1 SPECI FI CATI ON EPOXY RESI N COVPOSI TI ON FOR ENCAPSULATI NG SEM CONDUCTOR AND
SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [0001] The present invention relates
to an epoxy resin conposition for encapsulating a sem conductor and a

sem conductor device therewith. 10 BACKGROUND ART [0002] El ectronic
conponents such as diodes, transistors and integrated circuits have been
typically encapsulated with an epoxy resin conposition. Particularly, in
integrated circuits, there have been used 15 epoxy resin conpositions

exhi biting excellent heat resistance and npisture resistance containing an
epoxy resin, a phenol resin curinrgecageosTamd i norganic fillers such as
fused silica and crystalline silica. However, recent market trend to size
reducti on, weight saving and higher performance in electronic devices has
led to nore integrated 20 sem conductors and accel erated surface nounting of

a seni condugtoxy d@EIce COMPOS I EIONEFORr ERERPSULATING SEMIOYNBUTTOROEMDI €Si n
conposition used for encapsul ating a sem conductor el enent has been
increasingly diversified and strpeMeroNndutToRr DEvutmr, now that surface
nmounting of a sem conductor device is conmmon, a noistened sem conduct or
devige is 25 exposed to a high tenperature during a sol der reflow process.
Furthernore, as part of elimnating environnment burden materials, a solder
free fraEchemdl.hEFibeen i ncreasingly used as an a Iternativemateri al,
[0001]

The present invention relates to an epoxy resin composition

for encapsulating a semiconductor and a semiconductor device therewith.
10 BACKGROUND ART
[0002]

Electronic components such as diodes, transistors and
integrated circuits have been typically encapsulated with an epoxy resin
composition. Particularly, inintegratedcircuits, therehavebeenused

15 epoxy resin compositions exhibiting excellent heat resistance and
moisture resistance containing an epoxy resin, a phenol resin curing
agent and inorganic fillers such as fused silica and crystalline silica.
However, recent market trend to size reduction, weight saving and higher
performance in electronic devices has led to more integrated

20 semiconductorsandacceleratedsurfacemountingof asemiconductordevice,
while requirements to be met by an epoxy resin composition used for
encapsulating a semiconductor element has been increasingly diversified
and stricter. 1In particular, now that surface mounting of a
semiconductor device is common, a moistened semiconductor device is

25 exposed to a high temperature during a solder reflow process.

Furthermore, as part of eliminating environment burden materials, a

solder free fromleadhasbeenincreasinglyusedasanalternativematerial,



2 but a |ead-free solder has a higher nelting point than a conventi onal

sol der. Therefore, itneedsaref |ow tenperature during surface nounting

hi gher by about 20 C than a conventional case, specifically 260 C. Thus, a
sem conductor device is exposed to a fyrther higher tenperature, 5 causing
de-lam nation of a cured epoxy resin conposition inits interface wth a
sem conductor elenent or lead frane. It tends to defects significantly
deteriorating reliability in a sem conductor device such as cracks. [0003]
10 Furthernore, also fromenvironnental considerations, there is a nove to

limt thewge) ofq-ahal agefscantah Highdd AGE 118 REIANtLISHCH c@Sventional
br om ne-cont ai ni ng organi ¢ conpounds and an anti nony conpound such as

di ant i My delrl, OXTidler &mdefli iddemenyrd Alduodnge rbi ehahame; Heern usedintasga
flame retardant for a sem conductor encapsulating material, and 15 there has

been needefhcal Leragtleof PATBILS SbhRENIRANS: cASe Al dRINAtIKE 1 yf badrec,
resi sting nmeans for a sem conductor encapsulating material, there has been

proposedrHie asemotomicdlo rhyedriex tesxsusdd 6 At whiHaHh Tyl OXeflee rande,
magnesi um hydr oxi de. They nust be, however, used in a |large amount for

ef fest i velusiwerdd-Namagaei dil affe digtearabuidy, raid oM shel pg iused int2Faan
enough anount to be a flanme retardant, it may deteriorate flowability and

curabi | iditofa @Bmeperdudtesi Blesmosst ileddyrhng. maltdicegds Mes haat als
strength of a cured material and thus solder-reflow resistance in a

t enper atdirg irfangat f preround farg ddhee ahavia itgath hremisohdectof @004te s2bhTo
sol ve these problens, there have been proposed using a | ow water-absorbing,
f | exi bl eesandaklkame-resi stant resin for neeting the
[0003]
10 Furthermore, also from environmental considerations, there is
a move to limit the use of a halogen-containing flame retardant such
as bromine-containing organic compounds and an antimony compound such
as diantimony trioxide and diantimony tetroxide which have been used
as a flame retardant for a semiconductor encapsulating material, and
15 therehasbeenneededalternative flame resistingmeans. Asalternative
flame resisting means 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



requi renents for both solder reflow resistance and flane resistance 3 (See,
for exanple, Patent Docunents 1, 2 and 3) However, there have been needed
further higher solder-reflow resistance while recently a sem conductor has
been further thinner and interconnectigns have been further finer, so that
i nprovenent in flowability during encapsulating 5 and nolding. It has been,
therefore, difficult to neet all of these requirenents. G ven such

ci rcunst ances, there has been needed for developing a resin conposition for
encapsul ati ng a sem conductor exhi biting higher flane resistance, good

f 1 owabi | isky, ansk adefyas £patknghssca@inder 1 f ef haw 40, r eghstangeHegcahbhow for
the use of a lead-free solder without a flame retardant. [0005] [ Patent

Docunentpeth daganesarbatermii App! s6add orelfabd penstNoceHNb: 24568 nt] Pas ent
Docunent 2] Japanese Patent Application Laid Open No. HOb5-097965 15 [ Pat ent

Documentsedl cdapanase hRatigfin ApptheathenndaistdOpete Neonridds+ 684 Hake BESCLOSURE
OF THE I NVENTI ON [0006] Thus, this invention provides an epoxy resin

conposi tiuennhEerfinersafshat iifgraveesi € onduckabiexhiy kidding dHehetulht ang
resi stance, good 20 flowability and adequately higher sol der-reflow
resi st anee hol@dpw fiar hhbheaise ehetet@aq- B eeiseldaeio webhoaltl aff LRsE:

retardant, as well as a highly reliable sem conductor device in which a
sem conducOreéent s encapsulated with a cured product fromthe
conposition. [0007] 25 The present invention provides the follow ngs.
Given such circumstances, there has been needed for developing
a resin composition for encapsulating a semiconductor 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 Laid Open No. H01-275618
[Patent Document 2] Japanese Patent Application Laid Open No. H05-097965
15 [Patent Document 3] Japanese Patent Application Laid Open No. H05-097967
DISCLOSURE OF THE INVENTION
[0006]
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 inwhicha semiconductor element
is encapsulated with a cured product from the composition.
[0007]
25 The present invention provides the followings.

[1] Anepoxy resincomposition for encapsulatinga semiconductor

comprising



[ 1] An epoxy resin conposition for encapsul ating a sem conductor conpri sing
4 (A an epoxy resin represented by general forrmula (1), wherein a

bi nucl ear conpound (a conponent in which n =1 in general formula (1) ) is
contained in a ratio of 60 to 100 % boyh inclusive as determned by a GPC
(Cel Perneation Chromatography) area ratio, and a binuclear 5 conpound in
whi ch the bis (phenylnethyl) noiety is attached at the para position to
bot h bi nding positions of the glycidyl ether groups in tw phenyl glycidyl
ethers is contained in a ratio of 35 %to 100 both inclusive to the total

amount of the biaydreapogpipetindsaesdated myngshely asrMNR a1 pawhateon 10
(B) a curing agent having two or nore phenolic hydroxy groups in one
nol ecul & biGhcasar nwnganind fal d@fgoramd iaDyhacteur i=ng aacederatlorforandabei ng
substantially free froma hal ogen-contai ni ng conmpound 15 or anti nony
conmpound;1)0G HEontChLeHen H fal)io ¢ROD £ BA)1,00m bB2h e ncRay bve whetegiermRhecand R2,
whi ch may be the sanme or different, represent alkyl having 1 to 4 carbons;
a i s an gyhteget @elOPteondativr Shabmhtb@geshyof ar@2 Mttio,4and 4 Hianciebeger of
1to 5, and Gis glycidyl. [0008]

5 compound in which the bis (phenylmethyl) moiety is attached at the para

position to both binding positions of £he 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 as determined
by an NMR area ratio;
10 (B) a curing agent having two or more phenolic hydroxy groups

in one molecule;

(C) an inorganic filler; and

(D) a curing accelerator,

andbeing substantially free froma halogen-containing compound

15  or antimony compound;

4 0G A

GH, CH,
O l‘\x’{ .
R, |n

(R2), (R2),

.

wherein
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
20 0 to 4; n is an integer of 1 to 5; and G is glycidyl.
[0008]
[2] The epoxy resin composition for encapsulating a

semiconductor as described in {1], wherein the component (A) is an epoxy



[2] The epoxy resin conposition for encapsulating a sem conductor as
described in [1], wherein the conponent (A) is an epoxy 5 resin having an
ICl nelt viscosity of 0.05 poise to 0.5 poise both inclusive at 150 C and a
softening point of 80 Cto 110 C both knclusive. [0009] [3] The epoxy resin
conposition for encapsulating a 5 sem conductor as described in [1] or [2],
wherein the conponent (A) is an epoxy resin represented by general formula
(2) , wherein a binuclear conpound (a conponent in which n =1 in genera
formula (2) ) is contained in aratio of 60 %to 100 % both inclusive as
det er m ned ;B % i FREnae delkatiis@osand o (NBYEH 88k c@QBRRURE HR hWhicghst e bis
(phenyl nmethyl) noiety 10 is attached at the para position to both binding
positi O 950t &€ Gy & QMfter%ﬁ&e?OQEQUJ?? 8 bR, PRENYE Bhyiei i uglibers is
contained in aratio of 35 to 100 % both inclusive to the total anmount of
the bin @b@@&lconpounds as determ ned by an NVR area ratio: oG OG CH2 EX
CH2 H (gj (Rl)e (R2) b (R2)b (R1), n 15 wherein RL and R2, which nay be the
same or different) repsesaixal kksinhavbmgosttiend €8fbodssapsu1Stangi N eger

of 0 to 3; bis an integer o O0to 4; nis an integer of to 5 and Gis
gl ychdylseni@848hct 20 dsAhcthei1880XM r@gi BrCorpPOoSiHdreAnf ehe engaRshat (Ag a

sem conduct or as described in any of [1] to [3], wherein the curing

accel er ats0sn EEdx ¢ 0PI $eprasadddigy gesel €1 aberul4l(2) hankngiRatanentsr

compound (a component in whichn =1 in general formula (2)) 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) moiety
10 isattachedat theparapositiontobothbindingpositions 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 by an NMR area ratio:

oG 0G ™
@ cH— O~ O Y—cH, @ H o (2)
(R1J, (R2) (RO), R. |1
A A
15 wherein

R1 and R2, which may be the same or different, represent alkyl
having 1 to 4 carbons; a i1s 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]
2 [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



noi ety capable of accelerating a curing reaction of the epoxy resin 6 and a
silicate anionic noiety capable of inhibiting catalytic activity of the
cationic noiety accelerating the curing reaction. [5] The epoxy resin
conposition for encapsulating a sem cg@nductor as described in [ 4] ,
wherein the conponent (dl) is a conmpound 5 represented by general fornula
(3): 1311 R4 -1 1-R6E YL ~i~~(3) RS 1Y2Y4 ' 'X2 wherein Al represents
nitrogen or phosphorous; R3, R4, R5 and R6, which my be the sane or
different, independently represent aliphatic group 10 or an organi c group
havi ng angubstiil i bhed 1 ouns ulkskl i/ utfchakcosRting i bi Bgng @atheyeroeyelieit Xl is
an organic group linking group Y1 with group Y2; X2 is an organic group

| i nki ng ogr eHp I3 Wit goadpy YAccelkrandny2thaviiohi ngmayabeidhe same or
different, are groups resulting fromelimnation of a proton froma
proton-donati ng [substhé uesgognd rgkOHpScoffpaid i%¥2 160k n depsanatcipgecal e are
bound to a silicon atomto forma chelate structure; Y3 and Y4 are groups
resul ti rgmfcomiedidn fatéodr ikfedd npraat, ahefreamtae dampbosn €oaal i g cempstihd uent
and groups Y3 and Y4 in the sane nolecule are bound to a silicon atomto
fornba chelratentsdd ust weeprXl BowhuX2 ay: be the same or different; Y1, Y2,
Y3 and Y4 may be the sane or different; 20 and Z1 represents an organic
group having a substituted or unsubstituted aromatic ring or a substituted
or unsubgtituted heterogycl ¢ or a s%?stituted on unsubstituted aliphatic

group. 7 R3

R4 — A1—R8 v —Si—13 (@)
| AN
RS T Y4
wherein

Al represents nitrogen or phosphorous; R3, R4, R5 and R6, which
may be the same 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 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
15 inthesamemoleculeareboundtoasiliconatomto formachelatestructure;
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;
20 and 721 represents an organic group having a substituted or unsubstituted
aromatic ring or a substituted or unsubstituted heterocycle or a

substituted or unsubstituted aliphatic group.



