EPOXY RESI N COVPCSI 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 rel ates
to an epoxy resin conposition for sem conductor encapsul ati on capabl e of

gi ving sem conductor devices of high reliability that do not cause short
circuits even in pitch reduction in the interconnection electrode distance
or the conductor wire 10 distance therein, and relates to the sem conductor
device with it. BACKGROUND OF THE | NVENTI ON Seni conduct or chips such as

transi stor gpoke RB@NSCoMPOR G FdR) SEREICONSRIRARTY EM P dut Ml [ r ansfer
molding 15 wth an epoxy resin conmposition. Various package forms of the

type have her et of or gyhesimECYRbOPPER | PEVIEE a4 InEBug X afREe Of the package
formis a type as in Fig. 1. Inthis, 1is an |nsulat|ng substrate, and a
sem conductor chip 3 is nounted on t he i nsul ating substrate 20 1 via an

I nterconnection electrode 2 so that the insulating substrate 1 and the
sem conductor chip 3 are e'ﬁ%ﬂﬂ(&j‘lﬁﬁz: E.Ljﬂﬁﬁﬁtﬁfkto each other. This is
encapsul ated in an encaps ed product of an epoxy
resi conposi t 'y lati n 25 the side
of thrse I nsul atlarggséj{?%eé 'f&%'gt\?ﬁ%g '[e#@és%rﬁo%gu ﬁén nount ed

ther eon. ?§R3§%1L18H1ﬁﬁgsseéiaxasuc%'%O BapLatsd: ba aggage package as in

Fig 2. age, a semcon Gcf on an

'nsulat'n9¥5388%eat§o§au@@gecpgv 034! 3k 89 ﬁugga%o 71349 dhat "o

sem conddc are e connact e gach

not cause short circuits even in pitch reduction in the

interconnection electrode distance or the conductor wire

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

BACKGROUND OF THE INVENTION

Semiconducter chips such as transistors, IC and LSI
are generally resin-encapsulated through transfer molding
15 with an epoxy resin composition. Variocus package forms of
the type have heretocfore heen 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 wvia 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



5 other via a wire 6. Including the wire 6, the sem conductor chip 3 is
resi n-encapsul ated in an encapsul ation resin 4b, a cured product of an
epoxy resin conposition. Further nentioned is still another package as in
Fig. 3. In this package, a sem conductor chip 3 is 10 nounted on a | ead
frame 7 of netal, and the sem conductor <chip 3 is electrically connected to
an inner lead 8 via a wre 6. Including the wire 6, the sem conductor chip
3 is resin-encapsulated in an encapsulation resin 4c, a cured product of

an epoXyyifesSi N IGRITRRN €1 difled AR dnd £1R ticlaydackans Fypese mentj oned above,
still andther package is nentioned as in Fig. 4. In this, a sem conductor

chip 3 ivhidMhehON £ daRikdidiBLdd Gy als Adkhide sgrigonductor  chip

3 is electrically connected to an inner l'ead 11 provided around the |ead

fram 1Qndtiddny 'Substdddd W) Nhd Ahd Nndhifetng D@ SEM EONEUGAT chip 3

I S resin-encapsulat I'n an encapsulation resin 4d, a cured product of an

cpory  nanl LGAmASIAGN: SHARRLG JHE LNVENT O e capabLbiddss of the

sem conduct or devices o ese types are | npr ese days, and it is

desi ?ed tﬁefﬁ’ﬁ ce tuh.\.eré)iéCh.Iq:ictihtu?lgag .tk% \A\Sﬁr}et tge itqlteer connection 2

el ectr odes he Wfes 6 in m Cco ctor ‘devices. However, the

pitch re Iééﬂhdéﬁ; téhiﬁ'5rf§”§§§%ﬁgé*g%§¥ﬁiéﬁé%ifﬂg%ﬁ circuits in the

process 0of sem conduct or encapsul at1 on. I on, various

i nvestigatiQns 5 .ar f e e [ ucikng the carbon. deposition
In sem %or}ncc?g)csﬁlolratgin%a%%é i%%\', %Gat%m%:%%l %%‘Egge%%l %6 ?’fo alhs) ?%‘gsol ution of

the prObéo%{Boslftji.én .noyuq.‘%ﬁuierregnetnc‘]:ioned is still another package as

in Fig. 3. In this 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



prevent the occurrence of short circuits in producing sem conductor

devi ces, and to produce good sem conductor 10 devices of high reliability.
The invention has been nade in consideration of the 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

i nt erconnection el ectrode di stance or the conductor wire distance therein,

and to peRubdecliBe 9eBkCeAdUGLPEsIEVHEGE thd kBmibondRetbll eiikest he
I nvention provides the followng: 20 (1) An epoxy resin conposition for

sen condyglayereNeaRS ki #bhORedWBits BnC 2ERLI$ES ihherbeluledW BBt s (A)
to (C : (A an epoxy resin, (B) a phenolic resin, 25 (C an inorganic

filler capahgref cRLEUSRE! B tRENbEoRAUE! QS sbhaBoRRRklog! rCUiting in a step
of 3 sem conductor encapsulation with the epoxy resin conposition. (2) The

epoxy. reéhg#@ﬂﬂ&%kbh‘?”,i?gﬁ&? %PC?.S'&EL%, 6995?9&5'%2?%1:%%%?%?}{9 (1),

wherein t norgani c fil contal ns at nost

car bog cgaLelalitor g3l Gxbhphe! PAL! LElR36E) AALALR AR 8e | arger

than the “Intercénnecti rode or conductor wre distance In a

sem condye! QendBLhaRcUNkobakaphlilt 6ACARIN Al dPhokNRP Loly he

conposi tion and conprises a sem conductor nounted on an insul ating
SUbStrathQEtﬁclg@iu&&%geoﬁn@hbnproblem. It is now desired to

prevent the occurrence of short circuits in producing
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
interconnection 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



whi ch the sem conductor chip is electrically interconnected to the

I nsul ating substrate or the lead frane via an interconnection electrode or
a conductor wire. (3) The epoxy resin conposition for sem conductor 15
encapsul ati on of above (1), wherein the inorganic filler (C) contains at

| east 50 % by wei ght of spherical fused silica particles (c') for which the
heat source in fusion is the conbustion heat of a heat source material not
causi ng carbon deposition on the surfaces of the spherical 20 fused silica

particl es augh QYACH &R SenddpsdIELLHVWLERSERe i £680nf Or sem conduct or
encapsul ati on of above (3), wherein the spheric fused silica particles
(c') are pg eoeisom a siliceous material mhlch is fed into a furnace

t hrough a double 25 wall ed burner that conprises concentric inner and outer

tubes and multiphe sR] leddile sregrlqlwgﬁ,g,&qtgmp £d1e éé}ﬁ%‘m‘fmﬂ{@‘, out er

tubes, in such a nanner that the sil ous material 1s viat nner tube,

the heal Aaupce1TRLRRI Bl b8V Y5) OnWABLeSAUEHAY:6RERAR ACRISH 0N O the

surfaces o e spherica S|I|ca particles 1s”via the snall 5 tubes,

and HYIRR) I8BnkasHEAaLRo8R0C SOREHCRY EHRLBNNLLAU ARARLLAE Oul o1 t ube,

and t he gas ustron 1 n the urnace e epoxy

resin cogpesiLl B0 -t9E1ACMENANGAL SRGIRTMNAL EQUL0N AN chidly chlaer el n the

heat sourc for fusion®not “causing car posi |on on the

surfaces :.thekﬁgnigﬁ‘%&oﬁa' %%B%‘i@d%' ogﬁgtog;ﬁhkh:%e%ﬁ% d'i%%%%%” 92y (6) The

epoxy resin ion
semlconductor device which is to be encapsulated 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



encapsul ati on of above (3), wherein the heat source 15 material for fusion
not causi ng carbon deposition on the surfaces of the spherical fused silica
particles is a mxture of oxygen gas and conbusti bl e hydrocarbon gas. (7) A
sem conductor device with a sem conductor chip encapsulated in the epoxy
resin conposition of above 20 (1) (8) The sem conductor device of above
(7), wherein the sem conductor chip nounted on an insul ating substrate or
a lead frane is electrically interconnected to the insulating substrate or

the | eadafd apBred dr@bes) iRt SEERNAORALREr CLRELT OHE 911 8cegnrductor wire and
Is encapsulated in a Iayer of the epoxy resin conposition. 5 The present

'nVentOﬁﬁaﬂéffafxi§n§i¥eiﬂe'ﬂﬂﬁéi'9§$€d thé ﬂéﬂé QHE:EQemﬁﬁgfiéﬂce that may
cause short circuits in senm conductor encapsulation. As a result, we have

found tHGL f@@z&@U§8tfQéuébﬂéthkBSH'&éprléfahCQHdHﬁ80£u§f§EE§p8E|at'on i s
not in carbon black that is generally in the material for encapsul ation but

is in antﬁéloglgﬁ@ﬁcai'fa@éd &ﬁ@éaﬁmaeieghﬁ'o%geﬂécsﬁ‘ngher heretofore

used in the art |s fused silica powd have anal yzed | sanpl e of fused

sili %al ggﬂﬂéfe | dn e%l% aggs hi‘ﬁvi&“ﬁ? g?%i}étbét&‘ th Qﬁurt?ﬁaﬂsed silica

partic deposit ave er found that

the car bogsegoghgdehUSeleak! Lo DALLACREH L NEaLOA BN LR GhLer used Tor

senm conduct or encapsulatlon stay’ between t I nt erconnectl on ectrodes or
bet ween égﬁ gggﬁt %egurﬁgcén t he encapsul ated sem conduct or devices to
t her eby rlcal y I'nterconnect the electrodes or the wires to

{5) The epoxy resin composition for semiconductor
] encapsulation of above (3), wherein the heat source
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 source

15 material for fusion not causing carbon deposition on the
surfaces of the spherical fused silica particles is a
ﬁixture 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.



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 nmany studies essentially for the production of carbon-uncoated
fused silica particles. Heretofore, the conbustion heat froma m xture of
conbusti bl e gases, propane gas and oxygen gas is used for the heat source

I n producing fused silica particles. 25 Concretely, the m xed gas and a
siliceous material are jetted into a furnace to produce fused silica

particles, 6 8R4, pt8sbhtsSifPaALELEO0RaviCeRR RSEOUNY PHbekhEghehow Ng:  In
this process, carbon that is derived fromthe propane gas déposits around a

burner, @N¢ila duteRPS At HEY A6RS RfuddeHdisediSiddioa& Rafticles to
give carbon 5 coated fused silica particles. Further based on the findings

as abOV%eﬁ%ohaa\a%t%&d%ncg?&ﬁm% St ydi gs rEQuﬁ.ithwQuhaRrQ_ef}:lﬂﬂar most 1imt

of the proportion of carbon-coated inorganic filler particles having a

parti cl @15i1Z 8 neP i Q%se! BT RS ANIES NeCtiOn hid Jd@fle or conductor wire

di stance 1 n sem conduct or evices, relative to all the itnorganic filler to

be uged.en U ALPIYN 120 Adie iQaCC&Hzrbedf?aggal o1 N de \%nsé ?&Itrhe;rdﬁlrﬁ%gir | conduct or

encapsul at1 on. a result, we have n t hat, i on of the

car bon- G4l Gl JdiQrdANcs: Lhddldilaiiald s 1AM 00, 3 R e size Targer

than the 1 nterconnection el éctrode or conductor wre ance 1 n
sem conquahar, deyhces, Lo LTbECHyL0; Ak WBRE <2£5190W B Albbeoki® i NOr gani ¢
filler use&ﬁﬁw sen1coﬁ§ﬁc%or encapsu%ag?on, ?%en |? fakes it possible to
prevent'&gggtiﬂﬂﬂﬂénéf%ifétf§%ed silica powder. We have analyzed a
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 inorganic 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,



20 process of resin encapsul ation for producing sem conductor devices. The
present inventors have further found that, when (1) hydrogen gas or (2) a
m xture of conbustible 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, 7 then it nmakes
It possible to produce fused silica particles wth no carbon deposition
around a burner. W have still found that, when an inorganic filler which

contai nsagli, iRaehis0cnb¥crebaht wvaf nhbe EBURaPbaduesd. feanbaiangncoated 5
fused silica particles is used in sem conductor encapsulation, then it

nmakes itIHQ%ﬁiQEﬁrBQeBEeVQHEbéhoEhatciécaakivEﬂ ERemPipeepeophnaen conduct or
encapsul ati on. the basis of the findi ngs as above, we have conpl eted the

present poxeAbhaBits0aBBLER QEEGBhB%LC&hQFtEHE HEAYLhES By wax ﬁf exanpl e

and to nmake the description nore clear, reference is nade to the

acconpanyj;pgadeahfthB £WlbaNsiTigda BaktiB1650%8: §8¢ki @3boplew showing one
package 15 form of a sem conductor device. Fig. 27Is a cross-sectional view

showigg BBQEQSVquéﬁkégiiEQrBEQEﬁélégUiCO”dUCtOV device. Fig. 3 is a
ivi . it

cross-sectional view show ng sti anot her package form of a sem conduct or

GoVer el betieR SAESS. S na Al TRl UL OO IR D]
show ng 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,



the constitution of an apparatus for producing spherical fused silica
particles. 8 Fig. 6Ais a vertical cross-sectional view showing the
constitution of the burner of the production apparatus of Fig. 5; and Fig.
6B is a horizontal cross-sectional viewof Fig. 5 6A. Description of

