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1 SPECI FI CATI ON EPOXY RESI N COMPGCSI TI ON AND

SEM CONDUCTOR DEVI CE  TECHNI CAL FI ELD 5 [0001] This
invention relates to an epoxy resin conposition and

an epoxy-resin encapsul ated semconductor device
encapsul ated wwth the epoxy resin conposition. In
particular, this invention is for providing an epoxy
resin conposition for encapsul ating a sem conductor 10
whi ch shows flane retardangecwrihadtog fl ame retardant
such as a hal ogenated organi c conpound and anti nony

and may gEVEXAMREIM @eedospreducinyidnvteesauseoal pktsce
hi gher noldability, as well as an epoxy-resin

encapsul at ed sem conductor device which is
heat -resi stant during sol dering. 15 BACKGROUND ART

[ 08082 rcARecendr,prar ket trend to size reduction, weight
savi ng and hi gher performance in el ectronic devices

has;dgd to nore integrated sem conductors and
accel erated surface nounting of a sem conductor M

package. MeanwWHdeat @9 RUShPESSt RG] o yOk¥EDE composition and
consi deration to the gl obal environnment ﬁas becone

NRA & gnirbsg AN nc 4N thaveaaehduttbe i $iddencapsulated with
shifting froma consuneristic society to a cyclica

SER: &bk yTRES i n Mth@idsak 1dasi 9fn &ld@WRgaborthis invention is for
segregation and recovery has becone significant.

Vasbei & g bgaky 288 EL8ehs ONd Lorbek SR s 2% tiVW6EReni conductor

and Restriction of Certain Hazardous Substances (RoHS)

eqhabh i shad Bk (EUEepgaRe W i tondal Amt hadt M@ A0 such as a
its harm the wuse of lead which is a sol der conponent
shaubge ke LOBRLEH L Yo RR)Unth8Ad Zantimony and may give an improved
productivity because of its higher moldability, as well as an
epoxy-resin encapsulated semiconductor device which is
heat-resistant during soldering.

BACKGROUND ART

[0002]

Recent market trend to size reduction, weight saving and
higher performance in electronic devices has led to more integrated
semiconductors and accelerated surface mounting of a semiconductor
package. Meanwhile, as business activity giving consideration to
the global environment has become more significant, there have been
attempts to shifting from a consumeristic society tc a cyclical
society. Thus, materialdesignallowing forsegregationandrecovery
has become significant. Waste Electrical and Electrcnic Equipment
(WEEE) and Restriction of Certain Hazardous Substances (RoHS)

established by EU (European Union) ordain that due te its harm, the

use of lead which is a solder component should be completely abolished
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by 2006 except certain applications, and that in terns

of a flanme retardant, hal ogenated flanme retardants

predom nantly used should be segregated for recovery.

However, a | ead-free solder hassa higher nelting point

than 5 a conventional lead/tin solder. It may lead to

el evation of a tenperature during nounting by

sol dering such as infrared reflow and sol der

i bpe? 80 ®rexfaepm acectiniendpdlevelt o220 fod 24:tCitot240stef a flame
260C. Such elevation in a nounting tenperature nay

I peteadsantcr ackegenatadrielsine detbndanosidicpnimakihg wded should
difficult to ensure the 10 reliability of the

seal sendepttard deni ececokaryhernore, in terns of a | ead

frame, the use of a lead frane plated with nicke

/ pal | adi usbwenst eadl efd-ebteer nal dsohdera plighengndlas ng point than
been investigated in the light of the requirenent of

del eadtvarg: ionadxtierddlk isokdedepl atimgayAlendckel elevation of a

/ pal | adi um pl ati ng has a poor adhesion property to a

coamper dSuenchpsugatongt img eéry adgldegddigngutb as infrared reflow
del ami nation in an interface during nounting and

chagksolide A im@eirBiofPaf tdre W atkyensi noe:lt,heacpaskagesc to 240 to
such as TSOP and LQFP have been mainly used, ensuring

rekoapl | i $ych eDedaSEi €anduet Of i rdeveaee hasuReGOPE ndrease cracks
signi ficant chall enge, when using such a new

mah es | Bdsi2RDYrA0E3hokat 189} vhaigirtdhese doifdhkbens, té censure the

i nprove heat resistance in a solder, a | ow

wat ef alabkiarb bfigt lep@enireatnc conpesiiteon Eonplidiarg:, an terms of
filler with a higher density using a bi phenyl epoxy

r esidudmdaae, phiehalscabdl kyledinrdenerplhaprwapbsed:-kdlatpal ladium
for (for exanple, see PATENT 25 DOCUMENT 1). Such a

COnposad baredtas nalt soliaveyest imeha s hecabiowe stdighitet! in the light
requi renent. Furthernore, as a | ow wat er-absor bi ng

epoOxyhe resi xeoRPas offi da] cad conposiddtenrnednpoidengpating. A
phenol aral kyl or 3

nickel/palladium plating has a poor adhesion property to a common

encapsulatingmaterial, leadingtodelaminationinaninterfaceduring
mounting and cracks in a resin. Particularly, since thin packages
such as TSOP and LQOFP have been mainly used, ensuring reliability
in a semiconductor device has become a significant challenge, when
using such a new material.
[0003]

For solving these problems, to improve heat resistance in
a solder, a low water—-absorbing epoxy resin composition comprising
a filler with a higher density using a biphenyl epoxy resin and a
phenol aralkyl hardener has proposed that for (for example, see PATENT
DOCUMENT 1). Such a composition has nct, however, met the above
strict reguirement. Furthermore, as a low water-absorbing epoxy

resin composition, a composition comprising a phenol aralkyl or
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napht hol aral kyl resin having a bi phenyl ene structure

(for exanple, see PATENT DOCUMENTs 2, 3 or 4) have

been proposed and a nethod for inproving heat

resi stance in a sol der have di sgl osed. However, any

of these cannot neet the requirenent for flane

retardance without 5 a hal ogenated organi c conpound or
antinmony as a flame retardant. Since segregation for

r eepyenyl pgapsgdad finohehvd ropiEmrall eneopstwerumd ¢hor example,
when using such a flanme retardant, there has been room

f oeei FiTiEdVe RRAVMENT achi évind)atlevadiaerf paaposed and a method for
retardance. As materials providing excellent flane

r émproaiee het horplistegcs ﬁralao@@lr@qreaa@egﬁaﬂcd%@ﬁlpouHWever, any
or antinony, there have been disclosed an epoxy resin
cofpdsiid ornastameshbilmatriegniotnaniolayd dd amgpeetardance without
phenolic resin conprising a bi phenyl derivative
apdhalogripiitdthloagender coapdwed ahdrdiNowgl ag & ypeame retardant.
epoxy resin conprising a bi phenyl derivative and/or
naphthalsegeedecivat ifmr (foroexanplie, keeddATENPT environmental
DOCUMENT 5) Such 15 an epoxy resin conposition may be
efpeeidseatfion vherovilng $ucne flasteardbmedadocibsee e been room
nol ecul ar structure has many aromatic rings which

pFonpireo etz ani eahdaying dlrnialg dddmet setardance.
crosslinking density is so |low that |ow boiling

conponent’®s gaierated byotidmmexcdétonpdsiaticonedardggre without
burni ng cause foam ng, which forns a surface 2D

oRygernabnat kil vy opaye conPginAermdt elmaEihcieheif bgve been disclosed
products from such epoxy resins are adequately

