5r N'V OWOO0OOOr LONOOLL
4- ONCOEOoO CCCV3S 0O0OONON OOO0OCY (0co i2. Q
" I BREEEOOO]. NUUUCCOxxa)ID a) a) a) x ccc RE

E 7) 0) NON 188 ﬁbgrs hd of temperature of 85 °C and relative humidity of

60 % for 168 hours, and treated by IR reflow (260 °C) for 10 sec. The
samples were evaluated for the presence of inner cracks and various
interface detachment by observing them by an ultrasonic flaw detector.
When the number of defective packages is n, the rate is expressed as
n/10. When the number of defective packages is 3 or less, the sample
passes the soldering resistance evaluation test.

[0224]

Experimental Examples a-2 to a-26

10

15

In accordance with the compositiocns described in Tables 9,
10 and 11, epoxy resin compositions were prepared and evaluated as
described in Experimental Example a-1. The evaluaticn results are
shown in Tables 9, 10 and 1i. Components other than those used in
Experimental Example a-1 are as follows.
[0225]

Epoxy resin 3: anortho-cresol novolac type epoxy resin (Nippon
Kayaku Co. Ltd., EOCN-1020-55, epoxy equivalent: 196, softening point:
55 °C)

Phencl resin 2: aphenol phenyl aralkyl resin {Mitsui Chemicals
Inc., XLC-LL, softening point: 75 °C, hydroxyl equivalent: 175)

1,8-~Diazabicyclo (5, 4, 0)undecene-7 (hereinafter, referredto
as "DBUM).

Epoxidized polybutadiene compound 2: a compcound represented
by general formula (4), wherein k, 1, m and n are integer of 1 to 3;
R1 has structure represented by CHg; p is integer of O to 3; and g

is integer of 1 to 8, number average molecular weight: 400, viscosity

{25 °C): 150 Pa-s



000 OE~r .y.VLLLrL.QQ.Q>.ii E Zn 7?2 ?i.. NODN
COr NOdODOOQx ONMCCO (ARgQa QO MUO N!6N CCC
.~NQo-aOaMR.L.LLi i WNI1I0-OQLONLGC XXXCCLT71
XX Xy. 0 aaasL0 mQD abD UO(4QROOywwwOCLdin
(nwwwvvac~(n1l [0227] 84 Table 10 Experinental Exanple

a-10 a-11 a-12 a-13 a-14 a-15 a-16 a-17 a-18 Epoxy resin 1 1.98 2.00
2.00 1.09 0.79 1. 8001590, dq 9011900 EAQIE B8RS 2090 th 188 :dsBhrea
1.18 2.85 2.85 2.85 2.86 FEpoxy resin 3 Phenol resin 1 4.85 4.89 4.89

2. 67

1. 93y -%éqélr-aquérﬁ@lé- , Wherain esin r2affiphenyl phosnhbre; 02000;
0.20 0.20 0.20 0.20 0.20 0.20 0.20 DBU 0.20 Spherical fused silica

89,00 89. QO A9 04t 500 B9cP0-8%n 0 89 00139000 8 ¥yerEpEX) digad; and g
pol ybut adi ene conpound 1 0.10 0.008 4.50 6.00 0.50 0.50 Epoxidized

gol %but adiienenteepposnd b 01 FGupexi diczedepad Muiiladi eneyreonpsuhd v3scosity
.5

5 (25 °C): 800 Pa-s
[0226]



y- Mer capt opropyl tri met hoxysilane 0.40 0.40 0,40 0.40 0.40 0.40 0.40
0.40 y-Gycidylpropyltrinmethoxysilane @40 Carnauba wax 0.20 0. 20
0.20 0.20 0.20 0.20 0.20 0.20 0.20 Carbon black 0.30 0.30 0.30 0.30
0.30 0.30 0.30 0.30 0.30 sSpiral flow (cn) 130 158 155 105 90 120 90
115 115 Package warpage (pm 44 50 50 64 79 72 100 53 53

ol d-linewire deformation rate (%9 2 2 2 3 535 3 3 Soldering after
treatnent at 60C160% for 0110 5110 4110 0110 1110 6110 2110 0110 0110

resi stance l&8prrattei—tEept-fent—abr856160% 2063365416 1;;0
2110 8110 3110{ 9180 BL1QR 1686r| [ 0228 | 85 [Rabl ¢ AR Efder | et al
Exanpl e a-19 at80~ar®1 490~ a®23 a®2#® p- 25 |42 D6 | “H@ox¥ [resMn™ 3 ‘3?2
4.13 1.09 0./49 %%% 41%’2 -.21§2.3 = DX rg n é%ﬁé 6.19|L 641 8. 73
2.54 2.11 3.132|33.|147 ZEpaXy| Tesj|n BgRienoll r n| L7621 QIR 6=
1.19 5.17 5.88[ 3187 3165 Phenat—tesin2Friphenyphosphi-ne 620162
0.20 0.20 0./20/Q.|20/®{20 D! 20% [DBLESFhEr il calS [ us&l| i li\cal 83200 7&. 00
93. 00 96. 00 |89| 80+B9=0& |80| 00=89. P8 | Epoxi dicbd |pd| g b |asl| @& &
conmpound 1 Q.5 .051007 wd®. P- 50 [0. :9% 00%0.%00:p xifized |
pol ybut adi ene p@npoumd=2 Epoxrdi zeFpa! ybuit Aot ene SEompBUndB |=  |[=
y- Mer capt oprop/fvf P Fl-(‘)alti L 5he 044 D 40 a0t O ID. 140 0.0 0l Ao
0.40 y-Glyc 1gyi_-:-r-_propylgrl §th)§y% ane% agam g g
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Car nauba wax 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 Carbon bl ack
0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30g,Spiral flow (cm 140 >260 95
30 100 90 140 130 Package warpage (pm) 64 114 41 unfilled 56 114 64
107 Cold wire deformation rate (%9 1 1 3 unfilled 2 5 1 2 Soldering
after treatnment at 60C/ 60% for 0110 10/10 0110 unfilled 0110 10. 10
0110 10110 resistance 168hr after treatnment at 85Cl60% for 2110

10/ 10 3110 umfid4d ed 3110 1010 2110 10110 168hr [0229] Experinental
Exanpl e E perinental Exanple a-1 5 |Epexyenta€stampld: a phenol
bi phenyl arglxkyl type epoxy resin (N[ppeohKayakeCais [EA a1 NCS0Q.17 [a18
epoxy equl Vakgiresitd 4, SOTTENI NGPOI NT 1} 10982 do) [2.06 | P Vd7sdks $1.00 {1.90 [1.00