[6] The epoxy resin conposition for encapsul ating a sem conductor as
described in any of [1] to [5], wherein the curing agent (B) having two or
nore phenolic hydroxy groups in one nolecule is a conpound represented by
general formula (4): Bl -CH2 -B2-CH2 B}- CH2-B2-CH2 f Bl (4) n wherein cH
Blis ~or WH B2is Or 5nis 0 or an integer of 10 or less. [0011] [7]
A sem conduct or device, wherein a sem conductor elenent and/or a

sem conductor integrated circuit are encapsulated with a cured product of

t he epoxy resin conposition for encapsul ating a sem conductor 10 as

described in anygpfridlegofyl 6tsih OklosIhtisni FyendiRpspILaVi fess an epoxy
resin conposition for encapsulating a sem conductor exhibiting higher flane

resi st aregi c8096-tdr awabiiitband radaquat el y) hicgher , sehdesind ehbowuFasd st ance
to allow 15 for the use of a |lead-free solder without a flanme retardant, as

wel | asganhi g Yakehyahh® cyebeensiaidar cdayd£6xy Rrolipshi@ siRIThe pBE ks or
el ement “is encapsulated with a cured product fromthe conposition. BRI EF

DESCR|PIECBIéEﬁﬂ&ﬂidJaéﬁ%égﬁhééd[H%J%%heral formula (4):

Bi — CH, —B2—CH, J(En— CH, —B2—CH, + B (4)
N

wherein

n iz 0 or an integer of 10 or less.

[0011]

[7] A semiconductor device, wherein a semiconductor element
and/or a semiconductor integrated circuit are encapsulated with a cured
product of the epoxy resin composition for encapsulating a semiconductor

10 as described in any of [1] to [6].
[0012]

This invention provides an epoxy resin composition for
encapsulating a semiconductor exhibiting higher flame resistance, good
flowability and adequately higher solder-reflow resistance to allow

15 for the use of a lead-free solder withocut a flame retardant, as well
asahighlyreliable semiconductordevice inwhicha semiconductor element

is encapsulated with a cured product from the composition.

BRIEF DESCRIPTION OF THE DRAWINGS



The above and ot her objects, advantages and features of the present
invention will be nore apparent fromthe follow ng description taken in
conjunction with the acconpanying drawings. 5 [0014] [Figure 1] FIG 1 shows
a cross-sectional structure of an enbogi nent of a sem conductor device
prepared using an epoxy resin conposition according to the present

i nvention. BEST MODE FOR CARRYI NMG QUT THE | NVENTION 10 [0015] This

i nvention provides an epoxy resin conposition for encapsulating a

sem conduct or exhi biting higher flame resistance, good flowability and
adequat glop1Bi gher sol der-reflow resistance to allow for the use of a

| ead-free solder wthout a flane retardant, conprising 15 (A) an epoxy resin

represented by gasessdvd @nhaubahéd)ohjeuer ekdivaniquichaar feLampeund {ige
conmponent in which n =1 in general fornula (1)) 1s contained in a ratio of

60 % t 0 pkRQefte botvlnik nEh WSV Ebamottet figireed byonat PG ANeaind atdseriphdod
bi nucl ear conpound in which the bis(phenylnethyl) noiety 1Is attached at the

para posiakkanih ocdotundeiiBdi gt padet iaensmpin ey glryeidyk. 20 et her groups in
two phenyl glycidyl ethers is contained in aratio of 35 %to 100 % both
i ncl gsi v@ottajthe total amount of the binuclear conpounds as determ ned by
an NMR area ratio; (B) a conpound having two or nore phenolic hydroxy
groups ifrigneend] end.el §iQwsar chosgasat ifdnklest rastdhre( Bf @n @tibodgment
accelerator. 25 There will be detailed the present invention. [0016] The
epoxy resi B t&picgethdtort Hesicaveripaordi 8samg epoXxpokgsStrasth composition
according to the present invention.
BEST MODE FOR CARRYINMG OUT THE INVENTION
10 [0015]

This invention provides an epoxy resin composition for
encapsulating a semiconductor exhibiting higher flame resistance, good
flowability and adequately higher solder-reflow resistance to allow
for the use of a lead-free solder without a flame retardant, comprising

15 (A) anepoxy resin representedbygeneral formula (1), whereinabinuclear
compound (a component in whichn=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) moiety
is attached at the para position to bothbindingpositions of the glycidyl

20 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
as determined by an NMR area ratio; (B) a compound having two or more
phenolic hydroxy groups in one molecule; (C) an inorganic filler; and
(D) a curing accelerator.

25 There will be detailed the present invention.

[0016]

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



represented by general formula (1), wherein a binuclear conpound (a
conponent in which n =1 in general fornula (1) ) is contained in a ratio

of 60 %to 100 % both inclusive as determned by a GPC area ratio, and a

bi nucl ear conpound in which the bis(phgnylmethyl) noiety is attached 5 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 ampunt of the binuclear conpounds as determ ned by
an NVR area ratio. Herein, a binuclear conpound in which the

bi 5( phersyret Byt da ) %t@helrélaféﬁme@ @, t fBe RAIA POIHEEBA 10 ARt (R ndi ng

positions of the glycidyl ether groups in two phenyl gl yci dyl ethers is one

havi ng the-shEHEtiY gni&Phesentedehyrgerialind onml & c6akai e %nsi’%‘tﬁbcm ly,
t hose haV|ng the structures represented by general fornmulas (6) and (7).

CH2 CH2 Jf Ho(d)o (63)s GBEhO r1URBANR ARDB erhdnierehnGiRl 286 Ri Whiagh may

be the sanme or different, represent alkyl having 1 to 4 carbons; a is an

i nt eger PbiRubPead cbmp@raﬁlhn,&rﬁ%rt@é bi@ ﬁﬁeﬂylﬂéﬂh@l@ﬁndfﬁt@gﬁé Afcsnta 5;
and Gis glycidyl. [0017] 20 10 GO 'go ~- &G (s) (R1) (R2) b (R2)

gl (RZS) aenei ParRbndiBR, tMigh Beydhey tﬁ@@ﬁ@@@s Ut ¢htf g1 entayr ephesent
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
as determined by an NMR area ratio. Herein, a binuclear compound in
which the bis(phenylmethyl) moiety is attached at the para position
10 to both binding positions of the glycidyl ether groups in two phenyl
glycidyl ethersisonehavingthe structurerepresentedbygeneral formula

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

general formulas (6) and (7).

(1)

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.

[0017]



having 1 to 4 carbons; a is an integer of 0 to 3; bis an integer of 5 0 to
4, and Gis glycidyl. @@ CH2 CH2 , OG(6) (Rl)a RR)b b (Rlla wherein Rl
and R2, which nay be the sane or different, represent alkyl 10 having 1 to
4 carbons; ais an integer of O to 3; jlpis an integer of O to 4; and Gis
glycidyl. GO _@ CH2 @ 00 - CH2 @OG (7) wherein, Gis glycidyl. [0018]
15 A phenol aral kyl type epoxy resin having a biphenyl ene skel eton
represented by general formula (1) is well-known per se. A comercially
avai l abl e resin contains a binuclear conpound in a | ow content (for

exanpl e, NC- 3000 from N ppon Kayaku Co., Ltd. is aresin represented 11 by

general formlz=f1) which does not have both of—substituents RL and R2 and
its co nd £e@my 8i ni two aromatic rimgs _co b bout 30 %
determn asC a _. N e }32 exct fsq)@wabi lity &Enot be

achi eved and, njc filler-egnnot be added in 5 a higher
concentration ' nce. Thus, there is a
limtation to(‘=at bot ‘ gP xcellen?Ri) mablllty and
solder-ref low resista b When conbi gzba crystalllne epoxy resin having
a viscosity lower than that of a conventional phenol aral kyl type epoxy
resin having a bi phenyl ene skel eton (for exanple, YX-4000K 10 from Japan
Epoxy Resins Cowheréisl. which is a bi phenyl type epoxy resin) for solving
the problem it leads to deterioration in flane resistance.

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

5 0 to 4; and G is glycidyl.

CH, %Q}J\ \— “H, ——/\_\)—' G (B)
(R2), '

'FJ'b

(R1J,

wherein

Rl and R2, which may be the same or different, represent alkyl
10 having 1 to 4 carbons; a is an integer of 0 to 3; b is an integer of

0 to 4; and G is glycidyl.

[:H2__<i65>>__<355>p——E:HQ‘—ﬂ<E§i>——ﬁ}G (7)

wherein, G is glycidyl.

G0

[0018]

15 A phenol aralkyl type epoxy resin having a biphenylene skeleton
represented by general formula (1) is well-known per se. A commercially
available resin contains a binuclear compound in a low content (for

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



When increasing a ratio of a binuclear conpound in a phenyl aral kyl type
epoxy resin having a biphenyl ene skeleton, flowability can be inproved
while retaining excellent flame resistance, but it results 15 in a |ower
softening point of the epoxy resin. Thus, the resin cannot be a solid at
about anbient tenperature, leading to significant deterioration in handling
properties. A binuclear conpound content is, therefore, limted to about 45
% [0019] 20 The epoxy resin (A) used in the present invention is a phenol
aral kyl type epoxy resin having a bi phenyl ene skel eton represented by

gener al pyogamd e I Ebre@nepr(ilsi wigi Goapesnds: Bant Adthngr taudsak oneht € R AgS i n
60 % to 100 % both inclusive as determned as a GPC area ratio and a

bi nucl e sepodncbmhrend eorbiasphenyoaretbydg)ideiesy dostaht achedowt 385 a para
position to both binding positions of the glycidyl ether groups in two

phenyl glsyitdyhietbass GBC soed abned. i Nwite fady ex@afl 13bt Wltoaab0i % chohdt
inclusive to the total amount of the binuclear conpounds as determ ned 12

as an NWR atrtevad iadd, Thots ,exafi@leesam icanrghaier istlald caend© dee adadawed wth
excellent flowability, so that it can be easily handl ed at about anbient
t enpér ataunegivd # hottept bl iemsfstchpasv bh@ekil dgr- Fefliduer 8®1 sandehe Epoxy resin
(A) is a phenol aral kyl type epoxy resin conprising 5 a biphenyl eneskel et on
r epr esenthedehy genat abt f@r tuk@et Hhoth wycheanhas B$ exadiilpuelf@awabobpopnd i n
aratio of 60 %to 100 % both inclusive as determned as a GPC area ratio.
Thus, | tanclagoleichi-beflexcebl erdndd.owdbeh icoybwhi heea crgshbal magpdtanmesin
resi stance and inprove flexibility in a cured product, and is, therefore,
advant agecusgi a tesarsialy $obeertheef lthwtr eSi stamyent 16n&Urgheeroioreal kykeedom
in designing can be drastically increased; for

type epoxy resin having a biphenylene skeleton (for example, YX-4000K

10 from Japan Epoxy Resins Co.,Ltd. which is a biphenyl type epoxy resin)
for soclving the problem, it leads to deterioration in flame resistance.
When increasing a ratio of a binuclear compound in a phenyl aralkyl
type epoxy resin having a biphenylene skeleton, flowability can be
improved while retaining excellent flame resistance, but it results

15 in a lower softening point of the epoxy resin. Thus, the resin cannot
be a solid at about ambient temperature, leading to significant
deterioration in handling properties. Abinuclear compound content is,
therefore, limited to about 45 %.