wal SOy atsserbadiiiee sifd oezg acegbdnahion ddrd Ngvolac type phenclic
sol dering, they have been marketed and used in various
appbitapinpnssimhe phey vi akin vesapesind/on reahthegeogalerivative
heat resistance during soldering owing to its |ow

ebad BN o) agrid/Hosp 25/ was &k cabBor piida biHbeeyeéderiyvative and/or
gives a soft and lipophilic nold after curing. Thus,

i hapldeiebriey denbVdabie | thprneyampise seedtEkENh DPRUMART 5) . Such
productivity in continuous production, which is a
paobéeerY ordrd rsoloypdsigion may be effective for improving flame

retardance because its molecular structure has many aromatic rings
which promote carbonization during burning and its crosslinking
density is so low that low-boiling components generated by thermal
decomposition during burning cause foaming, which forms a surface
oxygen-blocking layer. Furthermore, since cured products from such
epoxy resins are adeguately water-unabsorbable and heat-resistant
during soldering, they have been marketed and used in variocus
applications. The epoxy resin composition can improve heat
resistance during soldering owing to its low elasticity and low
water-absorption. However, itgivesasoftandlipophilicmoldafter
curing. Thus, its defective moldability may cause reduction in the

productivity incentinuous production, whichisaproblemtoebe solved.
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There is, therefore, still the need for an epoxy resin
conposition for encapsul ating a sem conductor, which

can provide a good productivity and exhibit excellent

heat resistance during solderigpg, taking

environmental effects into account. 5 PATENT DOCUMENT

1: Japanese Lai d-open Patent Publication No. He

6- 80763 PATENT DOCUMENT 2: Japanese Lai d-open Patent

Publ i cat i DiferdNoi s Heth&=6A ,PAEENT BEEUMENE For an epoxy resin
Japanese Lai d-open Patent Publication, 10 No. He

9e3i6ds BATENE ROSUVENTu s t dapanesailcanduepen, Patafi can provide
Publication No. Hei 9-235353 PATENT DOCUMENT 5:

Japases eotaiubtdpan yPahanex Pl i catdedn enohedlei resistance during
11- 140277 15 DI SCLOSURE OF THE | NVENTI ON [0004] An
obpedtt ey Oftakiing kenvendbhoatsl taf farcawi detanaepoxyt .

resin conposition for encapsul ating a sem conduct or,

whi ch i s PAEENT MmoOUMEDTalhadfapane sulistiadnopesubfitast Publication
hal ogenat ed organi ¢ conpound and anti nony oxi de,

enyi rigsaimedt&dl 168 saf e, and can exhibits excellent flane

ret ardance, heat resistance during sol dering and

cont i nuousATEN™Ii DU UMENGpPEL t T@sgnexs: Melik-apea Patent Publication
sem conduct or devi ce manufactured by encapsulating a

seai conduetzare7chip with the resin conposition. 25

[0005] In a process for manufacturing a sen conduct or

devi ce CRATENTIDOQURANAP3UlJapzngsa Se-cgrauehoentcliyblication,
with an epoxy resin 5

No. Hei 9-3161

PATENT DOCUMENT 4: Japanese Laid-open Patent Publication
No. Hei 9-235353
PATENT DOCUMENT 5: Japanese Laid-open Patent Publication

No. Hei 11-140277

DISCLOSURE OF THE INVENTION
[0004]

An objective of this invention is to provide an epoxy resin
composition for encapsulating a semiconductor, which is free from
aharmful substance suchas a halogenatedorganiccompeoundand antimony
oxide, environmentally safe, and can exhibits excellent flame
retardance, heat resistance during soldering and continuous molding
properties, as well as a semiconductor device manufactured by
encapsulating a semiconductor chip with the resin composition.
[0005]

In a process for manufacturing a semiconductor device

comprising encapsulating a semiconductor chip with an epoxy resin
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conposition, some causes of reduction in an
productivity are reduction in the nunber of
conti nuous nol ding shots due to fouling in a nolding
(air vent) and inconplete filligpg with a resin
conposition due to blocking an air vent caused by
flash jamming in a fouled nolding 5 after continuous
nol di ng (hereinafter, referred to as "air-vent
bEegkd 10 Jon ,Fosthd Bguses arf reHdEngond adigroseit i b egkirBGeduct ion
significantly involve, in addition to oxidation of a
Mh d Hech@aser off oy THilrReulsatioc 1 WeiggBho €9 APeNeNFSul In@dln a molding
epoxy resin and a hardener. In particular, |ow
D4 €€ Ul )Weinghl neonpoaantss 1ilnng RatklenefestiendsmpOs beion due to
bled out 10 to the surface of nolding die, and tends
tpladbeie 4o difte vemkdeagsedigy idisegeamhondi ng Hffddied molding
pol ar groups. The present inventors have intensely
| avest | gatieihdRw nhobesy! afe vl GQNpefentsdi to &k "air-vent
epoxy resin conposition in for encapsulating a
senbelNeIot or FdevEee.ineafidliditgildya i frosed Bl e diaigdeRgli ficantly
15 and have finally found that in a phenolic resin
mah b Yv € 0Mpr ki Ngiom eherobitisesimacaaponentakayi gy &clecular
particul ar structure, a conponent having up to three
avengitt cofibBgsnt 8 ionenmyegules myridea ¢aitidaineed iIN particular,
0.8 %or less in an area ratio as determ ned by GPC
anayd ysd 1 ari Pt eive ddigopeabkem of hairtieMenttddackbnige bled cut
acconplishing this ZO invention. [0006] That is, this
| By efHd GurFaew d€sholdidAn da@oxynﬁe&ﬁds:m@ahbr@nté Gthe molding
encapsul ating a sem conductor, essentially conprising
2614 M) cﬁﬁbg@l@pmnﬂ@&gnofemsma&d gnpugeneral formul a
(1): [0007] (Chem 1) 6

The present inventors have intensely investigated low

molecular weight components in an epoxy resin composition in for
encapsulatingasemiconductordevice, particularlythoseinahardener
and have finally found that in a phenelic resin mainly comprising
a phenolic resin component having a particular structure, a component
having up to three aromatic rings in one molecule may be contained
in 0.8 % or less in an area ratio as determined by GPC analysis to
improve the problem of air-vent blocking, accomplishing this
invention.
[0006]

That is, this invention provides;

[11An epoxy resin composition for encapsulating a
semiconductor, essentially comprising

(A) an epoxy resin represented by general formula (1}:
{0007]

(Chem. 1)
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RLOGR2 P2 RLOGRR RR RL 0GQCQCH2 CH2 CH2 [~ (1)
RLRR R RLn R P2RL[0008] (ninthe formula (1)is
an average within a range of 0 to 10; G represents
glycidyl; R and R2 independentéy represent hydrogen
5 or alkyl or aryl having 1 to 8 carbon atons and Rl
and R2 may be the sane or different); and (B) a
phenolic resin mainly conprising a phenolic resin

y gqur.I formpa (2), §i£n one

b (1)
a4§[3H2CB-|2QR(§H2Q(2 n R,
‘00107 1( i

in the fornul a (2) IS

an average within a range of O to 10; R1L and R2

i hdlepeindent |y represent hydrogen or al kyl or aryl

having 1 to 8 carbon atons and Rl and R2 may be the

same or diif figr ghe) forf2laThid Jéjsory resiags ompadint Eomnge of 0 to
for encapsul ating a 2D sem conductor as described in

