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
conposition for encapsulating a sem contductor chip and a

sem conductor device. In particular, this invention is suitably used
in an area nounting type 10 sem conductor device where a

sem conductor chip is nounted on one side of a printed-wiring board
or netal |ead frame and substanti al | o%%g t he nmounted side is
encapsul ated with a resin. BACKGRCGN%Q& ARION 0002] Recent mar ket
trend to size reduction, weight saving and higher performance in
el ectronic devices has led to nore integrated sem conductors. As

surface nounting 3F$3§§3&%%Rngaﬁgéglf*%ﬁigﬁbrggﬁlcpsggcg%g%ﬁ%&eged,

t here has been ne
with which a sem conductor device with a conventi onal

devi ce,

el oped an area nounting sem conduct or

structure has been replaced. [0003] Such size reduction and thinning

I n a sem comHETOAL dendioe has demanded much | ower viscosity and much
nore strength in an epoxy 25 resin conposition for encapsulating a
sem conduct@®0thi p. In addition, because of environnental concerns,

an epoxy resin conposition for encapsulating a sem conductor chip
has been i ncreasi nghys rigygntcéant selatase thope FHoxYe rRBs SEWPOSHM-t Pofior

a flame retardant such as brom pe-contaj ni ng conpounds and anti nony
Due %apﬁglatlng a semiconductor chip and a semiconducior device.  In
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particular, 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 beard 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.

[3003]

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

encapsulating a semiconductor chip has been increasingly required to




background, a recent epoxy resin conmposition tends to contain a resin
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 solder, the nounting
tenperature nust be higher than that in a conventional process by
about 10 20 C, sonetines leading to significantly lower reliability
of a sem tendace of latevreeisfdrer wivbott ng filameonpaaricean with @ conmon
device. In the light of such situation, it has been increasingly
requi red t eromipeovEtedniani Fonsruets aane MEGRINEt OFidgeyi Bee Hip the
i.nproving properties of an epoxy resin conposition. For neeting the,
requi r ementPeCKEEPENALE ERFETEERPEYNTRE GHRPOHS 6P TEFGcTnGOrERha resin

viscosity and,filling.l arge a nt_of an inorganic filler. [.0Q05]
Tyotoal  oxaiPetout” S paEty AT Haert ARl ori crigrogils 1 1ee!
includesBqu@%@hl grid array) and CSP (chip scal e package) with a
further 20 conpacted size, and further packages such as QFN and SON

with the smaller nyMdwngrangd 4 haacervendianal v AP hegh&Ome 1EhB§point
packages such as QFN and SON were devel oped to solve the demands of

hi gh pin caleh @t chhgintdpeetd]y Tisedateivmnd snapprsdagh ytdeed for houmting
an area nounting type semconductor device represented by
convent i onaé seRPcostURtarddsvion. Whsn[ gmeia]inBGahantPIosR afke mounting
encapsul ated by nol di ng an epoxy resin_conposition on gnly the side,
whet g t he SEFPESAHEES BRSERPIIECRIGRNI TG 3! 2 GPRECHEY P PRAGE S FafPUt
S ) R e T B e e PR LBty o
semiconductor device after mounting in comparison with a common device.
In the light of such situation, it has been increasingly required to
improve reliability of a semiconductor device by improving propertises
of an epoxy resin composition. For meeting the requirement, there
15 have been investigations of reducing resinviscesity and 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
20 compacted size, and further packages such as QFN and SON with the smaller
mounting area than conventional QFP or SOP. These packages such as
QFN and SON were developed to solve the demands of high pin count and
high-speed. These demands approach the limi’_c 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,




is represented, of a flexible printed circuit board such as a circuit

board consists of a polyimde resin film/ copper foil is
represented. 5 Furthernore, on opposite 3ide of side of a substrate
on which a sem conductor chip is nmounted, the solder ball is forned
in parallel in two dinensions to be nounted on circuit board by

sol deri ng. [0007] As descri bed above, the structure of BGA or CSP is
a one-side 10 encapsul ated structure where only a side

subﬁt rate 89? A LS BRREAISHEP ThidpCiECHIuRPREF |C§néﬁ%%i)ﬁa§| Bf gepsin
t

2 Sol der bl ToREEY %?%3"p9°§mﬁ%$9%#§%%§&ﬁaf%%f%+ﬂ 5 S REte)
sem conducler, g GhLENGS o :0cDe. YALe LaTRILAL elyoall Gl df Afhcurs

due to unconfornmity 1n ther ansion an erna rin

bet ween t h%oaga%hglgﬂ@%afr@{aslﬁmtdéerem al 1.8 yosdgRierAandi t&@pﬁé‘é&ﬁ:ed
epoxy-resin conposition, or curing shrinkage of the epoxy resin

conposiid i oFugunérgr| dhngpmagiiteg sid&ust EKRDOE, a VALRagete ol which a
sem conduct or device causes a joining point of solder balls to be

not | ocat egehbeoudumtar] ghirrhermefuried, atlRo ssédec adicinfodesd do parallel
lifted froma circuit board during packagi ng these semn conductor

devi ces by 1PhEWS gtidensienat toPcamerrEes toh GAraUit |Raadidngyt gpldering.
deteriorati ﬁozr reliability of electric connection. [0008] On the
contrary, éﬁ SON has been produced with the same 25 design as

conygntional QFP of %[gf‘:;‘;crl d SbB@%etgg%@rﬁgx% 'o¥’1?]cfh°¥§§‘t%rp’ ig A QGuCad,

packages by nounting sem’'con s on  one Side
of a ngjal e%légﬁéﬁ?é@ed( %@Eu@ﬁﬁﬁ!@kvﬁeré bl g) Rakeqofo @ aCQHB§Eral@ea@n4whlch a

frane, nickel-palladi umrgol d-plated |lead frame stacked with a
pol yi m de fseltion@naanschap i 1xg nichefed 16 Ata@pAXyLERSIRhCaNPaSIdy @8sin
composition {and a side of a substrate on which a solder ball is formed
is not encapsulated). Therefore, such a semiconductoxr dévice tends
to be warped immediately after molding, due to unconformity in thermal
15 expansion and thermal shrinkage between the organic substrate or the
metal 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

e

of solder balls to be not located horizontally. Therefore, a
20 semiconductor device is lifted from a circuit board during packaging
these semiconductor devices by the soldef joint on a.circult board,
leading to deterioration in reliability of electric connection.
[0008]
| On the contrary, QFN or SON has been produced with the same
25 design as conventional QFP or SOP. There have been recently, however,
produced packages by mounting the matrix of semiconductor chips on

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




for encapsulating in one batch and cutting the substrate into lattice
with a given size to give individual packages (hereinafter, referred

5 to as MAP-QFN and MAP-SON) (for exanplg, see Patent Publication 1).
[0009] As in the case of BGA or CSP, the structure of MAP-QFN or

MAP- SON is a one-side encapsul ated structure where only a side of a
substrate y' on which a sem conductor chip is nounted is

encapsul ated with an epoxy 10 resin conposition. Here, an

encapsul at ddanpeeanbikeNaPaQRad vmmignRdSohet g leaggeransh atackanorith a
package nol ding and only one side is encapsul ated. Therefore, such a
seni conductForYéBife & il B d LG PEE L fbt e FrERitdita fBI SPOXYT £8P IGPEPRgL tion

due t f 1ty in_thernal [ .th I hri nk .

between  nd O RAREE VA SRa PRETE GRAC BpORg T BePPAS AEa i FHce
n the st _. g-VEST TS Eompot

curing. R P RS R o R e thndee ] (eliary G Oferzed

devi ce 5t 0 deakifdedrir o apelE6k {(fRRaELaiAle, MBESBAGNENAlL1 ieadbAar) .
to deterioration in reliability of electric connection. 20 [0010]

- For reduci ngosanpage in an area nounting type seni conductor device

in which substantially one side of an organic substrate or a netal
substrate i s encapsaliatide castchoBBRGRPOLFPF Ebe steonposs of YAP-QEN of HAP-SON
i nportant to approximate a thermal expansion coefficient of a 25
substrate it A AFatige enceppelpiEbryrresine tomiposnly enshirl of o seRBEERte

CU0 SR A SRS SOIER LT SO T B D

Itoﬁg 22: qg‘:sitﬁr?]e%nacéﬂrﬂotsiift%ﬁ? | QRals EROXN LS T2 A HEABIREN! S0 fhp-son
is larger than common package molding and only one side is encapsulated.
Therefore, such a semiconductor devide 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

15 composition or curing shrinkage of the epoxy resin composition during
molding curing.

Warpage ina semiconductor device causes a semiconductordevice
to be lifted from a circuit board for mounting that, leading to
deterioration in reliability of electric connection.

20 [0010] |

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

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

[0011]




are conbined to increase Tg of an epoxy resin conposition and the
content of an inorganic filler is adjusted to natch at. Conbination
of a 5 multifunctional epoxy resin with & multifunctional phenol

resin may, however, reduce fluidity to cause problens such as
unfilled voids. [0012] Wen soldering is conducted by sol der
processing such as infrared ref |ow, vapor phase sol dering and

sol der immersion, noisture 10 present within a sem conductor device
due to noisture abBoprplieie Biem Eipredasposgn 2lesiedy sogpested bire technique
(mol ding) is rapidly, vaporized at elevated tenperature. A_stress ,
gener at ed &?}‘FF r?gm%’él%é@gahﬁ?o?%d?émﬁ%ﬁ§““i1ﬁ1F‘FféCts’éWia& oresin
devi ce or %%%u ng.in %n.interfa@e %etmeen t he surfacetnnunt'éggttu%ent
semi conductsr CHEB TR PRECRELET '48 $Pre£i°é{yf§%ﬁ&°{“ﬁ851cu3r°é’aa%dp Xy <or
resin compagi L oMo Terel f £ ol i J Sanserled donLeduse acharnags Jno?
sem conduct or “devi C y “i ncreasing € conhten of an inorgani ¢

filler.slt puStcneesed il &hiGeras St 888 Pul etiiRGondlY PhessPRieelihnay,
of a nolding. Furthernore, inprovenent in heat resistance of a

nol di ng anchowape oy etkcadhe £l witiass tbetsvwesn parobbees s2@hmas annfEll laddveids.
netal substrate are al so needed. [0013] There has been devel oped the
t echni que fl@PLl&hi ntaining high fluidity of an epoxy resin

conposition used in a surface-nmounted sem conductor device such as

conventional QFP aRESOPlGEFing Tl PPAYCted MoBoesanrptocoshens il 25
sec Dat ont PUEFTRACESNY) vaRa! SUAPSGS PRELRHERA oOr ek TRGR G Bofeture
;in' : ‘:(r)ru‘!"i t Tbx%;éﬁ ang B“Q'Ae%ﬂcﬁgﬁﬁétézogew&% %gé'b?@ n@:is%ﬁ%e%’&?o}%ttﬂ?% by
ganic TlI er or exanple, see Paten ubl'tcation 3). y O .
these technri guesd CaibESLsPR! YorltR 10f oX AIAUE nh AU 1ehidly vaporized at
elevated temperature. A siress generated during 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 inorganic filler. It is needed to reduce a stress by reducing
hygroscopicity of a molding. Furthermore, improvement in heat
resistance of a molding and improved adhesiveness between a cured
2 material and a metal substrate are alsc 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.

25 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



properties. [0014] 5 As described above, it is necessary to add an
inorganic filler at high concentration for cured material property
I nprovenent such as reduced warpage andgr educed stress in a nol ding
formed froman epoxy resin conposition for encapsulating a

sem conductor chip. Furthernore, for inproving filling properties of
an epoxy resin conposition for 10 encapsul ati ng a sem conduct or chip,
its fluidity nust be inproved. However, when filling an inorganic

filler at hicgh coaneentt ahiiomwrgahlaifdligr ¢fomaxapdhey seesPatentfudditaioion
for encapsul ating a sem conductor chip is reduced. Thus, there is
trade-of f r@Dat idmskfpthesaweshnigugsdicay pfetawndposye radsivarious required
conposition f or encapsul ating a sem conductor 15 chip and cured

mat eri al pr @pEPETeesf a nolding. [0015] There have been still needs
for an epoxy bf?'n conposition for encapsulating a sem conductor

chip excel | éfl both fluidity and cured material properties in a

nol di ng,; as wel | asz%sagggggi%%%d%% 21 11295 qgé%%@aﬂ Qgﬂg_ﬁgnﬁﬁoﬁgéﬁﬁg filler

conposi tion. [Paten cument panese ent” Lai d- open

2003- 109983 [ Eﬁ%r@ NMonPegHABNtn2 Fod aRARSSRa bt RN plkahdriQPeipNovement such
1995-130919 [Patent Docunent 3] Japanese Patent Lal d-open No.

1996- 20673 ad5rdouseh GRUREgORniHEdNMNYENTRERE dn 4 AO1d]ngA\foekidettdnven eboxy
this.invention for solving the problens in the prior art is to
provi de an epsxycrmsdsiidonfosicncopsilortisgesmssdcatdegforahden condberoere,
chip_excellent in both fluidity and cured nateri al , L

i for improving filling properties of an epoxy resin composition for

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

s
s

cured material properties in a molding, as well as a semiconductox

20 device produced using the composition.
(Patent Document 1) Japanese Patent Laid-open No. 2003-109983
[Patent Document 2] Japanese Patent Lald-open No. 1995-130919

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

DISCLOSURE OF THE INVENTION




5 properties in a nolding, as well as a sem conductor device produced
usi ng the conposition. [0018] According to present invention, there
are provided the followngs. 10 [1] An Zpoxy resin conposition for
encapsul ating a sem conductor chip conprising (A) a crystalline

epoxy resin, (B) a phenol resin represented by general fornula (1):
OHOHOHH)a CHZ CHQCH CHz-t ( tROO (R2)b (R1) Il ~QO (R2)b

o-v. \ J 15 ; wherein R1 and R2 are independently hydrogen or al kyl
having 1 #80%'karbon atonms and two or nore Rls or two or nore R2s

are the same or different; a |s integer of 0 to 4; b.is nteg r.of Q
to 4, cisint ege;?‘r1 GPIBCE S 0Ta B TWeRTEPR TRV EN R Ee P oL S d7
10, 20 (O .2 é t_contaanln but adi | ene- derived stru engrag latin
unit or it§a rlvatal vé?® A oy edl po&‘ryg%ensllc T8 TR £ Re “andtint ot °

80 W% 10 Q54 @&%Etoi’ r‘ﬁ'lllbs le&@eiﬂarwﬁ'q_ 88@111 ﬁ%?.éit{( eé{d" cured[rrée]tte_ln_:ﬁ.al :

conposi tion. [0019] -- -- ------------- --- R

epoxy resi ,Br@;?é’ﬁi}ﬁl%st LAk hndengapsulali ng a SaMRRdUEdP deva B Po@Sduced
described 1n [1],

using the composition.

[0018]
According to present invention, there are provided the
£ followings.
ot
10 1]
An epoxy resin composition for encapsulating a semiconductor
chip comprising
{A}) a crystaliine epoxy resin,
{B) a phenol resin lrepresented by general formula (1) :
OH - OH QO
Oog) G Q) p o @, O
Y ®, TR @y, ®2,
“} wherein R1 and R2 are independently hydrogen or alkyl having
1 to 4 carbon atoms and two or more Rls or iwo or more R2s 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 1ls average and is number of 0 to 10,
20 - (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 wi% both
inclusive in the total epoxy resin composition.

[0019]




wherein said phenol resin (B) is represented by general fornmula 5

(2) : Hh HC (2) HCC (Rl)a (RR)b (R2)b (Rl)c (R2)b (R2)b (Rl1)a
wherein R1 and R2 are independently hydrgpgen or alkyl having 1 to 4
carbon atons and two or nore Rls or two or nore 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 0 to 3; and n is average and is nunber of 0 to 10; said
(co)polynmer or its derivative (C) is an epoxidized polybutadiene
conmpound (C1); antkaid inorganic filler (D) is contained in the
amount of 85 wW%to 95 wt% both inclusive in the total epoxy resin
conposi tion. 15 [Do2epofBieshecmnpifFiredioy SnapssittHe ¢ eniconductor
encapsulatig a_sem conduct or ﬁhip as described in [2], wherein the
nunber avef 38 ol aPeGeiytddof said epoxidi zed 20 pol ybut adi ene
conmpound (C-1) is f. ' h \4€E. p

resin composition %g%eéﬁcségg%h%?‘ %Er;glj egglslg%? \égnrde{?%tg %%At%ﬂ%gglg&ﬁ Févimula
described ipy[2], further conprising a curing accelerator (E). 9
[0022] [5] A sem conductor device wherein a sem conductor chip is
encapsul ated with the epoxy resin conposition for encapsulating a

OO0~ @

(R1)a R (b RDe " RDe (R (RDa

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 ¢ is integer of 0 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 895 wt% both inclusive in the total epoxy resin composition.

15 [0020]

e

- [3]
The epoxy resin composition for encapsulating a semiconductor
chip as described in [2],
wherein the number average molecular weight of said epoxidized
20 polybutadiene compound {C-1) is 500 to 4000 both inclusive.
[0021]
f4]
The epoxy resin composition for encapsulating a semiconductor

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



5 sem conductor chip as described in any one of [2] to [4]. [0023]
[6] An area nounting type epoxy resin conposition for encapsul ating
a sem conductor chip which is the epoxy gesin conposition for 10
encapsul ating a sem conductor chip as described in any one of [2] to
[4] used for encapsul ating an area nounting type sem conduct or
device, wherein a sem conductor chip is nounted on one side of the
substrate and substantially only the side of the substrate nounting

t he sem cori@l2br chip is encapsulated. 15 [0024] [7] 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 20 in [6]. [0025]

[B] The epoxy rest°CHrpBsrETen O%HFCSn‘E‘éEp%%nafii ﬁamac‘%?éighcli%o%}?tporls
chip as de ' L] 2 erein id n sin_( ' )
oprooent of B et Brup o SRy =S5l RRBORLe ey BhedSuizpipg =
(2) (fl4 7s)e)nﬁc&ﬂ:@)ct{:o(ng%Pp(ﬂ-)cfes@:ggfjgd_(i@)a%{(ajrésof’\’r[@ﬁetg y . and R2
are i ndependently hydrogen or al kyl having to 4 carbon atons and
two or norqoBpsjor two or nore R2s are the same or different; ais

integer of 0 to 4; b is integer of 0 to 4,
_ (6] .

Anarsamounting type epoxy resincomposition fér encapsulating
) a semiconductor chip which is the epoxy resin composition for
10 encapsulating a semiconductor chip as described in any one of [2] to
i4] 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.
15 [0024]
[71
An area mceunting type semiconductor device, wherein a
-, semiconductor chip is encapsulated with the area mounting type spoxy
resin composition for encapsulating a semiconductor chip as described
20 in [6].
[0025]
(8]
The epoxy resin composition for encapsulating a semiconductor
chip as described in [1],
25 wherein said phenol resin (B) is represented by general formula

(2):



5 cisinteger of 0 to 3; and n is average and is nunber of 0 to 10,
wherein said (co)polymer or its derivative (C is a

but adi ene-acrylonitrile copolyner (C2),,0026] [9] 10 The epoxy
resin conposition for encapsulating a sen1conductor chip as
described in [8] wherein said butadiene-acrylonitrile copolyner (C2)
is a carboxyl-term nated butadi ene-acrylonitrile copolyner
represented by general formula (3): HOOC -E- (Bu), (ACH)Y-9Z COOH
(3) 15 wherein Bu represents a butadi ene-derived structural unit;
ACN represents g acrylonltrlle a-rlved structuram unit; x is
positive nunbep of

wber of | ess t 1,
x +y = 1; and #-chs : D [10] 11 T }
epoxy resin conpodt eficdp hductor chip a

lﬁ‘a H1
described in [$]® mh@?%ln(%ﬁld 6 Tadlgﬁé a&??lon“??lle copol yner
(CG2) is contained in the amount of 0.05 wt%to 0.5 wt % both

nclustve 0 L S8 5 S PRI AL n 0008 ok T
descri bed 'ln t[:>8]1 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;
5 c 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]
[9]
10 The epoxy resin composition for encapsulating a semiconducter
chip as described in [8]
wherein said butadiene-acrylonitrile copolymer (C-2) 1s a

carboxyl-terminated butadiene-acrylonitrile copolymer represented by

general formula (3):

HOOC —E— (Bu), (ACN),—t— 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; 2 + y =
1; and z is integer of 50 to 80.
2 [0027]
[10]



10 wherein said inorganic filler (D) is contained in the amount of

85 wt%to 95 wt % both inclusive in the total epoxy resin

conposition. [0029] [121 The epoxy regiin conposition for

encapsul ating a sem conductor 15 chip as described in [81, further
conprising a curing accelerator (E) . [0030] [13] A sem conductor
devi ce wherein a sem conductor chip is encapsulated with the epoxy
resin conposition for encapsulating a 20 sem conductor chip as

descri bed in any ofiee ebokBeton EoRposifign3ikir ¢ricHpsudatanga semiconductor
mount i ngt ypeepoxy resin conposition f or encapsulating a

seni conduct®+Pchf pledirdersi® hdlepoxy resin conposition for 25

encapsul ating a senj conduct or, chi p..as descrjbed i.n an ne of [8] t.o
C157 osed foF ancaBlerohi 5 AroarEu SheTAC M a6 L8 ereaRee: or D) 13
devi ce, LE ' r i Bl S. 3] ' f th

12" cubst r aPECanBL SECFAREERE o B LR & vER R P Elvd B cne
mounting thea sesdeanductar -Ghidsikdogncapsul ated. [0032] [15] 5 An
area nounting type sem conductor device, wherein a sem conductor

chip is enqapsghated with the area nmounting type epoxy resin
conposition for encapsul ating a sem conductor chip as described in

[ 14]. [0033] [11]

The epoxy resin composition for encapsulatinga semiconductor
D chip as described in [8]
o - wherein said inorganic £filler (D) is contained in'theramount
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

e

encapsulated with the epoxy resin composition for encapsulating a
20 semiceonductor chip as described in any one of [8] to [12].
[0031]
[14]
An areamounting type epoxyresincomposition forencapsulating
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 mecunting type semiconductor device,

wherein a semiconductor chip is mounted on one side of the



10 [16] The epoxy resin conposition for encapsul ating a sem conduct or
chip as described in [1], wherein said crystalline epoxy resin (A) is
represented by general formula (4): CHy, CHC 0-~( X~1? o-c -cxo (4)
(rn) 15 wherein X is group selected fron15|ngle bond,-0-, -S and
-C(R2)2-; Rl is 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 having 1 to 4 carbon atons; and two or nore R2s is the sane or
di fferent, s28s8aiitk phanslbdtesithal By drd yr € esastet thy gangmalof tsuntiag
(5) OHOH CHz oo CHz (5 (R)ai,),Ill Ht t ()b ( h, 13

wher ei n Rl thrds&Riameluchdependernitsl gnbyondgérdor al kyl having 1 to 4
carbon atons; two or nore RIs or two or nore R2s are the sane or
different; [80B3linteger of 0 to 3; b is integer of 0 to 4; nis
average and is pos'ﬁ've nunber of 1 to 5, 5 said (co) polynmer or its
derivative (C is | ybut adi ene havi ng t he intranol ecul ar oxi rane
structuge (G3) with the oXi r@}nq é%% cont %gof 3.%to 96both

moun mlCO de Lce, creirl
I ncl usive, and said’i norgam C (f)jj cont ar ne t HeSamunt

of 85 wt %s%ﬁlgén&&c@obo&hlé gl é&?’da\f:%u'latérﬁ'%lttﬂt@{e SPOX VB type epoxy

COI’TpOSI tion;
resin composition for encapsulating a semiconductor chip as described

in [14].
D) [0033]
10 [16]
The epoxy resin composition for encapsulating a semiconductor
chip as described in [1],
wherein said crystalline epoxy resin (A) is represented by

general formula (4):

CH,— CH—CH, O 0— CH, — 1 —
I @@ FC—L (4)

.. 15
)
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
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 mocre R2s is the same or different,
v said phenol resin (B) is represented by general formula (5):

OH O
! O E ‘ CHj; CHz‘@_}‘ H 5
R1), (Rz)h R1),~ n ( )



10 and further conprising an epoxy resin (F) represented by general
formula (6): OCH CHCH2 OCH2CHCH2 O O ( OCHZ OCH2 A2~ (R)a H't
6) ~~ (an wherein R and R2 are indepgndently hydrogen or alkyl
having 15 1 to 4 carbon atons; two or nore Rls or two or nore R2s are
the sane or different; ais integer of 0 to 3, b is integer of 0to
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 conduct or
chip as described whefcliG] R1 wherrd arsairdicpehybuit Aadhettod@dy bnGg ke having
i ntranol ecul ar oxirane structure (C-3) has a viscosity,of 20 Pa-s to
700 Pas botlhtenklcaghbee atams25t4 otdrofd@35] of 18 ofhemepBRy aresthe same
conposi tion for encapsulating a sem conductor chip as described in
[16], furt R&r d&6Rprediing &s citteagraetd dcaBerk & (IRpegppoBB [F293/ rails
sem conductor devi & WISLEl D &S SThEQNBE LRI P 1S

5 said (co)polyneroritsderivative (C) isapolybutadienehaving

the intramolecular oxirane structure (C-3) with the oxirane-oxygen

content of 3 % to 10 % both inclusive, and

gaid 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):

OCE,CHCH, OCE,CHCE,
o Q G
CH cu 1O 2 (B
5, oG K, JE ©
®2), Rr2),

wherein Rl and R2 are independently hydrogen or alkyl having
15 1 to 4 carbon atoms; 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.
[0034]
(17]
20 The epoxy resin compositicn for encapsulating a semiconductor
chip as described in [16], |
wherein sald polybutadiene having the intramolecular oxirane
structure (C.—'B} has a viscosity of 20 Pas to 700 Pa:s both inclusive

at 25 °C.



t,~} encapsulated with the epoxy resin conposition for encapsul ating

a 10 sem conductor chip as described in any one of [16] to [18].

