Epoxy Resin Conposition for sem conductor encapsul ation and Sem conduct or
Device Using the Sanme Field of the Invention 5 This invention relates to an
epoxy resin conposition for sem conductor encapsul ation having excel |l ent
formability and excess noisture resistance reliability, in a one-side
encapsul ati on-type package generally called ball grid array (BGA) package
and in a type of package called 10 flip chip package, and a sem conduct or
device using the same. Background of the Invention Sem conductor elenents

such as t rEpsisiRYsid QoD sitdfomnflot heehi kendili€todBdentapsutaieandudt or
devi ces by encapsulation with a plastic package or the like, fromthe

vi ewpoi nt of protecti rgeexdidadtEnVDepIEe s g £thensake Vi ewpoi nt of
enabl i ng easy handling of sem conductor elenents. Recently, great concern
has been directed toward 20 the thinning of a one-side encapsul ation-type
package such as the BGA package and the stacking in which two or nore
sem conduct or el enents are pirhieddad packagedntdsnt he demands acconpani ed
by the thinning of sem conductor devices and high density nmounting. 25 As

an enC3pSU|at|n@h&%tth@nﬂﬂﬁdﬂkéﬁﬁkéﬁ“ﬁﬂ|éﬂ“ep5i§“£3§ihfﬁEhﬁ&E&ﬁi&ﬁ and is
used in such a BGA package, it 1 has been proposed, for exanple, to use an
encapsul atddid semiconductor encapsulation having excellent

formability and excess moisture resistance reliability, in

a one-side encapsulation-type package generally called ball

grid array (BGA) package and in a type of package called

10 f£1lip chip package, and a semiconductor device using the

same.

Background of the Invention
Semiconductor elements such as transistor, IC, LSI
15 and the like are made into semiconductor devices by
encapsulation with a plastic package or the like, from the
viewpoint of protecting external environment and from the
viewpoint of enabling easy handling of semiconductor
elements. Recently, great concern has been directed toward
20 the thinning of a one-side encapsulation-type package such
as the BGA package and the stacking in which two or more
semiconductor elements are piled and packaged, as the
demands accompanied by the thinning of semiconductor
devices and high density mounting.
25 As an encapsulating material which has excellent

fluidity and the like and is used in such a BGA package, it



material prepared by fornulating a conpound represented by the follow ng
general fornmula (A) (cf. Reference 1). R RL5 RS OR2 ... (A RAR3IIn
the formula (A) , R to Rs may be the sane or different from one anot her,
and each represents hydrogen atom an alkyl group having froml to 12
carbon atons or 2,3 10 epoxypropoxy group, wWith the proviso that at |east
two of themare 2, 3-epoxypropoxy group. In addition, recently, a nethod in
which a sem conductor elenent is nmounted on a wiring circuit-forned 15
substr at e Has ddeac eximased r ubetrexgmiple, cte pusysarngn¢apsanbathggattention
as a demand acconpani ed by the inprovenent of performance of sem conductor
devi ces. Pmtexipdl esnamwedt s uf exmolabing packepeuhdviepresentad Byructure,
a systemin which a liquid resin conposition is 20 used as the encapsul ati ng
mat eri al , tedl fidld amdbatanerml htormehs cGhdutedr Refarencand) substrate is
encapsul ated by filling this by osnotic pressure, has been enployed, but in
vi ew of mass productivity and reliability, an encapsulating nethod by a
transfer nol di ng sfsterftthas been examined. 2 As the encapsul ating nateri al
whi ch is used when it a flip chip package is prepared by transfer

mol ding, for exRa Rhas been proposedaho use an encapsul ating

In the formula (A), R; to R¢ may be the same or different
from one another, and each represents hydrogen atom, an
alkyl group having from 1 to 12 carbon atoms or 2,3-

10 epoxypropoxy group, with the proviso that at least two of

them are 2,3-epoxypropoxy group.

In addition, recently, a method in which a
semiconductor element is mounted on a wiring circuit-formed
15 substrate by a face-down structure (flip chip system) is
drawing attention as a demand accompanied by the
improvement of performance of semiconductor devices. For
the resin encapsulation of a package having such a
structure, a system in which a liquid resin composition is
20 used as the encapsulating material, and the gap between the
semiconductor element and substrate is encapsulated by
filling this by osmotic pressure, has been employed, but in
view of mass productivity and reliability, an encapsulating

method by a transfer molding system has been examined.



material in which particle dianmeter of silica powder is 5 adjusted to 24 pm
or less (cf. Reference 2). Reference 1. JP-A-8-111468 Reference 2:

JP- A- 2000- 281878 Sumary of the Invention 10 However, the aforenentioned
stacked one-side encapsul ation-type package has a probl em of generating

ent angl ed voids due to a disorder of balance of the drift wvelocity of the
encapsul ating material on each sem conductor elenment and the drift velocity

of the 15 encapsul ating material between the sem conductor elenents. In
addi ti on, when asflthe engapsadieagang snagrecapsiulvatieth iy dsexhsitesn nobch ng
usi ng the aforenenti oned encapsulating material, it causes problens in that

(1) an unfa Ifllegh mdiigt padkadeoriedrepdted dap tcineter theldeng cofiduct or

el enent and 20 the substrate, and a void is generated caused by this, (2)
surface peedampdebetitedrad heeegenpooprked oro elsent ancapsuntapsogati ng resin
part and surface peeling between the fornmer and the solder resist noiety
are gener atageriml hen véxicgs pamistles eliastsdanct seliabipowgervasuati on
after 25 nmolding, and (3) warping of the flip chip package is generated. 3
The i nyentadgmsitasi beer?2 4rpoe drakiews s(ch. Aafamsiencs. | nto consi derati on,
and its object is to provide an epoxy resin conposition for sem conductor
encapsul ati on hReifegence 1: JP-A-8-111468

Reference 2: JP-A-2000-281878

Summary of the Invention

10 However, the aforementioned stacked one-side
encapsulation-type package has a problem of generating
entangled voids due to a disorder of balance of the drift
velocity of the encapsulating material on each
semiconductor element and the drift velocity of the

15 encapsulating material between the semiconductor elements.

In addition, when a flip chip package is encapsulated

by transfer molding using the aforementioned encapsulating
material, it causes problems in that (1) an unfilled moiety
is formed in the gap between the semiconductor element and

20 the substrate, and a void is generated caused by this, (2)
surface peeling between the semiconductor element and
encapsulating resin part and surface peeling between the
former and the solder resist moiety are generated in the
excess moisture resistance reliability evaluation after

25 molding, and (3) warping of the flip chip package is

generated.



excellent filling property and anti-entangled void 5 property, and a
sem conduct or device which uses the sane. The present inventors have
conducted a series of studies with the aim of obtaining an epoxy resin
conposition which has excellent anti-entangled void property and is used
for encapsul ating a one-side 10 encapsul ati on -type package. As a result, it
was that when an inorganic filler containing a specified amount of a
m nute spherical inorganic filler prepared by surface- treating it using a
speci fi ed sil anfheodpivienfisgedtay Peanapds |fakiing Pthrrergims prnces
encapsul ating material is 15 inproved and generation of entangled voids is
i nhi bi t ed intsecarsdideritiopnsanidrids toRieeesi st bocrroyidaecannepPgali ¢
filler to resin conponents is reduced. |In addition, the present inventors
have cond@reisdd £ommdssistitn sfeuli eemigendueter fpcapsvbablen nadhngpoxy resin
conposi tion capabl e of 20 becom ng an encapsul ating material which can add
filling eresdiontadighlimganorereomidivntinentangled ext@l lent in  excess
moi sture resistance reliability. As a result, when a specified epoxy resin
(conponenProRerty (Rl argerl cprdrs et devieanvki¢h | wees htlyengamespecifi ed
particle 25 dianeter prepared by surface-treating it using a specified
si | ane coupl i ng Thge preisenftyrifwan tpxrsd hgve endustsdar eabiehaef sur f ace
resi stance of the resin conponents to the inorganic filler is reduced and
it particytadieswrtls the aim of obtaining an epoxy resin
composition which has excellent anti-entangled void
property and is used for encapsulating a one-side
10 encapsulation-type package. As a result, it was that when
an inorganic filler containiﬂg a specified amount of a
minute spherical inorganic filler prepared by surface-
treating it using a specified silane coupling agent is
used, fluidity balance of the encapsulating material is
15 improved and generation of entangled voids is inhibited,
because it is considered that resistance of the inorganic
filler to resin components is reduced. In addition, the
present inventors have conducted a series of studies with
the aim of obtaining an epoxy resin composition capable of
20 becoming an encapsulating material which can add filling
property as an essential condition and is also excellent in
excess moisture resistance reliability. As a result, when
a specified epoxy resin (component (A)) is used and a
spherical inorganic filler having a specified particle

25 diameter prepared by surface-treating it using a specified

silane coupling agent is further used, it was considered



vi scosity reducing action within narrow gaps, so that it was found that,
for exanple, filling property of the gap 5 between a sem conductor el enent
and a substrate in a flip chip package is inproved, generation of voids is
i nhibited, excess noisture resistance reliability also becones superior,
and inprovenent of warp characteristics is realized. By further conducting
i ntensive studi es based on 10 these findings, the invention was
acconpl i shed. The present invention include the follow ng enbodinents. 1.
An epoxy rthsitn scerfiros tiemi Stomeemit gluctesin ermapengnts oo Whech conpri ses
the foll ow ng component (A), 15 conponent (B), conponent (C) and conponent
(D: (A amoggenia dsiller (IB mediwatblandsith p{iQicularingeweceserator, and
(D) a spherical inorganic filler having been surface 20 treated with a
si | ane couwplsicegidyemedwniing axtidratvel ricupamroneddeer ys@t thgtoup. 2. The
epoxy resin conposition for sem conductor encapsul ation described in the
af or ement wessed ohindihdradi ,n fiar  estrapElep dhient i dD)pqprer ty oo f | vloe gaapc fill er
a spherical 25 inorganic filler having an average particle diameter of 5
from 025 bet¥eenma sepgrrcaidverton tdliement gt ofsubotwdte oin 58% byp wei ght
based on the entire inorganic filler.

chip package is improved, generation of voids is inhibited,

excess moisture resistance reliability also becomes

superior, and improvement of warp characteristics is

realized. By further conducting intensive studies based on

10 these findings, the invention was accomplished.
The present invention include the following

embodiments.
1. An epoxy resin composition for semiconductor
encapsulation, which comprises the following component (A),
15 component (B), component (C) and component (D) :
(A) an epoxy resin,
(B) a phenol resin,
(C) a curing accelerator, and
(D) a spherical inorganic filler having been surface-
20 treated with a silane coupling agent having acrylate group
or methacrylate group.
2. The epoxy resin composition for semiconductor
encapsulation described in the aforementioned 1, wherein in
the component (D) spherical inorganic filler, a spherical

25 inorganic filler having an average particle diameter of



3. The epoxy resin conposition for sem conductor

the afo
filler

encapsul ati on described in

rementioned 1, wherein 5 the conponent (D) spherical inorganic

has a containing ratio of 0.3% by weight or |ess for the one

a particle diameter of 45 pmor nore and has an average particle di

of 15 p
encapsu
epoxy r

mor less. 4. The epoxy resin conposition for sem conductor

havi ng
amet er
10

| ati on described in the aforenentioned 1, wherein the conponent (A)

esin is an epoxy resin represented by the follow ng general

f ormul a

(1) 0 0 O fyom @ CHtCHE QuR Ds CGRPn GrixBpR OL RPN Gii- TRR2ge CRIE0£@omASQ teH2- CH- CE2
O CH2-CHCHZ 15 in the formula (1), nis O or a positive nunber. 5.
sem conduci®¥ kiewekglwhikadsednpri the ehbirzpokyorgania €ahpesi-tion for

sen con

duct or encapsul ation described in the aforenmentioned 1 and a

A

sem conduct or el3enefhe embayeiresia ¢ovmrsdédiductfor demimandurtarapsul at ed
sai d epoxy resin conposition. Thus, the invention is an epoxy resin
conposi t i gndapsulai eondectvibedchpsthat fbprempnthonedt di nwhameinor gani ¢

with 20

filler
5

10

15

20

containing a spherical inorganic filler prepared by
the component (D) spherical inorganic filler has a

containing ratio of 0.3% by weight or less for the one
having a particle diameter of 45 um or more and has an
average particle diameter of 15 pm or less.