Ref erence Nunerals: 1, 5: Insulating Substrate 2: Interconnection El ectrode
3: Sem conductor Chip 10 4a, 4b, 4c, 4d: Resin for Encapsulation 6. Wre 7,
10: Lead Frane DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 The present

i nventi oghaheitUmbhkes despbiskedlen todpaucheraisBUNEen i cANPagRPEN dseSi N
conposi tion for sem conductor encapsulation of the invention conprises an

epoxy regiRh heOBReBEA! débosd tRBANAkbankeal BulrhQFNONREt hE)e a0 8120 specific
inorganic filler (conponent C, and it is generally in the form of powder

or tabl egguREOeHa’] Whent @R &hbh:&ﬁnhb fIhqe%pmsxcheabata&a@p%ent A) for use
inthe invention is not specifically iimted and may be any 25 ordinary

epoXy T e3kstF8 §XBYPLeighl bECkHACTnEECHbARRLA| alakkBh uRRRAYUaIOVO! ak
type, bisphenol-A type, bi phenyl type, "triphenyl met hane type, napht hal ene

type @ndfused silica particles is used in semiconductor
encapsulation, then it makes it possible to prevent short
circuits in the process of semiconductor encapsulation. On
the basis of the findings as above, we have completed the
) present invention.

10 BRIEF DESCRIPTION COF 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.



ot her various types of epoxy resins. One or nore of these may be used
either singly or as conbi ned. The phenolic resin (conponent B) that is used
herein 5 along with the above epoxy resin (conponent A) serves as a curing
agent for the epoxy resin. Also not specifically limted, it nay be any
known ordi nary phenolic resin. For exanple, it includes phenol-novol ak,
cresol -novol ak, bi sphenol - A type novol ak, napht hol - novol ak, phenol - aral kyl
10 resins, etc. One or nore of these nmay be used either singly or as

conbi ned. Pref er@ap) Yea tie £pxiti €Sl eSO orfd]l artled Nehowdegol i Cc resin
(conponent B) are proportioned in such a nanner that the hydroxyl

equi val egheOkohBeitHtLBH 8gcBheBMrharb8ff ERE Bradhetiod agph¥akasts, nore
preferably from0.8 to 1.2 equivalents relative to one epoxy equivalent of
the epoyy regins;Thgqspecific inorganic filler (conponent C) that is used
along with the above components A and B in the 20 invention is characterized
in that it actspi® PEEVENa hriHERELT CESs Ol sSHOIdnLl I eLlbk SoffFig

sem conductor chips in the process of sem conduct or encapsulatlon The
preventigg of the occurrence of short circuits in sem conductor

encapsul ation may be attained, for exanple, by limting the 25 anount of

car bon- cggggglgggggag CREEE%SEcQaﬁthkﬁiahaV'ng a particle size larger than

the interconnecttion e ectro e or 10 conductor wire distance in

senlconduciorsdeyﬁ§@?h ﬁéf%ubé@@été speci fically-defined one, and/or by
maki ng the "~ anpbunt o on-uncoated inorganic filler particles not

smal ler than f, SPRCIAAEAL] o delLeroaLe:

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

7, 10: Lead Frame

DETAILED DESCRIPTION OF THE INVENTION

pd
n

The present inventicn 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
26 ordinary epoxy resin. For example, it includes cresol-

novolak type, phenol-novolak type, bisphenocl-A type,



5 Described belowis the case of limting the anount of carbon-coated
inorganic filler particles having a particle size |arger than the

i nterconnection el ectrode or conductor wire di stance in sem conductor
devices, to at nost a specifically-defined one. 10 The specific inorganic
filler (conponent C) that is wused along with the conponents A and B
contains at nost 2.5 ppm of carbon-coated inorganic filler particles (c)
having a particle size larger than the interconnection electrode or

conduct Op; ¥h ﬁﬂ'é&ﬁ&cetkf?ﬁ%EQGHSﬁQrtﬁiﬁé' CﬁﬁpﬁHﬁQléﬁe %?thQﬁﬁ ment i oned

her ei nabove. t he conte of "t he car bon-coat ed i norgani ¢ I'ler particles

(c) havi9gnarPgatishs &1 @sléfgsfm ga:eewﬁs "B:?éwf}ﬁ&ééo&e% edd ode or

conductor wre distance sem contluct or devices 1s |arger an 2.5 ppm of

all the gQ.iparg &Ceifhéfrsig% tggng Lhéoﬂﬁiﬁéﬁles (c) stay between the

hnterconne tLon elecirodes or Detween the conductor wires in sem conductor
cause short o Pyt chedin EEANREn) Vi B WOERE REOe e 25
(c) ig agléﬁrglclv%ﬁe & PRESLBLGe %ﬁéx#srggﬂﬁrg%nﬁggépf.nml SE han 0502 ppm

The cont én carbon-coa nor gani par Ted (c) in the

ol | owe: SHFinTCREpEE FBY Be LEBELTLREEN T ALATROE lenefls £ a‘}%zed s put
into a rgi g@&'ar Cﬁgg ggvgnﬁ ﬁngwéeogd}éan¥cPhen§l?c r231£S ﬂ@%e |s ]ust

flattene obser an optrca 0SCcoO t o _count e nunber

() jof Dhagkepal nte (5250A0: A2H89-h9L980] CcLLLLETBOLALR) e5) havi ng 2
) bisphencl-A type novelak, naphthol-novolak, phenol-aralkyl
10 resins, etc. One or more of these may be used either
singly or as combined.
Preferably, the epoxy resin (compeonent 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



particle size. The total nunber (B) of all the inorganic filler particles
that exist on the face of the rectangular 10 case having a size of 5 cmx
4.8 cmis conputed, based on the nean particle size (C) of the inorganic
filler particles according to the followng fornula (1). The proportion
(D) of the black points having the predetermned particle size to all the
inorganic filler particles is 15 conputed according to the follow ng fornula
(2). B (nunber) = (5 x 4.8 x 106)/C2 (1) D (ppm = (A/B) x 106 (2) The
'“terCO”QSﬁ&ﬁQEoF'§££é03§s€a§&é“£ﬂ SEmELBHHELRE &eofcg§stegcstln

sem conductor devices may be from10 to 20 100 pm Preferably, the nean

part | cl ensht s Olpblipe] 801 90hGeshbl! Shel SahiPPL 2oy OndRRYenEO! o 1ol erabl y

from5 e mean particle size ma erm néd y the use of a

| aser SCQ&§E§F”pr§££$8£ﬂuﬁ%8§§éaaL¥E§ ban? Ehflg#eénggéigsoLthe speci f i C

I norgani c erably at by wei ght, nore

12 prefegﬁgi §0 tgPéétng¥1 tgg%hgéd % the epoxy resin conposition.

If it is sna an 7 y Wei g g ‘reliability of sen1conductor

devi ges_may e eos% Lo 041l O L1 s%sdeeraeglﬁgﬂf&r%mgﬁ L Lhgreol . 5 Not

specitically de e |norgan|c nown one and
I ncl udes u S owder, _alum na, talc,
etc. Espe0|§%f§égg§é$5?§eg£ ég engg¥d ?cg parglcles i Next

descri begdabasLig ghge 9LmBk gﬁg %hgﬂyg@argénnégtﬁgabgme £8aLeg; ! nor gani c

conductor wire distance in semiconductor devices, to at

] 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 electrode
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 larger than the
interconnection electrode or conductor wire distance in
semiconductor devices is larger than 2.5 ppm of all the
20 inorganic 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



a specifically-defined one. The specific inorganic filler (component C) that
Is used along with the conponents A and B contains at |east 50 % by wei ght
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 wei ght of the conponent (C). The heat
source for fusion in producing the spherical fused silica particles (c') is
t he conbustion heat of a heat 20 source material not causing carbon

deposi tiH 1y ?ﬁtﬁ'ﬂé@c 65 Oin e SINGEd LR o 8P S| fc‘:)calnapf”lSéC' es and

oxygen gas. he content of the spherlcal fused silica ‘particles (c') is

smal | er &é\?&nﬁﬂzeé n &%Buféda'f or & %ggi@orw%&lidééﬁr (), or for

exanpl e, conventi ona sed | es are used for the inorganic

fill - ted
fused sl teiifibd Cadfel (OF Sncdad e LELLIBY EP6 dndRpedRlp 001
bet I t

sim-“ﬁﬁﬂo%‘“? S RSN 2 Sed Hihey cif%l’f?e ot At eotr odes
or 1 Be MLL%d e AR ID RIS ELLE éténcﬁhﬂ.eéﬂs i £y o e i@ sour ce

or usi on not causli car ep05| I on on e SUI’ e spherl cal

fused sj é&?sé’%é'é%eéo dﬁ% d?l J‘Vé’fongé‘cxg osﬁhf’é‘ne a0 (2) a

m Xture Oof 0Xy(g gas an rocar e th ure of

e 985 L4 f&é@é’é&ié"Pili‘é’PrIS’aCé‘éngle‘shasBi‘:?g CORHSEL £L S {Wgg Ocar bon gas
particle size. The total number (B) of all the inorganic
) 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°)/cC® (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 ym.
Preferably, the mean particle size of the inorganic
filler is from 2 to 40 pm, more preferably from 5 to 30 um.
The mean particle size may be determined by the use of a
laser scattering particle size analyzer.

25 The blend ratio of the specific inorganic filler

{component C) is preferably at least 75 % by weight, more

12



specifically defined and nmay be any conventi onal one such 15 as propane gas.
The blend ratio in the m xed gas may be so defined that it does not
overstep the flammability limt of the mxture. Preferably, the ratio by
vol une of oxygen gas/conbustible hydrocarbon gas falls between 1/0.9 and
1/1.1, nore preferably it is 1/1. 20 Next described in detail is the nethod
for producing the spherical fused silica particles (c'). For exanple, a
siliceous material is fed into a vertical furnace along wth gas flanes of

a mxed gagfrRrab1fesioROBOCecBIER Bl w%thkusmoa1&0Eh@au§b&g GRS
deposition on the surfaces of 25 the spherical fused silicCa particles

produced afidoRivden. opf 1BoIsi 8h11880hRA S5, BhpPGesarr] ekl [ ames and
then 14 fuSed, while it keeps its individual particles, into spherical

fused i lgheA Aa3GY Lhihaty Epesellicbaate iR Hebilkelss gtbapﬁslga%'y_ def I ned,
enéral ly us u

and may be any one ¢ ed 1 n producing sp cal sed silica

particle R xggglg 16k 18 RSRRA e nding silica stones that
have a c r?ﬁ'omto?on S Spaterinyy %f S %Eﬁ%‘ére% 05 % Fe203, 0.005 % Na20

and 0%003 4 KZON%Fy QcEEPHQ a&££££§§ hﬁiéégg??rgﬁxé é?kfl%éteﬂ% at most

500 m prefera t nDst pun Si ze eof is

| arger t an 4 %' S 1%%1 e, fggegx 1 S|hg%§tgart l.es coul d not
0 sp erlca

be well fusé particlés of cou 5ot e co sIy f used.

