1 SPECI FI CATI ON EPOXY RESI N COVPCSI TI ON AND SEM CONDUCTOR DEVI CE 5
TECHNI CAL FI ELD [0001] This invention relates to an epoxy resin
conposition for encapsulating a sem contluctor 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 lead franme and substantially onl the nounted side is
encapsul ated with a resin. BACK cAﬁﬁéyﬁ%nYOOOZ] 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 mounting %p@xf%ﬁs&ﬁ”@&@&ézﬁ%ﬁ'&%%m%ﬁ%ﬁc%&%ﬁzéﬁem
t here has been newly devel oped an aréa nounting type sem conduct or
device, with which a sem conductor device with a conventiona
structure has been replaced. [0003] Such size reduction and thinning
in a ses camuetoar, dendioe has demanded nuch | ower viscosity and nuch
nore strength in an epoxy 25 resin conposition for encapsulating a
sem conduct@00thi p. In addition, because of environnental concerns,
an epoxy resin conposition for encapsulating a sem conductor chip
has been iru:reasi2§h93r%ﬂﬁﬁnﬁéént%ﬁ%?teﬁetﬁnmﬁeﬁHQ%EErﬁéémsQQﬂﬂPSQF%¢RnﬁOI
a flanme retardant such as brom pe-contaj ni ng conpounds, and anti nony
oxi de. Due e[né:apﬁglatlng a semiconductor chip and a semiconductor device.,” In
*) particular, this invention is suitably used in an area mounting type
10 semiconductor device where a semiconductor chip is mounted on one side
of a printed-wiring board or metal lead frame and substantially only

the mounted side is encapsulated with a resin.

BACKGROUND ART
15 {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 semiconducteor device has

e

been accelerated, there has been newly developed an area mounting type
20 semiconductor device, with which a semiconductor device with a

conventional structure has been replaced.

[0003]

Such size reduction and thinning in a semiconductor device

has demanded much lower viscosity and much more strength in an epoxy
25 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 | ower 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 conductor device. When applying the sol der, 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 ¢endoce ofladevreeiafdrer witbnott g filameongpaandsan witi @ conmon
device. In the light of such situation, it has been increasingly
required t@romipeovEhadniasi CoMRPUaHS AR rAGAENEtOFidseyi Bee ip The
i.nproving properties of an epoxy resjin conposition. For meeting the,
r equi r ementteCKHEP IS e ERFENE PR3] GFREGHS 6P FFG T hGOrERTH2 resin
viscosity and,filling.larger anmpynt of an inorganic filler. [.0Q05]
Tyotcal  examoPebost? SRRt iagors el B8t arsroatts d11en!
includesBGﬁo@gghl 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 nRYMdingran@d 4 hanqacervendiana! wifPneth& el the§esoint
packages such as QFN and SON were devel oped to sol ve the denmands of

hi gh pi n cahah @t cthgintsdpaeaill y Tisedezaevard snapgprdagh ytdeed fon foumting
an area nounting type senm conductor device represented by

convent i ond sERPcoSORtprddsviom. Whsn[ anwisjinBGAhanePlosR atke mounting
encapsul ated by nol ding an epoxy resin_conposition on gonly the side,
whet el t he SERPESAHIER BSt RP oS CRIRATI gt 1t 2 GPrEeRE Al RHARSE S YR RPUt

such as_a ?'Eor gﬁg’u t boarid C_Oﬂsi ts of BT resin i copper rfefiébi(l%t of a
bi smal &P mi et t 1 SANETFES | 1HHHAYs PP abt 9 4 GAET Hat Y
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 propertiss
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 arsa 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 SCNwith 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 limit 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 semnm conductor chip is nounted, 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 of a

substrate Sﬁ IR G-E S E%’ﬂ%léPSP Thifp C%%C%HP%EFi |C§n§ﬁﬁ%?)ﬁ§l Bf gpsin
with an ep ¥bre3| Qsi ti on ( of a,

a sol der RESH °Jr%aga lssmﬁ TR a&&?é%%%l)resi'ﬂ ?i«; %i?cﬁu%rate
d | t .
e fﬁ”uﬁ?&% SREEALLETRT o HDeREL1E %Eﬁﬂ.t%%“%%éﬂﬁg%ﬁa Gk Ry Sgabouit

bet ween t hgcgrgaiingi SHOSETAb81 Pimideredmt 2l 18 Vt)&;ﬂp%tr%.ﬁ'ldlé @@pgélg@-pted
epoxy-resin conposition, or curing shrinkage of the epoxy resin

conposig i oFugthengor®| dhngpwdasiiteg sidEust hERDOE, a vApagats Nord which a
sem conduct or device causes a joining point of solder balls to be

not | ocat egehbeoudmtar] ghirThermefurted, atlR0 ssédec madictofodesd do parallel
lifted froma circuit board during packagi ng these sem conductor

devi ces by {PhEWS glidsnsignat toPeamerrEeq toh Farguit |keadidngyt gpldering.
deteriorati ﬁ0%£ reliability of electric connection. [0008] On the
contrary, éﬁ SON has been produced with the same 25 design as

conventi onal OFP of; SCB el gpiaye heen JECOI Ly pdiONealy 1. I gCade

packages by nounting r-x o senlcon I’ ps on  ©One Side
of a myg al prhsihBt@d ketueXdPhBerd b 59 @a%@dgfo@ aConPefrd&Adndwhich a

frame, nickel-palladi umtgol d-plated | ead franme stacked with a
pol yi m de fsehion®neapschad i g richefed 14 Aita@paXytdR SiRhCcaPasidy @8sin
conposition {and a side of a substrate on which a solder ball is formed
is not encapsulated). Therefore, such a semiconductox 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

L

of solder balls to bhe not located horizeontally. Therefore, a
2  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-CQFN 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 €daaeean sfkeVAP2OFAC b HgARISONt 4 Lieaf gBranchafacbadonith a
package mol ding and only one side is encapsul ated. Therefore, such a
seni conductRoLYeByfe & i@ dseptc@Pﬁélﬁ\E%%GthhaF%I‘ipoxé{f F%?lrhﬂoﬁipﬂﬁltlon

d t f t th | | ka

bet veen | e orHRAUBEE St dRaME PRECE A ety EePIPIE Lo tTgr e

or_curing SELnkade.Rls L1C: ERAXY 158 AOMASILLAD HEad oDl dLDgere
conduct evl ce cause

curing. Warpage i'n a senl or a sem conduct’or

devi ce 5t 0 Reakifdrgri ofa arels6M) t(fReaELadile, m@@tpmntthmbllc%@@bﬂm)
to deterioration in reliability of electric connection. 20 [ 0010]

- For reduci n@owanpage in an area nounting type sem conductor deV|ce

in which substantially one side of an organic substrate or a netal
substrate i s encapsaliatide caschoRRGRPOLFLr Ebe steoapost of YAP-QEN of HAP-SON
important to approximate a thermal expansion coeffjcient of

25

substrate wi%f ARaP18F RCERPBIRTEPHRTTRESITE WopisosPLy Shohil Oéfga selgkEate
h k d d

Fo0td o ft g R peoc s LR kP Gy S RgUat B MG on Sy

t echni qge t&as&nacéﬂrﬂots'lft%ﬁt | Qs EROXY LSS Th 1 A U LA BIRE QP fhp-son

phenol Tesin
is larger than common package molding and only one side is encapsulated.

Therefore, such a semiconductor deviée 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 organic substrate or a
metal substrate is encapsulated with an epoxy resin composition, it
is important to approximate a thermal expansion coefficient of a

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

[0011]




are conbined to increase Tg of an epoxy resin conposition and the
content of an inorganic filler is adjusted to match at. Conbination
of a 5 multifunctional epoxy resin with & nultifunctional 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 abBopphiere Biem diansdhasiesan alesiagy conpested be technique
(mol ding) is rapidly, vaporized at elevated tenperature. A_stress ,
gener at ed &S‘FF MLl T 882 g oY JSS 1N A0k R OV R L iR tiemiad oresin
devi ce or %%%kjn iknd%nikngerfa@e getmeen thgnsurfacE%{ggugégﬁgggg%ent
sem conduct™or ¢chi'p FRPRE“ABT AT ~ S UbSTr At Y 15 ah § MRS tur@ epoxy

resin compagi Lj oMo, Terel 8t £1o] & J sanseed don[8HUAe acKREARS JNo? -
sem conduct or “devi C y i ncreasing e content. -of -an i norgani ¢

filler.slt muStneeead dnd1r 8HiGerds St (888 Piul edFIRGondY PhesePRicEi hinay,
of a nolding. Furthernore, inprovenent in heat resistance of a

nol di ng ancthowape oy etbcadhe g1 wirhiass tbetswen paobbems s2@hmas annfEll latdveids.
nmetal substrate are al so needed. [0013] There has been devel oped the
techni que fl@P1Ahi ntaining high fluidity of an epoxy resin

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

conventional OFP afers@®ldgring Hblcdndyctes MosoddahtoCcosRdne Hifhe as

been-.di scl gsed_us ng resin with low. nelt viscosity .(for exanple
sec. Pat ent BABFFERLTGIO%) VAR RURFACE EFEIHENT S0P eA T TROP e Fo1sture
fiiler i thssht %ﬁet(lgﬁug'Aéaac@g&@étéprsewe% %! g nﬁ)isttﬁgec%gozﬁtti%l by
ganic filler or exanple, see Paten ublrcation 3). y o :
these techni guesd CaibEeLsPR! YortR 10 oM AMDAUE NG AU 1ebidly vaporized at
elevated temperature. A stress 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 andgreduced 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 conteende aniomrgahlaifdller ¢foraxammbey s&l?atemlrmﬂ»aﬁ,ca’oion
for encapsul ating a sem conductor chip is reduced. Thus, there is
trade- of f r@&Dat i 3mskifpthessvdeshniquasdicay mfetarpndgorye rfsarious required
conposition f or encapsul ating a sem conductor 15 chip and cured

mat eri al pr@ﬁ@?@¥%§*%f a nolding. [0015] There have been still needs
for an epOXﬁHPf? n conposition for encapsulating a sem conductor

chip excell both fluidity and cured material properties in a
nol di ng,-. as well as SiAgahNesi1
conposit?on. [Pateh% %%%éﬁ% éﬁgﬁg%ggéé%ent € gggﬁgﬁhNgé tllex

2003- 109983 §<%I? NMonPRaHABNN2 Fod aRARES Ba £ N1 p!f@béifiﬂp Qﬂpﬁ@vement such
1995-130919 [P ent Docunent 3] Japanese Patent Lai d-open

1996- 20673 a225-dIdusel GRWBEg&ORndHELNYENELERE 4n 4 ﬁGHJ]ﬂgAfbﬂiﬂdeﬁidwm epoxy
this .invention for solving the problems in the prior art is to
provi de an epsiycrepésiidonfosiencapsilorit isgeagssuaningorehden condberoere,
ch|p excellent in both fluidity and cured nateri al
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,
fluidityof anepoxy 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 fluidity and

A
R

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

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

[Patent Document 3] Japanese Patent Laid-open No. 1996-20673

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 followings. 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-U. \ J 15 J wherein RL and R2 are independently hydrogen or alkyl
having 1 {804’karbon atons and two or nore Rls or two or nore R2s

are the sane or different; a |s integer of 0 to 4; b is nteger of

to 4, c is integet® GPIBE S ofa it R & e&&é?%g@raﬁalff%n%&r?ﬁe? P &n
10, 20 () ca.eolpol VIEr, containi o, butadi ene: dert ved sbrdetral ) avin
unitorlts%rlvalve r%ro(lfb) ah |pnogan|ccfnﬁ the At 1:flg

80 wt%to 35 M éobﬁhgtoi" r@i’ll‘bs 'e%@eifeﬁéﬂ'q_nt B&@ill ﬂ%&&ft{( ea?ﬁcp cured mater:.al .

conposi tion. [0019] -- -- ------------- R [2] The

epoxy resi ,Br@;[@»’éﬁ}lﬁ%st LM N dengaRsukali g a §&Mc%@dld%@rdevfiﬂbppﬁ&iuced
described In [1],

using the composition.

[0018]
According to present invention, there are provided the
N followings.
e
10 i1]
An epoxy resin composition for encapsulating a semiconductor
chip comprising
(A} a crystalline epoxy resin,
{B) a phencl resin lrepresented by general formula (1)«
OH - OH QO
OHongy @@ e, G,
o T @y, ®, O @, ®y, O
"} wherein Rl 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;
¢ is integer of 0 to 3; and n is average and is number of 0 to 10,
2 ' (C) a (co)peolymer containing butadiene-derived structural

unit or iis derivative, and
{D) an inorganic filler in the amount of 80 wt% to 95 wt% 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 (Rl)a
wherein RL and R2 are independently hydrpgen or alkyl having 1 to 4
carbon atonms and two or nore Rls or two or nore R2s are the same or
different; ais integer of O to 4, bis integer of 0 to 4; 10 c is
integer of 0 to 3; and n is average and is nunber of 0 to 10; said
(co)polynmer or its derivative (C) is an epoxidized polybutadiene
conpound (C1); antllaid inorganic filler (D) is contained in the
amount of 85 wW%to 95 wt% both inclusive in the total epoxy resin
conposition. 15 [Do2epofByesihecmnndyiredior dnapseitt bl ¢ §emiconductor
encapsul at i a_sem conduct or ﬁhip as described in [2], wherein the
nurber avnggg ol aPeQeiHtlof sai d epoxidi zed 20 pol ybut adi ene
conmpound (C-1) is f. i h e, p

resin conposition %g%eéﬁcségg%h%% hr]id: eg_ﬂ%;{% \égnrde[g%tg %%At%ﬁ%%gglg&ﬁ Febhla
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

éé}-@ (2)

(RDa RO ()b (Rlde " @R (RIp (RDDa

wherein Rl and R2 are independently hydrogen or alkfl having
1 to 4 carbon atoms and two or more Rls or two or more R2s are the
same or different; a is integer of 0 to 4; b is integer of 0 to 4;
10 c is integer of 0 to 3; and n is average and is number of 0 to 10:
sald {(co)polymer or its derivative (C) is an epoxidized
polybutadiene compound (C-1); and
said inorganic filler (D) is contained in the amount of 85
wt% to 95 wt% both inclusive in the total epoxy resin composition.

1% [0020]

Ny

- [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 ati ng 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 corideZbr chip is encapsulated. 15 [0024] [7] An area
nounting type sem conductor device, wherein a sem conductor chip is
encapsul ated with the area nmounting type epoxy resin conposition for

encapsul ating a sem conductor chip as descrilbed 20, in [6]. [Q025]

[B] The epoxy res@¢??ﬂiﬁﬁB§F?7?ﬁl4%ﬂlc§n%%ﬁﬁﬁﬂnaﬁiﬁfﬁ%F?ﬂ@%F%Bﬁngﬁb S
chip as desgcr.i Nl 25 wherein_sai d phenol. resin _(B) .i.S .
represepye%ﬁﬁégéégﬁﬁé% W%B?nu %183P§Y:r%%}n'ﬁgmgogl?%éaiﬁig %ﬁgﬁpﬁulﬁ§lﬁg |
(2) (713" 7 cbhackiR)dh oMb, (RtB2hba (2L (Bl Shenets [ and k2
are i ndependently hydrogen or al kyl having { to 4 carbon atons and
two or norgqoBpsjor two or nore R2s are the same or different; ais

integer of O to 4; bis integer of 0 to 4;
: [6] ,

Anarsamounting type epoxy resincomposition fér encapsulating
j 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]
(7]
An area mceunting type semiconductor device, wherein a
-, semiconductor chip is encapsulated with the area mounting type epoxy
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):



5cisinteger 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 copolymer (C 2),,0026] [9] 10 The epoxy
resin conposition for encapsulating a sem conductor chip as
described in [8] wherein said butadiene-acrylonitrile copolyner (C 2)
is a carboxyl-term nated butadiene-acrylonitrile copol yner
represented by general fornmula (3): HOOC -E- (Bu), (ACH)Y-9Z COOH
(3) 15 wherein Bu represents a butadi ene-derived structural unit;
ACN represents g acrylonltrlle gerived structurabs unit; x is

positive numbef nper of | ess t
@ [10] 11 T

1
X +y = 1; and kg D
@ efti dofiductor chip' a

epoxy resin conpodk | 97 elcdpstl F)
described in [$§]® Mhé?%ln(%éld 6 Tadlgﬁé a@??lon“??lle copol yner
(G2) is contained in the amount of 0.05 wt%to 0.5 wt % both

inclusive in the 5 total QX es 0028 1 The_ .
RERQYRS & Ifara]_Jf S eg%n% n{:i) h éﬁ%%%r% oLc#kglaIEaeV"l_ng

epoxy resin conposli }tjl on nf encapsu a sem
descri bed 'ln t[:>811 carbon atoms and two or more Ris or two or more R2s are the

same or different; a is integer of 0 to 4; b is integer of 0 to 4;
5 ¢ is integer of 0 te 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):

HOOG —F— (Bu), (ACN),—— CODH | (3)

15
wherein Bu represents a butadiene-derived structural unit;
ACN represents an acrylonitrile-derived structural unit; x is positive
number of less than 1; y is positive number of less than 1; x + y =
1; and z is integer of 50 to 80.
2 [0027]
[10]



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

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

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

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

descri bed i n any ofiee ebokBeton fo@posifion3ldr ¢riddpsulAntanga semiconductor
mount i ngt ypeepoxy resin conposition f or encapsulating a

senm conduct®fPchf plgRichersi® helepoxy resin conposition for 25

encapsul ating a sem conduct or, chi p. .as described in an ne of [8] t.0
[12] used for encaPRTf&t? F§i4nP%y eﬁﬁﬁﬁ??¥&f99}§égge Qéi¥@ﬁ€t&%"g) 1S
devi ce, LE LEon r i Bcl.S. 4 R -0 i f tk

12" subst SR ARAR SECEERERRDS oh Sy Bo e C RS & ER LR 2 p e IR ene
mounting the,sembconductar -Ghidsiksgncapsul 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 encapsulating a semi.conductor
{:) chip as described in [8]
0 - wherein said inorganic filler (D) is contained in‘the-amount
of 85 wt% to 95 wt% both inclusive in the total epoxy resin compositiocn.
[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
2 semiconductor chip as described in any one of [8] to [12].
[0031]
[14]
An areamounting type epoxy resincomposition 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 mounting 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 i s hydrogen or
al kyl having 1 to 4 carbon atons; and two or nore R2s is the sane or
di fferent, s20ssaittk phanalbdtesicial BY drd v €y esast et thy gansrakef muntiag
(5 HOH CHz oo CHz (5 (R)ati,),Il Ht t ()b ( h, 13
wher ei n Rl thrds&Riameluchdepemdentl gnbyondgerdor al kyl having 1 to 4
car bon atons; two or nore RRs or two or nore R2s are the sane or.
different; [0B3linteger of 0 to 3; b is integer of 0 to 4; nis
aver age and is p03|{|ve nunber of 1 to 5, 5 said (co) polyner or its
derivative (C) is | ybut adi ene having t he intranol ecul ar oxirane
structure (C3) wth the oxi I cont of 3 20to 96b h
{ By R By Rbal

moun mlCO Lce ereln
i ncl usive, and sai |norgan|c (Eﬁ cont ar ned i1t t HeSavunit

of 85 wt %s%ﬁlgéna‘&cé’cpo&ﬁ'lé '1%' éﬁda\ﬁ%uﬂgt&@%ﬂ:ﬂt@{e Qgggﬁohﬁ‘ﬁiﬁ'g Lype epoxy

conposi tion;
resin composition for encapsulating a semiconductor chip as described

in [14].
) [0033]
10 (18]
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{-GH——CH&Q—{Z :}—x 00— CH,—CH —
~o” % @ i mL\I‘t:\}J § (4)
RD,, RD,,

.
J
wherein X is group selected from single bond,-0-, -S- and
-C(R2)3-; 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 more R2s is the same or different,
0 said phenol resin (B) is represented by general formula (5):

O OH
! O3 ‘ 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~ (Ri)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 0 to
4; and n is average and is positive nunber of 1 to 5. [0034) [17]
20 The epoxy resin conposition for encapsul ating a sem conduct or
chip as described whefchie] R1 sherred arsaimdicpehybut BdheaeodtaybAGdye having
i ntranol ecul ar oxirane structure (C-3) has a viscosity,of 20 Pa-s to
700 Pas botlhtenklcaghbue ataus25tw@ okArofHE3IS] of 18k ofhermepBRy aresthe same
conposi tion for encapsulating a sem conductor chip as described in
[16], furt R&r debhprardiing &s chfieagraeEd dcaBorb B (EpegppnoBB0 29}/ rAls
sem conductor devi 8 WISLel D &S SThEQNBE LB 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

said inorganic filler (D) is contained in the amount of 85

j wt% to 95 wt% both inclusive in the total epoxy resin composition;
10 and

further comprising an epoxy resin {F) represented by genaral

formula {(6):

OCH,CHCH, OCH,CHCH,
O

N/ '
O
CH cH —= (B
m@—ﬂ oo JE O
R2), R2),

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]
2 The epoxy resin composition for encapsulating a semiconductor
chip as described in [16], |
wherein said 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 thgpgybpptrate and substantially only the side of the

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

sem conductor chip is encapsulated with the area nounting type epoxy
resin conposition Tior epacapssiratomep s tsenfoarsyepesnlehingy ascdbserduragr
25 in [20]. [0039] [22] 15 The epoxy resin conposition for

encapsul at ichgraasalfsconbiedtior [16h pfudhgasermpading p1FUriiie PEFRLYH @T
crystalline _epoxy resin (A) is represented by general formula (4):

Q cHdA32F-XFf (1) OCL-Q AL (4 5 wherein Xis group

sel ected frgﬁbglngle bond, -0-, -S and -C(R2)2-; Rl is alkyl having
1to 6 carb ons; two or nore Ris are .