4. The epoxy resin composition for semiconductor

encapsulation described in the aforementioned 1, wherein

the component (A) epoxy resin is an epoxy resin represented

by the following general formula (1)

0 0
A A &

/\

0'CH2'CH'CH2 0'CH2‘CH'CH2 _, O‘CHz"CH'C}'!z

@——CH—J-T@—CH T - (1)
© x O ;

7\ /\

0'CH2"CH‘CH2 0] 'CHz—CH - CHZ

in the formula (1), n is 0 or a positive number.

5. A semiconductor device which comprises the epoxy

resin composition for semiconductor encapsulation described

in the aforementioned 1 and a semiconductor element,
wherein said semiconductor element is encapsulated with

said epoxy resin composition.



5 surface-treating it using a specified silane coupling agent, so that
excellent filling property and anti- entangled void property can be
obtained. Particularly, according to an enbodi nent of the epoxy resin
conposition for sem conductor encapsul ation, which conprises an 10
inorganic filler containing a specified amunt of the aforenentioned m nute
spherical inorganic filler prepared by surface-treating it using a
specified silane coupling agent, encapsul ation can be suitably carried out
wi t hout breaking bal ance of drift velocity in carrying out the 15

encapsul ation, so that generation of entangled voids is inhibited,

sem conduct or s A&Wisng thieg i nvEintaien jits) agnPHRXY GRS hePmMReRA bieR i £ ar | vy,
regarding a one-side encapsul ation-type package so-called BGA package,

t hose whisshhilparduatgr rridapsviatiean Helobteemeriing napdéperganigQ
according to another enbodi ment of the epoxy resin_ conposition for

seni condudiidrl eanegsidigtingn 2 wrherievhpirerganie &iblerenrepatddsbeci fi ed
epoxy resin represented by the general fornula (1) and the aforenentioned
spheri tal surfragmitrgdting Hawsipa ??B?féi:fﬁ@dﬂafﬁ%cq:@unlémt er prepared
by surface-treating it wusing a specified silane coupling agent,

particul adgenth Ba Hdhahsxedliepackbbeing prépeptyhapdnguhting system it
shows excellent filling property for the gap between the sem conductor

el enent arshtanstehtwid@rarayn ¢An ke pPgpined. Particularly,

according to an embodiment of the epoxy resin composition
for semiconductor encapsulation, which comprises an

10 inorganic filler containing a specified amount of the
aforementioned minute spherical inorganic filler prepared
by surface-treating it using a specified silane coupling
agent, encapsulation can be suitably carried out without
breaking balance of drift velocity in carrying out the

15 encapsulation, so that generation of entangled voids is
inhibited, semiconductors having high reliability can be
obtained, and particularly, regarding a one-side
encapsulation-type package so-called BGA package, those
which have high reliability can be obtained. In addition,

20 according to another embodiment of the epoxy resin
composition for semiconductor encapsulation, which
comprises the aforementioned specified epoxy resin
represented by the general formula (1) and the
aforementioned spherical inorganic filler having a

25 specified particle diameter prepared by surface-treating it

using a specified silane coupling agent, particularly in



is inhibited, and what is nore, generation of surface 5 peeling between
sem conduct or el enent and encapsul ation part is also inhibited, so that

t hose whi ch have excellent excess noisture resistance reliability can be
obt ai ned. This enbodiment is useful particularly in producing a type of
package called flip chip package through encapsul ation 10 by transfer

nol ding, so that a sem conductor device having high reliability can be
obtai ned. Brief Description of the Drawings By way of exanple and to nake

t he descritits ersmrf aPagkage ffarhire ¢Eipmeunbirngesyistefpanyi ng
drawing in which: Fig. IAis a top plan view show ng a sanple of a

sem conduchewse|estrsilenturfiicdd e Rrerer Whiter | theseap i hetvear ubbeng
anti-entangl ed void property, and Fig. 1B is its 20 side elevation view
Fig. 2 is semigensiugtan ik mpd tHtiden ogeneomr Biogentr vataing
encapsul ating the aforenentioned sanple. Fig. 3Ais a top plan view show ng
a sanpl e dfs anddhidmthuanst Wiahert PRt PRIt eR ecofhfehtfageused in 25
evaluating filling property and generation of surface peeling, and Fig. 3B
is itsSsi d@@%&%%%\/ﬁe@@@u%?% elensn bl and veropREBIR BECR condi tion
of voids generated by encapsul ating the aforenenti oned sanple. Detail ed
Descri pti @it itshalgp/ambidited, so that those which have excellent

excess moisture resistance reliability can be obtained.

This embodiment is useful particularly in producing a type

of package called flip chip package through encapsulation
10 by transfer molding, so that a semiconductor device having

high reliability can be obtained.

Brief Description of the Drawings
By way of example and to make the description more
15 clear, reference is made to the accompanying drawing in
which:

Fig. 1A is a top plan view showing a sample of a
semiconductor element mounted substrate which is used in
evaluating anti-entangled void property, and Fig. 1B is its

20 side elevation view.

Fig. 2 is a top plan view showing a condition of
voids generated by encapsulating the aforementioned sample.

Fig. 3A is a top plan view showing a sample of a
semiconductor element mounted substrate which is used in

25 evaluating filling property and generation of surface

peeling, and Fig. 3B is its side elevation view.



5 The epoxy resin conposition for sem conductor encapsul ation of the
invention is obtained using an epoxy resin (conponent A), a phenol resin
(conponent B), a curing accelerator (conponent C) and a specified inorganic
filler (component D), and is generally in the formof powder or in 10 the
formof tablet prepared by making the forner into a tablet. The

af orenenti oned epoxy resin (conponent A) is not particularly limted, and a
conventionally known epoxy resin is used. For exanple, a dicycl opentadiene
type epoxy 15 rEsgn, 4aier astbpnvehakieypshepdng mesiondigigimernsl novol ak
type epoxy resin, a bisphenol type epoxy resin, a biphenyl type epoxy
resin, a Veidisydepeypitedy byeemaaruladinsoihe rafdrergnrtioned | kampEe i ous
epoxy resins can be used. These may be used al one or as a conbi nation of
two or nore. 20 Anobng these epoxy resins, it is particularly desirable that
the nelting point or softening point exceeds room tenperature. For exanple,
as the cresol novol aRettajdash@gscrigsiipn dfosharintetaiven an epoxy

equi valent of from 180 to 210 and a softening point of from60 to 110'C are

suitabby 25 use@heAppoxyazesha gPopPesditiioon&erbistidconsivitarype epoxy rein,
t hose whi ch have an epoxy equivalent of from 180 to 9 210 and a softening
poi nt of PeneaPs0ledivr0'cd fhe smvieadliipn ysedbiaimacdrusing jan keexwibl e t hat
the aforenmentioned bifunctional type epoxy rein occupies at |east 30% by
resin (component A), a phenol resin (component B), a curing
accelerator (component C) and a specified inorganic filler
(component D), and is generally in the form of powder or in
10 the form of tablet prepared by making the former into a
tablet.
The aforementioned epoxy resin (component A) is not
particularly limited, and a conventionally known epoxy
resin is used. For example, a dicyclopentadiene type epoxy
15 resin, a cresol novolak type epoxy resin, a phenol novolak
type epoxy resin, a bisphenol type epoxy resin, a biphenyl
type epoxy resin, a trishydroxyphenylmethane type epoxy
resin and the like various epoxy resins can be used. These
may be used alone or as a combination of two or more.
20 Among these epoxy resins, it is particularly desirable that
the melting point or softening point exceeds room
temperature. For example, as the cresol novolak type epoxy
resin, those which have an epoxy equivalent of from 180 to
210 and a softening point of from 60 to 110°C are suitably

25 used. Also, as the aforementioned bifunctional type epoxy

rein, those which have an epoxy equivalent of from 180 to



wei ght of the entire epoxy resin conponents. 5 Illustratively, the epoxy
resins represented by the following structural fornmula (1) and structural
formula (2) are suitably used. 0 0 0 OCH2-CH-clip- FO -0i'"-CH- CH a
O CHo-CHCH2 CH-di L' t~) 00 OCH2-CHCH ()'CfI2-CHCJi2 10 In the
formula (1), nis O or a positive nunber. 16C CH3 H3C CH3 CH2-CHCH2 _ O
OCH CHCH2--O 0 H3C U13 OH HsC CH3 n -0-G2-CHCH2 (2) V O In the fornula
(2), nis O or a positive nunber. 10 As the epoxy resin (conmponent A), the
one repreddft ead iy sofdeafioge merimitondd fyomeBl torlAl°s ere issigablivcul arly
desirable. 5 In the aforenmentioned fornula (1), the repeating nunber n is
pr ef er abl #s@idt-hi Boweveargeldf ifr dasirabls. that ibei afemementieongssir abl e t hat
t he epoxy equivalent is

bifunctional type epoxy rein occupies at least 30% by

weight of the entire epoxy resin components.
5 Illustratively, the epoxy resins represented by the
following structural formula (1) and structural formula (2)

are suitably used.

0 0 0
/N /\ /\
OI'CHz"CH'CHz l" (Ol;?]'lz"CH'CHz ’_‘ O C]']z"CH'Cl‘L;
C—o—1—Cr9 1, -
| 0 @ 0
/\ /\
0-CH>—CH-CH. 0-CHz2-CH-CH.

10 In the formula (1), n is 0 or a positive number.

HaC CHa HaC CHa
e 00 0)—(Cy—tencrtn {0 —(O)—(Op—— »
N/ |
n
* —0-CH2-CH-CH> -+ (2)
N

In the formula (2), n is 0 or a positive number.

10



within a range of from 160 to 180, and the softening point is within a
range of from60 to 80*C. 10 In this connection, when other epoxy resin is
jointly wused together with the aforenmenti oned epoxy resin represented by
the general fornmula (1), it is desirable to set the aforenmenti oned epoxy
resin represented by the general formula (1) to such a ratio that it
becones 70% by 15 weight or nore of the entire epoxy resin conponents. The
phenol resin (conponent B) which is used together wth the aforenentioned
epoxy resin (conmponent A) exerts a function as a curing agent of the
af orenenti oned epoxy resin and is not particularly limted, and
conventional |y 29 khewapwayi nesiphénohppeentisAdr, e theedneFgepmemapted an
aral kyl type, a dicycl opentadi ene type, a cresol novolak type, a phenol
novol ak tppethe bfepkearoltibppd, genetrails KypdmandyapHdny lirse tdeartel dudzerlgnd t he
| i ke various phenol resins can be used, and these may be used alone or as a
25 conbi ndésdrabietwo or nore. In addition, as these phenol resins, it is
desirabl e to use those which have a hydroxyl 11 group equival ent of from 70
to 250 and a sofnehhagaforamentiohedmEbfmiidal1Q0C. tAromgpeheiaigor enment i oned
phenol resins, it is desirable to use a phenol rein which conprises an
aral kyl typebar a hdat preffrabliyeadtthi@%mbyangeghif Erorhd Fceri. r &nt ypes.
Illustratively, the phenol resins represented by the follow ng structural
formul a (83dandlon, it is desirable that the epoxy equivalent is
within a range of from 160 to 180, and the softening point
is within a range of from 60 to 80°C.
10 In this connection, when other epoxy resin is jointly
used together with the aforementioned epoxy resin
represented by the general formula (1), it is desirable to
set the aforementioned epoxy resin represented by the
general formula (1) to such a ratio that it becomes 70% by
15 weight or more of the entire epoxy resin components.
The phenol resin (component B) which is used together
with the aforementioned epoxy resin (component A) exerts a
function as a curing agent of the aforementioned epoxy
resin and is not particularly limited, and conventionally
20 known various phenol resins are used. For example, an
aralkyl type, a dicyclopentadiene type, a cresol novolak
type, a phenol novolak type, a bisphenol type, a
trishydroxyphenylmethane type and the like various phenol
resins can be used, and these may be used alone or as a

25 combination of two or more. In addition, as these phenol

resins, it is desirable to use those which have a hydroxyl

11



structural fornula (4) are suitably used. OHCH CH 6EICH - ~~ CH -4n CH2
-9~ &OCH2 4 ... (3) 10 In the formula (3), nis O or a positive nunber. OH
OHOH @I1CH-&CB2 4n CB2- &oi 2-6 ... (4) In the fornmula (4), nis 0 or a
positive nunber. 15 Regarding blending ratio of the aforenmenti oned epoxy
resin (conponent A) and phenol resin (conponent B), it is desirable to

bl end themin such anmounts that hydroxyl group 12 equivalent in the phenol
resin becomes fromO0.7 to 1.5 equival ents based on | epoxy group equi val ent
in the ep@rpup esiuivaent mieffargred’§ sté rdpd Oadta goPtemingapennt. ofhe
curing accel erator (conmponent C) which is used 5 together with the

af or ement ifawed Sorrorfeki°CA aPdorgnpbaepforgmenthonregaphengllariepinisni t ed, and
conventionally known various curing accelerators can be exenplified, such
as tetrapherd gessiprdniainte atsaph nebrretn whiphepyhphobsphi ar and t he

| i ke organi c phosphorus system 10 conpounds,

1, 8- di azallimaldy( D amdecataly df Rt dlezabi 9t by waidhhonEnths and t he

| i ke di azabicycl oal kene type conmpounds. These may be used al one or as a
conbi nat i emtafre viyres nodd lusttriagigediv aliihe mhenetl gmstigisni ng anount of the

15 aforenentioned curing accel erator (conponent C) to wthin a
represented by the following structural formula (3) and

structural formula (4) are suitably used.

