EPOXY RESI N COVPOSI TI ON FOR SEM CONDUCTOR ENCAPSULATI ON, AND SEM CONDUCTOR
DEVI CE USI NG THE SAME FI ELD OF THE I NVENTION 5 The present invention
relates to an epoxy resin conposition for sem conductor encapsul ation
capabl e of giving sem conductor devices of high reliability that do not
cause short circuits even in pitch reduction in the interconnection

el ectrode di stance or the conductor wire 10 distance therein, and relates
to the seni&&g%#p r..device with it. BACKGROUND OF THE | NVENTI ON

sen conduct EEORY PRSI FolBaiTrioN EGR SEFECONPUCTOR ZNCRRSHIARIGN,

resi n-encapsul ated through transfer noldin 15 with an epoxy resin
conposi tion. Vari ousPRCREMICPEPHETGR DEVECE WRING\EHREBUBf or e been

devel oped in the art. One exanple of the package formis a type as in Fig.
1. Inthis, 1 is an insulating substrate, and a sem conductor chip 3 is
nmounted on the insulating substrate 20 1 via an interconnection el ectrode 2
so that the insulating subdTERD OF JHE (RVENIFEMbnductor chip 3 are
electrically connected to each other. This is encapsulated in an

encapsul ati on r édie PREsSen e (inekirn cfelitem tp@ty ereXn rewimosi ti on t hat
serves as an encapsul ation material, on 25 the side of the insulating

subst r at eS9™RRFL hyorhEor seapésnnadecspr canpapswbahien eappbda. ofipart from
this I type, also nmentioned is another package as in Fig. 2. In this
package, LR cBABLEPRAUEEPE QeVécﬁﬁuﬁgeblﬁh weliahi ity fhatudotrate 5,
and the insulating substrate 5 and the sem conductor chip 3 are

el ectri ca?Ply CRNRBcERATEochEEHiILSopVeR ¥Maphtohrreducthenyiinnghehe wire 6,

the sem conductor chip 3 is resin-encapsulated in an
interconnection electrode distance or the conductor wire

10 distance therein, and relates to the semiconductor device
with it.

BACKGROUND OF THE INVENTION

Semiconductor chips such as transistors, IC and LSI
are generally resin-encapsulated through transfer molding
15 with an epoxy resin composition. Various package forms of
the type have heretofore been developed in the art.
One example of the package form is a type as in Fig.
1. In this, 1 is an insulating substrate, and a
semiconductor chip 3 is mounted on the insulating substrate
20 1 via an interconnection electrode 2 so that the insulating
substrate 1 and the semiconductor chip 3 are electrically
connected to each other. This is encapsulated in an
encapsulation resin 4a, a cured product of an epoxy resin
composition that serves as an encapsulation material, on
25 the side of the insulating substrate 1 having the

semiconductor chip 3 mounted thereon. Apart from this



encapsul ation resin 4b, a cured product of an epoxy resin conposition.
Further nmentioned is still another package as in Fig. 3. In this package,
a sem conductor chip 3 is 10 nounted on a lead frame 7 of netal, and the
sem conductor chip 3 is electrically connected to an inner lead 8 via a
wire 6. Including the wire 6, the sem conductor chip 3 is

resi n-encapsul ated in an encapsul ation resin 4c, a cured product of an
epoxy resin conposition. Apart fromthe 15 package types nentioned above,

still aneyper, pageagenitionddtiisORdther Ppabkdged as Al Higy. 2 sefhconduct or
chip 3 is nounted on a lead frane 10 of netal, and the sem conductor chip

3 i s el eehhiisCphkkage)nacisethildndudtorechlipad ik Rouwtded o @ynd the | ead
frame 10, via a wire 6. Including 20 the'wire 6, the sem conductor chip 3

i's resinigeGaAtyhat edbsitradie &NCaARURL ARsLASL [ t of an
epoxy resin conpgiitign.aSUNNARY OF THE IﬁVENTIn %ﬁ%%35§§% ?i%ﬁ%g of the

seni condygkOk el on@hctbr2 BhiREIE alrhPeS o¥te 1A Ahnthes nd it is
desired to reduce the pitch istghce bg?%ggn tlg F%%gkconﬁgg?y%ﬁd%

el ecty 0dgendrokibNa Wikes 68 | fnbigqSAg! eROONELQT gdeypges. However, the
pitch reduction results in frequent otcurrence of short circuits in the

process QEmi%BhGBE@BQtthpeﬁcﬁgsﬁ%@&nganPS%E%EeﬁiEﬂahhpn’ vari ous

i nvestigations 5 are made, for exanp uci ng the carbon deposition

|0 sem candupkan aRacAPeesal @B, QUkued Briahckedd bR ApoliAsklsi SOl ution

of the problem It is now desired to préevent the occur Short
Ci rcui t ScbiipBER¢Y6hNd FeLEhELHEALPEndRVE §CSti P abOtRE

sem conductor 10 devices of high re |§§¥+|ty. e |nven?ﬁgﬁgﬁgggg%%n made
in consi dgr@iyon30f fhethis package, a semiconductor chip 3 is
10 mounted on a lead frame 7 of metal, and the semiconductor
chip 3 is electrically connected to an inner lead 8 via a
wire 6. Including the wire 6, the semiconductor chip 3 is
resin-encapsulated in an encapsulation resin 4c, a cured
product of an epoxy resin composition. Apart from the
15 package types mentioned above, still another package is
mentioned as in Fig. 4. In this, a semiconductor chip 3 is
mounted on a lead frame 10 of metal, and the semiconductor
chip 3 is electrically connected to an inner lead 11
provided around the lead frame 10, via a wire 6. Including
20 the wire 6, the semiconductor chip 3 is resin-encapsulated
in an encapsulation resin 4d, a cured product of an epoxy

resin composition.

SUMMARY OF THE INVENTION

The capabilities of the semiconductor devices of
25 these types are improving these days, and it is desired to

reduce the pitch distance between the interconnection



situation as above, and its object is to provide an epoxy resin
conposition for sem conductor encapsul ati on capable of giving

sem conductor devices of high reliability that do 15 not cause short
circuits even in pitch reduction in the interconnection electrode distance
or the conductor wire distance therein, and to provide the sem conductor
device wth it. Specifically, the invention provides the follow ng: 20
(1) An epoxy resin conposition for sem conductor encapsul ation, which
conpri seseléctfofiés? ngr ctheowineés 6 Aln tbe( Sdmitdndastepodgviessn, (B) a
phenolic resin, 25 (C) an inorganic filler capable of preventing

seni conduiitwever ; cbhehpiteki redu¢tigni nesustepinf £oegaah€osdetifénce
encapsul ation with the epoxy resin conposition. (2) The epoxy resin
conposi t ieh $horteciczoniltstin thacppstessi 60 sémdbon@uéddr Wherein the
inorganic filler 5 (C contains at nost 2.5 ppm of carbon-coated inorganic
filler pancapsslitiohavilig thatarditalaride Jarigals tirpredtigations

i nterconnection el ectrode or conductor wire distance in a sem conductor
devi cé whixd nadép Her caxapslé At Ssie hyediieing ethef cdRSok 0aBSSES €98, and
conprises a sem conductor chip 10 nounted on an insul ating substrate or a

| ead franin aseinicondii: tor t dcaes THOILE | BuEheduid wbeCidagatdYa
i nterconnected to the insulating substrate or the |ead frame via an

i Nt er conndxdstaic eSEDIEDSIE Of €hé OREGISI&E . WIte i d Rowl R ARV ¢LSi N
conposition for sem conductor 15 encapsul ation of above (1), wherein the
i nor gani ievert thHé)ocomtbemce 36f | £106E t S8idebytaei BhrLdusPhgri cal fused
semiconductor devices, and to produce good semiconductor
10 devices of high reliability.
The invention has been made in consideration of the
situation as above, and its object is to provide an epoxy
resin composition for semiconductor encapsulation capable
of giving semiconductor devices of high reliability that do
15 not cause short circuits even in pitch reduction in the
interconpection electrode distance or the conductor wire
distance therein, and to provide the semiconductor device
with it.
Specifically, the invention provides the following:
20 (1) An epoxy resin composition for semiconductor
encapsulation, which comprises the following.components (A)
to (C):
(A) an epoxy resin,
(B) a phenolic resin,
25 (C) an inorganic filler capable of preventing

semiconductors from short-circuiting in a step of



silica particles (c') for which the heat source in fusion is the
conbustion heat of a heat source material not causing carbon deposition on
the surfaces of the spherical 20 fused silica particles and oxygen gas. (4)
The epoxy resin conposition for sem conductor encapsul ation of above (3),
wherein the spherical fused silica particles (c¢') are produced froma
siliceous material which is fed into a furnace through a double 25 wall ed
burner that conprises concentric inner and outer tubes and nultiple small
t ubes provisémdcoatinedort eacapsalatiand withe thiellepoxy kesdish a manner that
the siliceous material is via the inner tube, the heat source materi al

for fusioncomposatddiong carbon deposition on the surfaces of the spherical
fused silica particles is via the small 5 tubes, and oxygen gas is via the
space between t H@)snTFhé epokesrasgint bemposittibhbforasemiBbsBuesotused by
the gas conbustion in the furnace. (5) The epoxy resin conposition for

sem condusicapsulnckipnillof iabovad  @oy asHedeinitie | indRpadiaateSolgce 10
material for fusion not causing carbon deposition on the surfaces of the

spherbcal (dussshtdinsL atpardd |25 igpm YU Qabgtoatdd iHtrqpnmy resin
conposition for sem conductor encapsul ation of above (3), wherein the heat

sour ce 1¥iMMient ipritfldsIS{AN HEinp U g 1A IR0 s AP O ided 1Hhd Nehe
surfaces of the spherical fused silica particles is a mxture of oxygen

gas and ceitersididertivli laidodRor (Condh il GaRAI iy edfd Ge Wi th a
sem conductor chip encapsulated in the epoxy resin conposition of above
20 (1) (Sembrhib o @biide dHEdE i ROBE dnCapsI@d) by the use
of the composition and comprises a semiconductor chip
10 mounted on an insulating substrate or a lead frame and in
which the semiconductor chip is electrically interconnected
to the insulating substrate or the lead frame via an
interconnection electrode or a conductor wire.

(3) The epoxy resin composition for semiconductor

15 encapsulation of above (1), wherein the inorganic filler
(C) contains at least 50 % by weight of spherical fused
silica particles (c') for which the heat source in fusion
is the combustion heat of a heat source material not
causing carbon deposition on the surfaces of the spherical

20 fused silica particles and oxygen gas.

(4) The epoxy resin composition for semiconductor
encapsulation of above (3), wherein the spherical fused
silica particles (c¢') are produced from a siliceous
material which is fed into a furnace through a double-

25 walled burner that comprises concentric inner and outer

tubes and multiple small tubes provided between the inner



t he sem conductor chip nounted on an insulating substrate or a lead frane
Is electrically interconnected to the insulating substrate or the | ead
frame via an 25 interconnection electrode or a conductor wire and is
encapsulated in a layer of the epoxy resin conposition. 5 The present

I nventors have extensively investigated to find out the substance that may
cause short circuits in sem conductor encapsulation. As a result, we have
found that the cause for short circuits in sem conductor 5 encapsul ation

i s not i ranshrdstreh|tadled haitn i sagleremannes nthdthechatsilded¥y encapsul ation
but is in an inorganic filler. One exanple of the inorganic filler

her et of omatersiedl iirs tia abtte iindfarsearhisd | e HustersodMod avtrawiadyzed a
sanpl e of fused silica powder in detail, and have found 10 that a part of

the fusedosd |fusd qramdic|am sty conikth Wepbs tidaP Gy (e SigdFfidns W have
further found that the carbon- coated fused silica particles in the

i nor gani ¢he |dptrexizan, fuved adiilnad Wi RGARS! \Ald thestaialget ween the
i nt erconnecti on el ectrodes or between the conductor wires 15 in the

encapSul atubshssedmD diiejedi gl i il HHEsPibe HeASIddr At/ dnfi28r connect

the electrodes or the wires to cause short circuits therein. Based on

these fingibegs ande Hhy ouRACIthiked| lahdGiaGh ke I HY Ahdigder bon- coat ed
fused silica particles as 20 above, and have made many studles essentially

for the pombudEtidh dn Gl Fudhac@at ed fused silica particles. Heretofore,
t he conbustion heat froma m xture of conbustible gases, propane gas and

oxygen gas is ugeyl The dp6x}crdsE®UEGhpdSh 018K UdPlsdSEhidisa
particles. 25 Concretely, the mxed gas and a siliceous material are
jetted i eineapsulatden lof RN § F)US stheHeint hRAhda¥ &Surce
10 material for fusion not causing carbon deposition on the
surfaces of the spherical fused silica particles is
hydrogen gas.

(6) The epoxy resin composition for semiconductor
encapsulation of above (3), wherein the heat scurce

15 material for fusion not causing carbon deposition on the
surfaces of the spherical fused silica particles is a
mixture of oxygen gas and combustible hydrocarbon gas.

{(7) A semiconductor device with a semiconductor
chip encapsulated in the epoxy resin composition of above

20 (1)

(8) The semiconductor device of above (7), wherein
the semiconductor chip mounted on an insulating substrate
or a lead frame is electrically interconnected to the
insulating substrate or the lead frame via an

25 interconnection electrode or a conductor wire and is

encapsulated in a layer of the epoxy resin composition.



6 and, in this connection, we have found out the following: 1In this
process, carbon that is derived fromthe propane gas deposits around a
burner, and this deposits on the surfaces of the fused silica particles to
give carbon 5 coated fused silica particles. Further based on the findings
as above, we have nmade many other studies to find out the uppernost |imt
of the proportion of carbon-coated inorganic filler particles having a
particle size larger than the interconnection 10 el ectrode or conduct or

wi re distance iTheepresedtcinventiorschaverekdeh¥tvedyalihvebeigaeegani c
filler to be used, for preventing the occurrence of short circuits in

seni condteot dindnoagsthat sabstAnce thatl hayweab@dee shottd cildpati tsMign t he
proportion of the carbon-coated inorganic 15 filler particles having a

parti cl esemieohdngtort bacapselaititer,Consest i@sutteChé OBRvaAr £6@AGUCt OF Wire
di stance in sem conductor devices is limted to at nost 2.5 ppm of al

t he i nor ghaitc thel banses€exf shoxeTcigeditsoincRealtonduicddy then it nakes
it possible to prevent short circuits in the 20 process of resin

encapsul ehcapshiatpoadiei AGtseh carBoal Blacketha®s is BanRyaigyt ihnventors
have further found that, when (1) hydrogen gas or (2) a m xture of

conbust i khe mhydroadr for gatapetllatiohyputaliky il aRARBCFFaAndRd Oxygen 25
gas is used for the heat source for fusion in place of Cconventional

propane gillee.praiecexamsbd of | K PRGEGEMES £i1188étePBESSeit pPOSSible
to produce fused silica particles wth no carbon deposition around a

burner. uWéeHdaia shel hrtf asndubbdl sidhed pBwHEe! JaRé Chivd ! Shalpd&d Lont ains
at least 50 % by wei ght of the thus-produced, carbon-uncoated
sample of fused silica powder in detail, and have found
10 that a part of the fused silica particles are coated with a
deposit of carbon. We have further found that the carbon-
coated fused silica particles in the inorxganic filler used
for semiconductor encapsulation stay between the
interconnection electrodes or between the conductor wires
15 in the encapsulated semiconductor devices to thereby
electrically interconnect the electrodes or the wires to
cause short circuits therein.
Based on these findings, we have specifically noted
the production of carbon-coated fused silica particles as
20 above, and have made many studies essentially for the
production of carbon-uncoated fused silica particles.
Heretofore, the combustion heat from a mixture of
combustible gases, propane gas and oxygen gas is used for
the heat source in producing fused silica particles.

