
EPOXY RESIN COMPOSITION FOR SEMICONDUCTOR ENCAPSULATION, AND SEMICONDUCTOR
DEVICE USING THE SAME FIELD OF THE INVENTION 5 The present invention
relates to an epoxy resin  composition for semiconductor encapsulation
capable of  giving semiconductor 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 semiconductor device with it. BACKGROUND OF THE INVENTION
Semiconductor chips such as transistors, IC and LSI  are generally
resin-encapsulated through transfer molding  15 with an epoxy resin
composition. Various package forms of  the type have heretofore been
developed in the art. One example of the package form is a type as in Fig.
1. In this, 1 is an insulating substrate, and a  semiconductor chip 3 is
mounted on the insulating substrate 20 1 via an interconnection electrode 2
so that the insulating  substrate 1 and the semiconductor chip 3 are
electrically  connected to each other. This is encapsulated in an
encapsulation resin 4a, a cured product of an epoxy resin  composition that
serves as an encapsulation material, on 25 the side of the insulating
substrate 1 having the  semiconductor chip 3 mounted thereon. Apart from
this I type, also mentioned is another package as in Fig. 2. In  this
package, a semiconductor chip 3 is mounted on an  insulating substrate 5,
and the insulating substrate 5 and  the semiconductor chip 3 are
electrically connected to each 5 other via a wire 6. Including the wire 6,
the  semiconductor chip 3 is resin-encapsulated in an  



encapsulation resin 4b, a cured product of an epoxy resin  composition.
Further mentioned 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 2
electrodes 2 or the wires 6 in the semiconductor devices.  However, the
pitch reduction results in frequent occurrence  of short circuits in the
process of semiconductor  encapsulation. In that situation, various
investigations 5 are made, for example, for reducing the carbon deposition
in semiconductor encapsulation, but could not lead to a  drastic solution
of the problem. 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 3 semiconductor
encapsulation with the epoxy resin  composition. (2) The epoxy resin
composition for semiconductor  encapsulation of above (1), wherein the
inorganic filler  5 (C) 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 a  semiconductor
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 4 and outer tubes, in such a manner that
the siliceous  material is via the inner tube, the heat source material
for fusion not causing carbon deposition on the surfaces of  the spherical
fused silica particles is via the small 5 tubes, and oxygen gas is via the
space between the small  tubes and the outer tube, and which is fused by
the gas  combustion in the furnace. (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  mixture of oxygen
gas and combustible hydrocarbon gas. (7) A semiconductor device with a
semiconductor  chip encapsulated in the epoxy resin composition of above
20 (1) (8) The semiconductor device of above (7), wherein  



the semiconductor chip mounted on an insulating substrate  or a lead frame
is electrically interconnected to the insulating substrate or the lead
frame via an 25 interconnection electrode or a conductor wire and is
encapsulated in a layer of the epoxy resin composition. 5 The present
inventors have extensively investigated  to find out the substance that may
cause short circuits in  semiconductor encapsulation. As a result, we have
found  that the cause for short circuits in semiconductor 5 encapsulation
is not in carbon black that is generally in  the material for encapsulation
but is in an inorganic  filler. One example of the inorganic filler
heretofore  used in the art is fused 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, 



6 and, in this connection, we have found out the following:  In this
process, carbon that is derived from the propane  gas deposits around a
burner, and this deposits on the  surfaces of the fused silica particles to
give carbon 5 coated fused silica particles. Further based on the findings
as above, we have made  many other studies to find out the uppermost limit
of the  proportion of carbon-coated inorganic filler particles  having a
particle size larger than the interconnection 10 electrode or conductor
wire distance in semiconductor  devices, relative to all the inorganic
filler to be used,  for preventing the occurrence of short circuits in
semiconductor encapsulation. As a result, we have found  that, when the
proportion of the carbon-coated inorganic 15 filler particles having a
particle size larger than the  interconnection electrode or conductor wire
distance in  semiconductor devices is limited to at most 2.5 ppm of all
the inorganic filler used for semiconductor encapsulation,  then it makes
it possible to prevent short circuits in the 20 process of resin
encapsulation for producing semiconductor  devices. The present inventors
have further found that, when  (1) hydrogen gas or (2) a mixture of
combustible  hydrocarbon gas such as typically propane gas and oxygen 25
gas is used for the heat source for fusion in place of  conventional
propane gas to produce fused silica particles, 7 then it makes it possible
to produce fused silica particles  with no carbon deposition around a
burner. We have still  found that, when an inorganic filler which contains
at  least 50 % by weight of the thus-produced, carbon-uncoated  



fused 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 OF THE DRAWINGS
By way of example and to make the description more clear, reference is made
to the accompanying drawing in  which: Fig. 1 is a cross-sectional view
showing one package  15 form of a semiconductor device. Fig. 2 is a
cross-sectional view showing another  package form of a semiconductor
device. Fig. 3 is a cross-sectional view showing still  another package
form of a semiconductor device. 20 Fig. 4 is a cross-sectional view showing
still  another package form of a semiconductor device. Fig. 5 is a
cross-sectional view graphically showing  the constitution of an apparatus
for producing spherical  fused silica particles. 8 Fig. 6A is 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 view of Fig. 5 6A. Description of Reference Numerals:  1,
5: Insulating Substrate 2: Interconnection Electrode  3: Semiconductor Chip
10 4a, 4b, 4c, 4d: Resin for Encapsulation  



