1 SPECI FI CATI ON EPDXY RESI N COVPOSI TI ON FOR ENCAPSULATI NG

SEM CONDUCTOR AND SEM CONDUCTCR DEVI CE 5 TECHNI CAL FI ELD [ 0001]

The present invention relates to an epoxy resin conposition for
encapsul ating a sem conductor and a seni conductor device therewth.
10 BACKGROUND ART [0002] El ektroni ¢ conponents such as

di odes, transistors and integrated circuits have been typically
encapsul ated with an epoxy resin conposition. Particularly, in
integrated circuits , there have been used 15 epoxy resin

conposi tions exhibiting excellen%ﬁgﬁ§k & C;i]tance and noi sture

resi stance containing an epoxy resi %.iﬁ? ol resin curing agent and
inorganic fillers such as fused silica and crystalline silica.
However, recent market trend to size reduction, weight saving and

hi gher perf OE?&E‘P%EBQN%@@OFS%WN GRwl ﬁﬁé}\m%ﬁ% tﬁM‘i@b@Dﬁdﬁbﬁ%@é ed

20 sem conductors and accel erated surfacenounting of a sem conduct or
device, while requirenents to be geirddNDIOTER B ICESI N corrp05| tion
used for encapsul ating a sem conductor el enent has been increasingly
divergified and stricter. In particular, now that surface nounting of
a sem conductor device is commpn, a noi stened semi conductor device is
25 exposelCHUCAL IHIgGhDt enperature during a sol der refl ow process.
Furthernore, as part of elimnating environment burden naterials, a
sol der fr@@0ttom | eadhas been increasingly used as an alternative

material , 2 but a |ead-free solder has a higher nelting point than
a conventi onal SB}P%Ié’rresq’Wér}éWSP‘élOfF treREBYS @ PBf FRAF Y ERDET §P{§P‘é51t1°n
during su facem)u‘é{ gher b% out 20 C than. a conventi OB

speci fi caltye68° § ~Fsem tonhduetor S&E\%F%%dq?oéﬁ&‘f%’é%lt 81‘%“’“

furthﬁ]’ tg%ll}gﬁoém%rrature 5 causing de-lam nation of a cured epoxy
resin conposrtionin’its interface with a sem conductor el enent or

| ead fra Obg]tends to defects significantly deteriorating
reliability 1n a sem conductor device such as cracks. [0003]

Furthernore, al s@ddamhenvidipanent alsueanss derkONsrardsh8térd and Move
tolimt the use of a hal ogen-containing flane retardant such as

br om ne- cientatat gt ayans bace penngsicid yasnhcapbi DB eiipeLEsb:SUe 5 1as
di antinony trioxide and diantinony tetroxide which have been used as
a flame remapsirionf.or Partsiemil sohguot Urtegmeapd ol atuing . rheee hate beemdisks
t here has been needed alternative flame resisting neans. As

al t er Wat iSPEx¥ | By 68FRITINGORB RIS F o0 Serredbirfudeot BPREasSOFatansy
material, there has, been progosed t he use of netal gf,?)[{’dmx' des such as

o num AR5 B4R THRGREST U A TDRPREY ey st <Be. oiavel’ S
d | t f ffect | t

and hen 1581 a GaBa P i 05t GaoU SBURC To 158 TRl s Bt

Uy dqfegtor ab gl aabickid AN S AR ILYo6f BN RPO g

conposi tion during rm nmechani cal™ strengt cured materi

and t hus ekdefatel AW IL%IrshalCRViBed HAMerat MR kangtd@tegount i ng
t he above | ead-free solder. [0009] 25To solve these probl'ens, there
have eersepii.opaietodshngadcd @watat eiir BReidungng 61 @xe@i@naadtor device,
flame-resistant resin for neeting the requirenents for both sol der
refl ow r edilde armmiaadefiisarne besist dycan PoxySeesird aompasiiplos, ufat ot
Docunents 1, 2 and 3). However, there have been needed further higher
sol der - r @mpéwwwulﬁg@rﬁ,@l\%ﬁn%ct@@rﬁmyt dasdgiRonauervMobslivesni fied
further thinner and interconnections have been further finer, so that
i npr ovemei FH¥tERabi 11 t%?raﬁ?‘ﬂlrﬁ'eﬁ@ép@lﬂ%ts}lﬁﬁa@ %H“W%Oﬁga It has

b t her ef difficult t t all of, t ts
Grven SUCHTETTGHIREANLEE = hor GoRg. bbdip inbeut T9ncaByor op: Hgrsee L

resi onpositiqn fo aps Ing .a_sem condyct or_ - xh|b|t|n hi gher
flarre%(r:esr%) anc% goi(a) ch% % ?ﬁl‘%y aﬁﬁln e‘_ﬂqr‘j’gg'j ?y h| g Bkt oces.

Furthermore, as part of eliminating environment burden materials, a

solder free fromleadhasbeen increasinglyusedasanalternativematerial,



10 resistance to allow for the use of a |ead-free solder wthout a
flame retardant. [0005] [Patent Document 1] Japanese

Pat ent Appl i cati onLai dOpen No. HO1-275618 [ Patent Docunent 2] Japanese
Pat ent Appl i cati onLai dOpenNo. HO05-097965 15 [ Pat ent Docunent 3]
Japanese Pat ent Appl i cati onLai dOpenNo. PBi05-097967 DI SCLOSURE OF THE

| NVENTI ON [ 0006] Thus, this invention provides an epoxy resin
conposition for encapsul ating a sem conductor exhibiting higher flane
resi stance, good 20 flowability and adequately higher sol der-reflow

t to allow f f a |ead-f | thout a fl
ot ar dant>? ¢ Gt e an RT3 e ST AR TR or P AT
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COI’TpOSI ti on resent I vent1o rovi

[1] An_enoiy [eg n 6o 'o&'a{‘ari 4 cS1P8NUha1 0GR SEGandusy oo <c.

conpri sing A) “an epoxy resim o représeht e gen

fornul a (@us,wgéﬂ&nau&w@éﬁ% CORROUNEA s GAPRRNCRE Hld} 5@% e,
in general fornula (1)) is contained in a ratio of 60 %to 1 % bot h

i ncl usg vec Ak idgleer Mimekhthyn 8t GRGrEERIoRe HEB AL EofHJtOFRE Ak 8ARY kr B4RA
rati o, and a binuclear 5 conmpound in mhlch t he bi s(phenyl net hyl)

noi ety i swiadh acheft @hdtibeopatamposidd agad of dagkeh bindiengs posideifedss of
the glycidyl ether groups in two phenyl glycidyl ethers is contained
in a ratioigfif36at iyoddiG 1ok divirty relclabsiliky tio a danitcondhclamaet i sudie
bi nucl ear conpounds as determined by an NVR area ratio; 10(B) a
curing ag@hﬁiﬁékﬁng two or nore phenolic hydroxy groups in one

nol ecul e; (C)_ _an inorganic filler; and (0) a curing accel erator,

and being[ §tant|ally free froma hal ogen- cont ai ni ng conpound 15 or
anti y conpoun

sane of differ en% br ’E%ﬁﬁ“&é 8'ntarJE PRy B“ﬁeﬁ%é‘qfoé‘éﬁggﬁ%tloé‘si' tq?ﬁe is
| nteger 85 IEOtcf”llRat SN B%)‘%éﬁefgﬁz}j‘&ﬁ?geg 9015&1%1113[3' i*lsam%”ré TRk QJch

to 5; an yCl epoxy res ion fo
encapsul atd Bgoxﬁmécﬁﬁ%ﬂlﬂ?@% B ddapoBhi a\ﬁlisé}PﬁhH/md?{y Qox@pﬁ;un@%%

to O . 5poise both inclusive at 150 C and a softening point
to 110 C hothahbidts ¥€i0xid00R]d diantimony tetroxide which have been used
as a flame retardant for a semiconductor encapsulating material, and
15 therehasbeenneededalternative flame resistingmeans. Asalternative
filame resistingmeans for a semiconductor encapsulating material, there
has been proposed the use of metal hydroxides such as aluminum hydroxide
and magnesium hydroxide. They must be, however, used in a large amount
for effectively working as a flame retardant, and when being used in
20 an enough amount to be a flame retardant, it may deteriorate flowability
and curability of an epoxy resin composition during molding, mechanical
strength of a cured material and thus solder-reflow resistance in a
temperature range for mounting the above lead-free solder.
(0004]
25 To solve these problems, there have been proposed using a low

water~absorbing, flexible and flame-resistant resin for meeting the

requirements for both solder reflow resistance and flame resistance



[ 3] The epoxy resin conposition for encapsulating a 5 sem conduct or
as described in [1] or [2], wherein the component (A) is an epoxy
resin represented by general formula (2), wherein a binuclear
conmpound (a conponent in which n =1 in general fornula (2)) is
contained in a ratio of 60 %to 100 %both inclusive as determ ned by
a GPC area ratio, and a binucl ear conpound in which the

bi s(phenyl nethyl) noiety 10 is attached at the para position

t obot hbi ndi ngposi ti ons of the glycidyl ether groups in two phenyl

| ycidyl eth i t ai ned i ti f .35 % 0 % bot
Pnatus, vel S8 158 PETReanihir oo EPB e Y Gbnpoiiayess there have
det . . 5 . ]

ererm n%%gpxyn eﬁ%%h%@ d{;?(#ﬁee%ersl?%dejr_\é@ﬂ& r}esﬁﬁ%/?n%a w&lea%g%:e:ﬁtzlly a

whi ch nmay” be the sane or represent a aving

car bons; s%ﬂi?oxid‘l_{ét%n:e}gaesr 88@1‘: GutPnek tpll?r%r?%%% g_}ﬂ%ggf%ﬁe_(ﬁ@i&% $avh dedn

an integer o o 5; and Gis glycidy he epoxy resin

conposi tiQR+£oF reAEAPSHl Rk NG SEMRONIWEL P AS tdentihheshchPs @t 10k
[1] to [3], wherein the curing accelerator (D) cohpriseS a curing

accel &5 ateid h6ldinkdaVvi Ng rasCBédNt BerBiceby CiaFakhet afo acselAnabt Nthede
curing reaction of the epoxy resin 6 and a silicate anionic noiety
capabl e dfequbhédpritisng catal ytic activity of the cationic noiety
accelerating the curing reaction. [ 5] The epoxy resin
conposi tion for @mcapsuthati nymgtseessortretlvrs bserdesedéchéar defelloping
wher ei nt he conponent (dl) is a conpound 5represented R4 - R3 Al -R6
R5 .1?" BIfdmerdPorsdt i prpncagsulgting a gemiconductor exhibiting higher
flame resistance, good flowability and adequately higher solder-reflow
10 resistance to allow for the use of a lead-free solder without a flame
retardant.
[0005]
{Patent Document 1} Japanese Patent Application L.aid OpenNo. HO1-275618
[Patent Document 2] Japanese Patent ApplicationLaidOpenNo. HO5-097365
15  [Patent Document 3] Japanese Patent Application Laid Open No. HO5-097967
DISCLOSURE COF THE INVENTION
[00086]
Thus, this invention provides an epoxy resin composition for
encapsulating a semiconductor exhibiting higher flame resistance, good
20 flowability and adequately higher solder-reflow resistance to allow
for the use of a lead-free solder without a flame retardant, as well
asahighlyreliable semiconductor device inwhich a semiconductor element
is encapsulated with a cured product from the composition.
[0007]
25 The present invention provides the followings.

[1] An epoxy resincomposition for encapsulatinga semiconductor

comprising



Al ---- Y21 i -Y3 1Ma. (3) wher ei n Al represents
nitrogen or phosphorous; R3, R4, R5 and R6, which may be the sanme or
different, independently represent aliphatic group 10 or an organic
group having a substituted or unsubstituted aromatic ring or
heterocycle; X1 is an organic group |ifking group YI wth group 12;
X2 is an organic group linking group Y3 with group Y4; Yl and 12,

whi ch may be the sanme or different, are groups resulting from
elimnation of a proton froma proton-donating substituent and groups
11 and 12 15 int sanennl ecul. re ndt silic atonmt o, f.or .
chel ate structur ZE) 13 A y1rfsalrge rrggggteraggﬂlgtepﬁﬁa rf 8%1““2% Fé )rfa{glﬁ%%el&
a proton afrb%hé}é’a{zo%ﬂ'&%at(b”@o Shit HeNk 3R, A QU &é}]eafﬁﬁ £l a
the sane ol ecul e are bound to a 'silicon atomto form a chelate
struct ur gy )Xl Apgh 42 nEBY nhe i % SARE Dfo dbd YR incYhsidPas k3t 2Rk
may be the sane or different; 20 and Z1 represents an organi c group
havi ng a ulstipd uced mrrdasihs Uhtbhetb@heRal i Gebi ALY, AndUbSthisiagd
or unsubstituted heterocycle or a substituted or unsubstituted

al i phat i cca@peufpe infwhich the bis [fienlhfeepaxyndRgivni £ @iPasidd #n therpara
encapsul ating a sem conductor as described in any of [1] to [5],
wher ei n treition ng Egdnbifdnghees ng ohae fothergl gcphdnether bydummxyn two
groups in one nolecule is a conpound represented by general formula
(4): Bl -pheHgl-@bycidip qth@rsoHp RRtEkHed iglgfatio &h I550t@rl04n® both
integer of 10 or |ess. {0011] [ 7] A_sem conductor device,
wher ei n A TSeRFEGRhEANSr T EdneMUng! dhediTum edh GaRPIINdSnt e fraeErined
circuit are enﬁﬁgsulated W th a cured product of the epoxy resin
conposi t i'Bh PR fFEpstiH Y ng a seni conductor 10 as described in any
of [1]oto [6]. [ 2] . This.1nvention provides an oxy resin
COh‘pOiSOI tion for g%%élp%% 26 %%enéc E%‘?ﬁ"%%ﬁ%c roIPOI'gexﬁl Bt |lrc1:gh C?rgﬂ%‘ r 959 Eive
resistanq%,Oggqﬁr&kgg@pility and adequately higher sol der-reflow
resistance to allow 15 for the use of a | ead-free solder without a
flame retardant, (@s apelhofsard chirghlor# @hiiabl e semi conductor device in
whi ch a sem conductor elenent is encapsulated with a cured product
fromthe composi tbpm curing accelerator,

and being substantially free froma halogen-containing compound

15  or antimony compound;