(19]
A semiconductor device wherein a semiconductor chip is
z:) encapsulated with the epoxy resin composition for encapsulating a
10 s.emiconductor 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
semiconductor chip is encapsulated with the area mounting typs epoxy
resin composition for encapsulating a semiconductor chip as described

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



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
different, 10 said phenol resin (B) is ygpresented by general formila
(5): CH OH (5 ~{- H(R), (R2)b wherein Rl 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 O0to 3; bis integer of 0 to 4;, nis 15 average and is positive
number of 1 to 5, BEWes®iydrd<io) @alpoMLioh fot-erdapbyBditMer 4 Emi Sorlictox
epoxi di zed pol ybut adi ene conpound (C 1), said inorganic filler (D)

i s contai nedipreg esgrdloed iof (80, wt%to 94 wt % both inclusive in the
total epoxy resin conposition; 20 further conprising an epoxy resin
(F) represented byhfgénafald srygtallBle epexy QRL2GHGM GCHzRHESENted BY
CH2~ CH2 0 O H (6) te)a ~. (R), n (P-2)b (R2)b wherein RL and R2
are indepeﬁﬁ%ﬁ??%:%&%WBéeH“dr al kyl having 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 intege

of 0t ;. and 5 n is average and
is positive nygber of | 5 %@er hs_yg'ghy atio [(F)/(A)]
of said epoxy T-gsin (F) *to d/cryst e ep g@ F%%Tﬂ#@A) (gl
represented by géferal fornmu 0
®RD,, ®RY,,
5
{i} wherein X is group selected from single bond, -0-, -5- and
-C{R2)2—; 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 more R2s is the same or different,
10 said phenol resin (B} is represented by general formula (5):

OH OH
CH, CH

(R@Da E DS @(Rj .
R2), R2),

o wherein R1 and R2 are independently hydrogen or alkyl having
. 1 to 4 carbon atoms; two or more Rls or two or more R2s are the same
or different; a is integer of 0 to 3; b is integer of 0 to 4; n is
18 average and is positive number of 1 to 5, and
said (co)polymer or its derivative (C}) is an epoxidized
polybutadiene compound {(C-1),
sald 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 (6):



(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 i nposi tion
for encapsulating a oCﬁﬂ%%Q%ﬁ tor chip as descriﬂagﬁggggn one of
[22] to [24]. 17 [O An area nounting t efdxy fesin
conposition for enca e g onguctorts ' i$ Ehe (6)
epoxy resin conposj )& a sem €o ctorjchip as
described in any one’of [22] to A used f yencapsu ating®an area
nounting type sem conductor device,”wherein a“sem conductor chip is
nmounted on one side of the i substrate and substantially onI& &q$ ,
side of the substr¥Rersiouit iFg R4 §renoseRPeEehdlic ¥R HfiTpOF £kl having

encapsulatqq

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
5 n is average and is positive number of 1 to 5; and
'ﬁﬁ 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 90/10 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}

e

[24]

The epoxy resin composition for encapsulating a semiconductor
chip és described in [22], further comprising a curing accelerator
{E).

20 (0042}

[25]

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

semiconductor chip as described in any one of [22] to [24].



[0044] [27] An area nounting type senm conductor device, wherein a
sem conductor chip is encapsulated with the area nounting type epoxy
15 resin conposition for encapsul ating gagsem 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);, CHCHCUQ{ (»),}-X~Q@cCr-dlIi (4 \4 ~J It /]I ~Om~mwherein
X is group [96kBdcted fromsingle bond, -0-, -S and 18 -C(R2)2-; R
is alkyl having 1 to 6 carbon atonms; two or nore Rls are the sane or
different; mis intégler 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 reS| n (B) |%nﬁé%%%‘é?ﬁlé’@tweﬁé’ﬁéb’éFﬁ%FﬁW%l(t&Pn fopanerpsEi-ing

(5) Q4 gﬁ p~ % bvvherelan and R2 are
| ndependenta1 >§ §7<a?rbdé%:?;r g c]%_%w lﬁ&vf-%‘. e epPOXy resin compomt:.on 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
5_) 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 encapsulated with the area mounting type epoxy
15 resin composition for encapsulating a semiconductor chip as described
in [26].
[0045]
M} [28]
The epoxy resin composition for encapsulating a semiconductor
20 chip as described in (11,
wherein said crystalline epoxy resin (A} is represented by

general formula (4):

CHn_'CH"—‘CHnD — ——
v @ @ meReen ()

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 O to 3; bis integer of 0 to 4; nis
average and is positive number of 1 to 3, and 10 said (co)pol ymer or
its derivative (C) is a butadiene-acrylonitrile copolymer (C2); and
further conprising an epoxy resin (F) represented by general fornula
(6): OCH, CHCH2 OCH2CCHCH, ~-y OOCHR2 OCHZ 0O OHt "4 ~-)a ('1)a n
15 wherein RL and R2 are independently hydrogen or alkyl having 1 to
4 carbon at-@®z)-WOROIidMIL Ry RhSvehgt W00 JaBHEN RR®ma ecdd18r SR RO§ are
different; a is integer of 0O to 3, bis integer of 0 to 4, and n 1is
aver age andhessaes okidie fauaber mof s inttegér f0046)] 4; 22 {29¥dThgerpoxalkyl
resin conposition for encapsul ating a sem conductor 19 chip as

descri bed ihavipg]l whérasithos aitgmbueaditeirccmneyd BAS tisitine tojsoby deEferent,
(G2) is a carboxyl-term nated butadiene-acrylonitrile coRoI yIer,
represented by geR@t@aPheBPmMicEip3iB) HooePrpsemigd oy (gReRral famee ()
5 wherein Bu represents a butadi ene-derived structural unit; ACN
represents an acryPBnitrile-derived structurdHunit; xis positive

nunber of less than 1;|y is positive nunber than 1; x +y =
BOSC S SR
(RI}, ®R1),” n
5 R2), R2),

»

wherein R1 and R2 are independently hydrogen or alkyl having
1 to 4 carbon atoms; two or more Rls or two or more R2s are the same
or different; a is integer of 0 to 3; b is integer of 0 to 4; n is
average and is positive number of 1 to 5, and
10 said (co)polymer or its derivative (C) is a
butadiene-acrylonitrile copolymer {C-2); and
further comprising an epoxy resin (F) represented by general

formula (6):

OC]Z—]ZQ(XZ\I:J;CH2 OCHZQEI;}CHQ
e O O
* )
RD), ®R1), n
R2), (R2),
15 wherein Rl and R2 are independently hydrogen or alkyl having

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

20 [(29]

The epoxy resin composition for encapsulating a semiconductor



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-acrylonitrilse copolymer (C2) is 15
contained in the anount of 0.05 wt%to 0.5 wt% 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 aldnipeaep@meeribadnif A)zsiepresented by general fornula (4)

is 10/90 to 90/10 both inclusive. [0049] 20 [32] The epoxy resin
conposition for eneapsiinatang autswiticcendoctlomitchle agpddeseri bed)i ns a
[28], further conprising a curing accel erator E). 5[0050] [33] A
sem conduct@irbesyl demrapbed bat aekansorgurl orltetily qopolenen peprersmged by
with the epoxy resin conposition for encapsulating a '.~
seniconducﬁ@PeEﬁ%h&§§“&§sé§]bed in any one of [28] to [32]. 10

[ 0051] [ 34]

HOOC —F— (Bu), (ACN),—}— COOH (3)
5
{j) wherein Bu represents a butadiene-derived structural unit:;
ACN represents an acrylonitrile-derived structural unit; x is positive
number of less than 1; y is positive number of less than 1; x + y =
1; and z is integer of 50 to B80.
10 [0047]

[30]
The epoxy resin composition for encapsulating a semiconductor
chip as described in [28],
wherein said butadiene-acrylonitrile copolymer (C-2) is
_,) 1% contained in the amount of 0.05 wt% to 0.5 wt% both inclusive in the
total epoxy resin composition.
[0048]
[31]
. The epoxy resin composition for encapsulating a semiconductor
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 ati ng a sem conductor chip as dﬁécribed in any one of [28] 15
to [32] used for encapsul ating 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
the sem conductor chip is encapsulated. 20 [0052] [35] An area
nount i ng type senifggpuctor device, wherein a sem conductor chip is
encapsul ated with the area nounting type epoxy resin conposition for
encapsul ating a seph& epeue 0811¢ Bl td88 Wort@ttapdd1ktild4lsenl 80&B]Ictor
An epoxy resin conposition for encapsul ating a sem conductor 21 chip
accordi ng tohiphes piessetbed nteri2BOn farthall owmbisimigghecufig angelemter
of an inorganic filler and higher fluidity in conparison with the
prior art. (Ehe epoxy resin conposition for encapsulating a
sem conduct or_chip according to the present invention can, therefore,
5 exhi bft ¢888%ured naterial properties such as warpage reduction in
a nolding and a regggﬁd stress and good filling properties. Thus, it
is particularly su |l e for an area nounting type epoxy resin
conposition for en | at | l.can r, ¢ghi o
e R R R VS s NS

sem conductor device Wt e conposition.
QuUT THE |N¥5H§b§ﬁﬂated with the epoxy resin composition for encapsulating a
Q:) 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

substrate and substantially only the side of the substrate mounting

! N
%, .
R

the semiconductor chip is encapsulated.
2 [0052]

£35]

An area mounting type semiconductor device, wherein a
semiconductor chip is encapsulated with the area mounting type epoxy
resin composition for encapsulating a 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 crystallingqjepoxy resin, (B) a

phenol .resin represented by general forrmula (1): OHOHOH 4 ciil O
UcCHk." CHk O Q@ 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 sane or

di fferent; caipsadaureigay wf tRetpredend idrsrenfit.egeraroflDov dod higheirsfilling
integer of 0 to 3; and n is average and is nunber of 0 to 10, (C a
(co) pol ynerratenefiani Agobgenaii didlderdnvedighenctinialitp2in weimpagisin grith
derivative, and (D) an |norgan|c filler. The inorganic filler & IS
cont ai ned itHet REL@houHt oF SRR LESLOTAIPYShBIN 591 BEFRRSYRtiRE 2
total epoxy resin, conpositi 0055 An epoxy .resin co sifion

for encapsUFRfFAYESENT S’b’%aﬁ%‘?%jrl ICH pPRETPRG™S dBREL- NG ‘IFF%ﬁe%%‘?
satisfyg bO%@hESﬂ? 4%??%&&%&89?&} 'p%p?Dgl%é‘%EgR'ase%ﬁB?ﬁééﬁé’%e%ctlon in

hi gher conten organi c reduc

el asticity Dyopdthngrihe LR )éHPésé‘%‘Hd”@o@d 18 0yhgdb &hjendekkYedrhys,

structural unit or its derivative (C) . Thus, the epoxy resin
conposi tiontf @5 sasERSIbALY NG A 2R ﬁ@ﬁomﬁa%acllnwmm@ Bibs epony @¥ein
fluidity, reduced warpage in a cured material and sol dering
composition for encapsulating a semiconductor chip and a semiconductor
5:) device with the composition.

10

BEST MODE FOR CARRYING OUT THE INVENTION

[0054]
An 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}:

@1[ H (1)
R2), R2), R2), R2),

2 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 1s 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 conduct or
device. There can be, therefore, nore reliable sem conductor device.
15 [0056] There will be detailed an epo§é 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 ngirepr esanbediyganeral formula (7), stilbene type epoxy
resins represented by general formula (8) and epoxy resins
represented by genemjalanf oneudani4)i126-][ 0058] 23 R3 R6 R7 R1I0 R4 RS
R8 RO wherein R3 to RLO are hydrogen or al kyl having up to 4 carbon
atons and are the Bmmenorgaliifd éikblex (PDG59¢oREL rRE4iRt e RRQUAL QL300 p2 %
0 Nz R15 R16 H2 0 (8) 5 R12 R13 R18 R19 wherein Rl1 to R20 are

hydr ogen ortCaPRy¥th&pthglupluss- V8 dar boh toARdnBPERY ZHeaNt RETROFH 167 -
differegﬂ. [L]%gg?] CH?-CHClrn O x 0C14 -CH CHZ

An epoxy resin composition for encapsulating a semiconductor
chiphavingsuchacompositioncansatisfybothrequirementsof reducticon

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

9

and reduction in elasticity by adding the (co)polymer having a
10 butadiene-derived structural unit or its derivative (C). Thus, the
epoxy resin composition forencapsulatinga semiconductor chipexhibits
improved fluidity, reduced warpage in a cured material and soldering
resistance, which are required to an area mounting type semiconductor
device. There canbe, therefore, more reliable semiconductor device.
15 [0056] |
There will be detailed an epoxy resin comp‘osition for
encapsulating a semiconductor chip according to the present invention.
[0057] |

Crystalline epoxy resin (A)

2 Examples of acrystalline epoxy resin {(A) usedinthis invention
include glycidyl ether of hydroquinone, bisphenol~-F type epoxy resins,
biphenyl type epoxy resins represented by general formula (7), stilbene
Lype epoxy resins represented by general formula (8) and epoxy resins
represented by general formula (4).

25 [0058]



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 O to
4; R2 is hydrogen or alkyl having 1 to 4 carbon atons and two or
nore R2s are the sane 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 (RI),- n(R)s wherein RL and R2 are independently
hydrogen or al kyl having R3 toR#R&arbBW atonms, and two or nmore Ri's or
two or nore R2s areythe s erent; @ is integer of 0 to 4; b
is integer of 0 HO—8: (50— teger pH06-0-eC3fH,n i s average aagrgs
nunber of 0 to 10.0 [éb62] = VAQS< haJEngoa but adi ene- deri Ved
structural unit or its defivarsre (Cry A (co)polymer having a

but adi ene-derived structural unit or 10 its derivative (C) used in
this invention (hergi t S L J Y. r .

"(co) pol ymer or itéﬁ%gg%bg Fﬁéggg%k |éﬁgg?%éybéf%ﬁ%%ggéégfggma4 carbon

derivative z6Ghs Wi Gl $hEr&p e i em-hyiadi ene as a nononer.
[ 0063] '

[0059]
R R14 R17 R20
) | Y H
o i S O S
o R15 RIS 2 0
5 R12 R13 R18 R19
wherein R11 to R20 are hydrogen or alkyl having up to 4 carbon
atoms and are the same or different.
[0060]
CH;— CH— CH, 0 @—X 0 — CH, —CH —CH,
N ) <:Z o/ (4)
®1,, RD,,
)

10 wherein ¥ is group selected from single bond, -O-, —-5- and
~C(R2)2=; RL is alkyl having 1 to 6 carbon atoms and two or more Ris
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.

15 [0061]

Phenol resin (B}

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

general formula (1):



The (co)polynmer or its derivative (C) may be an epoxidized 15
pol ybut adi ene conpound (C-1), a butadiene-acrylonitrile copol yner

(G 2) or a pol ybutadi ene havi ng an oxiriqg structure (G 3). These
conmpounds wi |l be described later. [0064]" Inorganic filler (D) 20 An
inorganic filler (D) used in this invention my 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, crystalline silica, secondary 25 aggregated silica, alum na,
titani um whi t al um num hydr oxi de, | ¢ clay and gl ass fi Hr

which may b al one or in conbj [ of two or nore. ed
silicais p i for%1)
of mlled pgk Yphgr-65. More ]zherab eri cal ﬁkhjca
may be used for i ncEeysi ng it grep 3‘n@umnizing ®Rngrease ™n

melt viscosity of an epoxy resin conposition. In order to increase
the content of spherical silica, it is desirable to adjust siz )
di stribution of th8MSHHET REANSRY ios tishenrenkty @@9§°W%8F.alﬁygdmmg
10 Furthernpre, ,an inorganic filler may be, if necessar

surface- L At Wt AbUB1 AG agents BRESFONy OF ol 1 M3 pBRoR=e The
resin. - SUTdREE okl ot bl oY 1P s6aduet et DXoARPIOR 3hEPIOCESS to 4;
such as renpving a solvenf after blénding themin the so?vent and
directly agddisngntbgeaddi bi ¥es31 & AR hiSFrgANIedl ikl Qide® gEVe ® 10.

nixpg;e 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
- 15 polybutadiene compound (C-1), a butadiene-acrylonitrile copoliymer
(C-2) or a polybutadiene having an oxirane structure (C-3). These
compounds will be described later.
[0064]

Inorganic filler (D)

20 An inorganic 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 sil ane coupllng agent (G . [0068] Curing
accelerator (E) A curing accelerator (E) may be selected from

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

i ncl udi ng diggzebi eyt onl deg neBurdinG , tiidlahide by 8é] wesSmst@hhddroxide, talc,
1, 8- di azabi cycl o( 5, 4, 0) undecene-7; 26 organophosphi nes and their

deri vati veslsyctindsilassphsrad phdd phi mey dedused milcdiephenin gloobphabieyn of
and tetra-substitutedphosphoni untetra-substitutedborates such as

t et r apheny GyRo¥pASR? umAieerapcep bopareicwlarly preferable. Fused silica

t et r aphenyl phosphonj unt et r abenzoi c  aci d, borate
tetr aphenyF“ﬁH&%%H&nFWBFWa‘?%BH?%‘? é’aﬁEFE‘il@o%Pét heres. More preferably,

t et raph, nyI Lu tetranaphth | oxyhor at.e,
Lot 1 aphiny FBRBEBRoNFUhT 61 PAABORLIS B35 BhF AT DT T i zing

al one or 'Qn%?@éé‘%.‘bﬁlé‘l@fvfs%s% rﬂ%’ﬁne%;%x[gggégi %%ngbés{@fdrﬂ () &l‘h

epoxy resin (F) may be an epoxy résin T nted: eneral = fornula

( 2)2 m‘éﬁoﬂ%@alse%&n@r@ d2CpRer{Fd Q Q& (6} is(dIixabkd)dd adjust
(Fe)n (R) SLZe distribution of the spherical silica to be relatively wider.
) [0066]
10 Furthermore, an inorganic filler may be, if 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 sclwvent after blending them in the solvent and directly
adding the additives to an inorganic fillex to give a mixture which
1B is then treated using a mixer.
[0067]
An epoxy resin composition for encapsulating a semiconductor
:ﬁ) chip according to this inventionmay contain, in addition to components
{A) to (D) described above, a curing accelerator (E), an epoxy resin
20 {F) and a silane coupling agent ({G).
(0068]

Curing accelerator (E)

A curing accelerator (E) may be selected from, without any
particular restrictions, those capable of accelerating reaction of
25 an epoxy group with a phenclic hydroxyl 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 sane
or different; ais integer of 0 to 3; b2Q§ integer of 0 to 4; and n
is average and is positive nunber of 1 to 5. [0070] 20 Sil ane
coupling agent (G A silane coupling agent (G nay be a conpound
represented by general formula (9): 27 R3 - NH R4- Si (ORa’)

|, R63_n (9) wherein R3 is an organic group having 1 to 12 carbon
atons; R9, R5 andoRGaddByHIeEearhen thavi ngerivheitds cardponsat ons; R3
to R6 are the sane or different; and nis integer of 1 to 3. 5
[0071] O herriphappheidsphl Ne n@oe s&ahy) dashapieyiospisine ;canposi ti on of
this invention may appropriately contain, in addition to conponents
(A) to (G descri bedtratzmbetiamyedphosphoausmadtira+messticntéddorgreksimch
nat ural wax such as carnauba wax; a synthetic wax such as

pol yet hyl erfé kgkraphariydimapsphenirgitaphenysbonsttal salts such as
stearic_acid and zinc stearate; a nold release such as paraffin; 15
a col or P ng EGEAPREREIPROSPREP BN LB EAHEERACT I DIRERT®a 1 ame

t ar dant h br.omi d. ' .ant i, i oxi de,
ol urt num hydEaZPRE BLP U Ry B BB 121 B0l APE2 51 ne

ol ybdenumxi-dgheRNGsHRIAREEALLARNE RRAS PRI QNS xGBBPA I Singan | nor gani ¢
n

i on exchanger such as bi snuth oxi de hydrate; and
tetraphenylphosphoniumtetranaphthyloxyborate. These may ba used

D alone or in combination of two or more.

10 [0069]

Epoxy resin (F)

An epoxy resin (F)} may be an epoxy resin represented by general

formula (6):

OCHQ(EE}CH2 OCHQ(E];CHZ

o} 0
O (™ * ©
(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 O to 3; b is integer of 0 to 4;
and n is average and is positive number of 1 to 5.

[0Q70]

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-(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 xt ure.
[0073] 5 For manufacturing a sem conductor device by encapsul ating
an electronic part such as a sem conductor chip using an epoxy resin
conmposi tion of this invention, curing nolding may be conducted by a
conventional noldin rocess such @@R@éansfer nol di ng, conpress
mol di ng and i njecti “OFh #R8esni nvol ved in 10

manuf acturi ng a seniconductor deV|ce may be sel ected from wel |l -known
met hods. In particular, an epoxy resin conposition of this invention
is nost suitable for an area nounting type sem conductor device.

Preferred enbodlnenhs of kgls |nvent|éy% <&u>%%V9§§ rlpjeg2 ngggg4gtgmg

Enbodi ment 1: An epoxy Testn conpo encapsu

sem conductar g&hidy @k 5&%)%%@89&90&9%%@81 thes f&ér%%ngt&grpggem R6

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

represent edrbyrgenef@d ok0BNEfS-dn), andh (iG Lhtageepaxildi.gesl.