[0037] [20] An areanounting type epoxy,resin conposition for

encapsul ating a sem conductor chip whi th is the epoxy resin
conposition for 15 encapsul ating a sem conductor chip as described in
any of [16] to [18] used for encapsul ating an area nounting type

sem conduct or device, wherein a sem conductor chip is nounted on one
side of thgggypptrate and substantially only the side of the

substrate nmounting the sem conductor chip is encapsul ated. 20 [0038]
[21] An area nountigyg type sem conductor device, wherein a

sem conductor chip is encapsulated with the area nounting type epoxy
resin conposition fioz epoxcapsslimtomeps tdenifoorsigepenlebinpg asecdbserdurdgr
25 in [20]. [0039] [22] 15 The epoxy resin conposition for

encapsul at ichgraasalfisconbiedtior [16hi pfugdhgssermpading p1Furiie PEFRLYHTPT
crystalline _epoxy resin (A is represented by general fornula (4):

Q cHd32@-x-f (1} OCL-Q AL (4 5 wherein Xis group

sel ect ed frgﬁbglngle bond, -0-, -S- and -C(R2)2-; Rl is alkyl having
1t060ar6 ons; two or nore Ris are :

[19]
A semiconductor device wherein a semiconductor chip is
1\3 encapsulated with the epoxy resin composition for encapsulating a
10 semiconductor chip as described in any one of [16] 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
éemiconductor chip is encapsulated with the area mounting type epoxy
resin composition for encapsulating a semiconductor chip as described

2% in [20].
{0039]
[22]



the sane or different; mis integer of 0 to 4; R2 is hydrogen or

al kyl having 1 to 4 carbon atons; and two or nore R2s is the sanme or
different, 10 said phenol resin (B) is ygpresented by general formula
(5): CH OH (5 ~-{- H(R2), (R2)b wherein RI and R2 are

i ndependent |y hydrogen or alkyl having 1 to 4 carbon atons; two or
nore Ris or two or nore R2s are the sane or different; a is integer
of 0to 3; bisinteger of 0 to 4, nis 15 average and is positive
nunber of 1 to 5, Biesaiydrd<€io) palpyikion fot-endapbiBdt MRy 4 €pmi Soratfictox
epoxi di zed pol ybut adi ene conpound (C 1), said inorganic filler (D)

i s contai nedipmg esamboed iof [80, WMt %to 94 wt % both inclusive in the
total epoxy resin conposition; 20 further conprising an epoxy resin
(F) represented bywhpagdpasaiq sriygrallele ebexy QR2aHGM iGCHRRHESPNteD O
CH2~ CH2 0 O H (6) te)a ~. (R), n (P-2)b (R2)b wherein RL and R2
are indepeﬁﬁ%ﬁ?q%:%&%PééeH“dr 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 0 to 3, bis integer of Ot ; and 5 n is average and
wher he wej.ght _ratio [(F)/(A)]
c%st esep % P(%Tﬁ}gA) (4
0O

is positive nqﬁBgLC%thmgq)

5 NG
of said epoxy rgsin (F) to
1)!11

represented by géeral fornupa

® RD,,
5
) wherein X is group selected from single bond, -0-, -S- and
-C{R2)2—~; Rl is alkyl having 1 to 6 carbon atoms; twc or more Rls are
the same or different; m is integer of 0 t¢ 4; R2 is hydrogen or alkyl
having 1 to 4 carbon atoms; and two or more R2s is the same or different,
10 said phenol resin (B) is represented by general formula (3):

OH OH
CH, CH

(R@Da E %0)~0f @(Rj o
R2), R2),

S wherein R1 and R2 are independently hydrogen or alkyl having
. 1 to 4 carbon atoms; two or more Ris 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
16 average and is positive number of 1 to 5, and
sald (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;
20 further comprising an epoxy resin (F) represented by general

formula (€):



(4) is 10/90 to 90/10 both inclusive. [0040] 10 [23] The epoxy resin
conposition for encapsul ating a sem conductor chip as described in

[ 221, wherein said epoxidized polybutadbgne conpound (C-1) has the
nunber average nol ecul ar wei ght of 500 4000 both inclusive. 15
[0041] [24] The epoxy resin conposition for encapsulating a

sem conductor chip as described in [22], further conprising a curing
accelerator (E). 27 [0042] [25] A sem conductor device wherein a
sem conductor chip is | ated with the epoxy | nposi tion
for encapsul ating a qgﬁ%uﬂﬂ detor chip as descriﬂog%%%ggﬁg one of

[22] to [24]. 17 |[O [©6] | An area nounting t efodxy fesin
conposition for enca ing | i gond oFHg ' 5 Ehe (6)
epoxy resin conposj ncape hgla sem €0 ctorjchip as

described in any one‘of [22] to h)Encapsu ating®an area

nounting type sem conductor device,” wherein a“sem conductor chip is

nmount ed on one side of the | substrate and _substanti all onl)f( tlfg—: ,
Tkyl having

side of the substr%RersisuRt TG R4 GrENEISERT ERdE FEFTIFTHOF &

encapSU|at%Qto 4 carbon atoms; 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
5 n is average and is positive number of 1 to 5; and
“FB wherein the weight ratio [(F)/(A)] of said epoxy resin (F)
to said crystalline epoxy resin (A) represented by general formula
(4) is 10/90 to 20/10 both inélusive.
[0040]
10 [23]
The epoxy resin composition for encapsulating a semiconductor
chip as described in [22]1,

wherelin said epoxidized polybutadiene compound (C-1) has the

number average molecular weight of 500 to 4000 both inclusive.

- 15 (0041}
o
[24]
The epoxy resin composition for encapsulating a semiconductor
chip as described in [22], further comprising a curing accelerator
{E).
2 [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 [22] to [24].



[0044] [27] An area nounting type seniconductor device, wherein a
sem conductor chip is encapsulated with the area nounting type epoxy
15 resin conposition for encapsul ating ga;sem conductor chip as
described in [26]. (0045] [28] The epoxy resin conposition for
encapsul ating a sem conductor 20 chip as described in [1], wherein
said crystalline epoxy resin (A) is represented by general formula
(4); CHCHCQUQ{ (~),}-X~QCr-dli (4 \4 ~J It /I ~On~mwherein
X is group @eketted fromsingle bond, -0-, -S- and 18 -C(R2)2-; R
is alkyl having 1 to 6 carbon atons; two or nore Rls are the sane or
different; mis intéger of 0 to 4, R2 is hydrogen or alkyl having 1
to 4 carbon atons; and two or nore R2s is the sane or different, said
phenol resin (B) .%nPéﬁl@%}ﬁl@@we@@ﬁémﬁsmﬁﬁﬂx@%ﬂ(@wfoaflneﬁps‘éﬂﬂqg

5) Q4 Rl and R2 a
l(nd)ep(e?ndenﬂ ﬁ%gfa?rbcé%% %pcgi‘%ﬁ%lﬁgvf‘% e epoxye1|:r.£153.n caopnp051tlorn for

5 encapsulating a semiconducter chip as described in any one of [22]
to [24] 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
10 the semiconductor chip is encapsulated.
[0044]
[27]
An area mounting type semiconductor device, wherein a
semiconductor chip is encapsul_ated with the area mounting type epoxy

15 resin composition for encapsulating a semiconductor chip as described

in [26].
[0045]
-.,.._.) [28]
The epoxy resin composition for encapsulating a semiconductor
2 chip as described in [1],
wherein said crystalline epoxy resin {A} is represented by

general formula (4):

c:i,:—cn—c:Hn 0@— @0 CH,— CH—-:SH" (4)

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



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; bis integer of 0 to 4; nis
average and is positive nunber of 1 to 5, and 10 said (co)pol yner or
its derivative (C) is a butadiene-acrylonitrile copolynmer (C2); and
further conpri.sing an epoxy resin (F) represented by general fornula
(6): OCH, CHCH2 OCH2CCHCH, ~-y OOCHR2 OCHZ O OHt 4 ~)a('l)an
15 wherein R1 and R2 are independently hydrogen or alkyl having 1 to
4 carbon at-@g2){Worerisral Ry RksvehgtWeo0s JABHEn Rdemd! ecdd10rSRdR: RD§ are
different; ais integer of 0 to 3, bis integer of 0 to 4, and n is
aver age ancdHess#es bt:i dief fiaurgber mofs integdr df0046)] 4; 22 {29 dTFheerpoxalkyl
resin conposition for encapsul ating a sem conductor 19 chip as

descri bed ihavipg]l whérasirhos gitdmpueaditerwecnoeys BAS tisiine ooy fafferent,
(G2) is a carboxyl-term nated butadiene-acrylonitrile cogolyner
represented by geR@taPheBPMAcEip3iB) HomEPIpseEgd oY (FReRral famee ()
5 wherein Bu represents a butadi ene-derived structural unit; ACN
represents an acryP®Bnitrile-derived structurdHunit; xis positive

nunber of less than 1;|y is positive nunber than 1; x +y =
BORC S SR
(Rl)a CRl)a 1n
] (R2), ®2),

O

wherein Rl and R2 are independently hydrogen or alkyl having
1 to 4 carbon atoms; two oxr 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 to 5, and
10 said {co)polymer or its derivatiwve (C} is a
butadiene-acrylonitrile copolymer (C-2); and
further comprising an epoxy resin (F) represented by general

formula (6):

C)C]Z—]thg\I:;CH2 OCHZQ\I’-}CHQ
- O O
)
(Rl)a (R]-)a n
(R2), (R2),
15 wherein Rl and RZ 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



1; and z is integer of 50 to 80. 10 [0047] [30] The epoxy resin
conposition for encapsul ating a sem conductor chip as described in
[28], wherein said butadiene-acrylonitrilge copolynmer (C2) is 15
contained in the amount of 0.05 wt%to 0.5 w% both inclusive in the
total epoxy resin conposition. [0048] [31] The epoxy resin
conposition for encapsul ating a sem conductor 20 chip as descri bed

in [28], wherein the weight ratio [(F)/(A)] of the epoxy resin (F) to
t he cryst aldnipeaepfeeribadnid A)zenepresented by general fornula (4)

is 10/90 to 90/10 both inclusive. [0049] 20 [32] The epoxy resin
conposition for eneapsilnabang autseiiiccendocylomitchle awpddgseri bedl)i ns a
[ 28], further conprising a curing accel erator E). 5[0050] [33] A
sem conduct@iEbesyl e mmpapesRbutadmnsorguEi onlietile qopolenenpspreaasged by
with the epoxy resin conposition for encapsulating a '.~
seniconducﬁ@PeEﬁ}p&§§“&€sé§lbed in any one of [28] to [32]. 10

[ 0051] [ 34]

HOOC —F— (Bu), (ACN),—— COOH (3)
5
*-:.D wherein Bu represents a butadiene-derived strﬁctural unit;
ACN represents an acrylonitrile-derived structural unit; % is positive
number of less than 1; y is positive number of less than 1; % + y =
1; and z is integer of 50 to 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 wi% both inclusive in the
| total epoxy resin composition.
[0048]
[31]
. The epoxy resin composition for encapsulating a semiconductor
2 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.

[00489]



An area nounting type epoxy resin conposition for encapsulating a
sem conductor chip which is the epoxy resin conposition for

encapsul ating a sem conductor chip as dﬁécribed in any one of [28] 15
to [32] used for encapsulating an area unting 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

t he sem conductor chip is encapsul ated. 20 [0052] [35] An area
nounting type senifﬁgpuctor device, wherein a sem conductor chip is
encapsul ated with € area nounting type epoxy resin conposition for

encapsul ating a seth&epsuE kesik bbb tdeaadrettapdlbPiP4lsenl 0&oRictor
An epoxy resin conposition for encapsul ating a sem conductor 21 chip
accordi ng tohiphes pteasetbed iveiREOn Harthalrl owmprrsimigghecutidg rngelaster
of an inorganic filler and higher fluidity in conparison with the
prior art. (EFhe epoxy resin conposition for encapsulating a

sem conductor _chip according to the present invention can, therefore,
5 exhi bft ¢&888%ured naterial properties such as warpage reduction in
a nolding and a refgged stress and good filling properties. Thus, it
Is particularly su bie for an area nounting type epoxy resin

o horor  ocuf cORB A SmCEL AT LB lieser iRl
QUT THE |N\é§1@¥bg}hated with the epoxy resin composition for encapsulating a
] semiconductor chip as described in any one of [28] to [32].
10 [0051]

[34]

An areamounting type epoxy resin composition for encapsulating
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 on one side of the

Y substrate and substantially only the side of th_e substrate mounting
the semiconductor chip is encapsulated.
2 [0052]

[35]

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

25 in [34].

[0053]

An epoxy resin composition for encapsulating a semiconductor



[ 0054] An epoxy resin conposition for encapsul ating a sem conduct or

15 chip according to the present invention contains the follow ng
conponents (A) to (D: (A a crystallingqepoxy resin, (B) a

phenol .resin represented by general formula (1): OHOHOH 4 ciil O
UcCHk." CHk OQ@ CH2 (1) (Ri)z (fi)n ~)cc u ~" (RZ)n (Rl)z 20
wherein RL and R2 are independently hydrogen or alkyl having 1 to 4
carbon atons and two or nore RIs or two or nore R2s are the same or

di fferent; caipsadarredgeg f tAetpmrebenb irsranfit egeranofil Do dod highersfilling
integer of 0 to 3; and n is average and is nunber of 0 to 10, (O a
(co) pol yneratenthian ngobodati didlderanvedhighencildgit22in wempagisen grith
derivative, and (D) an inorganic filler. The inorganic filler (CII_)) IS
cont ai ned itHet REL@hwlt: of NBEREY TEHLDSARPYSbbion ifed aaFraRsY rtihe 2
total epoxy resin, conposition. 5 ,[0055], An epoxy .resin conposition

for “encaps SRR AR Lo Ut Ok B R ERg S dCReA L She: EhbRe ke
sati sfy. bo : [ ti L0 I ' . .
i gher Eontehtoar S8 hidnar etk plBoprfivs S SRR Rethotion in

el asticity byoadtlhenhe (LR ¥PBLsHAHINGoFq 18 huhgdbaiifndeelYedrhys,

n
structural unit or its derivative (C) . Thus, the epoxy resin
conposi ti ontf @ sneERSALALY NG5l €6NHIC@eachbhtedly bibs eddRyr evetin
fluidity, reduced warpage in a cured material and sol deri ng
composition for encapsulating a semiconductor chip and a semiconductor

i_) device with the composition.

10

BEST MODE FOR CARRYING CUT THE INVENTION

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

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

@5, CHz | (Rij nCHCHZ(Rna )
(R2), ®R2), (R2), (R2),

20 wherein R1 and RZ2 are independently hydrogen or alkyl having
1 to 4 carbon atoms and two or more Rls or two or more R2s ars 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)polymer containing butadiene-derived structural



resi stance, which are required to an area nounting type sem conductor
device. There can be, therefore, nore reliable sem conductor device.
15 [0056] There will be detailed an epo% resin conposition for
encapsul ati ng a sem conductor chip according to the present
invention. .,j [0057] Crystalline epoxy resin (A 20 Exanples of a
crystalline epoxy resin (A) used in this invention include glycidyl
et her of hydroqui none, bisphenol-F type epoxy resins, biphenyl type
epoxy resi psitepr esentedipy-9aneray fornula (7), stilbene type-epoxy
resins represented by general fornula (8) and epoxy resins
represented by genemalanf anovdsni(cd)i126-] 0058] 23 R3 R6 R7 R10 R4 RS
R8 RO wherein R3 to R10 are hydrogen or al kyl having up to 4 carbon
atons and are the Bmenorgatiifd €ilgr (PDE59¢orREl rRE4LIRLZe RRQuRE ©ICB0 p2 3
0 Nz RI5 R16 H2 0 (8) 5 R12 R13 R18 R19 wherein RL1 to R20 are

hydr ogen ortCaPRy¥Fth&pithglupluss- 8 ar boh toiednBPERY ZHceNt RETROSH 167 -
differeg‘nt. [L]%ggﬂ)] CH?-CHClrn 0O x 0C14 -CH CHZ

An epoxy resin composition for encapsulating a semiconductor
chiphavingsuchacompositioncansatisfybothrequirementsof reduction

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

O

and reduction in elasticity bv adding the (ceol}polymer having a
10 butadiene-derived structural unit or its derivative {(C). Thus, the
epoxy resin composition for encapsulating a semiconductor chip exhibits
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 be detailed an epoxy resin comp‘osition for
encapsulating a semiconductor chip according to the present invention.
[0057) |

Crystalline epoxy resin (A)

20 Examples of a crystalline epoxyresin {A) used in this invention
include glycidyl ether of hydrogquinone, bisphenol-F type epoxy resins,
biphenyl type epoxy resins represented by general formula (7), stilbene
Lvpe epoxy resins represented by general formula (8) and epoxy resins
represented by general formula {4).

Pl [0058]



O \o/ (4) (R)n, (RO 10 wherein X is group selected fromsingle
bond, -0-, -S- and -C(R2) 2-; R is alkyl having 1 to 6 carbon atons
and two or nore R's are the sane or dibherent; mis integer of 0 to
4; R2 is hydrogen or alkyl having 1 to 4 carbon atons and two or
nore R2s are the same or different. 15 [0061] Phenol resin (B) A
phenol resin (B) used in this invention is represented by general
formula (1): 24 OHOH- OH( } CEOCH2CH O QQ cH3 111 06 (~k-1 -. (R
), (, (R (R),- n(R)s wherein RL and R2 are independently
hydrogen or al kyl having R3 tof&RtarbBW atons, and two or more R's or
two or nore R2s areythe s erent; @ is integer of 0 to 4, b
is integer of 0 Ho—8:-05-0— rt-eg 08-(-eC3fH,n is average a&S?Ds
nunmber of 0 to 10.0 [¢b62] S VT haJEngoa but adi ene- deri vied
structural unit or its defivargpe (Cgs A (co)pol yner having a

but adi ene-derived structural unit or 10 its derivative (C) used in
this invention (hegegel t S [ ' Y. r -

"(co)pol ynmer or itéﬁéerﬁbg F@égg%%k .éﬁgggééTb%F%ﬁi%gg%%QF?§“°4 carbon

derivative z66hs WH Gl shEr&pay e i em-uyadi ene as a nononer.
[ 0063] '

[0059]
RN R14 R17 R20 .
) | i H
s e e ~nas s (8)
0 . R15 R18 2 0
5 R12 R13 R18 R19
wherein R11 to RZ20 are hydrogen or alkyl having up to 4 carbon
atoms and are the same or different.
[0060]
CH,— CH— CH, O @—X 0 —CH, —CH—CH,
oo o(O)x(Opo-em—ar—sm (4
®1,, (RD,,
)

10 wherein X is group selected from single bond, -0-, -5- 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 more R2s are the same or
different.

135 [0061]

Phenol resin (B}

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

general formula (1):



The (co)polyner or its derivative (C may be an epoxidized 15

pol ybut adi ene conmpound (C-1), a butadiene-acrylonitrile copol yner
(G- 2) or a polybutadi ene having an oxir§ e structure (G 3). These
conpounds wi |l be described later. [0064]" Inorganic filler (D) 20 An
inorganic filler (D) used in this invention nay be selected from
those generally used for an epoxy resin conposition for

encapsul ati ng a sem conductor chip. [0065] These may include fused
silica, cryshgﬁllne silica, secondary 25 aggregated silica, alun1na

titani um whit | um num hydr oxi de, | ¢ clay and gl ass fi
alone or in conbj [ of two or nDre
ne btk for

whi ch may b

silicais p .

of mlled FPNE Mor é jgherab erlcal

may be used for |ncg3%§|ng |thgQ NRR,M Zi ng amnprease |n

melt viscosity of an epoxy resin conp03|t|on In order to |ncrease

t he content of spherlcal silica, it is desirable to aq%;st 30
distribution of th8eHHer REAKRY jazs %W%nﬂsvs%ywﬁyo RHEF . alk[y Byying
10 Furt her organi c f||| f necessar

surface- trggted4v$%ﬁ?on %gﬁ ?lﬁb a%g%t gﬁr%6%§?ofégr%cgymor%ﬁ%ﬁ;Fre the
resin. Suréﬁ%eokr&fﬁf@éht”aé{ fgelmlegeft&d oP¥o2PPNPRL %0?&@%%% to 4;

such as renoving a sol vent after nding themin the solvent and
directly addisngntbgeadsi bi ¥6S31 G AR bBSFANIedl i | Rinde® BEVE @ 10.
m xture which 15 is then treated using a m xer. [0067]

) [0062]

{Co)polymer having a butadiene-derived structural unit or its

derivative (C)

A {co)polymer having a butadiene~derived structural unit or

10 itsderivative (C) usedinthis invention (hereinafter, sometimes simply

referred to as "{co)polymer or its derivative {C)") is a (co)polymer

or its derivative (C), which is prepared from butadiene as a monomer.
[0063]

The {(co)polymer or its derivative (C) may be an epoxidized

- 1B polybutadiene compound (C-1), a butadiene-acrylonitrile copolymer

;
A
—

(C-2) or a polybutadiene having an oxirane structure (C-3). These
compounds will be described later.
[0064]

Inorganic filler (D)

20 An inorganj_.c filler (D) used in this invention may be selected
from those generally used for an epoxy resin composition for
encapsulating a semiconductor chip.

[0065]

These may include fused silica, crystalline silica, secondary



An epoxy resin conposition for encapsul ating a sem conductor .}

chip according to this invention may contain, in addition to
conponents (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

wi thout any particular restrictions, those capable of accelerating
reaction of 25 an epoxy group with a phenolic hydroxyl group,

i ncl udi ng Gigazadiaa s D des neBurndn@ , thiddah id@fvhy aé) weSnsSuehh@asroxide, tale,
1, 8-di azabi cycl o(5, 4, 0) undecene-7; 26 organophosphines and their

deri vati veslsyuchnasyiassphsred phbs phi mey dedused milcdiephenid ploobphaniegn of
and tetra-substitutedphosphoni untetra-substitutedborates such as

t et r apheny[thRozpAROAE umitieeapildip@l borarbicwlarly preferable. Fused silica

t et raphenyl phosphonj unt et r abenzoj c . aci d, bor at e,
t et raphenyF“ﬁ‘h’&%‘gHBnWﬁnfBF?‘ BHEL%@ Pagtiglporarpheres. More preferably,

t et raphgnyl_ phosphoni uni t et r anapht hoyl oxybor at.e, and e
ot 1 apnony " BASERTONT ANt 6 PRRABHLIY BY0 Bhe Gr o B oo g imizing

al one of } NnEeublaay Qo OfyiLuasoty TRY an J04,00000, BAKYIESLN (T) dcr

epoxy resin (F) may be an epoxy resin represente ener a

(g)zi Océﬁﬂﬂ%éﬁaise%-t@on@x@ d2Gpfer{dd S0 dd, (6} is(diaabkd)dd adjust
(reyn | )’sige distribution of the spherical silica to be relatively wider.
5 [0066]
10 ' FPurthermore, an inorganic filler may ke, 1if necessary,
surface-treated with 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
1B 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).
(00681

Curing accelerator (E)

A curing accelerator (E) may be selected from, without any
particular restrictions, those capable of accelerating reaction of
25 an epoxy group with a phenolic hydrozyl group, including
diazabicycloalkenes and their derivatives such as

1,8-diazabicyclo (5, 4, 0)undecene-1;



15 wherein Rl and R2 are independently hydrogen or alkyl having 1 to
4 carbon atons and two or nore Rls or two or nore R2s are the same
or different; ais integer of 0 to 3; b,is integer of 0 to 4; and n
I's average and is positive nunber of 1 to 5. [0070] 20 Silane
coupling agent (G A silane coupling agent (G nay be a conpound
represented by general forrmula (9): 27 R3 - NH R4- Si (ORa’)

I, R63_n (9) wherein R3 is an organic group having 1 to 12 carbon
atoms; R9, RS andoRGaphoR¥HiAearhen thavi ngkrlivhe:dds cardponsat ons; R3
to R6 are the sane or different; and nis integer of 1 to 3. 5
[0071] O herriphspphsid=phl Ae N@te seahy ] dishapeiosgisine ;canposi ti on of
this invention nmmy appropriately contain, in addition to conponents
(A) to (G descri bedtratmet i amyedphasphoadsmadtid+mésst iicntédidorat <kswmch
nat ural wax such as carnauba wax; a synthetic wax such as

pol yet hyl erf$ kakraphenygpapsphen i td-agneny oensttal: salts such as
stearic_acid, k6 and zinc stearate; a nold release such as paraffin; 15

a col or P ng EIEAPREREPROSPREPHEN L BT EAHETERACT R DARERT®a | ame
retardant such as br.om nated. epoxy resins,.anti. ri oxi de,
al uni num hydroRPRenY HRL P LR AT SR ROt G et RP82E8 ne

ol ybdenum ¢i-dgheRPQsHRIRpAALANE RRAS PRI QNS xGBBPL I dSingaN | nor gani ¢
I on exchanger such as bisnmuth oxi de hydrate; and

tetraphenylphospheoniumtetranaphthyloxyborate. These may be used
:) alone or in combination of two or more.