6: Wire 7, 10: Lead Frame DETAILED DESCRIPTION OF THE INVENTION 15 The
present invention are further described in  detail hereinunder. The epoxy
resin composition for semiconductor  encapsulation of the invention
comprises an epoxy resin  (component A), a phenolic resin (component B) and
a 20 specific inorganic filler (component C), and it is  generally in the
form of powder or tablets produced by  tabletting it. The epoxy resin
(component A) for use in the  invention is not specifically limited and may
be any  25 ordinary epoxy resin. For example, it includes cresol novolak
type, phenol-novolak type, bisphenol-A type, 9 biphenyl type,
triphenylmethane type, naphthalene type and  other various types of epoxy
resins. One or more of these  may be used either singly or as combined. The
phenolic resin (component B) that is used herein  5 along with the above
epoxy resin (component A) serves as a  curing agent for the epoxy resin.
Also not specifically  limited, it may be any known ordinary phenolic
resin. For  example, it includes phenol-novolak, cresol-novolak,
bisphenol-A type novolak, naphthol-novolak, phenol-aralkyl 10 resins, etc.
One or more of these may be used either  singly or as combined. Preferably,
the epoxy resin (component A) and the  phenolic resin (component B) are
proportioned in such a  manner that the hydroxyl equivalent of the curing
agent may 15 be from 0.5 to 2.0 equivalents, more preferably from 0.8 to
1.2 equivalents relative to one epoxy equivalent of the  



epoxy resin. The specific inorganic filler (component C) that is  used
along with the above components A and B in the 20 invention is
characterized in that it acts to prevent the  occurrence of short circuits
of semiconductor chips in the  process of semiconductor encapsulation. The
prevention of  the occurrence of short circuits in semiconductor
encapsulation may be attained, for example, by limiting the  25 amount of
carbon-coated inorganic filler particles having a  particle size larger
than the interconnection electrode or 10 conductor wire distance in
semiconductor devices, to at  most a specifically-defined one, and/or by
making the  amount of carbon-uncoated inorganic filler particles not
smaller than a specifically-defined one. 5 Described below is the case of
limiting the amount  of carbon-coated inorganic filler particles having a
particle size larger than the interconnection electrode or  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 (a) 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 (a) 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
filler particles (c) in the inorganic filler (C) may be  determined and
computed, for example, as follows: A  predetermined sample of inorganic
filler to be analyzed is  put into a rectangular case having a size of 5 am
x 4.8 cm.  Its face is just flattened and is observed with an optical
microscope to count the number (A) of black points (carbon- coated
inorganic filler particles) having a predetermined  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).  *
(number) = (5 x 4.8 x 1015) /C2 (1) * (ppm) = (A/B) x 106 (2)  The
interconnection electrode distance or conductor  wire distance in
semiconductor devices may be from 10 to  20 100 M. Preferably, the mean
particle size of the inorganic  filler is from 2 to 40 ~=, more preferably
from 5 to 30 pm.  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 preferably from 80 to 91 % by weight of all the epoxy resin
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. 5 Not specifically defined, the inorganic filler may  be any known
one and includes, for example, quartz glass  powder, silica powder,
alumina, talc, etc. Especially  preferred are spherical fused silica
particles. 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 conventional fused  silica particles are
used for the inorganic filler (C), 13 then the inorganic filler (C) may
contain many carbon- coated fused silica particles and the carbon-coated
fused  silica particles stay between the interconnection  electrodes or
between the conductor wires in semiconductor 



5 devices to thereby electrically interconnect the electrodes  or the wires
to cause short circuits therein. Examples of the heat source for fusion not
causing  carbon deposition on the surfaces of the spherical fused  silica
particles produced are (1) hydrogen gas alone, and 10 (2) a mixture of
oxygen gas and combustible hydrocarbon  gas. In the mixture of oxygen gas
and combustible  hydrocarbon gas, the combustible hydrocarbon gas is not
specifically defined and may be any conventional one such 15 as propane
gas. The blend ratio in the mixed gas may be so  defined that it does not
overstep the flammability limit of  the mixture. Preferably, the ratio by
volume of oxygen  gas/combustible hydrocarbon gas falls between 1/0.9 and
1/1.1, more preferably it is 1/1. 20 Next described in detail is the method
for producing  the spherical fused silica particles (c'). For example, a
siliceous material is fed into a vertical furnace along  with gas flames of
a mixed gas of a heat source material  for fusion not causing carbon
deposition on the surfaces of 25 the spherical fused silica particles
produced and oxygen  gas thereinto, and this is dispersed in the flames and
then 14 fused, while it keeps its individual particles, into  spherical
fused silica particles. The siliceous material is not specifically defined,
and may be any one generally used in producing spherical 5 fused silica
particles. For example, it may be prepared by  grinding silica stones that
have a composition of 99.5 % SiO2, 1 % A1203, 0.05 % Fe203, 0.005 % Na20
and 0. 003 % K2O, into ground particles having a particle size of at most
500  m, 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 hydrogen gas and  15 oxygen gas thereinto,
and dispersed in the burning flames  at 2000C or higher and fused into
spherical fused particles.  The facilities and the structures of the
vertical  furnace and the inner burner thereof may be any known ones. 20
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 extends and it is connected to the
furnace body 26. As in  Fig. 6A and Fig. 6B, multiple small tubes 23 for
hydrogen  gas introduction are disposed around the material feed duct  22,
an outer tube 25 is disposed to surround the small 5 tubes 23, and these
constitute a burner of the furnace.  Specifically, the burner through which
a siliceous material  is jetted into a furnace along with gas flames of a
mixed  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 not causing carbon deposition on the
surfaces of the spherical fused silica particles produced, 



15 and the oxygen gas must be introduced into the furnace at  different
flow rates. Accordingly, a number of small tubes  23 are disposed in the
space between the outer tube 25 and  the material fee duct (inner tube) 22,
and the small tubes  23 serves as feed ducts for the heat source material
for 20 fusion not causing carbon deposition on the surfaces of the
spherical fused silica particles produced. The space  around the small
tubes 23 (the space between the small  tubes 23 and the outer tube 25)
serves as an oxygen gas  feed duct 24, and the heat source material for
fusion not 25 causing carbon deposition on the surfaces of the spherical 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 body 26, via which the spherical fused silica 5
particles produced are transferred into a cyclone 28 and  then into a bag
filter 29 along with the exhaust gas  thereinto by the action of a blower
30. In the bag filter  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 2000C 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 17 burner, and the flow rate
of the other heat source  material, for example, hydrogen gas may be from 1
to 20  times, preferably from 2 to 10 times, more preferably from  2 to 6
times the oxygen gas flow rate. 5 The amount of the siliceous material,
ground silica  to be fed into the furnace is not specifically defined, and
may be suitably determined depending on the size of the  burner and the
furnace body 26. For example, it may be  from 1 to 100 kg/hr, preferably
from 5 to 30 kg/hr or so. 10 Regarding the mode of feeding the siliceous
material into  the furnace body 26, the material may be made to flow down
spontaneously or under pressure. Preferably, however, the  material is made
to flow down spontaneously. The time for which the siliceous material is
heated  15 in the burning flames may be determined appropriately. In
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 Jun,
more preferably from 5 to 30 pm. Of the inorganic filler (component C), the
other  than the spherical fused silica particles (c') is  preferably silica
powder. 25 Not specifically defined, the inorganic filler  