0 {

0G
— CH, CH, @ H oD
(R1), L

wherein

R, |n
(R2), (R2), o

Rl and R2, which may be the same or different, represent alkyl
having 1 to 4 carbons; a is an integer of 0 to 3; b is an integer of
2D 0 to 4; n is an integer of 1 to 5; and G is glycidyl.
[G008]
{2] The epoxy resin composition for encapsulating a

semiconductor as described in [1], wherein the component (A} is an epoxy



BRI EF DESCRI PTI ON OF THE DRAWNGS 8 [0013] The above and
ot her objects, advantages and features of the present invention wll
be nore apparent fromthe follow ng description taken in conjunction
wi th the acconpanying drawi ngs. 5[0014] [Figure 1] FIG 1 shows a
cross-sectional structure of an enbodident of a sem conductor device
prepared using an epoxy resin conposition according to the present

i nvention. BEST MODE FOR CARRYI NMG QUT THE | NVENTI ON 10[ 0015]

This invention provides an epoxy resin conposition for encapsul ating

a sem conduct Qr _exhi bi her .fla Si st anc ood fl owabjlit
a0 adoqUARSar o he LSbak ¥ area by Pols A RREs Tl m Hoersr f ol e
of a lead-fr ol der without a fl.a ar dant i Sin 5 (A an
epoxy redn lsgp §E§tae(ﬁ5’§/ctﬁaﬁégr £Olﬁge?1{f8£ %g)t,o M@quho q‘ﬁiBFJ(e
conmpound 5 Ggemponent in which n =1 in general formula (1)) is

cont ai ned |n ratio of 60 %to 100 % both inclusive as determ ned by

a GPC area ratio,3anda biLpych e%sﬁgﬁp%%s&{-he%' Ghayt h@ncaévsulatlng a

bls(phenylnethyl) hoiety i1s attached at the parapositiont

bot hbimdi ngpeshiians 88 ddrerabyei dyl[120,£1 18" GROMAT kRe toMmpRRERY! (A
glycidyl ethers is contained in a ratio of 35 %to 100 % both

i ncl usi veid on ePpsxyt pdsAn APreBen0dd bingeddHICt @adh 1 6 QPPUAESe BSa binuclear
determ ned by an NVR area ratio; (B) a conpound having two or nore
phenol i ¢ dygoxy (greompsnent dmehioh ecul én geBprab fonouigan?c s kbetairsad
(D) a curing accelerator. 25There will be detailed the present

i nventi onin OGP oD tPepries &bl édboih danduad vef of Mgitarpined Wier 6PA area
bi nucl ear conpound (a conponent in which n =1 in general formula (1))
i s cont aiTféd oy i # ANPGCHPATBEOURLFALAD WHiEHtHE heT (Rieny 1BatvEl ervigied

by C bi nuc| d in whi

o1 s pheny R AT dmatgwa?g PRE1 BLHbE B gf%nig%paziabgw PRt R
bi ndi f th N |_glycid

ot ner &1 it SRl 1o, Motk L 00, ER0%43 BebREIRN i, =) B
total amiyy tQEOEB%olEh%EhS@{veC&UPQé'EQ@ cﬂﬁﬂ f”?b pxﬂ?é r@%ﬂn@i@

rati o. Herein, a binuclear conmpound in

noi ety |sﬁﬁzkaghggeatbyhglm@RaaﬂQ§ugtgs 10 to both blndlng p05|t|ons
of the glycidyl ether groups in two phenyl glycidyl ethers is one
having the structure represented bygeneral fornula (5); nore
specifically, tfiose~having the structures represénged by™general
formul as (6) apd ('). 15wherein Rl and R2, which|may be the
same or diffe represent , paving 1 to e ;la is an
integer of 0O ot SHa ) erfr—-H-P6
5 and Gis ¢ '|dyl. [ 0017 X-1200GF 5) (R2)H(Rl)a |wherein

Rl and RQH?Mhlch gy be tipe)same or dlfF@ﬁent reprd§ﬁht .k$y| havi ng
1 to 4 carbors; a i's an |nteger of 0 to ®his an |nteg- of 50to

4, and Gis egC|dyI
15 wherein

R1 and R2, which may be the same or different, represent alkyl
having 1 to 4 carbons; a is an integer of 0 to 3; b is an integer of
0 to 4; n is an integer of 1 to 5; and G is glycidyl.
[0010]
20 [4] The epoxy resin composition for encapsulating a
semiconductor as described in any of [1] to [3], wherein the curing
accelerator {D) comprises a curing accelerator (dl) having a cationic

moiety capable of accelerating a curing reaction of the epoxy .resin



wherein R1 and R2, which may be the sanme or different,
represent alkyl 10 having 1 to 4 carbons; a is an integer of 0 to 3;
bis an integer of 0 to 4; and Gis glycidyl. CH2 (7) wherein, Gis
glycidyl. [0018] 15A phenol aral kyl type epoxy resin having a

bi phenyl ene skel eton represented by geheral fornmula (1) is well-known
per se. A comrercially avail able resin contains a binuclear conpound
in alowcontent (for exanple, NC 3000 from N ppon Kayaku Co., Ltd.
is aresin  represented 11 by general forrmula (1) which does not have
both of sufstityents R%i&'l%brﬁ@ A5 ta%l%0@9W&i%gﬂé%a%ié%gc‘“gcuﬂty
aromatic rings content 1s’a out. 40" %35 det er mned as a ar ea

10 . Jop cHBOLANNSKCRLLRY LLAMBNL LY ¥ £2RD0L, P gEhigyed and, for

exanpl e, an 1 norganic cannot be added In

concentration fofsj MaRRVi BEo8P! dak:f efdawoEesi &t anee. JhuSsuibeng 1 s
alimtation to neet both redquirenments of excellent flowability and

sol der - r efch@Wbi @ tS-ARCR s cVIRIMN IGO0, RihB8e 2n €Y/SdrRIohkRE (€POXYa E&Fbdlind
having a viscosity |ower than that of a conventional phenol aralkyl
type époxypteséntdianiyngeraerail phenyllaneiskel eton (for exanpl e, YX-4000K
10 from Japan Epoxy Resins Co.,Ltd. which is a biphenyl type epoxy
resin) for solving the problem it |eads to deterioration in flane
resi stancf. Wien increasihgfa ratio L a binuclgar conpound in a
phenyl arpl kyl tRgpe epoxy rgsin havi a bi phenyl ene skel eton,
flowabilify can Fe i mpr oved [whil e retlai ning excell | ent flane
resistance, but bt resulits 15 in a | awer softenijng point of the epoxy
resin. ThuR4 theteRfh ¢anndt beyr—sBli+d—&¢ about anmbi &)
tenperatufe, |edding to|signififant dé\fri atign in handling
propertiep. A bilpucl ear [conmjauind centent is, \therefore, limted to
about 45 Po [00TY] 20The epdxy rasion (AY4sed n the present

i nvention~i s a phenol afalkyt type epoxy resin Having a bi phenyl ene
skel eton represented by general fornula (1) conprising conpounds
containing two afedmitiinc rings in 60 %to 100 % both inclusive as
determ ned as a GPC area rati o and a bi nucl ear conpound where a

bi s( phenyl met hyl 31 mepedsenis rdlttraghedr aho2phérdal; RPOS4 t REAnE®REHGIHIch
bi ndi ng positions of the glycidyl ether groups in two phenyl glycidyl
et hers i sagord ahaethnienoa didfeerdf, BxendedOly ¥ebotdenitnel imiazéctarcube
total amount of thebinucl earconpounds as dete tined 12 as an NMWR

ar ea Wat ioF. arTREEAN icher uPshavipam pebeihiatad ornensupsbet erpdowerafiiclring
excellent flowability, so that it can be easily handl ed at about

anbi ent CENPEECGY LW Fhotit EProHRBHE AER THS kAN HPHY . Y IFtit theravr &2/

h i A) I h l, . | kyl i I Si 5
0" bi phonPer Bictitkrit FobPaiaii B ditePLr BE MR LT () S5TRA St
il . . . o ormla RF e
Cel st vayobg el BenE PR BB Shlps SRR AP b minaton
excel | entysf b oyaRidhi £¥ohi [:2otBi-HALRLAY SRR E&% $hangRRadyi NRIPYE

flexibility in a cured product, and is, therefore, advantageous iIn

t er mej50f ig@hdebme Abl O Ifee&icHoanEs €o a 10 1 Rkt Hedn iy forrfd @RAQOE EBructure;
designing can be drastically increased; for exanple, an inorganic
filler cad bedatddedei mraudsi gherltdoncendn aflionnasi ceserd edtabhofeym and
it may allow for applying or increasing an adhesion aid such as a

si | ane coupkemgicagsnng wivbshituamndsand gyeupedicerd f'Holmbheigane molecule
therefore, it cannot be added in a higher content in the related art.
15[ 0020] FREAVINGr B FoSpaFtAct A tP 1T 2tGNGA3 T StaupE e sEL famd X2 may

manuf act uri ng the epo resin ). used in this invention, and for
exanpl e, PRt %a%ogr@@%g%edl%y\‘ﬁp i di ﬁnﬁggmﬁvﬁbﬁdﬂ e i difrerent;

Cond%s ata%d%tj%pr}eegents an organic group having a substituted or unsubstituted

aromatic ring or & substituted or unsubstituted heterocycle or a

substituted or unsubstituted aliphatic group.



by reacting each bis (nethoxyrnethyl)bi phenyl isoner or a m xture of
20 isonmers with a phenol conpound. Furthernore, there is not
particular difficulty in a method for incorporating a binuclear
conpound (a conponent in which n =1 in fornmula (1) ) in a ratio of
60 %to 100 % both inclusive as deternined as a GPO area ratio, and a
met hod for incorporating a binuclear conmpound in which a bis

(phenyl nethyl) noiety is attached at 25 a para position to both

bi ndi ng positions to the glycidyl ether groups in two phenyl glycidyl
ethers in a rati? of 35 %to 100 % both,inclusive to the total anount
of the binucl ear [EbmPEuRt* AL eFer erMATEYEY gsr?rl\ﬁ/??apfé'lﬁ%’ég Patio in

b coonc e b oS PRRkal 824 By 34k Tl PO IRaREF Bheuring
selectlrﬁggghg{{éﬁxﬁgplﬁb tﬁEaéﬁlﬂlggaﬁﬁ%ﬁqiggiﬁj&f%ﬁgaﬁﬁgﬂﬁfﬁgg dhe olecule

reaction i‘'ons as’ appropriate. epoxy resin
(A) used sigh;t bg s @8CRL, IAUERES O3, Rt A 1#Ch Bl t(qyi.scosi ty of
preferably 0.05 poise to 0.5 poise both inclusive, 'nore preferably
0.05 poise to 0.3 poise both inclusive at 150 C and a softening point
of preferably 80 00 to 110 0O both inclusive, nore 10 preferably 90
00 to 105800~ Bk T iBicushiae Bl 1@ B2 —Grecost B is wilin the
above range allows for excellent flowability. fA softening point

wi thin the above,range allows for handling at about anbient
tenperature w thout problens such as bl ocking. [0022] 15There are no

particul ar restrictions the epoxy resin (A) usedint hepresent
invention, but ip, the Ii of meet A ',‘Fbmability and sol der-refl ow
resi stance and n§§§jbro ivity, ed is an epoxy resin
represented by general la (2 Fein a binucl ear conpound (a

conmponent in which n = 1I-qtn gener (2)) is contained 20 in a
rati o of 60 %toBg_O&%i@gl < st erm ned by a GPO area
rati o, and a binucl ear sespound i n=w e bi s(phenyl nethyl) noiety
is attached at the para positiontoboth binding positions of the

gl ycidyl ether groups,in._t | gl ycidyl ethers is contained in a
rati obof 35 %t 0E188 5% E(I)t ﬁgi ﬁ@l‘e’% ievrg O%(to thKeogt ojteaﬁs'am)unt of the

bi nucl ear conpounds 25 as determ ned by an NVR area ratio: 14
wherein (0011} R1 and R2, which may be the same or different,
represent alkyl having 1 to 4 carbons; ais an integer of 0 to 3; b
is an integer of [H @ senionduiscameavitegeherkil & gebicambaGokselement
gl ycidyl. [0023] . In this invention, another epoxy resin may
be conbi r@d/as al wagcasdyatogoes castt e EeFTWtal e ehearsif abed woth eHmirgde
of the epoxy resin éA%. Epo%%%resins whi ch can be conbi ned are
gener al | PERBAONEF 1€ BBOBY F goifer ST RaTd tpoP yREFECPRRAIAG I PRE SR ARRdictor
intr | ecul,ar _epaxy. gr.oups t .th are no particular restrictions
to tﬁg?raﬁopﬁ%ﬂlgFéwﬁgﬁwg 8? Iéfhﬁéf'structure. Exanpl es i ncl ude
phenol nqwgggﬁtype epoxy resins, ortho-cresol novol ac type epoxy
resins, naphthol novol ac type epoxy resins, phenol aral kyl type epoxy

resins having a BiRNEAVLANOSHEYEIAELan epoxy resin composition for

encapsulating a semiconductor exhibiting higher flame resistance, good
flowability and adequatelf higher solder-reflow resistance to allow
15 for the use of a lead-free solder without a flame retardant, as well
asahighlyreliable semiconductor device inwhich a semiconductorelement

is encapsulated with a cured product from the composition.