10 [0069]

Epoxy resin (F)

BAn epoxy resin (F} may be an epoxy resin represented by general

formula (6):

OCHE(\?};ICI-I2 C}(31%’.51\‘{];C'I-Iz1
o 0
O ey (=G = ©
(Rl)a (Rl)a “n
R2), (R2),
15 wherein Rl and R2 are independently hydrogen or alkyl having

' .
"

1 to 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 1s positive number of 1 to 5.

{0070]

2 Silane coupling agent (G)

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

genen_:al formula (9):




20 a | ow stress conponent such as silicone oils and rubbers; and an
antioxidant. [0072] An epoxy resin conposition of this invention may
be prepared by mxing conponents (A) te+4(G and other additives at
anbi ent tenperature 28 wusing, forexanple, am xer, kneading the

m xture with heating by kneading neans such as aroller mll, a
kneader and an extruder, and cooling and then mlling the m xture.
[0073] 5 For manufacturing a sem conductor device by encapsul ating
an electronic part such as a sem conductor chip using an epoxy resin
conposi tion of this invention, curing nolding may be conducted by a
conventional noldin rocess such ansfer nol di ng, conpressi
mol di ng and i nj ecti ¢S MNHIN& ‘Cﬁh@@RﬁéﬁRégsnlnvolved in 10

manuf acturing a seniconductor device may be selected fromwell -known
nmet hods. In particular, an epoxy resin conmposition of this invention
i s nost suitable for an area nounting type sem conductor device.

Proferred embod mepks. ol Kiis, LAVENLIAN. WELL, Beodsscr ket LO374cd3,;

Enbodi nent 1: An epoxy Testn conpo encapsu

seni conductar r&hid @k Q%?%%%@éréorpﬂawwsl thers %Ax%%ngt&gmﬁﬁem R6

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

represent edrbytgenst@ okoanBtardn), andth (& Ihtageepaxildicges,

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

w%to ®5 Vi bdbth inclusive in the total epoxy resin conposition,

and _
{ Other components

in necessary,ran epoxy resin composition of this invention
may appropriatelycontain, 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;
- 1B a coloring agent such as carbon black and red ocher;
a f£lame retardant such as brominated epoxy resins, antimony
trioxide, aluminum hydroxide, magnesium hydrozide, zinc borate, zinc
molybdenum oxide, phosphazene and phosphorous compounds;
an inorganic ion exchanger such.asibismuth,oxideihydrate; and
20 a low stress component such as silicone oils and rubbers; and
an antioxidant.
[0072]
An epoxy resin composition of this invention may be prepared

bymixingcomponents (A) to (G) andotheradditivesat ambient temperature



(E) a curing accelerator. The epoxi di zed pol ybut adi ene conmpound (C-1)
is contained in 25 the amount of 0.05 Mt%to 5 W% both inclusive in
the total epoxy resin conposition. [00Z43] 29 HHOH (((( HHT

(R17a (R2J6 (P2)b (R-)c (R2)b (R2)b (R1l)a wherein RL and R2 are

i ndependent|y hydrogen or alkyl having 1 to 4 carbon atons and two

or nore RIs or two or nore R2s are the same or different; a is

integer of 0 to 4; bis integer of 0 to 4;, 5c is integer of 0 to 3;
and n i s avgfiage ferexhfplé el xef, khda@ihthe hOQFAMe HittiheaR iRPDHY ¥neading
resin conmposition for encapsulating a semni conductor chip can neet

bot h reductmsEmsi authersmal reipansiidh, By knhaddre endomt enttroflet heand cooling
inorganic filler (D) and reduction in elasticity 10 by adding the
epoxi di zedrrpblthsnt adl dne EbApBLAAINEC- 1) . The epoxy resin

conposition for encapsul ating a sem conductor chip is highly fluent

and t hus hagnyﬁ%roved filling properties. Furthernore, the epoxy

L B R AL TS A S Lo P e

a nol ding exhibiti erial properti

reduced war&@g;%ﬁigpgaﬁ@'s@%i £9d ?‘s%&ra&aﬂ&?cto}heﬁ;zgh ySAgf 59“%}19% Besin

therefore, I gni antly effective to give a reliable
sem conduct @mdRVkeen ofAShIESGIVRRdcAP QR nk B> IRRAYYME R PeNconductead by a

conposition for encapsulating a sem conductor chip of this
enbodi nent eaveheisnil akllyingedrdayssapuat e trausfengolypey, compression
sem _conduct or devi ce. '
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 Fmbodiment 1:

An epoxy resin composition for encapsulating a semiconductor
chip of Embodiment 1 contains the following components (&) to (E):
(A} a crystalline epoxy resin,
(B) a phenol resin represented by general formula (2},
20 {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 wt% both inclusive in the total epoxy resin
composition.

{0075]




20 There will be specifically described Enbodiment 1. [0077)
Crystalline epoxy resin (A Exanples of a crystalline epoxy resin (A
used in Enbodinent 1linclude glycidyl ethger of

hydr oqui none, bi sphenol -F type epoxy resins, 30 biphenyl type epoxy
resins represented by general fornula (7) and stilbene type epoxy
resins represented by general fornula (8). [0078] R3 R6 R7 R1I0 HZC 0
H20/-> OH2 CCH2 (7) R4 R5 R8 RO 5 wherein R3 to RLO are hydrogen
or alkyl having up to 4 carbon atons and are the sane or different.
[0079] R11 R14 R17 R20 | HZC%J ? wyHO~~- OHCy CHZ (8) 2 R'"J o]

2 0 R12 R13 R181R19 droo or al kyl g
up to 4 carbon [0080]

epoxy resins i dl:L 3+at  A#di 2 S 2t |t exhi bi

good handl i ng ﬁ?%perﬁ?@s ‘ﬁﬁd hﬁgclomﬁﬁﬁlt‘VﬁSCOQPFy during nDIdlng
A lower nelt viscosity can inprove fluidity of the epoxy 15 resin

conposition for encapsul atin em_conduct or nd all ows,, f.0
fi IrrFl ng the inor ga?‘i’gg £ ?Rg —géchZ a&ﬁejrmg%)n P?g-\t' ?‘8’ LOFRLST il E‘?ffleng
resistance can ke ipproved.and didfherencs-d ri16086f fig eat m8£e R2s are the

same or different; a is integer of 0 to 4; b is integer of 0 to 4;

5 c is integer of 0 to 3; and n is average and is number of 0 to 10.
) [0076]

Such an epoxy resin composition for encapsulating a
semiconductor chip can meet both reduction in thermal expansién 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 semiconductor chip is highly fluent
and thus has improved fillingproperties. Furthermore, the epoxyresin
composition forencapsulatinga semiconductor chip canprovide amelding
exhibiting excellent curedmaterial properties such as reduced warpage

15 and scldering resistance. The composition can be, therefore,

e

significantlyeffectivetogiveahighlyreliable semiconductor device.
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

lincludeglycidyl ether of hydroquinone, bisphenol-F type epoxy resins,



| i near expansi on can be reduced, resulting in inproved properties as
a nolding. 20 [00811 Preferabl e exanples of the biphenyl type epoxy
resin 31 represented by general fornulgO(Y) i ncl ude

4,4' -di gl yci dyl bi phenyl

3,3 ,5,5 -tetranmethyl -4, 4' -di gl yci dyl bi phenyl and a fused m xture of
these conpounds, which are well-balanced in workability and
practicability. 5 [0082] Preferable exanples of the stilbene type
epoxy resi SERE genshal By formula (7) and
5-tert- but@?phsﬁ?fgly0|%§g 5 3 E% f%?%%%%%ﬁgt%YB%ﬁ%&g§ ° t)

4, 4' - di gl yeitdybede Xy, Bpokptramshybstdddireg B cyendrasedofhutare) of
10 these conpounds, which are well-balanced in workability and
practi cabi l[i0y8][ 0083] Such a crystalline epoxy resin (A nmay be used
in conbination wth another epoxy resin. 15 Wien using themin

conbi nati on, the content gé th yst idine epoxy resin (A) is
preferably at |east 10 wt ably 30 wt% or nore, further
epoxyHresin. The crystalline
epoxy resin (A) &ams ' pre0 e Ffange, J to inprio
fluidity of an epoXy reS|n Hdp for 2enBapsulating 20 a

sem conductor chi p. [0084R4ExafpRes of3an epoxy resin which can be
conbi ned i ncl ude, but

5 wherein R3 to R10 are hydrogen or alkyl having up to 4 carbon
“) atoms and are the same or different.
(0079]
O O e (8)
ms R1G
R13 R18

wherein R11 to R20 are hydrogen or alkyl having up to 4 carbon
10 atoms and are the same or different.
[0080]

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

15 resin composition for encapsulating a semiconductor chip and allows
for f£illing the incrganic 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.

2 [008B1]

Preferable examples of the biphenyl type epoxy resin



not limted to, phenol novol ac type epoxy resins, cresol novolac type

epoxy resins, triphenol net hane type epoxy resins, phenolaral kyl type

25 epoxy resins, naphthol type epoxy resjns, naphthal ene type epoxy

resins, alkyl-nodified triphenol nethané type epoxy resins, epoxy

resins containing triazine-core and di cycl opent adi ene-nodi fi ed

phenol type 32 epoxy resins, which can be used alone or in

conmbi nation of two or nore. It is desirable that an epoxy resin

conmbi ned hagptisersdd Yyagedcawi asormnssiP) ant0adaviQudi-agyreiierlpighdron,

i n the advant ageous property of the crystalline epoxy resin, that

i's, |ower rgl3t, o Stasmitrpmdunyhgl, 45 -gbgyaiglylhpBa)yl Bhdadiuseasiikxt(By of

A phenol resin (B) used in this enbodi nent may be a phenol resin

r epr esent ed-hgpegepmpaindser wiyl b (@2p. webl bl gisedoln reegikabi épre et ed

by general fornula (2) has a hydrophobic and rigid bi phenylene

noi ety bet WEEHFTHREMDLIYY -hydroxyl groups. Thus, the phenol resin (B)

havi ng 2 biﬁgﬁg | ene noi ety can be used to reduce warpage in a cured

pr oduct ™ ( noi di é) of an epoxy resin conposition for encapsulating a

sem conductor chip r e | di. S.& .
Pngfa%J}e&?Jq.engg(%nop\),\%% tol% tH® 9&19.%@%% dEYIl?Jésjlél(b§Q% 5%5111

noi st ur e- absor pti on has elasticit

t enper at ur e-d,2R96nANE Lyl geABEL EXRILE gPPdRdNgsi veness to a
sem conduct or chip, an organic substrate and a netal substrate. It

al so has f eptuetresbbhyl-4, 2 ' Fg1ltighily-2f Bap®tresinst Bpce: iameénexhi bit s
hi gher heat resistance in spite of its |ow crosslinking density. 20
[0086] |n thd'Highlveidydadi AY, priopeetirasstiietphbosnt andsi fused mixture of
represented by general fornmula (2) is _preferably a phenol resin
repr esdht ed:kwe compounds, which are well-balanced 1n 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.

7 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, phencl novolac type epoxy resins, crescl novolac type
epoxy resins, triphenolmethane type epoxy resins, phenolaralkyl type

25 epoxy resins, naphthol type epoxy resins, naphthalene type epoxyresins,

alkyl-modified triphenolmethane type epoxy resins, epoxy resins

containing triazine-ceore and dicyclopentadiesne-modified phenol type



general formula (10). [0087] 33 OHOHADHy2\ | 1V} H2j{bls54 '

, Hl _ wherein n is average and is nunber of 0 to 10. In general
formulas (2) and (10), when n is within_the above range, fluidity of
a resin conposition during nolding can B I mproved, 5 resulting in

i ncrease in content of an inorganic filler, which can contribute to

| owering hygroscopicity and reduction in warpage. [0088] The phenol
resin represented by general fornmula (2) used in Enbodinent 1 can be

used in Coﬁfnggﬁtaegﬁln englég%faﬁ Q@@ oﬁ@%ﬁcrhanst&Qom%@oH%ﬁﬂw Bemd-8.

conbi nati o con eno resin repr esent ed

general forigul & de2) rhs1PK %&er@bbp 228t cdibhiMe¥ hi® e schsBierablo as
30 wt% or nore, further preferab O M%or nore in the total

phenol res@ﬂssihferﬂm&ngwoﬂdﬂﬁbndéﬁﬁrumaatb@naﬂﬂeﬁevﬁdﬂahnag@@nabmmperty of
range to provide an epoxy resin conposition exhibiting |owelasticity
15 at hi gh thenpeysitairldnandpd:awdepgnoscupi dist y Loes rfedict hésceidy during
adhesi veness and flanme resistance. [0089] Exanples of a phenol resin
whi ch can B®ldsed- i n conbination include, but not linmted to, phenol
novol ac resins,. cresol novolac 20 resins, naphthol aral kyl resins,
trlphenolnépﬂghé resins, terpene-nDdified phenol resins,

dlcyclopengﬁple resf%f phenol resins and phenol aralkyl resins

havi ng a pheﬁyﬁeﬁe—ﬁﬁreéy. These can be used alone or in conbination

of two or nore. Fop MGRAr r£OM &) used in this embodiment may be a phenol
5j) 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 forencapsulatinga semiconductorchip. Furthermore,

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

20 [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]



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 thesaunber of phenolic hydroxyl
groups in the total 5 phenol resin used in Enbodinent 1 is
preferably 0.5 to 2 both inclusive, particularly preferably 0.7 to
1.5 both inclusive. Wen the equivalence ratio is within the above
range, an epoxy resin conposition for encapsul ating a sem conductor
chip which provides a nolding exhibiting good noisture resistance
and curing properties, can be 10 obtained. [009}} Epoxidized

pol ybut adi ene donpound (C- 1) An Jepoxi di zed pol ybut adi ene conpo
(C1) used in mn @ -@ ll@! to, a COW{CJ)ﬁ
represent ed bygehera¥ f oy Shi( Y1y, POG9Z =R21 Cl iz (CIr C

NCH CH~k(CHZ CH ~(Cl LI C | CH\ CHmCCHC |I~~ Ho o {11) wherein

k, 1, mand n are integer of 1 to 50; R21 has structure represented
by CoHg; p is integer_aof 0 to 10: and I s_integer of to 21. A
content of the epog?%ﬁ%ﬁﬁjnp%Fy%ﬁﬁ%ﬁ%eeﬁgdcﬁ%ﬁ%ﬁ%%r(E?f3%¥§%9preferably

0.05 wt%to 5 wt % BOLLRCY UsiMEl -RAL GHb Ay , PhelEhatl %itgiﬂ-ﬁ‘gﬁecyaﬁ&e

' R
2 w-6 both inclusive in the totaF epoxy resin conposition. The
content Wi triinge} FaL2BOVE ofFaN88s Y oheSH i oM e eGhd 1A nighte8] 1B Linphdved,
25 nodulus and f urther | owering of viscosity of the epoxy resin
conposi#i omresulting in increase in content of an inorganic filler, which can

3 contribute to lowering hygroscopicity and reduction in warpage.
[ooss]

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 phenol 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

16 at high temperature and low hygroscopicity, and further good

g

—t

adhesiveness and flame resistance.
[0089]

Examples of a phenol resin which can be used in combination
include, but not limited to, phenol novolac resins, cresol novelac

2 resins, naphthol aralkyl resins, triphenolmethane resins,

terpene-modified phenol resins, dicyclopentadiene-modified phenol
resins and phencl aralkyl resins having a phenylene moiety. These
can be used alone or in combination of two or more. For higher content

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



35 [0093] In addition, the nunber average nol ecul ar wei ght of the
epoxi di zed pol ybut adi ene conpound (C-1) used in this enbodinent is
preferably 500 to 4000 both inclusive. The nunber average nol ecular 5
wei ght within the above range may resul £% n reduction in el asticity
nodul us of the epoxy resin conposition and desired viscosity. [0094]
Inorganic filler (D) An inorganic filler (D) used in Enbodi nent 1
maybe the inorganic 10 filler described above. A content of the

I norgani c fllg ggﬁgﬂ_ this enbodinent is 85 w%to 95 wt % bot h

i ncl usi ve, pre 87 W% to 93 wt%both inclusive in the total
epoxy resinpgegposi tion. Wien the content of the inorganic filler

(D) is within the above range, a nolding prepared nmay have

adequat el y r educedahyguoseDnicel fatiansfF 4he hirbeBbf expansironps fasiblet tatgl
i n good soldering resistance and reduction in warpage in a

sem conductapoxitevéin thuthherumeg, of | phadictly cohydrrxydpoxyupsesinnthe total
conposi tion for_encapsul ating a sem conductor chip can be inproved,

e L hat8it laglaﬁoweﬁémvéﬁwnf s g itrigp W?ﬂrﬁéléﬁd 5t“{ﬂj%b°BIMBFé‘h%Wef
def t 0095

Scol ot o R R e S g B SR e TS be

the above %@g@gvn&e %%919615 g%& B&L 5 898%@1}3@&?8@%8?9@%5&%%0& osition

conposi ti on may con arn’t onponent
described abeventfpoaddidingnat SrtiQRANeR:S LAk whBih provides a molding

.

i) exhibiting good moisture resistance and curing properties, can be
10 obtained.
(0091]

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-CH;~{CH,-CHECH-CH,), (CH,-CHCH,~CH-CH-CH,), (CH-CH,) —H
| % WAl (11)
N 0  CH<CH,

p I}
: Ly W

wherein k, 1, m and n are integer of 1 to 50; R21 has structure
represented by CpHy; p is integer of 0 to 10; and g is integer of 1
X to 21.
A content of the epoxidized polybutadiene compound {C-1) is
preferably 0.05 wi% to 5 wt% both inclusive, particularly preférably
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

25 modulus and further loweringof viscosityof the epoxy resincomposition.



36 (C1), (D) and (E). Furthernore, the conposition nmay
appropriately contain, if necessary, any of various additives
including a silane coupling agent suchsas epoxysil anes,

nmer capt osi | anes, am nosi | anes, al kyl si Fanes ur ei dosi | anes and

vi nyl silanes and coupling agents such 5 as titanate coupl i ng agents,

al um num coupl i ng agents and al um num zi rconi um coupl i ng agents.

[ 0097] An epoxy resin conposition of Enbodinment 1 nmay be prepared ;m
by m xi ng qogpsnents (A to (E) and ot her additives at anbient
tenperature 10 using, for

exanpl e, am xer, knekui augtiieon x t idreewiniinhbe ad vergigpk medet g mwpanghts wch ths
aroller mll, a kneader and an extruder, and cooling and then
mlling t hepakke ired PP@ED‘S‘}aCil@nenﬁﬂW@der Cng) ausashitaorfi eabodanenie is
by encapsul ati_n 15 el ectronic part such as a sem conduct or chi
using an ep%)@;eg%@%w%&ﬁp%%‘?q ?OBEholanéHﬁbH‘?neﬁfthelnuW ﬁ@eFﬁﬁedli“ Cﬁ“g}‘?
be conducted.by. q,;.¢90vent |a§)n%l m)Aan ng prreos%l S. sucercliu%lig~ trains g
nol di ng’ corrplge55| on etk VB 19 B8Y i | i g 1et et nd
i nvol ved i kN n [ S from
w6l | - known "98" aet hodte PR AN g*#fﬁﬁ%%t&%%xéﬁ? RSN ot
this enbodipgenk] is nost suitable for an area nounting type

sem conductor device. [0099] Enbodi nent 2 An epoxy resin conmposition
for encapsumatgagia gadecofmuct or 25 chip of Enbodi nent 2 contains
the foll owi ng conmponents (A) to (C2): (A a crystalline epoxy

resin, (B) a phenokn iesiganigiiddent(@d uspddemabatiferthiimay p@¥he inorganic

10 filler described above. A content of the inorganic filler used in

101ty

this embodiment 1s 85 wt% to 95 wt% both inclusive, preferably 87 wts
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 adequately reduced hygroscopicity and

15 thermal expansion, resulting in good soldering resistance and reduction
in warpage in a semiconductor device. Furthermore, fluidity of an
gpoxy resin compesition for encapsulating a semiconductor chip can
be improved, so that it can be reliably filled during molding and thus
problems such as gold-wire deformation can be prévented.

20 f0085]

Curing accelerator (E)

A curing accelerator (E) used in Embodiment 1 may be the above

compound.
[0096]

25 Other components

An epoxy resin composition of this embodiment may contain the

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



37 (C2) a butadiene-acrylonitrile copolynmer. (0100] H Hz H= ~H Hi
nn H2 'l \2! (Rl)a (R2)b (R2)b (R7)c (R2)b (R2)b (RI)a wherein Rl

and R2 are independently hydrogen or al éyéthavi ng 51 to 4 carbon
atons and two or nore Rls or two or nor s are the same or
different; a is integer of 0O to 4; b is integer of 0 to 4;, <c is
integer of 0 to 3; and n is average and is nunber of 0 to 10. [0101]
Such an epoxy resin conposition may neet both higher content 10 of

an inorgani &-fiyl | es) apd hhgheraHmd Qidre, F4 RREARI Euor Ry SR ¥priately
resin conmposition for encapsulating a sem conductor chip can provide

a ol di ng exdrthithi NOr exeekben), Guveds Madeidudl apdDpelds @AcBudingas silane
reduced warpage and sol dering resistance. The conposition can be,

t her ef ore, caipdiingiamnt:| yudf hecdporyst.dageye rerhaghdsileeksaldrenosilanes,
sem conduct or device. 15 As descri bed above, the epoxy resin

conposi ti ore o séheapsuliaeidnpidanseandorauésblandd pndrowplkng agents such
enbodi nent can be suitably used for an_area nounting type

seni confluct®dt déFNeEe JUPBINY THETE-SW ﬁFW%&@PPH%‘%I%ﬁ/e&@%??%ed
Embodi nent 2. .20 (érﬁ%stal.l I Nne_epax resiQ (A) A crystalline epoxy
resin (A e N Erbodi ment 2% hEI5E " descri bed i n Enbodi ment 1
The crystal {d(ﬁﬁ]epoxy resin (A of this enbodi nrent may be conbi ned
W th anot her epoxy resin as described in Enbodi nent 1. \Wen 38

An epoxy resin composition of Embodiment 1 may be prepared
), bymixingcomponents (A) to (E} andotheradditivesat ambient temparature
10 using, forexample, amixer, kneading themixturewithheatingbykneading
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 Emboediment 1, curing molding may be conducted by a
conventional molding process such as transfer molding, compression

molding and injection molding. Other methods involved in

;
R

manufacturing a semiconductor device may be selected from well-known

2 methods. Inparticular, anepoxy resin composition of this embodiment
is most suitable for an area mounting type semiconductor device.
[0099]

Embodiment 2

An epoxry 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),



using themin conbination, the content of the crystalline epoxy resin
(A) is preferably at least 10 % nore preferably 30 wt % or nore,
further preferably 50 ww% or nore in thg-total epoxy resin. The
crystalline epoxy resin (A) can be added within the above range, to 5
i mprove fluidity of epoxy resin conposition. [0103] Phenol resin (B)
A phenol resin (B) used in Enbodi nent 2 may be a compound Y~
represented by general fornmula (2) as described in Enbodinent 1. 10
[0104] The phenol (@&si)n a ButbdiddedirfeohiZ-imey bepshDatamed Wt h

anot her phenol resin as described in Enbodi ment 1. When using them
in conbi ndi0il@A] the content of the phenol resin (B) is preferably at
|l east 10 W% nore preferably 30 wt% or nore, further preferably 50
wt% or 15 nore in the total phenol resin. The phenol resin (B) within
the above rang@ can be added t ofian epoxy resin c@nposition for
encapsul ati ng
| ow el asticit g STRs d
further good 8 yﬂgges§ﬂzﬁnd fiha 2l st(,gﬂce @pP [0105] An

equi val ence ratio of the nunber of epoxy groups in the total epoxy
resin to the nunber of phenolic hydroxyl groups in the total phenol
resin used in thiswesmnd RERnd 82 Rirel BidPend@nt by hedZ2ods Bridladhyushaging
particularly preferably 0.7 to 1.5 both inclusive. Wen the 25

equi val 8ncéd tat # ocarbon thoms tdwel abover mange Rlanoepgoxy orasdre R2s are the
conpgsi tion exhibiting good noisture resistance and curing

prw@t i es s¢H8 b digificaentd. 2 3¢ integer of 0 to 4; b is integer of 0 to 4;

‘

Fecdopi orty, and 2

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 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 canbe, therefore,
significantlyeffective togiveahighlyreliable semiconductor device.
- B 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 crystalline 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



[ 0106] But adi ene-acrylonitrile copolyner (C2) A

but adi ene-acrylonitrile copolynmer (C2) used in Enbodinent 2 nay be,
but not limted to, a conmpound represengﬁp by general fornmula 5 (3),
both of whose ends have a carboxyl group.” [0107] HOOCF (Bu),,
(ACM,-t- O000H (3) wherein Bu represents a butadi ene-derived
structural unit; ACN represents an acrylonitrile-derived structural
unit; xis positive 10 nunber of less than 1; y is positive nunber of

less than Ysibghientin EomBgatZidss MM e88fe@ oPAHOBPst10108]epbh® resin
carboxyl groups in the butadiene-acrylonitrile copolymer (C2) can

conbi ne an {mokgamterdrizsbl gratandaan BPOXS,r adkd MmRrabliyngp wis or more,
materials for an epoxy resin conposition for encapsulating, with a
sem conductiirtbhippesirablyr ganit® subseratie dbesevidorgasy oresdeni céhe
menbers. [0109] A content of the butadiene-acrylonitrile copolyner
(C-2) used C2BtRALIMR SPEHDOHRTENR] 98y éﬁeécéiﬂcéw@?‘@? fr&eoaP R ¥RPSRH tO
i ncl usi ve, nore p£efe,abl 0.1 wt%to 0.3 wt% both inclusive in the
total epoxy"FESFR ¥ ¥ingﬁ*”?bff@f”Tﬁﬁ“%ﬁﬁ%éﬁ?'mﬁthin t he above
range can i 5%ie sol dering 40 resistance because it brings about
good adhesi venéss between a cured product from an epoxy resin

conposi ti onpP1epsasUledt i ng a sem conductor chip and a substrate.
Fur t her nor €7 the epoxy resin

A phenol resin (B) used in Embodiment 2 may be a compound

) represented by general formula (2) as described in Embodiment 1.