25 Concretely, the mixed gas and a siliceous material are

jetted into a furnace to produce fused silica particles,



fused silica particles is used in sem conductor encapsulation, then it
makes it possible to prevent short <circuits in the process of

sem conduct or encapsul ation. On the basis of the findings as above, we
have conpleted the present invention. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS
By way of exanple and to make the description nore clear, reference is nmade
to the acconpanying drawing in which: Fig. 1 is a cross-sectional view
showi ng one package 15 form of a semi conductor device. Fig. 2 is a

Cr oss- secandpainvtkis stonhagtiont hee haeekaganfobdtotha seMLepDdyct or
device. Fig. 3 is a cross-sectional view showing still another package

form of aIsethisnpbetessegatBon28hitJisidesitedl ££6mSERE! PREpaNbeW Show ng
still another package form of a sem conductor device. Fig. is a

Cr 0SS- SeCia®ndépys £¥s JaPithd k| Bubhei| Nendt BRi§086HLEVEE O8n OEh@N appar at us
for producing spherical fused silica particles. Fig. 6Ais a vertical

Cross- seciupfddey i 6V 6heVESed! BE1L0AShALE] £08s Okt §EvOUELALRL the
production apparatus of Fig. 5, and Fig. 6B is a horizontal

Crossfbsecéofbad Faswdosifiga pabticlescription of Reference Nunerals: 1,
5: Insulating Substrate 2: Interconnection Electrode 3: Sem conductor Chip
10 4a, 4b, 4c, 4Mirtteat bdsyd Biras@hidihgs as above, we have made
many other studies to find out the uppermost limit of the
proportion of carbon-coated inorganic filler particles
having a particle size larger than the interconnection
10 electrode or conductor wire distance in semiconductor
devices, relative to all the inorganic filler to be used,
for preventing the occurrence of short circuits in
semiconductor encapsulation. As a result, we have found
that, when the proportion of the carbon-coated inorganic
15 filler particles having a particle size larger than the
interconnection electrode or conductor wire distance in
semiconductor devices is limited to at most 2.5 ppm of all
the inorganic filler used for semiconductor encapsulation,
then it makes it possible to prevent short circuits in the
20 process of resin encapsulation for producing semiconductor
devices.
The present inventors have further found that, when
(1) hydrogen gas or (2) a mixture of combustible
hydrocarbon gas such as typically propane gas and oxygen

25 gas is used for the heat source for fusion in place of

conventional propane gas to produce fused silica particles,



6: Wre 7, 10: Lead Franme DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 The
present invention are further described in detail hereinunder. The epoxy
resin conposition for sem conductor encapsulation of the invention
conprises an epoxy resin (conponent A), a phenolic resin (conponent B) and
a 20 specific inorganic filler (conponent C), and it is generally in the
form of powder or tablets produced by tabletting it. The epoxy resin
(conponent A) for use in the invention is not specifically limted and may
be any 2then dinaakepokly pessibléoro qpoodphae fusedcsilicsa gpastichesol ak
type, phenol -novol ak type, bisphenol-A type, 9 biphenyl type,
tri phenylwitthane ¢axleon ndepesietior dyeending bwtiher . vaild hasrd Wieis Iof epoxy
resins. One or nore of these may be used either singly or as conbined. The
phenol i ¢ Fawd (happoress 8) imetgasicstil her eilniclh edwtging tdtt he above
epoxy resin (conmponent A) serves as a curing agent for the epoxy resin.
Al so not st 5@ Iy weigh®edof | therayhine-pryddkcedn cdshoreryndbebedi C
resin. For exanple, it includes phenol-novol ak, cresol -novol ak,
bi sphénol £used/ pei oo | pékx t eldd hid -uwed| Bk, sgiibrendwdsedkyl 10 resins, etc.
One or nore of these may be used either singly or as conbined. Preferably,
t he epoxyenaapsul=tigo,ctherd)itnthkde iphrswdilsle esi pArOEPONERGrB) are
proportioned in such a manner that the hydroxyl equivalent of the curing
agent maycilkicwietd riom thé prodeds affli sehirdrsdudtire eiE{p il tidd Omoh 8 to
1.2 equivalents relative to one epoxy equival ent of the

the basis of the findings as above, we have completed the

present invention.

10 BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig. 1 is a cross-sectional view showing one package
15 form of a semiconductor device.
Fig. 2 is a cross-sectional view showing another
package form of a semiconductor device.
Fig. 3 is a cross-sectional view showing still
another package form of a semiconductor device.
20 Fig. 4 is a cross-sectional view showing still
another package form of a semiconductor device.
Fig. 5 is a cross-sectional view graphically showing
the constitution of an apparatus for producing spherical

fused silica particles.



epoxy resin. The specific inorganic filler (conponent C) that is used

al ong with the above conponents A and Bin the 20 invention is
characterized in that it acts to prevent the occurrence of short circuits
of sem conductor chips in the process of sem conductor encapsul ation. The
prevention of the occurrence of short circuits in sem conductor

encapsul ation may be attained, for exanple, by limting the 25 anpunt of
carbon-coated inorganic filler particles having a particle size |arger

t han the interc@igectironsehesvertdealr ctdsscradetionali viedi Shawaag N

sem conductor devices, to at nost a specifically-defined one, and/or by
maki ng t hthe aroTEt taf Lot heh- the daintbs of Ot dddd GtfidiardppaLetawt
smal l er than a specifically-defined one. 5 Described belowis the case of
limting dtheriapoBii amd carbon-coated inorganic filler particles having a
particle size |larger than the interconnection electrode or conductor wre
di stance in senFigndés G dehotezonitalacro¥esiseatibaaill vaah wrdefigned one.
10 The specific inorganic filler (component C) that is used along with the
conpofentéa A and B contains at nost 2.5 ppm of carbon-coated inorganic
filler particles (a) having a particle size |larger than the

| Nt er conMmrddAipElar D tef dferdm dtgia¥amd s e di stance in seni conduct or

devi ces such as 15 those nentioned herei nabove. If the content of the

car bon- coatigdsi:nghganatihlgl sabstRarlel cl es (c) having a particle size larger
than the interconnection electrode or conductor wire distance in

sem conduckor rdewvreconnestiend&lekitzadd 5 ppmof all the 20 inorganic filler
(©, then the particles (a) stay between the interconnection electrodes or
bet ween t hg:cgeftiebatuctor Chip

10 4a, 4b, 4c, 4d: Resin for Encapsulation
6: Wire

7, 10: Lead Frame

DETAILED DESCRIPTION OF THE INVENTION

15 The present invention are further described in
detail hereinunder.

The epoxy resin composition for semiconductor
encapsulation of the invention comprises an epoxy resin
(component A), a phenolic resin (component B) and a

20 specific inorganic filler (component C), and it is
generally in the form of powder or tablets produced by
tabletting it.

The epoxy resin (component A) for use in the
invention is not specifically limited and may be any

25 ordinary epoxy resin. For example, it includes cresol-

novolak type, phencl-novolak type, bisphenocl-A type,



wires in sem conductor devices to thereby electrically interconnect the

el ectrodes or the wires to cause short <circuits therein. Preferably, the
content of the particles 25 (c) is as small as possible, but is generally
not smaller than 0.02 ppm The content of the carbon-coated inorganic 11
filler particles (c) in the inorganic filler (C may be determ ned and
conputed, for exanple, as follows: A predeterm ned sanple of inorganic
filler to be analyzed is put into a rectangular case having a size of 5 am

X 4.8 cmbipHényldsypes, |tiSipHdriyInitithrid teype Ohpinath Midd) S Rinsal
m croscope to count the nunber (A) of black points (carbon- coated

i nor gani edlidd eradidiid Ghyisas oW idibdy Hasial£r "onadoxPablreCbe thége The
total nunber (B) of all the inorganic filler particles that exist on the

face of inay nes il elthd): GASRIINAEHN G a5 cmXx 4.8 cmis conputed,
based on the nean particle size (C) of the inorganic filler particles

according to thenkophewbdcl 2e8iha (cbhponélie BP' eRAL! i8Nuskl Rbrbhg bl ack
poi nts having the predetermned particle size to all the inorganic filler

tisgl ' RN HE QIR Il tyadd . ¢ c
E)(rj:lrjrnlogr)esa=1|6(il X 4.8 x 1015) /gjd(a% %i Bﬁngﬁ‘ff‘(",ﬁ‘fé% Fi??‘?’%sz)af'h:
P,

I nt er connaatigp e 1 Wies FediGNJURLEEL nWk! §pd'bi%§es&1'§(n
sem conductor devices may be from10 to 20 100 M Preferably, the nean

particl e 15, tie da}PHEANY, XridwiElor i ddYMphdd 1AL FesifP! epBeef erably
from5 to 30 pm The nean particle size nmay bé determned by the use of a

| aser scabiaplg, Y tﬂrﬁl%ﬁi%%ﬂﬁvol&,“@rﬂcﬂ%&@ﬂ&,Of the specific
inorganic filler (conmponent C) is preferably at |east 75 % by weight, nore
bisphenol-A type novolak, naphthol-novolak, phenol-aralkyl
10 resins, etc. One or more of these may be used either
singly or as combined.
Preferably, the epoxy resin (component A} and the
phenolic resin (component B) are proportioned in such a
manner that the hydroxyl equivalent of the curing agent may
15 be from 0.5 to 2.0 equivalents, more preferably from 0.8 to
1.2 equivalents relative to one epoxy equivalent of the
epoxy resin.
The specific inorganic filler (component C) that is
used along with the above components A and B in the
20 invention is characterized in that it acts to prevent the
occurrence of short circuits of semiconductor chips in the
process of semiconductor encapsulation. The prevention of
the occurrence of short circuits in semiconductor
encapsulation may be attained, for example, by limiting the
25 amount of carbon-coated inorganic filler particles having a

particle size larger than the interconnection electrode or

10



12 preferably from80 to 91 % by weight of all the epoxy resin
conposition. If it is smaller than 75 % by weight, then the reliability of
sem conduct or devices may be poor in point of the soldering resistance
thereof. 5 Not specifically defined, the inorganic filler may be any known
one and includes, for exanple, quartz glass powder, silica powder,
alumna, talc, etc. Especially preferred are spherical fused silica
particles. Next described is the case of making the amount of 10

car bon- urRnfeRtonories distance bursemiconducteradéeicehantoaat
specifically-defined one. The specific inorganic filler (conponent C) that
i s used BpHh@ #ReCiFicabliyuiefined enel, Badioniby makimasth&0 % by

wei ght of spherical fused silica particles (c¢') that 15 are produced

accor di n(aennt P rarkopreneeatedpinorqanierfibl ler tpertirlentnof t he
spherical fused silica particles (c¢') is 100 % by wei ght of the conponent
(C). The smaklen than farspecibicahlyprdefined) oe. spherical fused silica
particles (c') is the conbustion heat of a heat 20 source material not
causi Ag carbon Besegiibesh helowhds dief zase of tlimidyimes ithal afmomedt silica
particles and oxygen gas. If the content of the spherical fused silica
particl e carhonwnated inergEvicohilles griickds Haneirp a nor gani c
filler (C, or for exanple, if conventional fused silica particles are
used for RIRtigie gide Iazder ¥l@n W8S tirgrerdmnertiganicaldetraie (@ nay
contain many carbon- coated fused silica particles and the carbon-coated
fused sigIndNgGRen wixs distancs viorrsandecontwr toon detices, dieat odes or

bet ween the conductor wires in sem conduct or
most a specifically-defined one.

10 The specific inorganic filler (component C) that is
used along with the components A and B contains at most 2.5
ppm of carbon-coated inorganic filler particles (c) having
a particle size larger than the interconnection elactrode
or conductor wire distance in semiconductor devices such as

15 those mentioned hereinabove.

If the content of the carbon-coated inorganic filler
particles (c¢) having a particle size laxger than the
interconnection electrode or conductor wire distance in
semiconductor devices is larger than 2.5 ppm of all the

20 inoxganic filler (C), then the particles (c) stay between
the interconnection electrodes or between the conductor
wires in semiconductor devices to thereby electrically
interconnect the electrodes or the wires to cause short
circuits therein. Preferably, the content of the particles

25 (c) is as small as possible, but is generally not smaller

than 0.02 ppm. The content of the carbon-coated inorganic

11



5 devices to thereby electrically interconnect the electrodes or the wires
to cause short circuits therein. Exanples of the heat source for fusion not
causing carbon deposition on the surfaces of the spherical fused silica
particles produced are (1) hydrogen gas alone, and 10 (2) a m xture of
oxygen gas and conbusti bl e hydrocarbon gas. In the m xture of oxygen gas
and conbusti bl e hydrocarbon gas, the conbustible hydrocarbon gas is not
specifically defined and nay be any conventional one such 15 as propane

gas. Theflilded pairitddlest e)MikedneasndiyahdcS€ildeli 1ey hhgt et does not
overstep the flammbility limt of the mxture. Preferably, the ratio by

vol ume ode®by@eRedd andc blipuitedl € fiydenadpren aas rhallbwshetyeen 1/0.9 and
1/1.1, nore preferably it s 1/1. 20 Next described in detail is the nethod

for prodpgedeterii¢nedsanplle bEsedotigania Falles! €5 be hnalQze@xaapl e, a
siliceous material is fed into a vertical furnace along w th gas flanes of

a mxed gat ehte AedectangulaFibakedhavidy hUSi2R BPt sCamsknNd . gaphon
deposition on the surfaces of 25 the spherical fused silica particles

produpedraadfaskiss juat Fhattenkd aaddikhobsetvedSRethedn! Bpkhgah! ames and
then 14 fused, while it keeps its individual particles, into" spherical

fused si mie#oBabpeCites colil® thel AAABSrTRRAS b# BLACROPoIAES! f('bsilébié,-d?fi ned,
and may be any one generally used in producing spherical 5 fused silica

particl egoaked She¥afic Fil%rDRaRteRALSY RUvidh BdpPEddibirmdnahones that
have a comnos tion grigs cigoercpatt %AlgOS, o o R R

and 0. O0BAr¥ikiQ siReQ OFRENEoLALlhGhSsr M) NIF BRI th&! EnSEGEn0E at nost
500 m preferably at nost 200 pm |If the particle size
filler particles that exist on the face of the rectangular
10 case having a size of 5 cm x 4.8 cm is computed, based on
the mean particle size (C) of the inorganic filler
particles according to the following formula (1). The
Proportion (D) of the black points having the predetermined
Particle size to all the inorganic filler particles is
15 computed according to the following formula (2).
B (number) = (5 x 4.8 x 10%)/c? (1)
D (ppm) = (A/B) x 10° (2)
The interconnection electrode distance or conductor
wire distance in semiconductor devices may be from 10 to
20 100 pm.
Preferably, the mean particle size of the inorganic
filler is from 2 to 40 pm, more preferably from 5 to 30 pm.
The mean particle size may be determined by the use of a
laser scattering particle size analyzer.

26 The blend ratio of the specific inorganic filler

(component C) is preferably at least 75 % by weight, more
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10 thereof is larger than the defined range as above, then the silica
particles could not be well fused into spherical particles or could not be
conpletely fused. The ground silica particles are jetted into a vertical
furnace along with a m xture of hydrogen gas and 15 oxygen gas thereinto,
and dispersed in the burning flanes at 2000C or higher and fused into
spherical fused particles. The facilities and the structures of the
vertical furnace_and the inner burner thereof may be any known ones. 20
Preci sel yPreferablesfren| 80 kat 91hd burweightsof abitthel epbuynzmesinn which
the starting siliceous material fed thereinto may be uniformy dispersed

i n bur ni n§PPPaRREIaRd Hayihelsg mmallerrtdian THrt dwmnightethemed is a
vertical furnace as_in Fig. 5. A hopper 21 for storing a siliceous 25

mat eri al Ehergehiakilibyi agdsam@%dtxgpoofdehéceermazabe Poonaie. Fromthe
hopper 21, a material feed duct 22 15 extends and it is connected to the
furnace beednbeof pAthensoldering pesistanceptheneofpl e small tubes 23 for
hydrogen gas introduction are disposed around the material feed duct 22,
an outder tube 2¥9% spegifiankly ddefiined| tthe sindrdganitalfisl 128, mayd t hese
constitute a burner of the furnace. Specifically, the burner through which
a silicedt® #MYcknown onejandcinchudes, ffonsexampbeg quattzgaglédsanes of a
m xed gas of a heat source material for fusion not causing carbon

deposi t i PPYHRF hesilicacpewder; halupima coalé yseticsi [BspectiGldarticl es
produced and_oxygen gas thereinto has a double- walled structure that

conpr i sesP¥pferted arepepberipul t fizsedpsilica paxticles. (i nner tube) 22.
The heat source_material for fusion not causing carbon deposition on the
surfaces of the NpHedasgrihes: dssithe: £ase ofc making hbhee@mount of

10 carbon-uncoated inorganic filler particles not smaller than
a specifically-defined one.
The specific inorganic filler (component C) that is
used along with the components A and B contains at least 50
% by weight of spherical fused silica particles (c') that
15 are produced according to a specific process. More
preferably, the content of the spherical fused silica
particles (c¢') is 100 % by weight of the component (C).
The heat source for fusion in producing the spherical fused
silica particles (c') is the combustion heat of a heat
20 source material not causing carbon deposition on the
surfaces of the spherical fused silica particles and oxygen
gas.
If the content of the spherical fused silica
particles (c') is smaller than 50 % by weight of all the
25 inorganic filler (C), or for example, if conventional fused

silica particles are used for the inorganic filler (C),
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15 and the oxygen gas nust be introduced into the furnace at different
flowrates. Accordingly, a nunber of small tubes 23 are disposed in the
space between the outer tube 25 and the material fee duct (inner tube) 22,
and the small tubes 23 serves as feed ducts for the heat source materi al
for 20 fusion not causing carbon deposition on the surfaces of the
spherical fused silica particles produced. The space around the small
tubes 23 (the space between the small tubes 23 and the outer tube 25)
serves asthenokheecinopganiccfiitiler 20) mayl ¢comtiimtmanyrcarbaneri al for
fusion not 25 causing carbon deposition on the surfaces of the spherical 16
fused sil¢teatedrfvsedssplbcayceairtiglés and rthie coarbon ocodrtedf fusade
simul taneously with oxygen gas thereinto. A transfer tube 27 is fitted to
t he bott o bicapartiches csbay\between ot iteheospdeticml fused silica 5
particles produced are transferred into a cyclone 28 and then into a bag
filter 2%ktchrodes hor Heetwéden sthgasondieter wirdy imesanicandedétor bl oner
30. Inthe bag filter 29, the spherical fused silica particles are
separ &t eddévipes i te théxely ebsctmically einbarddmadt. tid dhectihodeasyi ng
dependi ng on the production condition and others, the dianeter and the
| engt h ofox hché wites bodyaudé shgrbechumin téhathédwimei ght thereof is from
5to 100 tines, preferably from10 to 50 tinmes the dianmeter thereof. The
appar at us of t h@xanplets aife dthey heatnsduraes Ebr fusionp meducaupiidyge | nt ended
spherical fused silica particles. Concretely, a heat source material for
f usi on noraxkemidepositibom ok pde tsurfares hef sthd axpisenicahefwpddri cal
fused silica particles produced and oxygen gas are jetted into the
furnace t#kbigh paxticlesrpxéduced azemd(l) shydrogan Masidlawusamdt eri al ,
ground silicais jetted into the

10 (2) a mixture of oxygen gas and combustible hydrocarbon

gas.
In the mixture of oxygen gas and combustible
hydrocarbon gas, the combustible hydrocarbon gas is not
specifically defined and may be any conventional one such

15 as propane gas. The blend ratio in the mixed gas may be so
defined that it does not overstep the flammability limit of
the mixture. Preferably, the ratio by volume of oxygen
gas/combustible hydrocarbon gas falls between 1/0.9 and
1/1.1, more preferably it is 1/1.