[0019]

20 The epoxy resin (A) used in the present invention is a phenol
aralkyl type epoxy resin having a biphenylene skeleton represented by
general formula (1) comprising compounds containing two aromatic rings
in 60 % to 100 % both inclusive as determined as a GPC area ratio and
a binuclear compound where a bis(phenylmethyl) moiety is attached at

25 a 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 %

bothinclusive tothetotal amount of thebinuclear compounds asdetermined



exanple, an inorganic filler can be added in a higher concentration as
descri bed above, and it may allow for applying or increasing an adhesion
aid such as a silane coupling agent which tends to be reduced flowability ,
therefore, it cannot be added in a higler content in the related art. 15

[ 0020] There are no particular restrictions to a process for manufacturing
the epoxy resin (A) used in this invention, and for exanple, it can be
prepared by epoxidi zing a phenol novol ac condensate obtained by reacting
each bi s(met hoxynet hyl ) bi phenyl isomer or a mxture of 20 isoners with a
phenol eenpound.arfir thersor ehukherte: ksshotcapasd ceybaslldid towd tydowmednet hod
for incorporating a binuclear conpound (a conponent in which n=11in
formul awith gxddllantatliowafilad vy @ tha@ % hehhbe neddisiyweandbedlettealnpued as a
GPC area ratio, and a nethod for incorporating a binuclear conpound in

whi ch aabbséphergtipeetbyl¢ winihety psokdidnacbhedh ais 2hoakpad a pasitheomot®, bot h
bi ndi ng positions to the glycidyl ether groups in two phenyl glycidyl

et hers itheaepaty aeafin33a% t o 4Ghe¥ohothallngl usipeeepbdpy thesitrotcahpaimimi  of

t he bi nucl ear conpounds as determned as an NVR 13 area ratio in a phenol
ar al &yl atpipdeapdxye sksiatdravepge sertiiephgrypnenel fokalies @h) § ept es enhediby
general fornula (1), and it can be prepared by selecting, for exanple,

st arti ng natuel bat spmpogad ah ptatandtdies teatd kdothdordutioassastappiopt i at e.
5 [0021] The epoxy resin (A) used in the present invention has an ICl nelt
Vi scosi by afGRor @fer abkyo0. OBwyi st dao €xibilpai sechbldnt htbwshvie,ty wbi ke
preferably 0.05 poise to 0.3 poise both inclusive at 150 C and a softening
poi nt ofnapneéenald) §18G CobsUACcCGubbihpiaw Ukdxidilibyen a cured product,

and is, therefore, advantageous in terms of solder-reflow resistance.
10  Furthermore, freedom in designing can be drastically increased; for

example, an inorganic filler can be added in a higher concentration

as describedabove, anditmayallow for applyingor increasingan adhesion

aidsuchas a silane coupling agent which tends to be reduced flowability,

therefore, it cannot be added in a higher content in the related art.
15 [0020]

There are no particular restrictions to a process for
manufacturing the epoxy resin (A) usedin this invention, and for example,
it can be prepared by epoxidizing a phenol novolac condensate obtained
by reacting each bis(methoxymethyl)biphenyl isomer or a mixture of

20 isomers with a phenol compound. Furthermore, there is not particular
difficultyinamethodfor incorporatingabinuclear compound (a component
in whichn =1 in formula (1)) in a ratio 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 positions 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



10 preferably 90 Cto 105 C both inclusive. An ICl nelt viscosity is wthin
the above range allows for excellent flowability. A softening point within
t he above range allows for handling at about anbient tenperature wthout
probl ens such as bl ocking. [0022] 15 Fgere are no particular restrictions
to the epoxy resin (A) wused in the pr% ent invention, but in the |ight of
nmeeting both flowability and solder-reflow resistance and nass
productivity, preferred is an epoxy resin represented by general formula
(2), wherein a binuclear conpound (a conponent in which n =1 in general
formul a LS. contai 0 1 00 0 % h.inclusive as
deternln%ﬁ;%%atfﬁPﬁpa Eﬂgg?nggﬁ' dggé%l e5%255§%ggﬁé’?g&gﬁmgﬁlgﬁe
bi s( phenyl I t | e ra _positi t indi n
(p W rﬂ?%%ﬁ }e$}%§%ﬁﬁed %yhéé£%¥al f%&m& %v&?% e E Qanﬁ% %a? &) 9

positions © rgroupsin ﬁhenyl egC| ers’is

cont ai ne}f()j enlectlﬁgtgl %O fexa%%lea{stsg%%efnﬁ% ]%LB.].SCI us; \é% Eg a%g%h q_”t %&tgngunt of

t he bi nu¢l ear oéun ea rat|o

(R1) a Q?%%Btgggg g%ggﬁi%prlﬁavmherein R1 and R2, mhlch may be the sane or

differen represen ing 1to 4 carbons ais an integer of 0 to
Jinteger of 5 0 to 4, nis an integer of 1tob5;, and Gis
egC|dyIﬂﬂi& 23] In this invention, anot her epoxy resin nay be conbi ned as

long as it doe%h%“%Pg%§Q&¥ﬁ_aR§ ﬁ%%ﬁggne§$§ Q%SEHE Useref oﬁhﬁagQQKXCﬁeS'n

(A). Epoxy resins e co are genera nmononer
melt viscosity of preferably 0.05 poise to 0.5 poise both 1nclusive,

more preferably 0.05 poise 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 ofmeetingboth 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

2 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 toboth 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:



10 oligomers and polynmers having two or nore intranol ecul ar epoxy groups,
but there are no particular restrictions to their nol ecul ar wei ght or

nol ecul ar structure. Exanples include phenol novol ac type epoxyresins,

ort ho-cresol novol ac type epoxy resins,g4 napht hol novol ac type epoxy resins,
phenol aral kyl type epoxy resins having a bi phenyl ene structure, 15 napht hol
aral kyl type epoxy resins having, for exanple, a phenylene or biphenyl
structure, dicycl opentadi ene-nodified phenol type epoxy resins, stilbene
type epoxy resins, triphenol nethane type epoxy resins, alkyl-nodified

tri phenol net hane type epoxy resins and triazine-core. containing epoxy
resins, whichQfhy Be used al one or in conbination &320 twolor nore. \Wen
anot her epoxy |resi epoxy reqin (A is
preferably 707w % ot al aqnunt of the
epoxy resing. ang na% esul t
in neeting 4 ; : | ame rjesi st ancé‘and
sol der refl @WA"esi 4 624 e’ are no par cd!ar rgstrictions to a
mol ecul atRWej ght of ol efRP)ar st ruct ur e{RH) Lthe curin Fﬁg)gnt}_,(@) havi ng two
or nore phenolic hydr oxy groups in one nol ecul e, and spegific exanpl es

i ncl ude phenol novol ac resins, cresol novol ac resins,

di cycl opent adi engreredhfi ed phenol resins, terpene-nodified phenol resin,
tri phenol net hane type resins, phenol aral kyl resins having, for exanple,
phenyl ene or bigihemyRenevtske] féPbe shik fsate- oAt dfarag: phepobseesiangyl

napht hol novol ac 10 resins and naphthol aral kyl resins having, for exanple,
phenyl eneavdmg bi phehylaebensked etsoan anosged heEse, tpref ér tedaarmtageenpound
represented by general fornula (4) in the light of |ower hygroscopicity and
flamd 0 to 4; n is an integer of 1 to 5; and G is glycidyl.

[0023]

In this invention, another epoxy resin may be combined as long
as 1t does not deteriorate the effects of the use of the epoxy resin
(A). Epoxy resins which can be combined are generally monomers,

10 oligomers and polymers having two or more intramolecular epoxy groups,
but there are no particular restrictions to their molecular weight or
molecular structure. Examplesincludephenol novolactypeepoxyresins,
ortho-cresol novolac type epoxy resins, naphthol novolac type epoxy
resins, phenol aralkyl type epoxy resins having a biphenylene structure,

15 naphthol aralkyl type epoxy resins having, for example, a phenylene
or biphenyl structure, dicyclopentadiene-modified phencl 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. A content of the epoxy resin (A) within

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



resi stance after curing the conposition. These curing agents nmay be used
al one or in conbination of two or nore. The conponents of the curing 15
agent may be m xed to provide a m xed curing agent before use, or
alternatively, when m xing various coRgponents for preparing an epoxy resin
conposition, the conponents of the curing agent for an epoxy resin may be
separately added and all the conponents nmay be m xed together. The curing
agent (B) is used in such an anount that phenolic hydroxy 20 groups in al
the curing agents are contained preferably in 0.5 noles to 2.0 noles both

 ncl usi ye,. Mg retecably In 48 aplgs &k mles both inclusive to one

nol e of "epoXxy groups I'n a € epoxy resin conponents. In the |ight of
curabi i pysy g hydr oxyl equivalent is preferably 90 g/eq to 250 g/eq both
Unclusi 182298 Bl Cip -B2-CHp -BL. GHp-B2.CHD Bl (4) n wherein O BL is

|\ or B2 is orqdl.d %r@ 0F ARk oh eger-af » 10 Qfnd €8s, g@ELQQ&ﬁlr'e)@ HQXé’rres' n

COI'T'pOSI tion for encapsu atl ng a sem conauct OI’ accor to the present

| nventign, %&3165?}_‘ 8 80 AOLIANLC A H rlféged B ca QICEijcv‘?éo mc?t‘écghfﬁbc f1lor gani ¢

filler 1nc ut not Timted to, ysta I ne a, glass

powdgr, h?(lj| kY A C%%ﬂ%%%&?f@t %md ébeé‘Pﬁ&é’%x‘é&ﬁ@@‘%@lu@Bhﬁﬁ & -

Differen ani ll'ers may be ‘used | one or 1 n conbination of two or
nor e. AH8981£5h§é§1n§usé¥E§8ﬂ'ﬂ%%diac resins, dicyclopentadiene-modified

phenol resins, terpene-modified phenol resin, triphenolmethane type
resins, phenol aralkyl resins having, for example, phenylene or
biphenylene skeleton, sulfur-containingphenol resins, naphthol novolac
10 resins and naphthol aralkyl resins having, for example, phenylene or
biphenylene skeleton; among these, preferred are a compound represented
by general formula {(4) in the light of lower hygroscopicity and flame
resistance after curing the composition. These curing agents may be
used alone or in combination of two ormore. The components of the curing
15 agent may be mixed to provide a mixed curing agent before use, or
alternatively, when mixing various components for preparing an epoxy
resin composition, the components of the curing agent for an epoxy resin
may be separately added and all the components may be mixed together.
The curing agent (B) is used in such an amount that‘phenolic hydroxy
20 groups in all the curing agents are contained preferably in 0.5 moles
to 2.0 moles both inclusive, more preferably in 0.8 moles to 1.2 moles
both inclusive toonemole of epoxygroups inall the epoxy resincomponents.
In the light of curability, a hydroxyl equivalent is preferably 90 g/eq

to 250 g/eq both inclusive.



crystalline silica is preferable. It canoe used preferably in an amount 10
of 85 wm %to 95 wt% both inclusive to the total anount of the conposition.
The amount of the inorganic filler (C within the above range may allow for
excellent flowability, flanme resistancggand sol der-reflow resistance.