Epoxyr esi N2 @ Plegphenot - ALype Crystai|bbfie; @Pa%Y |[§ 65| The(|[38P ks =R Yes
Resins Co. [ Xy redir: 1UI, _EPUXy_equl vat eIt 1]71: T .Bi rTTTg |poi it 107457
©) ;258 W B figeslp S OTT T ST L o TP o WS o571 8E ¥Hds 458 Wos
(Meiwa Pl ast ﬁaenglelslllfllléatl FeST LU0 N7 oo 5SS, T YU OXyl guiryar et
203, softeni [." S6—rei-At——~65 489 \7% pat-tSs— 10230
But adl ene- ac¢ rﬁhwlpbiépl}“l\e canol. v gL I’Ih 0 ﬁ ||z)f2;i QZO qg-o 0.20 d 0
,)Dé:u...“..\, COPOYABF— IS T ES o6 BAAS B 570
CTBN 1008-SFJ|—49-—%eneJ—_a! formila{3)—1x=10.82 y =BH 1ad 2lislp g2
(the average heri d silica rts HOOD-T[ ( B PP sspwso /8990 (4504 | es(.og ss.oq: 3091 $9.00
Tri phenyl ph()gﬁ?ﬁg ipﬁq@po[yp%@luw copAPYNg 1 0.10 [0.008 750 | 6.00 0.50 [0.50
Epoxidized polybutadiene compound 2 G.50
. Epoxidized polybutadiene compound 3 0.50
' 3 y-Mercaptopropyitiimethoxysilane 0.40 {0.40 |0.40 |0.40 | ©.40 |0.40 |0.40 0.40
¥-Glyeidylpropyltrimethoxysilane 0.40
Carnauba wax 0.20 (0.20 |0.20 |0.20 (0.20 |0.20 {0.20 |0.20 | 0.20
Carbon black 0,30 (0,30 {0.3C |0,30 (0,30 {030 {0.30 {0.30 |0.30
Spiral flow (em) 130 (158 (1585 {105 |90 120 |90 116 | 1156
Package warpage {m) 44 |50 |50 |64 |79 |72 |100 |53 |63
Gold-linewire deformation rate (%) 2 2 2 3 5 3 5 3 3
Soldering | after treatment at 80°CHB0% for [ OMOC | 5/10 | 4110 (0110 {110 [ &10 (2110 [ 0110 | 0/10
resistance |[168hr
after treatment at 85°CI60% for {2/10 |60 (5110 | 1110 | 2110 | 810 | 310 | 0/10 | 010
168hr

[0228]



Fused spherical silica (average particle size: 30 pnm): 89.00 10 w
parts y-d ycidyl propyltrinmethoxysilane: gQ 20 wt parts Carnauba wax:
0.20 wt parts Carbon black: 0.30 w parts These conponents were

bl ended by a m xer. Then, the m xture 15 was kneaded using two rolls
whose surface tenperatures were 90 C and 45 C. After cooling, the

m xture was mlled to give an epoxy resin conposition. The epoxy
resin conposition thus obtai ned was evaluated by the foll ow ng

met hod. Thd2Medlults are shown in Table 12, [0232] 20 Evaluation

met hod Spiftal flow neasured under the|EgaihantabEremale described in
Experimental Exanple A A sanple with pa-gpjaal|ah guenf | ess|ibeie-30 a2s
cmwas rej eglRdresind233] 87 Package walpggeizMeasucesd undes |{xme|z.21 [2.31
condi tions g&,xgpegﬁ:,rzl ped |:xper| et al 4 &¥@MR! (@ 64\ ofs SAMPEE | MW [b.32 [3.47

war page of E bxJ T g 0T E WA deternmmeg—as; deffectijve—1 (234 5

C‘:Ol d-WiI‘e \ IUIIIﬂ.L —rate: uCLCIIIIIICd die tlﬁn C"‘n’“'i s
descr | bed | E eEGIrl.gﬁu? rJ =Yal al Exarml e—A— A< 'f'é"' \%57 H Y%‘CY :"ﬁi )5:-‘ 3\@'30 3.62

det er m ned gl—&enﬁtffﬁﬂ?‘? L\e [ﬂ?’%':.'l Sol-der.lnag Lst ance: 3524 ninl BG
package fof FisenyiiesPhithe 10 condi ti onkd-®s|P8ORP A i n | P&} n2Gh{0-20 [0.20
eval uati ng|BBpackage warpage was posttcureed gt 195 C for 2|hours. A
set of ten|paekepmssddies prepared wer g3y gavegdsaneer t heroatl #os el je9.00
of tenper af BiRidekd pdlybtadidsk dotmpadndve 0.50 |0.50 (050 |0.50 0.50 [0.50 |0.50 |0.50

Epoxidized polybutadiene compound 2

o T+ C

1
a1
TP
r

A LA L 5=y
|

Ty Epoxidized polybutadiene compound 3

y-Mercaptopropyltrimethoxysilane .40 [0.40 [ 040 |0.40 0,40 (0.40 (6.40 | 0.40
1Glycldylpropyltrimethoxysilane
Carnauba wax 0.20 |0.20 |0.20 |0.20 0.20 j0.20 (0.20 |0.20
Carbon black 0.30 |0.30 |0.30 |0.30 0.3¢ [0.30 |0.30 |0.30
Spiral flow (cm) 140 (=280 |95 |30 100 |90 140 {130
Package warpage (um) 64 |14 |41 unfilled {56 |114 84 107
Geold wire deformation rate (%) 1 1 3 unfilled |2 5 1 2

Soldering | after treatment at 609C/60% for | 0/10 | 10710 01O | unfilled |0M0 [1040 | 0M0 [10/10
resisfance |168hr
after treatment at 85°CI60% for | 2/10 | 1040 | 3M0 | unfilled |3/1M10 | 1010 [ 2/10 | 10/10
168hr

[0229]

Experimental Example E

Experimental Example a-1

5 Epoxy resin 1: a phenol biphenyl aralkyl type epoxy resin
(NipponKayakuCo. Ltd., NC3000, epoxyequivalent: 274, softeningpoint:

58 °C): 2.55 wt parts
EpoxyresinZ: abisphenol-Atypecrystallineepoxyresin {(Japan
Epoxy Resins Co. Ltd., YL6810, epoxy equivalent: 171, melting point:

10 45 °C): 2.56 wt parts
Phenclicresinl: aphenol biphenyl aralkylresin (Meiwa Plastic