(component C) that contains the specific amount of the 18 specific
spherical fused silica particles (c') may be any  known silica powder.
Especially preferably, it is  spherical fused silica particles like the
specific  spherical fused silica particles (c'). 5 The mean particle size
of the inorganic filler  (component C) except the specific spherical fused
silica  particles (c') is preferably from 2 to 40 M, more  preferably from
5 to 30 M. The mean particle size of the  spherical fused silica particles
(c') and the inorganic 10 filler (component C) may be determined by the use
of a  laser scattering particle size analyzer. The blend ratio of the
specific inorganic filler  (component C) is preferably at least 75 % by
weight, more  preferably from 80 to 91 % by weight of all the epoxy resin
15 composition. If it is smaller than 75 % by weight, then  the reliability
of semiconductor devices may be poor in  point of the soldering resistance
thereof. In addition to the above components (A) to (C), the  epoxy resin
composition of the invention may optionally  20 contain any other additives
of, for example, curing promoter, halogen-containing flame retardant such
as  brominated epoxy resin, flame retardation promoter such as  antimony
trioxide, pigment such as carbon black, silane  coupling agent such as
0-(3,4 25 epoxycyclohexyl) ethyltrimethoxys i lane and y 19
glycidoxypropyltrimethoxysilane, and mold release such as  carnauba wax, if
desired. The curing promoter may be any of amine-type or
phosphorus-containing compounds. The amine-type compounds  



5 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 like, and cooled to room temperature. The resulting blend  is ground in
any known manner and optionally tabletted into  tablets. The process that
comprises these steps gives the  intended epoxy resin composition of the
invention. If  desired, carbon black, a type of pigment may be previously
25 mixed with a part of epoxy resin to prepare a premix. The  premix may be
melt-mixed with the other constituent 20 components, and the resulting
mixture may be processed in  the same manner as above to produce the
intended epoxy  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 21
encapsulation resin 4c. In the package of Fig. 4, 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 5
frame 10, via a wire 6. Including the wire 6, the  semiconductor chip 3 is
resin-encapsulated in an  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. 22 The following components
were prepared.  Epoxy Resin (a): A biphenyl-type epoxy resin of the
following formula  (a) (having an epoxy equivalent of 173 and a melting
point  5 of 100C) . H, C, , C F[ Cu17 CHCH2 _~.Q-CHr CH-CItd II, C" CH, 0
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 60C). O -- C Eh C H --- C H r  0  '.t J. CH n 0--CH: CH-CH2 15 ...
(b) Phenolic Resin: A phenol-novolak resin (having a hydroxyl equivalent
of 107 and a melting point of 60C) . 



23 Curing Promoter: Triphenyl phosphine.  Flame Retardant: Brominated epoxy
resin.  5 Flame Retardation Promoter:  Antimony trioxide.  Mold Release:
Carnauba wax.  Pigment: 10 Carbon black.  Inorganic Filler (1-a): Spherical
fused silica powder (having a mean  particle size of 20 m) that contains
carbon-coated fused  silica particles (al) to (a3) mentioned below. 15
(al): carbon-coated fused silica particles having a  particle size of
larger than 60 pm 10 ppm  (a2): carbon-coated fused silica particles having
a  particle size of larger than 30 m 20 ppm  (a3): carbon-coated fused
silica particles having a 20 particle size of larger than 20 m 40 ppm
Inorganic Filler (1-b): Spherical fused silica powder (having a mean
particle size of 10 p=) that contains carbon-coated fused  silica particles
(b1) to (b3) mentioned below. 25 (b1): carbon-coated fused silica particles
having a  particle size of larger than 60 .m 0 ppm 24 (b2): carbon-coated
fused silica particles having a particle size of larger than 30  5 ppm
(b3): carbon-coated fused silica particles having a  



particle size of larger than 20 pim 10 ppm,  5 Inorganic Filler (1-c):
Spherical fused silica powder (having a mean  particle size of 2 ~=) with
carbon-coated fused silica  particles (c1) to (c3) mentioned below. (c1):
carbon-coated fused silica particles having a  10 particle size of larger
than 60 ~= 0 ppm  (c2): carbon-coated fused silica particles having a
particle size of larger than 30 pm 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 ~=) 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 ~= 0 ppm  (d2): carbon-coated fused silica
particles having a particle size of larger than 30 ~= 5 ppm (d3):
carbon-coated fused silica particles having a  particle size of larger than
20 ~= 10 ppm 25 Spherical Fused Silica Particles (2-a): 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 5 manner mentioned below. Concretely, a siliceous material,  ground
powder (having a particle size of at most 66 pm) of silica stones (99.5 %
Si02r 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 kg/hr, along with gas flames (having  a flame
length of 50 cm) at 2000C or higher of a mixed gas  of hydrogen [30 Nm3/hr,
flow rate of 43.9 m/sec] and oxygen  (15 Nm3/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 m) 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 dam) were produced in the 20 manner mentioned below.
Concretely, a siliceous material,  ground powder (having a particle size of
at most 66 m) of  silica stones (99.5 % Si02, 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 flame length of 30 cm) at 2000C or higher
of a mixed gas 26 of propane [10 Nm3/hr, flow rate of 12.0 m/sec] and
oxygen  [5 Nm3/hr, flow rate of 6.2 m/sec] thereinto. In that  manner,
spherical fused silica particles (2-b) (having a  mean 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 hereinabove, spherical
fused silica particles  (having a mean particle size of 10 pm) were
produced in the  manner mentioned below. Concretely, a siliceous material,
10 ground powder (having a particle size of at most 44 pm) of  silica
stones (99.5 % SiO2, 0.063 % A1203, 0.002 % Fe203,  0.002 % Na2O and 0.003
% K20) was prepared, and this was  continuously fed into the vertical
furnace through the  feeder at a rate of 8 kg/hr, along with gas flames
(having 