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

W% to ®5 Vit bdbth inclusive in the total epoxy resin conposition,

and _
{ Other components

in necessary,-an epoxy resin composition of this invention
mayappropriatelycontain, inadditiontocomponents (B) to (G) described
above, any of various additives, including

10 a natural wax such as carnauba wax;

a synthetic wax such as polyethylene wax;

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

a mold release such as paraffin;

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

L /" .

a flame retardant such as brominated epoxy resins, antimony
trioxide, aluminum hydroxide, magnesium hydroxide, zinc borate, zinc
molybdenum oxide, phosphazene and phosphorous compounds;
an inorganic ion exchanger such.asibismuth.oxidezhydrate; and
0 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 anount of 0.05 Mt%to 5 W% both inclusive in
the total epoxy resin conposition. [0043] 29 HHOH (((( HHT

(R17a (R2J6 (P2)b (R~)c (R2)b (R2)b (Rl)a wherein RL and R2 are

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

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

integer of 0 to 4; bis integer of 0 to 4;, 5 c is integer of 0 to 3;
and n is avefiage rfanexbfp e DRl xef thda@idf the hORHA)e BitGhean ifPDY ¥neading
resin conposition for encapsulating a sem conductor chip can neet

bot h r eductnszmsi autinersmal reXEansidh, By knhadgre endomt enttroflet heind cooling
inorganic filler (D) and reduction in elasticity 10 by addi ng the
epoxi di zedpbltysot adlldme EbapBLMdEC- 1) . The epoxy resin

conposition for encapsul ating a sem conductor chip is highly fluent

and t hus ha@“rﬁ%roved filling properties. Furthernore, the epoxy

resin onpositionE%gQggpggggﬁ%ﬁ%%ggﬁgﬁéggéﬁéggﬁjéé%ﬁé%?i%n8§QﬁB%§Ekg%ul

a nol ding exhibiti X operties's

reduced war b1 810k OB 09 4 S8l LaRGGeoEENEOTRASIS PANGAY BRoin

t her ef ore, significantly effective to give a

sem conduct ARV ELEEn oAEhUESGIvPREoRP AR i nk o RRGYYMAE PeNconducted by a
conposition for encapsulating a sem conductor chip of this

enbodi nent eanwcheisnal akllyingedrdayssanuat es trausfemngolypey, 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. Inparticular, 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 Enbodi nent 1. [0077)
Crystalline epoxy resin (A) Exanples of a crystalline epoxy resin (A
used in Enbodinment 1linclude glycidyl ether of

hydr oqui none, bi sphenol -F type epoxy resins, 30 biphenyl type epoxy
resins represented by general formula (7) and stilbene type epoxy
resins represented by general formula (8). [0078] R3 R6 R7 R10 HzZC O
H2ZO /- OH2 CCH2 (7) R4 R5 RB RO 5 wherein R3 to R10 are hydrogen
or alkyl having up to 4 carbon atons and are the sane or different.
[0079] R11 R14 R17 R20 | Hzcwml% HO~~- OHCyCHZ (8) 2 R"J O

2 0 R12 R13 R18 o- or al kyl
[0080]
epoxy resins i |t exhi bi

up to 4 carbon —3

P & 5
good handl i ng ﬁ?%perﬂ?@s 4TS h§§°lomﬁﬁﬁlt(9ﬁsco§?%y duri ng nDIdlng
A lower nelt viscosity can inprove fluidity of the epoxy 15 resin

t f | t i d
i1 Ting he i nor gaNRBCFIT Faril A ehfct CORCRTF oY THA-CPRLET SHENSPar i
resistance £ap Qe lpsovednant didlbesenesd R1s06k il 82t mbfe 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 amolding
exhibiting excellent curedmaterial properties such as reduced warpage

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

2 There will be specifically described Embodiment 1.

(0077]

Crystalline epoxy resin (A)

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

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



| i near expansi on can be reduced, resulting in inproved properties as
a nol ding. 20 [00811 Preferabl e exanples of the bi phenyl type epoxy
resin 31 represented by general fornul§0(7) i ncl ude

4,4' -di gl yci dyl bi phenyl

3,3 ,5,5 -tetranethyl -4, 4" -di gl yci dyl bi phenyl and a fused m xture of

t hese conmpounds, which are well-bal anced in workability and
practicability. 5 [0082] Preferable exanples of the stilbene type
epoxy resi S&YEL gensnal Syl € formula (7) and
St ert - but pl Ao orss S0P LR pLRL Rty e "

4, 4" - di gl yeitdybese Xy, époiﬁtf@mfshyéﬁﬁéédﬂﬁﬁﬁ B dyehfrids edormxtaur{e) of
10 t hese conpounds, which are well-bal anced in workability and
practi cabi I[ioby81[ 0083] Such a crystalline epoxy resin (A may be used
in conmbination wth another epoxy resin. 15 Wien using themin

conmbi nation, the content g% th yst idine epoxy resin (A) is
preferably at |least 10 wt ably 30 wt% or nore, further
epoxyHresin. The crystalline
epoxy resin (A ' veFange, J to inpr@
fluidity of an epoﬁy reS|n ; for2enBapsul ating 20 a

sem conduct or chi p. [0084F4ExaﬁbR%s ofR%an epoxy resin which can be
conbi ned i ncl ude, but

5 wherein R3 to R10 are hydrogen ox alkyl having up to 4 carbon
') atoms and are the same or different.
[0079]
Q O e (8)
R15 R18
R18

wherein R11 to R20 are hydrogen or alkyl having up to 4 carbon
10 atoms and are the same or different.
[o080]

These epoxry 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 filling the inorganic filler at highexr concentration. Thus,
moisture resistance can be improved and differencé 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
conbination of two or nore. It is desirable that an epoxy resin

conbi ned hasptbsensdd YyasedawiaformNest Pl enbohd@vigiadiaggrietier/ipigidron,
in the advantageous property of the crystalline epoxy resin, that

is, lower mel3,s|Stadtrpmdunygt, 45 -gogtyaigly 1pOfB&Ely]l Bherdiusedstixt(By of
A phenol resin (B) used in this enbodi nent may be a phenol resin

r epr esent ed-higpegesmpaindser winl ch (32p. webl Tl apivedoln resgikabi épr e sant ed

by general fornmula (2) has a hydrophobic and rigid bi phenyl ene

noi ety bet WEEFTHREMDIIYY -hydroxyl groups. Thus, the phenol resin (B)
havi ng 2 biﬁﬁﬁﬁ | ene noiety can be used to reduce warpage in a cured
product ™ ( nol-di é) of an epoxy resin conposition for encapsulating a

serm conduct or ot Py EMLIASEBLGuodks Le D! dingaliascliducedy. rooin

noi st ure-absorption ra as r elasticit

t enper at ur e-dp2R9EnOME Lyl GeABFa BXY RIS gPPd Rdlgsi veness to a
sem conductor chip, an organic substrate and a netal substrate. It

al so has f epttgresbhhal-4, % "glitighily-2f Bapet+adinst Apce: iamegnexhi bit s
hi gher heat resistance in spite of its |ow crosslinking density. 20
[0086] |n thd'Hdgbtyeidydudi aY, propeetirasstintistpheendt andsi fused mixture of
represented by general formula (2) is_preferably a phenol resin
repr esdht ed:kwe compounds, which are well-balanced 1n workabliity 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 crystialline epoxy resin (A) can be added within the above range,
to improve fluidity of an epoxy resin composition for encapsulating

20 a semiconductor chip.

[0084]

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

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

alkyl-modified triphenolmethane type epoxy resins, epoxy resins

containing triazine-cere and dicyclopentadisne-modified phenol type



general formula (10). [0087] 33 OHOHADHy2\ | 1V} H2j{bl54

, H\ wherein n is average and is nunber of 0 to 10. In general
fornulas (2) and (10), when nis wthin_the above range, fluidity of
a resin conposition during nolding can B improved, 5 resulting in
increase in content of an inorganic filler, which can contribute to
| owering hygroscopicity and reduction in warpage. [0088] The phenol
resin represented by general fornula (2) used in Enbodinent 1 can be

used in co @Bb{!gtr'e% Bn b n?l@? Q:taﬂ 01[15 %&%Bf&%:%%’i OH%@&N(S Remd:8 .

conbi nati on con eno resin represent ed

general forgul & ded) rhS1 Pk %E%raﬂb'e}éoﬁ ﬂe%a%tc&@ol\ﬁe%ha@wsc@gﬂﬁraabmw as
30 % or nore, further preferab O ww%or nore in the total

phenol resigdssThes rzlaen@\boarcasligndét@rl@aatb@n addede idviannatbeuspaveerty of
range to provide an epoxy resin conposition exhibiting low elasticity
15 at hi gh thenpeysitailénandpd:gw repgnosdegi dist y}.oeer rfelict Méscemidy during
adhesi veness and flame 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,

tri phenol meP ﬁﬁé resins, terpene-nDdified phenol resins,

dlcyclopen&%Q|eTe &Qﬁmf phenol resins and phenol aral kyl resins
havi ng a pheﬁyﬁeﬁe—ﬁﬁregy. These can be used alone or in conbination
of two or nore. Fog ﬁfﬂé}pﬁr rE8TH e{@t) used in this embodiment may be a phencl

e

D resin represented by general formula (2).

i0 The phenol resin represented by general formula (2) has a
hydrophobic and rigid biphenylene moiety between phenolic hydroxyl
groups. Thus, the phenol resin (B} having a biphenylene moiety can
be used to reduce warpage in a cured product (molding) of an epoxy
resincomposition forencapsulatingasemiconductorchip. Furthermore,

15 the molding has reduced moisture-absorption rate, has lower elasticity
rodulus inhigh 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)

Inthe light of curing properties, the phenol resinrepresented

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 equivalence ratio of the nunber of epoxy
groups in the total epoxy resin to thesgunber 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 encapsulating a sem conduct or
chip which provides a nolding exhibiting good noisture resistance
and curing properties, can be 10 obtained. [0091} Epoxrdrzed

pol ybut adi ene gonpound (C-1) An epoxrdrzed pol y bitadrene conp
G> iV D 1]
O

(C-1) used mu@ ,‘- n a co Z
represent ed byxgt !11 Cl iz (O

NCH CH~k( CHz CH)~CILI a1 CH C/H~rrCCH CI I~~Hoo{11) wherern

k, 1, mand n are integer of 1 to 50; R21 has structure represented
by Cpkn p is integer qof to 10; and i er to 21. A
content of the epog?dnzednpéfy%ﬁ?Eéteﬁgdc%%po - |s preferably
0.05 wt%to 5 w % ?thfén'e?_g %r\ﬁ%liﬁga@t}' QHéi a(r10¥ pw}‘r:gneﬁab% ¥rlt91.r]- t‘f\ﬁe /ﬁﬁcﬂre

2 W-6 both inclusive int total epoxy resin conposition.

content W tfiingel FRuABVE ofaNG8s IR Y ofyeSel i onninreaidGhid 1R nignc8l eétmgtcwed
25 nodulus and f urther | owering of viscosity of the epoxy resin
conposidi omresulting in increase in content of an inorganic filler, which can

P\) contribute to lowering hygroscopicity and reduction in warpage.

Ry

[0088]
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
15 at high temperature and low hygroscopicity, and further good
- adhesiveness and flame resistance.
[0082]
Examples of a phenol resin which can be used in combination
include, but not limited to, phenol novolac resins, cresol nowvolac
y.) resins, naphthol aralkyl resins, triphenolmethane resins,
terpene-modified phenol resins, dicyclopentadiene-modified phencl
resins and phencl aralkyl resins having a phenylene moiety. These

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

of the inorganic filler, 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 Enbodinent 1
maybe the inorganic 10 filler described above. A content of the

i norganic fjl this enbodinment is 85 wt%to 95 wt % both

i ncl usive, pr%?e?g%%%ﬁ?7\M9@ 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 may have

adequat el y reducedahyguoseDficel tatiansf 49 hhsbenbf expansironps Hasblet il
i n good soldering resistance and reduction in warpage in a

sen conductepoxgevétien thukthdernmbes, of | pheatictly cohydirpzydpoxyupesinnthe total
conposition for_encapsul ating a sem conductor chip can be inproved,

so that5it REgROb&eRENIaEPy g rant |1ng9 wﬁﬂrﬁéla&d St%%boralﬁéa%lﬁ%wer
h | d- def t t 095

Socel or af o STEICRLEAI RICEECENEE Db gr ChE- DR HEHETI Rl RS be

the above %%g@gVQQCe %%919615 féhl% DRL 4 89@%@?3'@&5 @%gggg%saﬁ%o position

COprOSl tion hris e my Con al n onponen
described abeventfpadddingnat SrtioRANeRt S Ak whBih provides a molding

K™

) exhibiting good moisture resistance and curing properties, can be
10 cbtained.
[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 —CHZ—(CI—IE—OI-i:OI-E—CHz)k(CI-IZ—?FD,(CHZ—CH—CF{—O/Hz) m(C[H—CHz)n—H

. OH 11
p, |(;)H2 © C"tg}'iz ( )

wherein k, 1, m and n are integer of 1 to 50; R21 has structure
represented by CpHg; p is integer of 0 to 10; and g is integer of 1
2 to 21.
A content of the epoxidized polybutadiene compound (C-1) is
preferably 0.05 wt% to 5 wt% both inclusive, particularly 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 may
appropriately contain, if necessary, any of various additives
including a silane coupling agent suchsas epoxysil anes,

mer capt osi | anes, am nosi |l anes, al kyl si I3anes 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 nuni zi rconi um coupl i ng agents.

[ 0097] An epoxy resin conposition of Enbodinent 1 may be prepared ;m
by m xi ng qoopsnents (A) to (E) and other additives at anbient
tenperature 10 using, for

exanpl e, am xer , knefwliagtihieon x t tdreewiunh e ad vargigpk medel g mwpanghts wch ths
aroller mll, a kneader and an extruder, and cooling and then
mlling t heperkdires pP@MD‘S‘}aql(ﬂﬂenﬁﬁmfader Fng) arsashits ol eopodagnte 1s
by encapsul ati_n el ectroni c part such as a sem conductor chi

u%i ng an erpaﬁ;e?%%msog&?p%@q PR GHICEHE OB me 1T TR A TS
be condéjcte Mt L5 £390V ntlg)nal nol di ng process. sucfgi %g t ransf g 101t
nol di ng, corrplgesm on Uit 8‘73%{—’“}% &eYi o IJclzllr‘l]r e el et Y
i nvol ved i n n i S from
wel | - known T30 He Fode e PR3 A S LK, S SRR S SRS o
this enbodipgenl] is nost suitable for an area nounting type

sem conduct or device. [0099] Enbodi nent 2 An epoxy resin conposition
for encapsuhatgagia Sédeeor@uctor 25 chip of Enbodi ment 2 contains
the foll ow ng components (A) to (G2): (A a crystalline epoxy

r esi j, (B) a phenohn tesigpnigpiiddent (@ uspdgaiabat ifiegrtndinay p@Fhe inorganic

10 filler described above. A content of the inorganic filler used in
this embodiment is 85 wt% to 95 wt?® both inclusive, preferably 87 wi%
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 mclding and thus
preoblems 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

compoeund.
[0096]

2 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 copolymer. (0100] H Hz H= ~H Hi
nNn H 'I \2! (Rl)a (R2)b (R2)b (R7)c (R2)b (R2)b (RI)a wherein Rl
and R2 are independently hydrogen or al §ng2havi ng 5 1 to 4 carbon
atoms and two or nore Rls or two or s are the sane or
different; a is integer of 0 to 4, b is integer of 0 to 4; <cis
integer of O to 3; and n is average and is nunber of O to 10. [0101]
Such an epoxy resin conposition may meet both higher content 10 of

an inorgani G:fiyl | ef) and [Bghekbimd didoe, 144 hRpBRICuord Rey eRDMpriately

resin composi ti on for encapsul ating a sem conductor chip can provide

a mol di ng exdthithi nor exeekkent, cuedr Maieoud! afd Diiefds @AcBulinggs silane
reduced warpage and sol dering resistance. The conposition can be,

t her ef ore, caipdiindiamnt:| yudf bectporgystibageve mrbhgﬂxb%/imlesatﬁrﬁnosilanes,
sem conduct or device. 15 As descri bed above, the epoxy resin

conposi ti 0rﬁjfwlséhé%uﬂmimléangéﬁhéd’ﬁ@ﬁéﬁ@lalﬁﬁ @n@fwmhl?sng agents such
enbodi nent can be suitably used for an_area nounting t

seni conBuct®t ‘dEFNRES JUPGRNI THEFE-Swi PLIBE Eh&orPL Loy I%geﬁ‘ééc??%ed

Enbodi ment stal.line e resin (A A crystalline epoxy
resin (A) Lfée”&ll gﬁ%%cdmﬁélﬁ‘t C%u@&ﬁ}ébggﬁggs described in Enbodi nent 1
The crystal fd(ﬂﬁ epoxy resin (A) of this enbodi nent may be conbi ned
wi t h anot her epoxy resin as described in Enbodi nent 1. When 38

An epoxy resin composition of Embodiment 1 may be prepared
J bymixingcomponents (A) to (E) andotheradditivesat ambient temperature
10 using, forexample, amixer, kneadingthemixturewithheatingbykneading
means such as a roller mill, a kneader and an extruder, and cooling

and then milling the mixture.

[0098]

For manufacturing a semiconductor device by encapsulating an
15 electronic part such as a semiconductor chip using an epoxy resin
composition of Embodiment 1, curing molding may be conducted by a
conventional molding process such as transfer molding, compression

molding and injection molding. Other methods involved in

i
Ry

manufacturing a semiconductor device may be selected from well-known

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

Fmbodiment 2

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

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



using themin conbination, the content of the crystalline epoxy resin
(A) is preferably at least 10 wt% nore preferably 30 wt % or nore,
further preferably 50 wt% or nore in th§7total epoxy resin. The
crystalline epoxy resin (A) can be added within the above range, to 5
improve fluidity of epoxy resin conposition. [0103] Phenol resin (B)
A phenol resin (B) used in Enbodinment 2 may be a conmpound Y~
represented by general formula (2) as described in Enbodinent 1. 10
[0104] The phenol (@esi)n a( Buthdiddedirfeshi - imay bepesDatirmed Wit h

anot her phenol resin as described in Enbodi mrent 1. When using them
in conbi ndi0il88] the content of the phenol resin (B) is preferably at
|l east 10 wt% 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 ogran epoxy resin cenposition for

encapsul ati ng ﬁ | di ng exhi bc(
opicity, 2)9

| ow el asticit § \ 5 u
further good he&i yepesshand® s St z.m 0 [0105] An

equi val ence ratio of the nurrber of epoxy groups In the total epoxy
resin to the nunber of phenolic hydroxyl groups in the total phenol

resin used in thisyeshod AERind 82 Riref Bid@ifeyid@nt By hgdZodt Brid10diShaeing
particularly preferably 0.7 to 1.5 both inclusive. Wen the 25

equi val &nce tat # ocarpon thoms tdrel apover mange Rlancegoxy oresere R2s are the
conpgsi tion exhibiting good noisture resistance and curing
prozp‘g}rt| es Seé8g be didiiresentd. a 3 integer of 0 to 4; b is integer of 0 to 4;

¢ 1s 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 semicenductor chip can provide
amoldingexhibitingexcellent curedmaterial properties suchas reduced
warpage and soldering resistance. The composition canbe, therefore,
significantlyeffective togiveahighlyreliable semiconductordevice.

15 As described above, the epoxy resin composition for encapsulating a

Ly

semiconductor chip of this embodiment can be suitably used for an area
mounting type semiconductor device.
[0102]

There will be specifically described Embodiment 2.

2 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] Butadi ene-acrylonitrile copolynmer (C2) A

but adi ene-acrylonitrile copolynmer (C2) used in Enbodinent 2 may be,
but not limted to, a conpound represen %P by general formula 5 (3),
bot h of whose ends have a car boxyl groué. [0107] HOOCE (Bu),,
(ACM,-t- O00H (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

l'ess than kisixghientin tonBNatzidrs £ @BREHf o%&ﬁ@c@@stil@lﬁg]eggbﬁ resin
car boxyl groups in the butadiene-acrylonitrile copolynmer (C2) can

conbi ne an {motgaptardriabl ¢ratandaan BPOXA,r asre mSErably P wis or more,
materials for an epoxy resin conposition for encapsulating, with a

sen conductirtbhipparrablypr ganit® subsoratie abeseridiompasy oresdeni cthe
menbers. [0109] A content of the butadiene-acrylonitrile copolyner
(C2) used C2BtRALINR $PERYOHRTENA]) 48y éﬁ@%ﬂﬂ%weﬁw f-&e0aP R ¥RPFRH TO
i ncl usive, nore p£efe,abl 0.1 Wt%to 0.3 wt%both inclusive in the
total ePoxy"FEEYR T §ingﬁ*”?bff@f”Tﬁ%“%ﬁﬁ%éﬁ?'mﬁthin t he above
range can i 5gie sol dering 40 resistance because it brings about
good adhesi venéss between a cured product from an epoxy resin

conmposi ti onpplbrepeaRsUlpdting a sem conductor chip and a substrate.
Furt her nor e, 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} in Embodiment 2maybe combinedwithanother
phenol resin as described in Embediment 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.

2 [0105]

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

25 eguivalence 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]

I norganic filler (D) An inorganic filler (D) used in Enbodi ment 2 may
be the fill@nosl5 as described in Enbodinent 1. A content of the
inorganic filler (D) wused in this enbodinment is 85 w%to 95 w %

bot h i ncl udugedi grefarabpyitBile gop8lwe®oolh i nclusive in the total
epoxy resin conposition. When the content of the inorganic filler,

(D) is within the Abgradinfy@cryaonbiailegCerdyarsd Grgy Ufdfeln Embodiment
adequat el y .reduced hygroscopicity and 20 thernmal expansion, resultin
T Good oy Fie: PRE ROl . o8 SerPBIRe FAbTeREgs inpoeperal fordida
sem COF‘éE’!JCt(%p AL St EﬁB%Qeér{H%r %avé'g'%léb%xgi b POXY fesin
conposition™fér encapsulating a sem conductor chip can be inproved,
so that it @agspe reliably filled during nolding and thus problenms
such as gold-wire deformati on can be prevented. 25 [0113] Curing

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

cori;i;nent S 'HOOC —&— (Bu), (ACN),—3;— COOH (3)

e

wherein Bu represents a butadiene~derived structural unit;
ACN represents an acrylonitrile-derived structural unit; x is positive
10 number of less than 1; v is positive number of less than 1; x + vy =
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]
A contént of the butadiene—acrylenitrile copolymer {C-2) used
20 in this embodiment is preferably 0.05 to 0.5 wt% both inclusive, more
preferably 0.1 wt% to 0.3 wt% both inclusive in the total epoxy resin
composition.