0 [0104]

| Thephenol resin (B) inEmbodiment 2maybe combinedwithanother
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 50 wt3 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.

20 [0105]

An equivalence ratio of the number of epoxy groups in the total
epoxXy resin to the number of phenolic hydroxyl groups in the total
phenol resinused inthis embodiment ispreferably 0.5to2both 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.



conposition can becone adequately fluent to be reliably filled during
5 nolding, resulting in prevention of gold-wire deformation within a
sem conductor device. [0111] An epoxy rgsin conposition for

encapsul ating a sem conductor s chip of this enbodi nent may contain,
in addition to conmponents (A) 10 to (C-2) described above, an
inorganic filler (D) and/or a curing accelerator (E). [0112]
Inorganic filler (D) An inorganic filler (D) used in Enbodi nent 2 may
be the fill@l0o615 as described in Enbodiment 1. A content of the
inorganic filler (D) used in this enbodinent is 85 w%to 95 wt %

bot h i ncl uduediprefarabbyitBile gop8lwe®sWolh i ncl usive in the total
epoxy resin conposition. Wien the content of the inorganic filler,

(D) is within the abyfedtanry@crysonblehifgCordparsd Gray Yrageln Embodiment
adequat el y .reduced hygroscopicity and 20 thernal expansion, resuLtin
R a00d oY e PULAar D S oh GoRPOHRG PR seRStes Thogperal tortila
sem corgluct @y dgyleese EMRLOCLIDr Gurk! Ul ik, 0F aD,gePOXY Tesin
conposition™fér encapsulating a sem conductor chip can be inproved,
so that it @agsbpe reliably filled during nolding and thus problens
such as gold-wire deformation can be prevented. 25 [0113] Curing

accelerator (E) A curing accelerator (E) used in Enbodi nent 2 nmaybe
t he conpound 41 as described in Enbodinent 1. [0114] O her

Corri;nem S HOOC —— (Bu), (ACN),—1;— COOH (3)

o

wherein Bu represents a butadiene-derived structural unit;
ACN represents an acrylonitrile-derived structural unit; x is positive
10 number of less than 1; y is positive number of less than L; x + y =
1; and z is integer of 50 to 80.
{01081
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. |
[0109]
.Aconténtofthebutadiene—acryhxﬁtrilecopolymer(C-Z)used
2 in this embodiment is preferably 0.05 to 0.5 wt% both inclusive, more
preferably 0.1 wt% to 0.3 wt% both inclusive in the total epoxy resin
composition.

[0110]

The content within the above range can improve soldering



An epoxy resin conposition in Enbodinent 2 nay be selected 5 from
those as described in Enbodinent 1 or others. [0115] The epoxy resin
conposition in Enbodi ment 2 can be prepgbed as described in

Enbodi nent 1. Furthernore, the epoxy resin conposition can be used

to encapsul ate an el ectronic part such as a sem conductor 10 chip to
prepare a sem conductor device as described in Enbodinent 1. [0116]
Enbodi ment 3 An epoxy resin conposition for encapsul ating a

sem conduct@k;s€ihd BECQISH R 1:9 ngRLASH [ERboS a08BE BFdifedshBetdronidiGed
conmponents (A) 15 to (G. (A a crystalline epoxy resin represented
by general ghedout stz hn éB)x@ relenotomipesiin ibe pf@s enicedsbya genrenal
formula (5), } (C3) a polybutadi ene having the intranol ecul ar
oxirane 26Gestcondur®r( Bhip and isngubstelter.at SnrtiePmogn, i ot ghvixy resin
filler in the ampbunt of 85 wt%to 95 wt%both inclusive_in the total
epoxy resi FOEBAPHEIA oA berpradepusie e sl vente b &SR ey Hederauring

o8 (O30, Sk L BISCOURLL DG, B0RLT 1SPLERERLRL DY o
(CG3) is 3 U4 2ond2ctd Qbhoth inclusive. [0117]

(01171}

An epoxy resin composition for encapsulating a semiconductor

chip of this embodiment may contain, in addition to components (A)
10 to {C-2) described above, an inorganic filler (D) and/or a curing

accelerator (E).

(0112}

Incrganic 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)
usad 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 adequately reduced hygroscopicity and

20 thermal expansion, resulting in good soldering resistance and reduction
in warpage in a semiconductor device. Furthermore, fluidity of an
epoxy resin composition for encapsulating a semiconductor chip can
ba improvéd, so that it can be reliably filled during moliding and thus
problems such as gold-wire deformaticn can be prevented.

2 [0113]

Curing accelesrator (E)

Acuringaccelerator (E) usedinEmbodiment 2maybe the compound



Q- CHCH 0- X-\ [ ZOCHR-CHCL (4) wherein X is group selected
fromsingle bond, -0-, -S- and 5 -C(R2)2-; Rl is alkyl having 1 to 6
carbon atons and two or nore Ris } are jhe 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 are the sane or different. [0118] OH OH
cH2 ¢c]~2 o H(5) .00 ~)an (P.1)s 10 (R2)b X)b wherein R and R2
are independently hydrogen or alkyl having 1 to 4 carbon atons, and
two or noreaRdeseriba® i@r caboei ks dar.e the } sanme or different; ais
integer of 0 to 3; b is integer of 0 to 4, and n is average and is

positive nuifdrlof 1 to 5. 15 [0119] OCH2CHCH2 OCR CCHCH(c) ~j O O
cH2 0 00.2 " Z (R2) (R2)b wherein RL and R2 are independently
hydr ogen orOHIsycomaenef:s43 1 to 4 carbon atons, and tmo or nore Ri s
or two or nore R2s _are the sane or different; ng IS |nt %ﬁj i d
3; bis integer of % EROW reaﬁa FPNROSHT PR g & O%meﬁﬁs i“% FHerPcte
of 1 tO 5. from those as described in Embodiment 1 or others.
[0115]
The epoxy resin composition in Embodiment 2 can be prepared
as describedinEmbodiment 1. Furthermore, the epoxy resincomposition
’) can be used to encapsulate an electronic part such as a semiconductor

10 chip to prepare a semiconductor device as described in Embodiment 1.
{0116]

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 peolybutadiene having the intramolecular oxirane
2 structure ,
(D} a curing accelerator,
{E) an inorganic £iller in the amount of 85 wt% to 95 wt% both
inclusive in the total epoxy resin compecsition,
(F) an epoxy resin represented by general formula (6), and

% (G) a silane coupling agent represented by general formula

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



[0120] R3 - NH Rd--Si (OR5)1R63-11 (9) 5 wherein R3 is an organic
group having 1 to 12 carbon atonms; R4, R5 and R6 are hydrocarbon
having 1 to 12 carbon atons; R3 to R6 gée the sanme or different; and
nis integer of 1 to 3. [0121] 10 Such”an epoxy resin conposition
nmay neet both higher content of an inorganic filler and higher
fluidity. Furthernore, the epoxy resin conposition for encapsul ating
a sem conductor chip can provide a nolding exhibiting excellent
curednmat er igl 1 Propefi-hi escBHGReas reduced warpage and sol dering
resi stance. The conposition can be, therefore, 15 significantly
effective tp1g¥yve a highly reliable sem conductor device. As
descri bed above, the epoxy resin conposition for encapsul ating a
sem conductor chip of this enbodi nent can be suitably used for an
area nounting type sem cond devi 0122] 20 There will be
specifical |l y degcriChed CEgiS0 -C) OH O, epmey-CieSi N ()
crystal line epoxyAesin (A) ed’ in E ment 3 may “Wg-a £1
crystalline epoxy resin repgggented by gen @J fornula (4). The
crystalline epoxy resin (ﬁo represented by gefieral formula (4) is a
44 solid at anbient tenperature, but becomes extrenely |ow viscous
liquid at tenper ver. dt | L [ t I ngr j C
filler can be adggﬁﬁglg g g§80 t%%?gi%% g%giéﬁfgg?#mgg%pogi ?g% and
cont alt g ng - ct(igg[zr E}SRT]O 1@91k§!h@f&@ﬁﬁ§el X Bi dt ApboaxgedhL AhdSOISIOk R@re Rls
reS|s ance.

; are the same or different; m is integer of 0 to 4; R2 is hydrogen ox

alkyl having 1 to 4 carbon atoms and two or more R2s are the same or
different.

(0118]

(R1), R1),~ n ( )
(R2), (RZ),

wherein Rl and R2 are independently hydrogen or alkyl having

10

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]

OCH,CHCH, OCH,CHCH,
o
@“‘{Hm " (©)
®R1), n

wherein Rl and R2 are independently hydrogen or alkyl having



The crystalline epoxy resin (A) represented by general formula (4)
may be, for exanple, a bisphenol A type epoxy resin, but there are

no particular restrictions as long as ifshas the structure of general
formula (4). 10 A content of another epoxy resin conbined is, if any,
preferably such that the epoxy resin (F) and the crystalline epoxy
resin (A) anount to 70 wt%to 100 wt % both inclusive to the total
epoxy resin. Wen the total amount of the epoxy resin (F) and the
crystal li na epoxyca®innatdey, asdwiddior hbee Hleverrafger Actd@d are the
product can has | ower noisture 15 absorption rate and exhibit
excel | ent craekorediGicamoe; §04htAgeepoxy kesdn nbischntegebef 0 to 4;
conbi ned nmay be a nononer, oligoner or polynmer having an

i nt r anol ecdingr NeHBXFTIF AT ANExEIFOSS taYe x9L 3 §¥eS$i-n which can

be combi ned j bude phenol novol ac type epoxy resins, 20

ort ho- cr esal¥} %@ ol ac type epoxy resins, naphthol novolac type epoxy
resins, phenol aral kyl type epoxy resins having a phenyl ene noiety,
napht hol aral kyl type epoxy resins (having, for exanple, a phenyl ene
or bi phenyl nvoiety), dicyclopentadi ene-nodified phenol type epo

resins, stilbene tymgepm_w{msjpmm nmet hanet ype epoxy (9
resins, 25 al kyl-nodified trlphenolnethane type epoxy resins and

epoxy resins containing triazine-core. The epoxy resin, which can be
conbi nel, may be one or conbination of two or nore selected from

t hese conpounds 45 [0125] Phenol resin (B) A phenol resin (B) used
in; Eﬁbodu ment 3 nmayhpecEn FRehdlany es5¢AN1iG gpPeR eMvaddby yeAer edridasy phdms
(5).

R4, R5 and R6 are hydrocarbon having 1 to 12 carbon atoms; R3 to R6
are the same or different; and n is integer of 1 to 3.
[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 significantlyeffective togiveahighlyreliable semiconductordevice.

R

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.
[0122]

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



510126 OHOH o CHz cHz o H(5) R oo (te)an. (RR)b (R2)b wherein
Rl and R2 are independently hydrogen or alkyl having 1 to 4 carbon
atons, and two or nore Ris or two or nor,g R2s are the sane or
different; ais integer of O to 3; bis’integer of 0 to 4, 10 and n
is average and is positive nunber of 1 to 5. [0127] The phenol resin
represented by general fornmula (5). has a hydrophobic and rigid

bi phenyl ene noi ety between phenolic hydroxyl groups. A cured product
prepared frmianeRMaOentesdndcatRes) birdBedbnsHBLEHMNG 1Ry IR Liquid
resin has reduced noi sture-absorption rate and |ower elasticity
nodul us i n gt gbnpergiereat over riangecdvietg fepinkt s shatexhi idrgagdodfiiler
adhesi veness to a sem conductor chip, an organic substrate and a

met al substaeatle adidediis bibbsr chatérat ufe armay Tesiaxdinpossthpghentaining
heat resistance in spite of its |ow crosslinking density. Therefore,

20 a seni cORGUEEBED JeVi- c ENBRRERISUI SFBYPIF t9rCELLBRT PUGRPARY t i stance.
contain%ng hgg phenol resin exhibits excellent crack resistance.
[0128] Tn d@ al formula (5), nis average and is positive nunber

of 1 to 5, prefera?ﬁ¥c%?£€§5¥iﬁ§e§ﬁx(%é%iﬁﬁﬁﬁhﬁ&g%%%ﬂ£&d5236399¥Pf°rmUla

range, 46 an epoxy resin CONposi n exhibi't’s curi properties

and inproved hbyight ¥orThgaRhenol respishdieRr ety -4ener 8Lt there
formula (5) may ~be used alone or in conbination of two or nore.

[0129] arenoparticular restrictions as longas it has the structure of general
) formula (4).
10 Acontent of another epoxy resin combined is, if any, preferably

such that the epoxy resin (F') and the crystalline epoxy resin (&) amount

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

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

{A) is 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 epoxy
resin which can be combined include phenol novolac type epoxy resins,

20 ortho-cresol novolac type epoxy resins, naphthol novolac type epoxry
resins, phencl aralkyl type epoxy resins having a phenylene moiety,
naphthol aralkyl type epoxy resins (having, for example, a phenylene
or biphenyl mciety), dicyclopentadiene-modified phenol type epoxy
resins, stilbene typeepoxy 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 more selected from these compounds.



5 The phenol resin represented by general fornula (5) nay be, for
exanpl e, a phenol biphenyl aral kyl resin, but there are no particul ar
restrictions as long as it has the strugture of general fornula (5)
[0130] J In this enbodi nent, another phenol resin may be conbined as
10 long as it does not deteriorate the features obtai ned by using the
phenol resin (B) represented by general forrmula (5). A content of

the additional phenol resin conbined is preferably such that the
content offothe] phenol resin (B) is 70 wt%to 100 wt % bot h i ncl usi ve
in the total phenol resin. Wth the content of the phenol resin (B)
within 15 fhenebowsimandBe, a cured product has a reduced

moi sture-absorption rate. Furthernore, the cured product exhibits
excel | ent adhesi veh@bsnot gegiBadd HWat@Analnasdnest derplids adibenghgesin
after sol deri ng. %6%9%31 The a ditionaJ phenol resin may be a
mononer, ofFHORET! Y0IHT et ChAYtAg An i ntranol ecul ar phenol i ¢
hydr oxyd grgﬁg which desirably has viscosity as | ow as possible.
Exanpl es inc u%k phenol novol ac resins, cresol novol ac resins,

phenol aral kyl resins (having a phenylene noiety), naphthol aral kyl
resins, triphenol fthane resins, terpene-no | edyphenol resins and
di cycl opent adi ene<odiff i ed phenol 25 resin, | y be used al one
or in conbinatio ) : g Hi abi lity !ﬁﬁ)
noi sture resi staté agq an € \ 4§i§ conmpo i on |for encapsul g
a sggiconductor@%ﬁdp, It oig ferab 47 that®BHhe wesin contains Na
or ClJions as ionic inpurﬁ??ﬁs as littf®e as possible. [0132]

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 3; b is integer of 0 to 4;

10 and n is average and is positive number of 1 to 5.
{0127)

The phénol resin represented by general formula (5). has a
hydrophobic and rigid biphenylene moiety between phenclic hydroxyl
groups. A cured product prepared from an epoxy resin composition

%5 containing the phenol resin has reduced moisture-absorption rate and
- lower elasticity modulus in high temperature range over Tg. It also
exhibits goodadhesivenesstoasemiconductor chip, anorganic sﬁbstrate
and a metal substrate. It alsohas the feature that it exhibits highex
heat resistance in spite of its low crosslinking density. Therefore,
20 a semiconductor device encapsulatedwitha resin compositioncontaining
The phenol resin exhibits excellent crack resistance.
(0128]

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

of 1 to 5, preferably integer of 1 tec 3. Withn within the above range,



An equi val ence ratio of the nunber of epoxy groups in the total 5

epoxy resin to the nunber of phenolic hydroxyl groups in the phenol

resin, i. e., the epoxy nunber/the phen Q%c hydr oxyl nunber, is

preferably 0.7 to 1.5 both inclusive. the ratio within the

range, an epoxy resin for encapsulatlng a sem conductor chip

exhi bits excellent curing properties. Furthernore, a cured product

has an increased 10 glass-transition tenperature and i nproved

reliabilityard Sodi SddinoniRSh 81 8MeLh i PIEN (i B oper ePOX¥nd espFoved

(F) and the crystalline epoxy resin (A) with the phenol resin (B),

t he hi ghestfiefiléets care phenalk hiceves depresacked &5 géonead aotnwiay piageuay

in soldering after noisture absorption. 15 [0133] Pol ybut adi ene

havi ng t he bentusgpobbeng @x oRi cemsrsttiget of ewoeCoB)more pol ybut adi ene

(G 3) used |n t hi s enbodi mrent has the intranol ecul ar oxirane

structure .[942@nt ent of the oxi rane oxygen i nfl uences adhesiveness.

As dete5n1ned in a&g ﬁamnth stand ar b t hods fgr t ﬁﬂa|¥$i§

of fats] oils and refdt él f%ﬁ%%FEp’(%Fsﬁ“r& Y&?{/l&éﬁ} Ay be
0

oxi rane- OXY%%{]}%%&%&%ﬁ 31 % Her]'gL e@% J{e%ﬁh“%wé%herg‘&&sno particular

preferably I'nc bX1 rane- ox

content W thigidiBe; &ROwe I@r&ﬂ%s ﬁdﬂ%'ﬁ’rﬁé’%%%ur%ul% EE'rcf‘éi‘ae%Qdft%n&lg
substrate is inproved. Furthernore, fluidity of an epoxy resin 25

conposi ti onfai@vibe i nproved, resulting in reliable filling. [0134] A
viscosity of the polybutadiene (C3) having the 48 intranolecul ar
OX|{§he structure anﬂueneEQOQMQﬂ@sl@qotﬁérapheﬂnl1re§mnp®ﬁﬂbeanmﬁumed,as
encapsulatlng a sem conductor chip. A viscosit an epoxy resin
conposi®i ontd¥r 2aéntapiasatPhgltgénirabndita éﬁagwebs obtained by using the

phencl resin (B) represented by general formula (5). A content of
the additional phenol resin combined is preferably such that the content
of the phenol resin (B) is 70 wt% to 100 wit% both inclusive in the
total phencl resin. With the content of the phencl resin (B} within
15 the above range, a cured product has a reduced moisture-absorption
rate. Furthermore, the cured product exhibits excellent adhesiveness
to a basg material and soldering resistance afier soldering.
- [0131}
The additional phencol resin may be a monomer, cligomer or
20 polymer having an intramclecular phenolic hydroxyl group, which
desirably has viscosity as low as possible. Examples include phenol
novolac resins, cresol novolac resins, phenolaralkyl resins (having
a phenylene moiety) , naphtholaralkyi resins, triphenoclmethane resins,
terpene-modified phenol resins and dicyclopentadiene-modified phenol
25 resin, which may be used alone or in combination of two or more. In
the light of reliability in moisture resistance as an epoxy resin

composition for encapsulating a semiconductor chip, it is preferable



cont ai ning the pol ybutadiene (C3) is 20 Pa-s to 700 Pas both
inclusive, 5 nore preferably 50 Pas to 500 Pas both inclusive as
determned at 25 Cin accordance with JhS Z-8803. Wth the viscosity
within the above range, the epoxy resin conposition for

encapsul ating a sem conductor chip exhibits inproved fluidity.
Furthernore, a cured product exhibits good adhesiveness to a
substrate and warpage in a 10 sem conductor device is mnimzed.

[ 0135] - TheéapothdhutadnermantElnd)Nhae 0f) Bon0xbr bote Stfpetiiriesmay bietle
t he conpound as represented by general forrmula (11). In this

enbodi nent as phesidlegbut adi ene (C-3) is essential. 15 [0136] The

pol ybut adi ene §C-3) can i nprove adhesiveness of an epoxy resin
conposi ti od%#€ha netal substrate (f or example, nickel-palladium or

i ckel - pal | adi | d plati , | f] in hi fl heat,
n ckel”pal Tadium ogl d BLSL00), £SSUI4 100, LN 8D Cell M CRl, o conan
t d ' ed { r T { - '
are nols 95484} oLal 80 00 hefo5L 88 BLONEr] 10,0080 TRYBE SOTRL Moo
silicone okksnsuch &S erEALONG ¥SIbOXANRS RBHCL HDBRIE oRYEMlder, is

silicone rubbers and acrylonitrile rubbers which are solid at

anbi ent temperatas®s 0. 2bo[1053Hthl frz1eentrent WishCHOra 1% it nlin thentdge,
both inclusive, preferably 0.1 wt%to 1 wt% both inclusive. Wth the
cont ent wi hispokpeesanger edzpsanleiried apeodochdextindytiip eesbdblit enkcellent
adhesi veness to a substrate. Furthernore, fluidity of an epoxy resin
codpgsiti<)ﬁuéaﬂ9bEFQHﬂ§ﬁé§éd, FydSgriprRy isn Sppe PROdusth| Bagi3n jimgreased

10 glass—-transition temperature and improved reliability 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
intramoclecular oxirane structure . A content of the oxirane oxygen
influences adhesiveness. As determined in accordance with standard

20  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 curad product to
a substrate is improved. Furthermore, fluidity of an epoxy resin

25 composition can be improved, resulting in reliable f£illing.

(0134]

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




(0138] 5 Inorganic filler (D) An inorganic filler (D) used in

Enbodi ment 3 nay be the filler as described in Enbodinent 1. A
content of the inorganic filler (D) 1is wo%to 95 wt % bot h

I ncl usive, preferably 87 to 93 wt % both ‘inclusive ) in the total epoxy
resin conposition. Wien the content of the inorganic 10 filler (D)
is within the above range, a nol ding prepared nay have adequately
reduced hygroscopicity and thermal expansion, resulting in good

sol dering r@girshanseud okedstd | Hiuchunar fageehbed BiEdHcseadUSE Of resin
device. Furthernore, fluidity of an epoxy resin conposition for

encapsul at igpassehdc dodusicapsthiepitar bemiaprdmeedr go.hak viscoanti®Ef
be reliably filled during nolding and thus problenms such as gold-wre
def or mat i orerc gRokE e wve vordos {OBOfor Gepdanpuadet e ratsernicepoycteyr Fhgp
accelerator (E) used in Enbodi nent 3 nmaybe the conpound 20 as ]
descri bed i9PrErBbENGERE PRLYP@IathleneHSoRy ised] Ra-prr TP Bpokpthdgrhugye.
maybe the epoxy resin represented by general fornmula (6). 0141

he) seen®’ n FINEFETCBEIE RE Entryo g Boprports T gBhots ohepLen at
rigid biph Lene moi ety between £RO%Y ups,..Thus, a r .
product prgggred”¥ﬁgﬁ?f %u§b8§§hre3|é gg@%bsﬁ?F%nH%%ﬁ?ggﬁfﬁ ?ﬁghulthe

epoxy residhdie) rBage | aeCeEoRPI AU he =8RSS MtilcaN thAt SnARdul aveig a
elasticity nodulus in high tenperature range over glass-transition
t enper at ur esemiconductor chip exhibits improved fluidity. Furthermore, a cured

o,

} product exhibits good adhesiveness to a substrate and warpage in a

s

10 semiconductor device is minimized.
[0135]

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

15 [013e6]

The polybutadiene (C-3) can improve adhesiveness of an epoxy
resincompositionwithametal substrate {for example, 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—-loweringagent maybecombined. 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.

2 [0137]

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

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



(here inaf ter, referred to as"Tg"). It also exhibits good

adhesi veness 5 to a sem conductor chip, an organic substrate and a
metal substrate. It also has the featune that it exhibits higher

heat resistance 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, but there are no particular restrictions as |ong

as it has the structure of general fornmula (6). [0143] In general
formul a (6)a colred mrdducod thhibite cabeVrenianghesaten®f3oxy &esibstrate.
conposition exhibits inproved curing properties and 15 fluidity.