15 a flame length of 50 cm) at 2000C or higher of a mixed gas  of hydrogen
[30 Nm3/hr, flow rate of 43.9 m/sec] and oxygen  [15 Nm3/hr, flow rate of
8.3 m/sec] thereinto. In that  manner, spherical fused silica particles
(2-c) (having a  mean particle size of 10 lim) were produced. 20 Spherical
Fused Silica Particles (2-d): Using the vertical furnace of Fig. 5 and Fig.
6  illustrated hereinabove, spherical fused silica particles  (having a
mean particle size of 10 pm) were produced in the  manner mentioned below.
Concretely, a siliceous material, 25 ground powder (having a particle size
of at most 44 fun) of  silica stones (99.5 % Si02, 0.063 % A1203, 0.002 %
Fe203, 27 0. 002 % Na20 and 0. 003 -% K20) was prepared, and this was
continuously fed into the vertical furnace through the  feeder at a rate of
8 kg/hr, along with gas flames (having  a flame length of 30 cm) at 2000*C
or higher of a mixed gas 5 of propane [10 Nm3/hr, flow rate of 12.0 m/sec]
and oxygen  [5 Nm3/hr, flow rate of 6.2 m/sec] thereinto. In that  manner,
spherical fused silica particles (2-d) (having a  mean particle size of 10
pim) were produced. Spherical Fused Silica Particles (3-a): 10 Using the
vertical furnace of Fig. 5 and Fig. 6  illustrated hereinabove, spherical
fused silica particles  (having a mean particle size of 20 ~=) were
produced in the  manner mentioned below. Concretely, a siliceous. material,
ground powder (having a particle size of at most 66 M) of 15 silica stones
(99.5 % S02, 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  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 Nm3/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 3 /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 28 furnace. In that manner,
spherical fused silica particles  (3-a) (having a mean particle size of 20
M) 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 M) were produced
in the  manner mentioned below. Concretely, a siliceous material,  ground
powder (having a particle size of at most 66 pm) of  silica stones (99.5 %
Si02, 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  material feed duct (inner tube) 22 of the feeder at a rate  of 10
kg/hr, along with propane gas [10 NM3 /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  Nm3/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 pm) 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 M) were produced in the 29 manner mentioned below.
Concretely, a siliceous material !  ground powder (having a particle size
of at most 44 ~=) of  silica stones (99.5 % Si02, 0.063 % A1203, 0.002 %
Fe203, 0. 002 % Na20 and 0. 003 % K20) was prepared, and this was  5
continuously fed into the vertical furnace through the  material feed duct
(inner tube) 22 of the feeder at a rate  of 8 kg/hr, along with a mixed gas
of propane and oxygen  (1/1 by volume) [30 qM3/hr, flow rate of 43.9 m/sec)
thereinto through the small tubes 23 disposed in the space 10 between the
outer tube 25 and the material feed duct (inner  tube) 22 and with oxygen
gas [15 N=3/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 higher in the 15
furnace. In that manner, spherical fused silica particles  (3-c) (having a
mean particle size of 10 M) 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 M) were produced in the manner mentioned below.
Concretely, a siliceous material,  ground powder (having a particle size of
at most 44 M) of  silica stones (99.5 % S102, 0.063 % A1203, 0.002 % Fe203,
0.002 % N&20 and 0.003 % K20) 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 30 of 8 kg/hr, along with propane gas [10 NM3
/hr, flow rate of  12.0 m/sec] thereinto through the small tubes 23
disposed  



in the space between the outer tube 25 and the material  feed duct (inner
tube) 22 and with oxygen gas [5 NM3 /hr, 5 flow rate of 6.2 m/sec]
thereinto through the space between  the outer tube 25 and the small tubes
23. The gases formed  gas flames (having a f lame length of 30 cm) at
2000*C or  higher in the furnace. In that manner, spherical fused  silica
particles (3-d) (having a mean particle size of 10  10 ~=) were produced.
(1) Encapsulation of Semiconductor Device A: Examples Al to AS, Comparative
Examples Al to A6, Examples  All to AIS, Comparative Examples All to A16,
Examples A"l  to A118, Comparative Examples A111 to A'16: 15 The components
shown in the following Tables 1 to 3,  Tables 11 to 31 and Tables 111 to
311 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 malt-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. 31
Table 1 (parts by weight) Example A 123456 Epoxy resin (a)303030303030 Fla-
Retardant131313131313 Phenol-Novolak Resin555555555555 Curing
Promoter111111 



Premix of Carbon Black/Epoxy Resin (a) (1/10)777777777777 Flame Retardation
Promoter111111111111 Mold Release111111 Inorganic Filler
(1-a)250200100100050 Inorganic Filler (1-b)40040011006000500 Inorganic
Filler (1-c)450600050012000 larger than Content of All2.31.70.80.8 0 0 I09
Carbon-C  t 60 PM.. d oa  e larger than Fused Silica6.45.06.34.20.06 4
Particles30 ~wII. (ppa)larger than12.710.0 12.58.30.049 t1 20 M. Table 2
(parts by weight) Example A 78 Epoxy resin (a)3030 



Flame Retardant1313 Phenol-Novolak Resin5555 Curing Promoter11 Premix of
Carbon Black/Epoxy Resin (a)7777 (1/10) Flame Retardation Promoter1111 Nbld
Release11 Inorganic Filler (1-a)1000 Inorganic Filler (1-b)300600 Inorganic
Filler (1-c)2000 larger than Content of All1.70.0 C pm b ar - on-Coated,
larger than Fused Silica5.85.0 P  ti 30 pm l ar  c  es (ppm)larger
than11.710.0 