20 Next described in detail is the method for producing
the spherical fused silica particles (c'). For example, a
siliceous material is fed into a vertical furnace along
with gas flames of a mixed gas of a heat source material
for fusion not causing carbon deposition on the surfaces of

25 the spherical fused silica particles produced and oxygen

gas thereinto, and this is dispersed in the flames and then
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burning flames at 2000C or higher in the furnace. In this case, it is
desirable that the ground silicais fully dispersed in the burning flanes
and the residence tinme thereof in the burning flames is as |ong as

possi ble. 25 The flow rate of the oxygen gas to formthe burning flanes
may be at least 1.5 nisec at the outlet of the 17 burner, and the flow rate
of the other heat source material, for exanple, hydrogen gas may be from1l
to 20 tinmes, preferably from2 to 10 tinmes, nore preferably from 2 to 6

tines theuvedewiile fivkdep: its Hivliariadil Fatticordd, cGaps material ,
ground silica to be fed into the furnace is not specifically defined, and

may be sEghdddedletRisdd el dape i ed he size of the burner and the
furnace body 26. For exanple, it may be from1l to 100 kg/ hr, preferably

from5 to 30 kghhe @ilseeokd Raterdnndikhaotodperti £fieadiigydktensld, i ceous
material into the furnace body 26, the material may be rmade to flow down

spont aneqiid Yy BEURTY RIS Yererd116f &It Yin RURYind NphdBil&dl al is made
to fl ow down spontaneously. The tinme for which the sillcéeous nmaterial is

heatef Ilfuddy tdi0fua Pa¥kidideEs Y Beadpier! Mikefa PBEOB&E§EQE&-b¥”
general, the heating tinme for smaller siliceous pariicles Ttmy be Shortened

more. They MR MAIdi1Glc Sitched tHit HIRS I Honldbsadidd i ogPa t4 cles (c)

t hus produced in the nmanner as above is 20 preferably from2 to 40 Jun,

mor e prefsigbl ¥ & AN, t @ 5 AMFD, ! he. d6W Path o fddd ¥, dopipenent C), the
other than the spherical fused silica particles (c') is preferably silica
powder . Zhtlgrifid ffartlicl e Hd\8thg ' PadrtAAH K Ad |d€7at most 500
jm, preferably at most 200 pum. If the particle size
10 thereof is larger than the defined range as above, then the
silica particles could not be well fused into spherical
particles or could not be completely fused.
The ground silica particles are jetted into a
vertical furnace along with a mixture of hydrogen gas and
15 oxygen gas thereinto, and dispersed in the burning flames
at 2000°C or higher and fused into spherical fused
particles.
The facilities and the structures of the vertical
furnace and the inner burner thereof may be any known ones.
20 Precisely, it is desirable that the furnace is a vertical
furnace in which the starting siliceous material fed
thereinto may be uniformly dispersed in burning flames and
may be fused therein. For example, mentioned is a vertical
furnace as in Fig. 5. A hopper 21 for storing a siliceous

25 material therein is provided at the top of the vertical

furnace. From the hopper 21, a material feed duct 22
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(conponent C) that contains the specific anount of the 18 specific
spherical fused silica particles (c') may be any known silica powder.
Especially preferably, it is spherical fused silica particles like the
specific spherical fused silica particles (c¢'). 5 The nean particle size
of the inorganic filler (conponent C) except the specific spherical fused
silica particles (c') is preferably from2 to 40 M nore preferably from
5to 30 M The nean particle size of the spherical fused silica particles
(c') and entendsrgndi é¢t1dsf coheectedntonthe Exrmaypebbodgt @67 nkd by t he use
of a |aser scattering particle size analyzer. The blend ratio of the
speci fi c FagrgbAi enfli Fligr 6BsompdtépleCsmadlptebesal2By far hgdsogén % by

wei ght, nore preferably from80 to 91 % by wei ght of all the epoxy resin
15 conposgasoantirbdintctiensamel dispbaerd7arbuhd theghhteirial fiekda dgeldtability
of sem conductor devices may be poor in point of the soldering resistance
t hereof . 2R, addi bubert tubbe28bdsedieppeednts cArrbandCrhet BRalepoxy resin
conposition of the invention nmay optionally 20 contain any other additives
of, fdr exabpbe23guandgthessotensththeges- barhairnbigtheafarnatardant such
as brom nated epoxy resin, flame retardation pronoter such as antinony
trioxi de, Spegifitailiglh &hechubnerbtheknghi Whleh &0sRliBEcagcCRAhto¥eR1aS

0- (3,4 25 epoxycycl ohexyl) ethyltrinmethoxys i lane and y 19

gl yci doxypsopettedmihkoxusfuenaceaallongl dithl gase£3umnbsasf samigeda wax, if
desired. The curing pronoter nmay be any of am ne-type or

phosphor ugasoafaanhagtcesopsoadaatdbtadnfoe- FipLofioipeUBdising carbon

deposition on the surfaces of the spherical fused silica
10 particles produced and oxygen gas thereinto has a double-
walled structure that comprises the cuter tube 25 and the
material feed duct (inner tube) 22. The heat source
-material for fusion not causing carbon deposition on the
surfaces of the spherical fused silica particles produced,
15 and the oxygen gas must be introduced into the furnace at
different flow rates. Accordingly, a number of small tubes
23 are disposed in the space between the outer tube 25 and
the material fee duct (inner tube) 22, and the small tubes
23 serves as feed ducts for the heat source material for
20 fusion not causing carbon deposition on the surfaces of the
spherical fused silica particles produced. The space
around the small tubes 23 (the space between the small
tubes 23 and the outer tube 25) serves as an oxygen gas
feed duct 24, and the heat source material for fusion not

25 causing carbon deposition on the surfaces of the spherical
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5 include, for exanple, imdazoles such as 2-nethylimdazole, and tertiary
am nes such as triethanol am ne and di azabi cycl oundecene. The
phosphor us- cont ai ni ng conpounds include, for exanple, triphenyl phosphine
and tetraphenyl phosphine. These nay be used either singly or as conbined.
10 The blend ratio of the curing pronoter is preferably from 0.1 to 1.0 %
by weight of all the epoxy resin conposition. Myre preferably, it is from
0.15to0 0.35 -% by weight in consideration of the flowability of the epoxy
resin cofpsedtsiblicd Spdbtieex yproduded 0ip@Shé i DAtiodusedi cABdUEhar
encapsul ation of the invention may be produced, for exanple, as foll ows:

The abovefeonpeacsitulfanédusly with opkyeanrl gasddihéyesnese bl ended, then
nmel t - kneaded under heat in a kneadi ng machi ne such as a mxing roll or the

20 like, and coql afdrsfero RukRiTET aldirfa t ti HeeHHd ik e ¥E #15e ground in
any known manner and optionally tabletted into tablets. The process that

conpri sesfilifesce BEMF 6 Y Hih hehitht eé cshbROPXYal CEhSeQ08DPEELI ON Of the
invention. If desired, carbon black, a type of pignent may be previously

25 mi¥ed paibiclefpréduCd@xyré CetinifePreédaintd A 8ftXond B8 PREM X may Dbe
melt-m xed with the other constituent 20 conmponents, and the resulting

M xture MlyeMeiESCLBLY £11téHE29 M EonG WEED 26hah@xRah &t PgaGUCE t he
i nt ended epoxy resin conposition of the invention. Not specifically

defined, ener@EntAtbPtné adtsew 69NdUsiowe£MEs B4 i @i it epoxy

resin conposition may be effected in any known nol ding nethod, for
exanpl e, 29y otigh SpKlerDEY] t £@S8d €81 D4l Pishet-ildEe s €436 0 tRtedCFi&RS thus

produced in the nmanner as herein are concretely the packages of Fig. 1 to

the exhaust gas and collected therein.

10 Though varying depending on the production condition
and others, the diameter and the length of the furnace body
26 may be such that the height thereof is from 5 to 100
times, preferably from 10 to 50 times the diameter thereof.

The apparatus of the illustrated type may be used in

15 producing the intended spherical fused silica particles.
Concretely, a heat source material for fusion not causing
carbon deposition on the surfaces of the spherical fused
silica particles produced and oxygen gas are jetted into
the furnace through the burner thereof, and a starting

20 siliceous material, ground silica is jetted into the
burning flames at 2000°C or higher in the furnace. In this
case, it is desirable that the ground silica is fully
dispersed in the burning flames and the residence tinme
thereof in the burning flames is as long as possible.

25 The flow rate of the oxygen gas to form the burning

flames may be at least 1.5 m/sec at the outlet of the
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10 Fig. 4 illustrated hereinabove. In the package of Fig. 1, a
sem conductor chip 3 is nounted on an insulating substrate 1 via an
i nterconnection electrode 2 so that the insulating substrate 1 and the
sem conductor chip 3 are electrically connected to each other. This is
encapsul ated 15 in an encapsul ation resin 4a on the side of the insulating
substrate 1 having the sem conductor chip 3 nounted thereon. In the
package of Fig. 2, a sem conductor chip 3 is nmounted on an insulating
subst r at duxnemd and the flow tate uwEt the cobhanchedt semtceonductor chip 3
are electrically 20 connected to each other via a wire 6. Including the
wire 6, makexiad cofeicexample p ydsogesigasnoapdoe afech i h &6 20
encapsul ation resin 4b. In the package of Fig. 3, a sem conductor chip 3
i s nount ethmgs o preferably froi Zetall0 times hencwsi poefacdloly chirem3 i S
electrically connected to 25 an inner lead 8 via a wire 6. Including the
wire 6, theto serkiweriutheroxyden Jas flsw neteapsul ated in an 21
encapsul ation resin 4c. In the package of Fig. 4, a sem conductor chip 3
is no@nted on aTheacdmousnte of) thie sHdtizleousnthatterisd} eaotmd eilddp 3 1S
electrically connected to an inner |lead 11 provided around the lead 5
frame 10,toike £ad rime thelfuknard hiss vict shedilicslly derinéd) &Hdp 3 i S
resin-encapsulated in an encapsulation resin 4d. In the invention, the
i nt er conmeay iken siidoblyladeteriined adpending awnestsite sNsthat i Ng
substrate 1 to the 10 sem conductor chip 3, for exanple, as in Fig. 1. It
may be afpunpsr -darbviches| Botnagmke ddyne? 6 huFoirt examplent iitSmag bencl ude an
el ectrode and a conductor such as a joint ball to be disposed around the
el ect rodfromhd cencdfl kg/hihe poafiekakily fivome 5 rtd B0 ilayAnt e $6. t O
include the wire 6

10 Regarding the mode of feeding the siliceous material into

the furnace body 26, the material may be made to flow down
spontaneously or under pressure. Preferably, however, the
material is made to flow down spontanecusly.

The time for which the siliceous material is heated

15 in the burning flames may be determined appropriately. 1In
general, the heating time for smaller siliceous particlas
may be shortened more.

The mean particle size of the spherical fused silica
particles (c) thus produced in the manner as above is

20 preferably from 2 to 40 pm, more preferably from 5 to 30
pm.

Of the inorganic filler (component C), the other
than the spherical fused silica particles (c') is
preferably silica powder.

25 Not specifically defined, the inorganic filler

(component C) that contains the specific amount of the
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15 that electrically connects the sem conductor chip 3 to the insulating
substrate, or the sem conductor chip 3 to the inner lead 8, or the
sem conductor chip 3 to the inner lead 11, as well as the inner |eads 8,
11 and the other wires on the insulating substrate 5 as in Fig. 2 to Fig.
4. 20 The invention is describe in nmore detail with reference to the
fol l owi ng Exanpl es and Conparative Exanples. 22 The follow ng conponents
were prepared. Epoxy Resin (a): A biphenyl-type epoxy resin of the
fol | owi ngpesdfilica spheridaly ifupedh sildoa eaHtidIY @)l mhy@tb aa,.gplltl ng
point 5 of 100C) . H C , CF CQul7 CHCH2 _~. QCH CHCtd I, 'C" CH O
Epoxy Re&nowib)siliGaAposiery. Espachayipopreperhbiye ypi tg of the
following formula (b) (having an epoxy equi val ent of 170  and a nel ti ng
poi nt of spberical- fuSekdh sGlice paGtildles) like the Gperi®idCH: CH CH2 15 ...
(b) Phenolic Resin: A phenol-novol ak resin (having a hydroxyl equival ent
of 107 asgpharielali fysed Biililcabparticles (c').
5 The mean particle size of the inorganic filler
(component C) except the specific spherical fused silica
particles (c') is preferably from 2 to 40 pm, more
preferably from 5 to 30 um. The mean particle size of the
spherical fused silica particles (c¢') and the inorganic
10 filler (component C) may be determined by the use of a
laser scattering particle size analyzer.
The blend ratio of the specific inorganic filler
{(component C) is preferably at least 75 % by weight, more
preferably from 80 to 91 % by weight of all the epoxy resin
15 composition. If it is smaller than 75 % by weight, then
the reliability of semiconductor devices may be poor in
point of the soldering resistance thereof.
In addition to the above components (A) to (C), the
epoxy resin composition of the invention may optionally
20 contain any other additives of, for example, curing
promoter, halogen-containing flame retardant such as
brominated epoxy resin, flame retardation promoter such as
antimony trioxide, pigment such as carbon black, silane

coupling agent such as f-(3,4-

25 epoxycyclohexyl)ethyltrimethoxysilane and Y-
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23 Curing Pronmoter: Triphenyl phosphine. Flame Retardant: Brom nated epoxy
resin. 5 Flame Retardation Pronoter: Antinony trioxide. Mld Release:
Carnauba wax. Pignent: 10 Carbon black. Inorganic Filler (1l-a): Spherical
fused silica powler (having a nean particle size of 20 m) that contains
carbon-coated fused silica particles (al) to (a3) nmentioned bel ow. 15
(al): carbon-coated fused silica particles having a particle size of
| arger than 60 pm 10 ppm (a2): carbon-coated fused silica particles having
a parti cdlyecidexypropyorinatinoggsil @e ppand (mw8ld relbéasecsathdakused
silica particles having a 20 particle size of larger than 20 m 40 ppm
| nor gani ccéxrhawba (dak) . iSplesived. f used silica powder (having a nean
particle size of 10 p=) that contains carbon-coated fused silica particles
(bl) to (b3) nermMhermdrivgg Eaoniditexh Hay dse Eory cebitatidarsigfpesidt ca particl es
having a particle size of larger than 60 .m0 ppm 24 (b2): carbon-coated
fused si|phosplotustesnbainigg scaapdunde. SiThe amirms-g8/pd hesmpdands ppm
(b3): carbon-coated fused silica particles having a
9 include, for example, imidazoles such as 2-methylimidazole,
and tertiary amines such as triethanoclamine and
diazabicycloundecene. The phosphorus~containing compounds
include, for example, triphenyl phosphine and tetraphenyl
phosphine. These may be used either singly or as combined.
10 The blend ratio of the curing promoter is preferably from
0.1 to 1.0 % by weight of all the epoxy resin composition.
More preferably, it is from 0.15 to 0.35 % by weight in
consideration of the flowability of the epoxy resin
composition.
15 The epoxy resin composition for semiconductor
encapsulation of the invention may be produced, for
example, as follows: The above components (A) to (C) and
optional additives are blended, then melt-kneaded under
heat in a kneading machine such as a mixing roll or the
20 like, and cooled to room temperature. The resulting blend
is ground in any known manner and optionally tabletted into
tablets. The process that comprises these steps gives the
intended epoxy resin composition of the invention. If
desired, carbon black, a type of pigment may be previously