10 In the formula (3), n is 0 or a positive number.

OH OH

OH
c&—@%@}-%@% @@ e (4)

In the formula (4), n is 0 or a positive number.

15 Regarding blending ratio of the aforementioned epoxy
resin (component A) and phenol resin (component B), it is
desirable to blend them in such amounts that hydroxyl group

12



range of froml to 20 parts by weight (to be referred to as "part(s)"
hereinafter), nore preferably from2 to 15 parts, based on 100 parts of the
af orenenti oned phenol resin (conmponent B) . That is, this is because the
intended 20 curing reaction of the epoxy resin (conponent A) with phenol
resin (conponent B) hardly progresses when the content is less than | part
so that it becones difficult to obtain sufficient curing property, and when
it exceeds 20 parts, the curing reaction beconmes so quick that it causes
25 a tendewqmy veflespoiiln nghargltainll itgsin dedmnepetrdm e@dl. T nbe glinbc fill er
(conponent D) to be wused together with the aforenentioned conmponents Ato C
is a sphegudalaliemdrsgddsed idr ér qreparePly sauieckent et i Hge époxyth a
specified silane coupling agent. 5 The specified silane coupling agent to be
used i n t resiaf.or Yoeert Poréersedf ase firomatOn®nttohds 2arecivdlargsgr oup or
met hacryl ate group, and it is considered that resistance of the inorganic
filler to the ofpenicurdogpeceetlsriatoredyesgponanthd®)i mhistlchi samsedjani ¢
group. Illustrative exanples of 10 the aforenentioned specified silane
coupl i hg aggetthenc widdh thespdtinemerstiared conppomen e rdsd repneseat td by t he
follow ng structural formula (5), structural formula (6), structural
formul a (B) isstoictpaddiddanilya (ig)ited], atd uminventionadllwn K99wn
Particularly, fromthe viewoint 15 of npost effectively inhibiting entangled
voi ds, it vi)agious curing accelerators can be exemplified, such as
tetraphenylphosphonium tetraphenyl borate,
triphenylphosphine and the like organic phosphorus system
10 compounds, 1,8-diazabicyclo(5,4,0)undecene-7,1,5-
diazabicyclo(4,3,0)nonene-5 and the like diazabicycloalkene
type compounds. These may be used alone or as a
combination of two or more.
It is desirable to set containing amount of the
15 aforementioned curing accelerator (component C) to within a
range of from 1 to 20 parts by weight (to be referred to as
“part(s)” hereinafter), more preferably from 2 to 15 parts,
based on 100 parts of the aforementioned phenol resin
(component B). That is, this is because the intended
20 curing reaction of the epoxy resin (component A) with
phenol resin (component B) hardly progresses when the
content is less than 1 part so that it becomes difficult to
obtain sufficient curing property, and when it exceeds 20

parts, the curing reaction becomes so quick that it causes

25 a tendency of spoiling moldability.
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desirable to use the silane coupling agent represented by the follow ng
structural formula (99. OHHHOCH3 111111 HCGCCGCCGCGOGGCCGCS -CHa
(511111 UBH8HOH 2014 O HHHOC2Hz 111111 HCCC

0-GC-C-Si-02fls ... (6) 11111HH)Ii O>,H, HHHOGB
H.2C-CCO-CGCGCSi-0CH3 ... (7) 11111061111 HOCH3 0 HHH OCf6
111111 HCCCOCCCS Oal ... (8 11111HHHHOHa O HHH

CH3 11 1111 HCCC O CCCSi-0aH

The specified inorganic fllfer (component D) to be
used together with the aforementioned components A to C is
a spherical inorganic filler prepared by surface-treating
it with a specified silane coupling agent.

5 The specified silane coupling agent to be used in the
aforementioned surface treatment has an acrylate group or
methacrylate group, and it is considered that resistance of
the inorganic filler to the organic components is reduced
by having such an organic group. Illustrative examples of

10 the aforementioned specified silane coupling agent include
respective silane coupling agents represented by the
following structural formula (5), structural formula (6),
structural formula (7), structural formula (8) and
structural formula (9). Particularly, from the viewpoint

15 of most effectively inhibiting entangled voids, it is
desirable to use the silane coupling agent represented by

the following structural formula (9).

0O HHBH (])CHs
| P
HzCZCl—-C—O—C—ﬁ—(lJ-—SI'i—'OCH;, - (5)
|
CHas H H H OCHs

20
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11111CH3 HHH OC2HS Regardi ng the aforenmenti oned spherical inorganic
10 filler to be surface-treated, for exanple, quarts glass powder, talc,
silica powder (nolten silica powder, <crystalline silica powder or the

i ke), alum na powder, alumnumnitride, silicon nitride powder and the
|ike can be cited. These may be used al one or as a conbination of 15 two or
nore. Anmong them fromthe viewpoint that is coefficient of |inear
expansi on of the obtained cured product can be reduced, it is desirable to
use the aforenentioned silica powder, and as the aforenmentioned silica

powder, it is parbicul rhy e 'ﬁable to use nolten 5 silica powder
(preferably sphermcal 't I’ ca powder) in view of high filling

property angd high~flyidity.~ Reg ing it article dianmeter distribution,
it is desirg§?6§ ﬁaéytle%cﬁht 'n@%gsratio%8$ afiller having a particle
di aneter of 45 or eyl §1 qxgggby weight or 10 less of the entire filler,
and the average particle dianeter of the entire filler is 15 Mor |ess.
Particularly preferably, the containing ratio of a filler having a particle
di aneter of 45 pmor nore is 0.2% by weight or less of the entire filler,
and its average 15 particle diameter is 11 Mor less. In this connection,
lower Iimt of the aforenentioned containing ratio of a
o
Hzc.:c’—c—o—cl-—-cl—c—s]i——oma < (7)
Cha H H H OChs

0 HHH OCH
Hzc.:c—g—o—é—cl—r':—sli—owa - (8)
A
0 HHH CH
Hzc=c—g—o—é—é—é—s]i—mms - (9)
G M BN oca

Regarding the aforementioned spherical inorganic
10 filler to be surface-treated, for example, quarts glass
powder, talc, silica powder (molten silica powder,
crystalline silica powder or the like), alumina powder,
aluminum nitride, silicon nitride powder and the like can
be cited. These may be used alone or as a combination of

15 two or more. Among them, from the viewpoint that

15



filler having a particle dianeter of 45 pmor nore is 0% by weight, and
lower Iimt of the aforenentioned average particle dianmeter is 3 pm That
is, this is because narrow 20 gap filling property of the flip chip part
becones worsen in sone cases when the containing ratio of a filler having
a particle diameter of 45 pmor nore exceeds 0.3%by weight. Also, this is
because narrow gap filling property of the flip chip part sonetinmes becones
worsen in the same 25 manner when the average particle di ameter becones
| arge excmefifigientpmf feinepy Bxpavmctdbnthe hebtahmad nfwgedati o of a
filler having a particle diameter of 45 ~tmor nore can be neasured, for
exanpl e, Proshateriarg Ha nedurgedy stk ceh dgsieeale abel epe BRerage particle
di ameter can be neasured, 5 for exanple, using a laser diffraction
scat t er i ngfiogemengaiariad e ishxea weidehutdth amatye erforementiened, the
af orenmenti oned residue on sieve and average particle dianmeter are val ues
obt ai ned fsidmcsamsivdeoptitoricd IBareiqykater desiraihbe pbputaeimplteing t he
aforementioned 10 screen and anal yzer. According to the invention, the
af or enkent isdddta geivddcalpiefaxpiniy sphdricpl apaleen byibies aeevderhting it
using a specified silane coupling agent can al so be used in conbination
Wi t h ot herdn ndregarfc High ¢filling prorenty dnd I5igh fkaidbbye to contain a
spherical inorganic filler having
Regarding its particle diameter distribution, it is
desirable that the containing ratio of a filler having a
particle diameter of 45 pum or more is 0.3% by weight or
10 less of the entire filler, and the average particle
diameter of the entire filler is 15 pm or less.
Particularly preferably, the containing ratic of a filler
having a particle diameter of 45 pm or more is 0.2% by
weight or less of the entire filler, and its average
15 particle diameter is 11 pum or less. In this connection,
lower limit of the aforementioned containing ratio of a
filler having a particle diameter of 45 pm or more is 0% by
weight, and lower limit of the aforementioned average
particle diameter is 3 pum. That is, this is because narrow
20 gap filling property of the flip chip part becomes worsen
in some cases when the containing ratio of a filler having
a particle diameter of 45 pm or more exceeds 0.3% by
weight. Also, this is because narrow gap filling property
of the flip chip part sometimes becomes worsen in the same

25 manner when the average particle diameter becomes large

exceeding 15 pm.
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an average particle dianmeter of from0.5 to 3 pmwithin a range of from5
to 50% by weight of the entire inorganic filler (conmponent D), particularly
preferably from5 to 20% by weight of the entire inorganic filler
(conponent D). 20 That is, this is because when it is |less than 5% by
wei ght, the viscosity increases in sonme cases due to too small containing
anmount of the surface-treated spherical inorganic filler, and when it
exceeds 50% by weight, it sonetines acconpanies increase in the viscosity
at the tine 25 ép [thwsf Icopnesitd due the igrteddeng aHe s mid i E151e¥ ace
area of silica. 17 Regarding the aforenentioned spherical inorganic filler
to be surf@dEng eatRArtiqle Jdipme tem|f t4° UER OB PMeFe cedP Pt en silica
powder. |Its average particle dianmeter is within a range of preferably from
0.5 to 3 Wy A &F3pker RBbIGFITHMD. Bt tSNY M STHAERis, this is
because when it is too small such as less than 0.5 M it sonetines
acconpani deSstoreaid jthe RVegragoRagtirle Hilane fpr ofan e fReISREE], due to
increase in the specific surface area of silica. This is al so because when
it is 10 fageendsl ringa tasee sivtfragtionreeakteringetyRescosity in
sone cases. The inorganic filler which contains a certain anount of the
spheri cal Fafdrigdii Ei39 |dis trikuigiem anekerr - pdnt iaddd tdioanettdre of from 0.5
to 3 Mprepared by surface
aforementioned residue on sieve and average particle
diameter are values obtained from samples optionally
extracted from the population using the aforementioned
10 screen and analyzer.
According to the invention, the aforementioned
spherical incrganic filler prepared by surface-treating it
using a specified silane coupling agent can also be used in
combination with other inorganic filler. In that case, it
15 is desirable to contain a spherical inorganic filler having
an average particle diameter of from 0.5 to 3 pum within a
range of from 5 to 50% by weight of the entire inorganic
filler (component D), particularly preferably from 5 to 20%
by weight of the entire inorganic filler (component D).
20 That is, this is because when it is less than 5% by weight,
the viscosity increases in some cases due to too small
containing amount of the surface-treated spherical
inorganic filler, and when it exceeds 50% by weight, it
sometimes accompanies increase in the viscosity at the time

25 of low flow rate due to increase in the specific surface

area of silica.
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15 treating with the aforenenti oned specified silane coupling agent is not
particularly limted, and various conventionally known fillers can be used.
For exanple, quarts glass powder, talc, silica powder, alum na powder,

alum numnitride,
inorganic fillers
forms. Anong t hem
high filling and

silicon nitride powder and the like can 20 be cited. These
can be used in any of pulverized, spherical and ground

it is desirable to use nolten silica powder in view of
high fluidity. As the aforenentioned nolten silica

powder, spheric@earidiaiy sihe af PRRRIt ORED SRS N EPR L ctnPBYRBACS| | i ca

powder can be exenp

lified, and it is particularly desirable to use

spheri cal fiotken &9 I1Peasuabapenteratedm thelsi daporaPlef tPiusgity. In
addition, its average_ggéticle dianeter is within the range of preferably

from5 to Sthexigabdrel

af1{ipR cPRYEBFy fYomacerage®aditicla this

connection, according to the invention, the average 5 particle dianeter can
be measur ¢iianeerxenpfethin| agrange aErraeferaklyofireralt &r thg 3t Ype
particle size distribution analyzer. The aforementioned nmethod for

sur f acé- t e ignlavely sereberablivi feompRep f Fed2sPhemri calha ok ganteisil | er
using a 10 silane coupling agent is not particularly limted, and its
exanpl es i¥rk|krrAasewiher eht nent tep sihath shnehspheteeal thppnoPganit@ fill er

and silane coupling agent are mxed in a solvent and a dry treatnent in
whi ch t he Spherelgimes accompanies increase in the viscosity at the

time of low flow rate due to increase in the specific

surface area of silica. This is also because when it is

10 large exceeding 3 pm, it accompanies increase of the

viscosity in some cases.