2 0 fLm 32 Table 3 (parts by weight) Comparative Example A 123456 Epoxy
resin (a)303030303030 Flame Retardant131313131313 Phenol-Novolak
Resin555555555555 Curing Promoter111111 Premix of Carbon Black/Epoxy Resin
(a) (1/10)777777777777 Flame Retardation Promoter111111111111 Mold
Release111111 Inorganic Filler (1-a)1200600400600400300 Inorganic Filler
(1-b)005000100200 Inorganic Filler (1-c)06003000100100 larger than Content
of All10.05.03.310.06.75 0 C  b 60  -C pmI. t  d ar  on 



oa  e  , larger than Fused Silica20.010.08.820.014.211 7 Particles30 m.
larger than (ppm)40.020.017.540.028.323.3 20  Fm Table 1' (parts by weight)
Example A' 123456 Epoxy resin (a)303030303030 Flame Retardant131313131313
Phenol-Novolak Resin555555555555 Curing Promoter111111 Premix of Carbon
Black/Epoxy 777777777777 Resin (a) (1/10) Flame Retardation
Promoter111111111111 Mold Release111111 Spherical Fused Silica
12001000800600600500 Particles (2-a) Spherical Fused Silica 



02004006000100 Particles (2-b) 33 Table 2' (parts by weight) Example A' 78
Epoxy resin (a)3030 Flame Retardant1313 Phenol-Novolak Resin5555 Curing
Promoter11 Premix of Carbon  Black/Epoxy Resin (a) 7777 (1/10) Flame
Retardation Promoter1111 Mold Release11 Spherical Fused Silica 400300
Particles (2-a) Spherical Fused Silica 200300 Particles (2-b) Table 3'
(parts by weight) Comparative Example A' 123456 Epoxy resin (a)303030303030
Flame Retardant131313131313 Phenol-Novolak Resin555555555555 Curing
Promoter111111 Premix of Carbon Black/Epoxy 777777777777 



Resin (a) (1/10) Flame Retardation Promoter111111111111 Mold Release111111
Spherical Fused Silica 03005000100200 Particles (2-a) Spherical Fused
Silica 1200900700600500400 Particles (2-b) 34 Table 1" (parts by weight)
Example All 123456 Epoxy resin (a)303030303030 Flame Retardant1313131313
1113 Phenol-Novolak Resin5555555555- 55 Curing Promoter111111 Premix of
Carbon Black/Epoxy 777777777777 Resin (a) (1/10) Flame Retardation
Promoter111111111111 Mold Release111111 Spherical Fused Silica
12001000800600600500 Particles (3-a) Spherical Fused Silica 02004006000100
Particles (3-b) Table 2" (parts by weight) Example All 78 



Epoxy resin (a)3030 Flame Retardant1313 Phenol-Novolak Resin5555 Curing
Promoter11 Premix of Carbon  Black/Epoxy Resin (a) 7777 (1/10) Flame
Retardation Promoter1111 Mold Release11 Spherical Fused Silica 400300
Particles (3-a) Spherical Fused Silica 200300 Particles (3-b) 35
Comparative Example A" 123456 Epoxy resin (a)303030303030 Flame
Retardant131313131313 Phenol-Novolak Resin555555555555 Curing
Promoter111111 Premix of Carbon Black/Epoxy 777777777777 Resin (a) (1/10)
Flame Retardation Promoter111111111111 Mold Release111111 Spherical Fused
Silica 03005000100200 Particles (3-a) 



Spherical Fused Silica 1200900700600500400 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 175C for 120 seconds) and post-cured at 175C for 5
hours to give a semiconductor device as in Fig. 3. This  package is 208-pin
QFP (quad flat package). Package Form: 10 208-pin QFP (quad flat
package)-type, size 28 an x 28 mm  x 2.8 mm thickness. Semiconductor chip
3, size 10 mm x 10 min x 370 dim  thickness. Metal lead frame 7: copper
(size, 11 mm x 11 mm x 100 m  15 thickness). Wire 6: gold, diameter 25 pm,
pitch 85 pm, wire-to-wire  distance 60 M. Table 3" (parts by weight) 36 The
semiconductor devices produced in the manner as  above were analyzed and
evaluated in point of the  occurrence of short circuits therein.
Concretely, the  electric resistance value between the neighboring inner 5
leads 8 not electrically connected to each other on the  semiconductor chip
was measured, and when it was 1 kS or  smaller, then it means that the
neighboring inner leads 8  short-circuited. 3000 samples were tested, and
the number  of the short-circuited ones thereof was counted. The 10 results
are given in the following Tables 4 to 6, Tables 4'  to 6' and Tables 4" to
6". Table 4 



Example A 123456 Number of Failed Samples with short circuits (/3000000000
samples tested) 15 Table 5 Example A 78 Number of Failed Samples with short
circuits (/300000 samples tested) Table 6 Comparative Example A 123456
Number of Failed Samples with short circuits (/3000731532 samples tested)
37 Table 4' Example A' 123456 Number of Failed Samples with short circuits
(/3000000000 samples tested) Table 5' Example A' 78 Number of Failed
Samples with short circuits (/300000 samples tested) 5 Table 6' 



Comparative Example A' 123456 Number of Failed Samples with short circuits
(/30001063752 samples tested) Table 4" Example All 123456 Number of Failed
Samples with short circuits (/3000000000 samples tested) Table 5" Example
All 78 Number of Failed Samples with short circuits (/300000 samples
tested) 10 38 Table 6" Comparative Example All 123456 Number of Failed
Samples with short circuits (/3000421321 samples tested) As in the above
Tables 4 to 6, Tables 4' to 6' and  Tables 4" to 6", no short circuit
occurred in the samples  5 of Examples of the invention. As opposed to
these, however, short circuits occurred in the samples of  Comparative
Examples in which the content of carbon-coated  fused silica particles was
more than 2.5 ppm of the  inorganic filler used. In addition, short
circuits also 