The 97 ouddBidl] 3449 glgnadr o ehind | A X8I ;gﬁggnayéggge al ong with a

m xture rogén-gas a 1570Xygen ‘gas reln ersed in the

DU N0 AR et 120000 a3 o435 AL sRhgT T Col 1 used

| Next described is the case of making the amount 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 conventicnal fused

silica particles are used for the inorganic filler (C),
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particles. The facilities and the structures of the vertical furnace and
the i nner 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 uniformy dispersed in burning
flanmes and may be fused therein. For exanple, nentioned is a vertical
furnace as in Fig. S. A hopper 21 for storing a siliceous 25 materi al
therein is provided at the top of the vertical furnace. Fromthe hopper 21,

a mat eri alhdreathdlUtordranild LXIIRAS(ANGdy é&t@a@ﬂ%&ﬂ;ﬂ dDridie- f urnace body
26. As in Fig. 6A and Fig. 6B, multiple small tubes 23 for hydrogen gas

i ntroductdit e uliexP S8l il PHIG IR JTRIR] itdle (R8P HILoatedd Ayt er tube

25 is disposed to surround the small 5 tubes 23, and these constitute a

burner ofgitig.d WAIAGE1esSRAHY iHtiveden Wi B cddi& S byhi ch a siliceous
material 1s jefted into a furnace along wwth gas flanes of a m xed gas of

a heal SQUW&ABHE IY Hetwdedis 13k MYUn U GG LA éiﬁnpf&gi&@é‘t&f‘ the

surfaces of the spherical fused silica 10 particles produced and oxygen gas

ther egnt AT < @g&e%rdéﬂ 'a%éezri%tiy)e itzx{}@rf?}ﬂ:%éi? G5hd G L LSaddbe 25

and the materi al (rnner tu e heat source material for

fusion ng, Iﬁ%é&ar@}%?ﬁ#ﬁ Sedh& s SHdanes of the spherical fused

silica particles produce e oxygen gas nust be introduced into the

furnace at di ffﬂ?‘;rﬁg&tlefs' Q¥ LRLCHeafCSBLALATEY,, %uggggxﬁgo@c c%%%'i'ngt ubes 23

are disposed in Space between the outer tube the material fee

duct (i Mgl fybele 22 e, Ule S budeliR P R 'BhAs LEP G for the

heat source erl
! silica particles produced are (1) hydrogen gas alone, and

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 wvolume 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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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 16 fused silica
particles produced may be introduced into the furnace simultaneously with
oxygen gas thereinto. A transfer tube 27 is fitted to the bottom of the

furnace pedyq26ynyid ﬂ@'EQeﬁEeléthﬁafﬁidﬁﬁfQﬂaﬁtibfés5 patbicl es produced
are transferred into a cyclone 28 and then into a bag'filter 29 along with

the exhaysheffSalt PRESENLEP1 P¥at PEregtign of a blower 30. in the bag filter
29, the spherical fused silica particles are separated from the exhaust gas

and col | ect ed tHeS & i Jbd Qe A 110 AP N QL TP JUALMCH | on

condition and others, the dianeter and the | éngth of the furnace body 26

ey be sugh phat éhsngeaﬂgt LREEERLy! §568 00 Spt8adi0ng! kREF1 BLgT erably from

10 to 50 tiInes t e dianeter t ereo e apparatus o ustrated type

may be fﬁgeéi” 1i§cQV§QPEiBQe£hea¢cﬂé K RN GRly TS e&ksl:} reicles.

Concrete eat source materi Si on “not ausl car on “deposition

on the sy&%g&gﬁg L1i0gaSPERbEARLYSvesh! Lhfo asmgheéfp?wangd and oxygen

gas are urnace t roug rner ereo a starting

20 silicgﬁabheruggh?b gﬁoH@d%Sf%ﬁﬁﬁ bsobgt%eﬁa?§t2n&h8 oggL%Lﬁg%flanes at

2000C or a8’ fuf nace case desira at the

ground SEhb§3gkauhd! bYrefE3RE REYiNY LBaPUIBI 005128 EE gRdnblE EGE' dence

) pm, preferably at most 200 pm. 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 hydrocgen 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

15



thereof in the burning flanes is as |long as possible. 25 The flow rate of
the oxygen gas to formthe burning flanmes may be at least 1.5 msec 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 tines, preferably
from2 to 10 tines, nore preferably from 2 to 6 tinmes the oxygen gas flow
rate. 5 The anmobunt of the siliceous nmaterial, ground silica to be fed into
the furnace is not specifically defined, and my be suitably determ ned

dependi ngx@BnHBeaAlZ 10k st BBnnBiBAr +3NEnENEulrnabaC BJydYe26. aAEOLnexanpl e,
it may be from1l1l to 100 kg/ hr, preferably from5 to 30 kg/hr or so. 10

Regar di ngihe gRDdRa0FiFeedBNImuie il cRa¥I RbeL 23 E%&Ohfd%aﬁéHnace body
26, the maferial may bé made to fl ow down spontaneously of under pressure.

Pref efab%ﬁi gg%zsa{m-eﬁ a7 Hilsdbsbd TBdGnko tg,gowa%%% p%@%@ y. The

time for the siliceous material iIs heate 15 in the burn | ames

may be_dgber ghngd: 3RDLARL! JLCLY. dilpedRCERl £uliS ABANNAD iy fOr SMal | er

siliceous pa may be s te nore. The mean particl é size of the

spherd cal Lsed o Lk gLt LEhes 160kl BB REAUVGSA o) Ui gner as above

is 20 preterably’fromZto 4 nore preferably from51to 30 O the

0" 9N ol S AR §TPRIE b uChes! 5 QLR wnl 150 of B3 SIBUCRldngd o1 || o2

particl es™(T I'S eraply stlicanp : specifically i ned,
tlge ' norganig bl $heol SOFRRSYe Dhohd2li tAN GRS 160 SREC S nApunt of the
gas of a heat source material for fusion not causing 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 outer tube 25 and the
material feed duct (inner tube) 22. The heat source
.material for fusion ncot 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 cuter 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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specific spherical fused silica particles (c') nmay be any known silica
powder. Especially preferably, it is spherical fused silica particles |ike
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 pm nore preferably
from5 to 30 pun. The nean particle size of the spherical fused silica
particles (c') and the inorganic 10 filler (conmponent C) may be determ ned

by the U%gsah_ ankaa_ega?;eglegggi goaaegachs%)sb_éeim%'o%%rep e pligrd ratio of

t he specitic inorgani conponent I's preferably at |east 75 % by

wei ght , gBEﬁaF?rsﬁﬁ%ZQéﬁg PQE&SQiEﬂ g;gg%gyaggg%p%rggdgg the epoxy resin 15

conposi tion. er“than 7 [ then 'the reliability of

sem conduct o devicaseFRY 0,008 10 c00LDE L Lile SOLUSLI g (g8l ot ance

thereof. In additron € above ‘conponéen epoxy resin
o or ESEREre BBAN 5 oy aRoPEroRh Ehan BRberi 1T BReR SRR o Gant such as
(i oxh dePoFERRHE BREROSESIARL A AP ALR 28] AAES BofRETRAoa g8 thch as
01 ye! dox JRFBpIMER, RoPRBGELER ke 258 RECHS) Harb: Sh80 SETAR ke 9%ar nauba vax, i f
oo, A AR P BIb AT o B o= PR e 5100
29, the spherical fused silica particles are separated from
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 time
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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5 include, for exanple, imdazoles such as 2-nethylimdazole, and tertiary
am nes such as triethanol am ne and diazabi 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
0.15 to 0.35 % by weight in consideration of the flowability of the epoxy

resin  CcoupogEt! QHﬁeilﬁeTPfoﬁp%)ferS Eh&og{?ﬂ%létixgg}:f gbused! conduct or

i
encapsulation of t I nventi on nmay Ee produc exanpl e, as follows:

The 3G CaPPRTEn s (Mlahga O ngRtoA0h 00! nadUhit ¥einci ookl gyiec, then

nmel t - knea ne*such as a mxing roll or the

20 11 ke, tiac gl afolguf gOmLETDLE! Yoce e Gl LogebLERsy el ool 1

any known nmanh ona rnto e“process that
ponpri§e§ E?eée $58ps ggvgs %Qg LQtEEQ$dr§€8¥y resin conposition of the

i nvention. Tf eS|re5, card n_b?ack, a type of pigment may be previously 25
ol £ xed w {REHETHES oratd (LEHC S R b SR RAETERR L g

"t ended ByBRy ToPoERRoCBNBOSTET e of ot MEC! UERL T RSL kSt SeBabrty carry
e o o RR M LAR0: Oher R Rh MBS hBH bS8, Bhe' 1o PO
exanpl e, L hrouol, gr ¢, 03y L L305L8hy D6 Wor example, it may be

] from 1 te 100 kg/hr, preferably from 5 to 30 kg/hr or so.

10 Regarding the mode of feeding the silicecus 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 spontaneously.

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 particles
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 um, more preferably from 5 to 30
pm.

Of the inorganic filler (component C), the cother
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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The sem conduct or devices thus produced in the manner as herein are
concretely the packages of Fig. 1 to 10 Fig. 4 illustrated herei nabove. In
t he package of Fig. 1, a sem conductor chip 3 is nounted on an insulating
substrate 1 via an interconnection electrode 2 so that the insulating
substrate 1 and the sem conductor chip 3 are electrically connected to each
other. This is encapsulated 15 in an encapsul ation resin 4a on the side of
the insulating substrate 1 having the sem conductor chip 3 nounted

t her eon.sﬁ;;%itfq_% ggﬁ.llé %a?;,ﬁs%d 21 c%e_rp'a cgyr(cc,t)i &%1§€hi§iynt ed on an

I nsul ati substrate e insulating substrate 5

' i a3 Lcak 0 t h oth ' ]
e CONGUEAr (ahlia3 pifichl CCkEREBILY120p0aRARELEY [ 9eoggh other via auire

6. Including the wr , the semcon IS resin-encapsul ated in

an enc%%%h:q_t‘zjag_n fru%%?fsr@%%g%n Pf)ap%r%et a?gﬂk@ 'ﬁ]eg's Seiisem conductor chip

3 is no on a'lea _ and 1 em conductor chip 3 is

ol ot oSSRl WA RS PR dAd § via @ W re 6 | ncluding the
mounbed on a1 88 Feaf.radtsPiedRaR I8 ane dncealiraitedtichip 3 1o |
10, vi & GAReR Y FoITRATRY S RS B L PNt b TR s 1
|t er coMTERITF | G0y S HA PRI A 4 15 AlhAn R [ noul atihg

ﬁ;gsgreatpere]fér%bﬁe from ¥ RSP O rhl Redn DQLeTXITP LS8 Tk O+ 1+ It
3 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 ratic 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 p-(3,4-

25 epoxycyclohexyl)ethyltrimethoxysilane and y-

1%



any wel |l -known el ectrode alone, but its concept is to include an electrode
and a conductor such as a joint ball to be disposed around the el ectrode.
The concept of the conductor wire in the invention is to include the wire 6
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 i a&;e&heszyﬁogga%&imathe.xgp.n,&qaﬁat AighdViddl q NI &idh e fol | owing
Exanpl es “and Conparative Exanplés. 22 The follow ng conponents were

preparedgqa ERAKY Rasi N i hesALRPhenyl -type epoxy resin of the follow ng
formula (a) (having'an epoxy equival ent of 173 and a melting point 5 of

1000) . H C " Chio CuleChd Gofbtar Gnld e Chifrlbe ahlidd-cfeChlr O (2) EpOXy

Resin (b): 10 An epoxy r aving repetitive units of | I owi ng

fcf”cg‘_“lg éﬁb_séﬁ%%%%%&lt%_ﬁﬂﬂge%%%nié%h%&ts Of rid0am?nd-2yPE! ELRGLRALAL O 60C).
9 include, for example, imidazoles such as 2-methylimidazole,
and tertiary amines such as triethanolamine 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 1like, 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 c¢f 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

20



if, 'i ~O-CH CHCH 0 15 Phenolic Resin: A phenol-novol ak resin (having
a hydroxyl equivalent of 107 and a nelting point of 60C). 23 Curing
Promoter: Triphenyl phosphine. Flane Retardant: Brom nated epoxy resin. 5
Fl ame Retardation Pronoter: Antinony trioxide. WMld Release: Carnauba wax.
Pignment: 10 Carbon black. [Inorganic Filler (1-a): Spherical fused silica
powder (having a nean particle size of 20 fun) that contains carbon-coated
fused silica particles (al) to (a3) nentioned below 15 (al): carbon-coated

fused siddmBoRéts Cl Hoa hewd %@u@fﬁ%l&iﬁﬁé%% ﬁ@rﬁfscégéedfiﬁlnfun 10 ppm
(a2): carbon-coated fused silica parficles having a particle size of |arger

than 30 fun 20nPRMniés)as CAHRE- E&%f&dﬁé‘éeﬁaé'iﬁe‘é‘n&é&téﬁbﬁ? having a 20

particle size of larger than 20 fun 40 ppm Inorganic Fi
resin composition of the invention.