BRIEF DESCRIPTION CF THE DRAWINGS



15 naphthol aral kyl type epoxy resins having, for exanple, a

phenyl ene or bi phenyl structure, dicycl opentadi ene-nodified phenol
type epoxy resins, stilbene type epoxy resins, triphenol nethane type
epoxy resins, alkyl-nodified triphenol nethane type epoxy resins and
triazi ne-core containing epoxy resins,8which may be used alone or.in
conbi nati on of 20 two or nore. Wen another epoxy resin is conbined,
a content of the epoxy resin (A is preferably 70 wt% to 100 wt % bot h
inclusive to the total ampunt of the epoxy resins. A content of the
epoxy res#@ gf) within the range may result in neeting all the
requireng 3t or flowability, 15 flanme resistance and sol der refl ow
resistance. (0024le .poye ang TDRLE AGECOO PALLLCULAN paSELIGLLONSE (9.2
nol ecul ar wei ght ~or Mol ecUlar “str ucture” of e Curl ng agent ? )
havi ng t .enol. i ' .
peci 1 ¢ e e O e R S JEt B2 ph DRI IB B b A on
resins, digygl gperhaghenenmdii il QB@%Mﬂan&gﬁ%rﬁ%aw&%&@?ne'”Dd'T'ed
phenol resin, triphenol nethane type resins, phenol aral kyl resins
havi ng, fpiexanpl e, phenyl ene or biphenyl ene skel eton,

sul fur-cont ai ni ng phenol resins, naphthol novolac 10 resins and

napht hol [@ialhkyl1r es¢nsl Baving, ctaess-exanpbesl phenyterecdrarbepbenyleane
skel et on; anong these, preferred are a conpound represented by

gener al fodr pusenifcppdiuct ¢thelelightprepakedhers inggan sroply cr¢sinardnddsine on
resi stance after curing the conposition. These curing agents may be
used al orfecerding conbhearbesanbfingptdennore. The conponents of the
curing 15 agent nmay be nmixed to provide a m xed curing agent before
Use, or  BECRrHERT FORy CARREN QYR RFarNBET Edhponent s for pr epar i ng
an e y 5ﬁ§hﬂ conposition, the conponents of the curing agent for an
epox resl y be separately added and all the conponents may be

i xed t oget her . ing. ' ' oh D
m Xxe oget ner y‘irlgl% CHdé?ﬁlggez)Ha(r?%eé SahS&fo g such, an, Yot oL hat,,

phenol i ¢ hydr ox groups In e curing agents aré contained

prefer able)hciaﬂsﬂaﬁtiﬁ@|aei§ent¢iQ:o%dQc1fﬂ}l Eshikhnk RGLHSE ‘flﬁamérlgégié)d’a%fc@[ aRby

in 0.8 noles to 1.2 noles both inclusive to one nole of epoxy groups
in all theoeReXW theshd LRIPANEN Hiighdr the deirghtr10fw et AltianktYio &11ow
hydr oxyl equivalent is preferably 80 g/eq to 250 g/eq both inclusive.
16 31- - - Gbrle 34 4 a lead-ifseb soldan winhegen OfankQraaarbests, cofi2sling
An epoxy resin conposition for encapsul ati ng a sem conduct or

accor¥i ng?) entsvexpresenrepmeent £dhy gented InSoramlierdd gahere i d barudl€pr
5 Exanpl es of such an inorganic filler include, but not |limted to,
fused si lGoEROURY Y& CarPetfEtsin vikch yrassn geneeal fTaruriantl lands edtciinad
carbonate. It may be crashed or spherical. Different |norganic ‘
fillers rdy tfé‘t&gé?f Qﬁo%é:oojroq : k&%r%??l%]t‘i%ﬁeo?s ArEeBING RY aafhgrea
others, fused silica.or crystalline silica.li referable. 1t can.b
Used pr eFBFAB AT BATAREH SRR CaH! V6T ¢ TS5 bRl YR LIE Y o
t he total. f L - : i oy
I
f1 ovedpi | idiver fdr3UBs @St ab aeayangd 2obhderethell oW E8siStRACE, o P928] of
15For further 1 nproving cured product strength, the inorganic filler
may be arsiges gent eoth iherusihess Hy @l dnpupk eftireadiedctd hcansiunase
coupling agent. Exanples of a silane coupling agent used for the

t r eat nentasi acdeuténpeddty aotNMR areedatde; BOxy -wopbandibAgisg [tawecr more
coupling agents, am no-containing silane coupling agents, 17

ur ei do- cERERPHINYSTPahereerRpiN mpcapekrcdrd Hor eaptnerganiaifal hgr: and
silane coupling agent as long as they can inprove interface strength
bet ween dR) epdF1F8sFFHRI2AAT i norganic filler. Anpng these,
preferred are anino-conLginingEsilane coupling agent are preferable,

whose?Pspeci fic 5 EEANBEES R EPhae ehhPe ngtedant tegention.
[0016)

The epoxy resin (A} used in this invention is an epoxy resin



[ 0027] A curing accelerator (D) used in the present
invention is a conpound accel erating a curing reaction of epoxy
groups in an epoxy resin with phenolic hydroxy groups in a curing
agent. Specific exanples 15 include organi c phosphi ne conpounds,
phosphoni um salts, im dazol e conpounds$ tertiary am ne conmpounds and
di azabi cycl o conpounds. A particularly preferable curing accel erator
is a silicate salt such as the conpound represented by general
formula (3), which can be conbined with the above epoxy resin (A to
provi de further roved flowability, 20 flane resistance and

sol der-reﬁqpé\ﬁisﬁ%%?r@tbé(na@eral foré@ﬂm (1A| whegeRg a ppnuclegmycompound (a
wherein ==, sen nltro en

phosphor SmPoRENE A Whl%ge{ha lRén SR EH. FADBER A s S oBPSThe ip anFatio
d d | hat havi
i ndepen egdsg 4 €Rr an 16, 9roup é)rrmn,?qe'f;ll a '% ngggff%i‘i' f'gﬁ{%

substit ut% unsu stl aromatic r

organic i t i

o Y B OB At USRI B
same of dif LaE ?Hﬁa BEEIUHRUPS BRIUDLAdIGf ﬁ)@éﬂt%bhg‘ @@tthengwm@y@r@&@}
froma proton-donating substituent and groups Yl and 12 in

sanmenol eqyi@aseound bieh Al bigoniat ema - ok nesrehehad qrsbrp&ﬂw 8f 33
and 14 are groups resulting fromelimnation of a proton froma

to 100 % both inclusive to the total amount of the binuclear compounds

as determined by an NMR area ratio. Herein, a binuclear compound in

which the bis(phenylmethyl) molety is attached at the para position

10 o both binding positions of the glycidyl ether groups in two phenyl

glycidyl ethersisonehaving the structure representedbygeneral formula

(5}; more specifically, those having the structures represented by

general formulas (6) and (7).

oG

() 4m—CH, CH,
(R1), L R Jn

(R2), (R2),

15 wherein
Rl and RZ, which may be the same or different, represent alkyl
having 1 to 4 carbons; a is an integer of 0 to 3; b is an integer of
0 to 4; n is an integer of 1 to 5; and G is glycidyl.

{0017]



10 proton-donating substituent and groups 13 and 14 in the sane

nol ecul e are bound to a silicon atomto forma chelate structure; X1
and X2 may be the sane or different; Yl, 12, 13 and 14 nay be the
sanme or different; and Z1 represents an organic group having a
substituted or unsubstituted aromaticlfing or a substituted or
unsubstituted heterocycle or a 15 substituted or unsubstituted

al i phatic group. [0028] There will be described a silicate salt.

The silicate salt has a cationic noiety capable of accelerating a
curing reaction of the epoxy resin and a silicate anionic noiety
capabl e 20 of ikl e cationic noiety

accelerating t} uring reaction, and t \e api.onic nniz? IS
not di ssod a tehpe CF an_ 2 Bur e rang éﬁor
the curing reactidn of th conpos on (about 150 to 200

, pon of the curing reaction by the
cationic nniet@ﬂ325 I n ﬁggi —on, te ?ébjcate adﬁqhic noi ety has
extremely Iom1nuc|eoph£ ¢ebty and the'\Béfh cate salt®does not easily
initiate or accelerate the curing reaction of the epoxy resin with
the curing agent 19 in a |low tenperature range, so that it can endow
an epoxy resin congasintion with excellent properties in flowability
and storage stability at the same tine. The silicate anionic noiety

i s dissociated, Rbrandxdhpiiichduey bettthebs@makagelidfeaechelapedaanchibyl
heating during the curing reaction and the silicate noiety is

i ncor por atavdnint dot Aecarbona; td Isose integabidd Oytof3i khibian Agtesstd g
accelerating activity of the cationic noiety and to allow the free
cati oM ¢ hPety andl Scéel®vstidYthe curing reaction, so that it can
allow for excellent flowability and curability at the 10 sane tine.
When using an intranol ecul ar or extranol ecular salt of an onium
cation and a borate anion such as a comobn onium borate salt used in

C), sothat it n i nhi bi

the related art/ e borate aghropn w extrenely |6
nucl eophi |jred Ofsts{ i e OfH.a—6 Qgess, (6}
| eading to rability..~]0029] We above si te salt may

have a structurée (type) ) i, rofl to a sinp

i on bondi ng befmeen an aAf@ bc noi ety andiddicationic mpiety, a
conpl ex formed* by *toordinati on of excessive anionic noieiy or
cationic noiety , a conplex salt and conpound formed by a

non- coval ent bondhengdh as a nol ecul ar conpound, all of which are

w thin 20 the present invention as |long as they have a cationic

noi ety capabl e of! gegdi%er@rigigray LartihegSaeaet iddAforent  cuerusisent edikygl
and ap, anionic noi ety capable aof inhibiting the above catalytic

act i vi% y N4ERY ek &0 AFATREPE(rF HG PRACYFERT OFn& EQtd/oRi &5 S éPVe9SF Phe
silicate |t contai.ns ni.trogen, 25 phosphorous, sulfur or iodine,
preferabﬁi%eoﬁt§Vﬁ%bnf?ﬁﬂﬁgﬁgﬁf‘phosphorous cation in the Iight of
catalytic activity. Such a cationic noiety may be derived froma

tertiary phosphfms, a phosph 20 a tertja am ne and an
amoni um (ge T or For ag hl e f@sin,

pr ef er abl (é?jan c' salt “suc ‘ honcltﬁlh sal. d an@ammni ug%)
salt. [0030] 5There will be descri beda conpound represent edby general
formula (3). In the conpound represented by general formula

(3), the atom Alwhesrefint r®@gien ghycpddsphor ous; and the substituents R3,
R4, R5 and R6 bound to the atom Al, which nmay be the sane or

di fferent(00LhHependent|ly 10 represent an organic group or aliphatic
group having a substituted or unsubstituted aromatic ring or

het erBeycl e. A phenolEgaiptvdst e ety eresap eV ne atsipRenylene K lghan
R6 include phenyl, nethyl phenyl, nethoxyphenyl, hydroxyphenyl,
benzyl , MEPRFFErtEARN Jerpraddprmiuia dLt P vkl RUngiseaA-, Aspamercially

avalilable resin contains a binuclear compound in a low content (for

example, NC-3000 from Nippon Kayaku Co., Ltd. is a resin represented



In the conpound represented by general formula (3), X1 is an

or gani cgr oupl i nki nggroupYl w t hgroupY2. Simlarly, X2 is an organic
group linking group 13 with group 14. The groups Yl and 12, which may
20 be the sane or different, are groups resulting fromelimnation of
a proton froma proton-donating substilttuent and groups Yl and 12 in

t he sanme nol ecule are bound to a silicon atomto forma chel ate
structure. Simlarly, the groups 13 and 14 are groups resulting from
elimnation of a proton froma proton-donating substituent and groups

o sty AT TS B U SRR s
i NI 1 14 . : .
G L1 et 308 A5 REURR ol Sl BB LT RO A0 U 120

Y3 X2 Yaso bt SHENe Ao CORBOUND, LEDLESENhed By JEDPIAl: AOLIYL B d Aardle
p IV nor e

those fornmed by elimnation of two protons froma al ent or

proton daRakef;esRaRl £ S 00f e ipiBl VA 8RbrQin e OLAANSORAL lided in
i ncl ude catechol, 5 pyrogallol, 1,2-dihydroxynaphthal ene,