The inorganic filler which contains a certain amount

of the spherical inorganic filler having an average

15

20

25

particle diameter of from 0.5 to 3 pum prepared by surface-
treating with the aforementioned specified silane coupling
agent is not particularly limited, and various
conventionally known fillers can be used. For example,
quarts glass powder, talc, silica powder, alumina powder,
aluminum nitride, silicon nitride powder and the like can
be cited. These inorganic fillers can be used in any of
pulverized, spherical and ground forms. Among them, it is
desirable to use molten silica powder in view of high
filling and high fluidity. As the aforementioned molten
silica powder, spherical molten silica powder and
pulverized molten silica powder can be exemplified, and it

is particularly desirable to use spherical molten silica
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inorganic filler and silane coupling agent are subjected to 15 the
treatnent in a gas phase. In addition, it is desirable to set containing
anount of the aforementioned inorganic filler (conponent D) to a range of
fromb50 to 95% by weight, particularly preferably from 70 to 90% by wei ght,
based on the entire epoxy resin 20 conposition. This is because when it is
| ess than 50% by weight, noisture absorption of the encapsul ating resin
increases and the resin strength is reduced in sone cases, thus show ng a
t endency ®PvwE&Es IEy oFertdrentiiRyRIdk Ll vty ng I& adeéd tiigRe dfty ef | ow of
t he sem conductor package. 25 In this connection, in addition to the
af or enent PIREGISC & diameter tie wrdidn ride rrargp ot tpeaferabhe 19
i nvention for sem conductor encapsul ation can be optionally blended with
ot her addif&PPe Sagent3Cadihc RS torF et Lrafiprrblas Gram ahe tet2Pdéf; a flane
retarder assistant, a nold releasing agent, carbon bl ack and the |ike
pi gment s &Rd thicolcommRation glaRIKSNHT opy | the i Fstenbd_ni thpeaverage
mer capt opr opyl tri met hoxysi |l ane, y- am noet hyl am nopropyl tri net hoxysil ane and
the |ike PArddelecsipinateragam e deaswrdr e‘éﬁki?fgﬂ@gﬁ%t watnghe |ike. As
the aforenentioned flane retarder, a novolak type 10 brom nated epoxy resin
or the |iReseal §&fzashian rSaafterigiqriaare Rar beeke t¥2e and di anti nony
trioxide, diantinmony pentoxide or the |ike is used as the aforenentioned
fl ame distribution analyzer.
The aforementioned method for surface-treating the
surface of the specified spherical inorganic filler using a
10 silane coupling agent is not particularly limited, and its
examples include a wet treatment in which the spherical
incrganic filler and silane coupling agent are mixed in a
solvent and a dry treatment in which the spherical
inorganic filler and silane coupling agent are subjected to
15 the treatment in a gas phase.
In addition, it is desirable to set containing amount
of the aforementioned inorganic filler (component D) to a
range of from 50 to 95% by weight, particularly preferably
from 70 to 90% by weight, based on the entire epoxy resin
20 composition. This is because when it is less than 50% by
weight, moisture absorption of the encapsulating resin
increases and the resin strength is reduced in some cases,
thus showing a tendency of easily generating cracks and
pealing at the time of reflow of the semiconductor package.

25 In this connection, in addition to the aforementioned

components A to D, the epoxy resin composition of the
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retarder assistant. These may be used alone or as a conbination of two or
nore. 15 As the aforenentioned nold rel easing agent, a higher fatty acid, a
hi gher fatty acid ester, a higher fatty acid calciumand the |ike conpounds
can be exenplified. For exanple, carnauba wax, a polyethyl ene system wax
and the |Ilike can be cited, and these nmay be used alone or as a 20

conbi nation of two or nore. In addition, as the aforenmentioned stress
reduci ng agent, acrylonitrile-butadi ene rubber and the |ike can be

exenpl i fi dhverid apdar reafit QUi i RcIRTulariennerietloe cpbienadpyul ation
of the invention can be produced, for exanple, in the foll ow ng manner.

That is, tHersRhMirdheithonafitioipthaIena 29 Tramticrsder’ads onsdehands,
ot her additive agents are optionally m xed in accordance wth a _general

net hod an@®s Reflds ixgtaxdar mixiffno| refarder taesiskar kneadseleo

mel t-knead the m xture under a 5 heated condition, and this is solidified by
cool i ng t FHGHALINE ARG urR TP RF e rand Hehe ok iRiFrerhA ABdpr oduced

by a series of steps of pulverizing it by a conventionally known neans and
maki ng® t hEPexA Sy TpATE dorye reRplldrd methe xyistiHE®s o "encapsul ati ng a

sem conductor elenment 10 using such an epoxy resin conposition is not

parti cul afMeFcanGARTRPY dirdinathany Yelang@ rived out by a usual transfer

aminoethylaminopropyltrimethoxysilane and the like silane
coupling agents, a stress reducing agent and the like.

As the aforementioned flame retarder, a novolak type

10 brominated epoxy resin or the like halogen system flame
retarder can be cited, and diantimony trioxide, diantimony
rentoxide or the like is used as the aforementicned flame
retarder assistant. These may be used alone or as a
combination of two or more.

15 As the aforementioned mold releasing agent, a higher
fatty acid, a higher fatty acid ester, a higher fatty acid
calcium and the like compounds can be exemplified. For
example, carnauba wax, a polyethylene system wax and the
like can be cited, and these may be used alone or as a

20 combination of two or more.

In addition, as the aforementioned stress reducing
agent, acrylonitrile-butadiene rubber and the like can be
exemplified.

The epoxy resin composition for semiconductor

25 encapsulation of the invention can be produced, for

example, in the following manner. That is, the

20



nmol ding or the |like conventionally known nol di ng nethod, and the product
can be nade into a sem conductor device. In addition, as a sem conductor
device as an object 15 to be encapsul ated using such an epoxy resin
conposition, for exanple, a flip chip package prepared by nounting a
sem conductor elenment on a wiring circuit-fornmed substrate by a face-down
structure can be cited, in which the gap between the aforenentioned
sem conductor element and 20 substrate is filled and encapsul ated with the
epoxy r espfioremepddioniedn coNpemnenseadpltes Daradde oy idseeg gian | demands ,
Conparative Exanples. 25 Firstly, respective conponents shown in the
f ol | owi ngothereaddapaved agendis e loP tHeandiles mixXed-gox\agexidarnrce An epoxy
resin represented by the following structural fornula (a) (epoxy equival ent
170, softwhithga Fepeiral 6eFlpd) apd) then)appiiedB-toH2 @i CHGHer
OCr2-CHCH2 CHCH74-- ... (a) 0 OCH2-MCB2 0 -CB2- CH - CH2 Epoxy
resin b: or the like kneader to melt-knead the mixture under a
5 heated condition, and this is solidified by cooling to room
temperature. Thereafter, the composition can be produced
by a series of steps of pulverizing it by a conventionally
known means and making the resulting powder into tablets.
The method for encapsulating a semiconductor element
10 using such an epoxy resin composition is not particularly
limited, and it can be carried out by a usual transfer
molding or the like conventionally known mclding method,
and the product can be made into a semiconductor device.
In addition, as a semiconductor device as an object
15 to be encapsulated using such an epoxy resin composition,
for example, a flip chip package prepared by mounting a
semiconductor element on a wiring circuit-formed substrate
by a face-down structure can be cited, in which the gap
between the aforementioned semiconductor element and

20 substrate is filled and encapsulated with the epoxy resin

composition.

Next, Examples are describe jointly with Comparative
Examples.
25 Firstly, respective components shown in the following

were prepared prior to the Examples.
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10 An epoxy resin represented by the foll ow ng

(epoxy equivalent 177, nelting point
OCH2CHCf 6- -0 0 H3C CH3 H5C CH3 n
resin c: An epoxy resin represented
(epoxy equival ent 195, nelting point
ClH 2-CHCH 2-O0~ OCH2-CHCH2 ...

structural fornula (b)

141-C) HBC CH3 HBC CH3 CH,-CHCH2 --0
-0-CH. 2-CHCH~ ... (b) V 0 22 Epoxy
by the following structural forrmula (c)

1070C) OH OO HI 3 CHabO
(© H3C 3 Epoxy resin d: An epoxy resin

represented by the following 10 structural formula (d) (epoxy equival ent

195, nelting point 6700

Epoxy resin a:

An epoxy resin represented by the following

structural formula (a)

(epoxy equivalent 170,

softening

5 point 69°C)
0 0 0
/\ /\ /\
0-CH2-CH-CH= r 0-CHz-CH-CHz —I 0-CH>-CH-CH2
OF—cn @CH @ + (a)
S-G9,
@ x © 3
/\ /\
0-CH2-CH-CHz 0-CHz-CH-CHz
Epoxy resin b:
10 An epoxy resin represented by the following

structural formula (b)

(epoxy equivalent 177, melting point

141°C)
rﬁac CHa HSC CHS
CHz-CH-CHz=—4+0< O (O OCH=CHCH.+—0 O ) —O *
\/ |
0 oC CHa OH HsC
— n
%k —— 0-CH»-CH-CH> - (b)
\O/
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00 DCH2-CHCH2 OCHz-CH CHz - OCH2-CHCH2 CHS CH3 ... (d) CH2 CH2 - -4
n 15 Phenol resin a: A phenol resin represented by the follow ng
structural fornmula (e) (hydroxyl group equivalent 210, softening point
73'C) 23 OH 01li OH 610, CH2 - 4DtC], C~-!) ~O(e) 1 Phenol resin b: 5 A
phenol resin represented by the followng structural formula (f) (hydroxyl
group equi val ent 220, softening point 777C) GH OH OH @CH2-g~x 02 -, ~4n
CH2-g~-Q . 10 Phenol resin c: A phenol novol ak resin (hydroxyl group
equi val enEpok/ resdt eni ng point 64'C) 15 Phenol resin d: A phenol novol ak
resin (hydroxyl group equivalent 107, softening point 85*C)

An epoxy resin represented by the following

structural formula (c) (epoxy equivalent 195, melting point

107°C)
5
0 0
N\ A
CHz-CH-CH2-0 0-CHz—CH-CH: = (c)

HaC

Epoxy resin d:
An epoxy resin represented by the following

10 structural formula (d) (epoxy equivalent 195, melting point

67°C)
0 0 0
7\ /\ /\
0-CHz-CH-CHz 0-CHz-CH-CHz 0-CHz-CH-CHz
O/CHBC}-[ l—‘{\ CHs —] O CHs (d)
CH
TR

15 Phenol resin a:
A phenol resin represented by the following
structural formula (e) (hydroxyl group equivalent 210,

softening point 73°C)

23



24 Phenol resin e: A phenol resin represented by the follow ng structural
formula (g) (hydroxyl group equivalent 172, sof tening point 67°C) 5 Ch CH
H 4 H- CHRCH CH (g0 CL -4n Phenol resin f: A phenol resin
represented by the followng 10 structural fornula (h) (hydroxyl group

equi val ent 93, softening point 666C) OHOHOH CH CH --------- --- 1--4 -
(h)y "in0O- 0n OHOR 15 Mdld releasing agent: Carnauba wax 25 Curing
accel erator: Triphenyl phosphine Inorganic filler al: 5 One gram of a sil ane
coupling agent represented by

OH

OH OH
| |
CHz _WCHz‘télrcﬂz “@'@’C}{z‘é e (e)
n

Phenol resin b:
5 A phenol resin represented by the following
structural formula (f) (hydroxyl group equivalent 220,

softening point 77°C)

o OH
_ cm~@%@é}—cnz@cnz ©10) -+ ®
n

Phenol resin c:

OH

10

A phenol novolak resin (hydroxyl group equivalent

107, softening point 64°C)

15 Phenol resin d:

A phenol novolak resin (hydroxyl group equivalent

107, softening point 85°C)

24



the follow ng structural fornula (a) (KBE 502, nfd. by Shin-Etsu Chem cal)
and 10 g of water were diluted with 300 nm of acetone, and this was poured
into 100 g of a spherical nolten silica powder (average particle dianeter
10 0.7 pm in a 1 liter capacity beaker to prepare a slurry. Then, this
slurry was stirred for about 15 hours using a nmagnetic stirrer. After the
stirring, the aforenentioned slurry was transferred into an alum num pall et
spread with alumnumfoil, and the solvent was evaporated to dryness at 15
1050C on Fhemelpizgtsdn Ater the evaporation to dryness, this was further
heated at 95" C for 30 mnutes in a dryer, thus preparing the aforenentioned
inorganic filleP mhemel wesdm meprasentachbyditefsilawiddonder surface was
treated with a silane coupling agent. 200 HHHCH3 11 11 11

H2C=C- G- Ostrgatugialodaagula 899) {hydyoxy} growp reapiva®tsld®, | nor ganic
filler a2: A spherical nolten silica powder having an average particle

di amet er cfIeminas pesiat £57°Che spherical nolten silica powder. In the sane
manner as in the aforenentioned 5 inorganic filler al except for this, the
inorgahic filler

CH

oo edacad

Phenol resin £f:
A phenol resin represented by the following
10 structural formula (h) (hydroxyl group equivalent 93,

softening point 66°C) -

OH OH
CH l_l_— @ CH ‘1 @ -~ (h)

© o 7

CH OH

15 Mold releasing agent:

Carnauba wax
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a2 in which the spherical nolten silica powder surface was treated wth a
sil ane coupling agent was prepared. |Inorganic filler bl: 10 The sil ane
coupling agent was changed to a silane coupling agent represented by the
followi ng structural formula (0) (KBM 8032, nfd. by Shin-Etsu Chem cal)
In the same manner as in the aforenentioned inorganic filler al except for
this, the inorganic filler bl in which the 15 spherical nolten silica powder
surface was treated with a silane coupling agent was prepared. HS- C3H6S
(OCHA 3 . Curing2@daediegatiax:fill er b2: The silane coupling agent was changed
to a silane coupling agent represented by the follow ng structural fornula
(y) (KBE 903, nfdipbgnghphoEpddnehenical) . In the sanme manner as in the
af orenenti oned inorganic filler al 25 except for this, the inorganic filler
b2 in which the 2~ spherical nolten silica powder surface was treated with
a silane coupling agent was prepared. h HHOC2H6 | | | | H2N
-C G C Si I@e2gsnic fillled al:H H H t U2kJG 5
5 One gram of a silane coupling agent represented by
the following structural formula (a) (KBE 502, mfd. by
Shin-Etsu Chemical) and 10 g of water were diluted with 300
ml of acetone, and this was poured into 100 g of a
spherical molten silica powder (average particle diameter
10 0.7 ym) in a 1 liter capacity beaker to prepare a slurry.
Then, this slurry was stirred for about 15 hours using a
magnetic stirrer. After the stirring, the aforementioned
slurry was transferred into an aluminum pallet spread with
aluminum foil, and the solvent was evaporated to dryness at
15 105°C on a hot plate. After the evaporation to dryness,
this was further heated at 95°C for 30 minutes in a dryer,
thus preparing the aforementioned inorganic filler al in
which the spherical molten silica powder surface was

treated with a silane coupling agent.

20

0 H HH CHa
It | I
HzC:CI—C—O—C—C|~(IJ—SIi—OCsz v (a)
|
CHa H H H OCuHs

26



Inorganic filler c: A spherical nolten silica powder (average particle
dianeter 13.2 pm 10 Inorganic filler d: A spherical nolten silica powder
(average particle dianmeter 16.2 pm) lnorganic filler a3: 15 one gramof a
silane coupling agent represented by the followng structural fornula (a)
(KBE 502, nfd. by Shin-Etsu Chemcal) and 10 g of water were diluted with
300 m of acetone, and this was poured into 100 g of a spherical nolten
silica powder (0.17% by weight in residue 20 on sieve having a particle
di anet er d@nofgantim driltmre,a2l:l pm in average particle dianmeter: FB-7SDC,
nfd. by DENKI KAGAKU KOGYO in a 1 liter capacity beaker to prepare a
slurry. Then, #fhisphelricay} wed ten sidd daopcatdent hEy imsuran wvierpge 28
magnetic stirrer. After the stirring, the aforenentioned slurry was
t ransf er r g ntitad eadigimatierumpal 1t v empdhiash the isphemi ¢l Imohhent he
sol vent was evaporated to dryness at 1050C on a hot plate. Subsequently,
after the séMdper gowsiers t dndtheesamet mannggs afsuinhdhehedficaremen t950@d or 30
mnutes in a dryer, thus preparing the aforenentioned inorganic filler a3
in whith tirergerdrd d&Elllen] tadn esiderta rowddris swheacenaweganieafellerth a
silane coupling agent. 0 HH H CH3

a2 in which the spherical molten silica powder surface was

treated with a silane coupling agent was prepared.

Inorganic filler bl:

10 The silane coupling agent was changed to a silane
coupling agent represented by the following structural
formula (B) (KBM 803, mfd. by Shin-Etsu Chemical). In the
same manner as in the aforementioned inorganic filler al
except for this, the inorganic filler bl in which the

15 spherical molten silica powder surface was treated with a

silane coupling agent was prepared.

HS-C3H¢Si (OCHs) 3 - (B)

20 Inorganic filler b2:

The silane coupling agent was changed to a silane
coupling agent represented by the following structural
formula (y) (KBE 903, mfd. by Shin-Etsu Chemical). In the
same manner as in the aforementioned inorganic filler al

25 except for this, the inorganic filler b2 in which the
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111111-CC-Csi-OCH ... (a) U4 HHHOCHs 10 Inorganic filler a4:
A spherical nolten silica powder having 0.3% by weight of a residue on
sieve of 45 pmor nore in particle 15 dianmeter and 15 pmin average
particle dianeter (FB-8S, nfd. by DENKI KAGAKU KOGYO was used as the
spherical nolten silica powder. In the same nmanner as in the

af orenenti oned inorganic filler a3 except for this, the inorganic filler a4
in which the spherical nolten silica 20 powder surface was treated with a

si | ane cosphierdcagemowes sirldpss gebwddY |svorfpare ovds | fmratedd Avspinex i cal
nolten silica powder having 0.17% by weight of a residue on sieve of 45 pm
or nore imsipanke coapldngnetgem tanchsl pridparesd/er age particle diameter. 5
Inorganic filler b4: A spherical nolten silica powder having 5.0% by weight
of a residue on sieve of 45 pmor nore in particle diameter and 15 Min
average particle diameter (MSR-FC408, 10 nfd. by Tatsunori) was used as the
spherical nolten silica powder. In the sanme manner as in the aforenentioned

H H H OCzHs

I T
HzN—Cl—CI:—Cl:"SIi‘_OCsz ()

H H H OCzHs

Inorganic filler c:
A spherical molten silica powder (average particle

diameter 13.2 um)

10 Inorganic filler d:
A spherical molten silica powder (average particle

diameter 16.2 um)

Inorganic filler a3:

15 One gram of a silane coupling agent represented by
the following structural formula (o) (KBE 502, mfd. by
Shin-Etsu Chemical) and 10 g of water were diluted with 300
ml of acetone, and this was poured into 100 g of a
spherical molten silica powder (0.17% by weight in residue

20 on sieve having a particle diameter of 45 um or more, 11 um
in average particle diameter: FB-7SDC, mfd. by DENKI KAGAKU
KOGYO) in a 1 liter capacity beaker to prepare a slurry.

Then, this slurry was stirred for about 15 hours using a
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inorganic filler a3 except for this, the inorganic filler b4 in which the
spherical nolten silica powler surface was treated with a silane coupling
agent was prepared. 15 Inorganic filler b5: A spherical nolten silica powder
havi ng 0.5% by weight of a residue on sieve of 45 pmor nore in particle

di aneter and 20 pmin average particle dianmeter was used as 20 the spherical
nolten silica powder. In the sane manner as in the aforenentioned inorganic
filler a3 except for this, the inorganic filler b5 in which the spherical
mol ten shmbigpetpowddri rgnf.acBfhes theassdrwink,atbel aforemgpltiimpedagent was
prepared. 25 30 Inorganic filler b6: The silane coupling agent was changed
to a sil asdureyupiasndFragefiennast dodint &b Blukaum|dallial) sprerd with fornul a
(0) (KBM 803, nfd. by Shin-Etsu Chemcal) . In the 5 same nanner as in the
af or enent rdpad numofgddi,c anid |tdre &> lverdepast @vadnratadietd wyrese 4%l er b6
in which the spherical nolten silica powder surface was treated with a

si | ane codpgb’@gonganhotaplptepar Sebsd@ueist CBHESE t¢OCHAe 3evaporagPpnExanpl es
| to 16 and Conparative Exanples 1 to 9 Respective conponents shown in the
f ol | oW ngtPadicgness, this was further heated at 95°C for 30 minutes

in a dryer, thus preparing the aforementioned inorganic
filler a3 in which the spherical molten silica powder

surface was treated with a silane coupling agent.

(? }'f H H CHs
l ]
HZCZ(II—C-O—C~(‘J—?—SIi—OCaHs v ()
J
CHa H H H OCzHs

10

Inorganic filler a4:
A spherical molten silica powder having 0.3% by
weight of a residue on sieve of 45 um or more in particle
15 diameter and 15 um in average particle diameter (FB-8S,
mfd. by DENKI KAGAKU KOGYO) was used as the spherical
molten silica powder. In the same manner as in the
aforementioned inorganic filler a3 except for this, the
inorganic filler a4 in which the spherical molten silica
20 powder surface was treated with a silane coupling agent was

prepared.
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to Table 3 were mxed at the ratio shown in the sane tables 15 and

nel t-kneaded for 3 mnutes using a mxing roller (tenperature 100'C) .
Thereafter, this nolten product was cooled and then pul verized to obtain
respective epoxy resin conposition for sem conductor encapsul ati on of
interest. In this connection, "part(s)" represents "part(s) by 20 weight".

31 Table 1 (part (s) Exanples 12 345678 a- - - - - 33 Epoxy resin
b------100 64 c 100 100 100 100 100 100 - - a 108 108 108 108 108 108
119 - Phedolrgegic fillex b3 - - - 50 C- - - - - - - 35 Mldreleasing 2 2
222222 -agent Curing1 1111111 accelerator I i I I |1 al 80 150

450 750 150 450A1spberisel aplten silica powdemdwydma bil7% By er b2 - - -
- weight of a residue on sieve of 45 um or more in particle

diameter and 11 um in average particle diameter.

Inorganic filler b4:

A spherical molten silica powder having 5.0% by
weight of a residue on sieve of 45 pum or more in particle
diameter and 15 pym in average particle diameter (MSR-FC408,

10 mfd. by Tatsumori) was used as the spherical molten silica
powder. In the same manner as in the aforementioned
inorganic filler a3 except for this, the inorganic filler
b4 in which the spherical molten silica powder surface was
treated with a silane coupling agent was prepared.

15
Inorganic filler b5:

A spherical molten silica powder having 0.5% by
weight of a residue on sieve of 45 pm or more in particle
diameter and 20 pm in average particle diameter was used as

20 the spherical molten silica powder. In the same manner as
in the aforementioned inorganic filler a3 except for this,
the inorganic filler b5 in which the spherical molten
silica powder surface was treated with a silane coupling
agent was prepared.

25
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C 1420 1350 1050 750 - - 1350 1350 Id - I - - - 1350 1050 -
inorganic filler 87. 7 87. 7 87. 7 87. 7 87.7 87.7 87.1 89.0

Anount of
in epoxy resin

conposition (w Amount of surface-treated 5.3 10.0 30.0 50.0 10.0 30.0 10.0
10.0 inorganic filler in the inorganic -filler (Wt % 32 Table 2 (part (s)

Exanples 9 10 11 12 13 14 1516 a - - - - - - 33 Epoxy resinb - - -
100 64 c 100 100 100 100 100 100 - - a 108 108 108 108 108 108 119 - Phenol
resin b - - - - -50c- - - - - 35 Mldreleasing 22222222

agent Curﬂﬁgrgamlf fillpr) bp: accelerator

The silane coupling agent was changed to a silane

coupling agent represented by the following structural

formula (f) (KBM 803, mfd. by Shin-Etsu Chemical).