[0026] 15 For further inproving cured product strength, the inorganic
filler may be an inorganic filler whose surface is pre-treated with a
silane coupling agent. Exanples of a silane coupling agent used for the
treatnment include, but not Iimted to, epoxy-containing silane coupling
agents, am no-containing silane coupling agents, 17 ureido-containing

sil ane coupling agent and rcapt o-contai ning gilane coupling agent as |ong
as they BanmiOhy ovB2imGH.facBl strérgthBbetaikle Blepoxy F in and an
inorganic filler. Among these, preferred are M no-cont ai ni ng sil ane
coupling agent are preferable, whose specific 5 exanples include, but not
limted, y-amn %ﬁ%ﬂ?rlethoxy3|lane

N—phenyl y-am nopropyl tr kiret hoxysi |l ane, N, N-di et hyl

-y-am nopropyl tri met hoxysgl Iane y-.nl -o@prInethyldlethoxy5|lane

p- am nophenyl t r iBtetlsoxyg
N- 13(am noet hyl ) y-am no oayltri : , Iane and 10

N-f 3(am noet hyl ) y- anlnop opylnethylolne hoxysi | ane. [0027] A curing

accel erator (D) used | prese -r on is a compound accelerating a
curing reacti on &% fouB§ [ eo resin with phenolic hydroxy
groups in a curing agen SpeC|f|c anp 15 i ncl ude organi c phosphine
conmpounds, phosphonlun1salts i m dazol e

n is 0 or an integer of 10 or less

w

[0025]
An epoxy resin composition for encapsulating 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. Itcanbeusedpreferably inanamount
10 of 85 wt% to 95 wt% both inclusive to the total amount of the composition.
The amount of the inorganic filler (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. Examples of a silane coupling agent used for
the treatment include, but not limited to, epoxy-containing silane

coupling agents, amino-containing silane coupling agents,



conpounds, tertiary am ne conpounds and di azabi cycl o conmpounds. A
particularly preferable curing accelerator is a silicate salt such as the
conpound represented by general forrmula (3), which can be conbined wth the
above epoxy resin (A) to provide furthesr inproved flowability, 20 flame
resi stance and solder-reflow resistance. R3 Z1 R4 - Al -R6 Y1 -Si Y3 (3)

R5 X1 Y2 Y4 "X2 wherein 18 Al represents nitrogen or phosphorous; R3, R4,
R5 and R6, which may be the same or different, independently represent an
organic group or aliphatic group having a substituted or unsubstituted

aromat i Cuféﬂ&l% Qe NEHSIPCY L R c&pll%gaébé?{tg%% ﬁeQ&%beJdo'PﬂbeHl%%@aXé Wi th

group Y2; 5 X2 1s an organic group |i'nking group Y. group and

Y2 V\k" e L r t g
el mnat TOROF & Bof n TFoR 8 Broton- donat  ni SCbst T Lent B orSup v1

and Y2 4N dne., SR froleC uhei b Lo oundi§ 92 S'Ard&l‘&nt%%” P AHRghetat €

structure; Y3 and Y4 are groups resulting fromelimnation of a proton from

a 10 prOén%odeaﬁﬁﬂguﬁgugﬂaﬁél%hp@mﬁg%rg%esaf@p%e@effébw mgs@%@s@cm@cul e
are bound to a silicon atomto forma chel ate Structure; X1 and X2 may be

the same,on, diLEf erentde, Y%uthotYﬁmﬁ%dWl g 1A diffgrent; and

Z1 represents an organi'c group having a stl unsubstituted

o gt e e s bl o B
a S'l'C%ﬁ%&%@@%hyl—y—amlnopropyltrlmethoxysilane,
y-aminopropylmethyldiethoxysilane, p-aminophenyltrimethoxysilane,
N-f (aminoethyl)y-aminopropyltrimethoxysilane and
10 N-B(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
resinwithphenolichydroxygroupsjjlacuringagent. Specific examples

15 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,

20 flame resistance and solder-reflow resistance.

_ oo ] i}
- Z1
R4 — A1 —R6 vy =5 =—YJ (3)
| ” / \ N
RS ""‘Y2
- — L. -

wherein



The silicate salt has a cationic noiety capable of accelerating a curing
reaction of the epoxy resin and a silicate anionic noiety capable 20 of
inhibiting catalytic activity of the cationic noiety accelerating the curing
reaction, and the silicate anionic noijgfy is not dissociated at a
tenperature | ower than a tenperature range for the curing reaction of the
epoxy resin conposition (about 150 to 200 C), so that it can inhibit

accel eration of the curing reaction by the cationic noiety. 25 In addition,
the silicate anionic noiety has extrenely low nucleophilicity and the

il icate salt dges oboeapt L chBiyth e apRBRL Al &d Igs Clii g, LAaSKT on of

the epoxy resin with the curing agent ow tenperature range, so

that it - i (Y ] ll.e - ies in
P%?%@Qg@%% BRI A58h 1, %%%%?Bbgg%‘%elbgg%@ﬁ ghsg%gaq{ﬂps%uﬁ .

f | owabi y and storage stability a I cate anionic

moi ety iogugj;,%g%t@higt @douﬂ( Rhv EXAAPE G s1US v 5P LREEKAAG1 Qg Ar&higliat eihond by

heati ng uring reaction and the silicate noiety Is iIncorporated

into th%ﬂ}?ét%%eé&cjlgs,e}d b Qxbidﬂgfaxéco%ddgil?hiirﬂggGHﬁg}n& pecel SRl 0,

activity o cationic noiety  an ow t free cationitc iety to

aCC%erg e; L he gy%m@c Qﬁé%il@?pkiné%ﬂd?ﬁ‘} vit,i¢ang Ablowst oFp exgeld enhicn

t
flowabi i1ty and curabillity at the sane tine. en using an i1 ntranol ecul ar

or extranpl geut @k SAld 0f qabre AHUMGAL LEBAND- A UBPE AL er A QN i§HEAL aSn @
conmbn onium borate salt used inthe rélated art, the borate anion wth

extrenmely Lowes:Hyucd eaphi b-L”8’-&éﬂ—do?{ajtlihgeéhf@%@iﬂdéntthgn@Oﬁf&%‘ps Y1l and Y2
of acuri ngprocess, leading to lower curability. [0029] 15 The above

si i cat esalicmyhavaastn Hateeuhli YR8 s S conRddhitb fofn dhed sSie@h@csakt; f or med
by i on bondi ng between an anionic noiety and
Y3 and Y4 are groups resulting from elimination of a proton from a
10 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
15 substituted or unsubstituted aliphatic group.
[0028]
There will be described a silicate salt.
The silicate salt has a cationicmoiety capable of accelerating
acuring reactionof the epoxy resinanda silicate anionicmoiety capable
20 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 reaction
of the epoxy resin composition (about 150 to 200 °C), so that it can
inhibit acceleration of the curing reaction by the cationic moiety.
25 In addition, 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



a cationic noiety, a conplex forned by coordi nati on of excessive anionic
noi ety or cationic noiety , a conplex salt and conpound fornmed by a

non- coval ent bond such as a nol ecul ar conpound, all of which are within 20
the present invention as long as they jhave a cationic noiety capable of
accelerating a curing reaction of a curable resin and an anionic npiety
capabl e of inhibiting the above catalytic activity accelerating the curing
reaction. The cationic noiety in the silicate salt contains nitrogen, 25
phosphorous, sul fur or iodine, preferably contains nitrogen or phosphorous

cation i zs S kbﬁgérgéu@mgyé | & 8634 Y Y oRHEN aﬁsega%%ayogasqn ety By be

derlved roma teftiary phosphine, a phosphonium 20 a tertiary amne

and an gmmmniym s@le H§§19e§§1é95 GHr # NGRGG 8L GrlOEr bPhge &1CHEADLE Jre8hD,

preferably an onium salt such as a phosphoniumsalt and an ammobnium salt.
[ 0030] :éﬂéhggﬁewnll be descri bed a conpound represented by general fornula
(3). In the conmpound represented by general formula (3), the atom Al is

ni trogen or phospho R%.an 0 to
the atom Al , mhﬁ@g ey %?@@gggggﬁiﬂgagg?q%ﬂ?%ﬁggcf%%g%eﬁggngTéﬁﬁﬁprgggesent

an ongani£ HgEqURy @roﬁla{ RIMREL e GEQHP Hi/aYlleQBlﬁg sHPstot %@dc%ln%&%‘é@%%ﬁ ut ed

aromatic ring or heterocycle Exanpl és of these substituents R4, R5 and

R6 i ncl udey M@Qifilcaﬂ@ﬁ@yé@h%yh@of%ﬁ%ﬁ%%ydhe RYSpxypheByk s aRenzyl,,

met hyl, ethyl, n-butyl, n-octyl and cycl ohexyl, nore preferably phenyl,

ms‘éI hylt pg@x#mgﬁl% e%w@%eel@@gtm@lra@%pr@wf kRetdf ldngbtmdfetyeagti vity
an stapli i1ty

to allow the free cationic moiety to accelerate the curing reaction,
so that it can allow for excellent flowability and curability at the
10 same time. When using an intramolecular or extramolecular salt of an
onium cation and a borate anion such as a common onium borate salt used
in the related art, theborate anionwith extremely lower nucleophilicity
stillexistsinthecourseofacuringprocess, leadingtolowercurability.
[0029]
15 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
molety or cationic moiety , a complex salt and compound formed by a
non-covalent bond such as a molecular compound, all of which are within
20 the present invention as long as they have a cationic moiety capable
of accelerating a curing reaction of a curable resin and an anionic
moiety capable of inhibiting the above catalytic activity accelerating
the curing reaction.
The cationic moiety in the silicate salt contains nitrogen,
25 phosphorous, sulfur or iodine, preferably contains nitrogen or
phosphorous cation in the light of catalytic activity. Such a cationic

moiety may be derived from a tertiary phosphine, a phosphonium salt,



[0031] In the conpound represented by general formula (3) , Xl is an
organic group linking group YI with group Y2. Simlarly, X2 is an organic
group linking group Y3 with group Y4. The groups Y1 and Y2, which may 20 be
the sane or different, are groups resgbting fromelimnation of a proton
froma proton-donating substituent and groups Y1 and Y2 in the sane

nol ecul e are bound to a silicon atomto forma chelate structure.