2, 3- dihy oy axymapbbhaeretich 2or Rinphenly s@dd bk ABRhE89] stasaki Cylhug,
acid, 1-hydroxy-2-naphthoic acid, 3-hyéﬁoxy-2-naphthoic aci d,

chl or ani liheradisty 1imitiitdoatbaee? HoyHregybesiadt sadfcoh@dllent flowability
1, 2-cycl ohexanedi ol , 1, 2-propanedi ol and gl ycerol. Anmong these are
nor e pr efaadrssddeat exfo, res@stance. When combining a crystalline epoxy resin
2, 3-di hydr oxynapht hal ene, 2, 2' - bi phenol and3- hydr oxy- 2- napht hoi cacid in
t he | i ghthagingtdragecsiabilorey Hivd £brt afi B egnyentdonal yphenol aralkyl

resi stance. [0032] , . Z1 in the conpound represented by genera
formul a (PerEFYsERtS BAVIARIEIGREIF AT R E’Uh's?i‘%fﬂﬁl@d —4000K

bstituted ti i 1 hstituted bstituted .
une s LS AALLE, LBTS,OF s SHOR 4L S B L v
Speci fi I fot i . tic. h
Spect! ) Bl AhoShi st chr v aclode Al pl L, Dt s aubems aye

hydrocar bgps SuohR%npheMthi0b8nzY binheRihybmadididbl Rheenyngd-a11y1

reactive substituents such as gl ycidyl oxypropyl, 20 nercapt opropyl,
am nopr opypeassb: M Rgkin ANt Hes@nan el Ry explefsy r edowmiinyky ahiemyl
napht hyl and bi phenyl in the light of thermal stability. [0033] The
si | i cat e is@hktvérasvhdilgnirdtiadahhd yesicepl enved Jpmepesdiseanas, dutULE Mpsults
accelerator, particularly curability and flowability in 25 conpari son
w th B cdmvenoiwenaolicaninmgpatte béridtcoepomndestn b&heanbhaegswhtdannhe
above epoxy resin having a bi phenyl ene skeleton with a higher
conpound REoAt 8PhichGtt dePtEr sRBIEE rRBRrToreenteadingald cWINd£iaaHi gher
22 level of conposition designing. [0034] , Al t hough the
epoxy resiSheEY CPitgmagAl g BT AEF on ARG RRT CORPUHERDEERY 160
(D) as hn_c onents, | i f,.ngcessary, contain 5 additives
includizggﬁ%?gﬁéTe %@f%ﬁ%%ﬁg%%mﬂéﬁarél wax i ncludi ng carnauba wax, a
synthetiqdwg?}(for exanpl e, pol yet hyl ene wax), a higher fatty acid
and its netal salt (for exanple, stearic acid and zinc stearate), and
parafdg n; a col ofhd@pageRssHC) ags&BEROhePbAGter@NthRleoh Nar & @anben
trap such as hydrotaFC|tes and a hydroxide of a netal (for exanple,
10 magnesirdaliky Rltype apxy i<t fg vilnigt aniipheaybrzl §CRiton) rep@esented by

| ow- stress additive such as silicone oil and rubber; an adhering
agent suclenasai lipamola ), cdipziclieg danpazodie cottaiarnge: venar gmartimdinge;
and a flane retardant such as brom natedepoxy resins and antinony
trioxi de,iraP@ré Bam Hydriesdtindenchirgivest sideiganodddes «iGRE dearetiziand
nol ybdat e and 15 phosphazene as appropriate. [0035] . '

Theepoxy rfe 81 HtDHFE s FEMRMEF t Hiskiend et (GRRBYURGE YA BUPEY prepakeehasy at

honogeneousl! ym Xi ng, co nents (A) to (D) and _other. additives at an
anbi t% gt ot Oﬂygg%ﬁicgé%?gb g ¢ Fr{“)?f’s‘i PE Fhepteirdr¥d ypes@roups
in two phenyl glycidyl ethers is contained in a ratioc of 35 % to 100 %

bothinclusive tothetotal amount of thebinuclear compounds asdetermined



of this invention, the epoxy resin conposition can be used for 23
encapsul ati ng/ nol di ng by a nol di ng process such as transfer nolding,
conpression nol ding and injection nolding. [0037] Exanples of a
sem conductor chip to be encapsul ated include, 5 but not limted to,
an integrated circuit, a large-scale ilBtegrated circuit, a
transistor, a thyristor, a diode and a solid-state inage sensing
devi ce, and the sem conductor device nmay have any shape w t hout
particular restrictions. A sem conductor device encapsul ated by a
rocess such | ow- pressure.transfer molding is ¢ ete cured a
0 suon o ot MR R AARR ¢ 0TS e bl e PR HSH sH KR

and then H%;&%&?th fﬂrowggﬁﬁﬁﬁg?,s@'}hﬁgeﬁt EQQIG dgvi hax[x&)Pe?bBLFl about

A sem conductor device ‘according to t present rnvertion mey
any shapgpingltdicRfe r HUlrNQ tihdup p%%lteﬁs Aual o4 nhie; package: (DRre
15 plastic-leaded chip carrier (PLCC), quad flat package (QFP), small

outline pagk R x ik guiHdnbe dJrdiggde 398 £2Q) corkhhh il ;
snal | outlinggﬁgﬁkagen(gggﬁ), ﬁii# quéajf atgﬁggﬁgge?(TCFP)?otggélng

carri ér pasikageyldifekelbabh rgpicbaakeayy GBEYalafthnthkA1$] #RiEREHKAGEns
(CSP). [0039] 20FI G 1 shows a cross-sectional view of an enbodi nent

of a semacomiuttmr capouod ipreaepdiediddisng 10 Epotyinrdsshive aspess iniord
according to the present invention. In the figure, a sem conductor

el enent Bsi & GPLxagaoratacdi eTipard 8t wien exbdbiedxdeeldondlomtddiay whilA
gold wire 4 connects between an el ectrode pad in the sem conductor

el ement DMadREcYENY {lem8 Tesafkanse aibirranie SAERE o tél ienearred product,
encapsul ated, with a cured product of a.encapsulating resin

conposi t i99f ¥/ EXRNHOES: aWapsaerys 1n tems ofysQlqeivERt{Yh tar i Ftapee -
d ib 1t h f to, but .not limted , . EX | . He
cont At - SHAFPOBE et Bl 58 S 0L I BT gthes S Rere icFFepsl To¥
i |l ustrat %qmﬁli,y%h%a; Riecess 506, gUsd 'agfié&‘?ﬂ gf At Qe AfcB% ration
exarrpl e, ebu'[ t he presen Il nventi on 1I's not Imte 1o tehe exanpl e.

[ Synt het izg JmRthoskd Hovey rainagtafeag%ll%@sf@f applyih@ & iflcasks Chaloashadibh
1800 g of nethanol were added 249.5 10 g of "phényl trinmethoxysil ane

and 384. Qig sath2s3-dilhydenyhaphddeamech Abhes tdbs sebviagridemili oy ,
the m xture was added dropwi se 231.5 g of a 28 % sol ution of sodium
met hoxi dehenefietchanhdlcamnbh st rddeddnad higber tcenmpentatinr ehe Heéated arthe
resulting mxture was added 503.0 g of pre-forned

t et r dPhenPPphbsphoni um broni de dissolved in 600 g of nmethanol 15 with
stirring at roomtenperature, resulting in precipitation of crystals.
The preci pitat ed ¥ PstaS Wer @2FF15EREd, FaRaEhe alist hthaf erPreEsYr ifed

[o0a1) SRl et tEsERyPPRe PR T B Sty M e erblvbcam 1aF gypnole,
general 9 o, CBkeal 0Pl drdBhIEL R8I 0% CBO 153 1RYLA9

cont ai ne(il)yi Qegcﬂi%rgi Bach bis(methoxymethyl)biphenyl isomer or a mixture of

20  isomers with a phenol compound. Furthermore, there is not particular

difficultyinamethod for incorporatingabinuclear compound (a component

inwhichn=1 in formula (1)) in a ratioc of 60 % to 100 % both inclusive

as determined as a GPC area ratio, and a method for incorporating a

binuclear compound in which a bis(phenylmethyl) moiety is attached at

25 a para position to both binding positicons to the glycidyl ether groups

in two phenyl glycidyl ethers in a ratio of 35 % to 100 % both inclusive

to the total amount of the binuclear compounds as determined as an NMR



of 70 % as determ ned by a GPO area ratio, and a bi nucl ear conpound
in which the bis(phenylnethyl) noiety is attached at the para
position 25 to both binding positions of the glycidyl ether groups in
two phenyl glycidyl ethers is contained in aratio of 40 %to the
total anmount of the binuclear conpounds3 as determ ned by an NWVR area
ratio, that 25 at the ortho position to both binding positions is
contained in a ratio of 15 %to the total anount of the binuclear
conpounds as determ ned by an NVR area ratio, and that at the pare
position to one binding position and at the ortho position to the

ot her bi naligsgrpbse tinoa phenednkzdlhed Synenepoxwntreslofhaygny, & dipheny bans
anount of the binuclear conpounds as determ ned by an NVR area ratio
(1ca nel tskﬁlﬁ‘é@@lJé%Pf&ﬁe&B%YCbYOg?“‘fﬁﬁlséonﬂl&fat dhl ngarkﬂ)llﬁt can BHeCPrapRseH
equi val ent: 259): 6.70 parts by weig [0042]. 10 Curing agent

1. a phentb\f %ﬁ’]ﬁqjéﬁpgt §%e‘f‘aé%ﬂlﬁ ﬁé@i—'ﬁﬂ‘gd“a&ieﬁﬁ%ﬁl %?@@Wéi:éfl@ﬁb%?%tlon
Pl astic I ndustries, ge nanme: MEH 7851SS, softening point:
107G, hyd?ﬁ%V'lBﬁ%ﬁV%FEHFOP §: 4.80 parts by weight Fused

spherléal{%%llca 1: (average particle size: 22 um specific surface
ar ea: ﬁé) 72.00 parts by weight 15" Fused spherical silica 2:

(average part! cl nsidnd SAM POk fn L B8RRI an 1c1

15. 00 parts by wel ght accel erator
ggrl Ng acgeleat&sikoPheRREedabY, boosnaoasé% 00538iRAr bStiPY nvehghfe,

more preferably 0.05 polse to 0.3 poise both inclusive at 150 °C and
a softening point of preferably 80 °C to 110 °C both inclusive, more

10 preferably 90 °C to 105 °C both inclusive. An ICI melt viscosity is
within the above range allows for excellent flowability. A softening
point within the above range allows for handling at about ambient
temperature without problems such as blocking.

[0022]

15 There are no particular restrictions to the epoxy resin {A)
used in the present invention, but inthe light of meetingboth flowability
and solder-reflow resistance and mass productivity, preferred is an
epoxy resin represented by general formula (2), wherein a binuclear
compound (a component in whichn=1 in general formula (2)) is contained

20 in a ratio of 60 % to 100 % both inclusive as determined by a GPC area
ratio, and a binuclear compound in which the bis (phenylmethyl) moiety
is attached at the para position to both binding positions of the glycidyl
ether groups in two phenyl glycidyl ethers is contained in a ratio of
35% to 100 % both inclusive to the total amount of the binuclear compounds

25 as determined by an NMR area ratio:



Si | ane couplingagent : y-nercaptopropyltrinethoxysilane: 0.30 parts
by wei ght Carnauba wax: 0.30 parts by weight 5" Carbon bl ack: 0.40
parts by wei ght These conponents were bl ended by a m xer.
Then, the m xture was kneaded using two rolls whose surface
tenperatures were 90 C and 25 C. Afterl4ooling, the mxture was
mlled to give an epoxy resin conposition. The epoxy resin before the
kneadi ng and the epoxy resin 10 conposition thus obtained were

eval uated for their properties by the followi ng nmethod. The results
are shown in Table 1. [0044] Evaluation nmethod Handling properties of
an epoxy resinO(?n epoxy resin powder 15 after pul(ygrizati~on was |eft
at 25 C for 24 hour$, and eval uated as BB when b;iﬁé;ng wag observed

or as AA when bl ock|{ng was no ed. An epoxy, sin w gh bl ocki ng
cannot be ing iajl ed becs ~ Neads, t o ase
productivity Té% i ng \proger i\ ‘es due%u&dlsp 7S bh. (2)
20[ 0045] ?pib. flow Using-a pressix e trans (I%in machi ne
27 conposi n was | nject nto a nold measuri nglRd )spifral fl ow
in accordaﬁlé’mﬁth ENNI-lég%)%nder t he ggg%?tions of a nol a
tenperature of 175 C, an injection pressure of 6.9 MPa and a curing
time of 120 sec whestletrerm ne a flow Il ength, which is expressed in cm
5[ 0046) Shore D hardness : Using a | ow pressure transfer

nol di ng machi ne RFWnidvig2,Selkéh @ay belthk sam&EBr5-£30)entt hecpbmenteplooy
resin conposition was nolded into a test piece

( 20mx6nmestmngt hitckAessiPongnderist Be tomderi ohd 60 ¥ dold aredpeeagucd
of 175 C, _an injection pressure of 10 9.8 MPa and a curing tine of
120 set, @@ fo se@ apt vitegseEnPhg (e hod Calshbiveitvhar dness was
deternine? f§r eval uating curability. Wen a shore D hardness as a
measure of°% ﬂability is 80 or nore, defective nolding can be
prevented. [0047 l.d-wire s i tj o, \si | oW pressur.e
transfer noldi ng]IPr;tgelgnlglv%%gf%néﬁ%%&ﬂ%%}fy %n, Iﬁ%ﬁgeacﬁén\}?gmep(%)%ylong
resin co it I i - i