25 mixed with a part of epoxy resin to prepare a premix. The

premix may be melt-mixed with the other constituent
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particle size of larger than 20 pim 10 ppm 5 Inorganic Filler (1-c):
Spherical fused silica powder (having a nean particle size of 2 ~=) with
carbon-coated fused silica particles (cl) to (c3) nentioned below (cl):
carbon-coated fused silica particles having a 10 particle size of |arger
than 60 ~= 0 ppm (c2): carbon-coated fused silica particles having a
particle size of larger than 30 pm O Ppm (c3): carbon-coated fused silica
particles having a particle size of larger than 20 pm O ppm 15 |Inorganic
Filler (lcopponapts;iand thsotesulting poixituré heay rige preeassedrincl e size
of 15 ~=) that contains carbon-coated fused silica particles (dl) to (d3)
ment i onedtise| same (minnex abhaEbaovat e producsi the sipeended cepbaryi ng a 20
particle size of larger than 60 ~= 0 ppm (d2): carbon-coated fused silica
particl esremin epnpemktion eofitdee ainvengosnt han 30 ~= 5 ppm (d3):
carbon-coated fused silica particles having a particle size of |larger than

20 ~= 10 ppm 25Ngthepecilficaddy Sedficmdlardncapaal@atizn dfsi ng the verti cal

furnace of Fig. 5 and Fig. 6 illustrated herei nabove, spherical fused
silicé paemigtewudtowiclyips sartlparise| ef sthie afoap pediner e produced in
the 5 manner nentioned bel ow. Concretely, a siliceous material, ground

powder ( heoniprsitien tay deieffaited IWSinyteniyn aloXding métiwe@s (99.5 %
Si 02r 0.063 % A1203, 0.002 % Fe203, 0.002 % Na20 and 0.003 % K20) was
pr epar ed, faancetdnpl easthmogh realisiary etramd fest eoMbing cal furnace through
the The semiconductor devices thus produced in the
manner as herein are concretely the packages of Fig. 1 to
10 Fig. 4 illustrated hereinabove. In the package of Fig. 1,
a semiconductor chip 3 is mounted on an insulating
substrate 1 via an interconnection electrode 2 so that the
insulating substrate 1 and the semiconductor chip 3 are
electrically connected to each other. This is encapsulated
15 in an encapsulation resin 4a on the side of the insulating
substrate 1 having the semiconductor chip 3 mounted
thereon. In the package of Fig. 2, a semiconductor chip 3
is mounted on an insulating substrate 5, and the insulating
substrate 5 and the semiconductor chip 3 are electrically
20 connected to each other via a wire 6. Including the wire
6, the semiconductor chip 3 is resin-encapsulated in an
encapsulation resin 4b. In the package of Fig. 3, a
semiconductor chip 3 is mounted on a lead frame 7 of metal,
and the semiconductor chip 3 is electrically connected to

25 an inner lead 8 via a wire 6. Including the wire 6, the

semiconductor chip 3 is resin-encapsulated in an
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10 feeder at a rate of 10 kg/hr, along with gas flanes (having a flane

| ength of 50 cm at 2000C or higher of a m xed gas of hydrogen [30 Nn8/hr,
flowrate of 43.9 m sec] and oxygen (15 NnB/hr, flowrate of 8.3 m sec]
thereinto. In that manner, spherical fused silica particles (2-a) (having a
15 nmean particle size of 20 m were produced. Spherical Fused Silica
Particles (2-b): Using the vertical furnace of Fig. 5 and Fig. 6

il lustrated herei nabove, spherical fused silica particles (having a nean
parti cl e egicapswil a2(ichamesier dcor olinc etei pathageéOofaFagr, @enki oned bel ow.
Concretely, a siliceous material, ground powder (having a particle size of
at nost Gemikonkiuctidr chipt Gnds @inted D02 10 FrP4anfsl A48 ,080. 002 % Fe203,
0.002 % Na20 and 0. 003 % K20) was prepared, and this was continuously fed
i nto t hemedsatli,cand theasentikondyttidre My Gedy ellectridiaalgf 10 kg/ hr,
along with gas flames (having a flane length of 30 cm at 2000C or higher

of a mM xednpastad do Anofaner 1eaMAAhprdvided aruwid khe 1dsxec] and
oxygen [5 NnB/hr, flowrate of 6.2 nisec] thereinto. In that mnner,
spherb calfrfameed 05i Mi@a apafitreclées fRchhdihgvihRg ®iraesn paeticle size of 20
pm were produced. 5 Spherical Fused Silica Particles (2-c): Using the
vertical skemicandueftori ¢ghip 3nd sFirgsiti-dndapsulaited ey gipnabove, spheri cal
fused silica particles (having a nmean particle size of 10 pm were

pr oduced eneaplsalatdonc rezant daned bel ow. Concretely, a siliceous material,
10 ground powder (having a particle size of at nost 44 pm of silica
stones (99.5 % Fh(fhe0ifR6én t4én208he0iR08rdohrd88ion0ed8lt¥pda29sand 0. 003

% K20) was prepared, and this was continuously fed into the vertical

furnace thr elgetiriealligedennacta that Anehldthgghsubstengenilt kgane | anes

(haVigg semiconductor chip 3, for example, as in Fig. 1. It may be

any well-known electrode alone, but its concept is to

include an electrode and a conductor such as a joint ball

to be disposed around the electrode. The concept of the

conductor wire in the invention is to include the wire 6

15 that electrically connects the semiconductor chip 3 to the
insulating substrate, or the semiconductor chip 3 to the
inner lead 8, or the semiconductor chip 3 to the inner lead
11, as well as the inner leads 8, 11 and the other wires on
the insulating substrate 5, as in Fig. 2 to Fig. 4.

20 The invention is describe in more detail with

reference to the following Examples and Comparative

Examples.
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15 a flame length of 50 cm at 2000C or higher of a m xed gas of hydrogen
[30 N8B/ hr, flowrate of 43.9 nisec] and oxygen [15 NnB/hr, flow rate of
8.3 msec] thereinto. In that manner, spherical fused silica particles
(2-c) (having a mean particle size of 10 Iin) were produced. 20 Spheri cal
Fused Silica Particles (2-d): Using the vertical furnace of Fig. 5 and Fig.
6 illustrated herei nabove, spherical fused silica particles (having a
mean particle size of 10 pm) were produced in the nanner nentioned bel ow.
Concretely, a siThedmislowirgy i cinpditent weke@ulpaXddyi ng a particle size
of at nost 44 fun) of silica stones (99.5 % Si 02, 0.063 % A1203, 0.002 %
Fe203, 27Epoxy(Resimaf®) and 0. 003 -% K20) was prepared, and this was
continuously fed into the vertical furnace through the feeder at a rate of
8 kg/ hr, along Vi thipienyl-cpse (dposingresin |afetHe Il ofind £omila 2000* C
or higher of a mxed gas 5 of propane [10 NnB/hr, flow rate of 12.0 m sec]
and oxygefa) [ thawniidiran f époxy aéquibabert WEer} 3t pdcanhe@ltingt paintmanner,
spherical fused silica particles (2-d) (having a nean particle size of 10
pi n) Wer eoPHro@@Bd. Spherical Fused Silica Particles (3-a): 10 Using the
vertical furnace of Fig. 5 and Fig. 6 illustrated herei nabove, spheri cal
fused silica particles (having a nean particle size of 20 ~=) were
produced in the rmanner nentioned below. Concretely, a siliceous. material,
ground powder (havinglth gacticle sjééiof at nost 66 M of 15 silica stones
(99.5 % S02, 0,063 % A1203,/ @ 092:.% Fe203, 0. 002 % Na20 and 0. 003 % K20)
was preparel: &hdCithi O was{{ coriti AousDy- €tk inile- €k vertical furnace
t hrough the™-rfat eri al feed/cru’ct Ti'nner tube) 22~0 the feeder at a rate of
10 kg/hr, al dhg with dlnmied gas of Cptopane and &ygerg }

S (3

Epoxy Resin (b):
10 An epoxy resin having repetitive units of the
following formula (b) (having an epoxy equivalent of 170

and a melting point of 60°C).

O—CH: CH—-CH,
- ~\/' e
| S 0 .
) CH - <+ {h)
B e
"/}?j;r - "
*O0~CH: CH—CI{,

~./
0

15
Phenolic Resin:
A phenol-novolak resin (having a hydroxyl equivalent

of 107 and a melting point of 60°C).
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20 (1/1 by volune) [30 N8B/ hr, flowrate of 43.9 nisec] thereinto through
the smal|l tubes 23 disposed in the space between the outer tube 25 and the
material feed duct (inner tube) 22 and with oxygen gas [15 Nm 3 /hr, flow
rate of 8.3 mnisec] thereinto through the space between the outer tube 25
25 and the small tubes 23. The gases formed gas flanes (having a flane

| ength of 50 cm) at 2000' C or higher in the 28 furnace. In that manner,
spherical fused silica particles (3-a) (having a nean particle size of 20
M were pcedimgdprompbestcal Fused Silica Particles (3-b): Using the

vertical furnace of Fig. 5 and Fig. 6 5 illustrated herei nabove, spherical
fused silica partdipgsny) shdsshindean particle size of 20 M were produced
in the manner nentloned bel ow. Concretely, a siliceous material, ground

powder (hpvamé Rebardiaste Size of at nost 66 pm of silica stones (99.5 %
Si 02, 0.063 % A1203, 0.002 %)Fe203, 10 0. 002 % Na20 and 0. 003 % K20) was

prepared, and tH{ o6 tdd Wu,gg ided into the vertical furnace through
the material feed duct (|nne ube) 22 of the feeder at a rate of 10

kg/ hr 5 al BgméM RELPFOREEN IBSohdPeMB /hr' flow rate of 12.0 m sec]
thereinto through the small tubes 23 15 di sposed in the space between the

outer tube 25 angtikonyBlSd.alad eed duct (inner tube) 22 and with oxygen
gas [5 NmB/hr, flowrate of 6.2 msec] thereinto through the space

bet ween tMe1@UkELedsde 25 and the small tubes 23. The gases forned gas
flames (having a flame length of 30 cn) at 20 2000' C or higher in the
furnace. In thalcafia wdherical fused silica particles (3-b) (having a
mean particle size of 20 pm were produced. Spherical Fused Silica
Particl esp{gmnédt: Usi ng the vertical furnace of Fig. 5 and Fig. 6

10 Carbon black.
Inorganic Filler (l1-a):

Spherical fused silica powder (having a mean
particle size of 20 um) that contains carbon-coated fused
silica particles (al) to (a3) mentioned below.

15 (al) : carbon-coated fused silica particles having a

particle size of larger than 60 um 10 ppm

(a2) : carbon-coated fused silica particles having a

particle size of larger than 30 um 20 ppm

(a3) : carbon-coated fused silica particles having a

20 particle size of larger than 20 um 40 ppm
Inorganic Filler (l1-b):

Spherical fused silica powder (having a mean
particle size of 10 um) that contains carbon-coated fused
silica particles (bl) to (b3) mentiocned below.

25 (bl) : carbon-coated fused silica particles having a

particle size of larger than 60 um 0 ppm
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25 :illustrated hereinabove, spherical fused silica particles (having a
nmean particle size of 10 M were produced in the 29 manner nenti oned bel ow.
Concretely, a siliceous material ! ground powder (having a particle size
of at nost 44 ~=) of silica stones (99.5 % Si 02, 0.063 % A1203, 0.002 %
Fe203, 0. 002 % Na20 and 0. 003 % K20) was prepared, and this was 5
continuously fed into the vertical furnace through the material feed duct
(inner tube) 22 of the feeder at a rate of 8 kg/hr, along with a nm xed gas
of propane (h2) : oxnagbon-cdatedy fuskedns)i1idd gphlrticlels hwviaige aof 43. 9 nl sec)
thereinto through the small tubes 23 disposed in the space 10 between the
outer tubepdrtacdet sézenbér largeeccthdnc30( iumner tube) B2ppad W th oxygen
gas [15 N=3/hr, flowrate of 8.3 nisec] thereinto through the space

bet ween t h€bB3)teratrbbe-cdatadd fubeds #hllki caupastizlebhhagdngs af or med gas
flames (having a flame |length of 50 cnm) at 2000' C or higher in the 15
furnace. |parkitlensiee, ofpllargezl thane@0Osidmi ca particl @9 pparc) (having a
nmean particle size of 10 M were produced. Spherical Fused Silica

Parti 8l egnpkginidJRilddhe(a)t:i cal furnace of Fig. 5 and Fig. 6

Il lustrated herei nabove, spherical fused silica particles 20 (having a
mean particle sSpheefichl Ehsedr eipiedupesddet t(havingnar meant i oned bel ow
Concretely, a siliceous material, ground powder (having a particle size of

at nost pardicife stidd af F QS With TdobTiDtodtddd Fsel HIAidh 002 % Fe203,
0.002 % N&20 and 0.003 % K20) was prepared, and this was 25 continuously

fed i nt opalrdivdreds cladl)f woaes)t eritglorddie balrdwer i al feed duct (inner tube)
22 of the feeder at a rate 30 of 8 kg/hr, along with propane gas [10 NM3
/hr, flow Kaly:otarbdnbephted] fubedesillachahpanghicliae hawkihgt dbes 23
di sposed
10 particle size of larger than 60 um 0 ppm
(c2) : carbon-coated fused silica particles having a
particle size of larger than 30 pum 0 ppm
{(c3): carbon-coated fused silica particles having a
particle size of larger than 20 um 0 ppm
15 Inorganic Filler (1-d):
Spherical fused silica powder (having a mean
particle size of 15 um) that contains carbon-coated fused
silica particles (dl) to (d3) mentioned below.
(dl) : carbon-coated fused silica particles having a
20 particle size of larger than 60 um 0 ppm
(d2) : carbon-coated fused silica particles having a
particle size of larger than 30 um 5 ppm

(d3) : carbon-cocated fused silica particles having a

particle size of larger than 20 pm 10 ppm
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in the space between the outer tube 25 and the material feed duct (inner
tube) 22 and with oxygen gas [5 NMB /hr, 5 flowrate of 6.2 msec]
thereinto through the space between the outer tube 25 and the small tubes
23. The gases formed gas flanes (having a f lame length of 30 cm at
2000*C or higher in the furnace. In that manner, spherical fused silica
particles (3-d) (having a nmean particle size of 10 10 ~=) were produced.
(1) Encapsul ation of Sem conductor Device A Exanples Al to AS, Conparative
Exanpl es Sptheirdcad, Fissadplsadiod IPadrtidles Q@y@rati ve Exanples All to AlS,
Examples A"l to A118, Conparative Exanples Alll to A 16: 15 The conponents
shown in the foUsbngnghéabeesidalofdrnatabbesrig.tg 3hgamdglalgl es 111 to
311 were put into a Henschel mxer in the ratio also shown in these

Tabl es, addustirertedd hadetibabeive ! GphitiSalutRsed illhich HA83Sed he

pi gnent carbon bl ack was previously m xed with the epoxy 20 resin (a) by

the use dhazilgral mesinx paztilcded sizid @720 ¢a)bYarll peldRRRY ifdHs (3) =
1/10 by weight) to prepare a prenx, and this was uSed. Thus prepared, the

m xt Uf e masnekedhentionad BRAGWIJ e&hwée&mpdaﬁahii&asageﬂawﬂugb it
Next, the resulting nelt was cool ed, ground and then 25 tabletted by the

use of agrbahidepowderT(haviifgo al paArdlie1ef siYROVE a®SdstO O ¥F 31
Table 1 (parts by weight) Exgﬁple A 123456 Epoxy resin (a)30§%%0§%%030 Fl a-

Ret ar dansi3iaa33¥bae3 Rigensl 4Neiolako ReebngSRERHS59590204! o,
Pronoter 111111
0.002 % Nap0O and 0.003 % K,0) was prepared, and this was
continuously fed into the vertical furnace through the
10 feeder at a rate of 10 kg/hr, along with gas flames (having
a flame length of 50 cm) at 2000°C or higher of a mixed gas
of hydrogen [30 Nm’/hr, flow rate of 43.9 m/sec] and oxygen
[15 Nm’/hr, flow rate of 8.3 m/sec] thereinto. In that
manner, spherical fused silica particles (2-a) (having a
15 mean particle size of 20 um) were produced.
Spherical Fused Silica Particles (2-b):
Using the vertical furnace of Fig. 5 and Fig. 6
illustrated hereinabove, spherical fused silica particles
(having a mean particle size of 20 um) were produced in the
20 manner mentioned below. Concretely, a siliceous material,
ground powder (having a particle size of at most 66 um) of
silica stones (99.5 % SiO,, 0.063 % Al,0;, 0.002 % Fe;0;,
0.002 % Na 0O and 0.003 % K;0) was prepared, and this was
continuously fed into the vertical furnace through the