Not specifically defined, encapsulation of
5 semiconductor chips by the use of the epoxy resin
composition may be effected in any known molding method,
for example, through ordinary transfer molding.
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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Spherical fused silica powder (having a nean particle size of 10 fun) that
contains carbon-coated fused silica particles (bl) to (b3) nentioned bel ow
25 (bl): carbon-coated fused silica particles having a particle size of

| arger than 60 pm O ppm 24 (b2): carbon-coated fused silica particles
having a particle size of larger than 30 pm5 ppm (b3): carbon-coated
fused silica particles having a particle size of larger than 20 pm 10 ppm
5 Inorganic Filler (1-c): Spherical fused silica powder (having a nmean
parti cl erdAafatd Il Pediid Lar kantheabadkhyeedesidiigta g particles (ci) to
(c3) nentioned below (cl): carbon-coated fused silica particles having a

10 partiddnf irkiicfod AGY 3 AN R N2 (KdAd £AdhoNT@ast ed fused silica

particles having a particle size of larger than 30 pm O ppm (c3):

car bon- GeatAd ey |ddut RIS SS Nl g B DALdEL Saflye of larger than
20 pm O ppm 15 Inorganic Filler (1-d): "Spherical fused silica powder

havi ' | | : ted f d
i1 oo P bed & At Had L E B led W R RS0 Loed

i |Cl A\ : ' S fol: 60 F 0
?:JIZI) :%acar E[cl)dne-ccl?;’t gg"\% l%g%'ré%% gg&glgﬁh é%:gé%ﬁ%y#ﬁgreg%r’pg}t%lncl e S:J_Qe oPpImar ger
than. 30 SRl dSon APk oA dhaatbiel Jdgd Brdd ol es having a

particle size o ar ger

encapsulation resin 4d.

In the invention, the interconnection electrode is
) to electrically connect the insulating substrate 1 to the
10 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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25 Spherical Fused Silica Particles (2-a): Using the vertical furnace of

Fig. 5 and Fig. 6 illustrated herei nabove, spherical fused silica particles
(having a nmean particle size of 20 pm) were produced in the 5 nanner
mentioned below Concretely, a siliceous material, ground powder (having a

particle size of at nobst 66 pn) 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 continuously fed into the vertical furnace through the 10 feeder at a
rate of 10 kol hne HSMEwAd SélpdadiEs whAYI Plepdzbhane length of 50 cn) at
2000C or higher of a m xed gas of hydrogen [ Rmﬁ/hr flowrate of 43.9

m sec] aﬁgogfyﬁggln[@g)NnB/hr flowrate of 8.3 misec] thereinto. In that
manner, spherical fused silica particles (2-a) (having a 15 nmean particle

si ze of 20 pm 8L é&a“%ﬁh [ d I o b): Using
t he vertical furna e Fig.” 5 an &Eilgééﬁg |E§%r§§§hg?£§2.£§ﬁ%§§a

spheri cal 4 c n a art | cl i +20 pm
were pro uce ?Hihh nggﬂakk Esﬁlﬁ%?%ﬁgdggeﬁg%.gegh%rg%éﬁ§§g;§§? I ceous

mat erd al gq@p powder (having a particle size of at nost 66 pm of

S|I|ca stones (99°5 % Si 02, 0.063 % A1203, 0.002 % Fe203, 0.002 % Na20 and
0. 003 % K20) 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 flanme lengh of 30 cm gﬁ 2000C or hi gher of a mixed gas 26 of
propane [10 NnB/hr, f OeraI of 1 6 m sec] and oxygen [5 Nn8/hr, flow

rmecﬁEk%ﬂ@ﬁdﬁ“@ﬂﬂ(“Jﬁiﬂﬂo CH: CH—CH,

g ./
) 0 It C7 “CH, 0
- (a)
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:

\...... J \ / e
| | {(Jr—CH f e (B)

<.

i
AR - n

“0-CH: CH—Cli,
\\ ,’
0

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

of 107 and a melting point of 60°C).
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manner, spherical fused silica particles (2-b) (having a nean particle size
of 20 pm were produced. 5 Spherical Fused Silica Particles (2-c): Using the
vertical furnace of Fig. 5 and Fig. 6 illustrated herei nabove, spheri cal
fused silica particles (having a nean particle size of 10 fun) were
produced in the manner nentioned bel ow. Concretely, a siliceous material,
10 ground powder (having a particle size of at nost 44 fun) of silica
stones (99.5 % Si 02, 0.063 % A1203, 0.002 % Fe203, 0.002 % Na20 and 0. 003 %
K20) was -phaR @gom@,%rt:hi s 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 | ength of t hi gher of a m xed gas of hydrogen [30
N8/ hr, fIOM/ratggg§gh§g9pﬁggg§Tﬂénd oxygen [15 NnB/hr, flowrate of 8.3
nsec] tReLEINER+a t,.{].‘at manner, spherical fused silica particles (2-c)
(having a nean part| cle size of 10 pm were produced. 20 Spherical Fused

Silica Particl esy LR35 lq;te&lsg & g?ktl cal furnace of Fig. 5 and Fig. 6
illustrated her€l nab OVE, af>flsed silica particles (having a nmean

pal‘tI5| er_Ll 48 % tjaQ:daLi:rl)onWr% Fa ced in the manner nentioned bel ow

Concretely, a S |ceous matert a 5 ground powder (having a particle size
of at nost 44 p Si I gigxgggnes (99.5 % Si 02r 0.063 % A1203, 0.002 %
Fe203, 27 0. 002 kﬁ?&ya % K20) was prepared, and this was

conti nuogds 1% tR%q_ i nto the vertical furnace through the feeder at a rate of
8 kg/ hr, ong WS gas flames (having a flame length of 30 cm at 2000C or
hi gher of a med 388, 5 of «Propane [10 N8B/ hr, flow rate of 12.0 nfsec] and
oxygen wa

; Pigment:
10 Carbon black.
Inorganic Filler (l-a):

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

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

particle size of larger than 60 pum 10 ppm

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

particle size of larger than 30 um 20 ppm

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

20 particle size of larger than 20 um 40 ppm
Inorganic Filler (1-b):

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

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

particle size of larger than 60 pm 0 ppm
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[5 NnB/hr, flowrate of 6.2 nmisec] thereinto. In that manner, spherical
fused silica particles (2-d) (having a nean particle size of 10 )mm 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 nean particle size of 20 pn) were produced in
the nmanner nentioned below Concretely, a siliceous material, ground

powder (having a particle size of at nost 66 pm of 15 silica stones (99.5 %
Si @2r 0. 0632 Aldliborft LA Mad 501 U PaNeQ e ch i 20 K20) was

prepared, and this was continuously fed into the vertical™ furnace through

the mategliifaed Sud df MakgdrbMar’ 3@t he feeder a;‘,f?px&ate of 10
kg/ hr, aI ong with a m xed gas of propane and oxygen 20 (1/1 by volune) [30

N8/ hr, fl@uyrats HottchtddElsed EIEIdY G t%ﬁﬁ% ert ubes 23

dlsposed in the space between the outer tube 25 and ial feed duct
(i nner 24 td ,gfé}: [hr, flowr 8.3 nlsec]

t her ei nto rou rk'%'e spacge% ween trLe odter tube 25 2%6 }rfg‘tthe smal | tubes
23. He ﬂﬁéf&a{.}?&”?ﬂl as Hag}as (having a flame length of 50 cm at 2000C

or higher 1n°t ur nace In t hat manner, spheri caI fused silica

ticl §{§é %8 d d.
ggLelrfcgls Fuse?IJ ca Part Egééb% I'ng lﬁt rt| ca t[ﬁrﬁageugt? Fig. 5
and Fig. zéléié%{&ét &8 ek inéggt(ec SRBELLGaL &uaggea' {a}t]ffcga”' cles
(‘havi ng nmean Icle size of pn? wer e produce € manner

Lo PEL 0 CTUT 12 o dgpLSERUS BRLSLL S - oround pondr (naving
) (cl) : carbon-coated fused silica particles having a
10 particle size of larger than 60 um 0 ppm
(c2) : carbon-coated fused silica particles having a
particle size of larger than 30 um 0 ppm
(c3) : carbon-coated fused silica particles having a
particle size of larger than 20 pm 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 pm 5 ppm

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

particle size of larger than 20 um 10 ppm
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silica stones (99.5 % Si 02r 0.063 % A1203, 0.002 % Fe203, 10 0.002 % Na20
and 0.003 % K20) was prepared, and this was continuously fed into the
vertical furnace through the naterial feed duct (inner tube) 22 of the
feeder at a rate of 10 kg/hr, along with propane gas [10 NnB/hr, flow rate
of 12.0 msec] 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 NmB/hr, flowrate of 6.2 nmisec] thereinto through the

space R h elgihyle 22,4341 mahl. tubes 23. The gases forned
gas f|an§§g?ﬁg3?n§“§g aﬁé Ien%?h of %%ﬁcﬁﬁ gi 20 2000C or higher in the

furnace. In th@gigéngﬁééﬁéggﬁ§giakur£%§§do§ifggq gaghhpbﬁgégﬁ-b) (having a

mean particle size were p uced. Spheri cal Silica

Parti o 93103eh eol hAOSRRAS! | hdiAc e o 2 S I AL B 25

her el na spheri’c used silica par aving a nean
Concr ot aFy viRoce htsBpabiigal BUUETRe B My S REREE S W0 e o
e e o R
continuously fed into the.vertical .f.urnace thr t he eri.al feed duct
(i nner tgﬁﬁé’¥‘d2§’°8'fiefhe(5"?é’é€§r aapaﬁ"tr"értlee 0 c’%;%%r ,’“°aﬁto@ \kﬂ)h °ff m xed gas
Cher of nEd TERPoTRRARRe G % Sce 20 RE8pastacon Ond B F G bet ween t ho
outer %020 AN bheaRhoRbal o R3S ek ShOPSLeal s &sEngati th Oxygen
) continuocusly 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 yum) 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 pm) were produced in the
20 manner mentioned below. Concretely, a siliceocus material,
ground powder (having a particle size of at most 66 um) of
silica stones (99.5 % Si0O;, 0.063 % Al,03;, C.002 % Fes0s,
0.002 % Na,O 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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m sec] thereinto through the space between the outer tube 25 and the small
tubes 23. The gases forned gas flames (having a flame Iength of 50 cm at
2000C or higher in the 15 furnace. In that manner, spherical fused silica
particles (3-c) (having a nean particle size of 10 Fun) were produced.
Spherical Fused Silica Particles (3-d): Using the vertical furnace of Fig. 5
and Fig. 6 illustrated herei nabove, spherical fused silica particles 20
(having a nmean particle size of 10 Nm were produced in the manner nentioned

o re o Of BEifade PO NATAALD CRHP éﬁaﬁéﬁef?él?”’j&f%@g 88 D3 6 602
% Fe2C 1o Gu0R % Y20 a0ik D % 5pQedP SR AN, 300 gl vas 25
urnace t rou he

conti nuo sI into the Vverti cal mat eri al feed duct

[ t 2 t / th

gas [ 10 %%‘@%% %’é%%vff%%ié el AR #?ﬂ%iree?nf%?ﬁr3ugﬁ9?ﬂ2¢*mf’{°i’38§s
23 d | b 5 and th t | feed
duct {1 nieen RBef By RaEEe B EE Db Suttl HhrdalBfad™ 1) G rare of 6.2
m t t b t tube 25 and th |
ubed zsgr?br%'e”%%lse%* %?“n%%fmgpﬁ%?hg“‘%hi%.%gea"h ame | engt h 2‘? 30 o at
2000C or hi g d.n the fvuerr aicceal t az%__jte g éoher Cstafjl’ﬁf u silica
particles (3- d) fhéblng mean par e S|ze 1 f re produced.

L0 S e e o T
Exanples(£3v1ng aé&eén pQ?Eigiévglgga”P'fé A"} weré\groduced in the
) manner mentioned below. Concretely, a siliceocus 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 % Fe,0s,
0.002 % Naz0O and 0.003 % K.,0) was prepared, and this was
continuously fed intoc 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 B.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 um) were produced in the
manner mentioned below. Concretely, a siliceous material,

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

silica stones (99.5 % SiO,;, 0.063 % Al,0;, 0.002 % Fe;0s,
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15 The conponents shown in the following Tables 1 to 3, Tables 1' to 3 and
Tables 1" to 3" were put into a Henschel mxer in the ratio also shown in

t hese Tables, and then mxed therein for 30 mnutes. In this process, the
pi gnent carbon bl ack was previously m xed with the epoxy 20 resin (a) by the
use of a 3-roll mxer (blend ratio of carbon bl ack/epoxy resin (a) = 1/10
by weight) to prepare a prem x, and this was used. Thus prepared, the

m xture was fed into a kneadi ng extruder and nelt-kneaded through it.