[19; Guwreenreisenthey Iplveniglli RIr &sdl A2 (IBdepesdpnbtiucegrbyent hydrogen
reacting a conpound represented by general fornula

(@) :alf00Lk] aryl having 1 to 8 carbon atoms and R1 and RZ may be

the same or different); and

(B) a phenclic resin mainly comprising a phenolic resin
component represented by general formula (2), in which a component
having up to three aromatic rings in one molecule is contained in
0.8 % or less in an area ratio as determined by GPC (Gel Permeation

Chromatography) analysis;

[0009]

(Chem. 2}

RT oH RT o R1 o
@{@} @@} @
[0010]

(n in the formula (2) is an average within a range of 0 to
10; Rl and R2 independently represent hydrogen or alkyl or aryl having
1 to 8 carbon atoms and R1 and R2 may be the same or different);

[2]The epoxy resin composition for encapsulating a
semiconductor as described in [1], wherein the phenclic resin (B)

is produced by reacting a compound represented by general formula
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(Chem 3) RR R2 - a4 XCH2 CHzX (3) Rz R2 5 [0012] (X
inthe formula (3) represents hal ogen; R2 represents
hydrogen or al kyl or aryl having 1 to 8 carbon atons;
and individual R2s may be the game or different) wth
phenol s; [3] The epoxy resin conposition for

encapsul ating a 10 sem conductor as descri bed above,
wherein the phenolic resin (B) nay have a softening
poBht of 60 to 70 C, and [4] A sem conductor device
manuf actured by encapsul ating a sem conductor chip
w0thlBany one of the epoxy resin conpositions for
encapsul ating a sem conductor as descri bed above. 15
ThElsemnv@nt i on can provi de an epoxy resin conmposition
for encapsulating a sem conductor exhibiting

excel l e flame retardance and sol dering heat
resi stah¢e witholf# a hal ogenated organic conpound or
ant i nony | de urthernore, the conposition can be

g a sem condyghor chip to forma
ice,”xI in which fouling in a nolding
or air-& nt bl ocking can be reduced, allow ng for
conti nuoas nol di for a longer period. [0013] An
epoxy resin conposition for encapsulating a
semtonduct or of this invention can provide an
eco-friendly sem conductor device 8 wth excellent
reliability andher dduatiisi {y) anshcaerhe, hbhegehorr? represents
suitably used for industrially manufacturing a
seydlcoriiet of 1 ldelv be ear y IBESTL MPDEL EFARcEARRY | NG JTaddHE ndividual
| NVENTI ON 5 [ 0014]
RZ2s may be the same or different) with phenols;

[3]1The epoxy resin composition for encapsulating a
semiconductor as described sbove, wherein the phenolic resin (B)
may have a softening point of 60 to 70 °C; and

[4]14 semiconductor device manufactured by encapsulating a
semiconductor chip with any cone of the epoxy resin compositions for
encapsulating a semiccenductor as described above.

This invention can provide an epoxy resin composition for
encapsulating a semiconductor exhibiting excellent flame retardance
and soldering heat resistance without a haleogenated organic compound
or antimony oxide. Furthermore, the composition can ke used for
encapsulating a semiconductor chip to form a semiconductor device,
in which fouling in a molding or air-vent blocking can be reduced,
allowing for continucus molding for a longer period.

[0013]
An epoxy resin compositicn for encapsulating a semiconductor

of this inventiocon can provide an eco-friendly semicenductor device
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This invention relates to an epoxy resin conposition

for encapsul ating a sem conductor device, essentially
conprising (A) a phenol aral kyl epoxy resin having a

bi phenyl ene structure represenged by general fornula

(1) described later, and (B) a phenolic 10 resin

mai nly conprising a phenol aral kyl phenolic resin

having a bi phenyl ene structure represented by genera

f ot thulexce2 ) ede sz i edd 1 iltat endiprostvicchvatgompbient be, therefoere,
having up to three aromatic rings in one nolecule is

cont tamedused Oprmduetriessy manafaatealr@tisgrasonductor device.
determined by GPC analysis. Such a resin has flane

retardance without a flame 15 retardant such as a

hal ogenat ed organi ¢ conpound and antinony and is so
NBEYBMNER O CAREYANGheYT gt UdtENNTEYN The resin can

be used for encapsulating to provide an epoxy-resin
eft@psul at ed seni conductor device with excellence in

sol dering heat resistance. An enbodi nent of this

i nventi onfivig lirbendeseor rbeatéh wetaai krox23r¢disjomflreition for
epoxy resin (A) used in this enbodinment is represented
byngmprarlalt iftgr pubam{ @Pndi@0Ls|deviCeemesd4gnt 251 By RInp@0sing (A)
R R RLOGRR R RLOGCH2 C] 0 CHz O CHz OCHz C ~

(4 ypheRLIR2IRA KR neR2xR2 rRE1POOERLNGN & nbtibbehplamd a structure
(1) is an average within a range of 0 to 10,
prepersitedloy geberd fepmesants dgisgeiitytl;laReramthdRB) a phenolic
i ndependently 5 represent hydrogen or al kyl or aryl

haws g nda itnd v8 compboriay omspleatehl aralkyl phenolic resin having a

biphenylene structure represented by general formula (Z2) described
later in which a component having up to three aromatic rings in one
molecule is contained in 0.8 % or less in an area ratic as determined
by GPC analysis. Such a resin has flame retardance without a flame
retardant such as a halegenated organic compound and antimony and
is so moldable to give a higher productivity. The resin can be used
for encapsulating to provide an epoxy-resin encapsulated
semiconductor device with excellence in soldering heat resistance.

An embodiment of this invention will be described in detail.
[0015]

The epoxy resin (A) used in this embodiment is represented
by general formula (1):
[0016]

{(Chem. 4)
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Rl and R2 may be the sane or different). In the
formula, "n" indicates an average nol ecul ar chain

| engt h. For exanpl e, when nol ecular chains of n =0, 1,
2 and 3 are present in 10 % 3§ % 50 %and 10 %
respectively, in general fornula 10 (1), an average
"n" is (0x10+1x30+2x50+3x10)/100 = 1.6. Exanples of

al kyl having 1 to 8 carbon atonms for RL or R2 include

C3H7 and -4 particularly -CH3.
| haviRg 1 ;—%180&3r bon it ons faZRL of%! 0G
and’ i soner resent by
HO H
par éd reactfn e nol it (1)
s,.enbo thw t hl orphydri

pi Cc
al kaRil- net al ogﬁge. The "&poxy R

resin (A) used in this enbodi nent may be used in Zo
copbinption wi th another epoxy resin. An epoxy resin

whi ch can be conbined may be any of those having two

Oor nore epoxy: gheupsSriiong; melLcuherabsanpties Myange of ¢ to
i ncl ude bi phenyl type epoxy resins, hydroqui none type
epoxXYyre€sirABly St tbBene rbypesepoxy1kesins; R sphenolndependently
type epoxy resins, phenol Novolac type epoxy resins,

crespbsdovolvagodBn 4y RE POXY 4651 MSywihgl phenal aethanetoms and
type epoxy resins, alkyl-nodified triphenol nmethane

t RDCaRPOXY =68 1HRS thel ba@é NEr COT Ff LML NI Ng epoxy

resins and di cycl opent adi ene-nodi fi ed phenol type

epoxy resifSthd Fok@nas oh" aig@ihival a@natathe mdlecular chain
conmbi ned, the epoxy resin (A used 5 in this

e ENtrdrS cGanb 8k Nethal REEEAR] ¥r IR3BsW FAREONDI €2 and 3 are
nore” preferably 70 wt% or nore to the total anmount of

epPXYet©€ShN $TIBD L eEIXY Aresl M 3( Ale GRITHI& 09Nt R Beferal formula
wi thin the above range to achi eve adequate flane
ret ar dancese ket rermase, o2 d-at-izp-oksbhext @f alonuners .