Frame: - 28nmeBraats Dars (AT Cknco)” bag srre Trreal Mo MEht o & oain
7mx 7m0 35 MEA A c kRESS IinkiBHedart PR eoslidetionse Qfendr 8P roapRerat ure
of 175C, an injectionpressure 20 of 9.8 MPa and a curing tinme of 90
sec, #nd qUsomets add alolJer Chhein? t hO WiSnorAfl 1edra@e0édulc it pd:90ftoups,
tenperature, the sanple was observed by a soft X-ray fluoroscope to
det er m nenwt thé¢roaoé nospeep catvuntestr{ golahswio ehkeéngidipcasamweight or
gold-wire sweeping ratio, and a value of the gold wire with the

maxi mum reglissuhdsstrEsrded iBxanples indigdepharol BORH aggpe §POGY tesitnact
bet ween adj acent gald wires probably occurs. [0048] 28 Precision
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L75 agy i nj 641,00 PLERFHTSRS ofofly MER1ADhARY! | Sk UTRp!, 1281585 ene

or biphenyl structure, dicyclopentadiene-modified phenol type epoxy

resins, stilbene type epoxy resins, triphenolmethane type epoxy resins,
alkyl-modified triphenolmethane type epoxy resins and triazine-core
containing epoxy resins, which may be used alone or in combination of
20 two or more. When another epoxy resin is combined, a content of the
epoxy resin (A} is preferably 70 wt% to 100 wt% both inclusive to the
total amount of the epoxy resins. Acontent of the epoxy resin (A) within

the range may result in meeting all the requirements for flowability,



5 then as after-baking, heated at 175 C for 8 hours. EF and Z.,, were
determ ned in accordance with the UL-94 vertical test for evaluating
flame resistance. [0049] Sol der-reflow resistance: Using a

| ow pressure transfer 10 auto-nol di ngnachi ne (Daiichi Sei ko Co.,
Ltd., GP-ELF), the above epoxy resin was nol ded/ encapsul ated into a
176pLQFP(copper franme: 24mx24mx1. 4mm(t hi ckness), pad si ze:

9. 5mMmx9. 5mMm  chip size: 7mmx7mx0. 35m(t hi ckness)) under the
conditions of a nold tenperature of 175C, an injection pressure of
9.8 MPa and a curing tinme of 90 sec,. 15 and then post-curedat 175C
for 4 hoddsme EsHs6fNAS EnpPede gt prvoaessetanre.a t enperature of 85
Cand a relative humdity of 85%for 168 hours, and then treated by
I R refloﬁp?%ﬁb C) for 10 sec. It was observed by a scanning acoustic
t onogr aphy (SAT) todeterm ne the presence, of internal cracks

r
andvari ous i nt er [ECCaf - YEC I RETCAGET UM - ¢S Wl PR Ond ML E APk e 1l or
crack or interfacial e-I%g?Qgtion.mas rqig tEd as a defectiv%{
package. "R e HUIRSEFS S W& SLrinPe gt %)e YT RE ESRRETPd 1C
expr egse 0 2 i I 1
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Starti ngpHBAET ir@ls$nYs etk iBnEXRMlesd olilelh 1t hasy EXapphienbi1AEEh AR type
fol | ows. . Epoxy resin 2: an epoxy resin represented by
general fresimd a finolt hatalkgl aephenalariabkylfokypeagpPRxy FresiyleR@VvbAg
a bi phenyl ene 5 skel eton, wherein a binuclear conmpound (n = 1) is
cont ai nediphergy lcatistedbét @b Mldsrdedrdraimnegphyndal HREnar eaph@tdimovandca
bi nucl ear conpound in which the bis(phenylnethyl) noiety is attached
at tHE paralpbsindi eIPittdobortniyhdissdngokttingnsief exhepk yeheyylesecher
groups in_two phenyl glycidyl ethers is contained in a ratio of 50 %
to the tBLEPEHASHRES kfg%?mt Feenst HifdCe ST €6 FPRRUABR 249THRYRT FEREFSHyean

NVR area ratio, that at t ortho positi to both binding positions
s cont aPHIFTRiah AT of s 0 TR BE Al Bm AL oar oL HE T, At aghe
conpound t er nk.ned : : i 0, d that_ at the para
oo 11 onTEaraah Ao Rl DR RS L o PR s0Bind et PEe oo
ot her bi pdi Lk L5+ i j raf d 9 -
Foral amsint Lot ho B Sial Sar Choamaimd b dor & ne BT By ah RRRCES
rati gs(| Ghen®ldaywisCcaskty ©f pkoli&e £.ili Al s8rifPfdRAL NBe RYNseIBE,
epoxy equival ent: 250) 'Epoxy resin 3: an epoxy resin represented by
general totemdai@8)y, Whah nixing pheRakacaldoypkent y o repmps 1iagian kavkng
a bi phenyl ene 20 skel eton, wherein a binuclear conpound (n = 1) is
cont ai nedesin aompedidioh, 30eUoaponwtter of nee chyimg BRGaf@aan apbry ranina
bi nucl ear conpound in which the bis(phenylnethyl) noiety is attached
at the pard JSoseRIRtely dBied HthdilhdhsosPipwestafmavhee giiyer dydgeghher
groups in two phenyl glycidyl ethers is contained in a ratio of 25 %
to the tEP%IC%&B@n%geT% OP! tifeUBFhUd 85Fh CONPBRIMS thIt dbEaPH hdydByxan

NVR i 0, h h iti . h_bi ndj it
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total anmount of the binuclear conpounds as determ ned by an NVR area

rati o (Nrppor Kayraker €arabilititly, aNGAHRylldduivalent is preferably 90 g/eq

to 250 g/eq both inclusive.



5 melt viscosity at 150 C. 1.1 poise, softening point: 58 C, epoxy
equi val ent: 274) ri [0051]

, Epoxy resin 4: an epoxy resin represented by fornmula (10)
10(softening point: 53 C, epoxy equival ent: 236) . Epoxy
resin 5: a bisphenol -A type crystallind epoxy resin (Japan Epoxy
Resins Co., Ltd., YL6810, epoxy equivalent: 171, nelting point: 45 Q)
15' Epoxy resin 6: a biphenyl type crystalline epoxy resin (Japan
Epoxy Resins Co., Ltd., YX-4000K, epoxy equivalent: 185, nelting
point: 105 00) 31 [0052] Epoxy resin 7: an epoxy resin represented
by general fornmula (8), thay is, a phenol aral kyl type epoxy resin
having a Bjphenylengp skele 1-whey elnga b ay conpound (n = 1)
is contained in"aratio 5 0of 70 % as determhethby a GPC area rati o,
and a bi nucl ear conpound in which the bis(phenylnethyl) noiety is
attached at the phe&epdsition to both binding positions of the

gl ycidyl ether groups in gmo phenyl glycidyl ethers is contained in a
ratio of 25 %to the total anmount of the dyynucl ear conpounds as
determ ned by anBNMRsar ga ¥Fat be, | Bryat the ortho position to
bot h bi ndi ng positions i & ratio of 30 %to the total
anount of the binuclear conpounds as determ ned by an NMR area ratio,
and that at the p%ra pog on to @o i[difg position and at the
ortho position t&%the of bPhdi hg_pbShtiogh is contained in a ratio
of 45 %to the total anmount of the DI nucl€ar conpounds as 15

determ ned by an NVR area ratio (ICl nelt viscosity at 150C. 0.2

poi se, softeni ngnpdisntd: o8l & iepoxye e Vel ent : 1255) | C [0053]
Curing agent 2: a para-xylene nodified novol ac type phenol 20
resin(Mtsui ﬁhenicals, Inc., XLC-4L, hydroxyl equival ent: 168,
softening“w PAt: 62 C) Curing agent 3: a 13-naphthol aral kyl resin

havi ng a phenylégg 32 skeLeton&STohto ﬁ?sei Ltd SN- 160L

Co. .
hydroxyl equi val ent(—:;poiiygfesslgf (t:%mloﬁsdtf') ﬁlno:r aé)SUlatlng’ a semiconductor

according to the present invention contains an inorganic filler (C).

5 Examples of such an inorganic filler include, but not limited to, fused
silica, crystallinesilica, glass powder, alumina and calciumcarbonate.
It may be crashed or spherical. Different inorganic fillers may be used
alone or in combination of two or more. Among others, fused silica or
crystallinesilica is preferable. It canbeusedpreferably inanamount

10 of 85 wt% to 95 wt® both inclusive to the total amount of the composition.
The amount of the inorganic filier (C) within the above range may allow
for excellent flowability, flame resistance and solder-reflow
resistance.
[0026]

15 For further improving cured product strength, the inorganic
filler may be an inorganic filler whose surface is pre-treated with
a silane coupling agent. Examplés of a silane coupling agent used for
the treatment include, but not limited to, epoxy-containing silane

coupling agents, amino-containing silane coupling agents,



[ 0054]
formula (11) + - oH [ 0055]
Curing accelerator 3: a curing accelerator represented by fornula

(12)

10

15

Curing accelerator 2: a curing accelerator represented by 5
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ureido~-containing silane coupling agent and mercapto~containing silane
coupling agent as long as they can improve interface strength between
an epoxy resin and an inorganic filler. B&mong these, preferred are
amino~containing silane coupling agent are preferable, whose specific
examples include, but not limited, y-aminopropyltriethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane,
N,N-diethyl-y-aminopropyltrimethoxysilane,
y-aminopropylmethyldiethoxysilane, p-aminophenyltrimethoxysilane,
N-B (aminoethyl)y-aminopropyltrimethoxysilane and

N-P (aminoethyl)y-aminopropylmethyldimethoxysilane.

[0027)]

A curing accelerator (D) used in the present invention is a
compound accelerating a curing reaction of epoxy groups in an epoxy
resinwithphenolichydroxygroupsjj1acuringagent. Specific examples
include organic phosphine compounds, phosphonium salts, imidazole
compounds, tertiary amine compounds and diazabicyclo compounds. A
particularly preferable curing accelerator is a silicate salt such as
the compound represented by general formula (3), which can be combined
with the above epoxy resin (A} to provide further improved flowability,

flame resistance and solder-reflow resistance.

~ i A - n
R3 T

R4 — Af—RG 1 —8i—13 @
| L/ N\
R3 M

wherein



[ 0056]

Curing accelerator 4: a curing accelerator represented by

formula (13) wherein m= 1 I MPEL 33 -Curing accel erator 5:
a curing accelerator represented by fornmula (14) 5[0058] [Table 1]

Beepl es

10

123456789 10 11 Fp:Eyresin 1 6.70
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Al represents nitrogen or phosphorous; R3, R4, RS and R6, which
may be the same or different, independently represent an organic group
or aliphatic group having a substituted or unsubstituted aromatic ring
or heterocycle; X1 is an organic group linking group Y1 with group Y2;
X2 is an organic group linking group Y3 with group Y4; Y1 and Y2, which
may be the same or different, are groups resulting from elimination
of a proton from a proton-donating substituent and groups Y1 and Y2
inthe samemoleculeareboundtoasiliconatomto formachelate structure;
Y3 and Y4 are groups resulting from elimination of a proton from a
proton-donating substituent and groups Y3 and Y4 in the same molecule
are bound to a silicon atom to form a chelate structure; X1 and X2 may
be the same or different; Y1, Y2, Y3 and Y4 may be the same or different;
and Z1 represents an organic group having a substituted or unsubstituted
aromatic ring or a substituted or unsubstituted heterocycle or a
substituted or unsubstituted aliphatic group.

[0028]

There will be described a silicate salt.

The silicate salt has a caticnicmoiety capable of accelerating
a curing reaction of the epoxy resinand a silicate anionic meiety capable
of inhibiting catalytic activity of the cationic moiety accelerating
the curing reaction, and the silicate anionic moiety is not dissociated
at a temperature lower than a temperature range for the curing rzaction
of the epoxy resin composition (about 150 to 200 °C), so that it can
inhibit acceleration of the curing reaction by the cationic moiety.

In additicn, the silicate anionic moiety has extremely low
nucleophilicity and the silicate salt does not easily initiate or

accelerate the curing reaction of the epoxy resin with the curing agent
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ina low temperature range, so that it can endow an epoxy resin composition
with excellent properties in flowability and storage stability at the
same time.

The silicate anionic moiety is dissociated, for example, due
to breakage of a chelate bond by heating during the curing reaction
and the silicatemoiety is incorporated into the resinto loseits ability
of inhibiting curing accelerating activity of the cationic moiety and
to allow the free caticnic moiety to accelerate the curing reaction,
so that it can allow for excellent flowability and curability at the
same time. When using an intramolecular or extramoclecular salt of an
onium cation and a borate anion such as a common onium borate salt used
in the related art, the borate anionwith extremely lower nucleophilicity
stillexistsinthecourseof acuringprocess, leadingtolowercurability.
[00629]

Theabovesilicatesaltmayhaveastructure (type) as, inaddition
to a simple salt formed by ion bonding between an anionic moiety and
a cationicmoiety, a complex formed by coordination of excessive anionic
moiety or cationic molety , a complex salt and compound formed by a
non-covalent bond such as a molecular compound, all of which are within
the present invention as long as they have a cationic moiety capable
of accelerating a curing reaction of a curable resin and an anicnic
moiety capable of inhibiting the above catalytic activity accelerating
the curing reaction.

The cationic moiety in the silicate salt contains nitrogen,
phosphorous, sulfur or iodine, preferably contains nitrogen or
phosphorous cation in the light of catalytic activity. Such a caticnic

moiety may be derived from a tertiary phosphine, a phosphonium salt,
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a tertiary amine and an ammonium salt used as a curing accelerator for
a curable resin, preferably an onium salt such as a phosphonium salt
and an ammonium salt.

[0030]

Therewill bedescribed a compound representedby general formula

In the compound represented by general formula {3}, the atom
Al is nitrogen or phosphorous; and the substituents R3, R4, R5 and R6
bound to the atom Al, which may be the same or different, independently
represent an organic group or aliphatic group having a substituted or
unsubstituted aromatic ring or heterocycle.