25 feeder at a rate of 10 kg/hr, along with gas flames {(having

a flame length of 30 cm) at 2000°C or higher of a mixed gas
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Prem x of Carbon Bl ack/ Epoxy Resin (a) (1/10)777777777777 Fl anme Retardation
Pronpter111111111111 Mol d Rel easell11111 Inorganic Filler
(1-a)250200100100050 I norganic Filler (1-b)40040011006000500 I norganic
Filler (1-c)450600050012000 | arger than Content of All2.31.70.80.8 0 0 109
Carbon-C t 60 PM. d oa e larger than Fused Silica6.45.06. 34.20.06 4
Particles30 ~wil. (ppa)larger thanl2.710.0 12.58.30.049 t1 20 M Table 2
(parts by weight) Exanple A 78 Epoxy resin (a)3030
of propane [10 Nhﬁ/hr, flow rate of 12.0 m/sec] and oxygen
[5 Nm®/hr, flow rate of 6.2 m/sec] thereinto. In that
manner, spherical fused silica particles (2-b) (having a
mean particle size of 20 pum) were produced.
5 Spherical Fused Silica Particles (2-c):
Using the vertical furnace of Fig. 5 and Fig. 6
illustrated hereinabove, spherical fused silica particles
(having a mean particle size of 10 um) were produced in the
manner mentioned below. Concretely, a siliceous material,
10 ground powder (having a particle size of at most 44 um) of
silica stones (99.5 % Si0O,, 0.063 % Al,0;, 0.002 % Fey0s,
0.002 % Na,0 and 0.003 % K;0) was prepared, and this was
continuously fed into the vertical furnace through the
feeder at a rate of 8 kg/hr, along with gas flames (having
15 a flame length of 50 cm) at 2000°C or higher of a mixed gas
of hydrogen [30 Nm’/hr, flow rate of 43.9 m/sec] and oxygen
[15 Nm’/hr, flow rate of 8.3 m/sec] thereinto. In that
manner, spherical fused silica particles (2-c) (having a
mean particle size of 10 um) were produced.
20 Spherical Fused Silica Particles (2-d):
Using the vertical furnace of Fig. 5 and Fig. 6
illustrated hereinabove, spherical fused silica particles
(having a mean particle size of 10 pm) were produced in the
manner mentioned below. Concretely, a siliceous material,

25 ground powder (having a particle size of at most 44 pm) of

silica stones (99.5 % Si0O;, 0.063 % Al,0;, 0.002 % Fey0;,
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FIl ame Ret ardant 1313 Phenol - Novol ak Resi n5555 Curing Pronoter1l Prem x of
Car bon Bl ack/ Epoxy Resin (a)7777 (1/10) Flame Retardation Pronoter1111 Nold
Rel easell I norganic Filler (1-a)1000 Inorganic Filler (1-b)300600 Inorganic
Filler (1-c)2000 |arger than Content of All1.70.0 C pmb ar - on-Coated,

| arger than Fused Silica5.85.0 P ti 30 pmI| ar ¢ es (ppmlarger

t hanll. 710.0

0.002 % Na0 and 0.003 % K;0) was prepared, and this was
continuously fed into the vertical furnace through the
feeder at a rate of B8 kg/hr, along with gas flames (having
a flame length of 30 cm) at 2000°C or higher of a mixed gas

5 of propane [10 Nm®’/hr, flow rate of 12.0 m/sec] and oxygen
[5 Nm3/hr, flow rate of 6.2 m/sec] thereinto. In that
manner, spherical fused silica particles (2-d) (having a
mean particle size of 10 pum) were produced.

Spherical Fused Silica Particles (3-a):

10 Using the vertical furnace of Fig. 5 and Fig. 6
illustrated hereinabove, spherical fused silica particles
(having a mean particle size of 20 um) were produced in the
manner mentioned below. Concretely, a siliceous material,
ground powder (having a particle size of at most 66 um) of

15 silica stones (99.5 % Si0,, 0.063 % Al,0;, 0.002 % Fe,0;3,
0.002 % Naz0O and 0.003 % K;0) was prepared, and this was
continuously fed into the vertical furnace through the
material feed duct (inner tube) 22 of the feeder at a rate
of 10 kg/hr, along with a mixed gas of propane and oxygen

20  (1/1 by volume) [30 Nm’/hr, flow rate of 43.9 m/sec]
thereinto through the small tubes 23 disposed in the space
between the outer tube 25 and the material feed duct (inner
tube) 22 and with oxygen gas [15 Nm’/hr, flow rate of 8.3
m/sec] thereinto through the space between the outer tube

25 25 and the small tubes 23. The gases formed gas flames

(having a flame length of 50 cm) at 2000°C or higher in the
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2 0 fLm 32 Table 3 (parts by weight) Conparative Exanple A 123456 Epoxy
resin (a)303030303030 Fl ane Retardant 131313131313 Phenol - Novol ak .
Resi n555555555555 Curing Pronoter111111 Prem x of Carbon Bl ack/ Epoxy Resin
(a) (1/10) 777777777777 Fl ame Retardation Pronpter111111111111 Ml d
Rel easel111111 Inorganic Filler (1-a)1200600400600400300 I norganic Filler
(1-b) 005000100200 Inorganic Filler (1-c)06003000100100 | arger than Content
of Al'l110.05.03.310.06.75 0 C b 60 -Cpm. t dar on
furnace. In that manner, spherical fused silica particles
(3-a) (having a mean particle size of 20 um) were produced.
Spherical Fused Silica Particles (3-b):
Using the vertical furnace of Fig. 5 and Fig. 6
5 illustrated hereinabove, spherical fused silica particles
(having a mean particle size of 20 jm) were produced in the
manner mentioned below. Concretely, a siliceous material,
ground powder (having a particle size of at most 66 pm) of
silica stones (99.5 % SiO;, 0.063 % Al,;0;, 0.002 % Fe.Os,
10 0.002 % Na,0 and 0.003 % K,0) was prepared, and this was
continuously fed into the vertical furnace through the
material feed duct (inner tube) 22 of the feeder at a rate
of 10 kg/hr, along with propane gas [10 Nm?/hr, flow rate
of 12.0 m/sec] thereinto through the small tubes 23
15 disposed in the space between the outer tube 25 and the
material feed duct (inner tube) 22 and with oxygen gas [5
Nm®’/hxr, flow rate of 6.2 m/sec] thereinto through the space
between the outer tube 25 and the small tubes 23. The
gases formed gas flames (having a flame length of 30 cm) at
20 2000°C or higher in the furnace. In that manner, spherical
fused silica particles (3-b) (having a mean particle size
of 20 pm) were produced.
Spherical Fused Silica Particles (3-c):
Using the vertical furnace of Fig. 5 and Fig. 6

26 illustrated hereinabove, spherical fused silica particles

(having a mean particle size of 10 im) were produced in the
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oa e , larger than Fused Silica20.010.08.820.014.211 7 Particles30 m

| arger than (ppn) 40.020.017.540.028.323.3 20 Fm Table 1' (parts by weight)
Exanpl e A' 123456 Epoxy resin (a) 303030303030 Fl ame Retardant131313131313
Phenol - Novol ak Resi n555555555555 Curing Pronoter111111 Premi x of Carbon

Bl ack/ Epoxy 777777777777 Resin (a) (1/10) Flame Retardation
Pronpter111111111111 Mol d Rel easell11111 Spherical Fused Silica

12001000800600600500 Particles (2-a) Spherical Fused Silica
manner mentioned below. Concretely, a siliceous material,

ground powder (having a particle size of at most 44 pum) of
silica stones (99.5 % SiO,, 0.063 % Al,0;, 0.002 % Fa;03,
0.002 % Na0 and 0.003 % K,;0) was prepared, and this was
O continuously fed into the vertical furnace through the
material feed duct (inner tube) 22 of the feeder at a rate
of 8 kg/hr, along with a mixed gas of Propane and oxygen
{(1/1 by volume) [30 Nm’/hr, flow rate of 43.9 m/sec]
thereinto through the small tubes 23 disposed in the space
10 between the outer tube 25 and the material feed duct (inner
tube) 22 and with oxygen gas [15 Nm®/hr, flow rate of 8.3
m/sec] thereinto through the space between the outer tube
25 and the small tubes 23. The gases formed gas flames
(having a flame length of 50 cm) at 2000°C ox higher in the
15 furnace. In that manner, spherical fused silica particles
(3-c) (having a mean particle size of 10 um) were produced.
Spherical Fused Silica Particles (3-d):
Using the vertical furnace of Fig. 5 and Fig. 6
illustrated hereinabove, spherical fused silica particles
20 (having a mean particle size of 10 um) were produced in the
manner mentioned below. Concretely, a siliceous material,
ground powder (having a particle size of at most 44 pm) of
silica stones (99.5 % Si0O,, 0.063 % Al,0;, 0.002 % FeyOs,
0.002 $ Naz0 and 0.003 % K,0) was prepared, and this was
25 continuously fed into the vertical furnace through the

material feed duct (inner tube) 22 of the feeder at a rate
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02004006000100 Particles (2-b) 33 Table 2' (parts by weight) Exanple A" 78
Epoxy resin (a)3030 Fl ane Retardant 1313 Phenol - Novol ak Resi n5555 Curi ng
Pronmoter11 Prem x of Carbon Bl ack/Epoxy Resin (a) 7777 (1/10) Fl ane

Ret ardati on Pronoter1111 Ml d Rel easell Spherical Fused Silica 400300
Particles (2-a) Spherical Fused Silica 200300 Particles (2-b) Table 3
(parts by weight) Conparative Exanple A" 123456 Epoxy resin (a)303030303030
Fl ame Retardant 131313131313 Phenol - Novol ak Resin55g555555555 Curing

Pronot er 128 18 1k9fbFi xabengavbth Brepanepgry T¥078m7/tny7 flow rate of
12.0 m/sec] thereinto through the small tubes 23 disposed
in the space between the outer tube 25 and the material
feed duct (inner tube) 22 and with oxygen gas [5 Nm®/hr,

5 flow rate of 6.2 m/sec] thereinto through the space between
the outer tube 25 and the small tubes 23. The gases formed
gas flames (having a flame length of 30 cm) at 2000°C or
higher in the furnace. In that manner, spherical fused
silica particles (3-d) (having a mean particle size of 10

10 pm) were produced.

(1) Encapsulation of Semiconductor Device A:

Examples Al to AB, Comparative Examples Al to A6, Examples
A'l to A'8, Comparative Examples A'l to A'6, Examples A"l
to A"8, Comparative Examples A"l to A"6:

15 The components shown in the following Tables 1 to 3,
Tables 1' to 3' and Tables 1" to 3" were put into a
Henschel mixer in the ratio also shown in these Tables, and
then mixed therein for 30 minutes. In this process, the
pigment carbon black was previously mixed with the epoxy

20 resin (a) by the use of a 3-roll mixer (blend ratio of
carbon black/epoxy resin (a) = 1/10 by weight) to prepare a
premix, and this was used. Thus prepared, the mixture was
fed into a kneading extruder and melt-kneaded through it.
Next, the resulting melt was cooled, ground and then

25 tabletted by the use of a tabletting mold into tablets of

epoxy resin composition.
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Resin (a) (1/10) Flane Retardation Pronpter111111111111 Ml d Rel easel11111l
Spherical Fused Silica 03005000100200 Particles (2-a) Spherical Fused
Silica 1200900700600500400 Particles (2-b) 34 Table 1" (parts by weight)
Exanpl e Al 123456 Epoxy resin (a)303030303030 Flane Retardant1313131313
1113 Phenol - Novol ak Resi n5555555555- 55 Curing Pronoter111111 Prem x of
Car bon Bl ack/ Epoxy 777777777777 Resin (a) (1/10) Flane Retardation

Pronot er 114814 11 1 {gdrtd| by Reeghe)l 11111 Spherical Fused Silica

OO

12001000800600600500 Particles (3-a) Spherical ﬂi‘éﬁgﬂé 3i TTa02004006000100
Particles (3-b) Table 2" (parts by \qeikht)z '_allglcr-\l‘!‘ B 5 .
Epoxy resin ({(a) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Pramix of Carbon Black/Epoxy
. 77 77 77 77 77 77
Resin (a} (1/10)
Flame Retardation Promoter 11 i1 11 11 i1 11
Mold Release 1 1 1 1 1 1
Inorganic Filler (1-a) 250 200 100 100 0 50
Inorganic Filler (1-kb) 400 400 1100 600 0 500
Inorganic Filler (1-c) 450 600 0 500 1200 0
larger than
Content of All 60 2.3 1.7 0.8 0.8 0.0 0.9
Carbon-Coated, 1 — h
Fused Silica azrger | 6.4 | 5.0 | 6.3 | 4.2 | 0.0 | 6.2
Particles L
larger than
(ppm) 12.7 10.0 12.5 8.3 0.0 49.1
20 pm

Table 2 (parts by weight)

Example A
7 8
Epoxy resin (a) 30 30
Flame Retardant 13 13
Phenol-Novolak Resin 55 55
Curing Promoter 1 1
Premix of Carbon
Black/Epoxy Resin (a) 77 77
(1/10)
Flame Retardation Promoter 11 11
Mold Release 1 1
Inorganic Filler (l1-a) 100 0
Inorganic Filler (1l-bL) 300 600
Inorganic Filler (l-c) 200 0
larger than
Content of All 60 ym 1.7 0.0
Carbon-Coated, larger than
Fused Silica 5.8 5.0
Particles 30 pm
(ppm) targer than | 10 4 | 10.0
20 pm
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Epoxy resin (a)3030 Flane Retardant 1313 Phenol - Novol ak Resi n5555 Curi ng
Pronpoter1l Prem x of Carbon Bl ack/Epoxy Resin (a) 7777 (1/10) Flane

Ret ardati on Pronoter1111 Ml d Rel easell Spherical Fused Silica 400300
Particles (3-a) Spherical Fused Silica 200300 Particles (3-b) 35

Conpar ative Exanple A" 123456 Epoxy resin (a)303030303030 Flane

Ret ardant 131313131313 Phenol - Novol ak Resi n555555555555 Curi ng

Pr onot er Tadbilel 3oy paxt s byCarddiarh ) ack/ Epoxy 777777777777 Resin (a) (1/10)

FIl ane Retardation Pronoter111111311111 Nbb@qﬁﬁ%@@&?%léﬁ%% xpherical jFused
Silica 03005000100200 Particles 3 2 3 p 5 p
Epoxy resin (a) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novolak Resin 55 55 55 1) 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/E
/Bpoxy 77 77 77 77 77 77
Resin {a) (1/10)
Flame Retardation Promotar 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1
Inorganic Filler (l1-a) 1200 600 400 600 400 300
Inorganic Filler (1-b) 0 ¥ 500 0 100 200
Inorganic Filler (l-c) 0 600 300 4] 100 100
larger than
Content of All 60 10.0 5.0 3.3 1¢.0 6.7 5.0
Carbon-Coated, =
o largaer than
Fused Silica 10 20.0 10.0 8.8 20.0 14.2 11.7
Particles =
larger than
(ppm) 40.0 20.0 17.5 40.0 28.3 23.3
20 pm
Table 1' (parts by weight)
Example A'
1 2 3 4 5 6
Epoxy resin (a) a0 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novolak Resin 55 55 55 1) 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/E
/Epoxy 77 77 77 77 77 77
Resin (a) (1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1l
Spherical Fused Silica
. 1200 1000 800 600 600 500
Particles (2-a)
Spherical Fused Silica
] 0 200 400 600 0 100
Particles (2-b}
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Spheri cal
t hus- obtai ned tablets of each epoxy resin
Conpar ati ve Exanpl es,
t ransf er - nol ded
hours to give a sem conductor device as in Fig. 3. This

QFP (quad fl at package). Package Form 10 208-pin QFP (quad fl at

(at 175C for

(40)

a 5 sem conductor chip (size:
120 seconds) and post-cured at 175C for 5

Fused Silica 1200900700600500400 Particles (3-b) Using the

nposi ti on of Exanples and
10 x 10 mMm) was

package is 208-pin

package) -Talpke 21 zé{p@Btarbx w&ight) x 2. 8 nmt hi ckness. Semni conductor chip
3, size }10 mmx 10 min x 370 di n tHLEKNE]S. tal lead frame 7: copper
(size, 11 mmx 11 nmx 100 m 15 LIIILKII‘bbé_ ire 6: gold, dianeter 25 pm
pi tch 85—pm—wre—to—wre—distance60-M—Table 3" (parts by weight) 36 The
sem con ZRSGP C () produced in tA® man@®r hs above were anal yzed and
eval uat edFliaBe (RatAkdoit the occurfence of sBorf circuits therein.
Concr et elgﬁ,engélq,ovgugphg;ﬁ resi st anceg val uessbe ween the neighboring inner 5
| eads 8 at ty commected toeach other on the sem conductor chip
was rreasﬁ“""ng 'P"""R“PWEH t—was1 kS dr—snetler, then it neans that the
nei ghborlﬁ?‘gm#hr?érq@&ds 8 shortfcircuited. 3p00 sanples were tested, and
t he nunmbelackiEpole maant ¢0i rcui t pd wnes|t lverepf was counted. The 10 results
are gi vgnais/aeof he following Tablep 4 to §, Tabjes 4° to 6' and Tables 4" to
6". Tabl E\li'l‘.éme Retardation Promoter 11 11

Mold Release 1 1

Spherical Fused Silica

] 400 300
Particles (2-a)
Spherical Fused Silica
) 200 300
Particles {(2-b)