Examples of alkyl having 1 tc 8 carbon atoms for R1 or R2
include -CHs, -CpHs, =~CaH; and -C4Hs, particularly -CHas.

Examples of aryl having 1 to 8 carbon atoms for Rl or R2
include -CgHs and isomers represented by —-CgHs~CH;, particularly -CgHs.
[0018]

Such an epoxy resin can be prepared by reacting the phenclic
resin (B) used in this embodiment with epichlorchydrin in the presence
of an alkali-metal oxide.

The epoxy resin (A) used in this embodiment may be used in
combination with another epoxy resin. An epoxy resin which can be
combined may be any of those having two or more epoxy groups in one
molecule. Examples may include biphenyl type epoxy resins,
hydrogquinone type epoxy resins, stilbene type epoxy resins, bisphenol

type epoxy resins, phenocl Novclac type epoxy resins, cresol Novolac
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of phenolic hydroxyl group to the total epoxy nunber

in the epoxy 10 resin may be 0. 5 to 1. 5, where

deterioration in curing properties nay be m ninm zed.

[0019] The phenolic resin (B) yged in this enbodi nent

IS an epoxy resin represented by general formula (2):

15 [0020] (Chem 5) RL OHP2 R2 R1 HR2 R2 R1 OH CH2

OQCH2 0 CH2 * CH2 0 (2) N RRR R RI R R RL

[ D@2ELdp sty tos e, {orphdres IRk hizseaypaeoage asit, ml&yl-modified
range of 0 to 20 10, preferably O to 5; Rl and R2

I nclgpende k- iareprgsenapohy dreages , oriadilod-coreatyttaining epoxry
having 1 to 8 carbon atons and RI and R2 may be the

s oy afdl Bfeyenbpentadishealrkyli fand mrelolhawagpdxy @e8ins. In
carbon atons for RL or R2 are as described above. 11

[0027] oThe dqeirenakitonesitio,B)f maynthiasda siof tegrixygresin (A} used
point of 70 C or lower indicating a | ow viscosity, in

tire dhiightmiobdfhaw prsopentiaased prefehebla sofilertbgor more, more
point is preferably 60 to 70 C, fromthe view 5 of

haneld agp Igr Operttt es mord he tcloartoeadf aproducitngpaty resins. The
epoxy resin conposition. [0023] Such a phenolic resin

capbhe resepated dayn, bbutomiotidddriviedin the above range to achieve

adequate flame retardance. Furthermore, a ratio c¢f the total number
of phenolic hydroxyl group to the total epoxy number in the epoxy
resin may be 0. 5 to 1. 5, where deterioration in curing properties
may be minimized.
[0C19]

The phenolic resin (B) used in this embodiment is an epoxy

resin represented by general formula (2):

{0020]

(Chem. 5)

R1 oH RT oH RT oH
{% @} @@} ﬁ
(00211

(n in the formula (2) is an average within & range of 0 to
10, preferably 0 to 5; Rl and R2 independently represent hydrogen
or alkyl or aryl having 1 tc 8 carbon atoms and Rl and RZ may Dbe
the same or different).

n and alkyl and aryl having 1 to 8 carbon atoms for Rl or

RZ are as described above.
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to, condensing a conpound represented by formula (3)

with phenols 10 (or a phenol conpound) in the

presence of an acid catalyst: [0024] (Chem 6) R2 R2

XCH2 ( a CH2X (3) R2 R2 [0025]141 15 (X in the fornul a

(3) represents hal ogen; R2 represents hydrogen or

al kyl or aryl having 1 to 8 carbon atons; and

i ndividual R2s may be the sane or different). Al kyl

apaoarlyl having 1 to 8 carbon atons for R2 areas

descri bed above. 2D [00261 Exanples of the pheno

conpound ™y ¢hhens1ieagtednh WE ) rafehagopidning point of 70 °C
represented by general formula (3) include phenol, and
sebdbivtutiodighetobs Suehviasosiesplin et Rykbphenof]low properties,
n- propyl phenol , xylenol, methyl butyl phenol including
OfurttheARdspfteoiey Hhoih? ieystoparyiplensd BnNdc, from the view
cycl ohexyl phenol . These phenols may be used al one or

i oif Goarbilnatci emopert wes oin nore.cdu@B27pf Acpbdnoina aresipoxy resin
prepared by condensation of the conmpound 5

repn@seritied .by general forrmula (3) with the phenols

contains the phenolic resin conponent represented by

geh&r&Hl fornula (2) as a mmin conmponent, and is

obtained as a m xture further containing a conponent

havi ng upuah hpbenal oratd =ty icagsbe rpmapa el bgul lBut Aot limited
conmponent having up to three aromatic rings in a

Mt womdgeséngl & ycompound represented by formula (3) with phenols

(or a phencl compcound) 1in the presence of an acid catalyst:

[0024]
(Chem. &)
R2 2
XCH, £ O CH,X ()
R2 R2
[C0Z25]

(X in the formula (3) represents halogen; RZ represents
nydrogen or alkyl or aryl having 1 to 8 carbon atoms; and individual
R2s may be the same or different).

Alkylandaryl havinglto8carbonatoms for R2 areasdescribed
above.,
[0026]

Examples of the phenol compound which is reacted with the
compound represented by general formula (3) include phenol, and
substituted phenols such as cresol, methylphenol, n-propylphenol,

xylencl, methylbutylphenol including o-, m- and p-isomers,
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10 tends to exude in an air vent, causing fouling in
the air vent during a nolding process. As a result,
such a conmponent having up to three aromatic rings is
apt to deteriorate releasabilit)yy of flashes in the
air vent, leading to residual flashes in the air vent.
In this enbodinent, a rate of the conponent having up
to three aromatic rings 15 in one nolecule in the

pheaDbhen 1yA$HRneB) and cgdjlusbedl pigerdhI8, NPk sel @8SHd Ik ABy be used
area rati o asdeterm nedbyGPCanal ysis, to reduce

| azomp| @t én fdohblingtdue ¢ the desiodeal flashes in a

nol d part corresponding to the air vent. [0028] 2D

Exempies of the conponent having up to three aromatic

rings in one nolecule herein include conpounds

representggpHeicgenerasin frapal-as b¢)cdrienbat ibA028)the compound
(Chem 7) 2513 RL OHRL OH OH RL (4) (] G Q (B)

Rie e dtht ol bR2 gRle Ol Reo F11(D) (3¢HZ 1 O RBhé& Yherd® R2RLains the
R2 R2 [0030] (R in the fornulas (4) to (7

repsesent sdydr @gﬁﬁon@ﬂﬂkyifeé)ﬁse@lﬂéb B?V@@@eﬁal Fddmula (2) as a
carbon atons or phenol, and individual Rls 5 may be

tiheirs ampdhedi | f @i@nts JBRafapaesent silkydregenrtidéKyontaining a
or aryl having 1 to 8 carbon atons, and individual R2s

neymishdite hS&BgOohp to three aromatic rings in one molecule. A
componient having up to three aromatic rings in a mixture generally
tends to exude in an air vent, causing fouling in the air vent during
a molding process. As a result, such a component having up to three
aromatic rings is apt to deteriorate releasability of flashes in
the air vent, leading to residual flashes in the air vent. In this
embodiment, a rate of the component having up to three arcmatic rings
in one molecule in the phenolic resin (B) is adjusted to 0.8 % or
lessinanarearatioasdeterminedbyGPCanalysis, toreduce incomplete
filling due to the residual flashes in a mold part corresponding
to the air vent.