Next, the 66subtkamd Bid 0ves0F ol T) WaQUpdepAGedlenned il §id£d by the use
of a tabletting nofd into tablets o epoxy resin conposition. 31 Table 1

(parts byoneighbhsEyarRheiftd £néd 4e5t§ca§p9ﬁ¥nééé'ﬂh£8£ R0+8@ 30 30 30 30
Fl ane Retardant 13 13 13 13 13 13 Phenol - Novol ak Resin gS 55 55 55 55 55

Curing PEQERLETat 4 Ladelot 8Pk§Vh¥ Oh16A&PRDLE §55/ ERQNY¥ s (hZRuK% it
Resin (a) (1/10) Flame Retardation Promoter 11 11 11 11 11 11 Mfld Rel ease

L) Lk SIS BLAg o Bk 890000l CoB ey LI
Content gk SLLphAkIpiot RAPY1ED, 2£Fod fate B £2 b nfade] LB fHS €d. tLM
[5 NmP/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 um) were produced.

i 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 pm) were produced in the
manner mentioned below. Concretely, a siliceocus material,
ground powder (having a particle size of at most 66 um) of

15 silica stones (99.5 % Si0O,, 0.063 % Al,0;, 0.002 % Fez0;,
0.002 % Nay0 and 0.003 % K;0) was prepared, and this was
continucusly 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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Fused Silica larger than 6.4 5.0 6.3 4.2 0.0 6.4 Particles 30 mlarger than
(ppm 12.7 10.0 12.5 8.3 0.0 49.1 20 jLm Table 2 (parts by weight) Exanple
A 7 8 Epoxy resin (a) 30 30 Flane Retardant 13 13 Phenol - Novol ak Resin
55 55 Curing Promoter 1 1 Prem x of Carbon Bl ack/ Epoxy Resin (a) 77 77
(1/10) Flanme Retardation Pronoter 11 11 Mld Release 1 1 Inorganic Filler
(1-a) 100 0 Inorganic Filler (1-b) 300 600 Inorganic Filler (1-c) 200 O
Content of All larger than 1.7 0.0 Carbon-Coated, 60 e Fused Silica | arger

than - &obflod ! ThClfa el 0o el BBl Shah o) fhr s 32 Ta0Ie 3
(parts by we

(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 pm) were produced in the
manner mentioned below. Concretely, a siliceous material,
ground powder (having a particle size of at most 66 um) of

) silica stones (99.5 % Si0O;, 0.063 % Al,0;, 0.002 % Fe,0s,

10 0.002 % Nay0 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’/hr, 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 um) were produced.

Spherical Fused Silica Particles (3-c):
Using the vertical furnace of Fig. 5 and Fig. 6
25 illustrated hereinabove, spherical fused silica particles

{(having a mean particle size of 10 pm) were produced in the

29



Conparative Exanple A1 2 3 45 6 Epoxy resin (a) 30 30 30 30 30 30 Flane
Retardant 13 13 13 13 13 13 Phenol - Novol ak Resin 55 55 55 55 55 55 Curing
Promoter 1 1 1 111 Premx of Carbon Bl ack/Epoxy 77 77 77 77 77 77 Resin
(a) (1/10) Flane Retardation Pronmoter 11 11 11 11 11 11 Mold Release 1 1 1
111 Inorganic Filler (1-a) 1200 600 400 600 400 300 Inorganic Filler
(1-b) O O 500 0 100 200 Inorganic Filler (1-c) O 600 300 0O 100 100 Content
of Al larger than 10.0 5.0 3.3 10.0 6.7 5.0 Carbon-Coated, 60 pm Fused
Silica |nagrerthant2dndlBelo®. 8 CohErd¥ePy 1 1a 7si Phcédis anaBOrpaL] ar ger than
(ppm 40.0 20.0 17.5 40.0 28 20 .3 23.3 Table 1' (parts by weight) Exanple
A 1 2 3gdotn8 pbpasy Hhavingap pAr86cl8 30z80o030atFhare Rat amgadf 13 13 13
13 13 13 Phenol - Novol ak Resin 55 55 55 55 55 55 Curing Pronmoter 1 1 111
1 Pren ¥idic&asbeneBl q9b/ Epexgid7, 75.063 79 RT,0;] OReskns( &k,64/ 10)
0.002 % Na,0 and 0.003 % K;0) 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 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 [1l5 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 or highexr in the
15 furnace. In that manner, spherical fused silica particles
(3-c) (having a mean particle size of 10 pm) 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 pm) were produced in the
manner mentioned below. Concretely, a siliceous material,
ground powder (having a particle size of at most 44 um) of
silica stones (99.5 % Si0O,, 0.063 % Al;0;, 0.002 % Fe,0;,
0.002 % Na,0 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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Fl ame Retardation Pronoter 11 11 11 11 11 11 Ml d Release 1 11111
Spherical Fused Silica 1200 1000 800 600 600 500 Particles (2-a) Spherical
Fused Silica 0 200 400 600 O 100 Particles (2-b) 33 Table 2' (parts by

wei ght) Exanple A° 7 8 Epoxy resin (a) 30 30 Flane Retardant 13 13
Phenol - Novol ak Resin 55 55 Curing Pronoter 1 1 Prem x of Carbon

Bl ack/ Epoxy Resin (a) 77 77 (1/10) Flane Retardation Pronoter 11 11 Mbdld
Rel ease 1 1 Spherical Fused Silica 400 300 Particles (2-a) Spherical Fused
Silica 286 BOBg/Rﬁrtambﬁg w2th) pTephre3gabpilosNiy/ej ghlow Coaparafi ve

Example A 1 2 3 45
12.0 m/sec] therelnto 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 ocuter tube 25 and the small tubes 23. The gases formed
gas flames (having a flame length of 30 ecm) at 2000°C or
higher in the furnace. In that manner, spherical fused

B silica particles (3-d) (having a mean particle size of 10

10 pm) were produced.

(1) Encapsulation of Semiconductor Device A:

Examples Al to A8, 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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Epoxy resin (a) 30 30 30 30 30 30 Flanme Retardant 13 13 13 13 13 13
Phenol - Novol ak Resin 55 55 55 55 55 55 Curing Pronoter
of Carbon Bl ack/ Epoxy Resin (a) (1/10) 77 77 77 77 77 77 Flame Retardation

Pronoter 11 11 11 11 11 11 Mld Release 1 1 1 1 1 1 Spherical
0 300 500 O 100 200 Particles (2-a) Spherical

111111 Premx

Fused Silica
Fused Silica 1200 900 700 600

500 400 Particles (2-b) 34 Table 1" (parts by weight) Exanple All 1 2 3 45
6 EpoxyTgsﬁénl(@§a§9539139e§8h§9 30 Flanme Retardant 13 13 13 13 13 13
Phenol - Novotak—Restm55 55 55 55 55 55 Curtng. Pt uiIULeﬁL 1111 Premx
of Carbpn Bl ack/Epoxy 77 77 77 T7—#7+—#7—RegiA Loy +-10)—Flape—Retiar dati on
Pronmotek—11 11 11 11 11 11 Mol d R edse 2] 131 14 _Sphe?ichl Fused Silica
1200 100Er<880r«d® 600 500 Partigc|l 88 ((3-39 30 30 30 30
Flame Retardant 13 i3 13 13 13 13
Phencl-Noveolak 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
Inorganic Filler (l1-a) 250 200 100 100 0 50
Inorganic Filler (1-b} 400 400 1100 600 0 500
Inorganic Filler (l-c) 450 €00 0 500 1200 0
larger than
\ Content of aAll 60 2.3 1.7 0.8 0.8 0.0 0.9
Carbon-Coated, m
Lo larger than
Fused Silica 6.4 5.0 6.3 4.2 0.0 6.4
. 30 pm
Particles
larger than
{ppm) 12.7 10.0 12.5 8.3 0.0 49.1
20 um
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 (l-a) 100 0
Inorganic Filler (1-b) 300 600
Inorganic Filler (l-c) 200 0
larger than
Content of All 1.7 0.0
60 pm
Carbon-Coated, 1 h
r an
Fused Silica 3: gex 5.8 5.0
Particles pe
larger than
(ppm) 11.7 10.0
20 pm
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Spherical Fused Silica 0 200 400 600 O 100 Particles (3-b) Table 2" (parts
by weight) Exanple AlIl 7 8 Epoxy resin (a) 30 30 Flane Retardant 13 13
Phenol - Novol ak Resin 55 55 Curing Pronoter 1 1 Prem x of Carbon

Bl ack/ Epoxy Resin (a) 77 77 (1/10) Flanme Retardation Pronoter 11 11 Ml d
Rel ease 1 1 Spherical Fused Silica 400 300 Particles (3-a) Spherical Fused
Silica 200 300 Particles (3-b) 35 Table 3" (parts by weight) Conparative

Exanpl e fipie X 3dhd b Wgﬁ’@lsl n (a) 30 30 30 30 30 30 Flanme Retardant

13 13 1 —Novorgk—Rest—55—-55-55-55-5555—~Curt+ng—-Hronoter 1
11111 Prenix of Carbon Bl agk/Epaoxy Comparative 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
Inorganic Filler (l-a) 1200 600 400 600 400 300
Inorganic Filler (l-Db) 0 Q 500 0 100 200
Inorganic Filler (l-c) 0 600 300 o 100 100
) larger than
Content of All 60 10.0 5.0 3.3 10.0 6.7 5.0
Carbon—-Coated, =
L larger than
Fused Silica 20.0 10.0 8.8 20.0 14.2 11.7
. 30 pm
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) 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 i1 11
Mold Release 1 1 1 1 1 1
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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77077 77 077 177 77

QFP (QUC
package
size 10

(at 175C for
hours toTgiMe 2'Sqpagad

WTPW%Q@%WE

Resin (a) (1/10) Flanme Retardation Pronoter
11 11 Mold Release 1 1 1 1 1 1 Spherical
Particles (3-a) Spherical

a 5 sem conductor chip (size:
120 seconds) and post-cured at 175C for 5
W@g@ﬂ@)ce as in Fig. 3. This

—Form 9 2087

thi ckness.

11 11 11 11

Fused Silica 0 300 500 0 100 200
Fused Silica 1200 900 700 600 500 400 Particles

(3-b) Using the thus-obtained tablets of each epoxy resin
Exanpl es and Conparative Exanpl es,
was transfer-nol ded

conposition of
10 x 10 mm)

package is 208-pin
pin QFP (quad fl at

-type, size 28 nmm x 28
X 10 mm x 370 pm thi

Sem conductor chip 3,
| ead frame 7: copper (size, 11

m x 11

BPLay ¥08in ya) 15 thickng

gold, diameter 25 )um pitch 85

pm wre

F&QmeWRE@qrdghét ance 60 )

n conductor devi ces produced in

t he manme

allve VVUI [S] d.lld.l Y4

of short
bet ween

Ph%n%-wmeo%ahe?
Cheinge PodavdRF Ng |nner

ted in point of the occurrence
| ectric resistance val ue

Premix of Carbon

Black/Epoxy Resin {(a) 717 77
(1/10)
Flame 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 30
Flame Retardant 13 13 i3 13 13 i3
Phenol-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epo.
poxy 77 T7 77 77 77 17
Resin (a) (1/10)
Flame Retardation Promoter 11 11 11 11 i1 11
Mold Release 1 1 1 1 1 1
Spherical Fused Silica
] 0 300 500 0 100 200
Particles (2-a)
Spherical Fused S8ilica
1200 900 700 600 500 400
Particles (2-b}

34



5 leads 8 not electrically connected to each other on the sem conductor
chip was neasured, and when it was 1 kO2 or snaller, then it neans that the
nei ghboring inner leads 8 short-circuited. 3000 sanples were tested, and

t he nunber of the short-circuited ones thereof was counted. The 10 results
are given in the followng Tables 4 to 6, Tables 4° to 6' and Tables 4" to
6". Table 4 Exanple A1 2 3 45 6 Nunber of Failed Sanples wth short

CIrCUItST££§QOQu0§gaQtQ gyowe§aﬂgbes tested) 15 Table 5 Exanple A 78

Nuntb wth—Short—cirrcurts (#3000 0 606——sanptes—tept ed)
Tabl e 6! Conparative Exanple A 1 R 3 4 5 6 NufBBPPISt2Eai | ed Sanples| with
short clrcuits (/3000 7 3 15 3P 3sanplé& tiesBed) 3% Tabl® 4] Exanple A 1

2 3 4 5| fpoxuphamn @f) Fai |l ed Sanp| eso 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 B
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
) Spherical Fused Silica
400 300
Particles {3-a)
Spherical Fused Silica
200 300
Particles (3-b)
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with short circuits (/3000 0 0 00 0 0 sanples tested) Table 5 Exanple A
7 8 Nunber of Failed Sanples with short circuits (/3000 O O sanples
tested) 5 Table 6' Conparative Exanple A' 1 2 3 4 5 6 Nunber of Failed
Sanmpl es with short circuits (/3000 10 6 3 7 5 2 sanples tested) Table 4"
Exanmple AlIl 1 2 345 6 Nunber of Failed Sanples with short circuits (/3000
000O0O0O0 sanples tested) Table 5" Exanple A" 7 8 Nunber of Failed