Simlarly, the groups Y3 and Y4 are groups resulting fromelimnation of a
proton froma proton-donating substituent and groups Y3 and Y4 25 in the

sane nohLecahs; AMLaROMIENHA afiibheGR @leMifed OlsMR &hehat &ealiryskbEesor The
organi c groups X1 and X2 nmay be the sane or different, "and the groups Y1,

Y2, Y3 andyY4pimylent hersammpoy ghfdenantal 2lsudhess ouRsphens agesded by
-Yl - X1-Y2- and -Y3-X2-Y4- in such a conpound represented by general fornula

(3) aregzhhosg IfdmEdnby¥z1€l imnation of two protons froma bivalent or nore
proton donator. Exanples of the bivalent or nore proton donator include

catechouoogoFyrogallol, 1, 2- di hydr oxynapht hal ene, 2, 3-di hydr oxynapht hal ene,
2,2' -bi phenol, 2,2'-binaphthol, salicylic acid, 1-hydroxy-2-naphthoic acid,

3- hygr oxy- 2- naphh8gd Gi BChéde §6F DU tbfpAGidre draRRhecd@Bbl dene 2a hygrAXYDeENZYI
al cohol, 1, 2-cycl ohexanedi ol, 1, 2-propanedi ol and glycerol. Anbng these are

more preherred catechol, 10 2, 3-di hydroxynapht hal ene, 2, 2'-biphenol and
3- hydr oxy-2-naphthoic acid in the light of storage stability and
reliability in mpistdenpeshtianeesent&03R] géhehal e reampound kapressnt ed by

general fornula (3) represents an organic group having a substituted or
unsubst it ut €chiarelehi 6r Idhdgphorous; and the substituents R3, R4, R5 and R6
bound to the atom Al, which may be the same or different, independently
10 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 cyclohexyl, more preferably phenyl, methylphenyl,

15 methoxyphenyl and hydroxyphenyl in the light of reactivityandstability.
[0031]

In the compound represented by general formula (3), X1 is an
organicgroup linkinggroup Ylwith group¥Y2. Similarly, X2 isanorganic
group linking group Y3 with group Y4. The groups Y1 and Y2, which may

20 Dbe 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

25 inthesamemoleculeareboundtoasiliconatomtoformachelate structure.

The organic groups X1 and X2 may be the same or different, and the groups

Y1, Y2, Y3 and Y4 may be the same or different.



15 or a substituted or unsubstituted heterocycle or a substituted or
unsubstituted aliphatic group. Specific exanples of these groups include

al i phati c hydrocarbons such as nmethyl, ethyl, propyl, butyl, hexyl and
octyl; aromatic hydrocarbons such as phenyl, benzyl, naphthyl and bi phenyl;
and reactive substituents such as glycidyl oxypropyl, 20 nercaptopropyl,

am nopropyl and vinyl. Anong these are nore preferred nethyl, phenyl,
napht hyl and bi phenyl in the light of thermal stability. [0033] The
silicate salt has significantly inproved properties as a curing

accel erator, parthecytaipy regrabehtéy @ndyill-gnab4 idnd i-33-23-conmar iss6A Wi th
a conventional curing accelerator, and can be conbined with the above epoxy

resi n havidwgpauhi phainysenecakey ejememilt Foamhighey) acenphusd toftai biyng two
aromatic rings content, to allow for a higher 22 |evel of conposition

desi gni ngL.in{i0@34bn Abt hauaghrbbenepoxdm e 9l RateOMPas gl phot b Sddmaernt i on
contains conponents (A) to (D) as main conponents, it may, if necessary,
cont ai n Esan@ddit byesnhd malvadieny ér Mk pebeas edsiivras nadl naé utaleoma ,
i ncl udi ng carnauba wax, a synthetic wax (for exanple, polyethylene wax), a
hi ghér f@atdoggalaeld Btdihydrekahasialitaleher exanplrgdreikeabpitiacieaheand zi nc
stearate), and paraffin; a coloring agent such as carbon bl ack and
col cot hat,;2 'afviphenol r ap2 stichhaashthydr, ot=dliclyl s aand, d -hydeoxy €e-rofphahpet al
(for exanple, 10 magnesium alum num bisnmuth, titaniumand zirconium; a
| ow st r essid,addhtydvexsiichaggtsol ¢ canel,oichlangnt ulbercidantadhar iaxg dagent such
as thiazoline, diazole, triazole, triazine and pyrimdine; and a flane
r et ar danmt-rsuixrbbxgbehz wmaiabed] e podoxy-ayediohexanddamt,i MoRy ptropaxedieyl andm num
glycerol. Among these are more preferred catechol,
10 2,3-dihydroxynaphthalene, 2,2"'-biphenol and 3-hydroxy-2-naphthoicacid
in the light of storage stabilityandreliability inmoisture resistance.
[0032]
Z1 in the compound represented by general formula (3) represents
an organic group having a substituted or unsubstituted aromatic ring
15 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,
20 mercaptopropyl, aminopropyl and vinyl. Among these are more preferred
methyl, phenyl, naphthyl and biphenyl in the 1ight of thermal stability.
[0033]
The silicate salt has significantly improved properties as a
curing accelerator, particularly curability and flowability in
25 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



hydr oxi de, magnesi um hydr oxi de, zinc borate, zinc nolybdate and 15
phosphazene as appropriate. [0035] The epoxy resin conposition of this
invention may use a mixture prepared by honobgeneously m xi ng conponents (A)
to (D) and other additives at an anbignt tenperature by a mxer, or a
conposition prepared by 20 nelt-kneading the m xture using a kneadi ng
machi ne such as a heating roller, a kneader and an extruder and then
mlling the product after cooling, whose dispersity and/or flowability may
be, if necessary, adjusted as appropriate. [0036] 25 For preparing a

sen conau&iar cdevhaso Pt ioncarsuldiiqg a sem conductor elenment with a cured
product of the epoxy resin conposition of this invention, the epoxy resin

conposi tjignsgan be used for 23 encapsul ating/ nol ding by a nol ding process
such as transfer nolding, conpression nolding and injection nolding. [0037]

Exanpl es of a semigendHeharegoliyRdsanke@reapsuh atrad iisncl Mg on Ak 1A8t
limted to, an integrated circuit, a large-scale integrated circuit, a

transi stQmporehB¥r izt 06, (03 44 @denanehpanset s distal e i FBEResSENS] RGBrdavhCe,
and the sem conduct or device may have any shape w thout particular

restry ctdPnsivAs aaem@m%@h@md deveLe: angapsahat eeh byadi nPreEesTastalbas
| ow- pressure transfer nolding is conpletely cured as 10 such or at a

tenper aty:e af sPRHex1200a& omer <kBmbes, t11Rthouese g, bhengmmuntedyon,
for exanple, an el ectronic device. F0038]
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,
10 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 such asbrominatedepoxy resins and antimony trioxide, aluminum
hydroxide, magnesium hydroxide, zinc borate, zinc molybdate and
15 phosphazene as appropriate.
[0035]

The epoxy resin composition of this inventionmayuse amixture
preparedbyhomogeneouslymixing components (A) to (D) andother additives
at an ambient temperature by a mixer, or a composition prepared by

20 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.

(0036]

25 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



A sem conductor device according to the present invention nmay have any
shape including, but not [imted to, dual inline package (DIP) , 15

pl astic-1eaded chip carrier (PLCC), quad flat package (QFP), snall outline
package (SOP) , small outline J-leadedgpackage (SQJ) , thin small outline
package (TSOP), thin quad flat package (TQFP), tape carrier package (TCP)
ball grid array (BGA) and chip size package (CSP). [0039] 20 FIG 1 shows a
cross-sectional view of an enbodi ment of a sem conductor device prepared
usi ng an epoxy resin conposition according to the present invention. In the

figure, & s 0aRdHE!RS1EIRMNta Id1inkl ¥eskary audhesPadadsyta n@)l@ihg(ﬁ_
di e-bond material 2. A gold wire 4 connects between an el ectrode pad in the

sem condugire 2lieRend 1 dirdN&nd5iajéeathif haaibg. The sem conductor el ement 1
is encapsulated with a cured product of a encapsulating resin conposition

6. EXAMPLES3 24 [0040] This invention will be described with reference to,
but not limted to, Exanples. Here, any content shall be expressed as

part(s) by wei gitampdedhef @ vehicheduddoustras ed Be Sl et pA OGRS SIGEDT
curing accelerator 1 as an exanple, but the present invention is not

i mted pi© ddie 1exanpd &o,[ Synthetyeatmi hadchotr, curiggeaceal er aitigriledo a
flask charged with 1800 g of nethanol were added 249.5 10 g of

phenyl trimeddiaxysi t anes et r384. Ohgr Dit ok, 3adbhyds axynapkbhabeseate Aldage
di ssolving them to the m xture was added dropw se 231.5 g of
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

10 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.
[0038]
A semiconductor device according to the present invention may
have any shape including, but not limited to, dual inline package (DIP),

15 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]

20 FIG.1 shows a cross-sectional view of an embodiment of a
semiconductor device prepared using an epoxy resin composition according
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 between an electrode pad in the semiconductor element 1 and

25 alead frame 5. The semiconductor element 1 isencapsulatedwith a cured

product of a encapsulating resin composition 6.

EXAMPLES



a 28 solution of sodium nethoxide in nmethanol with stirring at room
tenperature. Then, to the resulting m xture was added 503.0 g of pre-
formed tetraphenyl phosphoni um brom de di ssolved in 600 g of nmethanol 15 with
stirring at roomtenperature, resultinpg in precipitation of crystals. The
precipitated crystals were filtered, washed with water and dried under
vacuumto give curing accelerator 1 as pink-white crystals. [0041] Exanple
1 20 Epoxy resin 1. an epoxy resin represented by general formula (8),
that is, a phenol aral kyl type epoxy resin having a bi phenyl ene skel eton,
wher ei n [@okphnpucl ear conpound (n = 1) is contained in aratio of 70 % as
determ ned by a GPC area ratio, and a bi nucl ear conpound in which the bis
(phenyl net hyl) @i etihdenitabhaghed @t dbBer pes@ Jaasi tkedrd-d @ Hobhe biddi ng
positions of the glycidyl ether groups in tw phenyl glycidyl ethers is
cont ai nedpi fed@ that £:0an@f1e40 %md £e t Raytaimlenanmiitl pofeihesbbaud part conpounds
as determ ned by an NVR area ratio, that 25 at the ortho position to both
bi ndi ngRogktins is contained in aratio of 15 %to the total anmount of

t he bi nucl ear compounds as determined by an NVR area ratio, and that at the
parasposition tenhene Hindimg posidditedand fintheier bhecposi tbpnchpitde

ot her binding position is contained 5 in aratio of 45 %to the total anount
of the hiceuctearocampourdsxaspldetrimnedlyecan MRmriea fatie (16 cdmel t
viscosity at 150 C. 0.2 poise, softening point: 95 C, epoxy equival ent:

259) : Go/@nhpasigndle .wei ght QCH2CHCH2 OCH2CHCH,, 1.! Irf {a t7

[Synthetic method for curing accelerator 1]

To a flask charged with 1800 g of methanol were added 249.5
10 g of phenyltrimethoxysilane and 384.0 g of 2,3-dihydroxynaphthalene.
After dissolving them, to the mixture was added dropwise 231.5 g of
a 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 tetraphenylphosphoniumbromide dissolved in 600 g of methanol
15 withstirringat roomtemperature, resulting inprecipitationof 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
20 * 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
25 to both 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



CH, fj () _H Ham n [0042] 10 Curing agent 1: a phenol aral kyl type
resin having a bi phenyl ene skeleton(Meiwa Plastic Industries, Ltd., trade
nane: MeEH 7851SS, softening point: 107C, hydroxyl equivalent: 204) : 4.80
parts by wei ght .Fused spherical siliea 1: (average particle size: 22 pun,
specific surface area: 3.0 nR2/g): 72.00 parts by weight 15 Fused spheri cal
silica 2: (average particle size 0.5 pm specific surface area: 6.0 n2/g):
15. 00 parts by weight [0043] -Curing accelerator 1. a curing accel erator
represented by forrmula (9): 0.50 parts by weight 26 (9) Si |ane
coupl i ngagemd oyt ABIAREOBHARY bbt h MaHhAeXY Sdsaneond.i30coRed iriedynierghio
Car nauba wax: 0.30 parts by weight 5 -Carbon black: 0.40 parts by wei ght
These commopentis; waeetrbt gndaduby af Niebinlbesar tdgpBuXbsrsas dsasrkngaded
using two rolls whose surface tenperatures were 90 C and 25 C. After
cool i ngbytrenmk %t6s @avas, Bhhltedtta ghe/ga tNpePOXYor €5 bhe bAAARAS iPbis@Ri o he
epoxy resin before the kneading and the epoxy resin 10 conposition thus
obt ai nedinwere evalcdahedodort itdietd pPHORBMHeresiyitf@osholbowingonethegds The
results are shown in Table 1. [0044] Eval uation nethod