Industries, Ltd., MEH~78518S, hydroxyl equivalent: 203, scftening



hum dity of 60 % for 168 hours or tenperature of 85 C and relative

hum dity of 60 % for 168 hours. Then, theg packages were subjected 15

to IR ref lowtreatnent at peak tenperature of 260 C (at 255 C or

hi gher for 10 sec.) After treatnent, the presence of an internal
detachment or crack was observed by an ultrasonic flaw detector, and
defective sem conductor devices were counted. Wien the nunber of
defective 1C t.or Vi n, the rate was expressed as

n/ 10. 20 F8%§g} %gggﬁrnéh?g|“%3§%p es a-2 to a-22 In accordance with
the conposigbzons described in Tables 12, 13 and 14, epoxy resin
conpositions were prepared and eval uated as described in

Experi ment al Exanplitadiéneddter@\valittatil encéesUties ar Ub25Tshowriies, Ltd.,
Tabl es 12, 13 and 14. [0237] Conponents other than those used in

Exper i mentidlCARxargN € 0881588 ineremeasif 6bliowbsa BPoxy #65i82,3y 2 0.18, z is
ortho-cresol novol ac type epoxy resin (N ppon Kayaku Co. Ltd.,

ECCN- 5020635 (tbpoxyesgga Mal éntls ¥96pasoftening point: 55 C 5 [0238]
Phenolic resin 2: a phenolic resin represented by general formula

(12) (Tohto Kasei Co., Ltd., SN-485, softening point: 87 C, hydroxyl
equivalent: 210) OGHOH QQ OH2 (c)CH2 QH (12) n 10 Phenolic resin

3: a phenol aral kyl _resin having,a pheEerne noi ety (Mtsu
Chenicals Inc., XUQG; f 'nbA sl 7sEH hydr oxyl (3)

[0231]

Triphenylphosphine: 0.15 wt parts

Fused spherical silica {average particle size: 30 pm): 89.00
10 wt parts

y-Glycidylpropyltrimethoxysilane: 0.20 wt parts

Carnauba wax: 0.20 wt parts

Carbon black: 0.30 wt parts

These components were blended by a mixer. Then, the mixture
5 was kneaded using two rolls whose surface temperatures were 90 °C and

45 °C. After cooling, the mixture was milled to give an epoxy resin

composition. The epoxy resin compogition thus obtained was evaluated
by the folliowing method. The results are shown in Table 12.
[0232]

20 Evaluation method

Spiral flow: measured under the conditions as described in
Experimental Example A. A sample with a spiral flow of less than 90
cm was rejected.

[0233]



equi val ent: 175) Phenolic resin 4: a phenol novol ac resin (softening
point: 80 C, hydroxyl equivalent: 105) g6 [ 0239]

But adi ene-acrylonitrile copolyner 2 (Ube Industries, Ltd., HYCAR
CTBN 1300X13; in general forrmula (3), x = 0.74, vy =0.26, z = 54
(the average)) HOOC f (Bu),, (ACN), COOH (3) 20 [0240]

1 8- Di azabi cycl o(5, 4, 0)undecene-7 (hereinafter, referred to 89 as

"DBU') y- Mer capt O%enxgé wé@a@%xyﬁéé%d h%&é%]tﬁébﬂo%dl_%lgﬁgeaé @%@E@hbed
Exanple a-1 a-2 a-3 a- a-5 a-7 Epoxy resin .

2.03 2.53;2 §§€§r%en@)@kaﬁ'r@§_'en}&2 2A5§ar14pl7eg w’it%lwgrgé 8 %rol%ore
Epoxy resin 01 Phenol resSin 4.89 3.44 6.35 4.9 % 47 3 32 1.
Phenol resiag 2cZedrilbend degsicridel. 42 Phenol resin 4 1.98
But adi ene-acrylonitrile copolynmer 1 0.16 0.16 0.15 0.15 0.15 0. 16
0.16 Tri plenyl phosphine 0.16 0.12 0.18 0.16 0.16 0.16 0.16
Spherical fused silica 89.00 $2. 00 86.00 89.00 89.00 89.00 89.00
y- 3 yd@ dyl propyl t Goldt hoxy sldfamea@i2d ht20 Ge20rBi2dd On2erOti2d cnddtions
Car nauba wax 0.20 0.20 0.20 0.20 0.20 0.20 0.20
as described in Experimental Example A. A sample with 3 % or more

was determined as defective.

[0235]

Soldering resistance: a 352-pin BGA package formed under the

R—

10 conditions as described in terms of evaluating a package warpage was
post-cured at 175 °C for 2 hours. A set of ten packages thus prepared
were treated under the atmosphere of temperature of 60 °C and relative
humidity of 60 % for 168 hours or temperature cof 85 °C and relative
humidity of 60 & for 168 hours. Then, the packages were subjected

15 to IR reflow treatment at peak temperature of 260 °C (at 255 °C or higher
for 10 sec.). After treatment, the presence of an internal detachment
or crack was observed by an ultirasonic flaw detector, and defective
semiconductor devices were counted. When the number of defective
semiconductor devices was n, the rate was expressed as n/l0.

20 [G236]

Experimental Examples a-2 to a-22

In accordance with the compositions described in Tables 12,
13 and 14, epoxy resin compositions were prepared and evaluated as
described in Experimental Example a-1. The evaluation results are

25 shown in Tables 12, 13 and 14,

[0237]

Components other than those used in Experimental Example a-1



Carbon black 0.30 0.30 0.30 0.30 0.30 0.30 0.30 Spiral flow (cm 120
95 143 100 110 120 136 Package warpage glgn) 40 27 65 50 40 60 44

Gold wire deformation rate (/") 1.1 2.8 0.6 2.0 1.6 1.3 1.0

Sol dering after treatnment at 60C160% for 0110 0110 0110 0110 0110
0110 0110 resistance 168hr after treatnment at 85C160% for 0110 0110
0110 1110 0110 0110 0110 168 hr 5 [0242] 90 Table 13 Experinental
Exanpl e a@ra-9sardDi&ydl a-12 a-13 a-14 Epoxy resin 1 2.57 2.52
2.55 1.47 3.75 2.55 2.55 Epoxy resin 2 2.56 2.51 2.56 3.42 1.60 2.56

2.56 Epoxy resinggoRher@linteshnrihéd-92c4082c04089cavhbE bdiby 486 4N8Bpon
Phenol resin 2 Phenol resin 3 Phenol resin 4 Butadiene-acrylonitrile
copol ymer khvaBkt@Q. 364 0. 26CP- 1 ®-55 Hpddy effui el @ne- aes ykontérnlh@point:
copolymer 2 0.15 Tri phenyl phosphine 0.15 0.15 0.15 0.15 0.15 0.15
DBU 0. 15 s8pkeyical fused silica $9.00 89.00 89.00 89.00 89.00 89.00
89.00 y-Aycidylpropyltrinmethoxysilane 0.20 0.20 0.20 0.20 0.20 0.20
y- Mer capt dpEapyl met hoxysi |l ane 0.20 Carnauba wax 0.20 0.20 0.20 0.20
0.20 0.20 0.20 Carbon black 0.30 0.30 0.30 0.30 0.30 0.30 0.30