[0028]

Examples of the component having up to three aromatic rings
in one molecule herein include ccompounds represented by general
formulas (4) to (7).

[0029]

{(Chem. 7)
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different; R3 represents hydrogen, alkyl having 1 to 8
carbon atons or aryl, or aldehyde. Al kyl and aryl
having 1 to 8 carbon atons for R, R and 10 R3 are
as described above. [0031] Theghenolic resin (B) used
in this enbodi ment may be used in conbination with
anot her phenolic resin. A phenolic resin which can be
conmbi ned may be any of those having two or nore
phenollc hydr oxyl 15 groups in one nol ecule, including

phen&! ®dvol ac resins, cresol NaydPHc resi nsf F1R1

di cyclhopent adi ene- nDdIerd phenol hcl resins,

xyl yl nodi fi ed ph I|c resins - i ed (6)
pheno resins and rlphenolnetr g ac

resing.” In terns of a conmbination/ ratio, if conbined,

the pHenolic resin (B) used in thil's embodi ment Bd is

contai ned preferably 30 wt% or nore, nore preferably

70wt % or ie nore, to the total nt of-phenolic

r eés¥ns. ZEzphenolic resin (B) R2

W t N /Y ange, achi eve adeq e flane
[0032] BN this e

A

r et i (7)
co offy, conpri ses, as essenti conmponean
anQEpoxy reRgn represented by g for

(B)a phenolic resin conprising phenol i c
conmponent represented by general formula (2) in which
ajeymonent having up to three aromatic rings in one
nDIecuIe is contained in 0.8 %or 10 less in an area

rati o as get ehnmtneddmGRe anal 4si ) kbppayehts thelrogen, alkyl
conprise (C) a curing accelerator and (D) an inorganic

fdd lars nkO033] 1A 6 i raecelemat 0F HKanopt ionralinfiividual Rls
used in this enbodi nent
may be the same or different; R2 represents hydrogen, alkyl or aryl
having 1 to 8 carbon atoms, and individual RZ2s may be the same or
different; R3 represents hydrogen, alkyl having 1 to 8 carbon atoms
or aryl, or aldehyde.

Alkyl and aryl having 1 to 8 carben atoms for R1, RZ2 and
R3 are as described above.
[00311

The phenolic resin (B) used in this embodiment may be used
in combination with another phenolic resin. A& phenolic resin which
can be combinedmay be any of those having two or more phenolic hydroxyl
groups in one molecule, including phenol Novelac resins, cresol
Novolac resins, dicyclopentadiene-modified phenolic resins,
xylylene-modified phenolic resins, terpene-modifiedphenclic resins
and triphenolmethane type Novolac resins. In terms of a combination

ratio, if combined, the phenclic resin (B} used in this embodiment

is contained preferably 30 wt% or more, more preferably 70 wt% or
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refers to a conpound capabl e of acting as a catal yst
in a crosslinking 15 reaction between the epoxy resin
and the phenolic resin, including, but not limted to,
am nes such as tributyl am ne; ganophosphorous
conpounds such as trlphenylphosghlne and

t et raphenyl phosphoni um tetraphenyl borate; and

i m dazol es such as 2-methylim dazole. These curing

ag6el eraf ehs ﬂ@yapearaeﬁﬁﬂ; 2lFopReR51 1M canbisnat TRQ Henolic resin
two or 27 nore. 034] An inhorganic filler (D)

0 JQH§¢|Béléﬂ%%ahﬂe@h%§tﬁiﬁ“¥ﬂé“¥yhge”a¥ob§chfb$é“%ééﬁﬂ@te flame
fl akes or spheres. Spherical silica may be mainl

U§@¥gfdégg§he vi ew of increasing a content of fused
silica 25 powders and inhibiting increase in a nelt
vigepsity of a resin conposition. Furthermore, in

order to increase a content of spherical silica, a

si ze di st bHt beRitBer SRS E oé&ﬂﬂdﬁkﬁﬁb&ﬂ%%s 8.azsessem::l,a.'l.

adjusted 15 to be relatlvely wi der; for exanple,
t QorfdorMrifes, SpRerigalpsiy iredinMBy Jp@sé‘rﬁfgdab?egex\{\éﬁﬂ ormula (1)

this range to reduce a content of the resin, reduce a

Watk er E%Q§%ﬁ%hb@@caﬁgsiﬂhé$ﬂ§rf¥ﬂh%rbobﬁEhQDlérke51n component

solderlng heat resistance while inhibiting

deterd QI Ald oy geﬁéﬁa@bjdﬂnuaof ) Oid R i®SkNcomponent having up
conmposi tion. FO 35] In addition to the above

coaPane & rofathr tondd)in LN ctOBPOSI L&k ited NinS0.8 & or
enbodi nent may, if necessary, conprise various

arehi 4 inesn aRebUH NG as RN aa8nEreUsh 8850 It may further
y- gl yci doxypropyl tri nmet hoxysil ane; a | ow stress

camponent @ych asrishlicanaRidorandqasibi coneifahhelsc Filler.
col oring agent such as carbon black; a nold release

spgdn;s a natural or synthetic wax, a higher fatty
acid and its netal salt and paraffins; and an

antiOXid@ﬂEuringaccelerator (C) optionally used in this embodiment
refers to a compound capablie of acting as a catalyst in a crosslinking
reaction between the epoxy resin and the phenolic resin, including,
but not limited to, amines such as tributylamine; organophosphorous
compounds such as triphenylphosphine and tetraphenylphesphonium
tetraphenylborate; and imidazoles suchas 2-methylimidazole. These
curing accelerators may be used alone or in combination of two oxr
more.

[0034]

An inorganic filler (D) opticnally used in this embodiment
may be in the form of flakes or spheres. Spherical silica may be
mainly used from the view of increasing a content of fused silica
powders and inhibiting increase in a melt viscosity of a resin
composition. Furthermore, inordertoincreaseaccntentof spherical

silica, a size distribution of the spherical silica may be adjusted
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[0036] 15 These conponents can be blended to give a

m xture, which can be then kneaded by heating using a
heati ng kneeder or hot roller, cooled and pulverized

to provide a desired resin conp@sition. For

manuf acturing a resin-encapsul ated sem conduct or

devi ce by encapsulating an electronic chip such as a

sem conductor using 27 a resin conposition of this

enb bei nelt iy eodgosifbirorkargrl ehed Iribodet why . a Spherical silica
wel | - known process such as transfer nol ding,

coap bessore inwdwhghiard isny @ode an rofuiang. c@uantact the resin,
resin conmposition may be applied to coating,

| Tl iangratereabapspt atn rddfindnbeékedeétéciquaattiora in soldering
transistor as an electronic part, an integrated

cheaiuines isttenc25wh D8 7inih it ienbodic peht reaivmpriovifdewability of
epoxy resin conposition for encapsulating a

sem cereduc tcompwhi thohas fl ane retardance without 16 a

flame retardant such as a hal ogenat ed organi c conpound
ap@b &+t i nony and can contri bute to higher

productivity because of its inproved noldability as

wel | as am epoxyivestia téecapsut atceghosenteontiuctioto (D), a resin
device with inproved sol dering heat resistance. Thus,
tdvrspdaivenhni off thicaambed Suetablay , applrcetskarg, sti@acese various
nounting type sem conductor device such as QFP (Quad
HddiPackade);:laddng GrR-qupovimgr ebehe k&) af Enbodi nment