5 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: 0.2 poise,

softening point: 95 °C, epoxy equivalent: 259): 6.70 parts by weight

OCH,CHCH, OCH,CHCH,
\[]/ \le
Ho (8)
f
[0042]
10 * Curing agent 1: aphenolaralkyl type resinhavingabiphenylene

skeleton (Meiwa Plastic Industries, Ltd., trade name: MEH-7851SS,
softening point: 107 °C, hydroxyl equivalent: 204): 4.80 parts by weight
* Fused spherical silica 1l: (average particle size: 22 um,
specific surface area: 3.0 m’/qg): 72.00 parts by weight
15 * Fused spherical silica 2: (average particle size 0.5 um,
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



Handl i ng properties of an epoxy resin: an epoxy resin powder 15 after

pul verization was left at 25 C for 24 hours, and evaluated as BB when

bl ocki ng was observed or as AA when bl ocki ng was not observed. An epoxy
resin with bl ocking cannot be industriggd | y used because it |eads to
decrease in productivity and fluctuating properties due to uneven

di spersion. 20 [0045] Spiral flow Using a | ow pressure transfer nol ding
machi ne (Kohtaki Precision Machine Co.,Ltd., KTS-15), the above epoxy resin
27 conposition was injected into a nold for nmeasuring a spiral flowin
accordance with EMM -1-66 under the conditions of a nold tenperature of 175
C, an injection presgure-of 6.9 MPa and a curing-ttne of 120 sec to
determng a flow |l epngth| which is expressed in cm{ 5 [0046] Shore D

har dness:|Usi a | ol pressure transfer nolding magchine (Fujiwa Seiki Co.,

Ltd., TER , t jtion was nolded into a test
pi ece (Zd * ndi|t i ons of) a nol d

t enper at yn & 10({9.8 a‘and a curing tine
of 120 sacy =3 a|shore D hardness was
deternmindd for edal ) fshofe D hardness as a neasure
of curabiflity is 80 or re, defective nDIdingbc n be prevented. [0047] 15

Gol d-wi re-sweepi ng—Tati 0: Usi ng Usinga | ow pretransfer nolding nmachine
(Scinex Co., Ltd., YKC), the above epoxy resin conposition was

mol ded/ encapsul aged, | HL Q3 308 RINR : ERe £ CRRRSR ob | BB mAS19IX-2 8 TEXS: @M

parts by weight
* Carnauba wax: 0.30 parts by weight
5 * Carbon black: 0.40 parts by weight
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]
Evaluation 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



(thickness), pad size:llmxlInmm chipsize: 7mx7mx0. 35mm (t hi ckness) )

under the conditions of a nold tenperature of 175 C, an injection pressure
20 of 9.8 MPa and a curing tine of 90 sec, and post-cured at 175 C for 2
hours. After cooling to roomtenperatyre, the sanple was observed by a soft
X-ray fluoroscope to determne a ratio of (sweep amount)/ (gold wire

| ength) as a gold-wire sweeping ratio, and a value of the gold wire with
the maxinumratio was recorded in If the value is 25 over 5 % contact

bet ween adj acent gold wires probably occurs. [0048] Flane resistance: Using

a transterpd®] didg WwaBChhnec{kohthaki 22801 &r oo $iaBuMEhI Nes 5o a1lEdeyw KTS-30),
t he above epoxy resin conposition was nolded into a test piece

(1 27mx L 24 P2t hhigknessks Ohded GEMCCHALEKRES DY X M@&ehbergm tions

of a nolding tenperature of 175 C, an injection pressure of 9.8 MPa and a

curing bkfn?wfocﬂQnS%e&a@n Spthenas oaf bes-waking, aheefﬁqg ati475: G f@r 8
hours. EF and F... were determ ned in accordance with the UL-94 vertical

test fogegvabuddidthinkl anelsesicslg@ncewn] O04N Selrdesed efd ayi.resi st ance:
Using a | ow pressure transfer 10 auto-nol ding machi ne (Daiichi Seiko Co.

Ltd.5 GPoBkF)., the above epoxy resin was nol ded/encapsul ated into a
176pLQFP(copper franme: 24mx24mx| . 4m(t hi ckness), pad size: 9.5mx9. 5mm

chip size: 7muderx0.n35amest hugkRgsS)ow-piRrdenrt ke agongh fub0AshPhadnh v d
tenperature of 175 C, an injection pressure of 9.8 MPa and a curing tine of

90 sec, (Flibiandetihercpgstreur edpatolyd Ceherabvhosbsxky Eashn ebompbssaigl es was

processed at a tenperature of 85 C and a relative humdity of 85%for 168

hours, was molded into a test piece (20mmxommx4mm(thickness)) under the
conditions of a mold temperature of 175 °C, an injection pressure of

10 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)

15 Gold-wire sweepingratio: Usinga low-pressure transfermolding
machine (Scinex Co., Ltd., YKC), the above epoxy resin composition was
molded/encapsulated into a 208-pin QFP (copper frame: 28mmx28mmx3.2mm
(thickness), pad size: 1lmmx1llmm, chipsize: Tmmx7mmx0.35mm(thickness) )
under the conditions of amold temperatureof 175°C, aninjection pressure

20 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 ratio of (sweep amount)/

(gold wire length) as a gold-wire sweeping ratio, and a value of the

gold wire with the maximum ratio was recorded in %. If the value is
25 over 5 %, contact between adjacent gold wires probably occurs.

[0048]

Flame resistance: Using a transfer molding machine (Kohtaki



and then treated by IRreflow (260 C) for 10 sec. It was observed by a
scanni ng acoustic tonography (SAT) to determ ne the presence of internal
cracks and various interfacial de-lam nation. Asanpl ew t honei nternal 20
crack or interfacial de-lam nation wasgejected as a defective package.
When the nunber of defective packages i's n, the result is expressed as
n/ 16. [0050] Exanples 2 to 11 and Conparative Exanples 1 to 8 25 According
to the conpounding rates in Tables 1 and 2, epoxy resin conpositions were
prepared and eval uated as described in Exanple 1. The results are shown in

Tabl es b,apds20n 2R cnBhaidd. nge Hat &rkaks) used ddhJexappk 39t RelonkRan: Bxampl e 1

are as follows. Epoxy resin 2: an epoxy resin represented by general

for mi 2 uskBhnodliat Lo 2 Phenol apalkyl typenepOIORLeShRhAYLOGA I PNyl ene

5 skel et on, erein a ear conpoun =1) 1s contained Iin a ratio of

85 % as deklPhethdls)d FferEBa AL 0 0fhd ras RicluehgarerfRIReUPE ol T yhi ch
the bis (phenylnmethyl) noiety is attached at the para position to both

bindingﬁ@°%h{&§?%g§ﬂn§E&egEMPéQ%]9?@“&% gh %P%u&ﬁphmphﬂp%@y%Z%%k%ﬁ;ggé

et hers is’ cont inaratio of 50 to the total "anmount 1

bi nuel ear, .co Oélﬂ%ﬁf_ erym N i0, t rtho
pOSi '?i oér31Chteg1 g%t h bi n%?#gﬁ bs}?%dilé%%sggzs??%n?g{ﬁfeg@imﬁgsfat ?gaéno% q{gax ‘?gﬂ?he

total anRyBatnOhed e BRYshSAe CORROUNLSIAS 100t & MBNedsbyran NMRuaF 83y rati o,
and that at the para position to one binding position and at the ortho

posi ti o 1keet hes pithelcchi nding position is contained 15 in a ratio of 45 %to
the total anpunt of the binuclear conpounds as

[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] . 4dmm (thickness), pad size: 9.5mmx9.5mm, chip size:
Trmmx 7rmx 0 . 35mm (thickness) ) under the conditions of a mold temperature
of 175 °C, an injection pressure of 9.8 MPa and a curing time of 90 sec,
15 andthenpost-curedat 175°C for 4 hours. Fachof 16sampleswas 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 interfacialde-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/l16.
[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.



determ ned by an NVR area ratio (ICl nelt viscosity at 150 C. 0.1 poise,
softening point: 98 C, epoxy equivalent: 250) Epoxy resin 3: an epoxy resin
represented by general fornmula (8), that is, a phenol aral kyl type epoxy
resin having a bi phenyl ene 20 skel etgm, wherein a binuclear conmpound (n =
1) is contained in a ratio of 30 % as determned by a G°C area ratio, and a
bi nucl ear conmpound in which the bis(phenylnethyl) noiety 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 25 %to the total anount
25 of the binuckeart topausdsa Bs udetef mimeegpbysastNYRtBERENAlHIQ, 1tdhed  at
the ortho position to both binding positions is contained in a ratio of 30
%to thastesalowdount of the binucl ear conpounds as determ ned 30 by an NWR
area ratio, and that at the para position to one binding position and at

the ortho positi.ofpdhe toeir0bhemn Bhbog) ResPASIHIr@BechSed WYt @math1 FdrRurati o of
45 %to the totaﬁﬁ%éghnt of the g?ﬂﬁ%lear cé%%ounds aEHI%%ternined by an NWVR

area ratgo, (Nugppars,Kay pken€arallkyd. £yDNEIRky Irekih BV inyiaseaphbyy aéncdl 50 C
1.1 poise, softening point: 58 C, epoxy equivalent: 274) OC H2C HC H2 0C
H, , GOHCskiz1 & 412, Hherklih Bbinfi@0&l colpoxyd ri@s+ n )4isatorgpaxydrasibnratio
represented by fornula (10) 10 (softening point: 53 C, epoxy equivalent:
236) 0Col2€5 HE 2 deCetROCnéiC 7 2CHPCHRréh Ord)ian 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
10  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 toonebindingposition
and at the ortho position to the other binding position is contained
15 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
20 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
to both binding positions of the glycidyl ether groups in two phenyl
glycidyl ethers 1is contained in a ratio of 25 % to the total amount
25 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



-Epoxy resin 5: a bisphenol-A type crystalline epoxy resin (Japan Epoxy
Resins Co., Ltd., YL6810, epoxy equivalent: 171, nelting point: 45 C 15
Epoxy resin 6: a biphenyl type crystalline epoxy resin (Japan Epoxy Resins
Co., Ltd., YX-4000K, epoxy equival ent:ggl85, nelting point: 105 C) 31

[ 0052] Epoxy resin 7: an epoxy resin represented by general formula (8),
that is, a phenolaral kyl type epoxy resin having a bi phenyl ene skel eton,
wherein a binucl ear conpound (n = 1) is contained in aratio 5 of 70 % as
determned by a GPC area ratio, and a binuclear conmpound in which the bis
(phenyl pethylnr BRé£tYtis, ahtiaehed tathd PerPes S PRSI td BRe btif:l_db@(% Bobi vchimng
positions of the glycidyl ether groups in two phenyl glycidyl ethers is
cont ai nggqi At & HAbireh&fpAh tHhotbhend QJrdk raptiiitng pbst Peobinuebaas i gfrpounds
as determned by an NWR area ratio, that 10 at the ortho position to both

bi ndi ng ;pogi ti@Ns drsasontRy Red toHta rAlduat 6f B3R Wihacide tfpbuagdwy of
the binucl ear conpounds as determined by an NVR area ratio, and that at the
para pogktkenihed OeaRiNMi BPeROS tilcoNNighsh ®byhke @ thet@osiNd3onot ordihe

ot her binding position is contained in aratio of 45 %to the total anmpunt
of the hinuckear.ganpaynds casc15; Qﬁtﬁéi_r@é)e@o!%eﬁﬂndi\"\&)ﬁ{t&a geatt o &pLly mel t
viscosity at 150 C 0.2 poise, softening point: 81 C, epoxy equival ent:

255) i _)pGHive&Hent H27WEHZHCH, ~~~}~ ~tVp CH2 (] H2 (1 H[.Q n

OCH,CHCH, OCH,CHCH,,
\./ { \./
0 0

[

[0051]
- Epoxy resin 4: an epoxy resin represented by formula (10)

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

OCH,GHCH, OCH,CHCH,
WA l '
CH— O )—Ch, Q;J -+ (10)

* Epoxy resin 5: a bisphenol-A type crystalline epoxy resin

(Japan Epoxy Resins Co., Ltd., YL6810, epoxy equivalent: 171, melting
point: 45 °C)

15 * Epoxy resin 6: a biphenyl type crystalline epoxy resin (Japan

Epoxy Resins Co., Ltd., YX-4000K, epoxy equivalent: 185, melting point:

105 °C)



[ 0053] -Curing agent 2: a para-xylene nodified novol ac type phenol 20
resin(Mtsui Chemcals, Inc., XLC-4L, hydroxyl equivalent: 168, softening
point: 62 C Curing agent 3: a (3-naphthol aral kyl resin having a phenyl ene
32 skeleton (Tohto Kasei Co., Ltd., 8N ]60L, hydroxyl equivalent: 178,
softening point: 62 C) [0054) -Curing accelerator 2: a curing accel erator
represented by 5 fornula (11) HQ p/ k Si M2 Q 3 (H Q[0055] -Curing
accelerator 3: a curing accelerator represented by forrmula (12) P H2 4 10
056] [0 -Curing accelerator 4: a curing accelerator represented by formula
(13) whepgspym= 1 P [01::] [xcH m 15 [0057]

* 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 positiohs 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

10 at the ortho position to both binding positions is contained in a ratio

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

by an NMR area ratio, and that at the para positiontoonebindingposition

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

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,
Wi W

o

T

2

DY,
-

T

o0

I

[0053]
*Curing agent 2: a para-xylene modified novolac type phenol
20 resin(Mitsui Chemicals, Inc., XLC-4L, hydroxyl equivalent: 168,
softening point: 62 °C)

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



33 -Curing accelerator 5: a curing accelerator represented by fornula (14)
P+ 1' (14) 3 OH5[0058] [Table 1] 1 23 456 7 89 10 ii EIrpy rest 1
6.70 66.85 5.53 5.68 3.83 5.907 5.85 5.54 5.54 6.65 Il4nq resit 2 5.61 F[nq
zrsi_~9 1.6) Gin] ar t 1490490335397407403396356489490
ia agent 2 3.52 ar i 27 at 3 3.65 Flrsed sdierical silica 72.00 72.00
74.00 74.00 74.00 74.00 74.00 74.00 74.00 72.03 72.00 1 Fus d si7Pe-i<21
silica 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 2
a anlerator 1 0. 50 0.50 0.50 0.53 0.50 0.50 a lesator 2 0.50 Ovdn% a

m er et orSk216tsD (ROMRrE@SRE 400, 35D . 25N=660hahsiargt &101vEensi11 7 ap] &
a xt 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 Carla a vac

0. 30 0. 3®{3e39n0. BOLW: 3020’30 0.30 0.30 0.30 0.30 0.30 caltxn blar]c 0.40
0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 ftrdlimlIx" rFies of AA
as AA rwRRY%w AA AA AA AN AA

* Curing accelerator 2: a curing accelerator represented by

5 formula (11)

waviilaSeve |t

[0055]

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

B o+ o 7]

Q p 3, O (12)

[0056]

* Curing accelerator 4: a curing accelerator represented by

formula (13) wherein m = 1

15 [0057]



epxy resin Spiral flew [an] 152 131 133 110 135 149 133 143 141 164 115
3nre D IrcYess 83 81 87 83 89 89 86 81 88 80 75 <cold-u ze sec~rirg 2.1 3.0
2.9 4.73.02.72.82.62.71.94.1 ratioR Flat i Mar't (3.2m V-0 V-0
V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0 t#Pcor.ss) Flanresistc=(1l.6m V-0 V-0
V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0 thicha ) Scamcrak 0/16 0/166 0/ 16 0/ 16
0/16 0/16 0/16 0/16 0/16 0/16 0/16 reflw c~fat resistarre | -lard 0/16
0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16 rutimdaf+xt 34 [0059]
[Table 2] clnp3rdble S arples 1 2 3 45 6 8 Eaxxy resin 3 6.85 7.38 5.67
7.31 3.06 3.12 2:59TENX\AG%ETiegas08, D6 E WY IPEsRACH L BYrp FERYeFFLia b 667
Gy apnC 1 4.65 4. 75 3.83 )] 4.75 5.38 5.26 J 4.32 4.83 FUSCd sl 3udr tL
silia 1 7292360 74.00 72.00 72.08 72.00 74.50 72.00 Roel sppri cal
silica 2 15.00 15.33 15.00 15.00 15.00 15.E 15.00 . 15.38

0
p (14)
/] (

) [0058]
[Table 1]
Exanples

1 2 3 4 5 6 7 8 9 10 1
Epaxy resin 1 6.70 6.85 5.53 5.68 3.83 5.98 5.85 5.54 5.54 ©.85
Epaky resin 2 6.61
Epay resin 4 1.64
Quring agent 1 4.80 4.90 3.97 4.07 4.03 3.96 3.% 4.89 4.90
Curing agent 2 3.5
CQuring agent 3 3.65

Fused spherical silica | 72.00 72.00 74.00 74.00 74.00 74.00 74.00 74.00 74.00 72.00 72.00

Fused spherical silica | 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00 15.00

Quing accelerator 1 0.50 0.50 0.50 0.50 0.50 0.50
Curing acoelerator 2 0.50
Quring accelerator 3 0.50
Quring accelerator 4 0.25 0.25
Quring accelerator 5 0.25
Silane coupling agent 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Camaua wax 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Carban black 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Hardling properties of | A 5N =N 5N = A j5 A A J5 A
an epaxy resin
Spixal flow [an) 152 131 133 110 135 149 133 143 141 164 115
Shore D hardness 83 81 g7 83 89 89 86 81 88 80 75
Goldwire SWeeping 2.1 3.0 2.9 4,7 3.0 2.7 2.8 2.6 2.7 1.9 4.1
ratio (%]
Flareresistance (3.2mm | V-0 V-0 v-0 v-0 v-0 v-0 v-0 v-0 v-0 v-0 V-0
thickness)
Flareresistance (1.6m v-0 v-0 v-0 v-0 v-0 v-0 v-0 v-0 v-0 v-0 V-0
thickness)
Solder Crack 0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16
reflow cefect
resistance | De-lami 0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16 0/16
nation
cefect




Ctuug asrlerator 1 O 13 0.5C 0.50 0.20 0.20 0.57 Cluun axelerator 4 0.25
.zrletatcr 5 0.25 si: cnzlirr4 a#nt 0.30 0.30 0.30 0.30 0.30 0.30 0.38 0.33
Cer'aiu :cix 0.33 0.30 3.30 0.30 0.317 0.30 0.30 0.30 Gaixn hlxtr 0.40 0.40
140 0.40 0.49 0.40 0.40 0.40 Fi 3M9prgdrtiesof angxs:y ~f Al A5 PP Al A5 M
EiC rus 2~Mgal flw [an] 722 98 111 84 143 139 124 1-ul 7 to 3r>e D
harctess 86 85 88 84 82 81 83 prep~2aresin C;iltY.aze SIAWUY) ratio [2]
3.95.64.96.32.83.03.5nnatetial Flare resistarce (3.2 nm V-0 V-0 V-0
V-0 V-1 V-1 V-0 tiadl s) Flare tesistara (1.6 mm V-0 V-0 V-0 V-0 V-1 V-1 V-1
th r]ss) (823P]lrelic a (rack 9/16 8/ 16 3/16 0/16 16/16 16/ 16 0/16 resista' m
defect Ee-lameti 16/16 16/16 16/16 0/16 16/ 16 16/16 16/ 16 us cafe t 0060]
5 Exanplé@anledﬂll contaln an epoxy resin represented by general formul a

(1) wheretn—a—binuctear von‘pucmcr \a CUIFPU%]_IW@II eh—h—= +—n gened al
formula (1)) is containgdin]la ratio of 60 & ([0 Y% Bot i Ngl usisve as
deterninedmbyﬂa3GPC area f-&tilo,7-%Aand afbi nucedr %@npoaﬁﬁ i b®wWhi ch t he
b' h J_wnihu| Lot Lo | e Wal A At #hA nAra A~ + 1 NN :Ln + A hnth Wil d
|S(p en g/ -Fot+-etiy—+S ttach at P |a3'&;u\| oot Bo6tn——>Bf NAl Ng
posi ti ons o¥ the glycidyl ether groups ijp two phenyll gl ycidyl |ethers is
contai nedsemranfati o of| 35 %{to 100 % bot h i ndl usive 3.2 2.59
Fpoxy resin 7 L 6.67
Quring agent 1 4.6 4.75 3.83 4.75 5.33 5.26 4.3 4.83
Fused sprerical silica 1 72.00 72.00 74.00 .00 72.00 72.00 74.00 72.00
Fused sprerical 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 0.50 0.50 0.50 0.50
Quring axelerator 4 0.25
Quring accelerator 5 0.25
Silare capling agent 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Camaba wax 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Carbon black 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Hardlingpraperties of anepoxy 2n 2n iy iy Py m PA =
resin
Spiral flow (aa] 122 % 111 84 143 139 124 Failed to
Shore D hardness 86 85 88 84 A 8l 83 Prepsrearesin
Goldwire sweeping ratio (%] 3.9 5.6 4.9 6.3 2.8 3.0 3.5 material
Flare resistance (3.2 mm V-0 V-0 v-0 V-0 v-1 V=1 v-0
thickness)
Flare resistance (1.6 mm v-0 V-0 v-0 V-0 V-1 V-1 V-1
thickness)
Solder reflow | Crack 9/16 8/16 0/16 0/16 16/16 16/16 0/16
resistance defect
De-lammati | 16/16 16/16 16/16 0/16 16/16 16/16 16/16
o defect
[0060]
5 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) moiety 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



35 to the total amount of the binuclear conpounds as determ ned by an
area ratio, varying the type and a content of the epoxy resin (A), the
of the curing agent (B), a content of the inorganic filler (C, the type of
the curing accelerator (D) and so on. gAl | of these exhibited 5 excelle
flowability (spiral flow), gold-wire sweeping ratio, flanme resistance
sol der-refl ow resi stance. Exanples 1 to 10 containing the conpound
represented by general formula (3) or the curing accelerator represented by
formula (13) as the curing accelerator (D) also exhibited excellent
cur abi | kbycHeshot gl Rrandnes $helfih @OGRE ERnddigidet AeradiandinEamanabhe
Exanples i to 3 containing, instead of the epoxy resin (A) of the present
i nventi gRea eRAXY, M &stying thBatypd Sndah cepeXyt ESt e IgRxgSead &d (Ry, gener al
formula (1) , wherein a binuclear conpound (a conponent in which n =
gener al t{;gema anelruring LpMcai(Bed dl2onfedt @t itdeof nbegsn than 168 %@s
determ ned by a GPC area ratio, and a binuclear conpound in which the

bi s( phenyk

positions of the glycidyl ether groups in two phenyl glycidyl ethers
cont@i nedceNlént dbRabi11egs(spikan Suwo,t goldevitret alieapduitraefiof hel dienucl ear
conpounds as determ ned 20 by an NVR area ratio were inferior in
f 1 owabi rekyst ah@okfldWdlelcsweepl 89 rasabtenend sehfiplesef kow o eshsiamgey to the
correspondi ng exanples (Conparative Exanple vs Exanple 1, Conparative
Exanpl etBevembxanpleprserGorpay gehyea Frammplle 33 )vsr Exarplrendhcce Rerdther nor e,
Conparative Exanple 4 containing curing accelerator 5 as a curing
accel er atprey@s.ddipy dvedud (i16) 6l der cnefnd svcslesiasioan® aWsmgxhibitesl
el asti c-nodul us reducing effect while being significantly inferior in
fl owabi kktyl Bt &ugabdintye(shore D hardness) .