10 occurred in the samples of Comparative Examples in which  the content of
the spherical fused silica particles that  had been produced by the use of
the combustion heat of  propane gas and oxygen gas according to a
conventional  method was more than 50 % by weight of the inorganic filler
15 used. (2) Encapsulation of Semiconductor Device B: Examples B1 to B8,
Comparative Examples B1 to B6, Examples  B1' to B8', Comparative Examples
B1' to B6', Examples B1"  to B8", Comparative Examples B1" to B6": 20 The
components shown in the following Tables 7 to 9,  Tables 7' to 9' and
Tables 7" to 9" were put into a  Henschel mixer in the ratio also shown in
these Tables, and  then mixed therein for 30 minutes. In this process, the
39 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 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. 10 Table 7
(parts by weight) Example B 123456 Epoxy resin (b)303030303030 Flame
Retardant131313131313 Phenol-Novolak Resin555555555555 Curing
Promoter111111 Premix of Carbon Black/Epoxy Resin (b) (1/10)777777777777 



Flame Retardation Promoter111111111111 Mold Release111111 Inorganic Filler
(1-b)500300200100250200 Inorganic Filler (1-c)70090010001100350400 larger
than Content of All0.00.00.00.00.00.0 C 60 b ar  on-Coated, larger than
Fused Silica2.11.30.80.42.11.7 P  ti 30 pm l ar  c  es larger than
(ppm)4.22.51.70.84.216.7 20 40 Table 8 (parts by weight) Example B 78 Epoxy
resin (b)3030 



Flame Retardant1313 Phenol-Novolak Resin5555 Curing Promoter11 Premix of
Carbon Black/Epoxy Resin (b)7777 (1/10) Flame Retardation Promoter1111 Mold
Release11 Inorganic Filler (1-b)150100 Inorganic Filler (1-c)450500 larger
than Content of All0.00.0 60 Carbon-Coated, larger than Fused Silica1.30.8
30 m Particles larger than (ppm)2.51.7 20 Table 9 (parts by weight)
Comparative Example B 123456 Epoxy resin (b)303030303030 Flame
Retardant131313131313 Phenol-Novolak Resin555555555555 Curing
Promoter111111 Premix of Carbon Black/Epoxy 777777777777 Resin (b) (1/10)
Flame Retardation Promoter111111111111 



Mold Release111111 Inorganic Filler (1-b)7008001100350400450 Inorganic
Filler (1-c)500400100250200150 larger than Content of All0.00.00.00.00.00.0
60 M Carbon-Coated, larger than Fused Silica2.93.34.62.93.33.8 30 m
Particles larger than (ppm)5.86.79.25.86.77.5 20 41 Table 7' (parts by
weight) Example B' 123456 Epoxy resin (b)303030303030 Flame
Retardant131313131313 Phenol-Novolak Resin555555555555 Curing
Promoter111111 Premix of Carbon Black/Epoxy 777777777777 Resin (b) (1/10)
Flame Retardation Promoter111111111111 Mold Release111111 Spherical Fused
Silica 12001000800600600500 Particles (2-a) Spherical Fused Silica
02004006000100 



Particles (2-b) Table 8' (parts by weight) Example B' 79 Epoxy resin
(b)3030 Flame Retardant1313 Phenol-Novolak Resin5555 Curing Promoter11
Premix of Carbon  Black/Epoxy Resin (b) 7777 (1/10) Flame Retardation
Promoter1111 Mold Release11 Spherical Fused Silica 400300 Particles (2-a)
Spherical Fused Silica 200 300 Particles (2-b) -11 42 Table 9' (parts by
weight) Comparative Example B' 123456 Epoxy resin (b)303030303030 Flame
Retardant131313131313 Phenol-Novolak Resin555555555555 Curing
Promoter111111 Premix of Carbon Black/Epoxy 777777777777 



Resin (b) (1/10) Flame Retardation Promoter111111111111 Mold Release111111
Spherical Fused Silica 03005000100200 Particles (2-a) Spherical Fused
Silica 1200900700600500400 Particles (2-b) Table 7" (parts by weight)
Example B" 123456 Epoxy resin (b)303030303030 Flame Retardant131313131313
Phenol-Novolak Resin555555555555 Curing Promoter111111 Premix of Carbon
Black/Epoxy 777777777777 Resin (b) (1/10) Flame Retardation
Promoter111111111111 Mold Release111111 Spherical Fused Silica
12001000800600600500 Particles (3-a) Spherical Fused Silica 0200400600 0100
Particles (3-b)L 43 Example B" 78 Epoxy resin (b)3030 



Flame Retardant1313 Phenol-Novolak Resin5555 Curing Promoter11 Premix of
Carbon  Black/Epoxy Resin (b) 7777 (1/10) Flame Retardation Promoter1111
Mold Release11 Spherical Fused Silica 400300 Particles (3-a) Spherical
Fused Silica 200300 Particles (3-b) Comparative Example B" 123456 Epoxy
resin (b)303030303030 Flame Retardant131313131313 Phenol-Novolak
Resin555555555555 Curing Promoter111111 Premix of Carbon Black/Epoxy
777777777777 Resin (b) (1/10) Flame Retardation Promoter111111111111 Mold
Release111111 Spherical Fused Silica 03005000100200 Particles (3-a)
Spherical Fused Silica 1200900700600500400 



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 175C for 1 minute and  then post-cured at 175C for 5
hours) into a single- encapsulated semiconductor device as in Fig. 2. Table
8" (parts by weight) Table 9" (parts by weight) 44 Package Form: Ball grid
array (BGA)-type, size 35 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
jam  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 gm, pitch 50 m, wire-to-wire  distance 30 jm. 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 123456 Number of Failed
Samples with short circuits (/3000000000 samples tested) 



20 45 Table 11 Example B 78 Number of Failed Samples with short circuits
(/300000 samples tested) Table 12 Comparative Example B 123456 Number of
Failed Samples with short circuits (/30005810469 samples tested) 5 Table
10' Example B' 123456 Number of Failed Samples with short circuits
(/3000000000 samples tested) Table 11' Example B' 78 Number of Failed
Samples with short circuits (/300000 samples tested) Table 12' Comparative
Example B' 123456 Number of Failed Samples with short circuits
(/3000352213261911 samples tested) 