[0110]

The content within the above range can improve soldering



An epoxy resin conposition in Enbodinent 2 may be selected 5 from

t hose as described in Enbodinment 1 or others. [0115] The epoxy resin
conposition in Enbodi nrent 2 can be prepg!bed as described in

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

sem conduct@kiseithdt BecQESH G 1.0 rgrRbAERboS 2008E fidifedshBefiddrowi i@ ed
conponents (A) 15 to (G. (A a crystalline epoxy resin represented
by general grodout afrcd hn éBpxy reB&NOtomEsin ive pf@s enicedsbyageneral
formula (5), } (C3) a pol ybutadi ene having the intranol ecul ar

oxi rane 26Gestcondugier( Bhip angd isngubsteiter.at Bnrthiadmogs, i Hor gvixy resin
filler in the anbunt of 85 w%to 95 w% both inclusive in the total

epoxy resi FOBBRBBSIAN &AL DEFPraRdepBRie e st vere P st ERBY GedefAuring
O (OB Sl o 0, SOUPLL 08, ORDL foPheenLad DY e
(C3) is 3 U4 2ondifctd Qboth inclusive. [0117]

(0111}

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}

Inorganic filler (D)

An inorganic filler (D) used in Embodiment 2 may be the filler

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

i '
l\__ ¥

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, f£luidity of an
epoxy resin composition for encapsulating a semiconductor chip can
be improvéd, so that it can be reliably filled during moiding and thus
problems such as gold-wire deformaticn can be prevented.

s [0113]

Curing accelesrator (E)

Acuringaccelerator (E) used inEmbodiment 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 ghe sanme or different; mis
integer of 0 to 4; R2 is hydrogen or al yI having 1 to 4 car bon
atons and two or nore R2s are the sane or different. [0118] OH OH
CH2 c]~2 o H(5) .o 0 ~)an (P.1)s 10 (R2)b X)b wherein R and R2
are i ndependently hydrogen or alkyl having 1 to 4 carbon atons, and
two or noreRdesetribaw ior rabbeids ar.e the } same or different; ais
integer of O to 3; bis integer of 0 to 4, and n is average and is

positive nuiddrilof 1 to 5. 15 [0119] OCH2CHCH2 OCR CCHCH(c) ~j OO
cH2 0 00.2 " Z (R2) (R2)b wherein R1 and R2 are independently

hydr ogen orQtlsy Conpenes43 1 to 4 carbon atons, and two or nore Ri s
or two or nore R2s _are the ane or different; ng S |nt ger cgﬁjo 550

3; b is integer of 2§ R % reéﬁa FORROSAv PR § O‘iijsm% ’i“% FHercted
of 1 tog 5.

from those as described in Embodiment 1 or others.
{0115]

The epoxy resin compositiocn in Embodiment 2 can be prepared
as described inEmbodiment 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 polybutadiene having the intramolecular oxirane
20 structure ,
(D} a curing accelerator,
(E) an inorganic filler in the amount of 85 wt% to 95 wt% both
inclusive in the total epoxy resin composition,
(F) an epoxy resin represented by general formula (6}, and

% (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 atons; R4, R5 and R6 are hydrocarbon
having 1 to 12 carbon atons; R3 to R6 e the sane or different; and
nis integer of 1 to 3. [0121] 10 Such an epoxy resin conposition
may 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 eri.gl { Proopefi-thi escB8HGReas reduced warpage and sol dering
resi stance. The conposition can be, therefore, 15 significantly
effective tipr1giye 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 sencond devi 0122] 20 There will be
specifical |l y degcriChed CHgS0 C) O+ o, epmey-crRsi N (
crystalline edeyy(eS|n (A e in E ment 3 may g /a (zlf
crystalline epoxy resin repgggented by gen @J fornula (4). The
crystalline epoxy resin (A) represented by gefieral forrmula (4) is a
44 solid at anmbient tenperature, but becones extrenely | ow viscous
liquid at termera‘sﬂagr%lw d 'g3olIB! {10 Bon SAnbABlLA, | DBL AN ang
filler can be added in hi cohtent. An epoxy reésin conposition
cont ai nd ng —clihe) 2r QSRD 1@@&@%@&&56}1 @Xblé&ﬂboaxgeérhﬁrahdswdiaﬁsl Ree Rls
resi stance. 5 [ 123]

¢ } 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 RZs 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 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.

5 [0119]
OCHQCHCH2 OCH,CHCH,
o
-GG, T ©
®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 itshas 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 crystalllne epoxy
resin (A) anmount to 70 wt%to 100 wt % both inclusive to the total
epoxy resin. Wien the total anount of the epoxy resin (F) and the
crystal li na epoxyca@®innatdry, asdwwdior hbee dleverranger ActsRRd are the
product can has | ower noisture 15 absorption rate and exhibit
excel | ent creaekor edli&teaot; %0&24ptﬁgeepvkﬁ Lesdn whisc hntegehef 0 to 4;
conbi ned may be a nononer, oligoner pol havi ng an

i ntramol ecyingr nebéx@vﬁﬁaéﬁpan@xﬂaﬁnmoééte?e a’wﬂé’ﬁéxgif ¥%eSi-n which can

be conbi ned |%§bude phenol novol ac type epoxy reS|ns, 20

ort ho- cr esal%#8¥ol ac type epoxy resins, naphthol novol ac type epoxy
resins, phenol aral kyl type epoxy resins having a phenyl ene nvoiety,
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{gggjpmmnnet hanet ype epoxy (9
resins, 25 al kyl-nodified trlphenolnethane t ype epoxy resins and

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

t hese conpounds 45 [0125] Phenol resin (B) A phenol resin (B) used
in: Eﬁbodl ment 3 maybpeein FhRehdlan esuanic gypesdrmtédaby erddr adriyasy Ahdms
(5).

R4, RS 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.,

l\-..nd‘;

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
R and R2 are independently hydrogen or alkyl having 1 to 4 carbon
atons, and two or nore Rls or two or norg R2s are the sane or
different; a is integer of 0 to 3; b is’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 formula (5). has a hydrophobic and rigid

bi phenyl ene noi ety between phenolic hydroxyl groups. A cured product
prepared frmyakepMentasdnipecaiRes) bii®BedbnsHBLFNNG thevihennl 1iquid
resin has reduced noisture-absorption rate and |ower elasticity
nmodul us i n dt ghmpernperrat orer ritygecdvitg tpinkt &b Ihatexhi bidrgragdodfiller
adhesi veness to a sem conductor chip, an organic substrate and a

met al substoeathke afidedhisbibher chatértt uPe artsy FasiaxdfnpossthpyhRentaining
heat resistance in spite of its |ow crosslinking density. Therefore,

20 a seni cOHGUEEBED Je&i- c ENBRRERISUI SFBHPIF tFCELLBRT PUGRpARY t i stance.
contain%ng hgg phenol resin exhibits excellent crack resistance.
[0128] Tn d@ 4l formula (5), nis average and is positive nunber

of 1 to 5, prefer aJ?ll-Lé( cE?é@Min@ephx Ore%‘iﬁlivzg[) '}e%r‘é‘s%ﬂté‘d B?geﬁ‘gpé{fformula

range, 46 an epoxy resftn Conposi n exhi bi't's“good CUT I properties

and inprovedy fbyigh !t ¥orThamheNO0l HESHEJICRT PN Ay - S8REr Blit there
formula (5) nmay ~be used alone or in conbination of two or nore.

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

such that the epoxy resin (F) and the crystalline epoxy resin (&) ameunt

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 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 epoxy
resins, phenol aralkyl type epoxy resins having a phenylene moiety,
naphthol aralkyl type epoxy resins (having, for example, a phenylene
or biphenyl moiety), dicyclopentadiene-medified phenol type epoxy
resins, stilbene typeepoxy resins, triphenolmethane type epoxy resins,

25 alkyl-modified triphenolmethane type epoxy resins and epo#y 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 nmay be conbi ned as
10 long as it does not deteriorate the features obtained 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 of{otLhe] phenol resin (B) is 70 w%to 100 wt % both incl usive
in the total phenol resin. Wth the content of the phenol resin (B)
within 15 fhenabowsirariBe, a cured product has a reduced
moi sture-absorption rate. Furthernore, the cured product exhibits
excel | ent adhesi veh@bsnol FegiBadd Wae@Analmegddnest dephider agihenahgesin
after sol deri ng. %6%9%31 The a ditionag phenol resin may be a
mononer, ofFHORET! Y0IHT et ChAY g Hn i ntranol ecul ar phenol i c
hydr oxyd grgﬁg which desirably has viscosity as | ow as possi bl e.
Exanpl es i&c u%% 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 i ecdhyphenol resins and
di cycl opent adi ene<dilf i ed phenol 25 resin, i
Hiability idag
g

or in conbinatio 5] : _
noi sture resi stanceé ag : V ' conpo i on|for encapsul ati

a Se 'conductor@%ﬁdp, rt i 47 that®Phe wesin contains Na
or éﬁlions as ionic inpurﬂP?é & as possible. [0132]

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 arse 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

15 containing the phenol resin has reduced moilsture-absorption rate and
- lower elasticity modulus in high temperature range over Tg. It also
exhibilts goodadhesivenesstoasemiconductor chip, anorganic s\ubstrate
and a metal substrate. It alsohas the feature that it exhibits higher
heat resistance in spite of its low crosslinking density. Therefore,
20 a semiconductor device encapsulatedwitha resincompositioncontaining
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 te 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(alejhc hydr oxyl nunber, is
preferably 0.7 to 1.5 both inclusive. Wth the ratio within the
range, an epoxy resin for encapsulating a sem conductor chip

exhi bits excellent curing properties. Furthernore, a cured product
has an increased 10 gl ass-transition tenperature and i nproved

reliabilityad Sodil SdddhonfRSh 81 &MeLh i PRy Rt Mind® roRer ePOXind &b foved
(F) and the crystalline epoxy resin (A) with the phenol resin (B%J, :
t he hi ghestfiefiléetys cire phenal hiesyes rapresatked &g séanca aothwiay fageay
in soldering after noisture absorption. 15 [0133] Pol ybut adi ene

havi ng t he bentusapobbend ax oRri cemengtioet ef eweCo8)more pol ybut adi ene
(C-3) used in this enbodi nent has the intranolecul ar oxirane
structure .l[9&%@dntent of the oxirane oxygen influences adhesiveness.

As detegn‘i ned i n agcordance w th standar(% éo met hods ff)r t he ?S[;Sal Si.S

of fatss oils and FEPEEFIar 67 b FSOFCRITEAEOY Gapgent Faele (o) may be,
i - t i %. 0 i i .

O e PRSI LA sy L0 DO STV S JULE poparscutas

content w thigtriBe; @bowg 1apes Adhgsi MRNEssuOiuR BHIEGRLO0HGNA (B .
substrate is inproved. Furthernore, fluidity of an epoxy resin 25

conposi tionfaidoibe i nproved, resulting in reliable filling. [0134] A
viscosity of the polybutadiene (C3) having the 48 intranolecul ar
oxifane structure iInfthienesbodirsudsi ayotdferaphesih regdnpesi beorprfdned as
encapsul ati ng a sem conductor chip. A viscosity of an epoxy resin
conposi®®i ont W 28ntapifsatPhgdefddriraba ditt 6@%%1-‘% 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 wt% both inclusive in the
total phenol 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 scoldering resistance after soldering.
- [0131]
The additional phenol resin may be a monomer, oligomer or
2 polymer having an intramclecular phenolic hydroxyl group, which
desirably has viscosity as low as possible. Exzamples include phenol
novolac resins, cresol novolac resins, phenolaralkyl resins (having
a phenylene moiety)} , naphtholaralkyl resins, triphenclmethane resins,
terpene-modified phenol resins and dicyclopentadiene-modified phenol
25 resin, which may be used alone or in combination of twoc 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 JKS Z-8803. Wth the viscosity
wi thin 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 mnim zed.
[0135] - Thaapothydbukadhetent@@nd)Ndae 0f Bonh0xbr ad cStimpet riesnay Hetle
t he conpound as represented by general forrmula (11). In this

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

pol ybut adi ene %C—3) can i nprove adhesi veness of an epoxy resin
conpositioHO&P ha nmetal substrate (f or exanple, nickel-palladium or

i ckel - | | adi | d plati , | i i hi fl heat
et ot amae, 250" he IR oL ek e T304 LS pufoclt 8P cLELY SiolRG L pshy total
t d j .ed t - I t | i
B o EBEL Ao AN N 8L TS DR OURIC NRRIRTE JTBABE SOTRL Hitknor
silicone QLksnSUCH AS PREAARG KShbEXATES LARHoT UORRIS0RYEMmaber, is

silicone rubbers and acrylonitrile rubbers which are solid at

anbi ent t epperata®e: 0. 2bo 10534 thl Hre10entrent WishCoHEradi% witnlin thenlnge,
both inclusive, preferably 0.1 wt%to 1 wt% both inclusive. Wth the
content wi tehispokiieesanger edzpanleiried apreod sondextinimiitip esbdblitenkcellent
adhesi veness to a substrate. Furthernore, fluidity of an epoxy resin
corﬁpési ti OIFYEARY bR RPpteed, FYESSIrerRy ith CHEEe PEIGUHLS Bagian jifgreased

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, insolderingaftermoisture
absorption.

15 [(0133]

Polybutadiene having the intramolecular oxirane structure (C-3)

A polybutadiene {C-3) used in this embodiment has the
.m) intramolecular oxirane structure . A content of the oxirane oxygen
influences adhesiveness. As determined in accordance with standard
2 methods for the analysis of fats, oils and related materials (oxirane
oxygen), the oxirane-oxygen content 1s 3 % to 10 % both inclusive,
more preferably 5 % to 8 % both inclusive. With the oxitane-oxygen
content within the above range, adhesiveness of a cured product to
a substrate is improved. Furthermore, fluidity of an epoxy resin
25 composition can be improved, resulting in reliable filling.
(0134]

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




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

Enbodi ment 3 nmay be the filler as described in Enbodinent 1. A
content of the inorganic filler (D) is,8 w%to 95 wt % both

i nclusive, 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 nolding prepared may have adequately
reduced hygroscopicity and thermal expansion, resulting in good

sol deri ng rggirshanseiand okedaed | Aruchunar NEdechBed SHREAFUSE & resin
device. Furthernore, fluidity of an epoxy resin conposition for
encapsul at igpassehec doduaicpsthepicqr beniaprdneedr gop.hak vitscoanty S
be reliably filled during nolding and thus problens such as gold-wire
def or mat i orerc gRobE pasive sordos B0 or Grdanpudet ehe ratsemiceactedr FhgP
accelerator (E) used in Enbodi nent 3 maybe the conpound 20 as

descri bed igprEapbaénaEhe PelypurarhlensHSoRy ised] Raerr 1P Bpskpthdarhugive,
maybe the epoxy resin represented by general fornmula (6). 0141

As seensirquﬁPnBF§%?¥E?lytﬁ§ %ﬁﬁxﬁorghﬂ ﬁa@F%OEQSlWéEﬁﬁ&H%O%?éﬁgﬁ%ﬂlneé at
rigid biph Lene noiety between y ups,..Thus, a _cure .

pr oduct prg%gr djkﬁgﬁ?f%%“§b8§§hf§§fé ggg%bsﬁPfgnE%%ﬁ?ggﬁﬁﬁgy?ﬁghln the

epoxy I esidbdve) rBAge | QGHeC E-P! Sl he=8RSOS MlilcaN £hAt Sh@Rdul 8¥eig a
el asticity nodulus in high tenperature range over glass-transition
t enper at ur esemiconductor chip exhibits improved fluidity. Furthermore, a cured

P

___"J) product exhibits good adhesiveness to a substrate and warpage in a
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 poiybutadiene {C-3)} are not
deteriorated, another stress—-loweringagentmaybe combined. Examples
of a stress-lowering agent which can be combined,r include silicone
0ils such as organopolysiloxanes and rubbers such as silicone rubbers
and acrylonitrile rubbers which are solid 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
adhesiveness 5 to a sem conductor chip, an organic substrate and a
metal substrate. |t also has the featupg 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)z colted mrdducod bhhibitie cabeVeenianghesatene&3oxy &esibistrate.
conposition exhibits inproved curing properties and 15 fluidity.

[0144] Si |Fawdheovopid ndlagdiity 0GarAsphanacsdapldnpgsateen calbauswpreved,
Enbodi ment 3 maybe a compound represented by general fornula (9). In
this enbodiGfSHLt1ndelsMogRer e B ASUBEL hP%Bgent (G is essenti al .

[0145] R3 %?8 R4-- Si (OR5) I11R63 ,1 (9) wherein R3 is an organic
gr oup haV|A§ {0 12 carbon atons; R4, R5 and R6 are hydrocarbon

havi ng t nd R3to 51 R6 are the sane or
differ e%t qﬁ%%gﬁﬁ§§qgﬁ?%3:?D?f 1 to 3. [0146] Using the silane

coupling agent (9 Aﬁ%‘b@é&ﬁi@élmfeﬂ%?ﬁﬁkd e RirdePk, 3 Mhs BRSIdY £ O 1er
an epoxy resin conpositionis lowered and 5 thus its fluidity is
i mproved. Asasteribeaf it mbsdiase: Quphidghtagentt & irorgadicMifller (D)
limted to, 0.05 wt%to 1 wt% both inclusive, nore

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

) in the totalepoxy 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 solderxing resistance and reductiion in warpage in a semiconductor
device. Furthermore, fluidity of an epoxy resin composition for
encapsulating a semiconductor chip can be improved, so 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 3 maybe the compound
20 as described in Embodiment 1.

[0140]

Epoxy resin {F)

An epoxy resin (F) maybe the epoxy resin represented by general
formula (6).
25 [0141]
As seen in formula (6), the epoxy resin (F) has hydrophobic

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




preferably 0.1 wt%to 0.8 wt% both inclusive in the total epoxy resin
conposition. Wth the content of the silane coupling agent (G wthin
the range, a cured product exhibits googoadhesiveness to a substrate.
10 Furthernore, the epoxy resin conposifion is excellent in fluidity
and curing properties. The silane coupling agent (G represented by
general fornmula (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 50Ukt petepsedd £L&a th@ﬁgaﬁfz Hegdn Rymgeser n oHiAnaANng The epoxy
anot her coupling agent maybe conbi ned. Exanples of a coupling agent
whi ch can hescanmtFneds rdacickddecisitareabotyptiing sgenbadsimieraglasticity
epoxysi | anes, nercaptosilanes, am nosilanes, alkylsil anes,

ur ei dosi | amesiuang in hytkileapesatuia apage ovesuplisry tagaaisiomLanpeiahure
coupling agents; and al umi num zirconium 20 coupling agents. %%14%!

Ot her conpoheresnTheepBaPrreditA 3Somgosi t i Bndbio ?ﬁﬁg’t}itﬁéﬁﬁ?dé‘d ylveness

t ai i ddi t.i t t A) t G th ddi ti |
com i ry g, B0 Lon L0, SOmROnent S (A L0, e UL OBl
i n Enmbodi ment 5338%40%8%&?{&% RAat A %%955.1@%31:1! i gg”ﬁé’é’ﬁ MRAL slance in

Furt hernore, the epoxy resin conposition can to encapsul ate

an el ectronjgtRapt SUCNRScRoSANNKIRGUEL ity chip to prepare a
sem conduct or device as described in Enbodi rent 1. [0150] 5

Enbodi ment #14p0151]

{:) The epoxy resin (F) may be, for example, a phenol biphenyl
i0 aralkyl type epoxy resin, but there are no particular restrictions
as long as it has the structure of general formula (8).
[0143]
In general formula {6), when n is within the above range, an
epoxy resin composition exhibits improved curing properties and
15 fluidity.
(0144]

Silane coupling agent (G)

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

[01453]
R3—NH—R4—S8i(OR5) ,Ré, (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 nent 4 contains the foll ow ng conmponents (A) 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
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 Hambobh diffegsnte. ai@npdenttdddr iof tomt a.ned in
the anmount of 80 wt%to 94 Wt % both inclusive in the total epoxy
resin 20 cd¥g88ition. Furthernore, the epoxidized pol ybutadi ene
compound (C-1) is_contained in the ampunt of 0.05 wt%to 5 w % both
inclusive in the F%‘c%ﬁ t@ﬁoi?ﬁ%?ﬁ“@%%ﬁgﬁpﬁn GY Gf@§?s%n1@¢ eX general

Kk "-H CH, f
f?o(r:n si ngl eo%mh%‘a P va_%com gne&a@)egg%ﬁes é‘% téorﬁ{f?(sﬁtgrﬁg\%%g%fg%eg 63nd
carbon at ons,and s ﬁitﬁcﬁtﬁ 1Ssa ﬂfve(y i ﬁrc%ﬁttegmdfstﬂé"gf Qéu@llﬁlg dhent

R2s are hydrogen al k carbon atons an are
same or difi®res} but5nb%5ﬂmﬁ>é00&o,00405§]ﬁt@'lgo|'h.(vﬁ;)% p8tRl inclusive, more

preferably 0.1 wt% to 0.8 wi% both inclusive in the total epoxy resin
composition. With the content of the silane coupling agent (G) within
Y 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 1t does not deteriorate effects of using the silane
15 coupling agent (G) representedby general foxrmula (9), ancther coupling
agentmaybecombined. Examplesofacouplingagentwhichcanbecombined,
include silane coupling agents such as epoxysilanes, meréaptosilanes,

aminosilanes, alkylsilanes, ureidosilanes and vinylsilanes; titanate

(e

coupling agents; aluminum couplihg agents; and aluminum/zirconium
.t 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 (R)an( )b (R)Db In general formula (5, R and R2 are
hydrogen or alkyl having 1 to 4 carbon atons and are the sane or
different; ais integer of 0 to 3; b igsnteger of O to 4; and nis
average and is positive nunmber 10 of 1 to 5. [0155] OC112CHCH2
OCH2CHCH2 L O OCH2 ¢cx2 Ox (j) (RI), 00 (R2)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 isasriegetibed ifFlbodinetd .n Fareavemage , ahd deoxpesshn ¢emmsiitdon
of 1 to 5. [0156] Such an epoxy resin conposition can be used to

provi de a csenbeosdddtoencanAaudeteidrheleduned opapagechrd &xealtemiuctor
sol dering crack 20 resistance. The epoxy resin conposition is,

t her ef or e, PaPti¢PLaPrye SuFeBIRdUEECR MEAPSE| 3t PAgCRHPAE éa HRPGRLTeRS -
type sem CO@%HS&;I‘. 54 [0157] There will be specifically described
Embodi ment 4. ystalline epoxy resin (A) A crystalline epoxy resin

((jé)sclrjisgéeidl :ﬁngggggégrht 43@3(/0228t1he 5 crystalline epoxy resin as
[0151]
An epoxy resin composition for encapsulating a semiconductor
chip of Embodiment 4 contains the following components (B) 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 10/90 to 90/10 both inclusive. Component (D) is contained in the
amount of 80 wt% to 94 wt% both inclusive in the total epoxy resin

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

in the total epoxy resin composition.

[0153]

CH;— CH—CH, 0 X O— CH,—CH—

oo 0(O)- @ TG (4)
/
®D,, ®

}JJ'.I\.