Phenolic resin 2: a phenolic resin represented by general

formula (12) (Tohto Kasei Co., Ltd., SN-485, softening point: 87 °C,

hydrozyl equivalent: 210)

CHZ __@_% H (12)

10 Phenolic resin 3: a phenol aralkyl resin having a phenylene
moiety (Mitsui Chemicals Inc., XLC-LL, softening peint: 75 °C, hydroxyl
equivalent: 175)

Pheneclic resin 4: a phenol novolac resin (softening point:
80 °C, hydroxyl equivalent: 105)

5 [0239]

Butadiene-acrylonitrile copolymer 2 (Ube Industries, Ltd.,
HYCAR CTBN 1300X13; in general formula (3), x = 0.74, y = 0.26, z =

54 {the average))

HOOC —— {Bu), (ACN),—3;— COOH (3)

20 [C240]

1,8-Diazabicyclo {5, 4,0)undecene-7 (hereinafter, referredto



Spiral flow (cnm) 130 98 105 150 100 125 105 Package war page (pm 42
50 48 52 38 45 40 CGold wire deformatioggate (%9 0.90 2.2 1.9 0.5

2.01.11.9 Soldering after treatnent at 60C160% for 0110 0110 0110
0110 0110 0110 0110 resistance 168 hr after treatnent at 85C160% f or
0110 0110 0110 1110 0110 0110 0110 168 hr [0243] 99 0 NMMLOO m

NO1OLod 870f4M(0C) OOoDOOOT LDr Wr r tDC IDID
O0O0O00,Q npafpsyh tGr r CZ NNMNt4NN'VOOCDOOOTr (Dr M
to Ot--tDt-totocooooOOC) h; h. VNNM.TMLo z t4 OO
r O OwWO O O 11) ymglqza%(gop%gﬁprh%ﬂggsqlrane rCr: NNC) fOD
tDOO t6 6 LD CONNOtDpOOOOGP
_ ~tt "VibPaNjr ~NNP) bttt ~2 Q3 t6 NNVOOao OOOWV LD
OO ...) ti r7y 437 1~ 10 p OOO,. O-._ Wr tG1D. NNONNtD

fANNVORQOOr VIiDr

Experimental Example
a1 |a-2 |a3 [ad4 |aB jaf |a7
Epoxy resin 1 2.55 [1.80 | 331 |2.03 | 2463 {263 |3.02
Epoxyresin 2 256 11.79 | 331 |2.03 {253 (263 |3.02
Epoxyresin3 1.01
Phenol resin 1 4.89 |3.44 | 635 (493 |2.47 (332 |1.98
N Phenol resin 2 2.47
e Phenol resin 3 1.42

Phenol resin 4 1.98
Butadiene-acryionitrile copolymer 1 015 | 015 [0.15 | 015 1015 (015 (015
Triphenylphosphine 015 {012 {0.18 |0.15 (0.15 |0.15 |0.15
Spherical fused silica £9.00 | 92.00 | 86.00 | 89.00 | 89.00 | 89.00 | 89.00
v-Glycidylpropyltrimethoxysilane 0.20 (0.20 (020 |0.20 |0.20 {0.20 |0.20
Carnauba wax 0.20 [0.20 | 0.20 |0.20 |0.20 {0.20 |0.20
Carbon black 0.30 [0.30 |0.30 |0.30 {0.30 (030 {0.30
Spiral flow {cm) 120 |95 143 |100 {110 | 120 |135
Package warpage () 40 27 85 50 40 50 44
Gold wire deformation rate (%) 1.1 |28 (06 20 (15 |13 |1.0
Secldering | after treatment at 50°C/60% for { 0110 | 0/10 (010 | 0i10 | 0F10 {010 | 0110
resistance | 168hr

after treatment at 85°C/60% for | 0/10 |0/10 L OMO [1/10 {010 |00 | 010

. 168hr

5 [0242]



C(o(ONLOOONO7VOa Et6tDVOOWOOONMtDOO 0. LO
6) rtDLDC OOOO XLOVrr r NN d:oWI6iLOOOO 0OOr-r
tDOIf) LL OO0 OOUU r o0 OLo (D y(Oco GC'jy ~+4 14
da NNL YY YYp 5LL ONYQL ddOo0Or MV~ NN >Z
XOr t(5 2td4r |67 rNCNNNdN-(lf}NOal yL cO dd
LLLCl]l4~ OLLY)CVZ2]}~_
Table 13
Experimental Example
a-8 |a9 {a10 |a11 [a-12 [a13 | a-14
Epoxy resin 1 2.57 (252 1255 |1.47 |3.75 |2.55 | 2.55
Epoxy resin 2 256 [2.51 | 256 |3.42 [1.60 |2.56 |2.58
Epoxyresin 3
Phenol resin 1 492 14.82 1489 {511 |4.65 {489 |4.89
Phengl resin 2
Phenol resin 3
Phenol resin 4
Butadiene-acrylonitrile copolymer 1 0.10 | 0.30 .15 |0.15 |0.15 {0.15
Butadiene-acrylonitrile copolymer 2 0.15
b Triphenylphosphine 015 |0.15 |0156 1015 |0.15 (015
‘ DEU 0.15
Spherical fused silica £9.00 [ 89,00 | 89.00 | £9.00 | £9.00 | 89.00 | 89.00
¥-Glycidylpropyitrimethoxysilane 0.20 |0.20 | 0.20 (0,20 [0.20 0.20
y-Mercaptopropylmethoxysilane 0.20
Carnauba wax 0,20 10.20 1020 |0.20 10.20 (0.20 |0.20
Carbon black 0.30 (0.30 | 0.30 |0.30 |0.30 |0.30 |0.30
Spiral flow (cm) 130 |98 106 150 (100 (125 | 105
Package warpage (um) 42 50 43 52 38 45 40
Gold wire deformation rate {%o) 090 (22 |19 (05 |20 |14 1.9
Soldering | after freatment at 60°CI60% for | QMG [0/M10 [ 0110 | OO | 010 |OM0O | OO0
resistance |158hr
after treatment at 85°CI60% for | 0/10 {010 | 0fi0 | 1/10 | 010 {GMO (0I10
168hr