Examples of these substituents R3, R4, R5 and R6 include phenyl,
methylphenyl, methoxyphenyl, hydroxyphenyl, benzyl, methyl, ethyl,
n-butyl, n-octyl and cyclchexyl, more preferably phenyl, methylphenyl,
methoxyphenyl and hydroxyphenyl in the light of reactivityandstability.
{0031]

In the compound represented by general formula (3), X1 is an
crganicgroup linkinggroup Yl withgroupY2. Similarly, X2 isanorganic
group linking group Y3 with group Y4. The groups Y1 and Y2, which may
be the same or different, are groups resulting from elimination of a
proton from a proton-donating substituent and groups Y1 and Y2 in the
same molecule are bound to a silicon atom to form a chelate structure.
Similarly, the groups Y3 and Y4 are groups resulting from elimination
of a proton from a proton-donating substituent and groups Y3 and Y4
inthesamemolecule areboundtcocasiliconatomto forma chelate structure.
The organic groups X1 and X2 may be the same cor different, and the groups

Yi, Y2, Y3 and Y4 may ke the same or different.
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The groups represented by -Y1-X1-¥2- and -Y3-X2-Y4- in such
a compound represented by general formula (3) are those formed by
elimination of two protons from a bivalent or more proton donator.
Examples of the bivalent or more proton donator include catechol,
pyrogallol, 1,2-dihydroxynaphthalene, 2,3-dihydroxynaphthalene,
2,2"'-biphenol, Z,2'-binaphthol, salicylic acid, l1-hydroxy-2-naphthoic
acid, 3-hydroxy-2-naphtheoic acid, chloraniiic acid, tannic acid,
2-hydroxzybenzyl alecohol, 1,2-cyclohexanediol, 1,2-propanediol and
glycerol. Among these are more preferred catechol,

2, 3-dihydroxynaphthalene, 2, 2' ~biphenol and 3-hydroxy-2-naphthoicacid
in the light of storage stabilityandreliability inmeisture resistance.
[0032]

21 inthe compound represented by general formula {3) represents
an organic group having a substituted or unsubstituted aromatic ring
or a substituted or unsubstituted heterocycle or a substituted or
unsubstituted aliphatic group. Specific examples of these groups
include aliphatic hydrocarbons such as methyl, ethyl, propyl, butyl,
hexyl and octyl; aromatic hydrocarbons such as phenyl, benzyl, naphthyl
and biphenyl; and reactive substituents such as glycidyloxypropyl,
mercaptopropyl, aminopropyl and vinyl. Among these are more preferred
methyl, phenyl, naphthyl and biphenyl in the light of thermal stability.
[0033]

The silicate salt has significantly improved properties as a
curing accelerator, particularly curability and flowability in
comparison with a conventional curing accelerator, and can be combined
with the above epoxy resin having a biphenylene skeleton with a higher

compound containing two aromatic rings content, to allow for a higher



15.00 15.00 15.03 15.00 15.00 15.03 15.083 Wing act

| er at or

10

156

1 0.53 0.53 0.50 0.50 0.50

22

level of composition designing.
{0034}

Although the epoxy resin composition of this invention contains
components {A) to (D) as main components, it may, if necessary, contain
additivesincludingamoldrelease suchasanatural wax including carnauba
wax, a synthetic wax {for example, polyethylene wax), a higher fatty
acid and its metal salt (for example, stearic acid and zinc stearate},
and paraffin; a coloring agent such as carbon black and colcothar; an
ion trap such as hydrotalcites and a hydroxide of a metal (for example,
magnesium, aluminum, bismuth, titanium and zirconium); a low-stress
additive such as silicone oil and rubber; an adhering agent such as
thiazoline, diazole, triazole, triazine and pyrimidine; and a flame
retardant suchas brominatedepoxy resins and antimony trioxide, aluminum
hydroxide, magnesium hydroxide, zinc borate, zinc molybdate and
phosphazene as appropriate.

[0035]

The epoxy resin composition of this inventionmayuse amixture
preparedbyhomogeneouslymixing components (A} to (D) andotheradditives
at an ambient temperature by a mixer, or a composition prepared by
melt-kneading the mixture using a kneading machine such as a heating
roller, a kneader and an extruder and then milling the product after
cooling, whose dispersity and/or flowability may be, if necessary,
adjusted as appropriate.

[0038)]

For preparing a semiconductor device by encapsulating a

semiconductor element with a cured product of the epoxy resin composition

of this invention, the epoxy resin composition can be used for
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encapsulating/molding by a molding process such as transfer molding,
compression molding and injection molaing.
[0037]

Examples of a semiconductor chip te be encapsulated include,
but not limited to, an integrated circuit, a large-scale integrated
circuit, a transistor, a thyristor, a dicde and a solid-state image
sensing device, and the semiconductor device may have any shape without
particular restrictions. A semiconductor device encapsulated by a
process such as low-pressure transfer molding is completely cured as
such or at a temperature of 80 to 200 °C over 15 sec to 10 hours, and
then mounted on, for example, an electronic device.

(C038]

A semiconductor device according to the present invention may
have any shape including, but not limited to, dual inline package (DIP),
plastic-leaded chip carrier (PLCC), quad flat package (QFP}, small
outline package (SOP), small outline J-leaded package (SOJ), thin small
outline package (TSOP}, thin quad flat package (TQFP), tape carrier
package (TCP), ball grid array (BGA) and chip size package (CSP).
[0039]

FIG.1 shows a cross-sectional view of an embodiment of a
semiconductor device prepared using anepoxy resin compositionaccording
to the present invention. 1In the figure, a semiconductor element 1 is
fixed on a die pad 3 via a cured die-bond material 2. A gold wire 4
connects beitween an electrode pad in the semiconductor element 1 and
a lead frame 5. The semiconductor element 1 is encapsulated with a cured
product of a-encapsulating resin composition 6.

EXAMPLES
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[0040]

This invention will be described with reference to, but not
limited to, Examples. Here, any content shall be expressed as part(s)
by weight.

There will be illustrated a synthetic process for curing
accelerator 1 as an example, but the present invention is not limited
to the example.

[Synthetic method for curing accelerator 1]

To a flask charged with 1800 g of methancl were added 249.5
g of phenyltrimethoxysilane and 384.0 g of 2, 3-dihydroxynaphthalene.
After dissolving them, to the mixture was added dropwise 231.5 g of
a2 28 % solution of sodium methoxide in methanol with stirring at room
temperature. Then, to the resulting mixture was added 503.0 g of
pre-formed tetraphenylphosphonivmbromide dissolved in 600 g of methanol
withstirringat roomtemperature, resulting inprecipitationef crystals.
The precipitated crystals were filtered, washed with water and dried
under vacuum to give curing accelerator 1 as pink-white crystals.
(0041)]

Example 1

* Epoxy resin 1: an epoxy resin represented by general formula
(8), that is, a phenolaralkyl type epoxy resin having a biphenylene
skeleton, wherein a binuclear compound {n = 1) is contained in a ratio
of 70 % as determined by a GPC area ratio, and a binuclear compound
in which the bis (phenylmethyl) moiety is attached at the para position
to beth binding positions of the glycidyl ether groups in two phenyl
glycidyl ethers is contained in a ratio of 40 % to the total amount

of the binuclear compounds as determined by an NMR area ratio, that
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at the ortho position to both binding positions is contained in a ratio
of 15 % to the total amount of the binuclear compounds as determined
by an NMR area ratio, and that at the para position to one binding position
and at the ortho position to the other binding position is contained
in a ratio of 45 % to the total amount of the binuclear compounds as
determined by an NMR area ratio (ICI melf viscosity at 150 °C: 0.2 poise,
softening point: 95 °C, epoxy equivalent: 259): 6.70 parts by weight

OCH,CHCH, OCH,CHCH,

i,

v/
O CHQHQA@ O H o (8)

[00421]

*Curingagent 1: aphenolaralkyl type resinhaving abiphenylene
skeleton (Meiwa Plastic Industries, Ltd., trade name: MEH-7851SS,
softening point: 107 °C, hydroxyl equivalent: 204): 4.80 parts by weight

* Fused spherical silica 1: (average particle size: 22 pm,
specific surface area: 3.0 m?/g): 72.00 parts by weight

* Fused spherical silica 2: (average particle size 0.5 pm,
specific surface area: 6.0 m’/g): 15.00 parts by weight
{0043]

*Curing accelerator 1: a curing accelerator represented by

formula (9): 0.50 parts by weight
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*Silanecouplingagent: y-mercaptepropyltrimethoxysilane: 0.30
parts by weight
* Carnauba wax: 0.30 parts by weight
5 * Carbon black: 0.40 parts by weilght
These components were blended by a mixer. Then, the mixture
was kneaded using two rolls whose surface temperatures were 90 °C and
25 °C. After cooling, the mixture was milled to give an epoxy resin
composition. The epoxy resin before the kneading and the epoxy resin
10  composition thus obtained were evaluated for their properties by the
following method. The results are shown in Table 1.
[0044]
Evaluvation method
Handling properties of an epoxy resin: an epoxy resin powder
15 after pulverization was left at 25 °C for 24 hours, and evaluated as
BB when blocking was observed or as AA when blocking was not observed.
An epoxy resin with blocking cannot be industrially used because it
leads to decrease in productivity and fluctuating properties due to
uneven dispersion.
20 [0045]
Spiral flow: Using a low-pressure transfer molding machine

{Kohtaki Precision Machine Co.,Ltd., KTS-15), the above epoxy resin
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composition was injected into a mold for measuring & spiral flow in
accordance with EMMI-1-66 under the conditions of a mold temperature
of 175 °C, an injection pressure of 6.9 MPa and a curing time of 120
sec to determine a flow length, which is expressed in cm.

[0046]

Shore D hardness: Using a low-pressure transfer molding machine
(Fujiwa Seiki Co., Ltd., TEP-50-30Q), the above epoxy resin compesition
was molded into a test piece (20mmxtmmx4mm{thickness)}) under the
conditions of a mold temperature of 175 °C, an injection pressure of
9.8 MPa and a curing time of 120 sec, and 10 sec after opening the mold,
a shore D hardness was determined for evaluating curability. When a
shore D hardness as a measure of curability is 80 or more, defective
molding can be prevented.

[0047)

Gold-wire sweeping ratio: Using a low-pressure transfermolding
machine (Scinex Co., Ltd., YKC), the above epoxy resin composition was
molded/encapsulated into a 208-pin QFP {copper frame: 28mmx28mmx3. 2mmn
{thickness}), padsize: 11lmmxllmm, chip size: TmmxTmox0.35mm{thickness) )
under the conditions of amold temperatureof 175°C, an injection pressure
of 9.8 MPa and a curing time of 90 sec, and post-cured at 175 °C for
2 hours. After cooling to room temperature, the sample was observed
by a soft X-ray fluoroscope to determine a ratic of (sweep amount)/
{gold wire length} as a gold-wire sweeping ratio, and a value of the
gold wire with the maximum ratioc was recorded in %. If the vaiue is
over 5 %, contact between adjacent gold wires probably occurs.
[0048]

Filame resistance: Using a transfer molding machine {Kohtaki
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Precision Machine Co.,Ltd., KTS-30), the above epoxry resin composition
was molded into a test piece (127mmx12.7mmx3.2mm(thickness) or
1.6mm(thickness)) under the conditions of a molding temperature of 175
°C, an injection pressure of 9.8 MPa and a curing time of 120 sec, and
5 then as after-baking, heated at 175 °C for 8 hours. ZF and Fp were
determined in accordance with the UL-94 vertical test for evaluating
flame resistance.
(0049]
Solder-reflow resistance: Using a low-pressure transfer
10 auto-molding machine (Daiichi Seiko Co., Ltd., GP~ELF), the above epoxy
resin was molded/encapsulated into a 176pLQFP (copper frame:
24mmx24mmx]1 . dmm (thickness), pad size: 9.5mmx9.5mm, chip size:
Tmmx7mmx0 . 35mm (thickness)} under the conditions of a meld temperature
of 175 °C, an injection pressure of 9.8 MPa and a curing time of 90 sec,
15 andthenpost-curedat175°C for 4 hours. FEachof 16 sampleswas processed
at a temperature of 85 °C and a relative humidity of 85% for 168 hours,
and then treated by IR reflow (260 °C) for 10 sec. It was observed by
a scanningacoustic tomography (SAT) todetermine the presenceof internal
cracksandvarious interfacial de-lamination. Asamplewithoneinternal
20 crack or interfacial de-lamination was rejected as a defective package.
When the number of defective packages is n, the result is expressed
as n/l6.
[0050]
Examples 2 to 11 and Comparative Examples 1 to 8
25 According to the compounding rates in Tables 1 and 2, epoxy
resin compositions were prepared and evaluated as described in Example

1. The results are shown in Tables 1 and 2.
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Starting materials used in Examples other than Example 1 are
as follows.