In 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
inclusive, preferably 20/80 to 70/30 bgth inclusive, particularly
preferably 30/70 10 to 50/50 both inclusive. Wen 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
in the epoxy resinlcgepeosal ifomulahds, Xaisgredp peddatdd canmesimigbetbond,
| ower noi sture absorbing rate and 15 higher strength. [0159] In
Enbodi ment %7 the &adi t¢ 0fll—epdhey aresa hkids haused ibée P rragbebodiermend
3 can be added as long as_ it does not deteriorate the features

obt ai ned by Gstify SEHE epsdFIreenhy (Y sahdtadsE ef y&tt i e pogyny¥EQIsn
20 (A). A content. of the additional epoxy resin is,,if_ any, .

or ef et abl y CTSUEA'Y RS 1P et by CPBRPH L San tHE EP§ st PrettBEsint-
resin (4 atqg\%t to 70 wt%to 100 wt % both inclusive to the total
epoxy resin. en the total amount of the epoxy resin (F) and the
crystal l i ne epoxy Igsi n (A is withinther a cured product
exhibits a reduce 5 i sture-absorbing rat urt her inproved

crack resistance 0160] Phenol resi né& A phenol resin (B
used i n Enbodi ne qt p .% presentded by gene(rél)
formula (5) as i ded i n\Edotidelt 3. |

addj,t)i onal phen [ Z 1 ney.,as longras % it does not
detigr)i orate the features l‘ag t he phenol resin (B)

represented by gengral, LOLM3(P) (4% hd B 3-ERATTE s kvl naving

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

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

[0155]

OCH,CHCH, OCH,CHCH,
N %s
! }—]& CH CH—E :1—}}1 G
®1), 2 ®R1), n ( )
R2), R2),

In general formula (6), Rl and R2 are hydrogen ox alkyl having
1 to 4 carbon atoms and are the same or different; a is integer of
15 0 to 3; b is integer of 0 to 4; and n is average and is positive number
of 1 to 5.
[015¢6]
Such an epoxy resin composition can be used to provide a
semiconductor 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 wt%to 100 wt% both ipclusive 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 theipwmpber 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 phene wilhyos @pecifiiohely descrpbed enbbbBymént 4.0 1.5
both inclusive. Wth the ratio within the range, a resin conponent
exhi bi ts ekecebtahtincuebayy prasier {Aes. Furthernore, 20 a cured product
has increased glass-transjtion tenperature and jnproved. reliabilit¥
in noi sture resi stARCEStHENCBADENIERTLE HE) epipey i EBPRI1NTE 4 may be the

represented b eral formula (6 nd the crystallijne epoxy resin
(A Font eervRtrblharRrar THReE TR He e oer n (B)
representegogg eneral fornula (5), the highest effects can be
achi eved 2 rack resi stance and warpage in soldering after

noi sture absor pti ofy Emb&dGntEPOXhdh2edhPobyhyi[a®) 2(®) LCOFRAENbkS tesin
4 56 An epoxidi zed pol ybut adi ene conmpound (C-1) used in this

enbodi nent (mayhethdergamiating sasxdesetihb@d isnl Gdooh aento hoth tsclusive,
content is preferably 0. 05 wt%to 5 wt% both inclusive,

parfijcul ar Ipreperdiehnall 480 1 10 Aa0%atd nolngs boi barimehulsind e pref e habtvoilal70
epoxXy resin conposition 5 with the content within the range, an .
el asti ¢ mod&l gg/%oaﬁ;ogg J}%Séae. When the weight ratio [{F)/(A)] is within

the range, a cured product prepared from an epoxy resin composition
exhibits lowered moisture absorbing rate. Furthermore,an inorganic
fillexr canbe contained inhigher content inthe epoxy resin composition.
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
cbhtained by using the epoxy resin (F} and the crystalline epoxy resin
2 (A). A content of the additiocnal epoxy resin is, if any, preferably
such that the epoxy resin (F) and the crystalliine 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  wolsture-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 ecdlsar wei ght of 500 10-to 4000
bot h 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 (BDphasedrenlEnBddissenin Brnedineattheay belde praesiol resin
described in Enbodinment 1. In the |ight of bal ance between

nol dabi | i t yeREESPEtechbYI E?ertlhéoéélﬁg@n@)oﬁst Hesepihad fpobyegtiment 3.
filler is %rgferably 80 t%to 94 wt % both inclusive in the total
epoxy resi tY2 1lzonposition. A content within the range may lead to

prevention of cur 'f}?%g?)gwrnla nkage . dur{ %%Eeggi dfe%%%lgrﬁ%rrvleggt%a?r}rgbl%gggarﬁablorﬁ as

shrinkage froma no ng- temnperatur 0 room

in redqged:Nyﬁggg%iﬁ;dg{ggﬂgyg%gﬁﬁgaf@géﬂﬂé%%mﬁgiﬁé&Q%fﬁbﬁﬁffhﬁgﬁﬁhﬁxﬁfgin

product is lowered and thus soldering crack resistance’is OV
| n additiong)f kbeheddahteddoy SydddadV eskmi@s YbY i iged AndeRds NExdalnbht Y. A

[0166] Curing accelerator (E) 57 A curing accelerator (E) used in
Enbodi nent obniaybecfl hdecadqtiinda lapheesk rebed comdBmeodi suamte Ferap0t 65jch
Epoxy resin (F) 5 An epoxy resin (F) used in Enbodi mnent 4 may be the
epoxy resi rkhat the content of the phenol resin (B) represented by general formula

;D (5) 1s 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

L~ preferably 0.7 to1l.5both inclusive. With the ratiowithin the range,
| a resin component exhibits excellent curing properties. Furthermore,

20 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
(&) 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)




as described in Enbodi nent 3. [0168] O her conponents it An epoxy
resin conposition used in Enbodinment 4 may contain, / 10 in addition
to conponents (A) to (F), the additionalsgonponents as described
above. Furthernore, it nay 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 bl ending
conponents (A) to @F)eapeidiredophbybulddiiene esorgovadbil@nt) usedpén athure
using a mxer, nelt-kneading the m xture using kneading nmeans such
as a roIIeremﬁqqlmeatQH§§8§FE§HEP%HP49Q?%ﬁﬁﬁibegﬁaE@BB@}WR?t]andIFﬁéﬁntent
. mlling the, nlxt

70
Erbodi ment i BAR R RElr Y 5 S e S Do SRR OB Rt Y preferably
| Furthermor ey f@%/e@%y#%o@wﬁ{m%'g A AEAUSELL 0 CTARTHLALE1on

; an electronic part Such as a sem con

i sem conguct f el G RRndestitibedhd '}aEE;‘QOCHrFEE]Sstllc mgéui@é]-?:ai be lowered
| Enbodi ment 5 An epoxy Tesin conposition for encapsul ating a

sem conduct @id 58 scebi py i BHeodpsBNirpiaobbmbdg thibe &al @wraguced.

conponents (A) to (C2) and (F). (A a crystalline epoxy resin

represented[%vﬂﬂeneral formula (4), 5 (B) a phenol resin represented

by general formula &

e epox:Ld:Lzed polybutadiene compcocund (C-1} used in this
£ embodiment preferably has the number average molecular weight of 500
10 to 4000 both inclusive. When the number average ﬁolecular weight 1s

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 filler
is preferably 80 wt% to 94 wi% 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

pis] is irﬁproved, resulting in good moldability.
[0166]

Curing acceierator (E)




(CG-2) a butadiene-acrylonitrile copolyner and (F) an epoxy resin
represented by general formula (6). [0172] Q HCFL Qt t 1)-x--
go-"H. %t i Jirn 10 In general fornulas{4), X is group selected from
single bond, -0-, -S and -C(R2)2-; R's 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] OHOH CHZOCHz o H(5) O (R)a (RI') an
15 (R2)b (R2) | n gemeériHlg deserderates)t) raedhyErRodime niidraydesicher capieoypnd
having 1 to 4 carbon atons and are the sane or different; ais

i nt eger of 3S09%%FHLoeH 1R FRQGERNB Lo to 4; and n is average and is
-positive n H??i? of 1 to 5. 20 [0174] 59 OCH2 HCH2 OCH2CHCH2 O O O
CH2 O O CH 6l ~1)a n (RAfR?h (RI), In general formula (6), R

and R2 areEE¥g§qg§ﬂﬂpﬁFﬁlkyl having 1 to 4 carbon atonms 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

D 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 various additives including a coupling agent such
as y-glycidoxypropyltrimethoxysilane.

[0169]

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

20 [0170]

| The epoxy resin composition of Embodiment 4 can be prepared
as descj:ibed inFmbodiment 1. Furthermore, the epoxy resincomposition
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 composition may

meet both higher content of an inorganisg 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 nectdpoxy Enesdhmédy SlboAteinsstakl fold capayycsmgsinentd) (A)sed (ar2)
Enbodi ment 5 nay be the epoxy resin represented by general formula
(4) as desanidodd)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 F(BEignCIYtaidippe sMorybTSFimrRIESeated/ IR yRl 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 £a 10 [(F)/ () o Isholbh ML e BOONE,£ANGE: o8 S P orREOLUR)

fromthe epoxy resin composition can

i st ur e- absor bi ng (kag e ARgh+aR; dNATQANNEnTEtd RN BB HRAdded i n high
content wi thout deterioration in fluidity of the epoxy resin

conposi tion duri ngrdlidp@xyr essid ind@repetiatdyegensod deforigla (6) .
resistance. [0178] 5 In Enbodinent 5, the additional epoxy resin as
descri bed iWl7Bdbodi nent 3 can be added as long as it does not
deteriorate the features

CH;— CH—UCH, O X 0 — CH, —CH—

s @@ TCE—Gh ()
/.
®D,, ®RL,,

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

[0173]

Yy OH OH _ _
; }—F CH; CHz‘@—%‘H 5
R1), ®1),” n ( )
R2Z), R2), '

15

In general formula (5), Rl and R2 are hydrogen or alkyl having
1 to 4 carbon atoms and are the same or different; a is integer of
0 to 3; b is integer of 0 to 4; and n is average and is poéitive number
of 1 to 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 crystalline epoxy resin (A
anount 10 to 70 wt%to 100 wt % both inclusive to the total epoxy
resin. When the total anmount 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 RERGHIESIi n (B) A phenol resOCHBHO®Bed in
Enbodi ment 5 nmay be t hg \g' i repr esent ed eral) formul a
(5). [0180] I In thig~gnbodi , 'nei@)
using 20 the phenol xg&si

phenolic resin as{®scribed iR ¢ B.can be gdded. Apjcontent

of the additional phenol ic resin(®ygbined i @2 f any, prefer abI y

such that the content of the phenol resin (B) is 40 wt%to 100 w %
both i ncl usi ve tom@%nteemlfogmﬁmlus@ Skt YNGR ﬁmoaaﬁtcﬁnaugtl b8 ng
phenol resin 25 (B) is within the above range, a satisfactorily |ow
noi sture alisebpti esrbomndiadeciat arsotlerdsie besistmIeatcan Ne integer of
achieved. [0181] 61 Butadiene-acrylonitrile copolymer (CG2) A

but adi ene- dcEglInbtis Leteppobyeto (4C- &)d nsexl avar&gd ediinentos 5t iy bember
but not limted to, the conmpound represented by general formula (3)
as descfi be&df iintenbodi ment 2. A content of the 5

but,acﬁl ene- a[c0 )65?nltl’l|e copolymer (C-2) is preferably 0.05 to 0.5 wt%

Such an epoxy resin composition may meet both higher content
of an inorganic filler and higher fiuidity. Thus, it can provide a
significant effect that particularly an area mounting type
10 semiconductor device can meet both reduction in warpage and higher
reliablility 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
16/90 to 90/10 both inclusive, more preferably 20/80 to 70/30 both
inclusive, particularly preferably 30/70 to 50/50 both inclusive.
When the weight 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 ggcuredproduct 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 edisft0d82osokEbiny ragsi and Bh dfforane pakiyl lleestdn pE)adtzeldimn high
Enbodi ment 5 nay be the epoxy resin represented by general formula
(6) as desccinbedt WatlEnfoliteeiprationin Epuidi tyedi thecpepysiesiiopofpesition
encapsul ating a semni conductor chip of this enmbodinent can contain, in
addi tion t GEsRPITRIHSE Ayesuliing ipcengeldsat(PylReon Fed HiRHre, an

i norganic f Bgi (D and a curing 20 accelerator (E). [0183]

| nor gani c £6O1 (D An inorganic filler (D) used in Enbodinent 5 may

be the fill E f . .
i ﬁorggnflglc flelrl er (%)?%%gg?ge%ggf’g?g Iay gglgv%a A) gggg?&l%(’/a%%{%ﬁcnbw 1
inclusive, mm@EeiReS ecalhy B80S % @@tataeg Agt URi¥eibaiddend 9éaaéures

epoxy resin conposition. The content ~within the range nmay | ead

preventi on cbfcasned ey i deshs leppeg fdsam 62 aheivhg defsy=lana %ﬂ:o&y&ésﬂ_n
i ncrease in noisture-absorbing rate and coefficient of thernal

expansi on. (A} .addliqonsant welr phgeadofitacosal egoxprodict igad fhenypr pveftsdhly
Furt-hernmore, fluidity of an epoxy resin conposition is
i npr. edandFidhat anERoer i ¥ anq LB GH i P RROINE $RPXY resin (A) amount

10 to 70 wt% to 100 wt% both inclusive to the total epoxy resin. When
the total amount of the epoxy resin (F) and the crystalline epoxy resin
(&) is within the range, a satisfactorily low moisture absorption and
adequate soldering reéistance can be achieved.
[0179]

15 Phenol resin (B)

A phenol resin (B) used in Embodiment 5 may be the phenol resin
represented by general formula (5).

o [0180]

R

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

2 the phenol 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 phencolic 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 probl ens
such as gold-wire deformation within a sem conductor device. [0184]
Curing accelerator (E) Acuringaccelerat@l (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 nent can contain, in addition to
conponents (A) to (F) , the additional conponents described above.
Furthernore, it can appropriately contain, if necessary, any 15 of

vari ous addivtpdagneTadnydengtally Iconel wrem g)agent such as

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

ur ei dosi | anes and Vi PELPRHESCTARE LIS RPAGERES Sifenspd 11 £3Rgggent
coupl i ng agent um num. coupl i ng..agents and al um nuni zi rconju

coupl i ng ag’:r%afys-.e’Z uT Bi‘ég‘fmﬁ% tecfjo%/eche’ %u%cgﬁﬁ? Si°t Pﬁﬁdé%’ SEHbBoT n%‘?lntlula

> can be preharedoeae @RACLH DRI JARERDOS! Mok ofitiidhenmr e, the

epoxy resin conposition can used to encapsulate an electronic

part sugh %t@d&@ﬂé%&@@h@fri@b@pé%m@ﬁ&@lﬁ Bs PEEESPIMIUCH 05 €6\0.66ts
as descri bed above. 25 EXAMPLES [0187] This invgnti on will be

descri bed wdth teflersdree mare puéfarmtbl@30. 1 it ©edl witd, bddanpkessivdede, the
any content shall be expressed as wt% [0188] Experinental Exanple A

Experi ment dlotBtagmptxy gedin composition. A content within the above range can

lead to improvement in adhesiveness of a curedproduct toabasematerial.

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

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

the epoxy resincompositionbecomes less viscous, for example, gold-wire
deformation within a semiconductox 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 composition for encapsulating a semiconductor

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

O
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 fillexr (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 kgl resin having a bi phenyl ene
noiety (Meiwa Plastic Industries, Ltd., MEH7851SS, 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 Petrochemcals 15

Conpany, Libsingddeteri838+6dSduanumbéncaeerade molsoudeaiabaerighty rh860and
viscosity (25C): 350 Pas): 0.50 wt % y-d ycidyl propyl tri nethoxysil ane:
0.20 wt % GCaRehdubtenae bhouwalt epandom bl dokaddiZonwt 96 rEye ©£8®]0ured
These corrponents were bl ended by a mi xer. Then, the m xture

kneaded usiPF§Y%EGb B} PS8 RRSERNEE: f aE‘éﬂir@ﬁ:ﬁLé’Fét ufrJéJsl%VeO@@’CeQﬁHY prpin
C. After cooli

compos: 11 o PnPHeL bl P eegnRethe 1 Bt Rede bt ;Y@%ﬁé&%ﬁ%ﬁ?ﬂa@wg
25 by tge fql é%"éﬂg@%ﬁ&e%pl thar D6 L% e SN TN Jeod H0ucn

Eval uati on net deter nperature o

175C, an I@segbn@rmﬂee%%em@él&l wItVER AndnGubhAgildMeoicg, mn,
using a nold measuri ng a spiral flowin accordance with

EMM - 1- 66. [IotL8#% 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,
inadditiontocomponents (A) to (F), theadditional components described
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 encapsuiate an eleétroniC‘part such as & 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 fornmed using a transfer
mol di ng machi ne under the conditions of nold tenperature: 175 C, an
injection pressure: 6.9 MPa, curing timg3 2 mn, where a substrate

was a bismal ei mde-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 nmm), 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 paduified ©ir Egprpbear d Hera, argokdninnte shilh i anpresseof agsits.
‘M It was post-cured at 175 'C for 2 hours to give a sanple. A set

' of ten 15 sEHi®Ednductor devices thus prepared was cooled to room

' terrperatureE Thenitge di spl acenent in height direction was neasured

i n di agonal=*E& ¥ ' gate of the package, using a surface
roughness iﬁ;gg : @E glg li.spl acenent difference was determ ned
as war page Eined 081 }n e fr (pm. 20 [0192] CGold-wire
deformagion rate: a;3»2xBLfn BGA PAGKAEA § B I PFesBY AhMMH B% & Resins

package warpage was observed by a soft X-Tay fluoroscope, to express
a gol d-wi r edef oranf ivaonake @sididepintf 10N @mupat),/ tgedwnwhee 185) :
length) in units of % 25 [0193] Sol dering resistance: a 352-pin BGA
package fordd@ #b% eval uating a package warpage was post-cured at

175 C for 2 hours. 65 A set of ten packages thus prepared were
treated under the BbfddbAesén bf at ebgirlaptabksf reelT havdnged &iphanylene
hunm-dj ty of 60 % for, 168 hours, of tenperature of 85 C and_relative,
unn dl £ ofagtde (GitegLAghre TncBiia- Ebn 1 r ARG O B eoant

. : H 0
relative h%‘H%‘J! tlyycprfox% e/?qt];:f)\;alent 203): 4.54 wtd

Triphenylphosphine: 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 wt%

Carbon black: 0.30 wt%
20 [0182] |
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 obtained 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 treatnent

at peak tenperature of 260 C (at 255 C or higher for 10 sec.) . After
treatnent, the presence of an internal tachnment 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]

Experimental Exanples a-2 to a-11 and b-1 to b-7 In accordance wth
the conpositions dgscrdibechd: rﬁe-E@@nfﬁeé-m@It@ter%)er%ngé!oE@sEPC aninjection
conposi tions were prepared and eval uated as described 15 in

Experi ment a:lreExansp lbé @-9 MParhed evaln@atioa ofesuih s vaieg shein for fedduesng
1 and 2. [0195] nEonents ot her than those used in Experinental

Exanpl e a- B Sﬁqﬂ“eala§ P9 lino¥RcordenEp o8 Ir1256an Br Lhexpresstd in units
novol ac type epoxz resin (epoxy equivalent: 196, softening point: 55
C) Phenol r&siFA5™ Shenol aral kyl resin having a phenyl ene noiety

(M tSUI %ﬂ??g; Inc., XLC-LL, softening point: 75 C, hydroxyl
eqU|vaIent f 25 Phenol resin 3: a phenol novol ac resin (softening

point: 80 G, hydr@ééﬁk LYBLGI o 3685) 510 mea d transt
1 8- Di azabi cycl o(5, 4, ecgéggf (%ere:HE terwaszﬁé?$edu?%?%5 rans e

" DBU! ) EpO)fddi'd_ZLﬁQ rﬁéﬂﬁét%&n%&%a%ﬂgo@s 6@%@1&@% SVEhAde 175 °C an
nol ecul ar wei ght? 700, viscosity (25 C: 10 Pa-s) EpOX|d|zed

pol ybut adi emgeconpoyneds3ugan sunbies, averiagetime: 2 min, where a substrate

) 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 fromthe gate of the package, using a surface roughness gauge.

The maximum displacement difference was determined as warpage in units

R

cf 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 [0183]
Soldering resistance: a 352-pin BGA package formed for

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



2000, viscosity (25 C: 550 Pa-s) [0196] 67 r M
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f temperature of 85 °C and relative humidity of 60 % for 168 hours,

02 @
@)

and then of temperature of 85 °C and relative humidity of 85 % for

4]

72 hours. Then, the packages were subjected to IR reflow treatment

at peak temperature of 260 °C (at 255 °C or higher for 10 sec.). After

treatment, the presence of an internal detachment or crack was observed

by an ultrasonic flaw detector, and defective semiconductor devices

) were counted. When the number of defective semiconductor devices was
10 n, the _rate was expressed as n/10.