Table 3' (parts by weight)
Comparative Example A'

1 2 3 4 5 6
Epoxy resin (a) 30 30 30 30 30 ao
Flame Retardant 13 13 13 13 13 13
Phenocl-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/E
Resin (a) (1/10) poxy 77 77 77 77 77 77
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1
Spherical Fused Silica
Particles (2-a) 0 300 500 0 100 200
Spherical Fused Silica
Particles (2-b) 1200 900 700 600 500 400
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Exanpl e A 123456 Nunber of Failed Sanples with short circuits (/3000000000
sanples tested) 15 Table 5 Exanple A 78 Nunber of Failed Sanples with short
circuits (/300000 sanples tested) Table 6 Conparative Exanple A 123456
Nunber of Failed Sanples with short circuits (/3000731532 sanpl es tested)
37 Table 4' Exanple A" 123456 Nunber of Failed Sanples with short circuits
(/3000000000 sanples tested) Table 5 Exanple A' 78 Nunmber of Failed

Sanpl es Wdbilehb't t (paxrcs by wé3gWOO0 sanpl es tested) 5 Table 6

Example A"
1 2 3 4 5 6
Epoxy resin {(a) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epoxy
] 77 77 77 77 77 77
Resin (a) (1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1
Spherical Fused Silica
] 1200 1000 800 600 600 500
Particles (3-a)
Spherical Fused Silica
0 200 400 600 0 100
Particles (3-b)
Table 2" (parts by weight)
Example A"
7 8
Epoxy resin (a) 30 30
Flame Retardant 13 13
Phencl-Novelak Resin 55 55
Curing Promoter 1 1
Premix of Carbon
Black/Epoxy Resin (a) 77 77
(1/10)
Flame Retardation Promoter 11 11
Mold Release 1 1
Spherical Fused Silica
400 300
Particles (3-a)
Spherical Fused Silica
. 200 300
Particles (3-b)
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Conpar ative Exanple A° 123456 Number of Failed Sanples with short circuits
(/30001063752 sanples tested) Table 4" Exanple Al 123456 Nunber of Failed
Sanpl es with short circuits (/3000000000 sanples tested) Table 5" Exanple
Al 78 Number of Failed Sanples with short circuits (/300000 sanples
tested) 10 38 Table 6" Conparative Exanple Al 123456 Nunmber of Fail ed
Sanples with short circuits (/3000421321 sanples tested) As in the above

Tabl es 41akh1@ 3Fabiastd wei Tables 4" to 6", no short circuit
of

. 1 £ 4 : £ 3 a Ac Annncon A
occurred 1 qpres ol _the—trnventon—AS—opposed to
these, however, short circuits o¢curred i$PEPREAtINM, mpJ_a _A Cormparat { ve
Exanpl es_in which the content of [catbop-cdatled 3 fysed sill i 6a par&i cles was
nore thaspaxb rppia qhythe inorgani @ofi|l @y usedy I|n agldi|tign, [shyt

circuit$ralad retardant 13 13 13 13 13 13

Phenol-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epoxy

77 77 77 77 77 77
Resin (a) (1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1
Spherical Fused Silica

0 300 500 0 100 200

Particles (3-a)

Spherical Fused Silica

. 1200 200 700 600 500 400
Particles (3-b)

Using the thus-obtained tablets of each epoxy resin
composition of Examples and Comparative Examples, a
5 semiconductor chip (size: 10 x 10 mm) was transfer-molded
(at 175°C for 120 seconds) and post-cured at 175°C for 5
hours to give a semiconductor device as in Fig. 3. This
package is 208-pin QFP (quad flat package).
Package Form:
10 208-pin QFP (quad flat package)-type, size 28 mm x 28 mm
x 2.8 mm thickness.
Semiconductor chip 3, size 10 mm x 10 mm x 370 um
thickness.
Metal lead frame 7: copper (size, 11 mm x 11 mm x 100 pm
15 thickness).
Wire 6: gold, diameter 25 um, pitch 85 pm, wire-to-wire

distance 60 pum.
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10 occurred in the sanples of Conparative Exanples in which the content of
the spherical fused silica particles that had been produced by the use of
t he conbustion heat of propane gas and oxygen gas according to a
conventional nmethod was nore than 50 % by weight of the inorganic filler
15 used. (2) Encapsul ation of Sem conductor Device B: Exanples Bl to BS,
Conparative Exanples Bl to B6, Exanples Bl' to B8, Conparative Exanples
Bl' to B6', Exanples Bl" to B8", Conparative Exanples Bl" to B6": 20 The
conponent s showTheh a8 gRdusHary deiicas prasdused Tgp| the mannem aspng
Tables 7" to 9" were put into a_Henschel mixer in the ratio also shown in
t hese Talleeve Were i danlyFeddandcpreakuated 3tn paiebsof | thehi s process, the
39 pignent carbon bl ack was previously m xed with the epoxy resin (b) by
the use Pceurrenrte of xahoxp| ehucwits otherein  bSionsizatelapoxthe esin (b) =
1/10 by weight) to prepare a premx, and this was used. Thus prepared, the
m Xt ure VREeStrig resbstaneeavithue dretveen the neighhorinedivhevugh it.
Next, the resulting nelt was cool ed, ground and then tabletted by the use
of a Pablkeadsds ettt eleotrivhbly oénnegted teseackonpberténnthé0 Table 7
(parts by weight) Exanple B 123456 Epoxy resin (b)303030303030 Fl ane

Ret ar dantaguacnductor Preip | wap voeagured ) nEsd S8ses 556 5was r1 k2 or

Pronmoter 111111 Prem x of Carbon Bl ack/ Epoxy Resin (b) (1/10) 777777777777
smaller, then it means that the neighboring inner leads 8

short-circuited. 3000 samples were tested, and the number
of the short-circuited ones thereof was counted. The
10 results are given in the following Tables 4 to 6, Tables 4'

to 6' and Tables 4" to 6".

Table 4

Number of Failed Samples
with short circuits (/3000 0 0 (o] 0 0 0
sanples tested)

15 Table 5

NHumber of Failed Samplas
with short circuits (/3000 0 o
samples tested)

Table 6

Comparative Example A
1 2 3 4 5 6

Number of Failed Samples
with short ecircuits (/3000 7 3 1 5 3 2
samples tested)
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Fl ame Retardation Pronoter111111111111 Ml d Rel easel11111 Inorganic Filler
(1- b)500300200100250200 | norganic Filler (1-c)70090010001100350400 I arger
t han Content of Al10.00.00.00.00.00.0 C 60 b ar on-Coated, |arger than
Fused Silica2.11.30.80.42.11.7 P ti 30 pml| ar c¢ es larger than
(ppm 4.22.51.70.84.216.7 20 40 Table 8 (parts by weight) Exanple B 78 Epoxy
resin (b)3030

Table 4'

Example A'
1 2 3 4 5 ]

Number of Failed Samples
with short circuits (/3000 (0] 0 0 0 0 0
samples tested)

Table 5°

Example A’
7 8

Rumber of Failed Samples
with short circuits (/3000 0 0
samples tested)

5 Table 6'

Comparative Example A’
1 2 3 4 5 6

Number of Failed Samplas
with short eircuits (/3000 10 6 3 7 5 2
samples tested)

Table 4"

Example A"
1 2 3 4 5 6

Number of Failed Samples
with short circuits (/3000 0 0 0 0 (o} 0
samples tested)

Table 5"

Example A"
7 8

Number of Failed Samplas
with short circuits (/3000 1] 0
samples tested)

10
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FIl ame Ret ardant 1313 Phenol - Novol ak Resi n5555 Curing Pronoter1l Prem x of
Car bon Bl ack/ Epoxy Resin (b)7777 (1/10) Flane Retardation Pronoter1111 Ml d

Rel easell I norganic Filler (1-b)150100 Inorganic Filler (1-c)450500

| ar ger

than Content of AlI10.00.0 60 Carbon-Coated, |arger than Fused Silical. 30.8

30 mParticles larger than (ppm2.51.7 20 Table 9 (parts by weight)
Conparative Exanple B 123456 Epoxy resin (b)303030303030 Fl ane
Ret ar dantMa¥Bd 3881313 Phenol - Novol ak Resi n555555555555 Curi ng

—

Pronot er{111111 Prem x of Carbon Iack/Epo§&“;11é&é/é/// Restn (D)

xample

Fl ane Retardation Pronoter111111113it%:
1 2 3 4 5 6
Number of Failed Samples
with short circuits (/3000 4 2 1 3 2 1
samples tested)

As in the above Tables 4 to 6, Tables 4' to 6' and
Tables 4" to 6", no short circuit occurred in the samples
5 of Examples of the invention. As opposed to these,
however, short circuits occurred in the samples of
Comparative Examples in which the content of carbon-coated
fused silica particles was more than 2.5 ppm of the
inorganic filler used. In addition, short circuits also
10 occurred in the samples of Comparative Examples in which
the content of the spherical fused silica particles that
had been produced by the use of the combustion heat of
pPropane gas and oxygen gas according to a conventional
method was more than 50 % by weight of the inorganic filler
15 used.
(2) Encapsulation of Semiconductor Device B:
Examples Bl to B8, Comparative Examples Bl to B6, Examples
Bl' to B8', Comparative Examples Bl' to B6', Examples B1l"
to B8", Comparative Examples Bl" to B6":
20 The components shown in the following Tables 7 to 9,
Tables 7' to 9' and Tables 7" to 9" were put into a
Henschel mixer in the ratio also shown in these Tables, and

then mixed therein for 30 minutes. In this process, the
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Mol d Rel easel11111 Inorganic Filler (1-b)7008001100350400450 I norganic
Filler (1-c¢)500400100250200150 | arger than Content of All0.00.00.00.00.00.0
60 M Car bon-Coated, |arger than Fused Silica2.93.34.62.93.33.8 30 m
Particles larger than (ppm5.86.79.25.86.77.5 20 41 Table 7' (parts by
wei ght) Exanple B 123456 Epoxy resin (b) 303030303030 Flane
Ret ardant 131313131313 Phenol - Novol ak Resi n555555555555 Cuklng (b} (L/10)
Pr onot er Prenlx of Car.bon BIack/E Y T17777777(77 Resin

Hithh Y e dith p

Fl ame Re Mo PRSP PR PEEL heSRA Eal  Fused
g'zi)bzgoéé%%%o&qogyoqu5oo Paf ft ! CI3651:0(12.!. %21::8 hlolcea}xld ilfteldo Sclf.I 'ca
carbon black/epoxy resin (b) = 1/10 by weight) to prepare a
premix, and this was used. Thus prepared, the mixture was
o fed into a kneading extruder and melt-kneaded through it.
Next, the resulting melt was cooled, ground and then

tabletted by the use of a tabletting mold into tablets of

epoxy resin composition.

10 Table 7 (parts by weight)

Example B
1 2 3 4 5 6
Epoxy rasin (b) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epoxy
77 77 77 77 77 77
Resin (b) (1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mold Releasa 1 1 1 1 1 1
Inorganic Filler (i-b) 500 300 200 100 250 200
Inorganic Filler {l-c) 700 900 1000 1100 350 400
larger than
Content of All 60 0.0 0.0 0.0 0.0 0.0 0.0
Carbon-Coated, =
L. larger than
Fused Silica 2.1 1.3 0.8 0.4 2.1 1.7
. 30 pm
Particles
larger than
{(ppm)} 4.2 2.5 1.7 0.8 4.2 16.7
20 um

40



Particles (2-b) Table 8 (parts by weight) Exanple B' 79 Epoxy resin

(b) 3030 Fl ane Ret ardant 1313 Phenol - Novol ak Resi n5555 Curing Pronoterl1l
Prem x of Carbon Bl ack/Epoxy Resin (b) 7777 (1/10) Flane Retardation
Pronoter 1111 Mol d Rel easell Spherical Fused Silica 400300 Particles (2-a)
Spherical Fused Silica 200 300 Particles (2-b) -11 42 Table 9' (parts by
wei ght) Conparative Exanple B' 123456 Epoxy resin (b)303030303030 Fl ane
Ret ar dant 783 B& 38 3{BaB8tPhleymoweNghib) ak Resi n555555555555 Curi ng

Pronmoterfl11111 Prem x of Carbon Bl agglfpoxy /7777777777
7 8

Epoxy resin (b) 30 30
Flame Retardant 13 13
Phenol-Novolak Resin 55 55
Curing Promoter 1 1

Premix of Carbon

Black/Epoxy Resin (b) 77 77

{1/10)

Flame Retardation Promoter 11 11

Mold Release 1 1

Inorganic Filler {l1-b} 150 100

Inorganic Filler (l-c} 450 500
larger than

Content of All 0.0 0.0
60 um

Carbon-Coated,

. larger than

Fused Silica 30 1.3 0.8

Particles Kz
larger than

(ppm) 2.5 1.7
20 pm

Table 9 (parts by weight)

Comparative Example B
1 2 a 4 5 6
Epoxy resin (b) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phaenol~Novolak Resin 55 55 55 55 55 5%
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epoc
. /Epoxy 77 77 17 77 77 77
Resin (b) (1/10)
Flama Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 b 1 1 1
Inorganic Filler (1-b) 700 800 1100 350 400 450
Inorganic Filler {(1-c¢) 500 400 100 250 200 150
larger than
Content of All 60 0.0 0.0 0.0 0.0 0.0 0.0
Carbon-Coated, =
s larger than
Fused Silica 2.9 3.3 4.6 2.9 3.3 3.8
. 30 pm
Particles
larger than
{ppm) 5.8 6.7 9.2 5.8 6.7 7.5
20 um
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Resin (b) (1/10) Flane Retardation Pronpter111111111111 Ml d Rel easell1111l
Spherical Fused Silica 03005000100200 Particles (2-a) Spherical Fused
Silica 1200900700600500400 Particles (2-b) Table 7" (parts by weight)
Exanpl e B" 123456 Epoxy resin (b)303030303030 Fl ane Retardant 131313131313
Phenol - Novol ak Resi n555555555555 Curing Pronoter111111 Prem x of Carbon

Bl ack/ Epoxy 777777777777 Resin (b) (1/10) Flane Retardation

Pr onot er Irabhlgl Hl ﬂﬂg(5§¥ﬁé¥§ﬁﬂﬂllll Spherlcal Fused Silica
12001004 3-a) Spterttat; Fused Dlllba 6266466600 0100
Particlas (3-b)L 43 Exanpl e B" 78—Epoxy—+esi .?Wg.,, 3&
1 2 4 5 6

Epoxy resin (b) 30 30 30 30 30 30

Flame Retardant 13 13 13 13 13 13

Phencl-Novolak Resin 55 55 55 55 55 55

Curing Promotear 1 1 1 i 1 1

Premix of Carbon Black/Epoxy

. 77 77 77 77 77 7T
Resin (b} (1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1

Spherical Fused Silica

. 1200 1000 800 600 600 500
Particles (2-a)

Spherical Fused Silica
Particles {2-b})

0 200 400 600 0 100

Table 8' (parts by weight)

Example B’
7 8

Epoxy resin (b} 30 30
Flame Retardant 13 13
Phencl-Novolak Resin 55 55
Curing Promoter 1 1
Premix of Carbon
Black/Epoxy Resin (b) 77 77
{(1/10)
Flame Retardation Promoter 11 11
Mold Release 1 1
Spharical Fused Silica
Particles (2-a) 400 300
Spherical Fused Silica
Particles (2-b) 200 300
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FIl ame Ret ardant 1313 Phenol - Novol ak Resi n5555 Curing Pronoter1l Prem x of
Carbon Bl ack/ Epoxy Resin (b) 7777 (1/10) Flame Retardation Pronoter111l
Mol d Rel easell Spherical Fused Silica 400300 Particles (3-a) Spherical
Fused Silica 200300 Particles (3-b) Conmparative Exanple B" 123456 Epoxy
resin (b)303030303030 Flanme Retardant 131313131313 Phenol - Novol ak

Resi n555555555555 Curing Pronoter111111 Prem x of Carbon Bl ack/ Epoxy
77777777 TRbleRe®| n(Hdxts Byl GYefdtotle Ret ardation Pronoter111111111111 Ml d

Rel easel11111 Spherical Fused SiTica 0300 OUI00200_ Par Fctes (3=a)
Sphericdl Fused Silica 120090070( uogscmog““’“a fve Example B

2 3 4 5 6
Epoxy resin (b) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novolak Resin - 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epo
Resin (b) (1/10) poxy 77 77 77 77 77 77
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1
Spherical Fused Silica
0] 300 500 0 100 200

Particles (2-a)
Spherical Fused Silica
Particles (2-b)

1200 800 700 600 500 400

Table 7" (parts by weight)

Exampla B"
1 2 3 4 5 6

Epoxy resin (b) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epo

] poxy 77 77 77 77 77 77
Resin (b} (1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mold Releasa 1 1 1 1 1 1
Spherical Fused Silica