[0144] Si |Farshevopid .nglageéiity 0GanAshdanacsdapidnpgsatern ceobaswpreved,
Enbodi ment 3 rre%be a conmpound  represented by general fornula (9). In
this enbodi4fSHL lﬂ%e’-rkifqoéiﬁerelz{?kt?@uﬁllﬂf@%rgent (Q is essential.

[0145] R3 - '%?8 Si (OR5) 11R63 ,1 (9) wherein R3 is an organic
group havi n(é) {o 12 carbon atons; R4, R5 and R6 are hydrocarbon

having 1 t nd R3 to 51 R6 are the same or
diffe egﬁt %oﬁjcu%g%ﬂ%gq?ﬁ‘?tcegg@ﬁf 1 to 3. [0146] Using the silane

coupling agent (G Aﬁ%%@é&ﬂi@@;@l’ezgﬁﬂ?ﬁﬁs'ed e RirdePk, 3 MhS BRSIdY £ Of 1er
an epoxy resin conposition is lowered and 5 thus its fluidity is
i nproved. Ascasseribeef ihMmbsuliace: aQuphidhtagentt & irorgadicMilller (D)
limted to, 0.05 wt%to 1 wt% both inclusive, nore

is 85wt% to 95 wt% both inclusive, preferably 87 to 93 wt% both inclusive

{ ) in the totalepexy resin composition. Whenthecontentoftheinorgahic

10 filler (D) is within the above range, a molding prepared may have
adequately reduced hygroscopicity and thermal expansion, resulting
in good soldering resistance and reduction in warpage in a semiconductor
device. Furthermore, fluidity of an epoxy resin composition for
encapsulating a semiconductor chip can be improved, seo that it can

15 be reliably filled during molding and thus problems such as gold-wire
deformation can be prevented.
{0139]

- Curing accelerator (E)

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

Epoxy resin {F)

&n epoxy resin (¥} maybe the epoxy resin representedby general
formula (6).
25 [0141]
As seen in formula (6), the epoxy resin (F) has hydrophobic

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




preferably 0.1 wt%to 0.8 W% both inclusive in the total epoxy resin
conposition. Wth the content of the silane coupling agent (G wthin
the range, a cured product exhibits goodjadhesiveness to a substrate.
10 Furthernore, the epoxy resin conposifion is excellent in fluidity
and curing properties. The silane coupling agent (G represented by
general formula (9) may be used al one or in conbination of two or

nore. [0147] As long as it does not deteriorate effects of using the
silane 15 5eupki peepgedt £Lda th@ﬁggﬁg He86n Rympeserdn ESitAinang The epoxy
anot her coupling agent maybe conbi ned. Exanples of a coupling agent
whi ch can hestaminads reduckddscisithareabsuptiing agenbadsusieraslasticity
epoxysi | anes, nercaptosilanes, am nosilanes, alkylsil anes,

ur ei dosi | amesiuang in hygkitleapesatyie gaage oveoupldsrytagantsiomEanperapure
coupling agents; and al um num zirconium 20 coupling agents. 014%!

Ot her conpoheresnTheeepBaPrredith 3SomFosi t i Bndbio ?ﬁﬁgﬁitﬁ@ﬁ’?d?d yLrveness

tai [ ddi ti t t A t G th dditi |
Componeht s 62 dEEHPBEHCE S0 RERy & PRI THE: By s B Eomgueriogi-
in Embodi gt 3530 5.0 606 52 3 dSATELDEG IR EMROM MRk < Lo

e
Furthernore, the epoxy resin conposition can to encapsulate

an el ectronifRapt SUCNRAScASANIHEIRGUEL it chip to prepare a
sem conduct or device as described in Enbodinent 1. [0150] 5

Enbodi ment @i4p0151]

in

{:) The epoxy resin (F) may be, for example, a phenol 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
16 fluidity.
(0144]

Silane coupling agent (G)

Asilanecouplingagent (G) usedinEmbodiment 3maybe a compound
represented by general formula (9). In this embodiment, the silane
20 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




An epoxy resin conposition for encapsul ating a sem conductor chip of
Enbodi ment 4 contains the follow ng conponents (A to (F). (A a
crystalline epoxy resin represented by ggneral fornula 10 (4), (B) a
phenol resin represented by general formula (5), (C 1) an epoxidi zed
pol ybut adi ene conpound, (D) an inorganic filler, (E) a curing
accelerator and 15 (F) an epoxy resin represented by general formula
(6). [0152] A weight ratio [(F)/(A)] of conponent (F) to conponent
(A) is 10/R¥0are G Hembobh diftdersnue. ai@npdsenhtdddr o tomt a.ned in
the anount of 80 Mt%to 94 w% both inclusive in the total epoxy
resin 20 cd¥gd&iti on. Furthernore, the epoxidized pol ybut adi ene
conmpound (C- 1) is_contained in the ampunt of 0.05 wt%to 5 w % both
inclusive in the Yoo Qﬁoijylafp@sicﬁu%h%ﬁgte%n G)[ Gf@%fs%m'@i bx general

k "-H CH, | f
Koom st oy et 2, P10 db 858k Mo (BT ) coflod 51 9RRUP: 384 EELE na
carbon at O?u@kq:s @ilﬁcfltﬂ? I%aﬁﬁpz%ve@ i grc%?lttegmdfstﬂégf Qéuﬁ)llhlg} fhent

R2s are hydrogen al kyl having 1 to 4 carbon atons an are
same or di ffcgres; but5 nb# 5 miedOko, 00 D LCHEHZoH (B bBtR!inclusive, more

preferably 0.1 wt% to 0.8 wt% both inclusive in the total epoxy resin
composition. With the content of the silane coupling agent (G) within
) the range, a cured product exhibits good adhesiveness to a substrate.
10 Furthermore, the epoxy resin composition is excellent in fluidity and
curing properties. The silane coupling agent (G) represented by
general formula (9) may be used alone or in combination of two or more.
[0147]
As long as it does not deteriorate effects of using the silane
15 coupling agent (G) representedby general formula (9), ancther coupling
agentmaybecombined. Examplesofacouplingagentwhichcanbecombined,
include silane coupling agents such as epoxysilanes, meréaptosilanes,

aminosilanes, alkylsilanes, ureidosilanes and vinylsilanes; titanate

N

coupling agents; aluminum couplihg agents; and aluminum/zirconium
2 coupling agents.
[0148]

Other components

The epoxy resin composition of Embodiment 3 may contain, in
additiontocomponents (A) to (G), theadditional components asdescribed

25 above.
[0149]

The epoxy resin composition in Embodiment 3 can be prepared




(R)a (RR)a n( )b (R)b In general formula (5, R and R2 are
hydrogen or al kyl having 1 to 4 carbon atons and are the sane or
different; ais integer of 0 to 3; b igsinteger of O to 4, and nis
average and is positive nunber 10 of 1 to 5. [0155] OC112CHCH2
OCH2CHCH2 L O OCH2 cx2 Ox ( j) (R), 00 (RR)b (R2)b (RI), nJ

In general formula (6) , RL and R2 are hydrogen or alkyl having 1 to
4 carbon atons and are the sane or different; ais integer of 15 0

to 3; b isadsnieagetived i0Ebodinaanid .n Faravemage, ahd dodxpassih ¢ompaiiraion
of 1 to 5. [0156] Such an epoxy resin conposition can be used to

provi de a csenbeosdddicoencdmaudetaidrhet edunsed opapagechard &xenl temiuctor
sol dering crack 20 resistance. The epoxy resin conposition is,

t her ef or e, PPt iTBILaPrYe SureBbIRduEECR FSAPSEl 3t PAGCEHPaE R HRDeALTeRS -
type sem CO@qgﬁgr. 54 [0157] There will be specifically described
Enbodi ment [4; ystalline epoxy resin (A) A crystalline epoxy resin

((j,g\)sctrjisgscéidl I%mgggggéﬁq&t 43@{0?28?6 5 crystalline epoxy resin as
[0151]
An epoxy resin composition for encapsulating a semiconductor
chip of Embodiment 4 contains the following components (BA) to (F).
{”) (A) a crystalline epoxy resin represented by general formula
10 (4),

{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 ratic [{F)/(A)] of component (F) to component (A)
is 1G6/920 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

0 composition. Furthermore, the epoxidized polybutadiene compound
(C~1) is contained in the amount of 0.05 wt% to 5 wi% both inclusive

in the total epoxy resin composition.

[0153]

CHy— CH—CH, O @—x O— CH,—CH—CH,
3 \ @ ()
®Y,, R

}JJ'.I\.




I n Enbodi ment 4, the weight ratio [ (F) / (A ] of the epoxy resin

(F) to the crystalline epoxy resin (A is 10/90 to 90/10 both

i nclusive, preferably 20/80 to 70/30 bggh inclusive, particularly
preferably 30/70 10 to 50/50 both inclusive. Wien the weight ratio
[(F)/(A)] is within the range, a cured product prepared from an

epoxy resin conposition exhibits | owered noisture absorbing rate.
Furthernore, an inorganic filler can be contained in higher content

I n the epoxy resinhcgapesalﬁonmulaﬁa$,>@isqwedppm@dut@iéanmexmgbé&mnd,
| ower noisture absorbing rate and 15 higher strength. [0159]

Enbodi ment —2;: t he aadi t¢ Okl e pdhey aresi hkibls hgesed héeg 5ﬁEﬂEﬁﬁo§?%@h@nd
3 can be added as long as_it does not deteriorate the features

obt ai ned b{rGstify SEHE epslyftresnhy (“F)lsah’a“t%é E’ffy%ttz?l ff iE e pERyIYEQIRD

20 (A). A cont f t.he ddltlon ep resin is

preferably sugiﬂwy]t hat lpﬁe epo gg?lh a(()EI’—Q}{n aﬁ]ad tHe 2:: ys?%rilﬁyloﬁedéfp%%&ent
resin (£ g V& to 70 wt%to 100 wt % both inclusive to the tota
epoxy reS|n the total anmount of the epoxy resin (F) and the
crystal line epoxy }§S|n (A is within ther
exhi bits a reduce | st ure-absorbing rat
crack resistance 01160] Phenol resin(&%é
used in Enbodi ne Bt A i
formula (5) as
addi_ti onal phen s | on s 5 it does not
detévlorate the features g t he phenol resin (B)

represented by genfrrl %lenfegzg S?g g?eq{l c} Eé areq%drogen or éolkyl having

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

a cured product
urt her inproved

A phenol resin (? )
|

presentled by gendr

0 to 3; b is integer of 0 to 4; and n is average and is positive numberxr
10 of 1 to 5.
f0155]

OCHQCHCHQ OCH,CHCH,

n

In general formula (6), Rl and RZ are hydrogen or alkyl having
1 to 4 carbon atoms and are the same or different; a is integer of
5 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
semiceonductor device with reduced warpage and excellent soldering crack
20 resistance. The epoxy resin composition is, therefore, particularly

suitable for encapsulating an area mounting type semiconductor.




content of the additional phenol resin conbined is preferably such
that the content of the phenol resin (B) represented by general
formula (5) is 70 w%to 100 wt % both knclusive in the total phenol
resin. 10 Wth the content of the phenol resin (B) within the above
range, a cured product has reduced noi sture-absorption rate, and
furthernore, exhibits excellent adhesiveness to a base material and
soldering resistance after soldering. [0162] 15 An equival ence
rati o of theipupber of epoxy groups in the total epoxy resin to the
nunber of phenolic hydroxyl groups in the phenol resin, i. e., the
epoxy nunber/the phiena wdlhyisk epecifiiobely descrpped ambblymént7 4.0 1.5
both inclusive. Wth the ratio within the range, a resin conponent
exhi bi ts efegbtahtincuebayy Jar t{iAks. Furthernore, 20 a cured product

has increased glass-transjtion tenperature and jnproved. reliabilit¥
in moi sture resi stARCESTHHEMCBABENIERGE HE) episey i EBpRIipNT 4 may be the

represented b eral formula (6 nd the crystallijne epoxy resin
(A ot ecervair by T sersy Tinues fACWER LheTrsgeefod n (B)
representegoggsgeneral formula (5), the highest effects can be
achieved 25 in ctrack resistance and warpage in soldering after

noi sture absorpti ofy pmbOdGdntEPOXhdeednpebkyhytaeh 2ig) CofRadNGhokGidsin
4 56 An epoxidized pol ybut adi ene conpound (C-1) used in this

enbodi nent (maydeethidhergamaind epsxdaesetinbed isnl Grdooich gento hoth tsclusive,
content is preferably 0. 05 wt%to 5 wt % both inclusive,

par{ Ncul ar Ipregertlekad 480 1@ 10 Ad0%kcttd inalugs ot hatichlsint i prof e voila(70
epoxy resin conposition 5 with the content within the ran?e, an o
el asti ¢ mod&l ég/%ﬁ)oga J}Wéﬂe' When the weight ratico [(F)/{(A)] is within

the range, a cured product prepared from an epoxy resin composition
exhibits lowered moisture abscrbing rate. Furthermore,an inorganic
filler canbecontained inhigher content inthe epoxy resin compasition.
Thus, a cured product can exhibit lower moisture absorbing rate and
15 higher strength.
[0159]
In Embodiment 4, the additional epoxy resin as described in
- Embodiment 3 can be added as long as it does not deteriorate the features
obhtained by using the epoxy resin (F)} and the crystalline epoxy resin
20 (A). A content of the additional epoxy resin is, if any, preferably
such that the epoxy resin (F) and the crystalline epoxy resin (A) amount
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 cured product exhibits a reduced
25 molisture-absorbing rate and further improved crack resistance.
[0160]

Phenol resin (B)




and viscosity of the epoxy resin conposition can be reduced. [0164]
The epoxi di zed pol ybut adi ene conpound (C-1) used in this enbodi nent
preferably has the nunber average nol ecglsar wei ght of 500 10-to 4000
both inclusive. Wen the nunber average nol ecular weight is within
the range, a cured product exhibits excellent soldering resistance,
and furthernore, increase in viscosity of the epoxy resin

conposition can be prevented. [0165] 15 Inorganic filler (D) An
inorganic filler (BphesetreaiknBodisseinin Enpenineatthway beltde plagiol resin
described in Enbodinent 1. In the |ight of bal ance between

ol dabi | i t yeRRESPRIGhBY| Beysrathdogprientslofst Aesewthad itnoFgRadiment 3.
filler is %rgferably 80 Mt%to 94 wt% both inclusive in the total
epoxy resin Eonp05|t|on A content within the range may lead to

prevention of curpng sheinkege duting sl di q@g@%@gt 2 iggggal%apm

shrinkage from I'ng tenperatur 0 Toom

in reduged 1‘&'3&&%@1’?& dgtléffb%ra@rﬁrg f@ﬁﬁl&%@%‘b@gﬁﬁécﬁ n%tﬁe%h&o‘i%

product is lowered and thus soldering crack resistance”™ s Inprove

| n addi tiong)f bepebdantedSo Sydi@RBOV eskmUi@s Yk i iged AndeRds @Mﬂé@@h&ﬁﬁy A
[0166] Curing accelerator (E) 57 A curing accelerator (E) used in

Enbodi ment obniaybect hdecadgouintalaphaesc helbed comiBmeaadisgnte ferap0i 65lich
Epoxy resin (F) 5 An epoxy resin (F) used in Enbodi nent 4 may be the
epoxy resi rehat the content of the phenol resin (B) represented by general formula
i:) (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 product has reduced moisture-absorption 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 hydrozyl 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 ratiowithin the range,
| a resin component exhibits excellent curing properties. Furthermore,

2 a cured product has increased glass-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]

Epozidized polybutadiene compound (C-1)




:mlling the, m xt

as described in Enbodi nent 3. [0168] Oher conponents it An epoxy
resin composition used in Enbodiment 4 may contain, / 10 in addition
to conmponents (A) to (F), the additionalsgonponents as descri bed
above. Furthernore, it nmay appropriately contain, if necessary, any

of various additives including a coupling agent such as

y-gl yci doxypropyl tri met hoxysilane. [0169] 15 The epoxy resin
conposition used in this enbodinent is prepared by blending
conponents (A) to @R eapdidirecopheybudddiiene esompovanbilent) Usedpén athurse
using a mxer, nelt-kneading the m xture using kneading neans such

as a roIIeremﬁqqlﬁeétwﬁ§éaéﬁe§ﬁHP%HPQﬁﬁ?%Rﬁﬁ&PeaﬁHE@B@@+Wﬂft]andIFﬁéﬁntent

_ .20, [Q170] . The resin, i1 f
Enboth ment 4 BER BEdrot Y 5 Gaee Bl A ERROBRREr E2 1Y preforably

| Furthermor o 4 B8RO L CAIPORILEOD, (£RNNE 1580 080K ARG Eion

;o an electronlc part‘suc _ ¢ .
. sem conguctpfrenkCRendestitiRethd HaBFROdH RN, sdic mdQul ¥l Edh be lowered

as a sem condu cnip repar

Enbodi ment 5 An epoxy resin conposition for encapsul ating a
sem conduct gfid 58 scebi py ot reodpsBNtreiaonbmbdE thibg &b lewiraguced.
conmponents (A) to (C-2) and (F). (A a crystalline epoxy resin
represent edi®yo4general fornmula (4), 5 (B) a phenol resin represented
by general formula %5), _
The epoxidized polybutadiens compound (C-1} used in this
Y embodiment preferably has the number average molecular weight of 500
10 to 4000 both inclusive. When the number average fnolecular welght is
within the range, a cured product exhibits excellent scldering
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 e the fillexr
as described in Embodiment 1. In the light of balance between
moldability and reliability, the content of the total inorganic fillerx
is preferably B0 wt% to 94 wt% both inclusive in the total epoxy resin

x 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 soldering crack resistance is improved. Inaddition, fluidity

25 is irﬁproved, resulting in good moldability.

[0166]

Curing acceierator (E)




(C-2) a butadiene-acrylonitrile copolyner and (F) an epoxy resin
represented by general formula (6). [0172] QA HCFL Qt t 1)-x--
go-"H %t i ]Jirn 10 In general formulas{4), X is group selected from
single bond, -0-, -S and -C(R2)2-; Rs are alkyl having 1 to 6
carbon atons and are the sanme 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. [0173] OH4 OH CHZO CHz o H (5 O(R)a (RI) an
15 (R2)b (R2) In g?éﬁwwgwﬁe#ﬁprat%)(m FRaed b ERDo nfsyidresdeether camteynd
having 1 to car ato and are the sane or different; ais

i nt eger ofaSO %F%? 8 ‘%ﬁ%ﬁ 610 to 4; and n is average and is
“positive n ngiﬂ of 1 to 5. 20 [0174] 59 OCH2  HCH2 OCH2CHCH2 O O O
CH2 O O CH | 6 ~l)a n (RAfR?h (RI), In general fornula (6), H

and R2 areEE¥g§ ogenorpal kyl having 1 to 4 carbon atons and are the
sanme or di ; i nt eger of

5 An epoxry resin (F) used in Embodiment 4 may be the epoxy resin
as described in Embodiment 3.
[0168]

Other components

{w) An epoxy resin composition used in Embodiment 4 may contain,

10 in addition to components (A) to (F), the additional components as
described above. Furthermore, it may appropriately contain, if
necessary, any of wvarious 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.
20 [0170]
| The epoxy resin composition of Embodiment 4 can be prepared
asdescﬁibedinEmbodiment1. Furthermore, the epoxy resin composition
can be used to encapsulate an electronic part such as a semiconductor
chip to prepare a semiconductor device as described in Embodiment 1.

% [0171)

Embodiment 5

An epoxy resin composition for encapsulating a semiconductor



O0to 3; bisinteger of 0 to 4; and n is average and is positive
nunber 5 of 1 to 5. 0 [0175] Such an epoxy resin conmposition nmay

meet both higher content of an inorganigg filler and higher fluidity.
Thus, it can provide a significant effect that particularly an area
nounting type 10 sem conductor device can neet both reduction in

war page and higher reliability such as inproved sol dering

resi stance. [0176] There will be specifically described Enbodi nent 5.
Crystal | i necleipoxy Eneedimédy) SlboAt£insstakl fold.cepagycogsinantd) (A)sed (Qr2)
Enbodi mrent 5 nay be the epoxy resin represented by general formula
(4) as desaridhdd)in Enbodinent 3. [0177] In Enbodi nent 5, the weight
ratio [(F)/(A)] of an epoxy resin ZO (F) described later to the
crystal line epoxy fBkiancY¥gtald ippmerybrsFir openracsten/Lr0agetypl formula
i ncl usi ve, re preferably 20/80 to 70/30 both inclusive,

particul arly’‘preferably 30/70 to 50/50 both inclusive. Wen the

wei ght sat o [(F)/ ((Q‘} ]a %e‘?ﬁo&hk@sfrh%e@?%lgg?{&r%&é9%%Hle%orﬁ{199u%) .

fromthe epoxy resin cormposition can

moi st ur e- absorbi ng (raj e ARghta8; NOTLaRH Enfttd 1R 6BB1PR2dERd in high
content without deterioration in fluidity of the epoxy resin

conposi tion duri ngenoditlicigxyr esstid irkgresegiatdyegbnstd deforigla (6).
resistance. [0178] 5 In Enbodinent 5, the additional epoxy resin as
descri bed iWl7Eibodi nrent 3 can be added as long as it does not
deteriorate the features

CH— CH—CH, O X 0 — CH,—— (T ——
oo OO o-onaan 4
®D,, R,

10 In general formula (4), X is group selected from single bond,
-0-, -8- and -C(R2),-; Rls are alkyl having 1 to 6 carbon atoms and
are the same or different; m is integexr of 0 to 4; R2s are hydrcgen
or alkyl having 1 to 4 c¢arbon atoms and are the same or different.

[0173]

Y OH OH ,
; }—F CH; CHz‘@‘—%H )
R1), ®1),” n ( )
B2}, (R2), '

15

In general formula (5), Rl and R2 are hydrogen or alkyl having
1 to 4 carbon atoms and are the same oxr 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 ta 5.

X {0174}




obt ai ned by using the epoxy resin (F) and the crystalline epoxy resin
(A). A content of the additional epoxy resinis, if any, preferably
such that the epoxy resin (F) and the cmystalline epoxy resin (A)
anount 10 to 70 wt%to 100 wt % both inclusive to the total epoxy
resin. When the total anobunt of the epoxy resin (F) and the
crystalline epoxy resin (A) is within the range, a satisfactorily

| ow noi sture absorption and adequate sol dering resistance can be
achieved. [0179] 15 ReR@HCESIin (B) A phenol resOCH,BHOEed in
Enbodi ment 5 nmay be t hg resin represented eraly formul a
(5). [0180] | In thifg~gnt '
using 20 the phenol xBsi
phenolic resin as{®Bscribed iR € B.can be guded. Ajcontent

of the additional phenol i c resin(®ypbined i @2 f any, preferabl y

such that the content of the phenol resin (B) is 40 % to 100 w %
bot h i ncl usi ve tom@%nte%@lfoamﬁwlus@ 8Shik RIVISR HRE-ER Htcﬁnal}gtl hbing
phenol resin 25 (B) i's within the above range, a satlsfactorlly ow
noi st ure alisebpti esrbomndiadecirat argsotierdsie besistmIeatcan Ne integer of
achi eved. [0181] 61 Butadiene-acrylonitrile copolynmer (C2) A

but adi ene- dctylnbtis Leteppobyfeto (4C- 2)d nsesl avar&gd adidnentos 5t vy bember
but not limted to, the conpound represented by general formula (3)
as descfibedf ilntendodi ment 2. A content of the 5

butaty ene- a[C0 )§59n|trlle copolymer (C-2) is preferably 0.05 to 0.5 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
reliakbility 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
epoxy resinrepresentedbygeneral formula (4) asdescribed inEmbodiment
3.
[0177]
In Embodiment 5, the weight ratio [(F)/(A)] of an epoxy resin
20 (F) described later to the crystalline epoxy resin (A) is preferably
10/30 to 20/10 both inclusive, more preferably 20/80 to 70/30 both
inclusive, particularly preferably 30/70 to 50/50 both inclusive.
When the weight ratic [(F)/(A)] is within the above range, a cured

product from the epoxy resin composition can exhibit lower




both inclusive, nore preferably 0.1 to 0.3 wt % both inclusive in the
total epoxy resin conposition. A content within the above range can

| ead to inprovenent in adhesiveness of ggpcuredproduct to a base
material. Furthernore, fluidity of the epoxy resin conposition is

i nproved, so 10 that it can be reliably filled during nolding. In
addition, since the epoxy resin conposition becones |ess viscous,

for exanple, gold-wire deformation within a sem conductor device can
be prevent edist0dS2HbsokEpdny ragsi and Bh dbordanepakil le@stdn bE)adzeldin migh
Enbodi ment 5 nay be the epoxy resin represented by general formula
(6) as desmonbedt WhtiEiothtrenerdt ionn Epoidi tyedithecpepogiesinnofpesition
encapsul ating a seniconductor chip of this enbodi nent can contain, in
addi tion t SUEsRPITRAEEGE Ayesulindo ipcengeldeat (Fyldsen bed HFeFE; an

i norgani c f Hgi (D) and a curing 20 accelerator (E). [0183]

I norgani c fiII (D An inorganic filler (D) used in Enbodinent 5 may

be the £ill E f . .
i (naorg:n%iz f?lrl er (gs?%%gg?ge%ggf’g?g Iay g&il&vivt'la /0 %89%?%51910/51%@{%}?@1]9% i
i ncl usive, HMEEiRES! etalhy B8iho Ot a/g @@tataeg %k %ltgglbfhtteh@lé Péé?dures

epoxy resin conposition. The content hin the range may | ead

prevent i on cbfasnéderi MgidLeshs epoee zferst 653 aheivhg eefsrdlonag %ﬂ:o&g@:éﬂn
I ncrease in noisture-absorbing rate and coefficient of thernal

expansi on. (F) -addlidonsant welr pagedoii tactal egoxproict igan fhenypr pvefeshly
Furt-hernore, fluidity of an epoxy resin conposition is
i NpE edandURIIENRE tigneROHers i) ¥ anq LRl @Y P RRyOING $RPXY resin (A) amount

10 to 70 wt% to 100 wit% 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 phenocl resin
represented by general formula (5).

o [0180]

—

In this embodiment, as long as the effects obtained by using

20 the phencl resin (B} are not deteriorated, the additional phenolic

resin as described in Embodiment 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 wt% both inclusive

to the total phenclic resin. When the content of the phenol resin

25 (B) is within the above range, a satisfactorily lowmoisture absorption
and adequate soldering resistance can be achieved.