10 46 Table 10" Example B" 123456 Number of Failed Samples with short
circuits (/3000000000 samples tested) Table 11" Example B" 7B Number of
Failed Samples with short circuits (/300000 samples tested) 5 Table 12"
Comparative Example B" 123456 Number of Failed Samples with short circuits
(/300012921161 samples tested) As in the above Tables 10 to 12, Tables 10'
to 12'  and Tables 10" to 12", no short circuit occurred in the  samples of
Examples of the invention. As opposed to these, 10 however, short circuits
occurred in the samples of  Comparative Examples in which the content of
carbon-coated  fused silica particles was more than 2.5 ppm of the
inorganic filler used. in addition, short circuits also  occurred in the
samples of Comparative Examples where the 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, 



47 shorts circuits also occurred in the samples of Comparative  Examples
where the inorganic filler in the encapsulation  material used contained
more than 50 % by weight of  spherical fused silica particles that had been
produced by 5 the use of the combustion heat of propane gas and oxygen  gas
according to a conventional method. (3) Encapsulation of Semiconductor
Device C: Examples C1 to C8, Comparative Examples C1 to C6, Examples  Cl'
to C8', Comparative Examples C1' to C6', Examples Cl"  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. 48 Table 13 (parts by weight) Example
C 123456 Epoxy resin (b)303030303030 Flame Retardant131313131313
Phenol-Novolak Resin55551 55551 5555 Curing Promoter111111 Premix of Carbon
Black/Epoxy 



Resin (b) (1/10)777777777777 Flame Retardation Promoter111111111111 Mold
Release111111 Inorganic Filler (1-d)Soo300200100250200 Inorganic Filler
(1-c)70090010001100350400 larger than Content of All0.00.00.00.00.00.0 60
nmII Carbon-Coated, larger than Fused Silica2.11.30.80.42.11.7 P  ti 30 nm
l ar  c  es larger than (ppm)14.22.51.70. 8U4.216.7 20 nm III Table 14
(parts by weight) Example C 78 Epoxy resin (b)3030 Flame Retardant1313
Phenol-Novolak. Resin5555 Curing Promoter11 Premix of Carbon 



Black/Epoxy Resin (b)7777 (1/10) Flame Retardation Promoter1111 Mold
Release11 Inorganic Filler (1-d)150100 Inorganic Filler (1-c)450500 i
'larger than Content of All0.00.0 60 nm Carbon-Coated, larger than Fused
Silica1.30.8 30 nm Particles larger than (ppm)2.51.7 2 0 nin 49 Table 15
(parts by weight) Comparative Example C 123456 Epoxy resin (b)303030303030
Flame Retardant131313131313 Phenol-Novolak Resin555555555555 Curing
Promoter111111 Premix of Carbon Black/Epoxy Resin (b) (1/10)777777777777
Flame Retardation Promoter111111111111 Mold Release111111 Inorganic Filler
(1-d)7008001100350400450 



Inorganic Filler (1-c)500400100250200150 larger than Content of
All0.00.00.00.00.00 0 60 nm. Carbon-C  t  d oa  e  , larger than Fused
Silica2.93.34.62.93.33 B Particles30 nm.  (ppm)larger than 20
nm5.86.79.25.86.77.5  Table 13' (parts by weight) Example C' 123456 Epoxy
resin (b)303030303030 Flame Retardant3.31313131313 Phenol-Novolak
Resin555555555555 Curing Promoter111111 Premix of Carbon Black/Epoxy Resin
(b) (1/10)777777777777 



Flame Retardation Promoter111111111111 Mold Release111111 Spherical Fused
Silica Particles (2-c)12001000800600600500 Spherical Fused Silica Particles
(2-d)0200 400 600 0100 LI- I 50 Table 14' (parts by weight) Example C' 7B
Epoxy resin (b)3030 Flame Retardant1313 Phenol-Novolak Resin5555 Curing
Promoter11 Premix of Carbon  Black/Epoxy Resin (b) 7777 (1/10) Flame
Retardation Promoter1111 Mold Release11 Spherical Fused Silica 400300
Particles (2-c) Spherical Fused Silica 200300 Particles (2-d) Table 15'
(parts by weight) 



Comparative Example C' 123456 Epoxy resin (b)303030303030 Flame
Retardant131313131313 Phenol-Novolak Resin555555555555 Curing
Promoter111111 Premix of Carbon Black/Epoxy 777777777777 Resin (b) (1/10)
Flame Retardation Promoter111111111111 Mold Release111111 Spherical Fused
Silica 03005000100200 Particles (2-c) Spherical Fused Silica
1200900700600500400 Particles (2-d) 51 Table 13" (parts by weight) Example
C" 123456 Epoxy resin (b)303030303030 Flame Retardant1313131313i3
Phenol-Novolak Resin555555555555 Curing Promoter111111 Premix of Carbon
Black/Epoxy777777777777 Resin (b) (1/10) Flame Retardation
Promoter111111111111 Mold Release111111 Spherical Fused Silica Particles
(3-c) Spherical Fused Silica  



Particles (3-d) 1200 0 Table 14" (parts by weight) 1000 200 Example C" 78
Epoxy resin (b)3030 Flame Retardant1313 Phenol-Novolak Resin5555 Curing
Promoter11 Premix of Carbon  Black/Epoxy Resin (b) 7777 (1/10) Flame
Retardation Promoter1111 Mold Release11 Spherical Fused Silica 400300
Particles (3-c) Spherical Fused Silica 200300 Particles (3-d) 800 400 600
600 600 0 500 



100 52 Table 15" (parts by weight) Comparative Example C" 123456 [Epoxy
resin (b)303030303030 Flame Retardant131313131313 Phenol-Novolak
Resin555555555555 Curing Promoter111111 Premix of Carbon Black/Epoxy 77 77
77 77 77 77 Resin (b) (1/10) 111111111111 IFlame Retardation Promoter Mold
Release11111 Spherical Fused Silica  Particles (3-c) 0 300 500 0 100 200
Spherical Fused Silica 1200900700600500400 Particles (3-d) 