) 1200 1000 800 600 600 500
Particles (3-a)
Spherical Fused Silica

. 0 200 400 600 0 100
Particlaes (3-b)
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Particles (3-b) 5 Using the thus-obtained tablets of each epoxy resin
conposition, a sem conductor chip nounted on an insulating substrate was
transfer-nolded (at 175C for 1 minute and then post-cured at 175C for 5
hours) into a single- encapsul ated sem conductor device as in Fig. 2. Table
8" (parts by weight) Table 9" (parts by weight) 44 Package Form Ball grid
array (BGA)-type, size 35 nmx 35 mmx 1.5 mm thickness. Resin

encapsul dtalohe | &Y el(pabt$ dby cwegh®poxy resin 5 conposition), size 35 mm x

35 mm x (1.2 nm thickness. Sem cbnqyciof, g p| 3, size 10 nmmx 10 mm x 370
jam thiickness. Insulating substate 5, 1brs ei m dotri azi ne (BT)

r esi n/ gl gpss—el te—{s+zp; /?nmLa_xid-anx 0.3 10 M. Wre 6:
gol d, di ngf) pi WP e-1o3Mirp distance 30 jm Thus
produced, Flil=he margatduct or devi cesiyere¢ 1anal yzed and eval uated in point
of the OCHLLENGS-PIx RBQf 15 c[rcgitsf[tRgrejn in the same manner as
above. iy res {5 are grven T the_ folfrowmng Tables 10 to 12, Tables 10
to 12' [aREFIDHTQROME to—12' Thhl d 10l Exhapl e B 123456 Nunmber of Fail ed
Sanpl es VREERL [R8T EarkionC Ui t S (/30p000000P sanp| es tested)

Black/Epoxy Rasin (b) 77 77
(1/10)
Flame Retardation Promoter 11 11
Mold Release 1 1
Spherical Fused Silica

. 400 300
Particles (3-a)
Spherical Fused Silica

200 300

Particles (3-b)

Table 9" (parts by weight)

Comparative Example B"

1. 2 3 4 5 6
Epoxy resin (b) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/E
Resin (b) (1/10) poxy 77 77 77 77 77 77
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1
Spherical Fused Silica
Particles (3-a) 0 300 500 0 100 200
Spherical Fused Silica
particles (3-b) 1200 900 700 600 500 400

D Using the thus-obtained tablets of each epoxy resin
composition, a semiconductor chip mounted on an insulating
substrate was transfer-molded (at 175°C for 1 minute and
then post-cured at 175°C for 5 hours) into a single-

encapsulated semiconductor device as in Fig. 2.
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20 45 Table 11 Exanple B 78 Nunber of Failed Sanples with short circuits
(/300000 sanples tested) Table 12 Conparative Exanple B 123456 Nunber of
Failed Sanples with short circuits (/30005810469 sanples tested) 5 Table
10' Exanple B 123456 Nunber of Failed Sanples with short circuits
(/3000000000 sanples tested) Table 11' Exanple B 78 Nunber of Failed
Sanmples with short circuits (/300000 sanples tested) Table 12' Conparative
Exanpl e B' 123456 Nunber of Failed Sanples with short circuits
(/ 3000352P48R&8GE 1 Fosmurpl es t est ed)
Ball grid array (BGA)-type, size 35 mm X 35 mm x 1.5 mm
thickness.
Resin encapsulation layer 4b (of cured epoxy resin
5 composition), size 35 mm x 35 mm x 1.2 mm thickness.
Semiconductor chip 3, size 10 mm x 10 mm x 370 pm
thickness.
Insulating substrate 5, bismaleimidotriazine (BT)
resin/glass cloth substrate (size, 40 mm x 40 mm x 0.3
10 mm) .
Wire 6: gold, diameter 20 um, pitch 50 pm, wire-to-wire
distance 30 um.
Thus produced, the semiconductor devices were
analyzed and evaluated in point of the occurrence of short
15 circuits therein in the same manner as above. The results

are given in the following Tables 10 to 12, Tables 10' to

12' and Tables 10" to 12".

Table 10

Nunber of Failed Samples
with short circuits (/3000 0 0 0 0 0 ¢
samples tested)

20
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10 46 Tabl e 10" Exanple B" 123456 Nunber of Failed Sanples with short
circuits (/3000000000 sanples tested) Table 11" Exanple B" 7B Nunber of
Fail ed Sanples with short circuits (/300000 sanples tested) 5 Table 12"
Conpar ative Exanple B" 123456 Nunber of Failed Sanples with short circuits
(/300012921161 sanples tested) As in the above Tables 10 to 12, Tables 10
to 12' and Tables 10" to 12", no short circuit occurred in the sanples of
Exanpl es mibiea i nventi on. As opposed to these, 10 however, short circuits

occurred 1n the sanpl €5 ol Conpar ai i ve. Exanmpl es in which the content of
carbon-doated fused silica partiere2=B#E Brprle than 2.5 ppm of the
inorganijc filler used in additilon, ?shoft &jrlcuits also occurred in the
sanpl es |thmiRxTpérEdiled faxpmgd es where the 15 [semi conductor chip was

resi n- erncaps Wnake tirBuidie (/fspeapsul gtion mptgrial that contains spherical
fused si 'siaﬁlé‘las[’%éﬁeﬁk es produced by the| use qf the conbustion heat of a

convent i omar—nrxed—gas—of propane—and—oxygens Furt her,

Table 12

Comparative Example B
1 2 3 4 5 6

Number of Failed Samples
with short circuits (/3000 5 8 10 4 6 9
samplaes tested)

5 Table 10°'

Example B®
1 2 3 4 5 6

Number of Failed Samples
with short circuits (/3000 0 0 0 0 0 0
samples tested)

Table 11°'

Number of Failed Samples
with short circuits (/3000 0 0
samples tested)

Table 12'

Comparative Example B'
1 2 3 4 5 6

Number of Failed Samples
with short circuits (/3000 35 22 13 26 19 11
samplas tested)

10
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47 shorts circuits also occurred in the sanples of Conparative Exanples
where the inorganic filler in the encapsulation material used contained
nore than 50 % by wei ght of spherical fused silica particles that had been
produced by 5 the use of the conbustion heat of propane gas and oxygen gas
according to a conventional nethod. (3) Encapsul ati on of Sem conduct or
Device C. Exanples Cl to C8, Conparative Exanples Cl to C6, Exanples d'
to C8', Qalksr aAt0"™ve Exanples Cl' to C6', Exanples " 10 to C8",

Conpar at/i ve Exanples O™ to Co": [The corrponentE sng T T thefottowng
Tables 13 to 15, Tables 13" to 5—ang—Tabi A ® S 15" were put—into a
Henschel 1 i i |l solshbunlin?th Q(—‘3T |F‘§ and tlhe® nilxed

t her ei n | FerbF0ofii Faifled Sappleshi s process, the] 15 pijgnent |car bon bl ack was
previ ous kyturisxedt wikbuitae (e3poxy (resin|(by by tde Jusg off ag3-rol |y mjxer
(bl end rggﬁlplegftesqggpon bl ack/ epoxy resin (b) = 1/|10 by (wei ght]) to prepare
a premx, and this was used—Thus prepared, —theftxtt+e€—-was—Fed+Nto a
kneadi ng extruder and nelt-kneaded through it. 20 Next, the resulting nelt
was cool i‘»ﬂm%“l n,d and then tabletted by the use of a tabletting nold into
tablets epoxy—r-esi-n—conposi-tion—48 Table 13 (parts by weight) Exanple
C 123456 Epoxy resin (b)3030303030Btrmelam' Ret ar dant 131313131313

Phenol - Novol ak Resi n55551 55551 {555% Curimg Rronoter111111 Prem x of Carbon
Bl ack/ Epg¥ber of Failed Samples
with short ecircuits (/3000 0 0
samples tested)

5 Table 12"

Comparative Example B
1 2 3 4 5 6

Humber of Failed Samples
with short circuits (/3000 12 9 2 11 6 1
samples tested)

As in the above Tables 10 to 12, Tables 10' to 12°'
and Tables 10" to 12", no short circuit occurred in the
samples of Examples of the invention. As opposed to these,

10 however, short circuits occurred in the samples of
Comparative Examples in which the content of carbon-coated
fused silica particles was more than 2.5 ppm of the
inorganic filler used. In addition, short circuits also
occurred in the samples of Comparative Examples where the

16 semiconductor chip was resin-encapsulated in the
encapsulation material that contains spherical fused silica
particles produced by the use of the combustion heat of a

conventional mixed gas of propane and oxygen. Further,
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Resin (b) (1/10) 777777777777 Fl ame Retardation Pronpter111111111111 Ml d
Rel easel111111 Inorganic Filler (1-d)So00300200100250200 Inorganic Filler
(1-¢)70090010001100350400 | arger than Cont ent of AII0.00.00.00.00.0Q.O 60
nm | Carbon-Coated, |arger than Fused Silica2.11.30.80.42.11.7 P ti 30 nm
| ar c¢ es larger than (ppm 14.22.51.70. 8U4.216.7 20 nmI1l Table 14
(parts by weight) Exanple C 78 Epoxy resin (b)3030 Flame Retardant1313
Phenol - Novol ak. Resin5555 Curing Pronoter1l Prem x of Carbon
shorts circuits also occurred in the samples of Comparative
Examples where the inorganic filler in the encapsulation
material used contained more than 50 % by weight of
spherical fused silica particles that had been produced by
5 the use of the combustion heat of propane gas and oxygen
gas according to a conventional method.
(3) Encapsulation of Semiconductor Device C:
Examples Cl to C8, Comparative Examples Cl to C6, Examples
Cl' to C8', Comparative Examples Cl' to Cé', Examples C1"
10 to C8", Comparative Examples Cl" to CE";:
The components shown in the following Tables 13 to
15, Tables 13' to 15' and Tables 13" to 15" were put into a
Henschel mixer in the ratio also shown in these Tables, and
then mixed therein for 30 minutes. In this process, the
15 pigment carbon black was previously mixed with the epoxy
raesin (b) by the use of a 3-roll mixer (blend ratio of
carbon black/epoxy resin (b) = 1/10 by weight) to prepare a
premix, and this was used. Thus prepared, the mixture was
fed into a kneading extruder and melt-kneaded through it.
20 Next, the resulting melt was cooled, ground and then

tabletted by the use of a tabletting mold into tablets of

epoxy resin composition.
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Bl ack/ Epoxy Resin (b)7777 (1/10) Flame Retardation Pronoter1111 Ml d

Rel easell Inorganic Filler
"larger than Content of Al10.00.0 60 nm Car bon- Coat ed,
Silical.30.8 30 nmParticles |arger than (ppm2.51.7 2 0 nin 49 Table 15

(parts by weight) Conparative Exanple C 123456 Epoxy resin (b)303030303030

Fl ane Ret ardant 131313131313 Phenol - Novol ak Resi n555555555555 Curi ng

(1-d) 150100 Inorganic Filler

(1-c) 450500
| arger than Fused

Pr onot er dkHlld I3 e(partd Mgarvmight)pck/ Epoxy Resin (b) (1/10) 777777777777

Fl ane Rdtardation Pronoter 11111717

(1- d) 7008001100350400450

111171 Mol d Reﬁygﬁaglélll Tmorgant c

1 2 3 4 5 6
Epoxy resin (b) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 i3 13
Phenol-Noveclak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epoxy
] 77 77 77 77 77 77
Resin (b) (1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1
Inorganic Filler {1-d) 500 300 200 100 250 200
Inorganic Filler (l-c) 700 800 1000 1100 350 400
larger than
Content of All 0.0 0.0 0.0 0.0 0.0 0.0
60 nm
Carbon-Coated,
. larger than
Fused Silica 2.1 1.3 0.8 0.4 2.1 1.7
30 nm
Particles
larger than
{ppm) 4.2 2.5 1.7 0.8 4.2 16.7
20 nm
Table 14 (parts by weight)
Example C
ki ;]
Epoxy resin (b) 30 30
Flame Retardant 13 13
Phenol-Novolak Resin 55 55
Curing Promoter 1 1
Premix of Carbon
Black/Epoxy Resin (b) 77 77
(1/10)
Flame Retardation Promoter 11 11
Mold Release 1 1
Inorganic Filler (1-d) 150 100
Inorganic Filler (l-c) 450 500
larger than
Content of All 0.0 0.0
60 nm
Carbon-Coated,
. larger than
Fused Silica 1.3 0.8
. 30 nm
Particles
larger than
(ppm) 2.5 1.7
20 nm
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Inorganic Filler (1-c)500400100250200150 | arger than Content of

A1 0.00.00.00.00.00 0 60 nm Carbon-C t d oa e , larger than Fused

Silica2.93.34.62.93.33 B Particles30 nm (ppmlarger than 20

nnb. 86. 79. 25.86.77.5 Table 13" (parts by weight) Exanple C 123456 Epoxy
resin (b) 303030303030 Fl ame Retardant3.31313131313 Phenol - Novol ak _
Resi n555555555555 Curing Pronoter111111 Prem x of Carbon Bl ack/ Epoxy Resin

(b) (1/ 1Mabler A5 /{pakts by weight)

Comparative Example C
1 2 3 4 5 6
Epoxy resin (b) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 i
Premix of Carbon Black/Epo
. /Epoxy 77 77 77 77 77 77
Resin (b) (1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1
Incrganic Filler (1l-d) 700 800 1100 350 400 450
Inorganic Filler (1-c) 500 400 100 250 200 150
larger than
Content of All 0.0 0.0 0.0 0.0 0.0 0.0
60 nm
Carbon-Coated,
. larger than
Fused Silica 2.9 3.3 4.6 2.9 3.3 3.8
30 nm
Particles
larger than
{(ppm) 5.8 6.7 9.2 5.8 6.7 7.5
20 nm
Table 13' (parts by weight)
Example C'
1 2 3 4 5 )
Epoxy resin (b) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novelak Resin 55 55 585 55 55 55
Curing Promoter 1 1 1 1 1 1
Pramix of Carbon Black/Epo
/Epoxy | ., 77 77 77 77 77
Resin (b) (1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mold Releasea 1 1 1 1 1 1
Spherical Fused Silica
1200 1000 800 600 600 500
Particles (2-c)
Spherical Fused Siliea
0 200 400 600 0 100
Particles (2-d)
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Flame Retardation Pronpter111111111111 Mol d Rel easel11111l Spherical Fused
Silica Particles (2-c)12001000800600600500 Spherical Fused Silica Particles
(2-d) 0200 400 600 0100 LI- I 50 Table 14' (parts by weight) Exanple C 7B
Epoxy resin (b)3030 Flane Retardant 1313 Phenol - Novol ak Resi n5555 Curi ng
Pronoter11 Prem x of Carbon Bl ack/Epoxy Resin (b) 7777 (1/10) Fl ane

Ret ardati on Pronpter1111 Ml d Rel easell Spherical Fused Silica 400300

Particl esT4B1&)18phepasss bys@dight) ca 200300 Particles (2-d) Table 15

(parts by Wei ght) Example C'
7 B

Epoxy rasin (b) 30 30
Flame Retardant 13 13
Phenol-Novolak Resin 55 55
Curing Promoter 1 1
Premix of Carbon
Black/Epoxy Resin (b) 77 17
{1/10)
Flame Retardation Promoter 11 11
Mocld Release 1 1
Spherical Fused Silica
Particles (2-c) 400 300
Spherical Fused Silica
Particles (2-d) 200 300

Table 15' (parts by weight)

Comparative Example C'
1 2 3 4 5 6

Epoxy resin (b) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phencl-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/E

. poxy 77 77 77 77 77 77
Resin (b} (1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1l 1 1 1 1
Spherical Fused Silica

. 0 300 500 0 100 200
Particles (2-c)
Spherical Fused Silica

. 1200 900 700 600 500 400
Particles (2-d)
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Conparative Exanple C 123456 Epoxy resin (b)303030303030 Fl ane
Ret ardant 131313131313 Phenol - Novol ak Resi n555555555555 Curi ng
Promoter 111111 Prem x of Carbon Bl ack/ Epoxy 777777777777 Resin (b) (1/10)

Fl ame Retardation Pronpter111111111111 Ml d Rel easel11111 Spheri cal

Silica 03005000100200 Particles (2-c) Spherical

1200900700600500400 Particles (2-d) 51 Table 13"
C' 123456T&bbeylBBsi(pafhbp3BgO*eigh@P0 Fl ane Ret ardant 1313131313 3

Fused Silica
(parts by weight) Exanple

Fused

Phenol - Novol ak Resi n555555555555 [Curt ng PrOMOUEL LT 1 Premix—of—€arbon
Bl ack/ Eppxy777777777777 Resin (b) H10)—Fame—RarRi%&iion
Pronot er #3334434111311 Mol d-Rel easell11111] Siherli e Fusdd $ilBcalPaéti ¢l es
(3-c) Sp xyarestns@led) Silica 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epoxy
Resin (b) (1/10) 77 77 77 77 77 77
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1
Spherical Fused Silica
Particles (3-c) 1200 1000 800 600 600 500
Spherical Fused Silica
Particles (3-d) 0 200 400 600 0 100
Table 14" (parts by weight)
Exampla C"
7 8
Epoxy resin (b) 30 30
Flame Retardant 13 13
Phenol-Novolak Resin 55 55
Curing Promoter 1 1
Premix of Carbon
Black/Epoxy Resin (b) 77 77
{(1/10)
Flame Retardation Promoter 11 11
Mold Release 1 1
Spherical Fused Silica
Particles {3-c) 400 300
Spherical Fused Silica
Particles (3-d) 200 300
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icles (3-d) 1200 O Table 14" (parts by weight) 1000 200 Exanple C' 78
Eggibcresig (bg3030 Fl ame Retardant 1313 Phenol - Novol ak Resi n5555 Curing
Pronmoter11 Prem x of Carbon Bl ack/Epoxy Resin (b) 7777 (1/10) Flane
Ret ardation Pronpter1111 Ml d Rel easell Spherical Fused Silica 400300
Particles (3-c) Spherical Fused Silica 200300 Particles (3-d) 800 400 600
600 600 0 500
Table 15" (parts by weight)

10

15

Comparative Example C"

1 2 3 4 5 6
Epoxy resin (b} 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epoxy

77 77 77 77 77 77
Resin (b} (1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mold Release 1 1 1 1 1 1
Spherical Fused Silica

0 300 500 0 100 200
Particles (3-c)
Spherical Fused Silica

1200 900 700 600 500 400

Particles (3-d)

Using the thus-obtained tablets of each epoxy resin
composition, a semiconductor chip mounted on an insulating
substrate was transfer-molded (at 175°C for 1 minute and
then post-cured at 175°C for 5 hours) into a single-
encapsulated semiconductor device (FC-BGA) as in Fig. 1.
Package Form:

Flip chip ball grid array (FC-BGA) -type, size 12 mm x 12
mn x 1 mm thickness.