1) [0038] This invention will be nore specifically
desakichadxwh oy 1) inefeicenee ke ; Ut ek theRkt €shddhent such as
Exanpl es consisting of the follow ng experinental

ex@anpieet. oTheaepail resiecngubhdr | e quiiemdhicagest nsich as carbon
used in these experinental exanples are as foll ows.

black; & mold release such as a natural cr synthetic wax, a higher

fatty acid and its metal salt and paraffins; and an antioxidant.
[0036]

These components can be blended to give a mixture, which
can be then kneaded by heating using a heating kneeder or hot roller,
cooled and pulverized to provide a desired resin composition.

Formanufacturing a resin-encapsulated semiconductor device
by encapsulating an electronic chip such as a semiconductor using
a resin composition of this embodiment, the composition can be molded
by a well-known process such as transfer melding, compressionmolding
and injection molding. Such a resin composition may be applied to
coating, insulatingorencapsulatingofanelectricpart, atransistor
as an electronic part, an integrated circuit, etc.

[0037]
This embodiment can provide an epoxy resin compesiticon for

encapsulating a semiconductcr which has flame retardance without



10

15

[0039] 15 E-1: an epoxy resin represented by fornmul a

(8) (N ppon Kayaku Co., Ltd., NC 3000P, epoxy

equi val ent: 274, softening point: 62 C [0040] (Chem

8) OG OG OG 6fCH2 CH2 Jn CH2 Gi2-6 (8) 20 [0041]

(wherein G represents glycidyl.) [0042] E-2:

ort ho-cresol Novol ac epoxy resin (N ppon Kayaku Co.,

Ltd., EOCN 1020, softening point 62 C, epoxy

eqfilvakerdt a20Rht s Es 3 hbl gaheiited ypeaeipoxymp@Iidland antimeny
(Japan Epoxy Resins Co., Ltd., 17 YX-4000H, nelting

pohditcarl @n€ribpoxyt@quighalreptodd&5)vifWddkukelof ats improved
phenolic resin conprising a phenolic resin conmponent
repr@seitied by Weliubha §9)emska @iin eanppeldtedieeti conductor
contains a 5 conponent having up to three aromatic

r {egscd Wi on empbdesdis el ddér ithdhdbt Pedistaires .r afhQsashis invention
deternmi ned by GPC (CGel Permeation Chronat ography)

anah s¢ Ss(iptlgxypegied at et s cesabtiening p@atserizonductor
©. H2: a phenolic resin conprising a phenolic resin
caspineriuchr epr@gRenDeddbyl domadkagéd) ads IAAI(Dow profile QFP).
conmponent, which contains a 10 conponent having up to

t hr:eeodimemat i1¢ rings in one nolecule in 0.4 %in an

area ratio as determ ned by GPC (Gel Perneation

Chrooad jogr aphy) anal ysi s (hydroxy equival ent: 203,

softening point: 67 C. H3: a phenolic resin

conpri si nehiss pheroeltionr @SLD SoMOneHpecigprasent @dsdyibed with
formula (9) as a main conponent, which contains a 15
coaponaiie hayvbog ndp tignitthces arodmdlicts ¢omgiSstiimoithe following
nol ecule in 0.7

experimental examples.

The epoxy resins and the phenolic resins used in these
experimental examples are as follows.
[C039]

E-1: an epoxy resin represented by formula (8) (Nippon Kayaku

Co., Ltd., NC-3000P, epoxy equivalent: 274, scoftening point: 62 °C)

[C040]
(Chem. 8)
05 06 06
n
[0041]
(wherein G represents glycidyl.)
[0042]

E-Z: ortho-cresol Novolac epoxy resin (Nippon Kayaku Co.,

Ltd., BEOCN-1020, softening point 62 °C, epoxy egquivalent 200).

E-3: biphenyl type epoxy resin (Japan Epoxy Resins Co., Ltd.,
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%in an area ratio as determ ned by GPC (Cel

Per neati on Chronmat ography) anal ysis (hydroxy
equi val ent: 202, softening point: 65 C. H4: a
phenolic resin conprising a phgnrolic resin conponent
represented by fornula (9) as a main conponent, which
contains a 2D conponent having up to three aromatic
rings in one nolecule in 1.0 %in an area ratio as

dek erdidqed oy +&RE LGeht Pergati OQp&‘S& OBt QQNaRMRY) 195).

anaIyS|s "(hydr oxy equi val ent: soft eni ng poi nt
Qoo4kd: a phenolic resin conpr|5|ng a phenolic resin
conponent represented by fornmula (9) as a main

conmponenty - WhhGhheGNtial ASs B c3Rp SOSPNaNthaVIRIr &P: & @omponent:
three aromatic rings in one nolecule in 2.0 %in an

aF &erd Alrire@pydebenil Aeds bya RCEal cBapsBabt ONvhich contains a
Chromat ogr aphy) anal ysi s (hydroxy equival ent: 203,

sedtdig paivhhy &7 tQ) thi8e Q044 Ehegy 19) oH &bt &hle in 0.1
OCH?- (c)- CH2-64n CH2 Q CH2 (9) [0045] 5 H- 6. a

PRk a-=xyd nd LRer T8l Bied -pheaoby Gree@en Edntesitii on Chromatography)
Chemicals, Inc., XLC 3L, softening point: 71C, hydroxy

ELH MAd 18N (hyakbR {vafethenalz Navelagi f&Shdk °C
(sofﬁg%lné p0|nty gh e eqU|vaIent 104i 5?% fgb46] <

( Experi nentzal @ﬁ@mﬂ@clﬁeﬁ@&bﬂmﬁﬁﬁéih@alphe}ﬁ)lacp@éﬁ§n component
by wei ght Phenollc resin H1: 51.0 parts by wei ght

Tféﬁ%ﬂt@@%ghfﬂﬁmuES pards Hynawai @Bltn dBaSphemiical contains a
fused silica powder (average particle S|ze 16.0

component having up to three aromatic rings in one molecule in 0.4
% inanarearatioasdeterminedbyGPC {(Gel Permeation Chromatography)
analysis (hydroxy equivalent: 203, scftening point: 67 °C).

H-3: a phenolic resin comprising a phencolic resin component
represented by formula (9) as a main component, which contains a
compenent having up to three aromatic rings in one molecule in 0.7
% inanarea ratioasdeterminedby GPC (Gel Permeation Chromatography)
analysis (hydroxy equivalent: 202, softening point: 65 °C).

H-4: a phenolic resin comprising a phenclic resin component
represented by formula (9) as a main component, which contains a
component having up to three aromatic rings in one molecule in 1.0
% inanarearatioasdeterminedby GPC (Gel Permeation Chromatography)
analysis (hydroxy equivalent: 202, softening point: 67 °C).