[0243]
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sanme or different; ais integer of O to 4; bis integer of 0 to 4; ¢
is integer of 0 to 3; and n is average apd is nunber of 0 to 10; said
(co)polyner or its derivative (C) is an epoxidized 5 polybutadiene
conmpound (C-1); and said inorganic filler (D) is contained in the
amount of 85 wW%to 95 wt% both inclusive in the total epoxy resin
conposition. 3. The epoxy resin conposition for encapsulating a 10
sem condugtm@r rehémnt@spcisi ned in Caim2, wherein the nunber average
nol ecul ar wei ght of said epoxidi zed pol ybut adi ene conmpound (C-1) is
500 to 4000 both inclusive. 4. The epoxy resin conposition for
encapsul ating a 15 sem conductor chip as clained in daim2, further
conprising a curibhginapeelekat arcdrippsibioAfserncapdutioinglesenéconductor
wherein a sem conductor chip is encapsulated with the epoxy resin
conposi ti chipocormmciapsy ating a 20 sem conductor chip as clainmed in
any one of Clains 2 to 4. 6. The epoxy resin conposition for

encapdul ating a $&hzondtrstadrlicki prasyctesined in any one of Clains 2
to 4 used for encapsulating an area nounting type sem conduct or

devi ce, 25 wherei hBh 3w Jesan chrPpefenmslinedesrrohefgrdeldf (he
substrate and substantially only the side of the substrate nounting
the sem congyegtor chip is encapsulabed. 94 7. An area nountiog type
sem conduct dr dgvice, wherein a senicondiictor chip is encaps§:ated

icrﬁzs. ¢ The (1)

or chi pRA
(B2}, RRAR

encapsul at a se
epexy resiRl)gonposi
clainmed in dai m 1R2)

wherein R1 and R2 are independently hydrogen or alkyl having
1 to 4 carbon atoms and itwo or more Rls or two or more RZs are the
10 gsame or different; a is integer of 0 to 4; b is integer of 0 to 4;
c is integer of 0 to 3; and n is average and is number of 0 to 10,
{C) a (co)polymer containing butadiene-derived structural
unit or its derivative, and
(D) an inorganic filler in the amount of 80 wt$% to 95 wt% both

15 inclusive in the total epoxy resin composition.

2. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 1, wherein said phenol resin

(B) is represented by general formula (2):

OO OO @

(R1)a (R2)b (R2)b (A1) (R2)b {R2}b (R1)a

wherein Rl and R2 are independently hydrogen or alkyl having



wherein said phenol resin (B) is represented by general fornula 10
(2): HHOH I/ Hz | JH2 Hr TH2/ I ¢2) (Rl)a (R)b (R2)b (Rl)c
(RR)b (R2)b (Ri)a wherein RL and R2 are independently hydrogen or

al kyl having 1 to 4 carbon atons and two or nore Rl's or two or nore
R2s are the sane or different; a is integer of O to 4; b is integer
of Oto4; 15 c is integer of 0 to 3; and n is average and i s nunber

of 0 to 1@ toMREELHErS 3ltdrsC AhROH ¥OBS - Qﬁofet ‘Rl@eb'«:V@%V&r (ferd R28 are the
but adi ene-acrylonitrile copolymer (C2). 9. The epoxy resin

conposi ti @Amkosr efCARSAH AL BYia 1£Qe<§@fn<9pr®d%t ar ghip as.Hfedd Edoi fo 4;
Claim8, wherein said butadiene-acrylonitrile copol ymer (G-2) is a

car boxyl - enpl pat&ser it adicens; aghyl@nid rdveaagepahynes mepiesest edtbylo;
general formula (3): 95 HOOC -F- (Bu)X (ACN)Y-1-z--000H (3) wherein
Bu represents a butadi ecerserimead ost nuet deal varnits ACNikepnespoksdiared
acrylonitrile-derived structural unit; xis positive nunber of |ess
than B, ypbiyposadieme modyeunof (Ce$s;tdach 1; x + y = 5 1; and z is
integer of 50 to 80. 10. The epoxy resin conposition for

encapsul ati ng a semnilcomeurore dhilpeas (2] al epritmiGedi bn 8t havperceing of 85
said butadi ene- acrylonltrlle copolynmer (G-2) is contained in the
amount 10vwsk 00 9% Wit datd Onciupives Poting feitadi ¢poky Igreln graposition.
epoxy resin conposition. 11. The epoxy resin conposition for

encapsul ating a semi conductor chip as claimed in Claim8, wherein

sarg inorganic filler (D) is contained in the amunt of 85 wt%to 95
% bot h i ncl usi vé-i ANGECRMEY tI5SHN EFBRYSEBEPA COmFBSapsytating a

10 semiconductor chip as claimed in Claim 2, wherein the number average
molecular weight of said epoxidized polybutadiene compound (C-1) is

500 to 4000 both inclusive.

4. The epoxy resin composition for encapsulating a
15 semiconductor chip as claimed in Claim 2, further comprising a curing

accelerator (E).

5. A semiconductor device wheresin a semiconductor chip is
encapsulated with the epoxy resin composition for encapsulating a

2 semiconductor chip as claimed in any one of Claims 2 to 4.

6. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in any cone of Claims 2 to 4 used for
encapsulating an area mounting type semiconductor device,

25 wherein a semiconductor chip is mounted on one side of the
substrate and substantially only the side of the substrate mounting

the semiconducter chip is encapsulated.



12. The epoxy resin conposition for encapsulating a sem conductor
chip as clained in Caim8, further conpy4sing a curing accelerator
(E). 20 13. A sem conductor device wherein a sem conductor chip is
encapsul ated with the epoxy resin conposition for encapsulating a

sem conductor chip as clainmed in any one of Clains 8 to 12. 96 14.

The epoxy resin conposition for encapsul ating a sem conductor chip as
claimed in any one of Clains 8 to 12 used for encapsulating an area
nounting type sem conduct or device, wherein a sem conductor chip is
mount ed on one side oh bhea howihsly atpeapdmsubsd@tidaldayienl ywhbeein a
side of the substrate nounting the sem conductor chip is

encapsul atsethicbbdudAnoarea gmHdridipshype esen tontduech osa devintengwhgrekepoxy
a semconductor chip is encapsulated with the area nounting type
epoxy 10 messinncooppest idrodofroenemeapisuliaty agsensemdaanductbip (i glagmed
claimed in Caiml4. 16. The epoxy resin conposition for

encapsul atimn§laimsém conductor chip as clained in Caim1l, 15 wherein
said crystalline epoxy resin (A) is represented by general formula
(4): cxzOx-cx o x r-c -c\ j ~(4) 1 On ROn J wherein X is group
selected fromsingle bond,-O, -S and -.C%RZ)Z-; Rl is al kyl having

1 to 6 carbon ators; ThGoeBPXYoreS I SORAPEs1DHORhECE fRCBIS Wi iefet ; m
is integer of 0 to 4; R2 is hydrogen or alkyl having 1 to 4 carbon
atoms; anFFWEOBFIREPE B i tHE 'E5Re Br 4+ T elrent, said phenol

resiin (B) is repr n neral faor ,
e?? (B) is rep %%%r%gggg%d é%aireéin Fié?%presentedbygeneralformula

10 (2):

@é-@ (2)

(R1)a {R2)b (R2)b (R1)e (R2}b (R2)b (R1)a

wherein Rl and R2 are independently hydrogen or alkyl having

1l to 4 carbon atoms and two or more Rls or two or more RZ2s are the

same or different; a is integer cf 0 to 4; b is integer of 0 to 4;

15 ¢ 1s integer of 0 to 3; and n is average and is number of C teo 10,
wherein said {(co)peclymer or its derivative (C) is a

butadiene~acrylonitrile copolymer (C-2}.