Sanpl es il Sah'or&,aggscwyt wdi/g¥lg0 0 0 sanples tested) 10 38 Table 6"

Conmpar gtTveExanptre Al
Comparative Example A"
1 2 3 4 5 6
Epoxy resin (a) 30 30 30 30 30 30
Flame Retardant 13 13 i3 13 13 13
Phenol-Novolak Resin 55 55 55 55 55 55
curing Promoter 1 1 1 1 1 i
Premix of Carbon Black/Epoxy
17 77 77 77 77 77
Resin (a) (1/10)
Flame Retardation Promoter 11 11 11 11 i1 i1
Mold Release 1 1 1 1 1 1
Spherical Fused Silieca
0] 300 500 0 100 200
Particles (3-a)
Spherical Fused Silica
\ ] 1200 900 700 600 500 400
: 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:
P 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, 11l mm x 11 mm x 100 um
15 thickness) .
Wire 6: gold, diameter 25 um, pitch 85 pm, wire-to-wire

distance 60 pm.
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123456 Nunber of Failed Sanples with short circuits (/3000 4 213 21
sanples tested) As in the above Tables 4 to 6, Tables 4' to 6' and Tables
4" to 6", no short circuit occurred in the sanples 5 of Exanples of the

i nvention. As opposed to these, however, short circuits occurred in the
sanpl es 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 in whiThe $&ricondestod§détitcephprodatedusfdthél h&angarhicl es that
had been produced by the use of the conbustion heat of propane gas and
oxygen gaﬁo&éCﬁéanﬁnth&eaoahanblvﬁﬂlahteﬂﬁihoﬁo\i@% &g @hlhan 50 % by wei ght
of the inorganic filler 15 used. (2) Encapsul ation of Sem conductor Device

B: ExanpbegsuBieheeB8f SRBRA aliirvaikExawpkesiBl. tColbreEXdypl €Be Bi' to B8,

Conparative Exanples Bl' to B6', Exanples B1" to B8", nparative Exanpl es
B1" to B@iéc%QlﬁthQQEEQB%&t%aiEQWBeEﬂeEhetBQ|h%Wb%BoE&QbeinﬂeEO 9, Tables
7' to 9 and Tables 7" to 9" were put into a HensSchel m™xer in the ratio

al so showaaiys Bhase E@QE@%&cﬁﬂd bBﬁReE&éadtbhéﬁﬁhn StPler3GnMppet €s. In this
process, the 39 pigment carbon g was previously mxed wth the epoxy

resin (bgemcbnauu%srotcha Swhdl knegs&%dﬁbsﬁadwh@w 9 t0%,asCar Ren i ack/ epoxy
resin (b) = 1/10 by wei gh F to prepare a premx, and this was used. Thus
preparedsmﬁ&@eghxkﬂéﬁ W3&Smeans 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 0 0 0 0

samples tested)

153 Table 5

Example A
) 7 8
Number of Failed Samples
with short circuits (/3000 0 0
samples tested)

Table 6

Comparative Example A
1 2 3 4 5 6

Number of Failed Samples
with short circuits (/3000 7 3 1 5 3 2

samples tested)
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5 fed into a kneadi ng extruder and nelt-kneaded through it.

resulting nelt was cool ed, ground and then

tabletting nold into tablets of

epoxy resin conposition.

Next ,

t he

tabl etted by the use of a

O Table 7 (parts

by weight) Exanple B1 2 345 6 Epoxy resin (b) 30 30 30 30 30 30 Flane

Ret ardant 13 13 13 13 13 13 Phenol
Pr onmot er

-Novol ak Resin 55 55 55 55 55 55 Curing
111111 Premx of Carbon Bl ack/Epoxy 77 77 77 77 77 77 Resin

(b) (1/1QLbEgaqe Ret ardati on Promoter 11 11 11 11 11 11 Mold Release 1 11

Particl ¢
(parts |

13

10

morgant—Tc Frtter 1= U) 60—300—266—166—2560 LOU FﬂUlgaHIb F | er
pO0 900 1000 1100 350 400 it of AR han. 60 0.0 0.0 0.0
0.0 Carbon-Coated, Fused stlikca 4 arjger3 tran42.1 153 (0.860.4 2.1 1.7
=§u,a;grm,faragg§dtsaa§ne(sppn) 20 4. 2.511.7 0./18 4.2|16.7 |Nm 40| Table 8
Wn‘ﬁﬁe'sﬂQQ clg_g (}%003 E(poxy roesi n (Ob) 30 030 Fbama Rgta dant 13
samples tested)
Table 5'

Example A’

7 8

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

Table 6'
Conparative Example A’

1 2 3 4 5 6
Number of Failed Samples
with short circuits (/3000 i¢ 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 8] 0 0 0 0
samples tested)
Table 5"

Example A"

7 8
Number of Failed Samples
with short circuits (/3000 0 0
samples tested)
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Phenol

-Novol ak Resin 55 55 Curing Pronoter 1 1 Prem x of Carbon

Bl ack/ Epoxy Resin (b) 77 77 (1/10) Flane Retardation Pronoter 11 1

Rel ease
Cont ent

(parts by weight) Conparative Exanp
30 30 30p3f;eFkame Retardant 13 13 13 13 13 13 Phenol -

55 55 55
77 77 7
Mol d Re

10

15

20

11 Inorganic Filler (1-b) 150 100 Inorganic Filler (1-c)

1 Mld
450 500

of Al larger than 0.0 0.0 Carbon-Coated, 60 m Fused Silica |arger
than 1.3 0.8 Particles 30 mlarger than (PPm 2.5 1.7 20 Fm Table 9

4 4

le B12 3456 Epoxyresin (b) 30 30
Novolak Resin 55 55

DD u.ll 1Ty I"l onotet J_ J_ L L J_ J_ I"l BIII)\ UI bcll UUII DI clbt\l I:}J

Xy 77 77

/ 77 Resin (b) (1/10) Fl t arQEPFRTIYE et 3 11 11 1
ease 1 11111 IlnorgahictFijlle ({1-18) 4004800 1800|359 4

11 11
DO 450

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
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
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 combusticon heat of
propane gas and oxygen gas according to a conventional
method was more than 50 % by weight of the inorganic filler
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 B1"
to B8", Comparative Examples B1l" to B6":

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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Inorganic Filler (1-c) 500 400 100 250 200 150 Content of All l|arger than
60 0.0 0.0 0.0 0.0 0.0 0.0 Carbon-Coated, Fused Silica larger than 2.9 3.3
4.6 2.9 3.3 3.8 Particles 30 Mlarger than (ppm) 20 5.8 6.7 9.2 5.8 6.7 7.5
41 Table 7' (parts by weight) Exanple B 1 2 3 45 6 Epoxy resin (b) 30 30
30 30 30 30 Flame Retardant 13 13 13 13 13 13 Phenol - Novol ak Resin 55 55
55 55 55 55 Curing Pronoter 1 1 11 11 Premx of Carbon Bl ack/ Epoxy 77 77
77 77 77 77 Resin _(b) (1/10) Flame Retardation Pronoter 11 11 11 11 11 11
Mol d RelRigient rcapbon bladkifasg Rrewrslsinixed Migdh My €rRXB00 600 500
Particles (2-a) Spherical Fused Silica 0 200 400 600 0 100 Partlcles (2-Db)
Tabl e 8'¥gSidh t PIbyp¥ditfhtuseeihm S ol mixepolllendirptin & 30 Fl anme
Ret ardant 13 13

carbon black/epoxy resin (b) = 1/10 by weight) to prepare a

premix, and this was used. Thus prepared, the mixture was
5 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.

{0 Table 7 (parts by weight)

Example B
1 2 3 4 5 6
Epoxy resin (b) 30 30 30 30 30 ao
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/Epoxy
77 77 77 N 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 (1-b) 500 300 200 100 250 200
Inorganic Filler (l-c} 700 900 1000 1100 350 400
larger than
Content of All 0.0 0.0 0.0 0.0 0.0 0.0
60 um
) Carbon~-Coated,
i 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 pm
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Phenol - Novol ak Resin 55 55 Curing Pronoter 1 1 Prem x of Carbon

Bl ack/ Epoxy Resin (b) 77 77 (1/10) Flane Retardation Pronoter 11 11 Mbdld
Rel ease 1 1 Spherical Fused Silica 400 300 Particles (2-a) Spherical Fused
Silica 200 300 Particles (2-b) 42 Table 9' (parts by weight) Conparative
Exanple B 1 2 3 45 6 Epoxy resin (b) 30 30 30 30 30 30 Flane Retardant
13 13 13 13 13 13 Phenol - Novol ak Resin 55 55 55 55 55 55 Curing Pronoter 1
1111 re 0 | /Epoxy 77 77 77 77 77 77 Resin (b) (1/10)
FI ame Ret &'abi L@uﬁP%Fsgi?gl Q.?_§g$0t}j.l_.l_ HH—11+—1% Mld Release 1 1 1111
Spheri cal Fused Silica Particl es.(Z*a¥X® 800|500 0 100 200 Spherical Fused
Silica Particles (2-b) 1200 900 |7007600 560 400

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

Premix of Carbon

Black/Epoxy Resin (b) 77 7
(1/10)
Flame Retardation Promoter 11 11
Mold Release 1 1
Inorganic Filler (1-b} 150 100
Inorganic Filler (l-c) 450 500
) larger than
Content of All 0.0 0.0
60 ym
Carbon-Coated,
. larger than
Fused Silica 1.3 0.8
. 30 pm
Particles
larger than
{ppm) 2.5 1.7

20 pm

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 1l 1
) Premix of Carbon Black/Epoxy
g 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-b) 700 800 1100 350 400 450
Inorganic Filler (l-c) 500 400 100 250 200 i50
larger than
Content of All €0 0.0 0.C 0.0 0.0 0.0 0.0
Carbon-Coated, =
L 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 pm
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Table 7" (parts by weight) Exanple B' 1 2 3 4 5 6 Epoxy resin (b) 30 30 30
30 30 30 Flanme Retardant 13 13 13 13 13 13 Phenol - Novol ak Resin 55 55 55
55 55 55 Curing Pronmoter 1 1 11 1 1 Premx of Carbon Bl ack/ Epoxy 77 77 77
77 77 77 Resin (b) (1/10) Flane Retardation Pronmoter 11 11 11 11 11 11

Mold Release 1 1 1 111 Spherical Fused Silica 1200 1000 800 600 600 500
Particles (3-a) Spherical Fused Silica 0 200 400 600 O 100 Particles (3-Db)

43 Tabl efﬁg'leg pﬁrt&,m%}ngiMWl e B" 7 8 Epoxy resin (b) 30 30 Flane

Ret ar dgnt—13—18—FPhenoi=NovotakRestm5555—Curing Pronoter—1—+% rem x of
Car bon |Bl ack/ Epoxy Resin (b) 77 |Z7—(3/10) Fl Péétipqailnn Promptler 11 11
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 il 11 11 11
Mold Release 1 1 1 1 i 1
Spherical Fused Silica
1200 1000 800 600 600 500
Particles (2-a)
Spherical Fused Silica
] 0 200 400 600 0 100
) Particles (2-b)
Table 8' (parts by weight)
Example B'
7 8
Epoxy resin (b) 30 3o
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
400 300
Particles (2-a)
Spherical Fused Silica
200 300
Particles (2-b}
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Mol d Rel ease 1 1 Spherical Fused Silica 400 300 Particles (3-a) Spherical
Fused Silica 200 300 Particles (3-b) Table 9" (parts by weight) Conparative
Exanple B" 1 2 3 45 6 Epoxy resin (b) 30 30 30 30 30 30 Flane Retardant
13 13 13 13 13 13 Phenol -Novol ak Resin 55 55 55 55 55 55 Curing Pronoter 1
11111 Premx of Carbon Bl ack/Epoxy 77 77 77 77 77 77 Resin (b) (1/10)
Fl ame Retardation Promoter 11 11 11 11 11 11 Mold Release 1 11111

Spheri capa s %#dxq_as %;é%_%}pt)o 100 200 Partlcl es (3- a) Spherl cal Fused
Silica 400 T Partt+ctes<(3=b)y—5Using—the—thus=gbt ai ned
tabl ets of each epoxy resin conpositionSoRPEBRERANRSBChip nounted on an

i nsul atling supstrate was transferlm)l ded (at 375C for 1 M nu!te @éand then
post - cUrspd=@treli@Gohor 5 hours) |i nd® @ siongl e-scencapsul pt g senkgonduct or

devi ce D e asie 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 (2-a)

Spherical Fused Silica

] 1200 900 700 600 500 400
} Particles {2-b)

Table 7" (parts by weight)