H~5: a phenolic resin comprising a phenolic resin component
represented by formula (9) as a main component, which contains a

component having up to three aromatic rings in one molecule in 2.0

% inanarearatioasdetermined by GPC (Gel Permeation Chromategraphy)

analysis (hydroxy eguivalent: 203, softening point: &7 °C).
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m maxi num particle size: 75 Fun): 860.0 parts by
wei ght y-d yci doxypropyl tri nmet hoxysilane: 4.0 parts
by wei ght Carnauba wax: 4.0 parts by wei ght Carbon
bl ack: 3.0 parts by weight 2l Algl of these conponents
were blended in a mxer and the m xture was kneaded
30 tines using two rolls with surface tenperatures of
90 C and 45 C to obtain the kneaded product sheet. The
kpeaged product sheet was cool ed and then pul verized
to give a resin conposition. The resin conposition
wash@valaated for its properties as follows. 25 The
eval uation results are shown in Table 1. 19 [0047]
(Egad uati on and anal yses) t@EPC anal yzer Liquid OH
f eddi punp L-6000 (Hitachi|, K¥d.) 5 UV detector:

Hi \ . ed as a e

?@@?%n 3o ) 09 1 (9)
(orie) - Sol vent: tetrahydrof Uran'{ THF) 048 10
*Spiral flow determined a nold tenperature of 175 C,
aj¢sessfer pressure of 6.9 MPa and a curing time of 2
mn, using a nold for neasuring a spiral flowin
accor dange-ay th JalVMl-x$1 66ené 0048 £ i SSphdaring healn (Mitsui
resi stance: 160 pLQFP (package size: 24x24x1.4 15
(thdckness) 1am , kiaoet, g%ftﬁﬁgn§k%ﬁht8X&LWﬁ)hyﬂ?@ﬁ%%@uivalent:
chip size: 7x7x0. 35 (thlckness) nm passivation film
Pi)swas transfer-nol ded under the conditions of a
nol d tenperature of 180 C, a transfer pressure

H-7: a phenol Novolac resin (softening point: 80 °C,

equivalent: 104).
[004¢€]
(Experimental Example 1)
Epoxy resin E-1: 76.2 parts by weight
Phenolic resin H-1: 51.0 parts by weight
Triphenylphosphine: 1.8 parts by weight
Spherical fused silica powder (average particle size: 16.0
pm, maximum particle size: 75 pm): 860.0 parts by weight
y—-Glycidoxypropyltrimethoxysilane: 4.0 parts by weight
Carnauba wax: 4.0 parts by weight
Carbon black: 3.0 parts by weight
All of these components were blended in amixer and themixture
was kneaded 30 times using twc rolls with surface temperatures of
90 °C and 45 °C to obtain the kneaded product sheet. The kneaded
product sheet was cooledandthenpulverizedtogivearesincomposition.
The resin composition was evaluated for its properties as follows.

The evaluation results are shown in Table 1.
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of 9.8 MPa, a transfer tine of 7 sec, a curing tine of
120 sec, and further cured at 180 C for 4 hours to
prepare a package for evaluation 27 of sol dering heat
resi stance. Twel ve packages thyg prepared were wetted
under the atnosphere of a tenperature of 85 C and a
relative humdity of 85 o for 168 hours, and then
subjected to IR ref lowtreatnment (260 C, in
aggesance with the conditions of JEDEC Level 1) Each
package was observed by a scanni ng acoustic tonograph

apgh,d e wwenhd2angi ysasernal cracks was expressed as
a percentage for (the nunmber of packages having

cr@ekS)daiAe total number of packages) [0050] 20
*Fl ame retardance Using a | ow pressure transfer

mol di ng maching readiest pRhSCE-c0d NHikapizeref.
l ength: 5 iné%es, mﬁd?h? 1?2 i nch and_thiékness:) 1/8

i nch was py eparRd#ndersbbe eongiddionscef ya nold
tenperature 5 of 175 C, a transfer pressure of 9.8 MPa

and a curingdd /et 430anS88soMdiRle Bei ngghgat ed at
175 C for 8 hours as post-curing, the test piece was

pl aced under, the gt _§ph8§§g@%&aﬁbgnﬁe?ﬁ&&f@K%LB§§ (She)

and a relative humdity o 0 % for 48 hours, and then

subj ect eds, . JrRasWLeARDE b Py AGCOfdance W th the UL-94
vertical test. 10 Rating of flame retardance

[%%@ggﬁnation of flame retardance (V-0): Fnmax: 10 sec
or less EF: 50 sec or less dow extinction after

2?%%%18%‘1%%&%&%%&@&7% m%(ids@%rggérat’kﬁé g 1'7 m.’(f,i At ransfer
ropl et: none erm nation of flane
rﬁ%éﬁé&ﬁ@”%f(%ab)MPa and a curing time of 2 min, using a mold for
measuring a spiral flow in accordance with EMMI-1-66.

[0049]

*Soldering heat resistance: 160 pLOFP (package size: 24x24x1.4
(thickness) mm, frame: Cu, pad size: 8x8 mm), mounted chip size:
Tx7x0.35 (thickness) mm, passivation film: PI) was transfer-molded
under theconditionsof amcold temperatureof 180°C, atransferpressure
of 9.8 MPa, a transfer time of 7 sec, a curing time of 120 sec, and
further cured at 180 °C for 4 hours to prepare a package for evaluation
of soldering heat resistance. Twelve packages thus prepared were
wetted under the atmosphere of a temperature of 85 °C and a relative
humidityof85% for 168 hours, andthensubjectedtec IRreflowtreatment
(260 °C, in accordance with the conditions of JEDEC Level 1). Each
package was observed by a scanning acoustic tomograph and the number
of internal cracks was expressed as a percentage for {the number

of packages having cracks).” (the total number of packages).

[0050]
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Fmax: 30 sec or less EF: 250 sec or |less 20 G ow

extinction after second contact with flane: 60 sec or

| ess Ignition of cotton with a droplet: none

Determ nation of flame retardange (-): The above

conditions are not nmet. 25 Herein, EF is the total

time of flamng (sec) and Fmax is the maxi num fl am ng

time (sec). [0051] 21 *Continuous nol ding properties

A* Abdroe fiort zeneapsul ati ng a 80pQFP (14x20x2. 0 nm)

sem conductor was treated to have rel easability. Using

an epoxy Usisy A Lomposstsvar, t cordtfieruoosd aut omahigte, a test piece
operation was conducted under 5 the nolding conditions

ofigh nolad stiempefatenectof S176ckesa widinsf ar/2 pnelssad® thickness:
of 7.3 MPa, a transfer tine of 8 sec, a curing tine of

60/8 setch Avawlipdiepg rédooné@ac hetshaetords ioheckeda frosld temperature
incomplete filling and when inconplete filling was

PHESETE °Cl he g faaspebeeked JOp . gaira vl abkbaekhfiG:ime of 120
Then, the nold was eval uated by the shot nunber 10

ugét| intpbetagfhddiay aaccupredrdues ttodis a¥epdst—curing, the
bl ocki ng. When inconplete filling was not observed,
t bestopereats onswasacantumiged theoa G0@sshates o f[ Q06&fperature of 23
(Experinental Exanmples 2 to 13) 15 Wth the
far subad | i tikewnumdTaploF 30 facdi ng maies,i aha thef 8ubjected
prepared as described in Experinental exanple 1. Using
t bese=asmotadiemyg at eccatdaneyativdt ithie Was 9¢ oneuiciedl aest.
described in
Rating of flame retardance
Determination of flame reitardance (V-0):

Fmax: 10 sec or less

ILF: 50 sec or less

Glow extinction after second contact with flame: 30 sec or
less

Ignition of cotton with a droplet: none
Determinaticn of flame retardance (V-1):

Fmax: 30 sec or less

XF: 250 sec or less

Glow extinction after second contact with flame: 60 sec or
less

Ignition of ceotton with a droplet: none
Determination of flame retardance {-):

The above conditions are not met.