9. The epoxy resin composition for encapsulating a
2 semiconductor chip as claimed in Clilaim 8, wherein said
butadiene-acrylonitrile copolymer (C-2} is a carboxyl-terminated

butadiene-acrylonitrile copolymer representedby general formula (3):




97 HXx 4 CH2 OOCH2 (] H(5 '0 a (Rl)an (R2)b wherein R
and R2 are independently hydrogen or alkyl having 1 to 4 carbon
atons; two or nore Rls or two or nore R2s are the sane or different;
aisinteger of 0 to 3; bis integer of 0 to 4, nis 5 average and
is positive nunber of 1 to 5, said (co)polynmer or its derivative (O
is a pol ybutadi ene having the intranol ecular oxirane structure (C 3)
with the oxirane-oxygen content of 3 %to 10 % both incl usive, and
said inorganic filler (D) is contained in the anobunt of 85 10 wt%to
95 wt % both inclusive in the total epoxy resin conposition; and

further conprisi ng4GOL egoxyBrasi —-Aeprg¥ht ed by general fqr a
(6): OCHoCHCH2 OCH,, || CH2 )(o%" %Mcn@i 16, CH2 OH (6) ~l)a n ~f{>§J)

~)b (~~ ))b 15 wherein Rl and R2 are independently hydrogen or al kyl

having 1 to 4 carbon atons; two or nore RIs or two or nore R2s are

the sane or different; ais integer of 0O to 3, bis integer of 0 to

4; and n is averwgerahd His rppsetenes rnrherdibng-ter Sre@Gtkictlimel unit;

epoxy resin conposition for encapsulating a sem conductor chip as

cl ai med i ACHIraime$6t ateer &ty Isaiid npdkeybar adé@meructural unit; x is positive
number of less than 1; y is positive number of less than 1; x + y =

5 1; and z is integer of 50 tec 80.

10. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 8, wherein said
butadiene-acrylonitrile copolymer (C-2) is contained in the amount

10 cf 0.05wt%to0.5wt%bothinclusive inthe total epoxy resincomposition.

11. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 8, wherein said inorganic filler
(D) is contained in the amount of 85 wt% to 95 wt$% both inclusive in

15 the total epoxy resin composition.

12. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 8, further comprising a curing

accelerator (E).

13. A semiconductor device wherein a semiconductor chip is
encapsulated with the epoxy resin composition for encapsulating a

semiconductor chip as claimed in any one of Claims 8 to 1Z.



98 having the intranol ecul ar oxirane structure (C-3) has a viscosity
of 20 Pas to 700 Pas both inclusive at o256 C. 18. The epoxy resin
conposition for encapsulating a 5 sem conductor chip as clainmed in
Claim 16, further conprising a curing accelerator (E). 19. A

sem conduct or device wherein a sem conductor chip is encapsul ated

Wi th the epoxy resin conposition for encapsulating a 10

seni conduct or chi psasyghalgmd, i2any BAB0 t Al il Wid@s18ar 20y Jhe
epoxy resin conposition for encapsulating a sem conductor chip”as

clai ned i ReARYoAAE-Obr GHaig 1614 ondd Used,f ohe SNcapsukati fg BN udk8aror
nounting type sem conductor device, 15 wherein a sem conductor chip

i's nmount eédnelpeieatidle & dhe wsubsthgt eypadaliksiantiak| deonty, t he
side of the substrate nmounting the sem conductor chip is

encapsul ated. 21. wAaraigfa Mumildongutype Sei condiehoedden| aes aser efnthe
a 20 sem conductor chip is encapsulated with the area nounting type
epoxy 5 r esubstoapesinid aubkannehepg wrdty ngeas sd&mofontdactdrsstotdte asunting
claimed in Claim20. 22. The epoxy resin conposition for

encapsul atthegsani2éndericondiict ds ehcppaslatieadned in aim1l, wherein
said crystalline epoxy resin (A) is represented by general formula

(4): 99 CH2-CHCH2 0 X Od-L'-CHCHR \O o ~O (4) ""I/ m(Rl) m
wherein X is group selected fromsingle bond, -0-, -S and -C(R2)2-;

RL is al kyl having°1 £8 &rearsomtEdiens YPEWsSBE CoRFUEC s dgvdce, whereln a

v semiconductor chip is encapsulated with the area mounting type epoxy
10 resin composition for encapsulating a semiconductor chip as claimed

in Claim 14.

16. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 1,
15 wherein said crystalline epoxy resin (A) is represented by

general formula (4):

CH;— CH—CH, O X 0—CH,—CH—

oo 0(O)- @ TS (4)
Ve
RD,, R

1) m

wherein X is group selected from single bond,-~0-, -S—- and

-C{R2),—; Rl is alkyl having 1 to 6 carbon atoms; two or more Rls are

2 the same or different; m is integer of 0 to 4; RZ2 is hydrogen or alkyl
having 1 to 4 carbon atoms; and two or more R2s is the same or different,

said phenol resin (B) i1s represented by general formula (D):



the sane or different; mis integer of 0 to 4; R2 is hydrogen or
alkyl 5 having 1 to 4 carbon atons; anddgmo or nore R2s is the sane
or different, said phenol resin (B) is represented by general
formula (5) OHOXx QCH2 CH2 H(5) 00 (R). (H)an (12)b (P-2~
wherein R and R2 are independently hydrogen or alkyl having 1 to 4
carbon atons; two or nore RIs or two or nore R2s are the sane 10 or

di fferent;

aver age and i s po
derivative (O |
inorganic fille

wt % bot h i ncl usi inthe eS|n
conpri sing an épbxy in ed by g

aisinteger of 0 to 3; bis integer of 0 to 4; nis

nunber of 1 to 5, an co)polynmer or its

pOX|d|zed polybutadl onpound (C-i), said
H15 Wt %to eS)

ion; further

n formula (6):