In the

5 same manner as in the aforementioned inorganic filler a3

except for this, the inorganic filler b6 in which the

spherical molten silica powder surface was treated with a

silane coupling agent was prepared.

10 HS-C3H¢Si(OCH3)s - -+ (B)

Examples 1 to 16 and Comparative Examples 1 to

Q

-

Respective components shown in the following Table 1

to Table 3 were mixed at the ratio shown in the same tables

15 and melt-kneaded for 3 minutes using a mixing roller

(temperature 100°C) . Thereafter, this molten product was

cooled and then pulverized to obtain respective epoxy resin

composition for semiconductor encapsulation of interest.

In this connection, “part(s)” represents “part(s) by

20 weight”.
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al a2 80 150 450 750 150 450 150 150 inorganic bi - - - - - - - - filler
b2 - - - - - C 1420 1350 1050 750 - - 1350 1350 d - - - - 1350 1050 - -
Amount of inorganic filler 87.7 87.7 87.7 87.7 87.7 87.7 87.1 89.0 in epoxy
resin conposition (wt % Anount of surface-treated 5.3 10.0 30.0 50.0 10.0
30.0 10.0 10.0 inorganic filler in the inorganic filler (vt % 33 Table 3

(part (s) Conparative Exanmples 1 23456789 a- - - - - - 33 Epoxy b
- - 100 64 resin C 100 100 100 100 100 100 100 - a 108 108 108
108 108 108 108 119 - Phenol b - - -Table 1. _"gg
(part(s))
Examples
1 2 3 4 5 6 7 8
a - - - - - - - 33
Epoxy resin |b - - - - - - 100 64
c 100 | 100 | 100 |{ 100 | 100 | 100 - -
a 108 | 108 | 108 | 108 | 108 | 108 | 119 -
Phenol resin |b - - - - - - - 50
- - - - - - - 35
Mold releasing 2 2 2 2 2 2 2 2
agent
Curing 1 1 1 1 1 1 1 1
accelerator
al 80 150 | 450 | 750 | 150 | 450 | 150 | 150
az2 - - - - - - - -
Inorganic bl - - - - - - - -
filler b2 - - - - - - - -
c 1420 (1350|1050 | 750 - - 1350|1350
d - - - - 1350|1050 - .
Amount of
inorganic filler |87.7|87.7|87.7|87.7(87.7{87.7(87.1|89.0
in epoxy resin
composition (wt
%)
Amount of
surface-treated 5.3 {10.0|30.0(50.0{10.0|30.0(10.0}10.0
inorganic filler
in the inorganic
filler (wt %)
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e

' RS

resin c -
11 11
- - 100

Anmount of

----3 Wd222222222
al 20 1000 1200 - - 800 -

1111 accelerator
- 150 - -
500 300 1350 1350 700 500 500 500 d Amount of
87.7 87.7 87.7 87.7 87.7 87.7

0 - - Inorganic bl

surface- treated 1.3 66.7 80.0 10.0 10.0 53.3 66.7 66.7 66.7

fil

ler b2 - -

filler in epoxy resin

inorganic filler in the inorganic filler (w
Table 2

150 -

rel easi ng agent
1000 1000 a2 -
- ¢ 1480
inorganic 87. 7 87. 7 87. 7

conposition _(w

(part(s))
Examples
9 10 11 12 13 14 15 16
a - - - - - - - 33
Epoxy resin |b - - - - - - 100 64
c 100 { 100 | 100 | 100 | 100 | 100 - -
a 108 | 108 | 108 | 108 | 108 | 108 | 119 -
Phenol resin |b - - - - - - - 50
c - - - - - - - 35
Mold releasing 2 2 2 2 2 2 2 2
agent
Curing 1 1 1 1 1 1 1 1
accelerator
al - - - - - - - -
a2 80 150 | 450 | 750 | 150 | 450 | 150 | 150
Inorganic bl - - - - - - - -
filler b2 - - - - - - - -
c 1420} 1350|1050 | 750 - - 1350|1350
d - - - - 1350 (1050 - -
Amount of
inorganic filler |87.7|87.7(87.7|87.787.7(87.7|87.1|89.0
in epoxy resin
composition (wt
%)
Amount of
surface-treated 5.3 110.0(30.0}50.0{10.0{30.0710.0(10.0
inorganic filler
in the inorganic
filler (wt %)

33
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Usi ng the thus obtai ned epoxy resin conpositions of Exanples and
Conpar ati ve Exanples, anti-entangled void property, verification of warping
and pressure cooker test (PCT test) were nmeasured and eval uated in
accordance with 34 the net hods descri bed bel ow. These results are shown in
the followng Table 4 to Table 6. Anti-entangled void property: As shown in
Fig. 1A and Fig. 1B, a sanple in which 9 <chips of a sem conductor elenent 1
(chip size: 10 nun x 10 mmx 0.5 mmin thickness) were nmounted on a
substrate 2 (size: 50 nun x 50 mm X312 @min thickness) was prepared.

Usi ng each of the epoxy resin conpositions obtained 10 in the Exanples and
Conpar ative Exanples, the aforenmentioned sem conductor el enfPR%#bihk ed
substrateé was subjected to transfer Gaiphraticokikamphes175' C x 90
seconds) {using a die haviing |a gav| tys sijzeaof| 58 M x6 50 nan | x .7 ngnin

dept h, thereby effgcii hg endapsul ati-on|[by-15 faorm ng- an encapsw atji g rlesi n
| ayer 3 i Eip%&gh a negmer —_t ' ar_t h E‘hi S Of il he ’s‘,m;r_lconduc;t O RETEHa 1| on
}Eev\hisgﬁf;%ﬁ%gm gr na;ugv);“:p(gfsggsz ;lp;og*ltle"blg‘rl ‘ipgé sléd“.“b?c;i. Hg "r_u“l g%;?glesas
a resul t [was count el 0% tngu 3?\%@{'1.'%%, %pce—]t—dn%— S .19;5! ding was
carried pBRenBY predaring tuo Sanhl s iln whilch™ ¢chips lof “the Serni dnduct or
el enent | *®REA® nount@d| o tHe substrate 27 - - - - 35
Mold 2 2 2 2 2 2 2 2 2
releasing
agent
Curing 1 1 1 1 1 1 1 1 1
accelerator
al| 20 1000|1200 - - 800 - 1000 {1000
a2| - - - - - - |1000| - -
Inorganic | bl - - - 150 - - - - -
filler b2 - - - - 150 - - - —
c | 1480 500 300 | 1350|1350 | 700 500 500 | 500
d - - —_ —_ —_— - - - —_

Amount of
inorganic 87.7|87.7,87.7|87.7|87.7[87.7|87.7|87.7|87.717
filler in
epoxy resin
composition
(wt %)
Amount of
surface-
treated 1.3 |66.7|80.0(10.0|10.0({53.3|66.7|66.7|66.7
inorganic
filler in
the
inorganic
filler (wt
%)

Using the thus obtained epoxy resin compositions of
Examples and Comparative Examples, anti-entangled void
property, verification of warping and pressure cooker test

(PCT test) were measured and evaluated in accordance with
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t he nunber of prepared packages was 18. 35 Verification of warping: Warping
quantity of the sem conductor packages prepared in the above was verified
in the following manner. That is, length of the maxi num warping part from
the 5 horizontal surface when each sem conduct or package was put on the
hori zontal surface was neasured. An optical mcroscope was used in the
nmeasurenent. PCT test: 10 Each of the sem conductor packages prepared in the
above was put into a PCT chanber and allowed to stand for 196 hours under a
condi ti on tdfe 1Rhods gEsRHPbadgihrlehi s Thesiee neseddiccary Hisyencer of surface
peeling was verified by a supersonic detector, and the nunber of packages

whi ch 15 déeefaldewing fablred ity Talxledunted. In this connection, the

nunber of prepared packages was 18 simlar to the above. Table 4 Exanples
12345678 Anti-entangled void property 0/18 0/18 0/18 0/18 0/ 18 0/18

0/18 0/ 18 (packages/ 18 -packages) -Warping (M 70 80 70 90 70 80 80 60
Anti-entangled void property:

5 As shown in Fig. 1A and Fig. 1B, a sample in which 9
chips of a semiconductor element 1 (chip size: 10 mm x 10
mm x 0.5 mm in thickness) were mounted on a substrate 2
(size: 50 mm x 50 mm x 0.3 mm in thickness) was prepared.
Using each of the epoxy resin compositions obtained
10 in the Examples and Comparative Examples, the
aforementioned semiconductor element-mounted substrate was
subjected to transfer molding (condition: 175°C x S0
seconds) using a die having a cavity size of 50 mm x 50 mm
x 0.7 mm in depth, thereby effecting encapsulation by
15 forming an encapsulating resin layer 3 in such a manner
that the chips of the semiconductor element 1 on the
substrate 2 were included as shown in Fig. 2. The number
of packages in which an external void 4 was generated on
the semiconductor element 1 as a result was counted. 1In
20 this connection, since the transfer molding was carried out
by preparing two samples in which 9 chips of the
semiconductor element 1 were mounted on the substrate 2,

the number of prepared packages was 18.
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PCT test 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 36 Table 5 Exanples 9 10
11 12 13 14 15 16 Anti-entangled void property 0/18 0/18 0/18 0/18 0/18
0/18 0/ 18 0/18 (packages/ 18 packages) Warping (Vm 80 80 70 60 90 70 80 50
PCT test 0/18 0/18 0/18 0/18 0/18 0/18 0/ 18 0/ 18 Table 6 Conparative
Exanmples 1 2 3456 7 89 Anti entangled 2/18 5/18 8/ 18 7/18 5/18 4/18
3/18 5/18 8/ 18 void property (/18 -packaaes) Warping (W 80 1 90 100 1 80
17016017018060 IPCTtest O/3.8 10/18 10/18 10/18 10/18 10/1810/18
10/ 18 10/ M&irifhseatiorn t¢l wdawEngesults, it was confirned that the products
of Exanples did not generate voids on the sem conductor elenent and that a
one- si de encapsWaaEing K antbew aff chmlremiceorduckohapaaadegh reliability
was

prepared in the above was verified in the following manner.

That is, length of the maximum warping part from the

5 horizontal surface when each semiconductor package was put
on the horizontal surface was measured. An optical

microscope was used in the measurement.

PCT test:

10 Each of the semiconductor packages prepared in the
above was put into a PCT chamber and allowed to stand for
196 hours under a condition of 130°C x 85% RH. Using this,
the presence or absence of surface peeling was verified by
a supersonic detector, and the number of packages which

15 generated surface peeling was counted. In this connection,
the number of prepared packages was 18 similar to the

above.

Table 4
Examples

1 2 3 4 5 6 7 8
Anti-entangled
void property o/is|o/18|0/18|0/18|0/18|0/18|0/18 | 0/18
(packages/18
packages)
Warping (um) 70 80 70 90 70 80 80 60
PCT test o/i8|0/18 0/18|0/18 |0/18|0/18 |0/18|0/18
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obtained. Contrary to this, the product of Conparative Exanple 1| caused
generation of voids on the sem conductor elenent due to too small anount of
the surface-treated mnute 15 spherical nolten silica. The products of
Conparative Exanples 2 and 3 caused generation of voids on the 37

sem conductor elenents due to too |arge amount of the surface-treated

m nute spherical nolten silica. Also, since a mnute spherical nolten
silica surface-treated with a sil an&abdeplsi ng agent having no acryl ate group
or 5 nmethacrylate group was used in each of the products of Conparative
Exanpl es[4 and 5, the effgct to |nh|b|t gqu&;gdfgg of v0|ds was not
obtained, In addition, th rogucts t7o used
generatipn—of voids on the Se Cj‘; _r{nr‘flA‘r ji?rg.nf igdl R‘O:I'r npxg r r*;lr:\G

oGt

anmount ofArhé-eunkéngdedregted m nute spherlcal mol ten siljca. Exanples 17

to 32 angvé&bdapprapexeyExanmd /s 10/18 |23 18ReGpEL | Ve scjlafiheny/s85toe8 | n t he
foll owi ng( QQngZs/iE to Table 10 wene m xed at |[the rjatio shown |[in the sane
I
h

i
tabl es a eaded far 3 mnutes using a m/xing|rolle t gnper at ur e
1000). T.cégg%%i.? thi-s—rgH-ten—produgt masg cooled g.d heh nﬁ!‘gfize to
obtai n rg¥pERiRge (BBbxy rasifP toBfogi t7%n 189 sefPcandift or 88ndafil bt i on

of intergBCT 88stn this cqrihdd | 0A18' Pa8(s9/18 ¢pvés8erm 418 payipg)oAns

Table 6
5
Comparative Examples

1 2 3 4 5 6 7 8 9
Anti-
entangled 2/18|5/18 |8/18|7/18 |5/18 |4/18|3/18 |5/18 |8/18
void
property
(/18
packages)
Warping (um) 80 90 100 80 70 60 70 80 60
PCT test o/is8|o/18|0/18|0/18|0/18|0/18|0/18|0/18|0/18

Based on the above results, it was confirmed that the
products of Examples did not generate voids on the
semiconductor element and that a one-side encapsulation-

10 type semiconductor device having high reliability was
obtained.