10

15

[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 resinrepresentedby general formula (1) , whereinabinuclear
compound (a component in whichn =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 3vsExample 3). Furthermore, ComparativeExample
4 containing curing accelerator 5 as a curing accelerator was improved
in solder-reflow resistance owing toitselastic-modulus reducingeffect

while being significantly inferior in flowability and a gold-wire

sweeping ratio. Comparative Examples 5 and 6 containing a crystalline

NVR
type

nt
and

1in

BW 1) t@tatyng Sicatl aghest (B ahheopst.a pasidi eResdRBIk didndi ng

is



sweeping ratio. Conparative Exanples 5 and 6 containing a crystalline 36
epoxy resin such as epoxy resin 5 (bisphenol-A type epoxy resin) and epoxy
resin 6 (biphenyl type epoxy resin) as an epoxy resin were inproved in
flowability and a gold-wire sweeping rgiio while being inferior in

sol der-refl ow resistance significantly and in flame resistance. 5
Conparative Exanple 7 in which a content of the inorganic filler (C was
increased by 2 1 was also inferior in solder-reflow resistance and
unsatisfactory in flame resistance. Furthernore, in contrast to epoxy resin

(A) of the.presemt Jdurventi &fbx eRPeXYn! ©SiHl sphehBaLa 11SpeaBpORPXYesihgShAd
represented by general formula (1) wherein a binuclear conpound 10 (a

conmponentpdxy MY iehe NoTpheh il IEPEERbx FLBULA a1An ebSxE 8L & Redeiihpraveat i 0 of
60 1 or é%#g (76'1) agpdet%%ngﬁﬁdéby§a GPC area ?gti%, but aeéiﬁacrear

conpound i r1¥hich e ahhs{ Renyl ed @we)eﬁrirm; etat iiswal tashedy atrdherpana

position to both binding positions of the glycidyl ether groups in two

phenyl doiGiedyle et hier seksseniai Begnifi@ntali cf Lessiihet hani38ade£20 3)
to the total ampunt of the binuclear conpounds as determ ned by an NVR area

rati @ Ca@%draabeéimﬂplem PLH w@riickes ebHtdhg oFi ik ngiorgadi @fftian gr iiodi ng
gave a powder which imredi ately caused bl ocking, |leading to extrenely

det er i onafsednBanddngypr opedd izeso TiMssiolrt id @ol @dr-tOF YW eedNs €AY ah@Si N
conposition. 20 [0062] As described above, even an epoxy resin represented

by genernalsatfierautéryg 1h doas nadismeetet herueqidirienentis ot fdsewabiebbky, a
gold-wire sweeping ratio, flanme resistance and sol der-refl ow resistance if

a ratio regfina (Bj nuclear peesdouncvandian ) algoxyoteai€onpenent i Hadmegpaxy
particular 25 orientation in a binuclear conpound are not within the ranges
defi ned 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%) tothetotal 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



in the present invention, with changing the type of a curing accel erator

and conbi nati on with another epoxy resin being ineffective. The 37

foregoi ng description has shown effectiveness of using the epoxy resin (A
of the present invention represented gy general formula (1), wherein a

bi nucl ear compound (a component in which n =1 in general formula (1) ) is
contained in a ratio of 60 %to 100 % both inclusive as determned 5 by a
GPC (Gel Perneation Chromat ography) area ratio, and a binuclear conpound in
whi ch the bis (phenylmethyl) noiety is attached at the para position to
bot h bi pdi poskLt i ons..af t | h i - y lLyci dyl
et hers ?%% nlt%g%szrj]%%%z)tgorn al?if%%ir)u%é%ggé’ﬂ%e? %1%6(9%7: %gts%éﬂ}g}]c %sel%\?%g/t%et r% t ot al
anmount i r ' N r atio. It
IR T R R S R A

enmbodi neny . f dified-and,eh d-w thout departing «from.the
scope gﬁdﬁ%%%?%?rg?X?Q§E§%V%%fioﬁ.Hg% %f%?ﬂéﬁ}l] z%lép x?krgsiﬁéégﬂ%bsition
for encapsiliatidg ansemconduetofr 66 MRS 1 6 Aot Mlc AILIGROKY dLESHY ned
represented by general formula (1), wherein a binuclear conpound (a _
conponept, i mpwhi gD btk aleRoHeRer Ma R aBhe) b rh8iSOMR| Bedi i fedrati o of
60 %to 100 % both inclusive as determ ned byaGPCarea ratio, and a

bi nucl eapconpeuad Mamm@m%%ﬁe&?nwﬂgtmaty Ri flokdngqald aphedi,al the
para position to both binding positions of 10 the glycidyl ether groups in

two phepyl; 9] #ekd¥botgf B@ﬁéirﬂf peaRtabRed s tRe 315R1HP1 A3 JedibstOf ot h
inclusive to the total anount of the
phenyl glycidyl ethers is contained in a ratio of 35 % to 100 % both
inclusive to the total amount of the binuclear compounds as determined
10 Dby 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.



bi nucl ear conpounds as determ ned by an NVR area rati o;

havi ng two or nore phenolic hydroxy groups in one nolecule; 15 (C) an

inorganic filler; and (D) a curing accelerator, and being substantially
free froma hal ogen-contai ni ng conpourgg or anti nony conpound; 00 00 CH2
(R)e ~~(Rl)en (R2) b (R2) b 20 wherein RL and R2, which may
be the sanme or different, represent alkyl having 1 to 4 carbons; a is an
integer of 0 to 3; bis aninteger of 0 to 4; nis an integer of 1 to 5;
and Gis glycidyl. 39 [2] The epoxy resin conposition for encapsul ating a
sem conductor as clainmed in CaimlcLAaded ein the conponent (A) is an epoxy

CH2 H (1)

resin having an ICl nelt viscosity of 0.05 poise to 0.5 poise both

inclusive at 150 C and a softening point of 80 Cto 110 C both inclusive.

[ 3] The epoxy resin conposition for encapsulating a sem conductor as
claimed jin C ai mah @oxz; raben ecnpbiet tanponemnicapAll &5 @y aegaxiycdnelsicior
represented by general formula (2), wherein a binuclear conmpound (a
conponerdonipristihgh n = 1 in general fornula (2) ) is contained in a ratio
of 60 %to 100 % both inclusive as determ ned by a G°PC area ratio, and 10 a

bi nud ear conpoumd amewhkeglretshe biaespheay lbovegdryd da Inboetyld $1af tvaeledn at

the para position to both binding positions of the glycidyl ether

10

15

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
byaGPCarearatio, andabinuclear compoundinwhichthebis (phenylmethyl)
molety 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 as determined by an NMR area ratio;

(B) a curing agent having two or more phenolic hydroxy groups
in one molecule;

(C) an inorganic filler; and

(D) a curing accelerator,

and being substantially free froma halogen-containing compound

or antimony compound;

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.

(B) a curing agent

5



groups in two phenyl glycidyl ethers is contained in a ratio of 35 % to 100
% both inclusive to the total anpunt of the binuclear conpounds as

determ ned by an NWVR area ratio: [J 0o --GH2¢c¢c): CH2, 00 H(2) (R)S8
(R2)n (R2)b (R1)& 15 wherein Rl and B3 which nay be the sane or different,
represent alkyl having 1 to 4 carbons; ais an integer of 0 to 3; b is an
integer of O to 4, nis aninteger of 1 to 5; and Gis glycidyl. 20 [4] The
epoxy resin conposition for encapsul ating a sem conductor as clainmed in any
of Clainms 1 to 3, wherein the curing accelerator (D) conprises a curing
accel er gbor (dl rhbapdxg fesial tompss ikt Yo€ apabpbeul £&fin3cs ele@iabhagctocuri ng
reaction of the epoxy resin and a silicate 40 anionic noiety capabl e of

i nhi bi t bBg:-lcAt@ldyin claoh ilyidherefintthe catparint (AL ety aecel esairi hgvimhe
curing reaction. [5] The epoxy resin conposition for encapsulating a

sem conducti©I meds ¢l aiamdyi af d.a5npdisaher @i i poecaasponeatud e aitS1%0
conpound represented 5 by general fornmula (3): 31 R4-AI-R6 /'n-Si-Y3 (3)
1 vl [/ ec\alRp aY'sof¥4niXgd pdirk dif 8WNET @oN110 °C both inclusive.

5 [3] The epoxy resin composition for encapsulating a semiconductor
as claimed in Claim 1 or 2, wherein the component (A) is an epoxy resin
represented by general formula (2), wherein a binuclear compound (a
component in whichn =1 in general formula (2)) is contained in a ratio
of 60 % to 100 % both inclusive as determined by a GPC area ratio, and

10 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

as determined by an NMR area ratio:

0G )

N .

H, — () H (2]
N

Ve I n
15 o
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.
20 (4] The epoxy resin composition for encapsulating a semiconductor

as claimed in any of Claims 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 and a silicate



Al represents nitrogen or phosphorous; R3, R4, R5 and R6, which may be the
sane or different, independently represent an organic group 10 or aliphatic
group having a substituted or unsubstituted aromatic ring or heterocycle; Xl
is an organic group linking group Y1 wgh group Y2; X2 is an organic group
l'i nking group Y3 with group Y4; Yl and Y2, which may be the sane or
different, are groups resulting fromelimnation of a proton froma
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bound to a silicon atontoformachel atestructure; Y3 and Y4 are groups
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wherein

Al represents nitrogen or phosphorous; R3, R4, R5 and R6, which
may be the same or different, independently represent an organic group
10 or aliphatic group having a substituted or unsubstituted aromatic ring
or heterocycle; X1 is an organic group linking group Y1 with group YZ;
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
15 inthesamemoleculeareboundtoasiliconatomtoformachelate 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;
20 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.



5nis 00 or an int .qger of 10 or |ess.
wherein a sem conduct or el enent and/ or
are encapsul ated with a cured product

encapsul ati ng a sem conductor as
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as claimed in any of Claims 1 to 5,

5 [71 A sem conductor device,
a sem conductor integrated circuit
of the epoxy resin conposition for

claigpd in any of Clainms 1 to 6.

The epoxy resin composition for encapsulating a semiconductor

wherein the curing agent (B) having

two or more phenolic hydroxy groups in one molecule is a compound

represented by general formula

B! — CH, —B2— CH, WLB1— GH, —B2—CH, + B
]

wherein
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n iz 0 or an intsger o
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(4) :

(4)

OH

A semiconductor device, wherein a semiconductor element and/or

a semiconductor integrated circuit are encapsulated with a cured product

of the epoxy resin composition for encapsulating a semiconductor as

claimed in any of Claims 1 to 6.