Exanple B"
1 2 3 4 5 &
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 i 1
Premix of Carbon Black/Epoxy
77 77 77 77 77 77
Resin (b) (1/10)
Flame Retardation Promoter 11 i1 11 i1 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)
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44 Package Form Ball grid array (BGA)-type, size 35 mfmx 35 nmx 1.5 mm

t hi ckness. Resin encapsul ation | ayer 4b (of cured epoxy resin 5
conposition), size 35 mMm x 35 mm x 1.2 mmthickness. Sem conductor chip 3,
size 10 mm x 10 mm x 370 pm thickness. Insulating substrate 5,

bi smal ei mdotriazine (BT) resin/glass cloth substrate (size, 40 mmx 40 nm
x 0.3 10 m). Wre 6: gold, dianeter 20 pm pitch 50 pin, wire-to-wire

di st ance ul sen1conductor devi ces were analyzed and
eval uat ';%IQ)I:ILQJLSI ll%ﬁf%%&éﬂﬁbc of—short; 15 circuits therein in the
same marjner as above. The resul tjs E¥¥BIB\ERN iln the following Tables 10 to
12, Tablles 10' to 12' and Tableds 19" tjo B".| 1 Table 10 Exanple B1 2 3 4 5
6 NunbempggyEagLequanples with shirt [ci gguijts (/3000 0 0 0 0 0 O sanples
t est ed) A5 lapl e TTExanpre H 7,8 [NUpber of Fail ed Sanpl es

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
. 400 300
Particles (3-a)

5 Spherical Fused Silica
Particles (3-b)

200 300

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 i3 i3 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 i 1 1 1 1 1
j Spherical Fused Silica
0 300 500 0 100 200
Particles (3-a)
Spherical Fused Silica
1200 900 700 600 500 400
Particles (3-b)

5 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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Wi th short circuits (/3000 0 O sanples tested) Table 12 Conparative Exanple
B123456 Nunber of Failed Sanples with short circuits (/3000 5 8 10 4
6 9 sanples tested) 5 Table 10 Exanple B 1 2 3 4 5 6 Nunber of Failed
Sanmpl es with short circuits (/3000 0 0 0 0 0 O sanples tested) Table 11
Exanple B 7 8 Nunber of Failed Sanples with short circuits (/3000 0 O
sanpl es tested) Table 12 Conparative Exanple B 1 2 3 4 5 6 Nunber of

Fail ed Sanples with short circuits (/3000 35 22 13 26 19 11 sanples tested)

10 46 Tabggkggg Fxanpl e B

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 pum.
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

Example B
1 2 3 4 5 6

Number of Failed Samples
with short circuits (/3000 0 0 0 0 0 0

samples tested)

20
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123456 Nunber of Failed Sanples with short circuits (/3000 00 000 O
sanples tested) Table 11" Exanple B" 7 8 Nunber of Failed Sanples with
short circuits (/3000 0 O sanples tested) 5 Table 12" Conparative Exanple
B'" 123456 Nunber of Failed Sanples with short circuits (/3000 12 9 2
11 6 1 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 Exanples
of the |fgg¥g|1¥1 As opposed to these, however, short circuits occurred in
t he sanptes—of —Conparative Exanptes i which the content of carbon-coated
_x_h%ﬁﬂz_l;sfppﬁ.

fused sjilica particles was nore of the inorganic filler used.
In addijtion, short circuits alsp G&Gcculredl in the sanples of Conparative
Exanpl elsiwber et Rei11l8 sapheonduct or chip was| resi n-encapsul ated in the
encapsudg%h qﬁﬁ@tgﬁ*ﬁﬁts 9&0&pntaigs sphegical fused silica particles
produce t he conbustion heat of a conventional m xed gas of
pr opane r 47 shortslcircuits also occurred in the sanples
of Conparative

Table 12

Comparative Example B
1 2 3 4 5 6

Number of Failed Samples
with short circuits (/3000 5 8 10 4 6 S

samples 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!

Example B'
7 B

Number of Failed Samples
with short eircuits (/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

samples tested)

10
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Exanpl es where the inorganic filler in the encapsulation material used
contai ned 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 method. (3) Encapsul ati on of

Sem conductor Device C. Exanples C to C8, Conparative Exanples C to C6,
Exanples Cl1' to C8', Cbnparative Exanples ' to C6', Exanples A" 10 to
cg", Co§gg@@nibe Exanples a" to C6": The conponents shown in the follow ng
Table 3—to—15—Fabtes—13—to7i5—andTabtes—13*—to 15" —were—ptinto a
Henschel mixer in the ratio al sp—shown in theSE™PIBI1%'s  and then gi xed
therein for 30 mnutes. In this|prbcess,2the 1% pigrent| cd bgn 6l agk was
previ olshidd ¥EFMhED dabg1&Ppoxy | resinp (b) by the use of a 3-roll m xer

(bl end f [ epoxy resin (b) 1Q, by i ght) tolprepare a
7 pren1wghk%ﬁgr%fﬁgggﬂﬂugégﬁ%Thus %reoargd t he nIXSLre mqg fed into a
kneadi n jledth+ough 0 Nextl thetresultling nelt
was cool ed, ground and then tabletted by the use of a tabletting nmold into
tabl ets of epoxy resin conposition. 48 Table 13 (parts by weight) Exanple C
12 3 4Tskde B3ddxy resin (b) 30 30 30 30 30 30 Flane Retardant 13 13 13 13
13 13 |Phenol - Novol ak Resin 55 |55gpdmpae ®6 95 Curing Pronmoter 1 111 11
Prem x |of Carbon Bl ack/ Epoxy 7 a

OI
|_\

Lud
N

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

5 Table 12"

Comparative Example B"
1 2 3 4 5 6

Number 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,

’? 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

15 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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77 77 77 77 77 77 Resin (b) (1/10) Flane Retardation Pronoter 11 11 11 11
11 11 Mold Release 1 1 1111 Inorganic Filler (1-d) 500 300 200 100 250
200 Inorganic Filler (1-c) 700 900 1000 1100 350 400 Content of Al I|arger
than 0.0 0.0 0.0 0.0 0.0 0.0 60 nm Carbon-Coated, Fused Silica |larger than
2.11.30.80.42.121.7 30 nmParticles larger than (ppm) nm4.2 2.5 1.7
0.8 4.2 16.7 20 Table 14 (parts by weight) Exanple C 7 8 Epoxy resin (b)
30 30 Flane Retardant 13 13 Phenol - Novol ak Resin 55 55 Curing Pronoter 1

1 Prem éhaétgaabeauﬂacki@%&c&fﬁéa {R) £Ké zzmpiéélgk Ebag%ra%&%dat lon
Pronoter 11 11 Ml d Rel ease 1 Inorganic Fil 100 Inorganic

Filler (dxghpfal éﬁgrecgﬂéeﬂﬁogﬁaﬁiﬁ Faiger Eﬂaﬂhg QngaBsulatlon

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 C6', Examples C1"
10 to C8", Comparative Examples Cl" to C6":

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
resin (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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60 nm Car bon- Coated, |arger than Fused Silica 1.3 0.8 30 rimParticles

| arger than 2.5 1.7 (Ppn) 20 rim49 Table 15 (parts by weight) Conparative

Exanple C1 2 345 6 Epoxy resin (b) 30 30 30 30 30 30 Flane Retardant 13
13 13 13 13 13 Phenol - Novol ak Resin 55 55 55 55 55 55 Curing Pronoter 1 1

1111 Premx of Carbon Bl ack/Epoxy 77 77 77 77 77 77 Resin (b) (1/10)

Fl ame Retardation Pronoter 11 11 11 11 11 11 Mld Release 1 11111

| nor gani i L] 5 g 79 ggg H4p0 350 400 450 Inorganic Filler (1-c) 500
a S
400 100 ﬁﬁﬁ é ﬁ ﬁﬁ‘ ;‘ Q g &P Harger—than—0-6-6-066-6-0-0606-6,0.0 60
nm Carb:)n Coated, Fused Slllca Iargnr than 2 Brampke £ 5 2 9 3 3 3.8
Particles 30 nm | arger than 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 85 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 i 1l 1 1l 1
Inorganic Filler (1-d) 500 300 200 100 250 200
Inorganic Filler {(1-c) 700 900 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,
L. 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
7 B
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 (1-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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(ppm 5.8 6.7 9.2 5.8 6.7 7.5 20 nm Table 13" (parts by weight) Exanmple C
123456 Epoxy resin (b) 30 30 30 30 30 30 Flane Retardant 13 13 13 13
13 13 Phenol - Novol ak Resin 55 55 55 55 55 55 Curing Pronoter 1 11111
Prem x of Carbon Bl ack/ Epoxy 77 77 77 77 77 77 Resin (b) (1/10) Fl ane
Ret ardati on Pronoter 11 11 11 11 11 11 Ml d Release 1 1 1 1 1 1 Spherical
Fused Silica 1200 1000 800 600 600 500 Particles (2-c) Spherical Fused

S 11 ca Gl 400 QUL 9P wtplérl es (2.0) SO Table 1¢ (parts by vei ght)

\ U) L] ClIIC RUL Al uairTt LI LI
Phenol Novol ak Resin 55 55 Cur ilng—PropptSepparativeolxapplent Carhon
Bl ack/ Epoxy Resin (b) 77 77 1 2 3 4 5 6
Epoxy resin (b) 30 30 30 30 30 30
Flame Retardant 13 13 i3 13 13 13
Phenol-Novolak Resin 55 55 55 &5 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) 700 800 1100 350 400 450
Inorganic Filler (l1-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 6
Epoxy resin (b) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenocl-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 i 1 1 1
Premix of Carbon Black/Epoxy
77 77 77 77 77 77
j 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-c)
Spherical Fused Silica
0 200 400 600 0 100
Particles {(2-d)
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(1/10) Flame Retardation Pronoter 11 11 Mld Release 1 1 Spherical Fused
Silica 400 300 Particles (2-c) Spherical Fused Silica 200 300 Particles
(2-d) Table 15" (parts by weight) Conparative Exanple C 1 2 3 4 5 6 Epoxy
resin (b) 30 30 30 30 30 30 Flane Retardant 13 13 13 13 13 13
Phenol - Novol ak Resin 55 55 55 55 55 55 Curing Promboter 1 1 111 1 PremxX
of Carbon Bl ack/ Epoxy 77 77 77 77 77 77 Resin (b) (1/10) Flame Retardation

Pr onot er 1 L | lease 1 1 1 1 1 1 Spherical Fused Silica
0 300 5 %@‘iéﬁ%o@i&éﬁ%‘é!%@lgﬁg) Spherieal Fused Silica 1200 900 700 600

== TICT 1 \.l/ll
500 400/ Particles (2-d) 51 Table Er3mpip&rts| by wei ght) Exanple C'
7 8
Epoxy resin {(b) 30 30
Flame Retardant 13 13
Phenol-Novolak Resin 55 55
Curing Promoter 1 1
Premix of Carben
Black/Epoxy Resin (b) 77 77
(1/10)
Flame Retardation Promoter 11 i1
Mold Release 1 1
Spherical Fused Silica
400 300
Particles (2-c)
) Spherical Fused Silica
200 300
Particles (2-d)

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 i3
Phenol-Novolak Resin 55 55 55 55 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epo
. poxy 77 N 77 77 77 77
Resin (b) {1/10)
Flame Retardation Promoter 11 11 11 11 11 11
Mcld Release 1 1 1 1 1 1
i Spherical Fused S8ilica
] 4] 300 500 0 100 200
Particles (2-c)
Spherical Fused Silica
1200 900 700 600 500 400
Particles (2-d)
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123456 Epoxy resin (b) 30 30 30 30 30 30 Flane Retardant 13 13 13 13
13 13 Phenol - Novol ak Resin 55 55 55 55 55 55 Curing Pronpoter 1 1
Prem x of Carbon Bl ack/ Epoxy 77 77 77 77 77 77 Resin (b) (1/10) Fl anme

tion Pronoter 11 11 11 11 11 11 Mld Release 1 1 1 1 1 1 Spherical
Fused Silica 1200 1000 800 600 600 500 Particles (3-c) Spherical

Ret ar da

Silica 0 200 400 600 O 100 } Particles (3-d) Table 14"

Exanpl e
Phenol -
Bl ack/ E
Rel ease

Sespd, Ta RBRELECRY bt

h 30 Flame Retardant 13 13

g—Prempter—1-1 —Prem x-of Carbon—

1111

Fused
(parts by weight)

Poxy Resin (b) 77 77 (1/10) Flane Ret &dppi®o€"Pronpter_ 11 11 Ml d
1 1 Spherical Fused Sil|ca 400 300 3 4 5 6
Epoxy resin (b) 30 30 30 30 30 30
Flame Retardant 13 13 13 13 13 13
Phenol-Noveolak Resin 55 55 55 &5 55 55
Curing Promoter 1 1 1 1 1 1
Premix of Carbon Black/Epo