OCHL1OHCH2 OCH2CHCH2 OO(WEW(MZo@ﬁdW)f (H). OO (U~ ('-)b
(RI'), 100 wherein R1 and R2 are independently hydrogen or al kyl
having 1 to 4 car bbrraioml ahuRdergoieldRenden tiiwoh pdregare oR2s1 gy le having

t he same

or different; ais integer of 0 to 3, bis integer of 0 to

4; and nl scaVermgmrandons; pogi tirveonanbler ogf ticter HrorgnlZs are the same

10

15

or different; a is integer of 0 to 3; b is integer of Q0 to 4; n is
average and is positive number of 1 to 5,

said (co)polymeroritsderivative {C) isapolybutadienehaving
the intramolecular oxirane structure (C-3) with the oxirane-oxygen
content of 3 % to 10 % both inclusive, and

said inorganic filler (D) is contained in the amount of 85
wt% to 95 wt% both inclusive in the total epoxy resin composition;
and

further comprising an epoxy resin (F) represented by general

formala {6):

OCHgCHCHz (.‘)(:}12(;:\1;10112
O
SO~ " (©)
R1), n

wherein R1 and R2 are independently hydrogen or alkyl having
1 to 4 carbon atoms; two or more Rls or two or more RZs are the same
or different; a is integer of 0 tc 3 , b is integer of 0 to 4; and

n is average and is positive number of 1 to 5.

17. The epoxy resin composition for encapsulating a

semiconductor chip as claimed in Claim 16, wherein said polybutadiene



5 wherein the weight ratio [(F)/(A)] of said epoxy resin (F) to said
crystalline epoxy resin (A) representedday general fornmula (4) is
10/90 to 90/ 10 both inclusive. 23. The epoxy resin conposition for
encapsul ating a 10 sem conductor chip as clained in Caim22, wherein
sai d epoxi di zed polybutadi ene conpound (C-1) has the nunber average
nol ecul ar weight of 500 to 4000 both inclusive. 24. The epoxy resin

conposi t i %@vﬁﬂ% encapethabl Boufal 2 x3@The 0NAMEI QL hEP3 A G Bl PREJA Ly of
Claim 22, further conprising a curing accelerator (E). 25. A

sem condugiyopdevicegwherel Roansent conduct.gr .chk@ is encapsul at ed
Wi th the epoxy resin conposition for encapsulating a 20

sem conductor chip as clained in any one of Clains 22 to 24. 26. The
epoxy resin conposition for encapsulating a sem conductor chip as
clainmed in any onesgof TRkatpsxP2rdin?4ompeditoon Bncapsulpaiilagiag area
nounting type sem conductor device, 25 wherein a sem conductor chip

i S nount egeoncondustde cbfiptde clsimhed nat @l aimd 1 6 ubstraheratdnpromliyigtdeuring
side of the substrate nmounting the sem conductor chip is

encapsul ategele@ato27(EAn area nounting type semni conductor device,
wherein a sem conductor chip is encapsulated wth the area nounting
type epoxy resin conposition for encapsul ating a sem conductor chip

as claimed 5 in Claim26. 28. The epoxy resin conposition for L
encapsul ating a <€ni BohRIUkEVIAHIOF d§VErai ' MRFIIR @ aPW IONPWErD [Fhip 1S
sai'd crystalline egoxy resin (A is represented by 10 %ener al ,

f or-nul a (gppaf§gle gl with the e€poxy resin composition foI encapsulating a

10 semiconductor chip as claimed in any one of Claims 16 to 18.

20. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in any one of Claims 16 to 18 used for
encapsulating an area mcounting type semiconductor device,

15 wherein a semiconductor chip is mounted on one side of the
substrate and substantially only the side of the substrate mounting

the semiconductor chip is encapsulated.

21. An area mounting type semiconductor device, wherein a
20 semiconductor chip is encapsulated with the area mounting type epoxy
resin composition for encapsulating a semiconductor chip as claimed

in Claim 20.

22. The epoxy resin composition for encapsulating a
25 semiconductor chip as claimed in Claim 1,
wherein said crystalline epoxy resin (A) is represented by

general formula (4):



C zHC- az C-1-c\ M(4) -1 0 wherein X is group selected from
single bond, -0-, -S- and -C(R2)2-; Rlgigs alkyl having 1 to 6 carbon
atons; two or nore Ris are the sane or different; mis integer of 0
to 4; R2 is hydrogen or alkyl 15 having 1 to 4 carbon atonms; and two
or nore R2s is the same or different, said phenol resin (B) is
represented by general formula (5): Ox 0. o cH2 o O cHz H (5) ~1)a n
cH (R2)b (P-2)b wherein R and R2 are independently hydrogen or
al kyl having 1 to 4 carbon atoRs; two 6 pre Rls or two or nore R2s
are the sane R0 qfrdiffene ' . —Qqto 3¢y b s integer,
of 0to 4; n i% ,a,verag]féz ano , m?;r%o“ lé}tio g,}gand 1({24)
sai d (co)pol ymero'or its derixative (C) Ts & butadiene-aerylonitri
copol yner (C-2); and furthéBD@onprlm ng an ‘epexy resin (F)
represented by general fornula (6): OCH2CHCH2 OCH2CHCH2 O O O CHz
CH2 H(6) (Rl)a (R)an 5 (R2)b (1°2)b wherein R and R2 are
i ndependent |y hydrbgesinrX dlskghkohpvsabectled drbrncanbghe abonk,; O oB- and
nore Rls or two or nore R2s are the sane

-C(R2),-; R1 is alkyl having 1 to 6 carbon atcms; two or more Rls are

the same or different; m is integer of 0 to 4; R2 is hydrogen or alkyl
5 having 1 to 4 carbon atoms; and two or more R2s is the same or different,

B, said phenol resin (B) is represented by general formula (5}:

OH OH
! }-—% CH; CH2—@——%‘H 5
(R1), R1),” n ( )
(R2), (R2),

wherein Rl and R2 are independently hydrogen or alkyl having

1 to 4 carbon atoms; two or more Rls or twe or more RZs are the same

10 or different; a is integer of 0 fto 3; b is integer of 0 to 4; n is
average and is positive number of 1 to 5, and

said (co)polymer or its derivative (C) is an epoxidized

o

polybutadiene compound (C-1)},
said inorganic filler (D) is contained in the amount of 80
15 wt% To 94 wt% both inclusive in the total epoxy resin composition;
further comprising an epoxy resin (F) represented by general

formula (6):

OCH,CHCH, OCH,CHCH,

N/
O
H CH; CH; H (6)
(Rl) H (Rl)a 1



or different; ais integer of 0 to 3, bis integer of 0 to 4; and n

is average and is positive nunber of 1 {g05. 10 29. The epoxy resin
conposition for encapsulating a sem conductor chip as clained in