Contrary to this, the product of Comparative Example
1 caused generation of voids on the semiconductor element
due to too small amount of the surface-treated minute

15 spherical molten silica. The products of Comparative

Examples 2 and 3 caused generation of voids on the
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weight". 38 Table 7 (part (s) Exanples 17 18 19 20 21 22 23 24 a 100 100

100 so 70 80 100 100 Epoxy resind - - - 2030 - - C- - - 20 - - d 63 -
62 - - 63 63 Phenol resine - 101 - - 97 - - If - 55 - - 63 - - MId
releasing 2 2222222 agent I I I I Curing 11111 accelerator a3
800 800 800 800 800 800 1200 500 a4 - - - - - - - - Inorganic b3 - - - - -
- - - filler b4 - - - - - - - b5- - - - - - - - 1b6 Amunt of particles

having a particle 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 dianmeter of 45

semiconductor elements due to too large amount of the
surface-treated minute spherical molten silica. Also,
since a minute spherical molten silica surface-treated with
a silane coupling agent having no acrylate group or
5 methacrylate group was used in each of the products of

Comparative Examples 4 and 5, the effect to inhibit
generation of voids was not obtained. In addition, the
products of Comparative Examples 6 to 9 caused generation
of voids on the semiconductor elements due to too large

10 amount of the surface-treated minute spherical molten

silica.

Examples 17 to 32 and Comparative Examples 10 to 23
Respective components shown in the following Table 7
15 to Table 10 were mixed at the ratio shown in the same
tables and melt-kneaded for 3 minutes using a mixing roller
(temperature 100°C). Thereafter, this molten product was
cooled and then pulverized to obtain respective epoxy resin
composition for semiconductor encapsulation of interest.
20 In this connection, “part(s)” represents “part(s) by

weight”.
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pmor nore in inorganic filler -(wt % Average particle diameter of 11 11
11 11 11 11 11 11 inorganic filler -4LM 39 Table 8 (part (s) Exanples 25

26 27 28 29 30 31 32 a 100 100 100 80 70 80 100 100 Epoxy resind - - - 20
30-- C-----20--d63- -62- - 6363 Phenol resine - 101 - -
97 - - If - - 55- - 63 - - MId releasing agent 2 2222222 Curing
accelerator 11111111 a3- - - - - - a4 800 800 800 800 800 800

1200 500 Inorganic filler b3 b4 b&aﬂmﬁ 7

(part(s))
Examples
17 18 19 20 21 22 23 24
a 100 | 100 | 100 80 70 80 100 | 100
Epoxy resin |d - - - 20 30 - - -
c - - - - - 20 - -
d 63 - - 62 - - 63 63
Phenol resin |e - 101 - - 97 - - -
£ - - 55 - - 63 - -
Mold releasing 2 2 2 2 2 2 2 2
agent
Curing 1 1 1 1 1 1 1 1
accelerator
a3 | 800 | 800 | 800 | 800 | 800 | 800 {1200 500
a4 - - - - - - - -
Inorganic b3 - - - - - - - -
filler b4 - - - - - - - -
b5 - - - - - - - -
b6 - - - - - - - -
Amount of
particles having
a particle 0.17(0.17|0.17|0.17|0.17|0.17|0.17(0.17
diameter of 45
pm or more in
inorganic filler
(wt %)
Average particle
diameter of 11 11 11 11 11 11 11 11
inorganic filler
(pm)
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0.30.30.30.30.30.30.3
iller (wt %9 Average particle 15 15
15 15 15 15 15 15 dianeter of inorganic filler (M 40 Table 9 (part (s)

Amount of particles having a particle 0.3
filler
I
Conparative Exanples 10 11 12 13 14 15 16 17 a 100 100 100 100 100 100 - -

di aneter of 45 pmor nore in inorganic

Epoxy resind - - - - - - 100 ¢ - - - - - 100 d 63 - - 63 - - - - Phenol
resin e - 101 - - 101 - 55 55 if - - 55 - - 55 - - Mold releasing agent 2 2
222222 Curing accelerat r 1 1gdaphd g 11 a3 - - - - - - Boo 800 a4 -
- - - - - lnorganic b3 800 800 800 - - filler b4 - - - 800 800 800 b5
(part(s))
Examples
25 | 26 | 27 | 28 | 29 | 30 31 32
a 100|100 | 100 | 80 70 80 100 | 100
Epoxy resin d - - - 20 | 30 - - -
c - - - - - 20 - -
d 63 - - 62 - - 63 63
Phenol resin e - |101| - - 97 - - -
£ - | - |55| - | - |63 - -
Mold releasing agent 2 2 2 2 2 2 2 2
Curing accelerator 1 1 1 1 1 1 1 1
a3 - - - - - - - -
a4 800 | 800 | 800 | 800 | 800 | 800 | 1200|500
Inorganic filler b3 - - - - - - - -
b4 - - | - - - - - -
b5 - -] -1 -1-1- - -
b6 - | -1 -1-1-1]- - -

Amount of particles
having a particle 0.3/0.3(0.3|/0.3/0.3|0.3|, 0.3 (0.3
diameter of 45 pm or
more in inorganic
filler (wt %)
Average particle 15 | 15 | 15 | 15 | 15 | 15 15 15
diameter of inorganic
filler (um)
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b6 Anount of particles having a particle 0.17 0.17 0.17 3 3 3 0.17 0. 17

di aneter of 45 pmor nore in inorganic -filler (w % Average particle 11
11 11 15 15 15 11 11 dianeter of inorganic filler Anm 41 Table 10
(part(s)) Conparative Exanples 18 19 20 21 22 23 a 100 100 100 100 100 100

Epoxy resind - - - - - - ¢c- - - - - - d®63- - 63 - Phenol resine - 101

- - 101 - f - - 55 - - 55 Mldreleasing agent 2 2 2 2 2 2 Curing

accelerator 111 111a3- - - - -Tabl49 - - - - - |Inorganic filler b3 -
(part(s))

Comparative Examples

10 11 12 13 | 14 | 15 16 17

a 100 | 100 | 100 (100 (100|100 - -

Epoxy resin d - - - - - - 100 -
c - - - - - - - 100
d 63 - - 63 - - - -

Phenol resin e - 101 - - |101| - 55 55
£ - - 55 - - 55 - -

Mold releasing agent 2 2 2 2 2 2 2 2

Curing accelerator 1 1 1 1 1 1 1 1
a3 - - - - - - 800 | 800
a4 - - - - - - - -

Inorganic b3 800 | 800 | 800 - - - - -

filler b4 - - - 800 | 800 | 800 - -
b5 - - - - - - - -
b6 - - - - - - - -

Amount of particles

having a particle 0.17(0.17]0.17| 3 3 3 |0.17(0.17

diameter of 45 um or

more in inorganic

filler (wt %)

Average particle 11 11 11 15 | 15 | 15 11 11

diameter of

inorganic filler

(pm)
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b4 - - - - - - b5 800 800 800 - - - b6 - - - 800 800 800 Anount of
particles having a particle dianeter of 45 pin or 0.5 0.5 0.5 0.17 0.17 0.17
nore in inorganic filler (Wt % Average particle diameter of 20 20 20 11 11
11 inorganic filler (m 5 Using the thus obtained epoxy resin conpositions
of Exanpl es and Conparative Exanples, generation of un- filling,
verification of warping and pressure cooker test (PCT test) were neasured
and eval uated in accordance with tFabdet B@ds descri bed bel ow. These results
are shown in 10 the followng Table 11 to Table 14. Filling property and
generation of surface peellng As shown in F|g 3A and F|g anr@(gyyple in
whi ch 9 [Thips of a sem conductor el ement 5 (C% % %&%%1v %ﬁ] T 42) X
0.3 mmin thickness) having 100 pi eces of o aqg..' 6
arranged [on the under surface were nmounte 1 é S &Qrat@? (8%ze: 230 hun x
50 nun x {0.3 mmin thickness) was prepared005 180 ng084ch00f | t1Pd epb®Y |resin
conposi tijgisogbtraidigd i n the Exanpl gs and Conparative |[Exanp|es, the-
af or enentji oned flip chi p-nounted substrate was| subjjectgd to |[trangfer

nol di ng (feenrdtt+on—1F5-C€—x—96 oCbo1as) u:ig§ &— - o3 - -
Phenol resin e - |101| - - 101 -
£ - - 55 - - 55

Mold releasing agent 2 2 2 2 2 2
Curing accelerator 1 1 1 1 1 1
a3 - - - - - -

a4 - - - - - -

Inorganic filler b3 - - - - - -
b4 - - - - - -

b5 800 | 800 | 800 - - -

b6 - - - 800 | 800 | 800

Amount of particles having a
particle diameter of 45 um or 0.5/0.5{0.5/0.17|0.170.17
more in inorganic filler (wt %)
Average particle diameter of 20 | 20 | 20 11 11 11
inorganic filler (pm)

5 Using the thus obtained epoxy resin compositions of
Examples and Comparative Examples, generation of un-
filling, verification of warping and pressure cooker test
(PCT test) were measured and evaluated in accordance with
the methods described below. These results are shown in

10 the following Table 11 to Table 14.

Filling property and generation of surface peeling:
As shown in Fig. 3A and Fig. 3B, a sample in which 9

chips of a semiconductor element 5 (chip size: 7 mm x 7 mm
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die having a cavity size of 50 mrmmx 50 nm x 0.7 nun in depth 10 and then to
after hardening at 175" C for 5 hours. In this way, as shown in Fig. 4, the
gap between a substrate 7 and the sem conductor elenent 5 was encapsul at ed,
while effecting encapsulation by form ng an encapsulating resin layer 8 in
such a manner that the sem conductor elenment 5 15 flip chi p-nounted on a
substrate 7 was included. Thereafter, as shown in Fig. 4, sem conductor
packages were prepared by cutting out each sem conductor elenment | unit

al ong t he*bPoRef™ ife t*‘.l%‘lﬁ'i%sss?erhad’dﬁtﬂjét% BRIy PEeectbFastic bal
grid array, _size; 16 mmx 16 nun x 0.7 mm 20 in thickness of encapsul ating
resin | ay&PlEprabump &s@rrandgsse s WraSFa U fRCs ¥R PWEFT I PRd parts
were found in the gap between the sem conductor element 5 and the

subst r at e27 SWRS tE8dHt dd. (SEFhi™® dBhectd o X &ti ¥ iatidrth bk nees)
aforenentioned un-filled parts was carried out using 25 a supersonic

det ect or , W2SdPEREAFSSr-esence was confirmed by cutting each package and
observing its sections. Al sq, 43 since the transfer nmolding_ was carried out
by preparing twBSiBAnfPEE Ph FHECRPE*EhFFSiG OMPOSIH BTG %nent 5
were nmounted on the sybstrate 7 (see Fig. 3A 3B), the nunber of prepared
packages was thg Exapples &P W%&xﬁmgﬁg Peantity of the

sem conduct or packages ) ) .
aforementioned flip chip-mounted substrate was subjected to

transfer molding (condition: 175°C x 90 seconds) using a
die having a cavity size of 50 mm x 50 mm x 0.7 mm in depth
10 and then to after hardening at 175°C for 5 hours. In this
way, as shown in Fig. 4, the gap between a substrate 7 and
the semiconductor element 5 was encapsulated, while
effecting encapsulation by forming an encapsulating resin
layer 8 in such a manner that the semiconductor element 5
15 flip chip-mounted on a substrate 7 was included.
Thereafter, as shown in Fig. 4, semiconductor packages were
prepared by cutting out each semiconductor element 1 unit
along the broken line x. This semiconductor package was
PBGA (plastic ball grid array, size: 16 mm x 16 mm x 0.7 mm
20 in thickness of encapsulating resin layer 8). As a result,
the number of packages in which un-filled parts were found
in the gap between the semiconductor element 5 and the
substrate 7 was counted. In this connection, verification
of the aforementioned un-filled parts was carried out using
25 a supersonic detector, and their presence was confirmed by

cutting each package and observing its sections. Also,
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prepared in the above was verified in the follow ng manner. That is, length
of the maxi mum war pi ng part fromthe 10 horizontal surface when each

sem conduct or package was put on the horizontal surface was neasured. An
optical mcroscope was used in the neasurenent. In this connection, when
the warping quantity is 50 Mor less, it 1is generally judged good. 15 PCT
test: Each of the sem conductor packages prepared in the above was put into
a PCT chanmber and allowed to stand for 196 hours under a condition of 130'C
X 85% RH. S3diqfy the $rangfehdiprddhdtrHreamst?R vt RYirPaeR2peeei AYCin t he
sem conduct or package was verified by a supersonic detector, and the nunber
of packag@emaiseh igerdyighe P %H%éég P i s ieRndRtiRedelemeRki 8

connection, the nunber of prepared packages was 18 sim|lar to the above.