(0181]



51t allows for further |ower viscosity, which can prevent problens

such as gold-wire deformation within a sem conductor device. [0184]

Curing accel erator (E) Acuringaccelerat@rl (E) used in Enbodi nent 5

may be the conpound 10 as described in Enbodi nent 3. [0185] An epoxy

resin conposition of this enbodi ment can contain, in addition to

conponents (A) to (F) , the additional conponents described above.

Furthernore, it can appropriately contain, if necessary, any 15 of
tRdé i 4t sRelyegipl (Grg)agent such as

epoxysi | anes, nercapt osil anes, am nosi|anes, al kylsilanes, . ,

urei dosi | anes and YIRS PRIESTIRENEOTIS AgPAgERTs S s 11 E4RagEnent

ents and alum i rconiu

coupl i ng agent um num coupl ing..a | uni nuny

coupl 1 ng agamice B BT Ao ok R P o Te PO By SERB s herpe
5 can be Pr(%gaégddeﬁéri%%acihb%ﬂydd&mgHPOQ! m?a”tcoﬁi:er'f%”&f‘%gme’ the
epoxy resin conmposition can be used to encapsulate an electronic

part sugh &;%t@d&@ﬂé%l@ﬂ@h@fril@b@pé%m@rep@lﬁ Bs PERESPIIUCH 055 €6\0.66ts
as described above. 25 EXAMPLES [0187] This invgntion w il be

descri bed wWdth teflersdree mare poéfaratbl@30. 1 it € edl witd, bddanpkessivdede, the
any content shall be expressed as wt% [0188] Experinental Exanple A
Experi nent aotg)laen:p}xg xedin composition. A content within the above range can

lead to improvement inadhesiveness of a curedproduct toabasematerial.

D Furthermore, fluidity of the epoxy resin composition is improved, so

10 that it can be reliably filled during molding. In addition, since

the epoxy resincompositionbecomes less viscous, for example, gold-wire
deformation within a semiconductor device can be prevented.

[0182]

Epoxy resin ({F)

15 An epoxry resin (F} used in Embodiment 5 may be the epoxy resin
represented by general formula (6) as described in Embodiment 3.
An epoxy resin compeosition for encapsulating a semiconductor

chip of this embodiment can contain, in addition to components (A)

i
Lo
e

to (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)

25 is preferably 80 wt?® to 95 wt% both inclusive, more preferably 86 to
93 wt% both inclusive in the total epoxy resin composition. The content

within the range may lead to preventicn of scldering resistance from




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

Co., Ltd., YX4000K, nelting point: 105 C, epoxy equival ent: 185):

4.13 wt % Phenol resin 1: a phenol aral kglb resin having a bi phenyl ene
noiety (Meiwa Plastic Industries, Ltd., MEH/7851SS, softening point

10 65C, hydroxyl equivalent 203): 4.54 wt % Tri phenyl phosphi ne: 0.13
wt % Fused spherical silica (average particle size: 30 m: 90.00 w%
Epoxi di zed pol ybut adi ene conpound 1 (N ppon Petrochem cals 15

Conpany, Libmingddeterdi®loL6dSduaniuovhéncaserade mol soudeambrerighty rh8680and
viscosity (25C) : 350 Pas): 0.50 wt% y-d ycidyl propyl trimethoxysil ane:
0.20 Wt % Geehiubenel Ohooral espandom bl dokaddi Zeow vermyd ©f89]cured
These conponents were bl ended by a m xer. Then, the m xture was ,
kneaded usiH§Gb $B P& RAPENTSHr  abertisiperat uF e dierecHBCeRRYY wsin
C. After coglin t he. m xture wa 1l led t Lye ane resin .
Composi {1 o RREL BRAY TR SUSRRSEIE L bt Rase bt e Shaetdv st dige-
25 by the fql .20 Th .alr '

ol tat] on et ho e S T 11 Gy LT R AT ad oo Bucn
175C, an i jsegbl @M FLsRUbendidh wIchVBR ANdnGUbhdkildMBeeic, m N,
using a nold for nmeasuring .a spiral flow in accordance with

EMM - 1- 66. [I0tL843% expressed in units of centineter.

Curing accelerator (E)

: ) Acuringaccelerator (E) used inEmbodiment Smaybe the compound
10 as described in Embodiment 3.
[0185]

An epoxy resin composition of this embodiment can contain,
inadditiontocomponenis (&) to (F), theadditional componentsdescribed
above. Furthermore, it can appropriately contain, if necessary, any

15 of warious additives including a silane coupling agent such as
epoxysilanes, mercaptosilanes, aﬁinosilanes, 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
asdescribedinEmbodiment 1. Furthermore, the epoxy resin composition
can be used to encapsulate an eleétronic:part such as a semiconductor
chip to prepare a semiconductor device as described above.

25 EXAMPLES
(01871

This invention will be described with reference to, but not



5 [0191] Package warpage: a 352-pin BGA was forned using a transfer
nol di ng machi ne under the conditions of nold tenperature: 175 C, an
I njection pressure: 6.9 MPa, curing timg3z 2 mn, where a substrate
was a bisnmaleimde-triazine resin/glass fabric substrate with 10

t hi ckness of 0.56 mm a sem conductor device size was 30 nm x 30 mm
(thickness: 1.17 mm), a sem conductor chip size was 10 mm x 10 mm
(thickness: 0.35 mm) , and a sem conductor chip was bound with a
bondi ng padmited s Egirplemr d Beka, eangokdnivrte shielh i anpregsasf ag5ets.
‘M It was post-cured at 175 "C for 2 hours to give a sanple. A set
tof ten 15 s 88dnduct or devi ces thus prepared was cooled to room

' terrperatureE Then, t he di spl acenent in height direction was neasured
i n di agonal=2E§;i ' ' gate of the package, using a surface

roughness : ' li.spl acenent difference was determ ned
as war page Finel 091 b gu{jfr (pm. 20 [0192] Gold-wire
deformagi on rate: apde?rBifn BGA pPAGKAER B IPFesBY AhMMH B & Resins

package war page was observed by a soft X-Tay fluoroscope, to express
a gol d-wi r eedef oranf ivaonake msididepintf 10N @mupat),/ tgedwiwhee 185) :
length) in units of % 25 [0193] Sol dering resistance: a 352-pin BGA
package fordvdd fb% eval uati ng a package war page was post-cured at

175 C for 2 hours. 65 A set of ten packages thus prepared were
treated under the Bbhfdsbhiesén bf ateprrlapupbkof reolc haydnget diphenylene
hunydjty of 60 %for, 168 _hours,. of tenperature of 85 C and rel ative,
hum-ei ty of "8G % 17+ Ee8LASHHS, IPuRETtFen 161 -t Mpeitalire Bt tERleIpRint

! o6y 0
rel ative huympedity, §1,.83 &l &atent 203): 4.54 wes

Triphenylohosphine: 0.13 wt#

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

Epoxidized polybutadiene compound 1 (Nippon Petrochemicals
15 Company, Limited, E-1800-6.5, number average molecular weight: 1800,
viscosity (25C): 350 Pas): 0.50 wt%
y-Glycidylpropyltrimethoxysilane: 0.20 wt$
) Carnauba wax: 0.20 wi$%
| Carbon black: 0.30 wt%
20 [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 cooling, the mixture was milled to give anepoxy resin
composition. The epoxy resin composition thus cbtained was evaluated
25 by the following method. The results are shown in Table 1.
[01901]

Evaluation method




5 72 hours. Then, the packages were subjected to IR refl ow treatnment

at peak tenperature of 260 C (at 255 C or higher for 10 sec.) . After
treatnment, the presence of an internal dgtachnment or crack was
observed by an ultrasonic flaw detector, and defective sem conductor
devices were counted. Wen the nunber of defective sem conductor
devices was 10 n, the rate was expressed as n/10. [0194]

Experinmental Exanples a-2 to a-11 and b-1 to b-7 In accordance with
the conpositions d@ﬁ£¥dﬂ$¥bwﬂhéE@Qh@ﬁe&mé&E&eé%ef%@ﬁf&oEQ$5Hc,aninjection
conpositions were prepared and eval uated as described 15 in

Experi ment glreEganploé @-9 MPalhed evain@tioa ofesuib s vaieg s for feddwesng
1 and 2. [0195] Conponents other than those used in Experinental

Exanpl e a- B sakeala§lewlingygcordgney eshridgiirl266an Ur ihexeresdsd in units
novol ac type epoxz resin (epoxy equivalent: 196, softening point: 55
C) Phenol ~r¥siFR™5I™e S5 henol aral kyl resin having a phenyl ene noi ety

(M tsuiSCheﬂ§§g§s Inc., XLC-LL, softening point: 75 C, hydroxyl

equi val ent : f 25 Phenol resin 3: a phenol novolac resin (softening

point: 80 C hydr oxyl, £OWEYBLEN o 385)0iy BeA was formed psing a transf
1, 8- Di azabi cycl o(5, 4, 03%&0%%%—17 a( %ere Jhna ter‘fa? efoé:gnfedusflon%g g%ns e

"DBU") Epoxifiuzed Ry hEtadisanens IRy Rdords GANndMRep&VANA8E 175 °C, an
nol ecul ar weight? 700, viscosity (25 C: 10 Pa-s) Epoxidized

pol ybut adi emgecoiqeoynes3ugan uinbies, ameriagetime: 2 min, where a substrate

o,

) was a bismaleimide-triazine resin/glass fabric substrate with
10 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: 0.35 mm), and a semiconductor chip was bound with a bonding
pad in a circuit board via a gold wire with diameter of 25 pm. It
was post-cured at 175 °C for 2 hours to give a sample. A set of ten
15 semiconductor devices thus prepared was cooled to room temperature.
Then, the displacement in height direction was measured in diagonal

direction from the gate of the package, using a surface roughness gauge.

The maximum displacement difference was determined as warpage in units

R

of micrometer (um).
2 [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 %.

25 [0193]
Soldering resistance: a 352-pin BGA package formed for

evaluating a package warpage was post-cured at 175 °C for 2 hours.



5 nol ecul ar wei ght :

t: 2000, viscosity (25 C: 550 Pa-s) [0196] 67 r M
‘'ct M OOOOOO
MM O

Orr4)r . 4d NNMO rr rE'd COCCC
O0000O rr 4 B5O4) NNMOTrrr t3d C
CCCCr M'ct OOi" t<OOO kT r 44) r o0 40) NN M10 65 er
'd Ca. CCCCr MNOTr CV 4) totoMOOOOOOOOCOCDWO

4) NNcod. 49 rr rovrr CaCCCCr mMOr~u) r cocoM
c000000O0 Mrrr oinNNMOr RSNNOa. COO0OO0Or MMO
co MM O 6 €t ph tpn pagkagey 7hin Krepatad Per©tCeatedougleg e &tm@miere
4°) ' aOt0OpOOO0O0O0O0 4200r oY NMNTf6 Mtt 0c. r CC
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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 ultrascnic flaw detector, and defective semiconductor devices
) were counted. When the number of defective semiconductor devices was
10 n, the _rate was expressed as n/10.
[0194]

Experimental Examples a-2 toc a-11 and b-1 to 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.
[0185]
Components other than those used in Experimental Example a-1
are as follows.
2 Epoxy resin 2: an ortho-cresol novolac type epoxy resin (epoxy
equivalent: 1926, softening point: 55 °C)
Phenecl resin 2: aphenol araikyl resinhavingaphenylenemoiety
(Mitsui Chemicals Inc., XLC-LL, softening point: 75 °C, hydroxyl
equivalent: 175)
25 Phenol resin 3: a phencl novolac resin (softening point: 80
°C, hydroxyl equivalent: 105)

1,8~Diazabicyclo(5, 4, 0}undecene-7 (hereinafter, referred to
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as"DBU")
Epoxidized polybutadiene compound 2 (an number average
molecular weight: 700, viscosity (25 °C): 10 Pa's)
Epoxidized polybutadiene compound 3 (an number average
5 molecular weight: 2000, wviscosity (25 °C}: 550 Pa-s)
[0196]




Qmm":\i‘m’é}.i‘ggh_‘wllgg
silica 90.00 | 92.09 | $5.00 | 80.00 ; 96.60 { 90.00 { 90.00 9[).()1]l ({.—gﬂo!@.@ lgo@o N {:\) g. g c =
butadiene compound 1 0.50 |0.50 |0.50 |0.10 [1.50 [0.50 | 0.50 |05 ).~ »,°N oq@ b S o >< .
butadiene compound 2 CR5Y Solool Ivmor —
butadiene compound 3 E V — 8 658 : i ') % » o 86 °
trimethoxysilane 0.20 [0.20 |0.20 |0.20 |0.20 | 0.20 [0.20 | 0.2¢°| 0.20 | 020 [D.20¢0 TNoOsS -

0,20 |0.20 [0.20 |0.20 | 0.20 [ 0.20 |0.20 | 0.20:[D.20 1920, RBP & T2
0.30 | 0.30 |0.30 [0.30 |0.30 [0.30 |0.30 | 035 ORI 3P B L2 V,0Z
(cm) 145 (121 | 167 |149 |134 135 |143 |1400 A QB3 3T -2 m " 22

{ SO © w —0
e (wm) 8 |14 |54 |36 |42 [38 |36 |s5—psr IOl SO ;
nation rate (%) 3 -4 |2 |2 |4 |4 i3 |3 P8 3= 50.
r treatment at 60°C/60% for |0/10 | G/40 | 0/10 | 0/10 |60 [ 0/10 | 0M10 |0/1Q E@DO%;@ Qs X0
h (208 ¢) op T OW (7)] [@N({e]

r —~0 Y- oo P o
r treatment at 85°C/60% for | 0/10 | 0710 {2/10 | 4/10 [0/0 | 2/40 [ 1M10 | 2116 H/AHbE10, [0 Nl

QTS oo arel=:
hr apel_ob | e 5%°
r treatment at 85°Ci85% for |2/10 | 0/10 [4/10 | 3110 [0/10 | 5M0 | 310 | 510 [RIF0h T10 |10 g
r ~358 | res=g

— AN (o)) O



after treatnent at 85C/ 60% for 4110 0/10 unfilled 10110 3110 7110
8110 168hr after treatnment at 85C/85% for 6/10 0/10 unfilled 10110
6110 10110 10110 72hr [0198] Experineggal Exanple B Experinental
Exanple a-1 5 Epoxy resin 1: a biphenyl type epoxy resin (Japan Epoxy
Resins Co. Ltd., YX4000K, nelting point: 105C, epoxy equival ent:
185): 4.29 w parts Phenol resin 1. a phenol aral kyl resin having a
bi phenyl ene nmoiety (Meiwa Plastic Industries, Ltd., MEH7851SS,

sof teni ng poi ., 10 65 C hydroxyl equivalent: 203): 4.71 wt parts
But adi ene- acr}%@ﬁ% t+e—ecopotyrer—(dbe—tndust+ies,—ttd HY-CA

UoL I''T T UL,
1008-SP, x = 0.82, y = 0.18, z = 62 (avep=RBaimentafExample, ' g0 oo
Tri phenyl phosphine.0_15 w parts Fused EihdbicaP3s; _Ei_@a&eﬁﬁg%‘i
particle sizelEP8WR§N1 00 00w parts T £[4.37 [1.51 [1.31 7.42 446 | 5.53
y-d yci dyl pr opkioky se2hoxysi lane: 0.20 wk parts| Carnhubal4#x: 0]20
w parts Carb@fpebdlassiot 0. 30 Wt parts ThegE0cdwpoméht s | bl it ddliended by
a m xer. Then/Phehd msim2t ure was kneaded psing two rol s whosd4guif agce
t enper at ures yweireeol®3in@ and 10 45 C. Aftpr coolijng, the n xtdre wast

mlled to giverdRengPRosPhineeSI N coMposi ti ofv1zlhasepoxy fes Jv.43 o043 [0.43
conposition thus obtalned was evaluated | by [The|folTow ng| netithod] The

results are shgupg dpHert@R1iEa S- 90.00 [90.00 [ 96.00 | 83.00 [ 90.00 | 90.00 | 90.00
Epoxidized polybutadiene compound 1 §.00 | G.50 8,50 (0,50 | 0.50 | 0.50
Y-Glycidylpropyitimethoxysilane 0.20 | 0.20 | 0.20 0.20 0.20 | 0.20 | 0.20

—") Camauba wax 0.20 ! 0.20 | 0.20 0.20 | 0.20 (0.20 |0.20

" Carbon black 0.30 | 6.30 | 0.30 0,30 |0.30 | 0.30 | 0.30
Spiral flow ' {cm) 150 |87 |35 230 |64 |[149 [156
Package warpage (i} 35 159 |unfilled j112 (40 37 [36
Gold wire deformatior: rate (%) 2 8 unfilled |1 10 |2 2

Soldering | after treatment at 60°C/60% for| 0/10 | 010 |unfilled | 7HO [0M6 | 110 | 2110
resistance |168hr
after freatment at 85°C/60% for|4MA0 | 0M0 {unfilled |10/10]3/40 { 70 | 8/M0
168hr
after freatment at 85°C/85% for| 6/10 [ 0/10 |unfilled
72hr

1040 | 8410 1010 N0M10

[01.98]

Experimental Example B

W

Experimental Example a-1

5 Epoxy resin 1: a biphenyl type epoxy resin {Japan Epoxy Resins
Co. Ltd., YX4000K, melting point: 105 °C, epoxy equivalent: 185): 4.29
wt parts

Phencl resin 1: a phenol aralkyl resin having a biphenylene
moiety (Meiwa Plastic Industries, Ltd., MEH7851SS, softening point:

10 65 °C, hydrozxyl equivalent: 203): 4.71 wt parts

Butadiene-acrylonitrile copolymer (Ube Industries, ILtd.,

HYCAR CTBN 1008-SP, x = 0.82, y = 0.18, z = 62 (average}}: 0.15 wt




[0199] Evaluation method 15 Spiral flow neasured under the
conditions as described in Experinental Exanple A A sanple with a
spiral flow of less than 100 cmwas regected. [0200] Package

war page: neasured under the conditions as described 20 in
Experimental Exanple A A sanple which was convex downward by 60 m
or nore was determ ned as defective. [0201] CGold-wire deformation
rate: determ ned under the conditions as described in Experinental
Exanpl e A pArgsanple with 3 %or nore 25 was determ ned as defective.
[0202] Sol dering resistance: a 352-pin BGA package forned under the
70 conditions as Beshepyeahesrhiaeis OolS evialngatbng a package war page
was post-cured at_175 C for 2 hours. A set of ten packages thus
prepared were treBiRf GRUFLGHeS ks pRER RIS PR iEHSdrat e 89 HBo: 30- 00
and rel ati e uggdity of 60 % for 168 hours or tenperature of 85 C
and relative 5 ﬁunidity of 60 % for 168 hours. Then, the packages
were subjected to, IR . : t er at of 260 C
(at ZSépC or highé¥(ﬁ¥€$&%%£§%%a%%;§%ef”g%%ggﬁ%hﬁﬁgphg%ﬁgégg%ce of an
i nternal detachmentar@uer agk: Ve ohsepyeds by an ultrasonic flaw
detector and defective sem conductor devices were counted. \Wen the
nunber of defecti vearkkth $eatkonB) et gevi<es was n, the rate was

expressed as n/10. [0203] Experinental Exanples a-2 to a-10 and b-1
to b-4 These components were blended by a mixer. Then, the mixture

P

) was kneaded using two rolls whose surface temperatures were 90 °C and

10 45 °C. After cooling, the mixture was milled to give an epoxy resin
composition. The epoxy resin composition thus obtained was evaluated
by the following method. The results are shown in Table 3.
[0189]

Evaluation method

18 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]

R

Package warpage: measured under the conditicns as described
2 in Experimental Example A. A sample which was convex downward by 60
lm or more was determined as defective.
[C201]
Gold-wire deformation rate: determined under the conditions
as described in Experimental Example A. A sample with 3 % or more
25 was determined as defective.
[0202]

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




In accordance with the conpositions described in Tables 3, 4 and 5,
epoxy res in conpositions were prepared and eval uated as descri bed

15 in Experinental Exanple a-1. The evakuation results are shown in
Tables 3, 4 and 5. [0204] Conponents other than those used in
Experinmental Exanple a-1 were as follows. 20 Epoxy resin 2. a

tri phenol net hane type epoxy resin (Japan Epoxy Resins Co. Ltd.,

E- 1032H60, softening point: 59 C, epoxy equivalent: 169) Phenol

resin 2. acphaneiod abkidsd8ska HAvEngs drpbel=enagibatYagd Matside was
Chem cals Inc., XLC-LL, softening point: 75 C, hydroxyl 25

equi val ent pokZ5ruRite a1 15e% Ao 2an@eNol Anmtob At ehesidkagee fiheri gitepared
point: 80 C, hydroxyl equivalent: 105) 71

1, 8- D azabiveyel to{eht4d0viedcdenet@ogdienei srafkemperatefrereied0°6 arglsrelative
"DBU") y-Mercaptopropyltrimethoxysilane [0205] Table 3 Experinental,
Exanpl e a- hugidipy Pipbl H-®r EpdxEourssPy gemperetyras 856°4 ang welgg ive
Phenol resin 1 4.71 3.73.5.81 30 2.03 . Phenol resin 2 2.30 Phenal
reain & 5. GENEE AR SIS AP PSS copBPYnerio PRER09as "6 s b e el
0.15 to IR reflow treatment at peak temperature of 260 °C (at 255 °C or higher

for 10 sec. )4. After treatment, the presence of an internal detachment
or crack was observed by an ultrasonic flaw detector and defective
) semiconductor devices were counted. When the number of defective
10 semiconductor devices was n, the rate was expresssed as n/10.