Resin encapsulation layer 4a (of cured epoxy resin
composition), size 12 mm x 12 mm x 600 jm thickness.
Semiconductor chip 3, size 10 mm x 10 mm x 370 pm
thickness.

Insulating substrate 1, bismaleimidotriazine (BT)
resin/glass cloth substrate (size, 14 mm x 14 mm x 300 pm

thickness) .
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100 52 Table 15" (parts by weight) Conparative Exanple C' 123456 [ Epoxy
resin (b) 303030303030 Flame Retardant 131313131313 Phenol - Novol ak

Resi n555555555555 Curing Pronoter111111 Premni x of Carbon Bl ack/ Epoxy 77 77
77 77 77 77 Resin (b) (1/10) 111111111111 IFl ame Retardation Pronoter Mld
Rel easel1111 Spherical Fused Silica Particles (3-c) 0 300 500 0 100 200
Spherical Fused Silica 1200900700600500400 Particles (3-d)

Interconnection electrode 2, gold bump, diameter 20 pm,
pitch 50 ym, bump-to-bump distance 30 Mm.
Thus produced, the semiconductor devices were
analyzed and evaluated in point of the occurrence of short
5 circuits therein in the same manner as above. Concretely,
the electric resistance value between the neighboring gold
bumps not electrically connected to each other was
measured, and when it was 1 kQQ or smaller, then it means
that the neighboring gold bumps short-circuited. The
10 results are given in the following Tables 16 to 18, Tables

16' to 18' and Tables 16" to 18".

Table 16

Number of Failed Samples
with short circuits (/3000 0 0 0 0 0 0
samples tested)

15 Table 17

Number of Failed Samples
with short circuits (/3000 0 0
samples tested)

Table 18

Comparative Example C
1 2 3 4 5 6

Number of Failed Samples
with short circuits (/3000 3 9 12 3 7 11
samples tested)
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Usi ng the thus-obtained tablets of each epoxy resin conposition, a

sem conduct or chip nmounted on an insulating 5 substrate was transfer-nol ded
(at 175C for 1 minute and then post-cured at 175C for 5 hours) into a

si ngl e- encapsul ated sem conductor device (FCGBGA) as in Fig. 1. Package
Form Flip chip ball grid array (FCBGA)-type, size 12 mimx 12 10 mmx 1
nm t hi ckness. Resin encapsul ation |ayer 4a (of cured epoxy resin

conposi ti BablesilBe 12 mMm x 12 nmm x 600 mthickness. Sem conductor chip 3,

size 10 pm x 10 nm X 370 m thi CKpess.— 15 tmisut ati ng—substrate—1;
bi smal ei i dot ri azi ne (BT) resin/ grass—etothsuB8th '(size, 14 mmk 14 mm
x 300 dapr—thickness). 53 Intercohnektijon el dct Bode 24 gl dSbUTD,GdI et er

20 pm  piumber 5ef ﬁ‘ﬁ}leblmpnnl@sbunp di stance 3Q p.im] Thus{produgced, the
sem conduseitnr skt eescudes e(/3806 yzed and valjuaged|i ngpoi nt ,of |t
OCCUrr enCéanPhes NQstaqy® Circuits therein in the sang manner as pbove.
Concr et eIy, the efectritc resrstance—vatue—between—the—neighborlng gol d
bunps not electrically connected to each other was neasured, and when it

was 1 kOﬂb .5er, then it neans that the neighboring gol d bunps

short - cw—emﬂ#he—w—%d_t_s_aue_gum_n‘. he follow ng Tables 16 to 18,
Tables j16' to 18" and Tabl es 16} tRxa#Ble cTabl e 16 Exanpl e C Nunber of
Failed Janples with short circuits «/3000g sanpl es tested)

Number of Failed Samples
with short circuits (/3000 0 0
samples tasted)

5 Table 18'

Comparative Example Q'
1 2 3 4 5 6

Number of Failed Samples
with short circuits (/3000 29 19 10 23 17 8
samples taested)

Table 16"

Example C"
1 - 2 3 4 S 6

Number of Failed Samplas
with short circuits (/3000 0 0 ¢] 0 0 0
samples testad)

Table 17"

Number of Failed Samples
with short eircuits (/3000 0 0
samples taested)

10
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000000 15 Table 17 Exanple C 78 Nunber of Failed Sanples w th short
g??ﬁﬁ?ts (/300000 sanples tested) Table 18 Conparative Exanple C 123456 4
Nunber of Failed Sanples with short circuits (/300039123711 sanples tested)
54 Table 16' Exanple C 123456 Nunber of Failed Sanpl es 000000 with sro&t
circuits (/3000 Sanples tested) Table 17° Exanple C 78 Nunber pf Fail e f
Sanples with short circuits (/300000 sanples tested) 5 Table 18 Nunber o

Fai |l ed Sampbke 18fth short circuits (/3000 I

10

15

20

Comparative Example C"
1 2 3 4 5 6

Number of Failed Samples
with short circuits (/3000 13 5 2 11 3 1
samples tested)

As in the above Tables 16 to 18, Tables 16' to 18
and Tables 16" to 18", no short circuit occurred in the
samples of Examples of the invention. As opposed to these,
however, short circuits occurred in the samples of
Comparative Examples in which the content of carbon-coated
fused silica particles was more than 2.5 pPpm of the
inorganic filler used. 1In addition, short circuits also
occurred in the samples of Comparative Examples where the
semiconductor chip was resin-encapsulated in the
encapsulation material that contains spherical fused silica
Particles produced by the use of the combustion heat of a
conventional mixed gas of propane and oxygen. Further,
shorts circuits also occurred in the samples of Comparative
Examples where the inorganic filler in the encapsulation
material used contained more than 50 % by weight of
spherical fused silica particles that had been produced by
the use of the combustion heat of propane gas and oxygen
gas according to a conventional method.

In the semiconductor device of the invention as
described in detail hereinabove with reference teo its

preferred embodiments, the resin layer for semiconductor
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[ 5 17 6 8 Table
e Exanple C 2 19 sanples tested) 3 10 4 23 _ _
ig"gggﬁg{gtE¥ 121 g256 Nunmber of Failed Sanpl es 028000 rﬁéhlfggrgaﬁL{gglts
anpl es tested) Table 17" Exanple C' 78 Nunber o ai _
&:?goghgrppcircuits (/300000 sanples tested) 10 55 Table 18 Cbnggggtlve
Exanpl e C' Nunber of Failed Sanpl es123456 with short circuits (/

13521131

encapsulation is formed of a cured product of an epoxy
resin composition that contains an inorganic filler (C)
with at most 2.5 ppm of carbon-coated inorganic filler
particles (c) having a particle size larger than the
5 interconnection electrode or conductor wire distance in the

semiconductor device. Accordingly, the semiconductor
device is highly reliable and is free from the problem of
short circuits to be caused of electric interconnection
between the interconnection electrodes or between the

10 conductor wires in the device.

Another type of the epoxy resin composition for
semiconductor encapsulation of the invention contains an
inorganic filler (C) with at least 50 % by weight of
spherical fused silica particles (c') for which the heat

15 source in fusion is the combustion heat of a heat source
material not causing carbon deposition on the surfaces of
the spherical fused silica particles and oxygen gas. When
the epoxy resin composition of the type is used for
semiconductor encapsulation, it also realizes semiconductor

20 devices of high reliability that are free from the problem
of short circuits to occur therein.

While the invention has been described in detail
and with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes

25 and modifications can be made therein without departing

from the scope thereof.
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sanples tested) As in the above Tables 16 to 18, Tables 16' to 18 and
Tables 16" to 18", no short circuit occurred in the 5 sanples of Exanples
of the invention. As opposed to these, however, short circuits occurred in
t he sanples of Conparative Exanples in which the content of carbon-coated
fused silica particles was nore than 2.5 ppmof the inorganic filler used.
In addition, short circuits also 10 occurred in the sanples of Conparative
Exanpl es where the sem conductor chip was resin-encapsulated in the
encapsul ati on nmaTBiPaprPPhicatienainsbapkdr boallapanedesphteat particles
produced by the use of the conbustion heat of a conventional m xed gas of
propane afBPiFgdd.onmsyNenhe 20025 3285126s £iilleal Noreuibied QARCURRD | id he
sanpl es of Conparative Exanples where the inorganic filler in the
encapsul a2P8R 338787 £iledeFovembaimn e ,MZ0O2t,hamd MY DY oveizY7 i
spherical fused silica particles that had been produced by the use of the
combust i ofiikeg; Novepbera@ ,g2002nd they gartiz@ @onh tentd ¢hateo® Bein
conventional nethod. In the sem conductor device of the invention as

descr ibedhprebyt Ancorposatedoby weflereaterence to its preferred

enbodi nents, the resin |ayer for sem conductor 56 encapsul ation is forned
of a cured product of an epoxy resin conposition that contains an
inorganic filler (C wth at nost 2.5 ppm of carbon-coated inorganic
filler particles (c) having a particle size larger than the 5

i nterconnection el ectrode or conductor wire distance in the sem conductor
devi ce. Accordingly, the sem conductor device is highly reliable and is
free fromthe problemof short circuits to be caused of electric

i nterconnection between the interconnection el ectrodes or between the
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10 conductor wires in the device. Another type of the epoxy resin
conposition for sem conductor encapsul ation of the invention contains an
inorganic filler (C) with at |east 50 % by wei ght of spherical fused
silica particles (c') for which the heat 15 source in fusion is the
conmbusti on heat of a heat source material not causing carbon deposition on
the surfaces of the spherical fused silica particles and oxygen gas. Wen
t he epoxy resin conposition of the type is used for sem conductor

encapsul aWHAT, IS CUAmMBDedlS:zes seni conductor 20 devices of high
reliability that are free fromthe problem of short circuits to occur
therein. Wile the ixvespodop i‘wénbe@cstnﬁ'&%ﬁ&?dféﬂ Q%j?é‘!,n with

reference to specific enbodinents thereof, it wl e apparen? to one
skill ed i endapsala tilat, Wuc@u%a&%aq%% 2.51 %:; g n bg ,made
therein without departing fromthe scope teﬁg?%g%%'fn?c appqﬁ ca )on S
based on Xepd®dse patent applications No. 2002-328726 filed Novenber 12,
2002, No. 2002-339797 filed Novenmber 22, 2002, and No. 2002-339798 filed
Novenber 22(APOSR, epbeyepésig, contents thereof being hereby incorporated
by reference. 58 WHAT IS CLAIMED |IS: 1. An epoxy resin conposition for
sem conduct (B) anphesoliéi pasinfi ch conprises the follow ng conponents (A)
to (Q: 5 (A) an epoxy resin, (B) a phenolic resin, (C an inorganic
filler capaftCer = mwmi@gflsmcggpésigrgffﬁp&ég@{ﬁ circuiting in a
step of

semiconductors from short-circuiting in a step of

semiconductor encapsulation with the epoxy resin

10 composition,

2. The epoxy resin composition for semiconductor
encapsulation as claimed in claim 1, wherein the inorganic
filler (C) contains at most 2.5 ppm of carbon-coated

15 inorganic filler pParticles (c) having a particle size
larger than the interconnection electrode distance or
conductor wire distance in a semiconductor device which is
to be encapsulated by the use of the composition and
comprises a semiconductor chip mounted on an insulating

20 substrate or a lead frame and in which the semiconductor
chip is electrically interconnected to the insulating
substrate or the lead frame via an interconnection

electrode or a conductor wire.

25 3. The epoxy resin composition for semiconductor

encapsulation as claimed in claim 1, wherein the inorganic
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sem conductor encapsul ation with the epoxy resin 10 conposition. 2. The
epoxy resin conposition for sem conductor encapsulation as clained in
claim1l1, wherein the inorganic filler (C contains at nost 2.5 ppm of
carbon-coated 15 inorganic filler particles (c) having a particle size

| arger than the interconnection electrode distance or conductor wire

di stance in a sem conductor device which is to be encapsul ated by the use
of the con%{) ition and conprises a sem conductor chip nounted on an

i nsul at i Tulst reprtaing atabeastind0 ahby rwedbght ohesshaitoatuct or
chipis %_(lactri cally interconnected to the insulating substrate or the
| ead frarf*$8% Shlidh Rawkirekes ofc' ki £ex rduficlurthe dosalticéoureereén 25 3. The
epoxy resin conposition for sem conductor encapsulation as clained in
claim 1, %@? Mg Hehe rremhittion Keat «of ()heantsourscatmaeasiabthde by
wei ght of spherical fused silica particles (c¢') for which the heat source
in fusi FRYERK TR dIRASIHiRn oin sthweatusiarae ofitehé aphedic£RUSi Ng
car boS dgfﬁjosi tion on the surfaces of the spherical 5 fused silica particles
and oRygdirtpd sidicm panfiGles sind corggss tgam. for seni conduct or
encapsul ation as clainmed in claim3, wherein the spherical fused silica
particles (c') are produced froma siliceous 10 material which is fed into
a furnace through a doubl e- walled burner that conprises concentric inner
and outer tube# anthenePeXy cresih | compesibioni fief Sehivendideo:nner and
outer tubes, in such a manner that the siliceous mnaterial is via the inner
tube, théAERSHAKQR At aliadmers iorelfais & witereausithe GpH¥YLCRAPOSI tion
on the surfaces of the spherical fused silica particles is via the snall

fused silica particles (c') are produced from a siliceous

10 material which is fed into a furnace through a double-

walled burner that comprises concentric inner and outer

tubes and multiple small tubes provided between the inner

and outer tubes, in such a manner that the siliceous

material is via the inner tube, the heat source material

15 for fusion not causing carbon deposition on the surfaces of

the spherical fused silica particles is via the small
tubes, and oxygen gas is via the space between the small
tubes and the outer tube, and which is fused by the gas

combustion in the furnace.

20
5. The epoxy resin composition for semiconductor
encapsulation as claimed in claim 3, wherein the heat
source material for fusion not causing carbon deposition on

the surfaces of the spherical fused silica particles is

25 hydrogen gas.
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tubes, and oxygen gas is via the space between the small tubes and the
outer tube, and which is fused by the gas conbustion in the furnace. 20 5.
The epoxy resin conposition for sem conductor encapsulation as clainmed in
claim3, wherein the heat source material for fusion not causing carbon
deposition on the surfaces of the spherical fused silica particles is 25
hydr ogen gas. 60 6. The epoxy resin conposition for sem conduct or

encapsul ation as clained in claim3, wherein the heat source material for
fusi on not causPfng Eae bePorEpoesin orompos i hitos ufbacsembEohdecspper i cal
fused silica particles is a 5 m xture of oxygen gas and conbustible

hydr ocar fRtapsilation asiciaidest dm diaize 3y twhearesigimisHenGEdtOr chip
encapsul ated in the epoxy resin conposition of claim1. 10 8. The

seni condferECldfteriad doai fakion glodi mahsing&arbor kRpowiitGlws or chip
mounted on an insulating substrate or a lead frane is electrically

i nt er conitb@t syprfgceshof the mpheyicullstiusied @illika paadilae iy a an

i nterconnection el ectrode or a conductor wire and is 15 encapsulated in a

| ayerd of mipduzeopf oxyigen gasosingd ewombaktible hydrocarbon gas.

7. A semiconductor device with a semiconductor chip

encapsulated in the epoxy resin composition of claim 1.

10 8. The semiconductor device as claimed in claim 7,
wherein the semiconductor chip mounted on an insulating
substrate or a lead frame is electrically interconnected to
the insulating substrate or the lead frame via an
interconnection electrode or a conductor wire and is

15 encapsulated in a layer of the epoxy resin composition.
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