- Epoxy resin 2: an epoxy resin represented by general formula
(8), that is, a phenolaralkyl type epoxy resin having a biphenylene
skeleton, wherein a binuclear compound (n = 1) is contained in a ratio
of 85 % as determined by a GPC area ratio, and a binuclear compound
in which the bis (phenylmethyl) moiety is attached at the para position
to both binding positions of the glycidyl ether groups in two phenyl
glycidyl ethers is contained in a ratio of 50 % to the total amount
of the binuclear compounds as determined by an NMR area ratio, that
at the ortho position to both binding positions is contained in a ratio
of 5 % to the total amount of the binuclear compounds as determined
by an NMR area ratio, and that at the para position to one binding position
and at the ortho position to the other binding position is contained
in a ratio of 45 % to the total amount of the binuclear compounds as
determined by an NMR area ratio (ICI melt viscosity at 150°C: 0.1 poise,
softening point: 98 °C, epoxy equivalent: 250)

* Epoxy resin 3: an epoxy resin represented by general formula
{8), that is, a phenolaralkyl type epoxy resin having a biphenylene
skeleton, wherein a binuclear compound (n = 1) is contained in a ratio
of 30 % as determined by a GPC area ratio, and a binuclear compound
in which the bis{phenylmethyl) moiety is attached at the para position
fo both binding positions of the glycidyl ether groups in two phenyl
glycidyl ethers is contained in a ratio of 25 % to the total amount
of the binuclear compounds as determined by an NMR area ratio, that
at the ortho position to both binding positions is contained in a ratio

of 30 % to the total amount of the binuclear compounds as determined



7 8 goa.ry resin 3 6.85 7.00 5.67 7.00 3.06 3.12 2.59 Epcxy resin 5

3. 06

10

15

gsav resin 6 3.12 2.59 14:acy resin 7
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by an NMR area ratio, and that at the para position to one binding positiecn
and at the ortho position to the other binding position is contained
in a ratio of 453 % to the total amount of the binuclear compounds as
determined by an NMR area ratio (Nippon Xayaku Co., Ltd., NC3000, ICI
melt viscosity at 150 °C: 1.1 poise, softening point: 58 °C, epoxy
equivalent: 274)

QCH,GHCH, OCH,CHCH,
\o/

./
. 0
O CHQ—@—@ CH, é H (8)

{0051]

* Epoxy resin 4: an epoxy resin represented by formula (10)

(softening point: 53 °C, epoxy equivalent: 236)

OCH,CHCH, OCH,CHCH,
\J \/

G CHZHE —@ H  (10)

*Epoxy resin 5: a bisphenol-A type crystalline epoxy resin
(Japan Epoxy Resins Co., Ltd., YL6810, epoxy equivalent: 171, melting
point: 45 °C)

* Epoxy resin 6: a biphenyl type crystalline epoxy resin (Japan
Epoxy Resins Co., Ltd., YX-4000K, epoxy equivalent: 185, melting point:

105 °C)



6.67 Curirg at 1 4.65 4.75 3.83 4.75 5.38 5.26 4.32 4.83 Seed Veri cal
silical 72.03 72.00 74.03 72.00 72.00 72.00 74.00 72.00 El sed
spterical silica 2 15.00 15.00 15.00
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[0052]
* Epoxy resin 7: an epoxy resin represented by general formula
(8}, that is, a phenolaralkyl type epoxy resin having a biphenylene
skeleton, wherein a binuclear compound {n = 1) is contained in a ratio
5 of 70 % as determined by a GPC area ratio, and a binuclear compound
in which the bis{phenylmethyl) moiety is attached at the para position
to both binding positions of the glycidyl ether groups in two phenyl
glycidyl ethers is contained in a ratioc of 25 % to the total amount
of the binuclear compounds as determined by an NMR area ratio, that
10 at the ortho position to both binding positions is contained in a ratio
of 30 % to the total amount of the binuclear compounds as determined
by an NMR area ratic, and that at the para positiontoone binding position
and at the ortho position to the other binding positicon is contained
in a ratio of 45 % to the total amount of the binuclear compounds as
15 determined by an NMR area ratio (ICI melt viscosity at 150 °C: 0.2 poise,
softening point: 81 °C, epoxy equivalent: 255)

OCH,CHCH, OCH,CHCH,
\f

K
@ CHZHQ (05 ) Ho(8)

I

[0053]
*Curing agent 2: a para-xylene modified novelac type phencl

X resin(Mitsui Chemicals, Inc., XLC-4L, hydroxyl equivalent: 168,

softening point: 62 °C)

* Curing agent 3: a B-naphthol aralkyl resin having a phenylene



15.00 15.00 15.00 15.00 15.00 a-e_lerato 0.50 0.50 0.50 0.50 0.50
0.50 airingl ailing accelerator 4 0.25
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skeleton (Tohto Kasei Co., Ltd., SN-160L, hydroxyl equivalent: 178,

softening point: 62 °C)
[0054]
* Curing accelerator 2: a curing accelerator represented by

5 formula (11)

(@'P @—Si z (11)

d OH 2

* Curing accelerator 3: a curing accelerator represented by
formula {12)

T~ -+ -

P Qs, OD (12)

10 - -k
[0056]

* Curing accelerator 4: a curing accelerator represented by

formula (13) wherein m = 1

+

(OF| |OCC [acC]




Corirg accelerator 5 0. 25 allare na.Pling agent 0.30 0.30 030
030 0.30 0.30 0.30 0.30 Can-ouoa ve:4
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* Curing accelerator 5: a curing accelerator represented by

formula {14)

O
o (14)
3 OH
5 [0058]
[Table 11
Exrples

1 2 3 4 5 6 7 8 g 10 11
Epasy resin 1 6.70 6.85 5.53 5.68 3.83 5.98 5.85 5.%4 5.54 6.85
Epawy resin 2 6.61
Epexy resin 4 1.64
Quring agent 1 4.80 4.90 3.97 4,07 4.03 3.96 3.96 4.89 4.9
Qurirg agent 2 3.52
Carirg agent 3 3.6

Fused sphevical silica | 72.00 72.00 .00 74,00 74.00 74.00 74.00 74.00 74.00 72.00 72.00

Fused sprerical silica | 15.00 15.00 15.0G 15.00 15.00 15.00 5.0 15.00 15.00 15.00 15.00

2

Quring accelerator 1 0.20 0.50 0.50 0.50 0.50 0.50

Curingy acceterator 2 0.50

Quring accelerator 3 0.50

Quing accelerator 4 0.25 0.25

Quring axelerator 5 0.5
Silane copling aget 0.30 0.30 0.30 0.30 0.3¢ 0.30 0.30 0.30 0.30 0.36 0.3
Camabon wex 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Carbn Hlack 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Hadling properties of b2 A 2 M3 B "3 % R B .23 M

an ey resin

Spixzl flow [om) 152 131 133 110 135 145 133 143 141 164 15

Srre D hemdhess 23 81 &0 83 89 B9 6 81 83 20 75

Gold-vire SweepIing 2.1 3.0 2.9 4.7 3.0 2.7 2.8 2.6 2.7 1.9 4.1

ratdio (3]

Elaeresistan® (3.2m | V0 V-0 V-0 -0 W w0 'zt 0 0 0 V-0
thickness)

Flameresistance (1.6m V-0 V-0 V-0 V-0 V0 i'all V-0 V-0 0 W W0
thickness)

Salger Crack 0716 0/16 0/16 G/16 0/16 G/16 0/16 0/16 0/16 0/16 0/16
reflow defect

esistare | De-law 0/16 0/16 0/16 0/16 0/16 0716 016 0/16 0716 0/16 0/16




0.30 0.30 0.30 033 0.30 0.30 0.30 0.30 Ceuta) black 0.40 0.90 0.40
0.40 0.40 0.90 0.90 0.40 Handlingprccertiesofanecory resin A A M
BB 4ai..al flag [cn] 122 99 EI
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[0059]
[Table 2]
Caparehle Bvanples
1 2 3 4 5 6 7 8
Fpady resin 3 6.85 7.0 5.67 7.00 3.06 3.12 2.59
Encety vesin 5 3.06
Fpdy Yesin 6 3.2 2.58
By resin 7 6.67
Quring agent 1 4,65 4.75 3.83 4.75 5.38 5.26 PRC7] 4.83
Fsed spterical silica 1 T2.00 72.00 74.00 2.0 2.0 72.00 .00 12.00
Rised spterical silica 2 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00
Quring accelerator 1 0.50 0.50 0.20 0.5 0.50 0.50
CQuring accelerator 4 0.25
Qurirg acelerator 5 0.25
Silare couling agnt 9.3 0.3 0.30 0.30 0.30 0.30 0.30 0.30
Caménka wax 0.30 0.30 0,30 0.30 0.30 0.3 0.30 0.30
Carben klack 0.40 0.40 G.40 0.40 0.40 0.40 0.40 0.40
Harellingpropertiesofanepy A -3 % I AR 2 A B
resin
Spiral fow [l 122 % 111 84 143 139 124 Failed to
Srore D herdness 86 8% 83 84 82 Bl 83 preparearesin
Gold-wire Sweeping ratio (%] 3.9 5.6 4.9 6.3 2.8 3.0 35 material
Flae resistane {3.2 mm v-0 W0 V-0 v-0 V-1 V1 v-0
thickness)
Flae resistance (1.6 mm V-0 V-0 V-0 v-0 V-1 V1 v-1
thickness)
Sdider reflow i Crack 9/16 8/16 0/16 0/16 16/16 16/16 0/16
resistance dafact
De-lamingts 16/16 18/16 1&/16 0/18 16/16 16/16 16/16
m defect
[0060]
] Examples 1 to 11 contain an epoxy resin represented by general

formula (1), wherein a binuclear compound (a component in which n =
1 in general formula (1)) is contained in a ratio of 60 % to 100 % both
inclusive as determined by a GPC area ratio, and a binuclear compound
in which the bis (phenylmethyl) meiety is attached at the para position
10 to both binding positions of the glycidyl ether groups in two phenyl

glycidyl ethers is contained in a ratio of 35 % to 100 % both inclusive



89 193 139 124 .S IiVE g Store D hardness 86 85 m 84 82 81 83
Gol d- Ki xe sheepdog ratio f9d 3.9 5.6 4.9 6.3 2.8 3.0 3.5
flareresistance(3.2nmthidress) V-0 V-0 V-0

10

15

35

to the total amount of the binuclear compounds as determined by an NMR
area ratio, varying the type and a content of the epoxy resin (A), the
type of the curing agent (B}, a content of the inorganic filler (C},
the type of the curing accelerator (D) and so on. All of these exhibited
excellent flowability (spiral flow), gold-wire sweeping ratio, flame
resistance and solder-reflow resistance. Examples 1 to 10 containing
the compound represented by general formula (3) or the curing accelerator
represented by formula (13) as the curing accelerator {D) alsc exhibited
excellent curability (shore D hardness).

[0061]

On the other hand, Comparable Examples 1 to 3 containing, instead
of the epoxy resin (A) of the present invention, epoxy resin 3, that
is, anepoxy resin representedby general formula (1) , whereinabinuclear
compound {a component in which n=1 in general formula (1)) is contained
in a ratio of less than 60 % as determined by a GPC area ratio, and
a binuclear compound in which the bis (phenylmethyl) moiety is attached
at the para position to both binding positions of the glycidyl ether
groups in two phenyl glycidyl ethers is contained in a ratio of less
than 35 % to the total amount of the binuclear compounds as determined
by an NMR area ratio were inferior in flowability, a gold-wire sweeping
ratio and solder-reflow resistance to the corresponding examples
(Comparative Example vs Example 1, Comparative Example 2 vs Example
2, Comparative Example 3vsExample3). Furthermore, ComparativeExample
4 containing curing accelerator 5 as a curing accelerator was improved
in solder-reflow resistance owing to its elastic-modulus reducingeffect
while being significantly inferior in flowability and a gold-wire

sweeping ratio. Comparative Examples'5 and 6 containing a crystalline



V-0 V-1 V-1 V-0 WMul enesistanae(l 6 nmthickress) V-0 V-0 V-0 V-0 V-1
V-1 V-1 <crack*reflod Crack cfiact 9/16 8/ 16 0/16 0/16 16/16 16/ 16
0/ 16 resistance
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epoxXy resin such as epoxy resin 5 (bisphenol-A type epoxy resin) and
epexy resin 6 {(biphenyl type epoxy resin) as an epoxy resin were improved
in flowability and & gold-wire sweeping ratio while being inferior in
solder-reflow resistance significantly and in flame resistance.
5 Comparative Example 7 in which a content of the inorganic filler (C)
was increased by 2 % was also infericr in solder-reflow resistance and
unsatisfactory in flame resistance. Furthermore, in contrast to epoxy
resin {A) of the present invention, epoxy resin 7, that is, an epoxry
resin represented by general formula (1) wherein a binuclear compound
10 (a component in which n = 1 in general formula (1}} is contained in
a ratio of 60 % or more (70 %) as determined by a GPC area ratio, but
a binuclear compound in which the bis(phenylmethyl) moiety is attached
at the para position to both binding positions of the glycidyl ether
groups in two phenyl glycidyl ethers is contained in a ratio of less
15 than35% (20%) tothe total amount of thebinuclear compounds as determined
by an NMR area ratio caused adhesion in a pulverizer during grinding
and after grinding gave a powder which immediately caused blocking,
leading to extremely deteriorated handling properties. Thus, it failed
to give an epoxy resin composition.
20 [0062)

As described above, even an epoxy resin represented by general
formula (1) does not meet the requirements for flowability, a gold-wire
sweeping ratio, flame resistance and solder-reflow resistance if a ratio
of a binuclear compound and a ratio of a component having a particular