[0203]

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

In accordance with the compesitions described in Tables 3,
4dand$5, epoxyresincompositionswerepreparedandevaluatedasdescribed
15 inExperimental Examplea-1. TheevaluationresultsareshowninTables
3, 4 and 5.
[0204]

Components other than those used in Experimental Example a-1

R

were as follows.
20 Epoxy resin 2: a triphenolmethane type epoxy resin {Japan Epoxy

Resins Co. Ltd., E-1032H60, softening point: 59 °C, epoxy equivalent:
169)

Phenol resin 2: 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: 105)




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 7-dycidylpropyltri nethoxysi |ane
0.20 0.20 0.20 0.20 0.20 Carnaubawax 0720 0.20 0.20 0.20 0.20

Carbon black 0.30 0.30 0.30 0.30 0.30 Spiral flow (cnm) 150 126 185
160 155 Package warpage (n) 35 15 50 33 32 Cold wire deformation
rate (%9 1.5 2.7 0.9 1.3 1.5 Soldering after treatnent at 60C/ 60%
for 0110 0110 0110 0110 0O/10 resistance 168hr after treatnent at
85C/ 60% for 0/ 10 011%-Garebdand 0b1d . 01e8tuceberDAb6ke el thahl veiprred to
Experimental Exanple a-6 a-7 a-8 a-9 a-10 Epoxy resin 1 3.40 4.25
4.16 4.29 2528PBEpoxy 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 0.15 0.15

Tri phenyl phosphi nel BeF5aBARF Y 5L g9 Fo8HI 045 Fused spheri cal
silica 90.0@,80, 00 90.00 90.00 90. 00

r-dycidyl ropy%trinethoxysilane 0.20 0.20 0.20 0.20

r - Mer capt opropyl tri met hoxysil ane 0.20 Carnaubawax 0.20 0.20 0. 20
0.20 0.20 Table3

Experimental Example
al |a2 |a3 a~4 a-5
Epoxy resin 1 429 |3.30 (516 |4.40 [4.95
Phenol resin i 471 |3.73 |581 230 |203
M Phenol resin 2 2.30
- Phenol resin 3 2.03
Butadiene-acryionitrile copolymser 615 {015 |0.15 | 015 [ 015
Triphenylphosphine 015 | 012 | 018 | 015 (015
Fused spherical silica 90.00 | 92.00 | 88.00 | 80.00 | 50.00
T-Glycidyipropyitrimethoxysilane 020 [0.20 |0.20 |0.20 |0.20
Carnauba wax 0.20 {0.20 | 0.20 [0.20 |0.20
Carbon hilack ' 0.30 {0.30 |0.30 |0.30 |0.30
Spiral flow {cm) 150 126 |185 |[160 (155
Package warpage {lum} 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{ 0M10 | 0410 |0/10 |0/10 |00
resistance | 168hr
) after treatment at 85°C/60% for [ 0/10 | 0/10 | 0/10 |0M0 |0/10
168hr

[0206]




Carbon black 0.30 0.30 0.30 0.30 0.30 Spiral flow (cnt 121 160 130
155 125 Package warpage (pm 12 37 25 35 26 Gold wire deformation
rate (%9 2.8 1.2 2.5 1.2 2.5 Solderingygfter treatment at 60C160%
for 0110 0110 0110 0110 0/10 resistance 168hr after treatnent at
85C160% for 0/10 0110 0110 0110 0110 168hr [0207] 73 Table 5
Experimental Exanple b-1 b-2 b-3 b-4 Epoxy resin 1 4.59 5.76 4.31
Epoxy resin 2 4.09 Phenol resin 1 4.91 4.84 Phenol resin 2 4.41
Phenol resin 3 3.24 Butadiene-acrylonitrile copolyner 0.15 0.15 0.15
Tri phenyl phospéiileé 0. 15 0.15 0.15 0.15 Fused spherical silica 90.00

90. 00 90.00 90.00 Y-dycidylpropyltrinmet hoxmpbm@m&.%@ <0 0. 20

O\

0.30 Spiral Fhow fon- 185454 32 85 Packagebar e | En | 0a1 | 410
37 Gold wire ERFYIEIon rate (99 1.7 3.0 9.3 [3-Psqiddr i| Ad9al fLP
treatment at PEMGxg@EsiMAr 1110 1110 1110 5110 .85
Phenol resin 1 475 [4.80 |4.69% [4.71 (471
Butadiene-acrylonitrile copolymer 0.15 010 (030 (015 |0.15
Triphenyiphosphine 0.13 |06.15 [ 015 | 015
DBU 0.15
Fused spherical silica 90.00 |90.00 |90.00 (£0.00 |20.00
Y-Glycidyipropyitiimethoxysilane 0.20 |0.20 |90.20 0.20
__{““:) Y-Mercaptopropyitrimethoxysilane : 0.20
- Carnauba wax 020 1020 | 020 |0.20 |0.20
Carbon black 0.30 |0.30 |0.30 [0.30 |0.30
Spiral flow {cin) 129 160 [130 (185 |125
Package warpage {pmy} 12 37 25 3 25
Gold wire deformation rate %) 28 |12 |25 (12 125
Soldering | after treatmeni at 60°C/60% for {019 (0/10 | OM0 |00 | 0/10
resistance | 168hr '
after treatment at 85°C/60% for|0/10 | 0/10 | 0/10 (0/10 | 0/10
168hr

[0207]




resi stance 168hr after treatnent at 85C160% for 5110 7110 3/10 10/ 10
168hr [0208] Experinental Exanple C Experinental Exanple a-1 5
Epoxy resin 1: a phenol biphenyl aralkyl7gype epoxy resin (N ppon
Kayaku Co. Ltd., NC3000P, epoxy equivalent: 274, softening point: 58
CO: 1.47 wt parts Epoxy resin 2: bisphenol-A type crystalline epoxy
resin (Japan Epoxy Resins Co. Ltd., YL6810, epoxy equivalent: 171,
melting point: 74 45 C): 3.41 wt parts Phenol resin 1: a phenol

bi phenyl ara esin (Meiwa Plastic Industries, Ltd., MEH 7851SS,
hydr oxyl equ; t. 203 . _softening point. 65 O .5 12 w parts 5

Tri phenyl phogphi ne: 0.15 wt parts Spheri cal fuseclE'sdﬁelmer@l‘al/ERagmle

article sizp: 88.85 w parts Pol ybut adi 081t
25 C: 350 Pa n r\nEf ent: 6 )l-!\ 0/3 - ( %gi \ k_b(-% &)€§1n hg{
N- Phenyl y- anEpomfﬁp?IhtTl met hoxysi | ane: 0.20 w p&i% | 5CHF Hauba W31

0.20 wt partp 5’3 ?9831??2%‘( 0.30 wt parts These g¢onporjents Vehs§

an eperat-ur-e h\l & mvar Thn r' vinrda uwad Thaadad
ended at ap : HH-e—Wet

rroeopgrect™

using two ro Phenol resind 120 C. After cool i ng, 15 thg m xt|de®1 wad.84
mlled to giV resin conposition. Epoxylrestin condositi ons
91 VBrERoPRNY 2 p POXY [Tz 1] COmT

. thus obtai negd e—evattated—as—deserthedbelow—the

Phenol resin 3 3.24
Butadiene-acrylonitrile copolymer 0.15 | 0.15 |0.15

Triphenyiphosphine .15 | 0.15 |0.15 [ Q.15

0 Fused spherical silica 90.00 [ 50.00 | 90.00 | 90.00
Y-Givcidylpropyltrimethoxysilane 0.20 | 0.20 |0.20 |0.20
Carnauba wax 0.20 | 0.20 | 0,20 |0.20
Carbon hlack 0,30 [ 0.3¢ {0.30 0.30
Spiral flow {cm} 155 154 |82 95
Fackage watpage {um} . 31 32 |5 37
Gold wire deformation rate {%) ¥ [3.0 (5.0 |50

Soldering | after treatment at 60°C/60% for| 110 | 1/10 |1/10 | 510
resistance | 168hr

after treatment at 85°C{60% for [ §/10 | 7/10 {3M0 | 10/10
168hr

[0208]

Experimental Example C

Experimental Example a-1

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

Epoxy resin 2: bisphenol-A type crystalline époxy resin (Japan

Epoxy Resins Co. Ltd., YL6810, epoxry equivalent: 171, melting point:




results are shown in Table 6. [0209] Evaluation nethod 20 Spiral

fl ow. neasured under the conditions as described in Experinental
Exanpl e A, [0210] MAP nolding (unf il led void): MAP-QFN (netal
substrate: a copper franme plated wth nickel -palladi um gol d,

encapsul ating-area size: 45 25 nmx 62 mm thickness: 0.65 mm size
of a sem conductor device (QFN-16L) piece: 4.0 nmx 4.0 mm

sem conductor-elenment size: 1.5 mmx 1.5 mm thickness; 0.2 mm

passi vati ondsypes : .My waspamided under the conditions 75 of nold
tenperature: 175 C, an injection pressure: 6.9 MPa and curing tine:
90 sec using a trafbémrl nesih hg andcmondipbrhy] bedlkpl deshr éMepouRlatic
[0211] 5 Package warpage: for the MAP-QFN formed for eval uati ng MAP
mol di ng (Lﬂﬁﬁquﬁgélﬁﬁmcﬁtd t hERS Bl 48 neYRT ey Ihefghta dintec 2P dn saadephng
| ongi tudi nal direction using a surface roughness gauge. The naxi num

di spl acemerROF  BP efreé ek’ dét 8AATRHed as package warpage in units

of mcrpneter (pm 8%_ olderln cr ck Jf.esistance: the above
MAP- QFN™ was fornedTg%ékén ggkc red at I?S or ®4 hours. It was then

cut I nuo i ndivi duakypl 6695 -L0.008 210, seULconduetercdey g GEFI 104 os

sanpl es. A set of es was i ndrvi trea ed

condi ti ons af p55tgenperature of 60 C and relative humdity of 60 %

for 120 hours and of tenperature of 85 C and relative humdity of 60
% for 16Blhours. Polybutadiene 1 (viscosity at 25 °C: 350 Pa-s, oxirane-oxygen

U) content: 6.5 %): 0.30 wt parts
10 ' N-Phenyl y-aminopropyltrimethoxysilane: (.20 wt parts
Carnauba wax: 0.20 wt parts
Carbon klack: 0.30 wt parts
These componentswereblendedat ambient temperaturebyamixer.
The mixture was kneaded using two rolls at 70 to 120 °C. After cooling,
15 the mixture was milled 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]
MAPmolding {(unfilledvoid) : MAP-OFN (metal substrate: acopper
frame plated with nickel~palladium-gold, encapsulating-area size: 45
25 mm *x 62 mm, thickness: 0.65 mm, size of a semiconductor device (QFN-16L)
piece: 4.0 mm x 4.0 mm, semiconductor-element size: 1.5 mm x 1.5 mm,

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



Then, the sanples were treated by IR reflow (260 C) for 10 sec. Using
} an ultrasonic flaw detector, the sanples were observed to determn ne
t he presence of various interface detachgents. Wen the nunber of 20
def ecti ve packages, in which detachnent occurs, is n, the rate is
expressed as n/20. [0213] Experinmental Exanples a-2 to a-12 and b-1
to b-9 In accordance with the conpositions described in Tables 6 and
25 7, epoxy resin conpositions were prepared and eval uated as

descri bed ofmdDoeshpeai-are EXTFIe @t 1njddei@yvateaduren ¢ e8Mba sndrairing
shown in Tables 6 and 7. Conponents other than those used in

Experi ment &irexa¥fplaecresizg B aranater ollohsy fJ2iap . Epoxiilledi noBls gre
bi phenyl type epoxy resin (Japan Epoxy Resins Co. Ltd., YX4000K,
sof t eni ng FOPAE3105 C, epoxy equivalent: 185) 5 [0215] Phenol resin
2: a phenoloaa kyl resin (Mtsui Chemicals Inc. , XLCLL, softening
poi nt é ? roxyl equivalent: 175)

y- d yC|5jyI pr opyI t rkﬁg&xggféaﬁée fbrpgiggﬂbaaff“@%anédt rg ‘LAl‘cnxtlng MAaR

oXi rane- oxygen content "an scosity at uta I ene are

shown in T@a@hénﬁg 18216 ed Goibh D t'heMié%:l@c%@c Qnohé)lgﬂt Mirde#ider wad An
ONMOON cur e toO(VO 000G ONOt

longitudinal direction using a surface roughness gauge. The maximum
displacement difference was determined as package warpage in units
:) of micrometer (um).
10 [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
pieces to obtain semiconductor device (QFN-16L) samples. A set of
twenty samples was individually treated under the conditions of

15 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 various interface detachments. When the number of

20 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 ¢ and
25 7, epoxy resin compositions were prepared and svaluated as described
inExperimental Examplea-1l. TheevaluationresulisareshowninTables

6 and 7. Components other than those used in Experimental Example
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105 °C, epoxy equivalent: 185)

Co. Ltd., Y¥YX4000K, softening point:

[0215]

5

Phenol resin 2: a phenol aralkyl resin (Mitsui Chemicals Inc.,

175)

7% °C, hydroxyl equivalent:

XILC-LL, softening point:

v-Glycidylpropyltrimethoxysilane

Polybutadienes 2 toc 6

i

BAn oxirane-oxygen content and viscosity at 25 °C for a

10

polybutadiene are shown in Table 8.

[0216]
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Table 6

Experimental Example

a1 |a2 |a3d |ad4 [af (a6 |a-7 |aB |a® |a-i0|a11 jai2
Epoxy resin 1 147 | 255 |050 {497 (253 |2.01 1147 [1.47 (1.33 {1.47 |1.38 |147
Epoxy resin2 34 | 255 (418 (062 (263 (208 [8.41 |3.41 [3.07 1341 |3.21 | 341
Epoxy resin3 0.55
Phenol resin 1 512 | 4.90 |5.32 |4.41 |4.80 |4.00 [5.12 |6.12 {460 512 {481 |8.12
Phenol resin 2 1.01
Triphenylphosphine 015 |9.15 |015 |0.15 [Q.16 (0156 |0.15 |0.16 (0.1 |0.18 |0.15 | 015
Spherical fused silica 80,85 | 98,85 | 98,85 (86.85 | 88.85 | 65.85 | 98.85 | 88.85 | 88.85 | 89,07 [ 88.85 | 88.97
Polybutadiene 1 030 | 0.30 {0.30 |0.30 |0.30 (030 1.30 |0.08 [0.30 030
Poiybutadiene 2 0.30
Polybutadiene 3 0.30
Polybutadiene 4
Polybutadiene 5
Polybutadiena &
N-Pheriyl 0.20 (020 | 0,20 j0.20 (0.20 |0.20 |0.20 {020 (0,20 (0,20 |0.80 [0.08
vaminopropyltrimeth oxysilane
vGlycidylpropylirimethoxysilane
Carnauba wax 020 |020 | 020 [0.20 |0.20 |0.20 |0.20 |0.20 {0.20 (0.20 |0D.20 |0.20
Carbon black 030 | 030 |0.30 {030 |0.30 {0.30 |0.30 {0.30 |0.30 (030 |0.30 |0.30
Spiral flow {cm) 110 1100 |140 |92 |13 {110 |123 [¢5 (&3 |101 |95 100
MAP molding {unfilled | (numben) (D 0 0 0 0 0 0 c 0 0 0 0
voicl)
MAP warpage {lum) 200 | 180 |300 |150 (250 (220 1200 |21 (180 (200 |220 {200
Soldering | (80°C/80%120hr) 0/20 {020 | Q20 | 020 [0J20 |{G/20 |020 | 0720 [0/20 |0/20 | 07120 |OMO
resistance | (85°C/60%J168h} 2120 | 3720 | 1120 4120 | 3120 |3/20 |3i20 | 1720 |3/20 |4/20 | 120 | 5120

[I> N X <

PO X

o
I <OZN



b-1 b-2 b-3 b-4 b5 b-6 b-7 b-8 b9 Epoxy resin
1.47 1.47 1.47 1.47 Epoxy resin 2 4.59 2.90 5.
3.41 Epoxy resin 3 Phenol resin 1 4.257 .41 8.
6.12 Phenol resin 2 5.10 Tri phenyl phosphi ne 0.
0.15 0.15 0.16 0.15 Spherical fused silica 88.85 88.85 88.85 62.85
95.85 99.95 88.85 98.85 88.85 Pol ybutadiene 1 0.30 0.30 0.30 0.30
0.30 0.30 Polybutadi ene 2 Pol ybut adi ene 3 Pol ybut adi ene 4 0. 30

Pol ybut adi ene g 9 30 Polybutadlene 6 D.30 N-Phenyl 0.20 0.20 0.20

1 6.75 2.00 2.36 0.47
46 1.00 3.41 3.41 3.41
18 1.53 5.12 5.12 6.12
15 0.16 0.15 0.15 0.16

0,20 0.20 0.z
y-d yci dyl prapyl tri met hoxysi | ane 0/2¥einefahgigmalenax 020 0. 20 0 20
0.20 0.20 0.20 0.20 0.20 0.20 Carbbh pi-aadk<0.88 080/ J¢-70./88 B0
0.30 0.30 0. 3epdy8Bin1Spiral flow (¢&I5 78 12501005 104 BO778.41 3046014710
MAP nol di ng (|epdxykdse@d (nunmber) 5 00 O|453( 28005260 | Qoo poi1d).4VARA1 1341
war page (m 18px38ind40 400 (9) 200 25p 200 240 %ol deri g
(600160/ d120)Ehentiedh 120 UT20 01204 50)s HIZ0 Q34D [VdL[5.BYE02 (5.12 |62
resi stance (§pLIRLHEPBNT) 2120 2120 8120 |244q (1) 220 1912¢ 2120
20f1.2|0| Mot & eI BRI O SRR [ (5.8 0P 1o [BR [E b [o1
untt ing [ SpHerical fused silica 88.85 | 88.85 | 88.85 | 82.85 | 95.85 | 88.85 | 85.85 | 68.85 | 86.85
Polybutadiene 1 0.30 |0.30 |0.3C }0.30 ;0.30 0.30
Polybutadiene 2
= Polybutadiene 3
{M) Polybutadiene 4 0.30
Pelybutadiene 8 0.30
Polybutadiene 6 0,30
N-Fheryl 0.20 [0.20 j0.20 0,20 | 0,20 | 0.20 | 0.20 | 0.20
v-aminopropyltrimethoxysilane '
wGlycidylpropyitrimethoxysilane G20
Carhauba wax 0.20 |0.20 |0.20 {0.20 |0.20 |0.20 10.20 |0.20 | 020
Carbon black 0,30 |0.30 |0.30 [0.30 0.30 |0.30 |0.30 |0.30 1030
Spiral flow {cm) 78 1656 {100 (110 |30 78 130 |80 110
MAP melding {unfifled | (humber} (5 0 0 0 »>20 |8 4] 20 0
void)
MAP warpage {um) 140 (350 [240 {400 |¢1) j200 |280 {200 |200
Soldeting | (60°C/60% 120} 020 |QI20 (0720 |6/20 ({(*1) |0i20 | 0i20 {020 |4]20
resistance | (85°CI60%/158hr) 220 | 2120 [ 8120 [2/20 | {"} |2120 | 9420 | 2720 | 20;20
Note: "1; no evaluation samples were notf ebfained due to unfilling
J
[0218]
Table 8
Polybutadiens
1 2 3 4 5 8
Oxirane-oXyden % 85 |5 |8 |9 |2 1
rate
Viscosity at25°C [Pas | 350 | 200 |8560 | 750 |10 [900
[0219]

5 Experimental Example D




Pol ybutadiene 1 2 3 4 5 6 Oxirane-oxygen %6.55 8 9 2 11 rate
Viscosity at 250C Pa-s 350 200 550 750 10 900 [0219] 5 Experinental
Exanple D 79 Experinmental Exanple a-1 Epgoxy resin 1: a phenol

bi phenyl aral kyl type epoxy resin (N ppon Kayaku Co. Ltd., NC3000P,
epoxy equival ent: 274, softening point: 58 C: 1.90 wt parts 5
Epoxyresi n 2: abi sphenol - Atypecrystal |l i ne epoxy resin (Japan Epoxy
Resins Co. Ltd., YL6810, epoxy equivalent: 171, nelting point: 45

O : 2.85 wWexparigemhanekakgest m-I: a phenol biphenyl aral kyl resin
(Meiwa Plastic O I'ndustries, Ltd., MeEH 7851SS, hydroxyl equival ent:
203, softening 10Epwintreséd O 'a oheBol bipenylTarphiey ltybesabwme resin
0.20 wt parts Spherical fused silica (average particle size: 30 Pn)
89.00 w pALPBOEDHRIadUzEd- PJaIdhulNEINIR eoppYEIhivalpppaty4, sortening
Petrochem cals 15 Co. Ltd., E-1800-6.5, nunber average nol ecul ar

wei ght : 18G9inGi sebsCiy L (P5WE) Pagtd Pa-s: 0.50 wt parts

&1Ng;?fgtoggfgthL#§§%;¥) %&#Vébl%f enolmgtBSéEgyséafgiﬁg%%ggyre51nP&apan

Epoxy Resins Co. Ltd., YL6810, epoxy equivalent: 171, melting point:

45 °C): 2.85 wt parts
Phenol resin 1: a phenol biphenyl aralkyl resin {Meiwa Plastic
{f\ Industries, Ltd., MEH-7851SS, 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): 89.00
Wt parts
Epoxidized polybutadiene compound 1l: Nippon Petrochemicals
1B 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 wit parts

Carnauba wax: 0.20 wt parts

A

Carbon black: 0.30 wt parts
20 These components wereblendedat ambient temperaturebyamixer.
The mixture was kneaded using two rolls at 70 to 120 °C. After cooling,
thenﬁxturewasﬁdlledtx)giveenaepoxyresincomposition. Epoxy resin
compositions thus obtained were evaluated as describéd belo&. The
results are shown in Table 9.
25 [0220]

Evaluation method

Spiral flow: measured under the conditions as described in



20 These conponents were bl ended at ambi ent tenperature by a m xer.
The m xture was kneaded using two rolls at 70 to 120 C. After
cooling, the mxture was mlled to givg an epoxy resin conposition.
Epoxy resin conpositions thus obtained fere eval uated as descri bed
bel ow. The results are shown in Table 9. 25 [0220] Eval uation

nmet hod Spiral flow neasured under the conditions as described in 80
Experinmental Exanple A Wen a spiral flowis less than 90 cm

fluidity gy éerln&WaIl@ rr%@fa@?t SwR&SH s@%rHﬂff'lB% 'l@Qe%%M:H%C}W crlUF] Qi ty
nol ding a package 5 Package war page: a BGA was forned

using a tra@sfs@rldmltdaag;eﬂ&jebl@ﬁzwla@eunﬁlml@gmdag& ldamrqﬁufmi_gdmoldmg a
tenperature: 175C, an injection pressure: 6.9 MPa, curing tinme: 90

sec, wherepackahstrate was a bisnaleimde-triazine resin/glass

fabric substrate with thickness of 0.56 mm a sem conductor device
size was 309%&Lk 30 nm (thickness: 10 1.17 nmm) , a sem conductor chip
size was 15 mm x 15 nm (thickness: 0.35 nmm. It was, post-cured at

175 C fdr 2 hours. P%%aeqe ARG 33 R0th " ApERe B W19 ¢ fganster molding

di spl acenent {n hei i rectjon was neasured in. dia di rectian
o he odrehoRe CHECh ddeHgE - 0aphe of & %Ew%ﬁegﬁ’@ S LhARE on

maxi T di SpleBGRRENt; 4 Lbe! ANGA AT el fgTidAed Ao RAGKAGE S, vas o

war page in-units of mnicroneter en a package warpage in thi
package i s pAQmAM:Ofi dBA1akiiee %@gﬂ@ﬁjltas%nfé}:ﬁ:l%oéuk%ﬁﬂaﬂg|tﬁt&5t1ﬁﬂ:kness of

encapsul ator for encapsul ating one side. } [0222] Gold-wire
defionmat i o158t &m, neasmt ednduntter tibei condizsl oas B mm * 30 mu (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 cocling to room
temperature, the displacement in height direction was measured in
diagonaldirectionfromthegateof thepackage, usingasurfaceroughness
gauge. Themaximumdisplacement differencewasdeterminedasapackage
18 warpage in units of micrometer (um). When a package warpage in this
package is 70 pm or more, the composition is not suitable as an
encapsulator for encapsulating one gide.
[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 352pBGA was formed as described for

25 evaluating a package warpage and post-cured at 175 °C for 2 hours,

to obtain samples. A sect of ten samples were individually wetted under

the conditions of temperature of 60 °C and relative humidity of 60 %



20 described in Experinental Exanple A Wen a gol d-wi re defornmation
rate is 4 %or nore, short-circuit tends to occur due to contact
between gold wires. [0223) Soldering rgsistance: a 352pBGA was

formed as described for 25 evaluating a package war page and
post-cured at 175 C for 2 hours, to obtain sanples. A set of ten
sanples were individually wetted under the conditions of tenperature
of 60 C and relative humdity of 60 %81 for 168 hours and of

tenper at ur eaf 186 Kewitdangl af inegphuatdid Yo:085 @0 Huf 061468, BURSa: BNGE
treated by IRreflow (260 C) for 10 sec. The sanples were eval uated
for the preX¥etcmrolos hoers craacksreatddviay iIGUs:Elicat €24@ER) detkadhrenl Imhe
observing them by an ultrasonic flaw detector. 5 Wien the nunber of,
def ective pagRageEsVsEe Avalyaladgfer|theeppeeanaad ofsinggr] gragkemnghearious
nunber of defective packages is 3 or |ess, the sanple asses the

Sol dor i ng rELPEEAE CEUaPIRNY KA OPRSTVATEOR I BY 2R SUrF RERILT T ERAHBTRREo-
a-2 to a-2 corda L t.h th Qsi Lion e | bed in

Tabl es 9, %f%%a%%e %%?Bgﬁoo%gﬁgés%tnlvceo a(g]gl eiSo:rLl% e 1{elgp]%lgc[rﬁearggae Xgﬁgssed as
eval uat ed 4§/10qesﬁﬁéxp%ge'11‘wr5>é9%f AERL A1 JFXBIDLEs R |5 3THE 18¥al YRl Qlkpie
results are shown in Tables 9, 10 and 11.° Conponents ot her than

t hose used gadsebXpigs i skl nfidls@atct A uasSibeltays. 15 [0225]
Epoxy resin 3: an ortho-cresol novol ac type epoxy resin (N ppon

Kayaku Co. 102@4] EOCN- 1020-55, epoxy equivalent: 196, softening

poi m\ 55 C) Phenol resin 2: a phenol phenyl aralkyl resin (Mtsui
CheniJcal s Experimental Examples a-2 to a-26

10 In accordance with the compositions described in Tables 9,
10 and 11, epoxy resin compositions were prepared and evaluated as
described in Experimental Example a-1. The evaluation results are
shown in Tables 9, 10 and 11. Components othexr than those used in
Experimental Example a-1 are-as follows.