[0194]

Experimental Examples a-2 to 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.
20 Eposy resi.n 2: an ortho-cresol novolac type epoxy resin {(epoxy
equivalent: 196, softening point: 55 °C)
Phenol resin 2: aphenol aralkyl resinhavingaphenylenemoiety
(Mitsui Chemicals Inc., XLC-LL, softening point: 75 °C, hydroxyl
equivalent: 175)
25 Phenol resin 3: a phenol novolac resin (softening point: 80
°C, hydroxyl equivalent: 105)

1,8-Diazabicyclo(5, 4, 0}undecene-7 (hereinafter, referred to
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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]
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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] Experinmeggal 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 noiety (Meiwa Plastic Industries, Ltd., MEH7851SS,

sof teni ng poi ., 10 65 C, hydroxyl equi val ent 203): 4.71 w parts
But adi ene- acr y -t ihe copoetyrer—be—i t‘-g: tﬂ! 'tld —HYCAR—CTBA
1008-SP, x = .82, y = 0.18, z = 62 (ave ﬁ‘mﬂ“a 9B

. 60 nart
A~ T

Tri phenyl phos;%%%%&%é&h%ﬁ@&uﬁ_&ﬂﬁﬁg%ﬁ
partiCI e size Ep@ﬁyrﬁ?m'l 90 00wk partq | 437 [1.51 |1.31 742 446 | 5.53

y- G yci dyl pr opfory iegie2 hoxysi l ane: 0.20 wk pdrts| Carnaubal4#x: 0] 20
wt parts Carbofhebblagsiet 0. 30 wt parts ThepESbcdpotéhnt s | bl igt-dllended by
a m xer. Then/Phehd msim2t ure was kneaded psing two rol s whosg4gurf age
t enper at ures \Weieeol®3in@ and 10 45 C. Aftpr coolijng, the n xtdyre wasi

mlled to giveTphergpRsphineSi N_COMPOSI L1 0[v431has4PeXY | &3 fv.43 043 [0.43
conposi tion thus obtal ned was eval uat ed by the |t ol Towm ng metiho The

D

results are shelpy dferic@R1iEa - 90.00 (9000 [ 96.00 | 83.00 | 90.00 | 90.00 | 90.00
Epoxidized peolybutadiene compound 1 §.00 [ 0.50 0.50 (0.50 [0.50 [0.50
Y-Glycidylpropyltrimethoxysilane 6.20 [0.20 | 0.20 .20 j0.20 | 0.20 [0.20
g'_'"""') Carnauba wax 0.20 10,20 | 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 |158
Package warpage {in) 35 59 unfilled j112 140 37 36
Gold wire deformation rate (%) 2 i unfilled |1 10 |2 2

Soldering | after treatment at 60°C/60% for| 010 | 010 |unfilled | 7H0 (010 | 110 | 2/10
resistance |168hr
after freatment at 85°Cf60% for|4M0 | 0410 {unfilled |10/103/40 | 710 | 810
168hr

affer freatment at 85°C/85% for| 60 [0/10 |unfilled
72hr

1040|6410 1010 HOMD

[01.98]

Experimental Example B

LS

Experimental Example a-1

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

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

i0 65 °C, hydroxyl egquivalent: 203): 4.71 wt parts
Butadiene-acrylonitrile copolymer (Ube Industries, Ltd.,

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




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

war page: neasured under the conditions as described 20 in
Experinmental 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 pArsample 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 Beshepyeshesrhiaeis Oold evialndatfng a package war page
was post-cured at_175 C for, 2 hours. A set of ten packages_thus
prepared were treBfRf GREDFILGHeS ks pREP SIS PREHsdrat A 8¢ HBY: G000
and relatixﬁ nggdity 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 X . t er.at of 260 C
(at ZSépC or highé¥(ﬁ¥gg&&%£§%%ﬁ%%;§¥efnﬁ%éggﬁghﬁ?@@hggp %%gﬁce of an
i nternal detachmentar@uer agk: Ve ohsepyeds by an ultrasonic flaw
detector and defective sem conductor devices were counted. \Wen the
nunmber of defecti vearkkth eackonlBeX et gdaevi<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

Lren,

ik) 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.
[01929]

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]

e

Package warpage: measured under the conditions as described
2 in Experimental Example A. A sample which was convex downward.by 60
M or more was determined as defective.
[0201]
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]

Soidering 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. adehenolosy akkidsdreskd Havkhgs drpbedl2nagibatyagd Mutpade was
Chemicals Inc., XLC LL, softening point: 75 C, hydroxyl 25

equi val ent pokZ5ruRite a1 meR o 2anhd@ieNol Angstobat ehesddkagee fiheRi gpitepared
point: 80 C, hydroxyl equivalent: 105) 71

1, 8- Di azabiveyel (g t4¢dQingededenetiiodierei st teperatefrereie 0 t°0 angsrelative
"DBU") y-Mercaptopropyltrimethoxysilane [0205] Table 3 Experinental,
Exanpl e a- hugidity 60 H-Br EpBxoursEsPl 1empergtyrapes 896°4 ang welgyive

Ph | i 14,71 3.73,5.81 30 2.03 | Ph | i 2 2.30 Ph |
Toal o 5 gt e CrH 38R PR o BBED ar R PRERated Yo iR ted

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

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

[0203]

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

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

Components other than those used in Experimental Example a-1

e

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

Resins Co. Ltd., E-1032KH60, softening point: 59 °C, epoxy equivalent:
169)

Phenol resin2: aphenol aralkyl resinhaving a phenylenemoiety

(Mitsui Chemicals Inc., XLC-LL, softening point: 75 °C, hydroxyl
25 egquivalent: 175)

. Phenol resin 3:a phenol novolac resin (softening pocint: 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-Gycidylpropyltri 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 0/10 resistance 168hr after treatnent at
85C/ 60% for 0/ 10 0L1®D-Berebdand P18, 0le8taceberDAbekemeitiahlveigrred to
Experinental Exanple a-6 a-7 a-8 a-9 a-10 Epoxy resin 1 3.40 4.25
4.16 4.29 &528PBpgoxy 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 Bef5aBtaRr gy 5r g Foxysland s  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 nmet hoxysil ane 0.20 Carnaubawax 0.20 0.20 0.20
0.20 0.20 Table3

Experimental Example
a1 |a2 |a3 a~d a~§
Epoxy resin 1 429 |3.30 [5.16 |4.40 [4.95
Phenol resin 1 471 |3.73 |5.81 230 |2.03
5 Phenol resin 2 2.30
- Phenol resin 3 2.03
Butadiene-acrylionitrile copolymer ¢15 (015 015 (015 | 0.15
Triphenylphosphine 0145 | 0142 | 018 (015 | 015
Fused spherical silica 90.80 | 92.00 | 83.00 | 80.00 | 90.00
T-Glycidylpropyltrimethoxysilane 0.20 |0.20 10,20 |0.20 |0.20
Camauba wax 0.20 {0.20 |0.20 [0.20 |0.20
Carbon black ' 0.30 {0.30 | 0.30 [0.30 |0.30
Spiral flow {cm) 150 126 |185 |[160 155
Package warpage {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 | 010
. resistance | 163hr
) after treatment at 85°C/60% for [ 0/10 | 0/10 | 0/0 [ 0M0 | 0/10
168hr

[0206]




Car bon black 0.30 0.30 0.30 0.30 0.30 Spiral flow (cn} 121 160 130
155 125 Package warpage (pm 12 37 25 35 26 Gold wire deformation
rate (% 2.8 1.2 2.5 1.2 2.5 Soldering,after 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 phosf4iil@é 0.15 0.15 0.15 0.15 Fused spherical silica 90.00
90. 00 90.00 90.00 Y-dycldylpropyltrinet hoxp@plc,gm%tgg g@n@,go 0. 20

8 :238 gg:’ pgijb wax 0.20 0.20 0.20 0.20 Car bcglwi)lr %zn j\apn} -a%gl g}lb’
37 Gold wirelER¥i¢ffiion rate (% 1.7 3.0 0 3% (3755 A8 i Ad2a #.29
treatment at PENGxG0E4iM»r 1110 1110 1110 5110|6.85
Phenol resin 1 475 [4.80 |4.69% [4.71 (4.71
Butadiene-acrylonitrile copolymer 0.15 010 (030 (015 |0.15
Triphenyiphosphine 0.13 |06.15 [ 015 | 015
DEU 0.15
Fused spherical silica 90.00 |90.00 |90.00 (2£0.00 |£0.00
Y-Givcidylpropyitrimethoxysilane 6.20 (0,20 |0.20 0.20
{"“:) TY-Mercaptopropyitrimethoxysilane : 0.20
- Carnauba wax 020 (020 | G20 |0.20 |0.20
Carbon black 0.30 |0.30 |0.30 [0.30 |0.30
Spiral flow {cin) 121 (160 (130 (155 |[125
Package warpage {pm} 12 37 25 35 26
Gold wire deformation rate %) 28 |12 |25 12 {25
Soldering | after treatment at 60°C/60% for|o/10 {0/10 | 0/10 |O0MG |0M0
resistance | 168hr '
after treatment at 85°C/60% for|0/10 |0/10 [ 0/10 {0M0 [0/M0
168hr

[0207]




resi stance 168hr after treatnment at 85C160% for 5110 7110 3/10 10/10
168hr [0208] Experinental Exanple C Experinmental Exanple a-lI 5
Epoxy resin 1: a phenol biphenyl aralkyl7gype epoxy resin (N ppon
Kayaku Co. Ltd., NC3000P, epoxy equivalent: 274, softening point: 58
O: 1.47 wt parts Epoxy resin 2: bisphenol-A type crystalline epoxy
resin (Japan Epoxy Resins Co. Ltd., YL6810, epoxy equivalent: 171,
nmelting 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 0 ..5-12.Ww parts 5
Tri phenyl phosphine: 0.15 wt parts Spherical fusedEspierimaerital Examyple
article sizp: 30 : 88.85 w parts Pol ybut adi 081t
25 C: 350 Pa QYi [‘rz.:nn oxygen r\ngf ent— 6% 0/:)' (ﬂgﬁ kbtnarj]c-§1n b-qf
N- Pheny!| y-arrEpom'ﬁwrlt‘h met hoxysi | ane: 0.20 wt Fek‘-ﬁ& 56 rlauba w1
0.20 wt partp Iack? 0.30 wt parts These donporents

bl ended at apB 38 ??ES@“Z;" Bk fre— O — X —Wa: \Hﬁdrs‘.eaded
using two ro Pbeaol msind 120 C. After cool | ng, 15 the mi xt|¥e@1 wa4d.84
mlled to gi "ﬁh@ﬂo?&%’ﬁé{f esi n conposition. Epoxy QE@ i congosi t1 ons

~ thus obt ai neg evattatedas-—-deseribed—bhelew—|F+he

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

Triphenyiphosphine .15 | 0.15 | 015 (015

0 Fused spherical silica 90.00 | 90.00 | 90.00 | 90.00
Y-Glycidylpropyitrimethoxysilane 0.20 | 0.20 [0.20 |0.20
Carnauba wax 0.20 [ 0.20 |10.20 |0.20
Carbon black 0.30 [ 0.30 {0.30 |0.30
Spiral flow {cm} 1556 (154 |82 95
Fackage warpage {am} . 31 32 |5 37
Gold wire deformation rate {%) 1.7 |30 j9.0 |50

Soldering | after treatment at 606°C/60% for| 110 | 1710 |1/10 | 5/10
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 1: a phenol biphenyl aralkyl type epoxy resin
(Nippon Kayakﬁ Co. Ltd., NC3000P, epoxy equivalent: 274, softening
point: 58 °C): 1.47 wt parts

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

Epoxy Resinsg 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 with nickel-palladi umgold,

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-elenent size: 1.5 nmx 1.5 nm thickness; 0.2 mm

passi vationtsypes: .My wespamlsded under the conditions 75 of nold
tenperature: 175 C, an injection pressure: 6.9 MPa and curing tine:
90 sec using a trabbérrl neéih hg anpchondipbehy] bedlkpl desshr éMebouBtaic
[0211] 5 Package warpage: for the MAP-CFN formed for eval uating MAP
mol di ng (Luﬁﬁqﬂﬁgélﬁﬁﬁ(%?d-th@E%ﬁ?ﬁﬂlééen%WQIQﬁYlhéH@ﬁYakﬁﬁtéc?P%n SeESenpng
| ongi tudi nal direction using a surface roughness gauge. The naxi num

di spl acene®CMf f 6P efrdé Hak? 3Bt 8RETRed as package warpage in units

of mcrpneter (pnm 021 ol deri.ng.crack resistance: the above
MAP- QFN™ was fornedTgéékéﬁ%i§§¥8§$%%3afL%§5W 3%5ﬁ54 hours. It was then

cut into i”diViduaEFag'%%ﬁ?f&&%?@&fiébﬁﬁ@&f& d§§%£§cﬂ?¥%2§:%€§gp¥t .85

sanples. A set of nty sanples was indivitu y treated un

condi tions af ghetkenperature 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

5i> content: 6.5 %): 0.30 wt parts
10 ' N-Phenyl y—aminopropyltrimethoxysilane: (.20 wt parts
Carnauba wax: 0.20 wt parts
Carbon black: 0.30 wt parts
These componentswereblendedat ambient temperaturebyamixer.
The mixture was kneaded using two rolls at 70 to 120 °C. After cocling,
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-QFN (metal substrate: acopper
frame plated with nickel-palladium-gold, encapsulating-area size: 45
25 mm x 62 mm, thickness: 0.65mm, size of a semiconductor device (QFN-161)
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 determ ne
t he presence of various interface detachgents. \Wen the nunber of 20
def ective packages, in which detachnment occurs, is n, the rate is
expressed as n/20. [0213] Experinental 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 ofmdExpeshpenital-c EXATPICe @ 1njddel evateihiren ¢ e8Mbd sndra@iring
shown in Tables 6 and 7. Conponents other than those used in

Experi ment &irexatfpleecresieg kb aranaker oollowsg j2iap . Epdxiililedi nosls gre
bi phenyl type epoxy resin (Japan Epoxy Resins Co. Ltd., YX4000K,
sof t eni ng FOPAEe4105 C, epoxy equivalent: 185) 5 [0215] Phenol resin
2: a phenoloag kyl resin (Mtsui Chemcals Inc. , XLCLL, softening
poi nt é ? roxyl equivalent: 175)

y-d yCIéjyI propylt rkﬁg&xﬁﬁ%%‘é& .f})r Q{J%ﬁ?&a}f;ﬁﬁam%dt rg ﬁgtlng MAP

oxi r ane- oxygen content "an scosity at uta I ene are

shown in Tapheidy (EJQ%l@leJZmJ.E}I h t%eNiié%nl@cg%?el@c @nohé)lgﬂt Vi rdetidir wad An
ONMOON cur e) to O(V

longitudinal dJ.rectlon us:Lng 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
2 defective packages, in which detachment occurs, is n, the rate is
expressed as n/20.
[0213]

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

In accordance with the compositions described in Tables 6 and
25 7, epoxy resin compositions were prepared and evaluated 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., ¥X4000K, softening point:

[0215]

5

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

175)

7% °C, hydroxyl equivalent:

ALC~LL, softening point:

v-Glycidylpropyltrimethoxysilane

Polybutadienes 2 to 6

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

10

polybutadiens are shown in Table 8.

[021¢]
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b-1 b-2 b-3 b-4 b5 b-6 b-7 b-8 b9 Epoxy resin
Epoxy resin 2 4.59 2.90 5.
;8. 41 8.
resin 2 5.10 Tri phenyl phosphi ne 0.
0.15 0.15 0.16 0.15 Spheri cal
95.85 99.95 88.85 98.85 88.85 Pol ybutadiene 1

1.47 1.47 1.47 1.47

3.41 Epoxy r
6.12 Phenol

esin 3 Phenol resin 1

4.25

fused silica 88.

0.30 0.30 Pol ybutadi ene 2 Pol ybut adi ene 3 Pol ybut adi ene 4 0. 30
Pol ybut adi eng_5 0.30 Pol ybutadl ene 6 D.30 N Phenyl

8750 0 20 y-

0,20 0.20 0. 28

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
85 88.85 88.85 62.85
0.30 0.30 0.30 0.30

0.20 0.20 0.20

ne

y-(]ycidylprcpyltrlnethoxysilane 0| BperimentahBidRAlewax 0 20 0.2Q.0. 20
0.20 0.20 0.20 0.20 0.20 0.20 Carhbh pi-ack30.188 0k-80|HE 3¢-70.|838 P80
0.30 0.30 0. 3epy8Bini1Spiral flow (¢&§5 78 13901006 104 BXN778.41304B01471
MAP nol di ng (|epdxykdse@d (nunmber) 5 00 O|4530 28005260 | Qoo poi1d).4VAR41 |3.41
war page (m 18p388ind40 400 (9) 200 250 200 2400 %ol deri ng
(600160/ d12Q0Bjendlelh PT20 0T20 UTZ20, £0)s H1Z0 U3 [VEZ5. #1402 [5.12 [5.12
resi stance (4§ A nr) 2120 41¢u 8120 1248q () 2{t207912¢ 2170
20]-}.2|0| _Not eb,]‘lﬂ}:{heﬁ%hﬁw‘ﬁfn AT O S AT S | I 0.5 0.1 75 18 |5 [9U5 [bY6 [0.48
unfilling [ SpHerical fusedsilica 88.95 | 86.85 | 88.85 | 82,85 | 95.95 | 89.95 | 80.55 | e0.85 | 98,85
Polybutadiene 1 030 (0.30 (0.30 10.30 ;0.30 030
Poiybutadiene 2
" Polybutadiene 3
) Polybutadiene 4 0.30
Polybutadiene § 0.30
Polybutadisne & 0.30
N-Fhenyl 0.20 |0.20 |0.20 10,20 | 0.20 |0.20 | 0.20 {0.20
y-aminopropyltrimethoxysilane
+Glycidylpropyitrimethoxysilane 0.20
Carhauba wax 0.20 (0.20 |0.20 [0.20 [0.20 |0.20 | 0.20 |0.20 | 0.20
Carbon black 0.30 |0.30 |0.30 (0.30 [©0.30 |0.30 |0.30 |0.30 {030
Spiral flow {em) 78 186 {100 |10 |30 78 130 | &0 110
MAP melding {unfiiled | (humber} (5 0 0 0 »>20 |8 4] 20 0
void)
MAP warpage {um) 140 (350 [240 {400 |¢1) j200 |280 {200 |200
Soldering | (B0°CI60%120hi} 020 |QJ20 | 020 (G/20 | {*1) 0420 | 0/20 |OF20 | 4120
resistance | (85°C/60%/158hr) 2020 | 2120 [ BI20 (2/20 |{"} |2120 | 9420 | 2720 | 20;20
Note: "1; no evaluation samples were not obtained due to unfilling
J
[0218]
Table 8
Polybutadiene
1 12 |8 |4 |5 |s
Oxirane-oxygen % 85 |5 8 9 2 1
rate
Viscosity at26°C [ Pas [350 200 |550 | 7560 |10 {900
[0219]

5

Experimental Example D




Pol ybutadiene 1 2 3 45 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 Experinental Exanple a-1 Epoxy resin 1: a phenol

bi phenyl aral kyl type epoxy resin (N ppon Kayaku Co. Ltd., NC3000P,
epoxy equivalent: 274, softening point: 58 C: 1.90 wt parts 5
Epoxyresin 2: abi sphenol -Atypecrystal line epoxy resin (Japan Epoxy
Resins Co. Ltd., YL6810, epoxy equivalent: 171, nelting point: 45

C): 2.85 Wexparigemhane@kaiesé i-1. a phenol biphenyl aral kyl resin
(Meiwa Plastic O Industries, Ltd., MeEH 7851SS, hydroxyl equivalent:
203, softening 10Epwintresés T 'a phebol bisranylTarahiedy itpbespinxneresin
0.20 wt parts Spherical fused silica (average particle size: 30 Prr)
89.00 w dﬁ“lﬂp@OEﬁ‘éﬁéiadiﬁuz@@ FoIdbuNadP & conpythivalgpppayd, sortening
Petrochem cals 15 . Ltd., E-1800-6.5, nunber average nol ecul ar

wei ght: 18@®ingF s%%slcﬁy 195 W) PaBE® Pa-s: 0.50 wt parts

&thgfﬁgtoggfgghtgﬁgﬁigo J%%£W£b?ﬁ¥ enolmgtgpecryséaf%%%e%%ggyre51nEhapan

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
if\ 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 1: Nippon Petrochemicals
15 Co. Ltd., E-1800-6.5, number average molecular weight: 1800, viscosity
(25 °C): 350 Pa-s: 0.50 wt parts
y-Mercaptopropyltrimethoxysilane: 0.40 wt parts
Carnauba wax: 0.20 wt parts
Carbon black: 0.30 wt parts
20 These componentswereblendedat ambient temperaturebyamixer.
The mixture was kneaded using two rolls at 70 to 120 °C. After cooling,
thendxturewasﬁilledtogiveanepoxyresincomposition. Epoxy resin
compositions thus obtained were evaluated as described beloﬁ. 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 anbient 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 gi Vg ,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

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

fluidity iggp éi?nln&‘!’éaﬁ@ rr%@te?\(:t Swﬁé'&Q si’:%rblﬂ]ff'lb%'l@,gle@%m%?x% crlquflﬂglxty
nol di ng a package 5 Package war page: a 352p BGA was forned

using a tl'&&SE@rlcﬁDh:ﬂhﬂgieﬂ&ﬁBlélﬁ:l’ula@eunﬁﬂﬂl@@nﬂéjr lc@&&ro&uﬂ‘mﬂgdmoldlnq a
tenperature: 175C, an injection pressure: 6.9 MPa, curing tinme: 90
sec, wherepackahstrate was a bismal einde-triazine resin/glass

fabric substrate with thickness of 0.56 nm a sem conductor device
size was 309%#Lk 30 nm (thickness: 10 1.17 mm) , a seniconductor chip
size was 15 mMm x 15 nm (thickness:_0.35 mm. It was, post-cured at

175 C fdr 2 hours. Fagkags "fﬁﬁﬂalgﬁg at:’(f’zrpo‘%ﬁﬁw%%ﬁﬁ’é‘l*%ﬂﬁ?@g?ﬁéaﬂSferm"ldmg

di spl acenent {n hei irectjon was sured in. dia di rectian
ot e oArEhORC TR SeGa ioaphe of e R TG ReaS® Gaue T o

maxi mum di splagepents & Lbe! &&%{1‘%&%1 & dridacd Qﬁeﬁe RACKAGErd: was a

war page in‘units of mcromneter en a package warpage in this
package is pAQmAMEOh JBMQiab e %@Eﬁﬁ)ﬁgltds@nféﬁl%oéulﬁﬂrhﬁi@|mﬂt@13tl‘ﬁﬂzkness of

encapsul ator for encapsul ating one side. } [0222] Gold-wire
def: o)matl o .58t |, neasmlednduinttierr tiheicondizici 0as IE mm x 30 mm (thickness:
10 1.17 mm}, a semiconductor chip size was 15 mm x 15 mm {thickness: 0.35
mm) . It was post-cured at 175 °C for 2 hours. After cooling to room
temperature, the displacement in height direction was measured in
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 side.
[0222]
Gold—wire deformation rate: measured under the conc_iitions as
20 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 foxmed 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 Experinmental Exanple A. Wen a gol d-w re defornmation
rate is 4 %or nore, short-circuit tends to occur due to contact
between gold wires. [0223) Sol dering rgsistance: a 352pBGA was

formed as described for 25 evaluating a package warpage 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 ecaf 186 Kowaitd angl et i negnpuat gid Yoroks @ Huf 061468 AURSAL BNGE
treated by IRreflow (260 C) for 10 sec. The sanples were eval uated
for the preX¥edcwroles hoers craacksreatddviay iIGuUssElicat €26@ER) detaidhrent I[hhe
observing them by an ultrasonic flaw detector. 5 Wen the nunber of
def ecti ve pagRdgesvsre Avalypiadafer |heepppeanasd 0fsinggr gragkepnghearious
nunber of defective packages is 3 or |ess, the sanple asses the

Sol deri ng reSFETant €o6varI bk PTG PY BRIUrF REMLT L EAHBrRRCr
a-2to a-2 corda L t.h th Qsi. tion e i bed in

Tabl es 9, %Q’a%%e %%?B%‘Eoo%g?#s%tnlvceo a‘ggﬁ?%ﬁé e ggprag%a?gcﬁ Xg’ﬁ:gssed as

eval uat ed a}§/10qesﬁﬁérp%ﬂeirrwr@é9%ﬂ AERLA 1 XBIDfred Ls 3THE 10%al Yaldl Opie

results are shown in Tables 9, 10 and 11." Conponents ot her f han
those used gadsebxpies i Jmakak nfxamilstatct &FRAS1bRItaws. 15 [0225]
Epoxy resin 3: an ortho-cresol novol ac type epoxy resin (N ppon
Kayaku Co. 102@4] EOCN 1020-55, epoxy equival ent: 196, softening

poi n& 55 C) Phenol resin 2: a phenol phenyl aralkyl resin (Mtsui
Chenmijcal s Experimental Exampies a-2 to a-26

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

15 [0225]