_ POXY 1 99 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

] 1200 1000 800 600 600 500

Particles (3-c)

Spherical Fused Silica

0 200 400 600 0 100
Particles {3-d)

Table 14" (parts by weight)

Epoxy resin (b)

Flame Retardant

Phenol-Novolak Resin

Curing Promoter

Premix of Carbon
Black/Epoxy Resin (b)
{(1/10)

Flame Retardation Promoter

Mold Release

Spherical Fused Silica
Particles (3-c)

Spherical Fused Silica

Particles (3~d)

Example C"
7 8
30 30
13 13
55 55
1 1
77 i
i1 11
1 1

400 300

200 300
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Particles (3-c) Spherical Fused Silica 200 300 Particles (3-d) 52 Table 15"
(parts by weight) Conparative Exanple C' 1 2 3 45 6 Epoxy resin (b) 30 30
30 30 30 30 Flame Retardant 13 13 13 13 13 13 Phenol - Novol ak Resin 55 55
55 55 55 55 Curing Prombter 1 1 11 11 Premx of Carbon Bl ack/ Epoxy 77 77
77 77 77 77 Resin (b) (1/10) Flame Retardation Pronoter 11 11 11 11 11 11
Mld Release 1 1 111 1 Spherical Fused Silica 0 300 500 0 100 200

Parti cl f.-c S,Sp erical, Fused ica 1200 900 700 600 500 400 Particles
(3_d) [_1 a e ets of gaphgnpnvu;rnun hnnmnclf on, a
sem conductor chip nounted on an[insul at i9gpafztsvd Fxpmple BAS transf or - rml ded
(at 175C for 1 mnute and then ppstrcureg at| 185C|foe 5|hogrs) igto|a

si ngl e- ﬁﬂ&?pﬁé&ﬁt % sem conduct O,r_;ﬂf,\l',‘f@gj CREA ag 11 Fs’og; 15, Ppckage

Form FHi chit bat r—d—art FCBGAr-type,—strze—12 *—12
ngﬁe Retardant J a4y 13 f13y 13 i3 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 i 1 1 1
Spherical Fused Silica
0 300 500 ¢ 100 200

Particles (3-c)

Spherical Fused Silica

\ 1200 900 700 600 500 400
; Particles (3-4d)

Using the thus-obtained tablets of each epoxy resin
composition, a semiconductor chip mounted on an insulating
5 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
0 mm x 1 mm thickness.
Resin encapsulation layer 4a (of cured epoxy resin
composition), size 12 mm x 12 mm x 600 um thickness.
Semiconductor chip 3, size 10 mm x 10 mm x 370 pm
thickness.
15 Insulating substrate 1, bismaleimidotriazine (BT)
resin/glass cloth substrate (size, 14 mm x 14 mm x 300 pm

thickness) .
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)O mm x 1 nmthickness. Resin encapsul ation |layer 4a (of cured epoxy resin
conposition), size 12 mmx 12 mm x 600 pmthi ckness. Sem conductor chip 3,
size 10 mmx 10 mm x 370 pm thickness. 15 Insulating substrate 1,

bi smal ei m dotriazine (BT) resin/glass cloth substrate (size, 14 mmx 14 nm
x 300 pm thickness). 53 Interconnection electrode 2, gold bunp, dianeter 20
pun, pitch 50 pm bunp-to-bunp distance 30 pm Thus produced, the

sem conduct or devices were analyzed and evaluated in point of the

oceur r encen physbhbot 2ofil E86EESQHBCRC! GolA bllfips AHEAHBRAR! 205 LA0OVE,
Concretely, the electric resistance val ue betmeen t he nelghborlng gol d

bunps n tEhCah! Y negt o] h S neasured, and when it
was 1 kC2P§£8ﬁ s ﬁﬁ bﬁﬁg ?? ﬁgg%sd§$ﬁg?e%hgbng?ghbor|ng gold bunps

short - CIFCUIt ul a h Tables 16 to 18,
Tabl es tggﬁ8gh§nég%g eskﬁg E?g@% EQ“FSB ﬁe&?é&gmhle Cl123456

Lest od) 3’@1?55-’?" T EVALHR WP e e %‘%%‘%%g"ce & Gifbreanp! es

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 k) 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
Example C
1 2 3 4 5 6
Number of Failed Samples
with short circuits (/3000 0 0 0 0 0 0
samples tested) Jﬁ

15 Table 17

Number of Failed Samples
with short eircuits (/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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Wi th short circuits (/3000 0 O sanples tested) Table 18 Conparative Exanple
C123456 Nunber of Failed Sanples with short circuits (/3000 3 9 12 3
7 11 sanples tested) 54 Table 16" Exanple C 1 2 3 4 5 6 Nunber of Failed
Sanmpl es with short circuits (/3000 0 0 0 0 0 0O sanples tested) Table 17
Exanple C 7 8 Nunber of Failed Sanples with short circuits (/3000 0 O
sanples tested) 5 Table 18 Conparative Exanple C 1 2 3 4 5 6 Nunber of

Fai |l ed Sﬁg@igsl&dth short circuits (/3000 29 19 10 23 17 8 sanples tested)

Tabl e 1~—bBarpteCc—12-34-56

Example C'
1 2 3 4 5 6
Number of Failed Samples
with short circuits (/3000 0 0 0 0 0 0
samples tested)

Table 17!

Example C!
7 8

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

5 Table 18'

Comparative Example C'
1 2 3 4 5 6

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

Table 16"

Example C"
i - 2 3 4 5 6

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

S

Table 17"

Example C"
7 8

Number of Failed Samples
with short circuits (/3000 0 0

samples tested)

10
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Nunber of Failed Sanples with short circuits (/3000 0 0 0 0 0 0O sanples
tested) } Table 17" Exanple C' 7 8 Nunber of Failed Sanples with short
circuits (/3000 0 O sanples tested) 10 55 Table 18" Conparative Exanple C'
123456 Nunber of Failed Sanples with short circuits (/3000 13 5 2 11 3
1 sanples tested) As in the above Tables 16 to 18, Tables 16' to 18 and
Tabl es 16" to 18", no short circuit occurred in the 5 sanples of Exanpl es of

the inv tlfn. opposed to these, however, short circuits occurred in the
sanpl esw%@_a%_mm%@wm@%t ed
fused slilica particles was nore |[than 2. SCommrefideh8xanpierganic filljer used.
In addiftion, short circuits alsg 13 oqcuered in the gsanples of Gonparative

Exanpl e%«u‘ﬁ@@ ogfpgllegeggﬂ%gn@ctor ﬁlﬁ Was 1 esin-encapsflated[1n the

encapsula I on terial t contjai ns ,pheriéal fused si|ica partic|les
produceld™ iy TS tusF Bt Hé 38 hbust Fdn |headt of 4 ¢oritenti ohal | niked gas of
pr opane lexyrgered)Furt her,

As in the above Tables 16 to 18, Tables 16' to 18°
and Tables 16" to 18", no short circuit occurred in the
5 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 ppm of the
inorganic filler used. In addition, short circuits also
10 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,
15 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 nse of the combustion heat of propane gas and oxygen
20 gas according to a conventional method.
In the semiconductor device of the invention as
described in detail hereinabove with reference to its

preferred embodiments, the resin layer for semiconductor
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15 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 the use of the conbustion heat of propane gas and oxygen 20 gas
according to a conventional nethod. In the sem conductor device of the

I nvention as described in detail hereinabove with reference to its
preferred enbodi nents, the resin |ayer for sem conductor 56 encapsulation is

f or med ¢ Q.0 [ [ contains an
SnApEHI At A emdl] HPY onid dhARBL DL ) c

I norgani c I'norganic filler

par ti'cl &8 o6) AgKIdAa ¢ oANdal) o o AIGETL AR & Jiler fgnnect i on

el ectrode or conductor wre stance I n con deVi ce.

Accor di qult¥1’ gftthﬁtoietmf@?:gz% Us é%%g;o%e—dosaé(}cgmry?gﬁélfggl}ﬁ.lﬁ%% is free from

the problem short circuits to be caused of e nterconnecti on

bet ween . r conn i | ectr,odes or. hetween t 10 .conductor wires in
t he devi E:a%ilﬁjrjf(%t%he t;%’%tevllg’;b %hg)%e{)t&%?er esj";lizﬁe cloa‘:r 5] {%ﬁ‘oann fOt° seni conduct or
encapsul.ation of the invention contains an. inorganig filler (O _wth at
CoaoB® by Nt tineski ol SURA GO U D il ed I PR Hancd An e Wi o he
heat 15 source jn . fusipn.s the co usthon heat of .a heat source materi al

not causiTigE Ko SN TN OFCPREREM ack Cof SIEHfE™: ﬁéPFcal fused silica
laed | oPXBNe: il CCHT o RENIALE O 13 SR S5 | DR RRAh o 20
devices sqorm g:hlrrc%iitasbiéoi ) tchaai}seai{ eoff re eec]:c{roiné tihnetéjrl"coobrlneengtion

\ between the interconnection electrodes or between the

10 conductor wires in the device.

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

250 and modifications can be made therein without departing

from the scope thereof.
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of short circuits to occur therein. Wile the invention has been descri bed
in detail and with reference to specific enbodinents thereof, it wll be
apparent to one skilled in the art that various changes 25 and nodifications
can be nmade therein without departing fromthe scope thereof. 57 This
application is based on Japanese patent applications No. 2002-328726 filed
Novenber 12, 2002, No. 2002-339797 filed Novenber 22, 2002, and No.
2002- 339798 fil ed Novenber 22, 2002, the entire contents thereof being 5
her eby i ncorporgt.e ef erence. QFA! I .. An epoxy resin
conposi tion for'ﬁéleérjﬁ%%luéc o’ié}gﬁjb%pbg% ati o%,%#%é\%%%%%és the follow ng
conponen ) vy ( _ rest hegol | esi;n, (O an
N8 iﬁ%a%?aé%;ﬁo.A%Oaa §EQ?¥gp§§iQ5 p&?émﬁ 95?? 260255 g

inorganic ftitre ConsIsts-o erica ase fca particles

capabl e. [ sem,conduct ogg f short.-gi rcyihhbng 4l step of
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source material not causing carbon deposition on the surfaces of the
spherical fused silica particles and oxygen gas. 3. The epoxy resin
conposition for sem conductor encapsulation as clained in claim2, wherein
the spherical fused silica particles are obtainable by feeding a siliceous
material into a furnace through a doubl e-walled burner that conprises
concentric inner and outer tubes and nultiple small tubes provi ded between
the inner and outer tubes, in such a manner that the siliceous material is
i ntroduced via the inner tube, the heat source material for fusion not
causi ng caﬂm_igge@%gﬁ%%@v' %Son the surfaces of the 59 spherical fused silica
particles Ts Tntroduc a the small tubes, -and oxygen gas is introduced
Vi a the space between the snall tubes and the out er t ube, wherein the heat
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chip encap@)lf’%?@‘a‘ylr??"b he epoxy resin conposition of claim1. 5. The
sem conduc{Bya pﬁgwn@@s;as claimed in claim4, wherein the sem conductor chip
nmount ed on n Lnsul a bstr frame.is electrically
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encapsulation with the epoxy resin composltlon

wherein the inorganic filler (C) contains from 0.02 to 2.5 ppm of carbon-coated
inorganic filler particles (¢) having a particle size larger than the interconnection
electrode distance or conductor wire distance in a semiconductor device to be

encapsulated,
wherein the interconnection elecirode distance or conductor wire distance is from 10
to 100 pum,

2. The epoxy resin composition for semiconductor encapsulation as claimed in claim 1,
wherein the heat source in fusion of the silica particles is the combustion heat of
hydrogen gas or a mixture of oxygen gas and combustible hydrocarbon gas as a heat
source material not causing carbon deposition on the surfaces of the spherical fused
silica particies and oxygen gas.

3. The epoxy resin composition for semiconductor encapsulation as claimed in claim 2,
wherein the spherical fused silica particles are obtainable by feeding a siliceous
material into @ fumace through a double-walled bumner that comprises concentric inner
and outer tubes and multiple small fubes provided between the inner and outer tubes,
in such a manner that the siliceous material is introduced via the inner fube, the heat
source material for fusion not causing carbon deposition on the surfaces of the
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spherical fused silica particles is introduced via the small tubes, and oxygen gas is
introduced via the space between the smalt tubes and the outer tube,

wherein the heat source material is hydrogen gas or a mixture of oxygen gas and
combustible hydrocarben gas, and

wherein said siliceous material is fused by the gas combustion in the furnace.

A semiconductor device with a semiconductor chip encapsulated in the epoxy resin
composition of claim 1.

The semiconductor device as claimed in claim 4, 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 encapsulated in a layer of the epoxy resin composition,
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