15 [0225]

Epoxy resin 3: ar ortho-cresol novolac type epoxy resin (Nippon
Kayaku Co. Ltd., BEOQCN-1020~55, epoxy equivalent: 196, softening point:
55 °C)

Phencl resin 2: a phenol phenyl aralkyl resin {(Mitsui Chemicals

20 Inc., XLC-LL, softening point: 75 °C, hydroxyl equivalent: 175)

1,8-Diazabicyclo (5, 4, 0)undecene-7 (hereinafter, referred to
as "DBU") . |

Epoxidized polybutadiene compound 2: a compound represented
by general formula (4), wherein k, 1, m and n are integer of 1 to 3;

5 Rl has structure represented by CyHyr p is intéger of 0 to 3; and g
is integer of 1 to 8, number average molecular weight: 400, viscosity

(25 °Cy: 150 Pa-s



20 Inc., XLCLL, softening point: 75 C, hydroxyl equivalent: 175)

1, 8- Di azabi cycl o( 5, 4, 0) undecene-7 (hereinafter, referred to as
"DBU'). Epoxidized pol ybut adi ene conpougg 2: a conpound represented
by general fornmula (4), wherein k, 1, mand n are integer of 1 to 3;
25 R has structure represented by CpHg; p is integer of 0 to 3; and
gis integer of 1 to 8, nunber average nol ecul ar wei ght: 400,
viscosity (25 C) : 150 Pas 82 Epoxidi zed pol ybut adi ene conpound 3:

a conpound represepted: Y, a6nanal Lol dd BokfdundBerLEBrSour rBpAMERed
are integer of 1 to 100; RI has structure represented by CoHg; p is

i nteger of 4y §endikl aveinda (5) ) Ahegein ®f 1, hoailn METDREcEEbATEto 100;
nol ecul ar wei ght: 4500, viscosity 5 (25 C) : 800 Pas [0226) 83 C <
(") C 40 10FKllhes @iQuOtGre Qepr8petted®YNCH.Y NiM MhtegerRof N td A0 AND g
OOO0<tbNr 0 O 40{onr" N tof) VNMOORTIr NMr O0OOo
Or to N Ois iMagep & Dtp 0. uwer@®rage mogeRutay veighu 04O Gleresify
Mtt) to AOOOOOO NMQA f~0 (J'V<<(9NtoNMItj ti <

5 {25 °C): 800 Pa-s

[0226]



| fused silica 89.00 | 89,00 | 82.00 | 89.00 | 89.00 | 89.00 | 89.00 | 89.00 | 89.00
ed polybutadiene compound 1 050 {0.50 {050 (050 [ 0.50 (050 (0.50 (050 |0.50
ed polybutadiene compound 2
ed polybutadiene compound 3
topropyltrimethoxysilane 040 |0.40 [0.40 |0.40 | 0,40 |0.40 (0.40 |0.40 [0.40
doropyltrimethoxysilane
a wax 020 (0.20 |0.20 [0.20 (0.20 |0.20 |0.20 10.20 {0.20
Hack 0.30 |10.30 (0,30 |06.,30 | 0.30 [0.30 |0.30 |0.30 {0.30
W (em) 120 (135 |130 [100 |90 130 ;15 130 [125
warpage (1em) BO |67 |79 143 53 |67 |64 |56 57
¢ defermation rate (%) 2 1 2 3 5 2 3 2 2
g | after treatment at 60°C60% for | 010 {0/10 [1040 | 0M0 | 0110 |0/10 (510 |0MO | 7110
e | 168hr
after freatment af 85°CI60% for | 0/10 [0/10 | 1010 {QMO | OO (110 |6MQ | 110 | 9110
168hr
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ww??”U U (fl tI U ff1 i [0227] 84 Table 10 Experirrental Exanpl e
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. 781090 1.90 1.90 1.90 Epoxy resin 2 2.97 3.00 3.00 1.64
1.18 2.85 2.85 2.85 2.85 Epoxy resin |SxpRirenglExmesin 1 4.85 4.89 4.8
2.67 1.93 4.65 4.65 4.65 4.65 Phenol |e-esian 2a-Tr lapbenid phosptsi|adr 12D
0.20 0.20 0. 28pehyr2éh 0. 20 0. 20 0. 20 DBed|220 |2.00 (1.09 |079 [1.90 |1.90 {1.90 |1.90
Epoxy resin 2 297 {3.00 |3.00 (164 |1.18 | 285 (285 | 285 | 285
Epoxy resin 3
Phenal resin 1 4.95 |4.89 |4.89 |2.67 {193 |465 |465 | 465 4865
Phenol resin 2 :
Triphenylphosphine 0.20 (0.20 |56.20 |0.20 |0.20 (0.20 |0.20 |0.20
DBU 0.20
Spherical fused silica 89.00 | 89.00 | 89.00 | £2.00 | £2.00 | 82.00 | 89.00 | 83.00 | 9.00
Epexidized pelybutadiene compound 1 0.10 |0.008 4.50 {6.00 050 §0.50
Epoxidized polybutadiene compound 2 0.50
. Epoxidized polybutadiene compound 3 0.50
_) yMercaptopropylirimethoxysilane 0.40 10.40 |0.40 |0.40 | 0.40 |0.40 | 0.40 040
¥-Glycidylpropyltrimethoxysilane 0.40
Carmauba 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 {830 |0.30 | 030 §0.30 |0.30 [ 030 | 030
Spiral flow (cm) 130 (458 {155 1105 |90 [|120 j90 |15 {115
Package warpage {um) 44 50 50 G4 7 |72 100 |53 53
Gold-linewire deformation rate (%0 2 2 2 3 5 3 5 3 3
Soldering | after treatment at 60°CI80% for{ 0M0 | &0 {4110 [OMOQ | 1HM0O | &M10 |20 | 0M0 ;01O
resistance | 168hr
after treatment at 85°CiB0% for |2/10 [6MG (510 | 1/10 | 210 |8MO |30 010 |GMO
168hr

[0228]
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Spherical fused silica 89.00 89.00 89.00 89.00 89.00 89.00 89.00
89. 00 09.00 Epoxidized pol ybutadi ene conpound 1 0.10 0.008 4.50 6.00
0.50 0.50 Epoxidized pol ybutadi ene conggund 2 0.50 Epoxi di zed
pol ybut adl ene conpound 3 0.50 y-Mercaptopropyltrinmethoxysilane 0.40
0.40 0.40 0.40 0.40 0.40 0.40 0.40 y-dycidyl propyltrimethoxysilane
0.40 Carnauba wax 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

Car bon black 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 Spiral

(cm 130 158 155 105

now

90 120 90 115 115 Package marpage (pn) 44 50 50

64 79 72 10G53=63—0ptd—trewre—defor-rati-on—rate {942 6
3 3 Solderiing after treatnent at 60Cl 95 FRRAI GBS 110 4110 0110
1110 6110 2110 0110 0110 resistance 18581249 1% 138t 1 23 124 a2t s
for 2110 611EPomreEin1110 2110 8110 3(10/3#21A419§4e¥ |9488hr 1P PDH] | 281 | 2.31
Tabl e 11 ExpBrrniEpinal Exanple a-19 a- 2(3-6d-|918 a18#0 083 23 |35 42 Y- 352 33.9%
Epoxy resin|Bregyiefingd 13 1.09 QA9 1.69 [1.41 2.21 2.31 Epoxy resin(2
4.67 6.19 1.B4n@yepd12. 54 2.11 3. 32 3. 4[F.61Hpory247ediia 3 |Phamds 3dsij sl
7.61 10.09 Z2rierollesk® 5. 17 5.88 3.87 3./62 |Phenol |resinj2
Tri phenyl phosphtrerdpRfe 0. 20 0. 20 0. 20004020 | & @280 (Q0.26 |o.208cl20 [0.20
Spherical fysed silTica 83.00 78.00 93.p0 98. Gp 89| 00 89.00(89.00
89. 00 Spherical Tused silica 83.00 | 78.00 | 93.00 | 96.00 £9.00 | 89,00 {89.00 | 89.00
Epoxidized polybutadiene compound 1 0.50 |0.50 (050 jO&C 050 (0,60 |0.60 | 0.50
Epoxidized polybutadiens compound 2
-"“) Epoxidized polybutadiene compound 3
e wMercapfopropyitrimethoxysilane 0.40 |0.40 |0.40 | 040 0.40 |0.40 |0.40 |0.40
¥Glycidylpropyltrimethoxysilane
Carnauba wax 0.20 [0.20 |0.20 |0.20 0.20 10.20 | 0.20 |0.20
Carbon black 0.30 |0.30 (030 {0.30 0.30 (0.30 ;0.30 |0.30
Spiral flow (cm 140 |»260 (95 |30 100 |90 140 | 130
Package warpage (pra) 54 (114 |41 lunfilled |56 |114 |64 107
Gold wire deformation rate (%) 1 1 3 unfilled |2 5 1 2
Scldering |after treatment at 80°CI60% For | 6/10 {10710 | 0M0 | unfilled |00 | 10410 | 0/10 |10/40
resistance |168hr
after treatment at 85°C/60% for | 2H0Q | 10710 | 3M0 |unfilled |30 |190/10 | 2010 {10010
168hr
[0229]

Experimental Example E

Experimental Example a-1

Epoxy resin 1: a phenol biphenyl aralkyl type epoxy resin

{Nippon KayakuCo. Ltd., NC3000, epoxyequivalent: 274, softeningpoint:

58 °C):

Epoxy Resins Co. Ltd.,

10 45 °C) :

Industries, Ltd.,

2.55 wt parts

EporyresinZ: abisphenol-Atypecrystallineepoxyresin {Japan

2.56 wt parts

YIL6810, epoxy equivalent: 171, melting point:

Phenolicresinl: aphenol biphenyl aralkyl resin (Meiwa Plastic

MEH-78515S, hydroxyl equivalent: 203, softening



Epoxi di zedpol ybut adi ene conpound 1 0.50 0.50 0.50 0.60 0.60 0.60 0.60
0. 60 Epoxi di zedpol ybut adi ene conpound 2 .v~ Epoxi dized

pol ybut adi ene conpound 3 y-N@rcaptopropg%trinethoxysilane 0.40 0.40
0.40 0.40 0.40 0.40 0.40 0.40 y-Glycidyl propyltrinethoxysilane

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 0.30 Spiral flow (cm 140 >260 95
30 100 90 140 130 Package warpage (pm) 64 114 41 unfilled 66 114 64

107 Gol d Wdigrdeforantiomg atepbds1 1 3 unfilled 2 5 1 2 Sol dering
after treatnment at 60C160% f or 8110 10/10 0110 unfilled 0110 10/ 10

0110 10110 t088j stance 168hr after treatnent at 85Cl60% for 2110
10/10 3110 unfilled 3110 10/10 2110 10110 168hr [0229] Experi nent al
Exanpl e E Experi ndttagdicEgapprelanitrilepenpplyesrnt 1(Ubg prbissiries, Ltd.,

bi phenyl aral kyl type epoxy resin (Nigpon Kayaku Co. Ltd., NC30Q0, .
epoxy equi VE-& t@%&?ogbﬁ%eﬁpn%eﬁ%ﬁrﬁtl: ogmle) (3h, 85~ - 8far ¥~ 0-18, z s
Epoxyresi n2: | sphenal - Aty, rystalline epoxy resin (Japan Epoxy
Resi ns %b.%Etg?geYﬁggfﬁ?)ﬁpégéjgﬁﬁiVaf%%t: 171, nelting point: 10 45
C): 2.56 wt parts Phenolic resin 1: a phenol biphenyl aral kyl resin

(Meiwa Plastic Industries, Ltd., NEH—7851SS, hydr oxyl equi val ent:
203, softening 86 point: 65 C: 4.89 w parts [0230]

HOOG —— (Bu), (ACN),—H— COOH (3)

[0231]

Triphenylphosphine: 0.15 wt parts

Fused spherical silica (average particle size: 30 um): 89.00

10wt 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

n) 15 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 following method. The resulis 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 S0
cm was rejected.

[0233]



But adi ene-acrylonitrile copolynmer 1 (Ube Industries, Ltd., HYCAR
CTBN 1008-SP; in general forrmula (3), x =0.82, y =0.18, zis 5 62
(the average)): 0.15 wt parts HOOC-[ (By),, (ACN),_Z COOH (3) )

[ 0231] Tri phenyl phosphine: 0.15 w parts Fused spherical silica
(average particle size: 30 pm 89.00 10 w parts

y-d yci dyl propyl tri net hoxysilane: 0.20 w parts Carnauba wax: 0.20
wt parts Carbon black: 0.30 wt parts These conponents were bl ended by

a mxer. Then, thepadkdger Rarfdyaraseknaadedndst ifet yndialibss W08escribed
surface tenperatures were 90 C and 45 C. After cooling, the m xture
was m || ed ihoEgpeeinemtapOoRyanpds A. COMElel ofih Hapagexyt r@siim or more
conposi tion thus obtained was evaluated by the follow ng nethod. The
resul ts ar @aghdakeimrpgbpe defeqid?e?] 20 Eval uation method Spiral
flow neas%rgg nder the conditions as described in Experinental
Exanpl e A R%Sénmple with a spiral flow of less than 90 cm was

' . [0233] 8 K ; d ditjons
rejected. | ] Eolcﬁ%‘ir%gﬁeﬁrgn%ngggn ﬁ%%s=g‘%eecﬁr§&gg§ Jn'&%rcagee'c%wg%lons

as described in Experimnment _ np W T h warp
pm or nore ; Wassdehieldrinesas-dehest | Men 192841 a sample with 3 % or more

was determined as defective.
[0235]
D Soldering resistance: a 352-pin BGA package formed under the
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 of 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 obserxved by an ultrasonic flaw detector, and defective
semiconductor devices were counted. When the number of defective
semiconductor devices was n, the rate was expressed as n/10.
20 [0238]

Fxperimental 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 Experimenfal Example a-1



5 Gold-wire deformati on rate: determ ned under the conditions as
described in Experinental Exanple A A sanple with 3 %or nore was
determ ned as defective. [0235] Solder|@% resi stance: a 352-pin BGA
package fornmed under the 10 conditions as described in terns of

eval uati ng a package war page was post-cured at 175 C for 2 hours. A
set of ten packages thus prepared were treated under the atnosphere
of tenperature of 60 C and relative humdity of 60 %for 168 hours

or tenperatyure 9k 8516w@and relative humdity of 60 % for 168 hours.
Then, the packages were subjected 15 to IR ref |low treatnment at peak
tenperature of 260EfbX@ire2hb3Caairthicgbessol asvdihcsiems epdit 8fsin (Nippon
treatnment, the presence of an internal detachnment or crack was
observed byKayakulQor. dgohi, E0CNaw0 et dot epoxvaenhideflesti w86, sehieuimduraiort:
devi ces were counted. Wen the nunmber of defective sem conductor

devi ces wa®nCthe rate was expressed as n/10. 20 [0236] Experinental
Exanple§ aw% ég a-22 In accordance with the conpositions described in
Tabl es 12 73°4nd 14, epoxy resin conpositions were prepared and

| uat ed d | yat
TS TR T AT e B e e
ot her t han dJygses Used BoFPRLLEERLA] FEDlsR- 293, 8Beedel® BBine: o7 °c,

follows. Epoxy resin’'3: a ortho-cresdl novolac type epoxy Tésin

(N ppon  KayalkuxED. edatitial eEOONI)20- 55, epoxy equival ent: 196,
softenlng poi nt : 55 C

“{ .@H? (12)

10 Phenolic resin 3: a phenol aralkyl resin having a phenylene

'-..4

moiety (Mitsui Chemicals Inc., XLC-LL, softening point: 75 °C, hydroxyl
equivalent: 175)
Phenolic resin 4: a phenol novolac resin {softening point:
80 °C, hydroxyl equivalent: 105)
15 [0239]
Butadiene-acryionitrile 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 [024Q]

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



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) 1 % } (1 BglO Phenolic resin 3. a
phenol aral kyl resin having a phenylene noiety (Mtsui Chem cals
Inc., XLC-LL, softening point: 75C, hydroxyl equivalent: 175)
Phenolic resin 4: a phenol novolac resin (softening point: 80 C,

hydr oxyl equival ent: 105) 15 [0239] Butadi ene-acrylonitrile copol yner
2 (Ube Industrpms’) Ltd., HYCAR CTBN 1300X13; in general formula (3),
Xx =0.74, vy = 0.26, z = 54 (the average)) HOOC f (Bu). (ACN)Y_Z COOH
(3) 20 [0240] 1, SyHeazahiaycoy(brindhuxyedtaes 7 (hereinafter,
referred to 89 as "DBU') y-Mercaptopropyltrinmethoxysilane [0241]
Tabl e 12 EXféflthental Exanple a-1 a-2 a-3 a-4 a-5 aS a-7 Epoxy resin
1 2.66 1.80 3.31 2.03 2.53 2.63 3.02 Epoxy resin 2 2.56 1.79 3.31

2. 03 2.63 2. 6331202

Experimental Example
a1 {a-2 a3 |ad |abd [aB |[a7
Epoxy resin 1 2.55 |1.80 | 331 |2.03 (253 {263 |3.02
Epoxy resin 2 256 [1.79 |331 [2.03 1253 |2.63 |3.02
Epoxy resin 3 1.01
Phernol resin 1 4.89 |3.44 (635 |4.93 |2.47 332 |1.98
Phenol| resin 2 247
) Phenol resin 3 1.42

Phenol resin 4 1.98
Butadiens-acrylonitrile copolymer 1 0.18 [0.15 1015 |6.15 {1015 (015 |0.15
Triphenylphosphine 015 10.12 {018 |1 0.15 (015 |015 [0.18
Spherical fused silica £9.00 | 92.00 | 86.00 | 89.00 | 85.00 | 89.00 | 99.00
1Glycidylpropyltrimeihoxysilane 0.20 |0.20 | 020 |0.20 |0.20 [0.20 | 0.20
Carnauba wax 0.20 |0.20 (020 |0.20 (0,20 |0.20 |0.20
Carbon black 0.30 |0.30 {030 |0.30 |0.30 |0.30 0,30
Spiral flow {cm) 120 |95 143 |100 (110 [120 |135
Package warpage () 40 |27 55 |50 40 50 44
Gold wire deformation rate (%) 11 |28 |06 120 |16 |13 [1.0
Soldering | after freatment at 50°C/60% for {110 | 0410 [ OMO | 0M0 [ 0/10 {0610 | 0/10
resistance |168hr

after treatment at 85°CI60% for [0/10 |0M0 | OMO (1710 {0/10 |QMC |00

') 168hr

5 [0242]



Epoxy resin 3 1.01 Phenol

Phenol resi

0.30 0.30 OT83@ 30 0.30 0.30 Spiral

%

resin 4 1.98

0.15 0.15 0.15 0.15 0.15
15 0.15 0.15 0.16
Spherical fused silica $9.00 $2. 00 86.00 89.00 89.00 89.00 99.00
y- d yci dyl propyl tri net hoxysilane 0.20 0.20 020 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

flow (cm 120 95 143 100 110

resin 1 4.89 3.44 6.36 4.93 2.47 3.32 1.98
n 2 2.47 Phenol resin 3 1.42 Phenol
But adi ene-acrylonitrile copolynmer 1 0.1
0.15 Tri phenyl phosphine 0.16 0.12 0.18

120 135 Pdckage warpage (I, m 40 27 65 SJEﬁQﬁﬁgnﬂﬁEmﬁﬂﬁd Wre
deformation rate (% 1.1 2. 80.62001.5 ﬂﬁ ?qhde,hn HTE Tana
treat ment at—60c160%4or—01100110011001310 .¢u 11006116
resi st ance K¥'esitbr treatment at 85Cl6 3@?(?55 25t Pt 445 ¢2-5°
0110 0110 OERxyEGBH 5 [0242] 90 Tabl e 135Expél |28t [8-42ExEHH| 5% { 858
a-9 a-10 a-Iﬁoay&%nﬁ&13 a-14 Epoxy resin|l 2,57 4.62 [2.55] 1.4} 3.75
2.65 2.55  [FRRY EGIN 2 2, 50 2. 51 250 143 1488 [ 480 saop o PEY |40
resin :3 Ph%ﬁeno! resﬂnﬁ 4824895 4165 —89-—#4—89 Pherot
resin 2
Phenel resin 3
Phenol resind
Butadiesne-aervienitrile copolymer1 0.10 |6.30 0.5 10.15 (0158 |0.15
Butadligne-acrylonitrile copolymer 2 018
'”'3) Triphenylphosphine 0.15 (015 (015 |0.156 |015 1 0.15
~ peuU 0.15
Spherical fused silica £9.00 | 89.00 | 89.00 | 82.00 | 89.00 | 89.00 | 89.00
wGlycidylpropyitrimethoxysilane 020 |0.20 (020 |0.20 [0.20 0.20
v-Mercapiopropylmethoxysilane 0.20
Carnauba wax 0,20 10,20 {020 10.20 |0G.20 [0.20 |0.20
Carbon black 0.30 {0.30 |0.30¢ |0.30 10.30 |030 |0.30
Spiral flow (cm) 13¢ |98 105 [150 |100 (125 |[105
Package warpage () 42 50 48 52 38 45 40
Gold wire deformation rate (%) 000 |22 [1e |05 |20 |11 (119
Soldering | after freatment at 60°C/60% for |0/1Q |0MO | OMO | 010 {OMO [OMO | 010
resistance |168hr
after treatment at 85°C#60% for | 0410 0/1Q | OMO 1 1410 [0/M10 |OMO (010
168hr

[0243]



e-acrylonifrile copolymer 1 0.15 | 0.15 0.70 |015 0715, FOHE (9.8 .
{phosphine 0.15 | 0.15 |0.15 [0.15 |0.15 |0.15 %FP@%%%
[ fused silica 89.00 | 89.00 | 89.00 | 89.00 | 75.00 | 98.00 [ 590 | BT
ipropyltrimethoxysilane 0.20 [0.20 |0.20 [020 [0.20 |0.2¢ |0 25 0.2
A wax 0.20 {0.20 |0.20 [020 [0.20 |26 )2m| 0200
lack 0.30 |0.30 (030 |0.30 |0.30 |02® Wan-|8#
W (cm) 185 |77 [124 [85 [160 |53 7 |1250/938 &
warpage (um) 58 |37 [42 |45 |85 |28 ° %6 5|84 &
e deformation rate (%) 03 [64 (15 556 |05 |154 kB399 ¢
1 |after treatment at 60°C/60% for [ 5110 | 0/10 |6A10 (0710 |10/10| SR P60y 8705
e |188hr COE° dang
after treatment at 85°C/60% for | 1010 | 0110 |10M0 |0/10 |10M0 | SR 5D 9idd
168hr :OOEEEbf
0<CZ=5°
R2oz2EN

0€ '0 0E0 0E'0 0E°0 0E°'0 OE 0 0E 0 A9
0Z 0 0C2°0 0C'0 Xem egneuJed 0Z 0 ®
0Cc'0 0’0 0c'0 0C'0 0C°'0 0C'0 ®

00 '68 00 '68 00 68 00 ‘€8 00 ‘68 00
GT'0Ndd GST'0 ST'0 ST '0 9160 ST 0 §
Z JauAk |jodoo 8 |1111uo |A10€ -8Ud Ipe1INg
T JauA |j0dod a|1111uU0 |A1o€-3UDd Ipe Ing



92

CLAIMS:

1. An epoxy resin composition for encapsulating a semiconductor chip
comprising
5 {A) a crystalline epoxy resin,

(B) a phencl resin represented by general formula (1}):

OH OH OH
CH, CH; CH CH J@ 1

o M
(R2), (R2), R2), R2),

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
10 same or different; a is integer of 0 to 4; b is integer of 0 toc 4;
¢ 1s integer of 0 to 3; and n is average and is number of 0 to 10,
{C-2) a carboxyl-terminated butadiene-acrylonitrile copolymer in the
amount of .05 wi% to 0.5 wt® both inclusive in the total epoxy resin
composition, and
15 (D) an inorganic filler in the amount of 80 wt% to 95 wt% both
inclusive in the total epoxy resin composition,
wherein the carboxyl-terminated butadiene-acrylonitrile

copolymer is represented by general formula (3):

HOOC —— (Bu), (ACN),~F— COOH (3)

2 andwhereinBurepresents abutadiene-derived structural unit;

ACN represents an acryleonitrile~derived structural unit; x is positive
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number of less than 1; y is positive number of less than 1; x + y =

1; and z is integer of 50 to 62.

2. The epoxy resin composition for encapsulating a semiconductor chip
as claimed in Claim 1,

wherein saidphenol resin {B) is represented by general formulia

SO0 )

(R1Ja {R2)b (R2}b (Ride (R2)b (R2)b {R13a

wherein Rl and R2 are independently hydrogen or alkyl having
1 to 4 carbon atoms and two or more Rls or two or mere R2Z2s 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.

3. The epoxy resin composition for encapsulating a semiconductor chip
as claimed in Claim 2, wherein said inorganic filler (D) is contained
in the amount of B85 wt% to 95 wt% both inclusive in the total epoxy

resin composition.

4. The epoxy resin composition for encapsulating a semiccenductor chip

as claimed in Claim 2, further comprising a curing accelerator (E).

5. A semiconductor device wherein a semiconductor chip is encapsulated
with the epoxy resin composition for encapsulating a semiconductor

chip as claimed in Claim 2, 3 or 4.
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6. The epoxy resin composition for encapsulating a semiconductor chip
as claimed in Claim 2, 3 or 4 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.

7. An area mounting type semiconductor device, wherein a semiconductor
chipisencapsulatedwith the areamounting type epoxy resin composition

for encapsulating a semiconductor chip as claimed in Claim 6.