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

Phenol resin 2: aphenol phenyl aralkyl resin {(Mitsui Chemicals

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

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

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

25 Rl has structure represented by CyHy: 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'). Epoxidi zed pol ybut adi ene corrpougg 2: a conpound represented

by general fornmula (4), wherein k, 1, nd 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 weight: 400,
viscosity (25 C : 150 Pas 82 Epoxidi zed pol ybut adi ene conpound 3:

a conpound represepted Ay, 4enanAhuc £l S Bokfdund B LEBrEourt rBbAMERed

are integer of 1 to 100; RI has structure represented by OpIEIq; pis
integer of Yy §&ndikl as€Oa (8),) Rhegein ¢f 1, hGantln JMyTDREcqtebAgeto 100;
nol ecul ar wei ght: 4500, viscosity 5 (25 C : 800 Pas [0226) 83 C <
(")C 40 10H1lhes GiQuOtOre Mepr8pehted®YNCHY Nid AhtegerRof NNt A.0H ANDg
OOO0O<tbNro O 40 { onr" N tof) VNMOORTIKr NMr OOOO
Or to N Ois imMagep & Dtp 9. uer@®rage mogdeRuiay veight 04O Blevesify
Mtt) to AOOOOOO NMQAQ f~0 (J'V<<(9NtoNMItj ti <
5 {25 °C): 800 Pa-s

[0226]
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3.}, 2 LNMOco <NOOOOOOOXc~. (0O0(mc~ '"CalLC
GNav-a"600 tWR OONLI11>0 L T RNNNa.Or~-00y ~_
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ww??UU(fl tI U ff1i [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. 7801090 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 |SxpRimenelExsmesi n 1 4.85 4.89 4.8
2.67 1.93 4.65 4.65 4.65 4.65 Phenol |easiai 2a-Tr laphentd [pho sptsi a7 12D
0.20 0.20 0. 2Bpcfyr2én10. 20 0. 20 0. 20 D20 |2.00 |1.08 |0.79 |1.90 [1.90 {1.90 |1.80
Epoxy resin 2 2.97 13.00 |3.00 (164 | 118 |285 |285 | 285 | 285
Epoxy resin3
Phenal resin 1 495 |4.89 |4.89 |2.67 {193 |465 |A465 | 465 14865
Phenol resin 2 :
Triphenylphosphine 0.20 (0.20 |0.20 |0.20 | 020 |0.20 (020 |0.20
DBU 0.20
Spherical fused silica £9.00 | 89.00 | 89.00 | £9.00 | £2.00 | 82.00 | 89.00 | 83.00 | 69.00
Epoxidized polybutadiene compound 1 0.10 |6.008 4.50 | G600 050 j0.50
Epexidized polybutadiene compound 2 0.50
— Epoxidized polybutadiene compourne 3 0.50
__J) v-Metrcaptopropyltrimethoxysilane 0.40 10.40 |0.40 |0.40 | 0.40 |0.40 |0.40 040
¥-Glycidylpropyltrimethoxysilane 0.40
Carnauba wax 0.20 |0.20 |0.20 |0.20 |0.20 | 0.20 {020 |0.20 |0.20
Carbon black 0.30 |0.30 {030 |0.30 |0.30 §0.30 |0.30 [0.30 | 030
Spiral flow (cm) 130 |158 [155 {105 |20 120 [90 118 |[115
Package warpage {um) 44 (80 |50 |64 |79 |72 |100 |53 |53
Gold-linewire deformation rate (%) 2 2 2 3 L) 3 5 3 3
Soldering | after treatment at §0°CI60% for {010 [ 5110 14110 |OMQ | 110 | €110 | 2110 | 0/10 | 0F10
resistance | 168hr
after treatment at 85°CI80% for |2/10 {6M0 |5/10 | 1/10 (210 | 8/M0 |3/10 | 0110 |OMO
168hr

[0228]

e



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-Gycidylpropyltrinmethoxysilane
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 now
(cm 130 15%&53 105 90 120 90 115 115 Package warpage (pm 44 50 50
64 79 72 10G-53=63—Col-d—tnew+e—deforrmtion—rtate{%—22-2 36 35
3 3 Solderiing after treatment at 60CLEUSATEYAIEIWeS119 4110 0110
1110 6110 2110 0110 0110 .resistance 1658229 1 871 1322 ot 1AART 244 (9201 BER
for 2110 611EPoMreEind1110.2110 8110 3( 10521419149 |0488hn TFHPDH] | 288 | 231
Tabl e 11 ExpBrrnesnal Exanple a-19 a- 23-%3-|91° al8#2 043 23 |59 2 H- 352 3396
Epoxy resin|Bregyiegind 13 1.09 QA9 1.69 {1.41 2. 21 2.31 HEpoxy resini2
4.67 6.19 1/84n@redi12. 54 2. 11 3. 32 3. 4[r.¢1Hpory247eldita 3 |Pheimis 3dgiiasdd
7.61 10.09 2pPleroltesk® 5. 17 5.88 3.87 3.62 |Phenol [fesinj2
Tri phenyl phosphtrigerdpRfe 0. 20 0. 20 0. 20j0k0d0.20 | &£ @280 (026 |o.208cl20 |0.20
Spherical fuysed silTica 83.00 78.00 93.p0 98. Gp 89 00 89.00(89.00

89. 00 Spherical fused silica 83.00 | 75.00 | 93.00 | 96.00 89.00 83,00 {£9.00 | £9.00

Epoxidized polybutadiens compound 1 0.50 |0.80 | 050 10450 0.50 (0.50 |0.50 |0.50
Epoxidized polybutadiene compound 2

E--”“*) Epeidized polybutadiene compound 3

el +Mercaptopropyitrimethoxysilane 0.40 (0.40 040 |040 0.40 |0.40 (0.40 | 0,40
v-Glyeidylpropyltrimethoxysilane
Carnauba wayx 0.20 |0.20 |0.20 |0.20 0.20 {020 (0.20 |0.20
Carbon black 0.30 |0.30 (030 [0.30 0.30 (030 {0.30 | 0.30
Spiral flow (cm} 140 |[»>260 (95 |30 100 (90 1140 | 130
Package warpage () 54 |na |41 unfilled |56 |114 |64 107
Gold wire deformation rate (%) 1 1 3 unfilled |2 5 1 2

Soldering | after treatment at 60°C/60% for | /10 | 10/40 | 0110 | unfilled |0M0 [1040 |0/10 | 10/10
resistance |168hr
after treatment at 85°C/60% for | 2MC 110/10 | 3M0 | unfilfed |3MG | 10710 | 2010 {10{10
168hr

[0229]

Experimental Example E

Experimental Example a-1

5 Epoxy resin 1: a phenol biphenyl aralkyl type epoxy resin
(NipponKayakuCo. Ltd., NC3000, epoxyequivalent: 274, softeningpoint:
58 °C): 2.55 wt parts |
EpcryresinZ: abisphencl-Atypecrystallineepoxyresin (Japan
Epoxy Resins Co. Ltd., YL6810, epoxy egquivalent: 171, melting point:
10 45 °C): 2.56 wt parts
Phenolicresinl: aphenol biphenyl aralkyl resin (MeiwaPlastic

Industries, Ltd., MEH-7851SS5, 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@rcaptopropgltrlnethoxy5|lane 0.40 0.40
0.40 0.40 0.40 0.40 0.40 0.40 y-Glyci propyltrlnethoxy5|lane

Car nauba wax 0.20 0.20 0.20 0.20 0.20 O. 20 .20 0.20 Carbon bl ack
0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 Splral flow (cm 140 >260 95
30 100 90 140 130 Package warpage (pm) 64 114 41 unfilled 66 114 64

107 ol d Wdhigrdednrapt ionpd atepffds1 1 3 unfilled 2 5 1 2 Sol dering
after treatnent at 60C160% f or 8110 10/ 10 0110 unfilled 0110 10/ 10

0110 10110 [0@88i stance 168hr after treatnent at 85C160% for 2110
10/10 3110 unfilled 3110 10/10 2110 10110 168hr [0229] Experi ment al
Exanpl e E Experi nitaslicERapptel it rilegepplyesint 1Ubg préwsiries, Ltd.,

bi phenyl aral k }%ge e§o§¥ resin (ngpon Kayaku Co. Ltd. NC3000
epoxy equi VE[@ tcT 400851 R enn rggisined: Toggle (3h, g5~ - 8far ¥ 0-18, 'z is
Epoxyre i.sphenal ; Aty stalline epoxy resin (Japan Epoxy
Resi ns %b %@tgtg Vﬁégfﬁe)ﬁb @;ufa% Dafht: 171, nelting point: 10 45
C: 2.56 wt parts Phenolic resin 1: a phenol biphenyl aralkyl resin

(Meiwa Plastic Industries, Ltd., MeEH 7851SS, hydroxyl equivalent:
203, softening 86 point: 65 O 4.89 wt parts [0230]

HOOG —— (Bu), (ACN),—%— COOH (3)

[0231]

Triphenylphosphine: 0.15 wt parts

Fused spherical silica {average particle size: 30 pm): £9.00

10 wt parts

y-Glycidylpropyltrimethoxysilane: 0.20 wt parts

Carnauba wax: 0.20 wt parts

Carbon black: 0.30 wt parts

These compeonents were blended by a mixer. Then, the mixture

v) 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 methoed. The results are shown in Table 12.
[0232]

20 Evaluation method

Spiral flow: measured under the conditions as described in
Experimental Example A. A sample with a spiral flow of less than 90
cm was rejected.

[0233]



But adi ene-acrylonitrile copolynmer 1 (Ube Industries, Ltd., HYCAR
CTBN 1008-SP; in general formula (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 nmet hoxysilane: 0.20 wt parts Carnauba wax: 0.20
wt parts Carbon black: 0.30 wt parts These conponents were bl ended by

a mxer. Then, thepadkiger Rarfdyanasekinoadedndst ffet yendialibss wWio8escribed
surface tenperatures were 90 C and 45 C. After cooling, the m xture
was m || ed inoEgpeeingmtepoRyands A. COMEoplel oihtch Heapegexyt rédspym or more
conposi tion thus obtained was evaluated by the follow ng nethod. The
resul ts ar @ashgakeiHrgdbpe defeqidrys?] 20 Eval uation net hod Spiral
flow neas%rgg nder the conditions as described in Experinental
Exampl e A R?Sahple with a spiral flow of less than 90 cm was

jected. [0233] 8 K : d t dit] .
s Gescti bed in ExfRH ROREae BOTRRE” AT ot LR i e b LG ons

as descri bed in Experinmen

pm or nor e ; WassdehiRIdT Res a5 dRhest | Mernd1%284] A sample with 3 5 or more
was determined as defective.
[0235]
{:) Soldering resistance: a 352-pin BGA package formed undexr 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 [0236]

Experimental Examples a-2 to a-22

In accordance with the compositions described in Tables 12,
13 and 14, epoxy resin compositions were prepared and evaluated as
described in Experimental Example a-1. The evaluation results are

25 shown in Tables 12, 13 and 14.

{0237]

Components other than those used in Experimenfal Example a-1



5 Gold-wire deformation rate: determ ned under the conditions as
described in Experinental Exanple A A sanple with 3 %or nore was
determ ned as defective. [0235] Solderlg resi stance: a 352-pin BGA
package formed under the 10 conditions as described in ternms 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 tenperature 9 85 16wand relative humdity of 60 %for 168 hours.
Then, the packages were subjected 15 to IR ref |low treatnent at peak
tenperature of 260Efbf@pte2hd3lCaasrdhiogheesol asvdlhcsemog epdiyt essin (Nippon
treatnent, the presence of an internal detachnment or crack was
observed byaynakulCor. dgchi, E0Nah0get Bot epoxvagniideflest i V86, seffeuimtupiont:
devi ces were counted. When the nunmber of defective sem conductor

devi ces wa$n;Crhe rate was expressed as n/10. 20 [0236] Experi nental
Exanple§ a-ﬁ)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
oLl Teoar o% HECorEhaRd 1 EARETS TR An BATIIR T fep JUERLE MOl ra
other than fo%aﬁaua%sl(@oﬁe@%ﬁg@?r&oa' FRATPS-fad GBedlr BSinc: 87 °,

foll ows. Epoxy resin a ortho-cresodl novol ac type epoxy Tésin

(N ppon  KayalcoxEn. e4aﬁwa;eﬁecmmxgzo 55, epoxy equivalent: 196,
softenlng poi nt :

.{ . (o) (12)

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

'-.-.-

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-acrylionitrile copolymer 2 (Ube Industries, Ltd.,
HYCAR CTBEN 1300X13; in general formula (3), x=0.74, y = 0.26, z =

54 (the average))

HODC —E— (Bu), (ACN),—t— 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 Chemcals
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 Induastrpoms") Ltd., HYCAR CTBN 1300X13; in general fornula (3),
x =0.74, y = 0.26, z = 54 (the average)) HOOC f (Bu). (ACN)Y_Z COCH
(3) 20 [0240] 1, Sr-Eeazapiqyehoy(Srind)hmxyectbars 7 (hereinafter,
referred to 89 as "DBU') y-Mercaptopropyltrinethoxysilane [0241]
Tabl e 12 BEXféflhental 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. &Bie31202

Experimental Example
a1 ja-2 (a3 jad |aBd (af |a7
Epoxy resin 1 255 |1.80 | 331 |2.03 |2.53 {263 |3.02
Epoxyresin 2 256 |1.79 1331 |2.03 {2.53 |263 13.02
Epoxy resin3 1.01
Phetiol resin 1 489 [3.44 |635 14.93 |247 (332 |1.98
Phenol resin 2 247
1J Phenol resin 3 1.42

Phenel resin 4 1.8
Butadiens-acrylonitrile copolymer1 0.15 {015 | 015 |G.15 1045 (015 10,15
Triphenylphosphine .15 012 | 018 |0.15 (015 (015 (015
Spherical fused silica 89,00 | 92,00 | 86.00 | 89.00 | £5.00 | 85,00 | 89,00
v-Glycidylpropyltrimeihoxysilane 0.20 |0.20 | 020 [0.20 [0.20 [0.20 |0.20
Carnauba wax 0.20 [0.20 | 0.20 |0.20 |6.20 |0.20 | 9.20
Carbon black 0.30 |0.30 {D.30 [0.30 {0.30 (030 ;030
Spiral flow {cm) 120 |95 143 |100 (110 [120 | 135
Package warpage () 40 |27 55 |50 40 50 j44
Gold wire deformation rate (%) 1.4 |28 |06 120 |16 |13 |10
Soldering | after freatment at 50°C/60% for {10 | 0410 [ OMO | 0M0 [ 0/10 {0610 | 0/10
resistance |168hr

after treatment at 85°Ci60% for | 010 |0M0 (OMO | 1710 {0/10 | OMC | 0/MO

') 168hr

5 [0242]



Epoxy resin 3 1.01 Phenol

Phenol resi

0.30 0.30 OIgw® 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 met 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 copolyner 1 0.1
0.15 Tri phenyl phosphine 0.16 0.12 0.18

120 135 Package warpage (I, m 40 27 65 S50dQripRndfExdthisd W re
. 0 < 4 ; :
??Lg: ot r%‘é&é?&a c,lx.'vloiig gigozbglé'gl 830179 AP [ greT2 [<13 a4
resi stance |FESKYTeSKYbr treat ment at 85C16H4RE 4E-0RT PRI DA | 445 1285
0110 0110 OERxy®6Bit 5 [0242] 90 Table 135EXpéti #@ﬁtaﬁﬂEmﬁﬁp 5% {856
a-9 a-10 a-|Epoayddires 13 a-14 Epoxy resinfl 257 2.62 [2. 55/ 1.4y 3.5
2.65 2.55 FRRYikGgqN 2 2,50 2. 51 2.56 3172 1,80 |76 5411b°4s PFY | 4.69
resin :3 Phﬁﬂﬁenoi resﬂnﬁ 92—4824895-1+14-165 —89-—#4—89 Phenot
resin 2
Pheneolresin 3
Phenol resin 4
Butadiene-acrylonitrile copolymer 1 0.10 | 0.30 0.15 10.15 (0.1 |0.15
Butadiene-acrylonitrile copolymer 2 0.18
'”**) Triphenylphosphine 0.15 |0.156 (015 [0.16 (G.15 (1 0.15
- bBU 0.15
Spherical fused silica £9.00 | §9.00 | 89.00 | 89.00 | 83.00 | £9.00 | 88.00
v-Glycidylpropyitrimethoxysilane 0.20 (0,20 | 0,20 |0.20 [0.20 0.20
v-Mercaptopropylmethoxysilane 0.20
Carnauba wax 020 10.20 {020 {0.20 |0.20 (0.20 |0.20
Carbon black 0.30 {0.30 |0.3C |0.30 [0.30 |030 |0.30
Spiral flow (cm) 130 | @8 105 1150 (100 (125 [105
Package warpage () 42 50 48 52 38 45 40
Gold wire deformation rate (%) g0 (22 (18 |05 |20 |14 (1.9
Soldering | after treatment at 60°C{60% for |0/1Q |0M0 | 0M0O | 0/10 {0/10 |OMO | 0/MO
resistance |168hr
after freatment at 85°Cf60% for | 0/10 {0710 | OMO 1710 |00 | 010 | 0110
168hr

e

[0243]



Phenol resin 3 Phenol resin 4 Butadiene-acrylonitrile copolymer 1

0.10 0.30 0.15 0.15 0.15.0.15 Butadiene-acrylonitrile copol ymer 2

0.15 ."~ Triphenyl phosphine 0.15 0.15 0846 0.15 0.15 0.15 DBU 0. 15
Spherical fused silica $9.00 83.00 89.00 83.00 89.00 89.00 89.00

y- A yci dyl propyl tri met hoxysilane 0.20 0.20 0.20 0.20 0.20 0.20

y- Mer capt opr opyl met hoxysi la n e 0.20 Carnauba wax 0,20 0.20 0.20

0.20 0.20 0.20 0.20 Carbon black 0.30 0.30 0.30 0.30 0.30 030 0.30

Spiral flow (emM—130-98105—150—100125 105 Package warpage—{H) 42

aropivety

' ~ J ~
50 48 52 38 45 48 | &I vvire?@eﬁrh?_mg@ AR [ 10h_ 0ed@2. 42. 90. 5
2.0 1.1 1.9 |Sol defr e |af { er| © | saltap it | @af cHEEC1E008 | ori D11d D119 0110
0110 0110 0110 O11Q,|Ldsi stance Laghe Bl {er %I eadt ment| at 85C160% f or
0110 0110 0110 ]&10%¢fao oo 0FAG: | Thsuhm B2 ook (2 p EM M r N
NmMV d7 O} <SRN0 (&l of P LN |IIT Y 1D 00 0 0
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1. Anepoxyresincomposition forencapsulatinga semiconductor
chip comprising
5 (A} a crystalline epoxy resin,

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

OH

) @_E CH'ZHCH Q) HCH @

1 1
®2), RI1); R1),

wherein R1 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
10 same or different; a is integer of 0 to 4; b is integer of 0 to 4;
c is integer of 0 to 3; and n is average and is number of 0 to 10,
{(C} a {co)polymer containing butadiene-derived structural
unit or its derivative, and
{D}) an inorganic filler in the amount of 80 wit% to 95 wt% both

”j 15 inclusive in the total epoxy resin composition.

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

(B} is represented. by general formula (2):

OO0 @

{R1)a {R2)b {R2)b (Rl)e (R2)b {R2}b (R1)a

wherein R1 and R2 are independently hydrogen or alkyl having



L
-05%mMOV- (DmCO M 4 NOOOIBYE <<CClb6!-1L
Um'O " I6IR i LLLLC> (6 >130QoL_VCU.OCvVv-0
'Cm vi Xc Rwos 0 .QO0QQ @WNN-~o0. OR221U 00 mMmWWa
a. n. nFcot UOcoaOwi 92 WAT IS CLAIMED IS: 1. An epoxy
resin conposition for encapsul ating a sem conductor chip conprising
5 (A) a crystalline epoxy resin, (B) a phenol resin represented by
general foidnmibad (cBrboORaGRsORNtl dwo my) morp RPLLE- Lo Jr -mox€HRPs are the
C3Z--~-Ut ~) '~ 4 (ROA (RZ)h (RRP 1) cJ It (RZ )b (Rx)a wherein
Rl and R2 &P&e|orleidngenety ahydr dgeroest ol Ryto Havibngs integer of 0 to 4;

¢ is integexr of 0 to 3; and n is average and is number of 0 to 10;

cam Uy yC Cy L CQYLYL ONYrLLCOCcCOLC- 41 'a
VoN2XI
(

said (co)polymer or its derivative (C) is an epoxidized
5 polybutadiene compound (C-1); and
sald inorganic filler (D) is contained in the amount of 85

wt% to 95 wt%® both inclusive in the total epoxy resin composition.

i:) 3. The epoxy resin composition for encapsulating a
10 semicongductor chip as claimed in Claim 2, wherein the number average
molecular weight of said epoxidized polybutadiene compound (C-1} is

500 to 4000 both inclusive.

4. The epoxy resin composition for encapsulating a
15 semiconductor chip as claimed in Claim 2, further comprising a curing

accelerator (E).

Eij 5. A semiconductor device wherein a semiconductor chip is
encapsulated with the epoxy resin composition for encapsulating a

2 semiconductor chip as claimed in any one of Claims 2 to 4.

6. The epoxy resin compositicon for encapsulating a
semiconductor chip as claimed in any one of Claims 2 to 4 used for
encapsulating an area mounting tYpe semiconductor device,

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

the semiconductor chip is encapsulated.



1 to 4 carbon atons and two or nore Rls or two or nore R2s are the
10 sane or different; ais integer of O to 4; b is integer of 0 to 4;
c is integer of 0 to 3; and n is averagggand is nunber of 0 to 10,
(© a (co)polyner containing butadi ene-derived structural unit or
its derivative, and (D) an inorganic filler in the anmount of 80 w %
to 95 wt% both ,v) 15 inclusive in the total epoxy resin
conposition. 2. The epoxy resin conposition for encapsulating a
sem conductor chip as claimed in Claim1, wherein said phenol resin
(B) is represented. by general formula (2): Hn Nz (2) H2f f H T/
"s (Rl)a (R2)b (R2Yb FREusa( ROt IR Xhpe Rigrelcopduaher elgviRe, ameeRAn a
are independently hydrogen or alkyl having 93 1 to 4 carbon atons
and two or SRSEECRIECTHE F%bpdrs W@%ﬁéﬁﬁ? é"lttﬁeth%&ﬁ’éadfroudlltﬁﬂérté’ﬁ’ﬁ CRPRY
is integer of .0 to er of i . .
5 and he] SEerSTEIRLPE M EereRe s tb9 b sems PR Bor preroor e
derivative (Chq %§ ap epoxi di zed 5 pol ybut adi ene conpound (C-1); and
sai d inorganic Tier (D) is contained in the anobunt of 85 w%to 95
wt % both inclusive in the total epoxy resin conposition. 3. The
epoxy resin conposition for encapsulating a 10 sem conductor chip as
clainmed in Caim2g. whes eipgpxiyheesiieimpay et fge forokrcabari aehghd of
sai d epoxi di zed pol ybut adi ene conpound (C-1) is 500 to 4000 both
i ncl usi ve. semiconductor chip as claimed in Claim 1,

e

) wherein said phenol resin (B) is representedby general formula

g

10 (2):

Ao OO0 @

(Rt)a (R)L  (R2)b RiYe (R2¥b  (R2)b (R1)«

wherein Rl and R2 are independently hydrogen or alkyl having

1l 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;

1B 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

kbutadiene-zcryleonitrile copolymer {C-2).