25 44 TabMerel Meuphsikon the sustrats Do(see Big Fi 33 ndPhr obRPty of

seniconduc&g&)elenent and 0/18 0/ 18 0/ 18 0/&8 0/ 18 0/18 0/18 0/18 substrate
n .

er of prepared packages was 1
5
Verification of warping:

Warping quantity of the semiconductor packages
prepared in the above was verified in the following manner.
That is, length of the maximum warping part from the

10 horizontal surface when each semiconductor package was put
on the horizontal surface was measured. An optical
micrcsccpe was used in the measurement. In this
connection, when the warping quantity is 50 pm or less, it
is generally judged good.

15
PCT test:

Each of the semiconductor packages prepared in the
above was put into a PCT chamber and allowed to stand for
196 hours under a condition of 130°C x 85% RH. Using this,

20 the presence or absence of surface peeling in the
semiconductor package was verified by a supersonic
detector, and the number of packages which generated
surface peeling was counted. In this connection, the
number of prepared packages was 18 similar to the above.

25
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(packages/ 18 packages) Surface peeling of sem conductor elenent and 0/18
0/18 0/18 0/18 0/18 0/18 0/18 0/18 encapsulating resin |layer by PCT
(packages/ 18 packages) Warping quantity 20 30 10 30 40 20 0 so -(Pm
Tabl e 12 Exanples 25 26 27 28 29 30 31 32 Filling property of

sem conductor elenment and 0/18 0/18 0/18 0/18 0/18 0/18 0/18 0/18 substrate
(packages/ 18 packages) Surface peeling of sem conductor el enent and 0/ 18
0/18 0/18 0/18 0/18 0/18 0/18 0/ 18 Teptapsul ating resin |ayer by PCT
(packages/ 18

Examples
17 18 19 20 21 22 23 24

Filling property
of semiconductor
element and 0o/18,0/18|0/18|0/18|0/18|0/18|0/180/18
substrate
(packages/18
packages)

Surface peeling
of semiconductor
element and o/is8|o0/18|0/18|0/18|0/18|0/18 | 0/18|0/18
encapsulating
resin layer by
PCT (packages/18

packages)
Warping quantity | 20 30 10 30 40 20 0 50
(jrm)
Table 12
Examples

25 26 27 28 29 30 31 32

Filling property
of semiconductor
element and o/18|0/18|0/18|0/180/18|0/18|0/18|0/18
substrate
(packages/18
packages)

Surface peeling
of semiconductor
element and o/i180/18|0/18|0/18|0/18|0/18,0/18|0/18
encapsulating
resin layer by
PCT (packages/18
packages)
Warping quantity | 20 35 15 25 35 15 -5 50

(pm)
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packages) Warping quantity 20 35 is 25 35is -5 50 -(vm 45 Table 13
Conpetitive Exanples 10 11 12 13 14 15 16 17 Filling property of

sem conductor 0/18 2/18 2/18 15/18 14/18 17/ 18 0/ 18 0/18 elenment and
substrate (packages/ 18 -packages) Surface peeling of sem conductor 0/18
0/18 0/18 0/18 0/18 0/18 4/18 6/ 18 elenent and encapsulating resin |ayer
by PCT (packages/ 18 -packages) Warping 20 35 15 25 30 20 60 90 -quantity
(W) Table 14 Table 13

Competitive Examples
10 11 12 13 14 15 16 17

Filling
property of
semiconductor | 0/18 |2/18|2/18 {15/18 |14/18 |17/18 |0/18|0/18
element and
substrate
(packages/18
packages)

Surface
peeling of
semiconductor |0/18 0/18|0/18| 0/18 | 0/18 | 0/18 |4/18 | 6/18
element and
encapsulating
resin layer
by PCT
(packages/18
packages)
Warping 20 35 15 25 30 20 60 90
quantity (um)

Table 14

Competitive Examples
18 19 20 21 22 23

Filling property of
semiconductor element and 3/18 |2/18|3/18{3/18|3/18|2/18
substrate (packages/18
packages)

Surface peeling of
semiconductor element and 0/18,0/18.0/18|0/18|0/18 | 0/18
encapsulating resin layer
by PCT (packages/18
packages)

Warping quantity (pm) 20 30 40 25 25 35

Based on the above results, the products of Examples

were excellent in filling property in the gap between the
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Conpetitive Exanples 18 19 20 21 22 23 Filling property of sem conductor

el emrent and 3/18 2/18 3/18 3/18 3/18 2/ 18 substrate (packages/ 18 packages)
Surface peeling of sem conductor elenent and 0/18 0/18 0/18 0/18 0/18 0/18
encapsul ating resin |ayer by PCT (packages/ 18 -packages) Warping quantity
(pm 20 30 40 25 25 35 Based on the above results, the products of Exanples
were excellent in filling property in the gap between the 46 sem conductor
el enent and substrate and showed no surface peeling, and the warping
quantity wemisenducgor edementyland sahatrate s tShavedinre esexEate ent
results were also obtained by the PCT test, it can be seen that a 5

sem conduPestingvi eadhihenyaspiad cluadtddss wasi St gresietainte #kliability
was obtained. Contrary to this, un-filled part were confirmed in the
products 6Rs€snpatatpddibkanpl 83n¢e e¥Celpptaseudtts weaeuSd sof
surface-untreated spherical nolten silica. Un 10 filled part were frequently
found i n ph&appedubys the PCInmfash i vid BanpleseEn tthals Hecause of the use

of
5 semiconductor device having superior excess moisture

resistance reliability was obtained.

Contrary to this, un-filled part were confirmed in
the products of Comparative Examples 10 to 12 because of
the use of surface-untreated spherical molten silica. Un-

10 filled part were frequently found in the products of
Comparative Examples 13 to 15 because of the use of
surface-treated minute spherical mclten silica containing a
large amount, namely 3.0% by weight, of the residue on
sieve of 45 pm or more in particle diameter. Also, since

15 the specified epoxy resin was not used in the products of
Comparative Examples 16 and 17, they were excellent in
filling property, but surface peeling of the semiconductor
element and encapsulating resin layer was confirmed, and
what is more, the warping quantity was large. In addition,

20 un-filled parts were found in the products of Comparative
Examples 18 to 20 due to large particle diameter, and un-
filled parts were also found in the products of Comparative
Examples 21 to 23 because of the use of a surface treating
agent which is not the agent of the invention.

25
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surface-treated m nute spherical nolten silica containing a |arge anount,
nanely 3.0% by wei ght, of the residue on sieve of 45 ~tmor nore in
particle dianeter. Al so, since 15 the specified epoxy resin was not used in
the products of Conparative Exanples 16 and 17, they were excellent in
filling property, but surface peeling of the sem conductor elenent and
encapsul ating resin |layer was confirnmed, and what is nore, the warping
quantity was large. In addition, 20 un-filled parts were found in the
products of Confriats e Brirfittelon dasp brenydeierike gt paetrtl eaBfanet er,
and un- filled parts were also found in the products of Conparative

Exanpl es 211tk Daferpncretofskpeifie efbadimerticthregpfngitaydnd WRich is
not the agent of the invention. 25 47 Wiile the invention has been describe
in detail 3BRPTSHENL? PP efieRl 199 sPRCERR c2ERDBRR FEiRE1PRE EBANIPE PR be
apparent to one skilled in the art that various changes and nodifications
can be nmad®dHeteA R MRE EAR RRPBRER nEReFeRR sWiRROYhi ArPagRdngcEpe™of t he
invention. This application is based on Japanese Patent Application No.
2004- 12386409 i IREC bR MY 93°P2 00 Bhe 1nupARE’R- Patent Application No.

2004- 143862 filed on May . 13, 2004, the entire contents thereof being

t hereby 10 i ncorBursataRPlIirateiant et Pasgd on Japanese Patent

Application No. 2004-143861 filed on May 13, 2004 and
Japanese Patent Application No. 2004-143862 filed on May
13, 2004, the entire contents thereof being thereby

10 incorporated by reference.
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VWHAT |S CLAIMED I S: 1. An epoxy resin conposition for sem conductor
encapsul ati on, which conprises the follow ng conponent (A), 5 conponent
(B), conponent (C) and conponent (D): (A) an epoxy resin, (B) a phenol
resin, (C) a curing accelerator, and (D) a spherical inorganic filler having
been surface 10 treated with a silane coupling agent having acrylate group
or nethacrylate group. 2. The epoxy resin conposition for sem conductor
encapsul ati on described in claim1, wherein in the 15 conponent (D)
spheri cal WHAGr g&niCa-HIMEDeLS:a spherical inorganic filler having an average
particle diameter of fromO0.5 to 3 pmis contained within a range of fromb5
to 50% by weight based on the entire inorganic filler. 20 3. The epoxy
resin conposition for sem conductor encapsul ation described in claiml,
wher ei n the conpeneh® eIE?)’fYsﬁﬁéFPCQPmpﬁﬁFgaﬁPcfPFl EemiggadycEeat ai ning ratio
of 0.3%by weight or less for the one having a particle dianmeter of 45 pm
or nore astcRRsSudd tédearagd sy tqRr iFR | iretial vimsy pewponrerts. (¥D, 4. The
epoxy resin conposition for sem conductor encapsul ation described in claim
1, whe? ei sompenemipdiant cqmponsidk y(Glesnt iapmpengiky(Rlesi n represent ed by
t he

(A) an epoxy resin,

(B) a phenol resin,

(C) a curing accelerator, and

(D) a spherical inorganic filler having been surface-

10 treated with a silane coupling agent having acrylate group

or methacrylate group.

2. The epoxy resin composition for semiconductor
encapsulation described in claim 1, wherein in the
15 component (D) spherical inorganic filler, a spherical
inorganic filler having an average particle diameter of
from 0.5 to 3 pm is contained within a range of from 5 to

50% by weight based on the entire inorganic filler.

20 3. The epoxy resin composition for semiconductor
encapsulation described in claim 1, wherein the component
(D) spherical inorganic filler has a containing ratio of
0.3% by weight or less for the one having a particle
diameter of 45 pum or more and has an average particle

25 diameter of 15 um or less.
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foll owi ng general formula (1) 0 0 A OCH2-CHCH2 OCH2-CH CH2 O CH2-CH G,

CH CHL 00 AOG6-CH2-CHQ2 OCH2-CHCHZ in the fornmula (1),

nis 0 or a

positive nunber. S. A sem conductor device which conprises the epoxy 10
resin conposition for sem conductor encapsul ation described in claim1 and
a sem conductor elenent, wherein said sem conductor elenent is encapsul ated

with said epoxy resin conposition. 50

4. The epoxy resin composition for semiconductor

encapsulation described in claim 1, wherein the component

(A) epoxy resin is an epoxy resin represented by the

following general formula (1)

0 0 0
/\ /\ /\
0-CH2-CH-CH> 0-CHz~-CH-CHz 0-CHz-CH-CH=
INCZ N !
0 O 0
Z\ /\
O‘CHz"‘CH'Cﬂz O 'CHz_CH 'CHz

in the formula (1), n is 0 or a positive number.

5. A semiconductor device which comprises the epoxy

10 resin composition for semiconductor encapsulation described

in claim 1 and a semiconductor element, wherein said

semiconductor element is encapsulated with said epoxy resin

composition.

50