Using the thus-obtained tablets of each epoxy resin  composition, a
semiconductor chip mounted on an insulating 5 substrate was transfer-molded
(at 175C for 1 minute and  then post-cured at 175C 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  10 mm x 1
mm thickness. Resin encapsulation layer 4a (of cured epoxy resin
composition), size 12 mm x 12 mm x 600 m thickness.  Semiconductor chip 3,
size 10 mm x 10 mm x 370 m  thickness. 15 Insulating substrate 1,
bismaleimidotriazine (BT)  resin/glass cloth substrate (size, 14 mm x 14 mm
x 300 dam  thickness). 53 Interconnection electrode 2, gold bump, diameter
20 pm,  pitch 50 pm, bump-to-bump distance 30 p.im. Thus produced, the
semiconductor devices were  analyzed and evaluated in point of the
occurrence of short  5 circuits therein in the same manner as above.
Concretely, the electric resistance value between the neighboring gold
bumps not electrically connected to each other was  measured, and when it
was 1 kO 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 Number of
Failed Samples  with short circuits (/3000  samples tested) 



123456 000000 15 Table 17 Example C 78 Number of Failed Samples with short
circuits (/300000 samples tested) Table 18 Comparative Example C 123456
Number of Failed Samples with short circuits (/300039123711 samples tested)
54 Table 16' Example C' 123456 Number of Failed Samples 000000 with short
circuits (/3000 Samples tested) Table 17' Example C' 78 Number of Failed
Samples with short circuits (/300000 samples tested) 5 Table 18' Number of
Failed Samples  with short circuits (/3000 I 



29 Comparative Example C' 2 19 samples tested) 3 10 4 23 5 17 6 8 Table
16"Example C" 121 3456 Number of Failed Samples 000000 with short circuits
(/3000 samples tested) Table 17" Example C" 78 Number of Failed Samples
with short circuits (/300000 samples tested) 10 55 Table 18" Comparative
Example C" Number of Failed Samples123456 with short circuits (/3000
13521131 



samples tested) As in the above Tables 16 to 18, Tables 16' to 18'  and
Tables 16" to 18", no short circuit occurred in the 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 use 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 56 encapsulation is formed
of a cured product of an epoxy  resin composition that contains an
inorganic filler (C)  with at most 2.5 ppm of carbon-coated inorganic
filler  particles (c) having a particle size larger than the 5
interconnection electrode or conductor wire distance in the  semiconductor
device. Accordingly, the semiconductor  device is highly reliable and is
free from the problem of  short circuits to be caused of electric
interconnection  between the interconnection electrodes or between the 



10 conductor wires in the device. Another type of the epoxy resin
composition for  semiconductor encapsulation of the invention contains an
inorganic filler (C) with at least 50 % by weight of  spherical fused
silica particles (c') for which the heat 15 source in fusion is the
combustion heat of a heat source  material not causing carbon deposition on
the surfaces of  the spherical fused silica particles and oxygen gas. When
the epoxy resin composition of the type is used for semiconductor
encapsulation, it also realizes semiconductor  20 devices of high
reliability that are free from the problem  of short circuits to occur
therein. While the invention has been described in detail  and with
reference to specific embodiments thereof, it will  be apparent to one
skilled in the art that various changes 25 and modifications can be made
therein without departing  from the scope thereof. 57 This application is
based on Japanese patent  applications No. 2002-328726 filed November 12,
2002, No.  2002-339797 filed November 22, 2002, and No. 2002-339798  filed
November 22, 2002, the entire contents thereof being  hereby incorporated
by reference. 58 WHAT IS CLAIMED IS: 1. An epoxy resin composition for
semiconductor  encapsulation, which comprises the following components (A)
to (C): 5 (A) an epoxy resin,  (B) a phenolic resin, (C) an inorganic
filler capable of preventing  semiconductors from short-circuiting in a
step of  



semiconductor encapsulation with the epoxy resin  10 composition. 2. The
epoxy resin composition for semiconductor  encapsulation as claimed in
claim 1, wherein the inorganic  filler (C) contains at most 2.5 ppm of
carbon-coated 15 inorganic filler particles (c) having a particle size
larger than the interconnection electrode distance or  conductor wire
distance in a semiconductor device which is  to be encapsulated by the use
of the composition and  comprises a semiconductor chip mounted on an
insulating 20 substrate or a lead frame and in which the semiconductor
chip is electrically interconnected to the insulating  substrate or the
lead frame via an interconnection  electrode or a conductor wire. 25 3. The
epoxy resin composition for semiconductor  encapsulation as claimed in
claim 1, wherein the inorganic 59 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 5 fused silica particles
and oxygen gas. 4. The epoxy resin composition for semiconductor
encapsulation as claimed in claim 3, wherein the spherical  fused silica
particles (c') are produced from a siliceous 10 material which is fed into
a furnace through a double- walled burner that comprises concentric inner
and outer  tubes and multiple small tubes provided between the inner  and
outer tubes, in such a manner that the siliceous  material is via the inner
tube, the heat source material 15 for fusion not causing carbon deposition
on the surfaces of  the spherical fused silica particles is via the small  



tubes, and oxygen gas is via the space between the small  tubes and the
outer tube, and which is fused by the gas  combustion in the furnace. 20 5.
The epoxy resin composition for semiconductor  encapsulation as claimed in
claim 3, wherein the heat  source material for fusion not causing carbon
deposition on  the surfaces of the spherical fused silica particles is 25
hydrogen gas. 60 6. The epoxy resin composition for semiconductor
encapsulation as claimed in claim 3, wherein the heat  source material for
fusion not causing carbon deposition on  the surfaces of the spherical
fused silica particles is a 5 mixture of oxygen gas and combustible
hydrocarbon gas. 7. A semiconductor device with a semiconductor chip
encapsulated in the epoxy resin composition of claim 1. 10 8. The
semiconductor device as claimed in claim 7,  wherein the semiconductor chip
mounted on an insulating  substrate or a lead frame is electrically
interconnected to  the insulating substrate or the lead frame via an
interconnection electrode or a conductor wire and is 15 encapsulated in a
layer of the epoxy resin composition. 61 