25 orientation in a binuclear compound are not within the ranges defined
in the present invention, with changing the type of a curing accelerator

and combination with another epoxy resin being ineffective. The
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[ 0060] S5Exanples 1 to 11 contain an epoxy resin represented by
general fornula (1), wherein a binuclear conpound (a conmponent in
which n =1 in general fornula (1)) is contained in a ratio of 60 %
to 100 % both inclusive as determ ned3By a GPC area ratio, and a

bi nucl ear conpound in which the bis(phenylnethyl) noiety is attached
at the para position 10 to both binding positions of the glycidyl

et her groups in two phenyl glycidyl ethers is contained in a ratio of
35 %to 100 % both inclusive 35 to the total anount of the binuclear
conpoundd Ca8IAHRIFRGHEBT B RS NORVErEd eFht Y eso iy LRt RBe Bppey &vdia
content of the epoxy resin , the type the curing agent (B), a
content df ﬂ?etherﬁb“re@&HF&“f’?'I(“f?e‘?“ f%%ﬁesﬁﬁEe‘ﬁ) ébQGB‘FrﬁLﬁhEO’g‘EH%%nb“f wHeredh
accel erator.(0), and_so on., Al _of these exFi ited g excelleni

f1 owabi | Pt §CEHIPAI CTRRY G PRCPE s wle ST hT FMafi 6, *H 1%RE T bsi ¥ HAR e
A O QR Tl ealel 0GE 850"y diPs B0 RREALINAG:d BE:c i pe
conmpound represented by general formula % or the curing accel erator

repr egeni,ed I ; ' o 4 l,s
exhi bt o e ot BeraR Ty (e S IP R aneeh ) 1B OBka) ON R

ot her hardpp&as aBken Bramlephdnd e neNthREBEPds 4Nsl®ad at the para
position to both binding positions of the glycidyl ether groups in two
phenyl glycidyl ethers is contained in a ratioc of 35 % to 100 % both
inclusive to the total amount of the binuclear compounds as determined

10 by an NMR area ratio.
It is apparent that the present invention is not limited to
the above embodiment, that may be modified and changed without departing

from the scope and spirit of the invention.



of the epoxy resin (A) of the present invention, epoxy resin 3, that
is, an epoxy resin representedby generaggfornmula (1) , wherein

abi nucl ear conpound (a conponent in which n =1 in general fornula
(1)) is contained 15 in a ratio of less than 60 % as determ ned by a
GPC area ratio, and a binucl ear conpound in which the

bi s(phenylnethyl) noiety is attached at the para position to both

bi ndi ng pgggéﬂéhs of the glycidyl ether groups in tw phenyl gl ycidyl
ethers is E@ntaine in a ratio of ﬁ th%n 35 %to t@e total.anoaﬁt
of the binddl ear c BﬁﬁéisreS%ncFecf‘“é’Pr?ﬁ 47 26 6P AR SRR 8 TG e ECT
inferior in flowability, a gold-wire sweeping ratio and sol der-reflow
resi stance 1o the' %orrespondlng exanples (Conpar ati ve Exanpl e vs

Sl A Z%L%?nﬁi %%Slﬂ % Y RAIR BB general formla (g whgrein
a _ |
S o ol bty owcé%§§?s? oS sapEn Sl 0 VAREE PO ln S I BB

ef oot whi/h ) el el gl a0k | Vo Lpfey{ o o 1B 1 QURRELILY; ANds Bocermined

gold-wire's epln at’ive Exanples arnrng-a

crystalling Soc8pOXLes S&Ch%ﬁ‘%hen%}’n&?ﬁéa{} 5c&9¢§mn% AR the

epoxy resi €poXxXy resin 6 ( type epoxXy Tesin) as

epoxy re_s' Qs g;}l@t%&ﬁgnfol_'Lﬁfcg(?L\[Q’g\tEitgi:fl¥?§99hg {ago\éﬁ£for§¥\§ Btﬁ'g%?dlng

ratlo Mhl er-re OM/re nce signitican

d fl
o T e esange. 3, bl Dl TR oty
sol der - r ef Low, [esisl@nge, %qlgng_@t%sta{:é qr b nbcgtlh BB A ESE L ANC@he total

Furthernore, I n contrast to epoxy resin e present I nvention,

epoxy reshfodnt to'iaﬁhé $i nf01 ERP X Von %ahas ra@ﬁ@?@ﬂﬁfr%cp% %ﬂﬁﬁ@'aée%rﬂyéfo

(1) wherein a binuclear conpoun (a conponent

general formula ( i i I

as determ ned by gé%sé§g%g§$%%%ﬁghagﬁ?gégﬁiﬁﬁgkgggﬂg%ggéundﬁ? g%ﬁﬁps
the bi s(phgnyhdeidido1api ety is attached at the para position to both
bi ndi ng positions of fhe gl ycidyl ether groups in tw phenyl glycidyl
et hefss is containegy idh &ncaykei8f r £68;1%dhan 35 % (209 to the

t ot al annuntoftheblnuclear conpounds as determ ned by an NVMR area

ratio caused adheghprs idhrdnpub¥géiZedcuring grinding and after
grindi ng gave a powder which |nned|ately caused bl ocking, leading to

extremely deteri osad edehagdklBgr Shopert} esred hdsoni b fiillREnt-Boft ¥Ening
an epoxy resin conposition. 20[0062] As descri bed above, even

an epoxy eespduiEpresentfenPycggnemnal; fornula (1) does not neet the
requi renents for flowability, a gold-wire sweeping ratio, flane
resi stance and solder-reflow resistance if a ratio of a binpuclear
compound and a £#fio ¢f a conponent having a part il ar 25
orientation in d_binug¢lear conpound are not withipn the ranges defined
in the present i wi th changing the typ i
accel erator a el H (1)
i neffective. *oregO| ' /ptRn has s ef fectfveness of
using the ép@}y resin|(A) of X Linvention réﬁﬂé§en d by
general fornmula (1), v-er?ﬁz ound (a conporent in
which n = 1 in general h (1)) is co ibtned in a ratio of 60 %
to 100 %ot h inclusive as determned 5 by a GPC (Gel Perneation
Chr aavat ogr aphy) awmesaraiati o, and a bi nucl ear conmpound in which the
bi s(phenyl nethyl) noiety is attached at the para position to both
bi ndi ng posi ti onsRbantliRe,gllyidysy ékhigte ganaps dif favenshersyd reglenei 2y 1
ethers is contained in a ratio of 35 %to 100 % both inclusive to the
total anomtirgf 1t he dicaubbear xampeundstagedetfetninad R0 bynabhnddMRer of
area ratio.

0 to 4; n is an integer of 1 to 5; and G is glycidyl.

[2] The epoxy resin composition for encapsulating a semiconductor



It is apparent that the present inventionis not limted to the above
enbodi ment, that may be nodified and chgpged w t hout departing from
the scope and spirit of the invention. 38 Cains; [1]An epoxy

o eposy RRoFRoPHES ciiieaRoy: JEhErsin ROF GRS Ghorsi o Ebory besin
bi I d t i i = 1] I j I 1

D s cont AERana A 267 AR o o h G Dot FR0S e b drha v
Cohenyl metiy5) ibdoeh & SOarTatiea it fo HArs positiof £oth Tnclusive.
Dot i 18110 PRRLLLRS s el UL RIS B D RO o
i I i X I bi I . .
ot er nedony A S SR Db, WIErEI VAL EAoERIREIN®) 82 cpory feein
t i h i I le; .15

o Gant 2 BoERERELLE BBt LD, PR 5 kLB
supstantli ! . 0 -C n (0] (0] | .
conpound: COPgaREE A JRiSa"A! 09 OREL ) e SRIROUA) Pl BT R pm
different raI:?Bro%Sg@I% 1?tI> KI?II) %B%I%ﬁgné%ﬁgiée %@r&&%lﬁeb%fgg% §Jgeﬁ% r%gio,

O0to 3; brs aninteger o I's an integer o

is glycid 2] - i NPOSL] i §E§HI jxAg_a. .
senicondué#grg %5E2§'c a?%%@gﬁhQCIQin1(#I&%%r%ﬁ%Iﬁﬁ% onﬁ%ﬁgﬂtm?%ftysls
an epoxy I i L Lty of 0. ‘RQi :
poi sIIeIpbot %g?%ﬁﬁggég&at %%%%%%Orgtéo%?}?gn%ﬁgﬁggi#% Oglg Jéo‘%lge %I@ctdyl
bot h i ncl usi,ue. T i : i g f N

e condust T ST ot B T orT D, SURGrer R CRa BansoRone (AjLe
s an epoxy 2] Ror oS SSEBLAC I.ASHE 80 diRY BULAL (ount 0 d b anuctcar
bi nucl ear conpound (a conponent in which n =1 1n general formla % ?

) s contaibRgduhdl ad dierRindl 56t MR bt hadfel usive as
deteimned by a GPC area ratio, and a binuclear conpound in which the
bis (phenylnethyl) moiety is 10 attached at the para position to both
bi ndi ng positi of Ahe glycidyl ether groups in twREpheny gl yci dyl
ethers is cont edfinaratio of 35 %to 100 % both TnclusiVe to the
total anount he |bi nucl ear ¢ as det er m pes MR ar ea

ratio: 15 n C ; : | g1:! e _Of (2)
different, r nt} al KY1? hayy 4. fcar borks: of

0 to 3; b,svan’integger of ' i i\nt eger ‘ 1 and G

is glycidéh?)a \ (QQIb 2Ib A

15 wherein
R1 and R2, which may be the same or different, represent alkyl
having 1 to 4 carbons; a is an integer of 0 to 3; b i1s an integer of
0 to 4; n is an integer of 1 to 5; and G is glycidyl.
[4] The epoxy resin compositicn for encapsulating a semiconductor
20 as claimed in Claim 1, wherein the curing accelerator (D) comprises
a curing accelerator (dl) having a cationic moiety capable of
accelerating a curing reaction of the epoxy resinandasilicate anionic
moiety capable of inhibiting catalytic activity of the cationicmoiety

accelerating the curing reaction.



[ 4] The epoxy resin conposition for encapsul ating a sem conductor 23
as claimed in Caiml1, wherein the curigpg accelerator (D) conprises a
curing accelerator (dl) having a cationic noiety capabl e of

accel erati a curing reactiaon of the. epo resin and._a silicate

ani oni ¢ mdaty caplBIBogt AT TG CAPAIYH T VL of 11 conductor
cationic iekLy. eleratin he curing .r.eaction. 40 The epox
resin con%%%f?%&%g o%gegégﬁgu%atw%%F%}séﬁ%%éﬁﬁ@%?gptaéhi%a?ﬁea Fﬁ%pound
Claim4, i nen dl) s conpound represented by
gener al fgg%%ggg?%%§$%9%g%e 3§e$?FQUla 3¢ Al represents nitrogen or
phosphorous; R3, R4, R5 and R6, which nmay be the sane or different,

i ndependent|ly represent organi c group or aliphati< group having a
substi t ut or unsubstitu éa romatic rAqng or heterjocycle; X1 is an
or gani c grjoup Iiﬁﬂ?ng group Y with grogup 10 Y2; X2 is an organic
group linking gropp Y3 wifh gioup Y4; ql and Y2, ich may be the
sane or di %ﬁ{ent are._grpupsiresulting fro | imnation of ﬁ pr ot on
froma pr G [o]] {Tﬁgesu sti{uens YARTYroupL Yl and Y2 i n{Bhe same
nol ecul e are bounf to a sjlic gmltonh?é rm achellate structure; Y3
and Y4 arg groupsgesultipng f el i M nat ixan roton 15 froma
pr ot on- donat i ng s%%stituent ahd groufd Y3 Xﬂdg%%gi the sane mol ecul e
are bound to a silicon atomto forma chelate structure; X1 and X2
may be the sane or different; Yl, Y2, Y3 and Y4 nay be the sane or
diffeyent; and Z },repyesents an organic group having a substituted
or unsubstituted aromatic ring or a substituted or unsubstituted
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The epoxy resin conposSition for encapsufati a sem conductor as

clai med i paClh Phd caMB e Ne AR HGUT N RYERE L € B)riaulag: WO, arﬁg:r %roup
I | e ente y

phenol i ¢ hydroxy groups in one nolecu I's a conpound repres
41  gener gk 1AMt ac (A oliphaBh ng@Run St (A of u8lup O vt Gnatic ring
wherein OH 81 is Sor 82 is or nis O or an integer of 10 or |ess.

[7]1 A sem gengliied Qicdawi;ceg ﬂ‘é‘%frﬁ!o@gén%@"@ﬁﬁﬁd‘l@n@ﬁn@!?f@jﬁ vanghen group
a sem conductor integrated circuit "are encapsulatedwmth a

cur egpr odyet 50fi stdre 2RaXYcIESup CoNPRS Yirelpf el wersapsilAtndr@and v2,
sem conduct or as
whichmaybe the same ordifferent, aregroups resulting fromelimination
of a proton from a proton—-dcnating substituent and groups Y1 and Y2
in the same molecule are bound to a silicon atom to form a chelate
structure; Y3 and Y4 are groups resulting from elimination of a proton
15 from a proton-donating substituent and groups Y3 and Y4 in the same
molecule are bound to a silicon atom to form a chelate structure; X1
and X2 may be the same or different; Y1, Y2, ¥3 and Y4 may be the same
or different; and Z1 represents an organic group having a substituted
or unsubstituted arcmatic ring or a substituted or unsubstituted
20 heterocycle or a substituted or unsubstituted aliphatic group.
(6] The epoxy resin composition for encapsulating a semiconductor

as claimed in Claim 1, wherein the curing agent (B) having two or more

phenolic hydroxy groups in one molecule is a compound represented by



clained in Caiml.
41

general formula {(4}:

B1—CH, —B2— CH, {»81—“— CH, ~—B2—CH, 7L B1 (4)
g

wherein
OH

Bl is O or
B2 is @ or

n is 0 or an integer of 10 or less.

OH

Qe

[7]

A semiconductor device, whereina semiconductor element and/or

asemiconductor integratedcircuit areencapsulatedwithacuredproduct

5 of the epoxy resin composition for encapsulating a semiconductor as

claimed in Claim 1.