Cl aim 28, wherein said butadiene-acrylonitrile copolynmer (C2) is a

car boxyl -term nat ed but adi ene-acrylonitrile copolynmer represented by

15 general fornula (3): HOOC -[ (Bu)x (ACH)Y-3Z COCH (3) wherein Bu
represents a but agi,epe:deri ¥84 Bt EUSt R pdHichi 1 AN F QRIS @M B @BNhaving
acrylonitrile-derived structural unit; x 'is posi FI ve nunber of | ess

than 1; y1i soppsiddpee BUARES t0fo bessotdatn sliorXtdoYorr mo2@ R2sadik ZheSsame
integer of 50 to 80. 103 30. The epoxy resin conposition for

encapsul abirngiarsesheonduct ahtebep as ©lwd red bni6l ahte@sr ovher &ond; and
sai d but adi ene-acrylonitrile copolynmer (C-2) is contained in the

anount of n0i@5awkPad® £hd it Yobathvenalriseévesd i tdee 5;5atdt al epoxy

resin conposition. 31. The epoxy resin conposition for encapsul ating

a serfi conduct or ehepeas daivwmghitnr&tadni 28,/ #hdr eifnsehe swixghtresin (F)
ratio } [(F)/(A)] of the epoxy resin (F) to the crystalline epoxy
resin (A) ttOseegresesitald ing gensyates$br nifl)a repressntof 9oy taergdyalo formula
both inclusive. Cl2-CHCH 0 Y 0-CH2-CH-CH, \0/ 3 \0/ - (4) qw m

(R % 32. (fheiepdRy29 est P&Opesithi dnctesiencapsul ating a

sem conductor chip as claimed in Claim?28, further conprising a

curing 15 accelerator (E).

e

) 23. The epoxy resin composition for encapsulating a
10 semiconductor chip as claimed in Claim 22, wherein said epoxidized
polybutadiene compound (C-1) has the number average molecular weight

of 500 to 4000 both inclusive.

24. The epoxy resin composition for encapsulating a
15 semiconductor chip as claimed in Claim 22, further comprising a curing

accelerator (E).

25. A semiconductor device wherein a semiconductor chip is
encapsulated with the epoxy resin compositicn for encapsulating a

20 semiconductor chip as claimed in any one of Claims 22 to 24.

26. The epoxy resin compositicn for encapsulating a
semiconductor chip as claimed in any one cf Claims 22 to Z4 used for
encapsulating an area mounting type semiconductor device,

% wherein a semiconductior chip is mounted on one side of the
substrate and substantially only the side of the substrate mounting

the semiconductor chip is encapsulated.



33. A sem conductor device wherein a sem conductor chip is
encapsul ated with the epoxy resin conpogjtion for encapsulating a
sem conductor chip as clained in any one of Clains 28 to 32. 20 34.
The epoxy resin conposition for encapsulating a sem conductor chip
as claimed in any one of Clains 28 to 32 used for encapsul ating an
area nounting type sem conductor device, wherein a sem conductor chip
is mounted on one side of the 104 substrate and substantially only
the side of the substrate nounting the sem conductor chip is
encapsul ated. 35. 2AN Bf eardD UM nlyy ROps eFkeDRsHIGI Ao rdevEBe, WiBEEETH a
a 5 sem conductor chip is encapsulated wth the area nounting type
epoxy reskhieonRastdt Ghibofi s encapsulateAgya s eRkcorgligbant €hg [k B® epoxy
clainmed in Caim 34.
resin composition for encapsulating a semiconductor chip as claimed

5 in Claim 26.

28. The epoxy resin composition for encapsulating a

semiconductor chip as claimed in Claim 1,

m—‘"):

f wherein said crystalline epoxy resin (A) is represented by

10 general formula (4):

CH,— CH—CH, O X O—CH,—CH—CH,

oo Oy x{Opo-an—ar—an (4
i
(Rl)m (R

D

wherein X is group selected from single bond, -0-, -5- and

-C{R2),—; R1l is alkyl having 1 to 6 carbon atoms; two or more Rls are

the same or different; m is integer of 0 to 4; R2 is hydrogen or alkyl

? 15 having 1 to 4 carbon atoms; and two or more R2s is the same or different,

said phenol resin (B) is represented by general formula (5):

OH OH
(R1), 2 2 (R1), nH (5)
(R2), (R2),

wherein Rl and R2 are independently hydrogen or alkyl having
1 to 4 carbon atoms; two or more Rls or two or more RZs are the same
20 or different; a is integer of 0 to 3; b is integer of 0 to 4; n is

average and is positive number of 1 to 5, and
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said (co)polymer or its derivative {(C) is a
butadiene-acrylonitrile copolymer (C-2}; and

further comprising an epoxy resin {F) represented by general
formula (6):

OCH,CHCH, OCH,CHCH,
0

N/
o
[i}’—{ G
(R1), CH - ®R1), HH ( )
(R2), R2),

wherein R1 and R2 are independently hydrogen or alkyli having
1 to 4 carbon atoms; two or more Rls or two or more RZs are the same
or different; a is integer of 0 to 3, b is integer of 0 to 4; and n

is average and is positive number of 1 to 5.

29, The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 28,

wherein said butadiene-acrylcenitrile copolymer (C-2) is a
carboxyl-terminated butadiene~acrylonitrile copolymer representedby

general formula (3):

HOOC —f— (Bu), (ACN),—3;— COOH (3)

wherein Bu represents a butadiene-derived structural unit;
ACN represents an acrylonitrile~derived structural unit; x is pesitive
number of less than 1; y is positive number of less than 1; x + y =

1; and z is integer of 50 to 80.
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30. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 28,

wherein said butadiene-acrylonitrile copolymer (C-2) is
contained in the amount of 0.05 wt% tco 0.5 wt% both inclusive in the

total epoxy resin composition.

31. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 28, wherein the weight ratio
[(F)/{A)] of the epoxy resin {(F) tc the crystalline epoxy resin (A)

represented by general formula (4) is 10/90 to 20/10 both inclusive.
CH;~ CH—CH, G X 0—CH,—CH—CH,
\,0/ \0/ (4)
RD,, (RD,,

32. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 28, further comprising a curing

accelerator (E).

33. A semiconductor device wherein a semiconductor chip is
encapsulated with the epoxy resin composition for encapsulating a

semiconductor chip as claimed in any one of Claims 28 to 32.

34. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in any one of Claims 28 to 32 used for
encapsulating an area meunting type semiconductor device,

wherein a semiconductor chip is mounted on one side of the




ot
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substrate and substantially only the side of the substrate mounting

the semiconducter chip is encapsulated.

35. An area mounting type semiconductor device, wherein a
semiconductor chip is encapsulated with the area mounting type epoxy
resin composition for encapsulating a semiconductor chip as claimed

in Claim 34.