Herein, XF is the total time of flaming (sec) and Fmax is

the maximum flaming time (sec}.

[0051)
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Experi mental exanple 1. The evaluation results are
shown in Table 1. 2D [0053] (Table 1) 22 R mco 00

OOVNr O vVMVmMmmmmooN NhWOOOOOro O
QQMV NWQOcO >N WO0OL(QO0O0O0NOQQMO O
OONrnmwOOOOONNODQQMMNO N ONOO
0O000CO0O0QCtomOROO> NOOOOOONONDNAZa
MQQoi mO4 ,No v~N WNOOOOOOMmMP. 1" N
QL inud@ R0.difgOprperties

A mold for encapsulating a B0pQFP (14x20x2.0 mm)
semiconductor was treated to have releasability. Using an epoxy
resincomposition, continuousautomatic operationwas conductedunder
the molding conditions of a mold temperature of 175 °C, a transfer
pressure of 7.3 MPa, a transfer time of 8 sec, a curing time of 60
sec. A molding from each shot was checked for incomplete filling
and when incomplilete filling was present, the mold was checked for
air-vent blocking. Then, the meld was evaluated by the shot number
until incomplete filling occurred due to air-vent blocking. When
incomplete filling was not obkserved, the operation was continued
to 500 shots.

[0052]
(Experimental Examples 2 to 13)

With the formulations shown in Table 1, molding materials
were prepared as described in Experimental example 1. Using these
molding materials, evaluation was conducted as described in
Experimental example 1. The evaluation results are shown in Table
1.

[C053]

(Table 1)
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[0054] Al of Experinmental exanples 1 to 7 showed
excellent fluidity, soldering heat resistance, flane
ret ardance and conti nuous nolding properties. In
Expesipental exanples 8, 9 and 11 using a phenolic 5
resin conprising a phenolic resin conponent

represent gd) By rggBel Abntd DERME d2) t8Y shdfRidkxcellent fluidity,
conmponent whi ch contai ned a conponent having

soldering heat resistance, flame retardance and continuous melding
properties. In Experimental examples 8, 9 and 11 using a phenolic
resin comprising a phenolic resin component represented by general
formula (2) as a main component which contained a component having
up to three aromatic rings in one molecule in more than 0.8 % in
an area ratio as determined by GPC analysis, incomplete filling with
a resin due to air-vent blocking occurred in the early stage, giving
unsatisfactory results in terms of continuous molding properties.
Experimental examples 10 and 11 without an epoxy resin represented
by general formula (1} and Experimental examples 12 and 13 without
a phenolic resin component represented by general formula (2) gave
unsatisfactory results in terms of flame retardance. Experimental

axamples 10 and 13 also gave unsatisfactory results in terms of

soldering heat resistance.
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up to three aromatic rings in one nolecule in nore
than 0.8 %in an area ratio as determ ned by GPC

anal ysis, inconplete filling with a resin due to
air-vent bl ocking occurred in the early stage, giving
10 unsatisfactory results in ternms of continuous
nmol di ng properties. Experinental exanples 10 and 11
wi t hout an epoxy resin represented by general fornula
(1) and Experinental exanpl esikdmgnd 13 without a
phenolic resin conmponent represented by genera

formul a (&) cgewere s abhsd at iyt desat A u 1R th egMBs @i conductor,
flame retardance. Experinental 15 exanples 10 and 13

ab SO0l 1yNSatbsfiachgry results in terms of
sol dering heat resistance. 24 CLAIMS [1] An epoxy

resin conposdr i<@dxfOkre8nNt apsSptdd itk 5L FeaeRdUCESFmula (1) :
essentially conprising (A)an epoxy resin represented
byciganeral formula (1): 5 (Chem 1) Rl1 OGR2 R2 Rl OG

RR RR RLOGCH2 QQCH2 Qn CH2 QCH2 Q(1) Rl R R2

P2 R1 in the fornu (1) is average W t hi
BF%Z Orsé]o ebGs gl y%] 4yl : RRAnd REEq 0G

10; KZrepr

(1)

' Iy [onpr
?g%ﬂesented gener formdlla (2),
conmponent having up to three aromatic rings in one
mol ecul e |5 igoRhai Agdndin (9 8: Y001 abv@8Sgk NvAi @arange of 0 to

rati o as determ ned by GPC (Gel Perneatlon 15
Cho oaelpgarhy) ARRLWSHL$R1 and R2 independently represent hydrogen
or alkyl or aryl having 1 to 8 carbon atoms and Rl and RZ may be
the same or different); and

(B) a phenclic resin mainly comprising a phenolic resin
compeonent represented by general formula (2), in which a component
having up to three aromatic rings in one molecule is contained in
0.8 % or less in an area ratioc as determined by GPC (Gel Permeation

Chromatography) analysis;

{(Chem. 2)

Bl Gy Gty

(n in the fermula (2) is an average within a range of 0 to
10; R1 and R2 independently represent hydrogen or alkyl or aryl having

1 toc 8 carbon atoms and R1 and R2 may be the same or different.
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(Chem 2) RLOHR2 R RLOHR2 RR RL OH CH2 Q CH2 CH2
QCH2 Q(2) N RIR RRLR RRL (ninthe fornula
(2) is an average within a range of 0 to 10; R and
R2 i ndependently represent hydrggen or al kyl or aryl
having 29 1 to 8 carbon atons "and R1 and R2 may be
the sane or different. 25 [2] The epoxy resin conpos
it ion for encapsul ating a sem conductor as clained

b O ai Mdpe Wﬁf@sf@@or@&@éﬁq i Fasd{Bh=s 195%%&@onductor

by reacting a conpound represented by general fornula

(B3 ‘1 diGhRem: n3p1 820 R2 XaH2 «CH2¢ & DnerR iR2 ras(X [H tll'eeproduced

formula (3) represents hal ogen; represents
hwr%lw @I KMk e&n@ryépf@er{&dlbgzogéne%p%ﬁmms (3) :
and i ndi vi RES may be the sanme orf different, with
phena) s.3) 10 [3] The epoxy resin conposition for
encapsulatlng a sem conductor as clainmed in Cains 1
or 2, w&%reln t he phenolic resin (B) has a softening
point of'*60 to 7BZ2C. [4] A sem conductor device

manuf actured b ncapsul ating a 15 sem conductor chip
i t.he Sif gonposition f encapsul ating a
sen1c@%o cﬁgﬁﬁgd in any of?épains 1, 2 or 3.

R2 R2

{X in the formula (3) represents halogen; R2 represents
hydrogen or alkyl or aryl having 1 to 8 carbon atoms; and individual

R2s may be the same or different, with phenols.)

(3] Theepoxyresincomposition forencapsulatingasemiconductor

as claimed in Claims 1 or 2, wherein the phenolic resin (B) has a

softening point of 60 to 70 °C.

(4] A semiconductor device manufactured by encapsulating a
semiconductor chipwith the epoxy resin composition for encapsulating

a semiccenductor as claimed in any of Claims 1, 2 or 3.