9. The epoxy resin composition for encapsulating a
2 semiconductor chip as claimed in Claim 8, wherein said
butadiene-acrylonitrile copolymer (C-2) is a carboxyl-terminated

butadiene~acrylonitrile copolymer represented by general formula (3):




4. The epoxy resin conposition for encapsul ating a 15 sem conduct or
chip as clained in daim2, further conprising a curing accelerator
(E). 5. A sem conductor device wherein g@ssem conductor chip is
encapsul ated with the epoxy resin conposition for encapsulating a 20
sem conductor chip as clainmed in any one of Clainms 2 to 4. 6. The
epoxy resin conposition for encapsulating a sem conductor chip as
claimed in any one of Clains 2 to 4 used for encapsul ating an area
nounting type sem conduct or device, 25 wherein a sem conductor chip
is mounted on one side of the substrate and substantially only the
side of the substrate nountjn he sem conductor chip is

encapsul ated. 94 HDDﬁn_ére@‘aeutﬂqN‘)g_d%g@am conduct or devi céa)
wherein a sem conductor chip is encapsulated with the area nounting
type epoxy resin conposition for encapsulating a sem conductor chip
as claimted 5 in Caimé6. B. The epoxy resin conposition for

encapsul ating a ' duict j i |y Clal i Lo
sai d phenol resin r%lﬁg %ﬁpr%r gg%%gtdg%yggg%g?%?é ;&gr%rﬁ%%s]cfg%?%ﬂ ﬁnlj-"lt'
CH (2)  (RAR :6B2) 0er A abiRN 6121 -G BN Rhlorber ehie Y @b ive
are independently hydrogen or alkyl having 1 to 4 carbon atons and
two or noraudsr @f Lees athaioile W2 abeitihwee nsaber ot debbettent 1;axisy =
integer of 0O to 4; bis integer of 0 to 4; 15 c is integer of 0 to 3;
and n i5 aterag® zmnd istegerbert 6P Bot&0.10, wherein said (co)pol yner
or r‘t)s derivative (C) is a

10. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 8, wherein said
butadiene-acrylonitrile copolymer (C-2} is contained in the amount

10 cf0.05wt%to0.5wtsbothinclusive inthe total epoxy resincomposition.

11. The epoxy resin composition for encapsulating a

semiconductor chip as claimed in Claim 8, wherein said inorganic filler

(D) is contained in the amount of 85 wt% to %5 wt% both inclusive in

") 15  the total epoxry resin composition.

12. The epoxry resin composition for encapsulating a

semlconductor chip as claimed in Claim 8, further comprising a curing

accelerator (E).

13. A semiconductor device wherein a semiconductor chip is

encapsulated with the epoxy resin composition for encapsulating a

semiconductor chip as claimed in any one of Claims 8 to 12.




but adi ene-acrylonitrile copolynmer (C2). 9. The epoxy resin
conposition for encapsulating a 20 sem conductor chip as clainmed in
Claim8, wherein said butadiene-acryl o?i6tri |l e copolyner (CG-2) is a
carboxyl -term nated butadi ene-acrylonifrile copolymner represented by
general formula (3): 95 HODGC--[ (Bu)" (ACN)Y-J -COON (3) wherein Bu
represents a butadi ene-derived structural unit; ACN represents an
acrylonitrile-derived structural unit; x is positive nunber of |ess
than 1; y is positiye membgsxpfrdsasscbitedsikion foy encapslatih a is
integer of 50 to 80. 10. The epoxy resin conposition for

encapsul at isegiacndsricrondiletear cthipecadnchay ned vfi e 8, toMieresent for
said butadiene-acrylonitrile copolynmer (C-2) is contained in the
amount 10 chcepeBlaitiymt enoaseamuoynbonrd tivinsl gsinvectnduathe detiie epoxy
resin conposition. ~11. The epoxy resin conposition for encapsul atj n%
a semconductor cHIPpredd &) SFMEPIEHCEPRI FRI®, 1aHREILSIs R P Srgafic the

filler _(D_is.contained . n_the unt of, 85 .,wt % 95 % hot h .
ol usi Ve oreseRs AERC St Y GOy o adtr o he s b s g Rgping
resin compqsit Lon; f My engarsH.atisn l.egnductor chip as clai ned
in CaimS§, Ifeur?[ﬁ%ar cgmr?s%fascg??an%éﬂa@gcel erator (E). 20 13. A
sem conduct or device wherein a sem conducter chip is encapsul ated
with the epoxy resin conposition for encapsulating a sem conductor
chip as clai ned i nlanymnreecaf mé&leiing 8ype skhicBfiduddor Teeieppxyhdaresnna
coma%si tion for encapsulating a

semiconductor chip is encapsulated with the area mounting type epoxy

10 resin composition for encapsulating a semiconductor chip as claimed

in Claim 14.

16. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 1,
15 wherein said crystalline epoxy resin (A} is represented by

general formula (4):

T CH;— CH—CH, O X e —CH—
o ameamod Oy Oro-maan (g
(RD,, RD,,

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

-C({R2}),—; R1 is alkyl having 1 to 6 carbon atoms; two or more Rls are

2 the same or different; m is integer of 0 te 4; R2 is hydrogen or alkyl
having 1 to 4 carbon atoms; and two or more R2s is the same or different,

said phenol resin (B} is represented by general formula (3):



sem conductor chip as clainmed in any one of Clains 8 to 12 used for
encapsul ating an area nounting type sem conductor device, wherein a
sem conductor chip is nmounted on one side of the 5 substrate and
substantially only the side of the substrate nounting the

sem conductor chip is encapsulated. 15. An area nounting type

sem conductor device, wherein a sem conductor chip is encapsul ated
with the area nmounting type epoxy 10 resin conposition for

encapsul ating a seggrconductor chip as claineggin Caiml4. 16. The
epoxy resin conpo iti n for encapsulating a lsem conductor chip as

claimed in C ai e|n sald cr I xy_resin (A
o % o cz- Q@})L
A A4S and - C(R2)2-
ng?e

represented by Q
wherein X is grﬁa% sel cteo onl 5. e bond - L) 2
s are e

Rl is alkyl having 1 to 6 bon at ompgot wo_or
same or different; mis i&té%er of O to)ﬁ R2 is hydrogen or al kyl

having 1 to 4 car bv?:&'lar%tl?i”ﬁl 28804 WPe O SBERAEZS 3} 8yl A% SABR Alkyl having
different, said phenol resin (B) Is represented by general formula
(5) @ 97 @H&HH CHZb6HZONE; (B)o of mbte Qls)@dr Rwo) 8r (ke Rbs vdirey eha d3ine
and R2 are independently hydrogen or alkyl having 1 to 4 carbon

atons; twocardibferdrts oris vimtegenooe R2® ar ebtiwe isapger orf di tbedem is

aisinteger of 0 to 3; bis integer of 0 to 4, nis
5 average and is positive number of 1 to 5,

D said (co)polymeror itsderivative (C) isapolybutadienehaving
the intramolecular oxirane structure (C-3}) with the Qxirane~oxygen
content of 3 % to 10 % both inclusive, and

sald inorganic filler (D) is contained in the amount of 85

10 Wwt% to 95 wt% both inclusive in the fotal epoxy resin composition;
and

further comprising an epoxy resin (F) represented by general

formula (€):

OCH,CHCHz OCHQQ\I}ICHE
- O
BOSCH, = ©
(R'l)u n
15 wherein R1 and R2 are independently hydrogen or alkyl having

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.

20 17. The epoxy resin composition for encapsulating a

semiconductor chip as claimed in Claim 16, wherein said polybutadiene



5 average and is positive nunber of 1 to 5, said
(co)polyneroritsderivative (C) isapol ybutadi enehaving the

i ntranol ecul ar oxirane structure (C 3) wgth the oxirane-oxygen
content of 3 %to 10 %both inclusive, and said inorganic filler (D)
is contained in the anount of 85 10 wt%to 95 wt% both inclusive in
the total epoxy resin conposition; and further conprising an epoxy
resin (F) represented by general fornula (6): OCH " HCH2 OCH2, HCH2 O
c >- CH O HaBhg iR intZamcibkalér )dxirbind Sumerera B-3anthsR2 @@ osity of
i ndependent|y hydrogen or alkyl having 1 to 4 carbon atons; two or
nore RI's or2t Wa-=orondde H2s aruh tthelsaive aar 28ifd.erent; a is integer
of 0O0to 3, bisinteger of 0 to 4, and n is average and is positive
nunber of 1 to 5. 20 17. The epoxy resin conposition for

encapsul ating a sem cgnductor chip as clajned in Caim1l6, wherein
Sa1 d pol ybut ad ene 88 N FPAGY ¢ HeP I COBT Ee A S ACHRs RF b f ¢

C3) h I i . Pas . 700..Pa' h . | usi 5 .
( ) gS %eYr{l%ggéﬁéyorﬁ%%lsﬁg%s (5%%1;';[8%1 1nQIla"%LmIS%§,Otfur’éh S é(%ﬁrﬁvrggﬁhaé%%lng

18. The epoXy resin co encapsu ing a

chip as cl ajiedcip- & ajsn 16, further conprising a curing accelerator
(E). 19. A sem conductor device wherein a sem conductor chipis U

encapsul ated with the epoxy resin conposition for encapsulating a

19. A semiconductor device whereln a semlconductor chip is
5.) encapsulated with the epoxy resin composition for encapsulating a

10 semiconductor chip as claimed in any one of Claims 16 to 18.

20. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in any one of Claims 16 to 18 used fox
encapsulating an area mounting type semiconductor device,

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

the semiconductor chip is encapsulated.

21. An area mounting type semiconductor device, wherein a
.y semiconductor chip is encapsulated with the area mounting type epcxy
resin composition for encapsulating a semiconductor chip as claimed

in Claim 20.

22. The epoxy resin composition for encapsulating a
25 semiconductor chip as claimed in Claim 1,
vherein said crystalline epoxy resin (A) is represented by

general formula (4):



10 sem conductor chip as clained in any one of Clains 16 to 18. 20.
The epoxy resin conposition for encapsulating a sem conductor chip
as claimed in any one of Clainms 16 to 18gused for encapsul ating an
area nounting type sem conductor device, 15 wherein a sem conduct or
chip is nounted on one side of the substrate and substantially only
the side of the substrate nmounting the sem conductor chip is
encapsul ated. 21. An area nounting type sem conductor device, wherein
a 20 sem conductor chip is encapsulated with the area nounting type

epoxy resin conposition fo -- psul sem conductor chip as
clainmed in CH&&#rZG&—EH@GT~- D Q) o-GBGSHI+{mH
encapsul ati ng a~®5 seni cond chip as /claimed in aimil, él in

said crystalline epoxy resigf ﬁo is represgghed by general fornula
(4): 99 cx? g/x-cx? o-{ x 0-CF -c\0 (4) (R)Y™ (Rl),, wherein Xis
group selected fromsingle bond, -0-, -S and -C(R2)2-; Rl is al kyl

having 1 to 6 car b%&&gg? Jog V&O%E’D %{ @# L8 sild ?Le

different; mis integer rogen y 5 haV|ng fd

to 4 car bOﬂchQﬁ} RN st YWOPr hERL8g 286l 6 cﬁ?§o§%m9r QJJ Ber&ﬁr@ R1s are

sai d phenol resin (B) is represented by gener al fornul a (5): OHO™

0"4 CHz CHzhe d43n(Hdr diffebelt] m 18 ihteyar RE(P+2) 6; RR- PXhydrogen or alkyl
5 having 1 to 4 carbon atoms; and two or more R2s is the same or different,

F} said phenol resin {B)} is represented by general formula (5):

ic :]—ECH;, CH2—E: ;i—%‘ﬂ 5 A
R1), R1),” n ( )
(R2}, (R2),

wherein Rl and R2 are independently hydrogen or alkyl having
1 to 4 carbon atoms; two or more Rls or two or more RZs are the same
10 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
said (co)polymer or its derivative (C)} is an epoxidized
polybutadiene compound (C-1),
said inorganic filler (D) is contained in the amount of 80
15 wt% to 94 wt® both inclusive in the total epoxy resin composition;
further comprising an epoxy resin (F) represented by general

formula (6} :

OCH,CECH, OCH,CHCH,

N7
3

CH; CH; H (6)
(RH ’ ‘ &),

n



wherein RL and R2 are independently hydrogen or alkyl having 1 to 4
carbon atons; two or nore Rls or two or nore R2s are the sane 10 or
different; ais integer of O to 3; bis {nteger of 0 to 4; nis
average and is positive nunber of 1 to 5, and said (co)polynmer or its
derivative (C) is an epoxidized polybutadiene conpound (Ci), said
inorganic filler (D) is contained in the anount of 80 15 wt%to 94
wt % both inclusive in the total epoxy resin conposition; further

conprising an epoxynd:Rsin"R{ BharePres eteg-hiegenehalirodddr 81la xy8)having
OCH2CHCH2 OCH2CHCH2 O O (n 6 CH2c~ ~0 0 CH2 o H(6) 1. 1)a c )b

rn (Rl'), nl11@6 4 wheben reikihsandidRdranerd Rdependsat by nvter Rpererer thd kytme
having 1 to 4 carbon atons; two or nore Ris or two or nore R2s are

the sane o different; aals sintegegert df W@ Bor P i insegen egeld 66 & tapd
4; and n is average and is positive nunber of 1 to 5; and 5 wherein

t he wei ght r &€ VXTI EAY] 1DfPosditdve posiParesint (Y >4 d7&ai d

crystalline epoxy resin ( repr esent ed 33 n | fornyla (4) is
10750°t% 90/ 10 bt W HEUErsAesBt The e iRy TELT P SRENsRy i Frtn (F)
encapsul at i . 10 i chip,.as ¢l aj i i , i
cai d opoi s ead BRRTLI DN SR TRLEATL PR Rely By Retferal BN
mol ecul ar weiyght 1®foPR8 b,/ AP RO Acinglnsi ve. 24. The epoxy resin
conposition for encapsulating a 15 sem conductor chip as clainmed in
Claim 22, further conprising a curing

:) 23. The epoxy resin composition for encapsulating a

10 semiconductor chip as claimed in Claim 22, wherein said epoxidized

polybutadiene compound (C-1) has the number average molecular weight

of 500 to 4000 both inclusive.

24 . The epoxy resin composition for encapsulating a
15 semiconductor chip as claimed in Claim 22, further comprising a curing

accelerator (E).

25. A semiconductor device wherein a semiconductor chip is
encapsulated with the epoxy resin composition for encapsulating a

20 semiconductor chip as claimed in any one of Claims 22 to 24.

29. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in any one of Claims 22 to 24 used for
encapsulating an area mounting type semiconductor device,

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

the semiconductor chip is encapsulated.



accelerator (E). 25. A semni conductor device wherein a sem conduct or
chip is encapsulated wth the epoxy resin conposition for

encapsul ating a 20 sem conductor chipgs, claimed in any one of

Clainms 22 to 24. 26. The epoxy resin conposition for encapsulating a
sem conductor chip as clainmed in any one of Clainms 22 to 24 used for
encapsul ating an area nounting type sem conductor device, 25 wherein
a sem conductor chip is nounted on one side of the substrate and
substantially only the side of the substrate nounting the

sem conductor chip is encapsulated. 101 27. An area nounting type
sem conduct or deviZk, Anherea maurgdnconck e cohdycticsr ekeapsulwdteedin a
with the area nounting type epoxy resin conposition for

encapsul at sagiecnbmtesndidat 66 wivpsasatedivibld the ppeOmaint 283 t¥Be SHeEY
epoxy resin conposition for encapsulating a sem conductor. chip a

S
cl ai med i nTEFAR HOTPORRBF FOSaPRFARYLLELNY fe SBRLSGAFUE PR Frdp ps claimed
represgyted bg 10 general formula (4): C L- OX Oo-cx-cx % (4) t
O (( ~>~ PNt ] m(rn) muwherein X is group sel ected from
single bond, -0-, -S- and -C(R2)2-; R is alkyl having 1 to 6 carbon -
atons; two or nore Rls are the sane or different; mis integer of O
to 4, R2 is hydrogef aheabkyiy kadiavihdpdsiliGoh €8FbatasaMBLidnc t wo
or nore R2s is the sane or different, said phenol resin (B) is
repr esent edehycgenertar thipndsa (15)ined in Claim 1,

w) wherein said crystalline epoxy resin (A) is represented by

10 general formula (4):

CH;— CH—CH, O @X 00— CH,—CH—CH,
Nos > o (4)
RD,, R

m .

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

~C{R2),~; Rl is alkyl having L to 6 carbon atoms; two or more Rls are

the same or different; m is integexr of 0 to 4; R2 is hydrogen or alkyl

15 having 1 to 4 carbon atoms; and two or more R2s 1s the same or different,

said phenol resin (B) is represented by general formula (5):

oﬁ OH -
!;:}——%CH CH—JE i——%— o
(®R1), 2 2 R1), nH (5)
R2), R2Z),

wherein R1 and R2 are independently hydrogen or aikyl having
1 to 4 carbon atoms; two or more Rls or Lwo or more RZ2s are the same
20 or different; a is integer of 0 to 3; b is integer of 0 to 4; n is

average and is positive number of 1 to 5, and



OHOHQCHH2 OH (5 (R1)3 a (R1), n (R2)b (P-2)b wherein R and R2
are independently hydrogen or alkyl having 1 to 4 carbon atons; two
or nore Rls or two or nore R2s are the s ﬁm 20 or different; ais
integer of 0 to 3; bis integer of 0O td % nis average and is
positive nunber of 1 to 5, and 102 said (co) pol ymer or its
derivative (C) is a butadiene-acrylonitrile copolyner (C2); and
further conprisi ng an epoxy resin (F) represented by general formula
(6): OCHZCHCH2 o)&Rgi{‘\ero B S c%rl'iv(a@.ve C()Rll)saa(Rl )a n 5
(R2)b (R2)b wherein Rl and are independently hydr ogen or al kyl
having 1 batddt@iderral oAbt riiled copolRic: Rcs2pf 4o or nore R2s are
the same or different; ais integer of O to 3, bis integer of O to
4, and n is averagﬁctami ¢cenpasihy\en apoderesin k) acdpresbn&d b¥hgeneral
epoxy resin conposition for encapsulating a sem conductor chip as

cl ai ned i nformith 28) :wherei n sai d butadi ene-acrylonitrile copol ymer
(CG2) is a carboxyl-term nated butadi ene-acrylonitrile copolynmer
represented by } 15 G&AREEICHrnula (3): HOOC F- QEI)(%HCEEN)Y COOH
(3) wherein Bu repr ntsoa but adi ene-derived str tur@l uhi t;

CH CH B (B
O S C A S I
R2), RZ),

ii) wherein Rl and R2 are independently hydrogen or alkyl having

R1),

1 to 4 carbon atoms; two or more Rls or two cr 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.
10

29. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 28,

wherein said butadiene-acrylonitrile copolymer (C-2) is a
carboxyl-terminated butadiene~acrylonitrile copolymer represented by

15 general formula (3):

HOOC —— (Bu), (ACN),—J— COOH (3)

wherein Bu represents a butadiene-derived structural unit;
ACHN represents an acrylonitrile-derived structural unit; x is positive
number of less than 1; y is positive number of less than 1; x + y =

20 1; and z is integer of 50 to 80.



ACN represents an acrylonitrile-derived structural unit; xis positive
nunber of less than 1; y is positive nunber of less than 1; x + vy =
20 1; and z is integer of 50 to 80. 103 g30. The epoxy resin
conposition for encapsul ating a sem conductor chip as clained in
Claim 28, wherein said butadiene-acrylonitrile copolyner (C2) is
contained in the anount of 0.05 wt%to 0.5 wt% both inclusive in the
5 total epoxy resin conposition. 31. The epoxy resin conposition for
encapsul ating a s&h Ghadeactxy rehiip asmedditied for GrajapsdBatiMrermei n
the weight ratio [(F)/(A)] of the epoxy resin (F) to the crystalline
epoxy resi gepiyorkdiqtepr ekemtasd chpigedaimalCleénnZBa (4) is 10/90 to

90/ 10 both inclusive. Ck CH- C-12 0\Oz (R )nt uRI)m32. The .
epoxy resin conmpostRSIHf 87 1@ AREFSHRPALT MY H ONdERT LD MARCLETeEhi @ Zs 13

claimed in Caim?28, further co S g curing 1 cel erat.or (E)
S Y W sehFrierct i a0peet Mhep ab h kR e BT R e £Dkne
encapsu at | t ;ge Y, i osition for encapsulating a
senico%%uc?gFﬁ%H%b srgggﬁﬁggﬁﬁﬁegﬁgggne of Clains 28 to 32. 20 34.
The epoxy resin conposition for encapsulating a sem conductor chip
as clainmed in any one of Clains 28 to 32 used for encapsul ating an
area nounting type3senmheosfoed afesdayviceapositdion Hoa aerapeanduciera chi p
is nounted on one side of the 104

semiconductor chip as claimed in Claim 28, wherein the weight ratio
{M) [{F)/(A)] of the epoxy resin (F) to the crystalline epoxy resin (A)

10 represented by general formula (4) is 10/90 to 90/10 both inclusive.
CH,— CH—CH, O X 0—CH,—CH—CH,
\O/ \0/ (4)
®RD,, ®RD,,

32. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in Claim 28, further comprising a curing

15 accelerator (E).

33. A semiconductor device wherein a semiconductor chip is
encapsulated with the epoxy resin composition for encapsulating a

semiconductor chip as claimed in any one of Claims 28 to 32.

34. The epoxy resin composition for encapsulating a
semiconductor chip as claimed in any one of Claims 28 to 32 used for
encapsulating an area mounting type semiconductor device,

wherein a semiconductor chip is mounted on one side of the




substrate and substantially only the side of the substrate nounting
the sem conductor chip is encapsul ated. 35. An area nounting type
sem conduct or device, wherein a b5 sen‘iﬂs)%ductor chip is encapsul ated
with the area nounting type epoxy resi onposi tion for

encapsul ating a sem conductor chip as claimed in Caim 34.

substrate and substantially only the side of the substrate mounting

the semiconductor chip is encapsulated.

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

in Claim 34.

U




