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BACKGROUND OF THE INVENTION

5~ FIELD OF THE INVENTION

The preéent invention relates to a silica filler
which has a low thermal expansion property and an
electrical insulation property, which is blended with a
synthetic resin material and used for encapsulating

10 semiconductor chips. More particularly, it relates to a
silica filler which, when blended with various synthetic
resins, provides a high level of loading and high
flowability without lowering the strength of the
encapsulating compound.

15 DISCUSSION OF BACKGROUND

Recently, in semiconductor industry, high performance
of an encapsulating compound for semiconductor chips has
been required along with a progress in high integration
of semiconductors. To meet the requirement for high

20 performance, various synthetic resins have been
developed, and on the other hand, various materials have
been developed as the filler.

For example, a surface mounting type package is
exposed in its éntirety to a high temperature during the

25 soldering process, whereby the moisture absorbed in the
package is rapidly vaporized, and in the case of a thin

‘package, package cracks are likely to form.



of sem conductors. To neet the requirenment for high 20 perfornmance,

various synthetic resins have been devel oped, and on the ot her hand,
various materials have been devel oped as the filler. For
exanpl e, a surface nounting type package is exposed in its entirety to
a high tenperature during the 25 soldering process, whereby the noisture
absorbed in the package is rapidly_vagporized, and in the case of a
thin package, package cracks are likely to form

-2- Therefore,_ it has been proposed to_have a fuse g silica
filler highly |oad"é’ae¥6f9éaucbtthis &R{DEPDGsed to 'H?&Foéc BFedepoxy
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' ggggfd}ggly, a r| SI$$ g#gg %gé{agglﬂggé?omhblllty even
under a high lﬁ@%@&@kfoﬁgﬁﬁi5"55ﬁvé£@iona1 filler of pulverized type,
5 if the loading ratio is increased, the viscosity tends to
increase to bring about a problem in moldability.
Accordingly, a spherical silica filler excellent in
flowability even under a high loading condition of the
filler, has been used. BHeretofore, it has been
10 considered that as the filler is close to complete round,
the loading property, the flowability and the anti-mold
abrading property will improve, and a filler having a
high degree of roundness has been desired. For example,
JP-A-3-66151 and JP-A-3-177450 propose to use, as an
15 index for sphericity, "(Wadell's sphericity" represented
by "the diameter of a circle equal to the projected area
of a particle) + (the diameter of the minimum circle
circumscribing the projected image of the particle)", and
propose a filler having a sphericity of this value being.
20 from 0.7 to 1.0. However, for current high loading
requirement, flowability is still low even when a filler
having this value being at least 0.7, is employed, and a
further improvement has been desired.
Further, a study has been made to improve the loading
25 property or the anti-flash property by optimizing the
particle size distribution éf the filler. JP-A-7-25607

discloses that when particles having a particle size of



fill'er, has been used. Heretofore, it has been 10 considered that as the
filler' is close to conplete round, the | oadi ng property, the
flowability and the anti-nold abradi ng property will inprove, and a
filler having a hi gh degree of roundness has been desired. For

exanpl e, JP- A-3-66151 and JP-A-3-177450 propose to use, as an 15

i ndex for sphericity, "(Wadell's sphericigy’ represented by "the
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flowability.

If the loading ratio of a filler is increased, there
will be a problem such that the flowability of the
encapsulating compound tends to be low, and the

10 moldability or the like tends to deteriorate. The filler
is required to have a low thermal expansion property and
an electrical insulating property by itself, and besides,
it is required to have a loading property, flowability,
strength-retaining property and anti-mold abrading

15 property, whereby the performance as an encapsulating
compound can be maintained és blended in a large amount
to various synthetic resins.

SUMMARY OF THE INVENTION

The present inventors have qonducted an extensive

20 research to obtain a silica filler having a high loading
property and high flowability, and have found that the
most harmful particles which deteriorate the flowability,
are those having surface irregularities increased by
aggregation during fusing or by fusion of particles to

25 one another. They have also found that the ?roundness"
represented by "(the projected area of a particle) + (the

area of a circle having the same circumference as the



-3- 7 at least 32 [err]mare at |east 40% and the nunerical val ue

obt ai ned by dividing the content of particles having a particle size
of 'at nmost 32 [err] mby the content of particles having a particle
size of at nost 3 [err]m is at 5 nost 3, such will contribute to

| nprovenent of the flowability. If the loading ratio of a
filler is increased, there w ll be_asproblemsuch that the flowability
of the encapsul ati ng conpound tends to be low, and the 10

mol dability or the like tends to deteriorate., The filler is required
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The present inventors ve conduct an extensive

silica fillLer havisee akighhoadidgell s sPHAEdMANG i Mayakidity, and
have found™that the
ratio", since the projected perimeter of the particle is
used for the determination. They have also studied the
relation befween the particle size distribution of silica
and the roundness, and have found a filler whereby high
10 . flowability and high strength can be maintained even when
loaded in a large amount, a method for its preparation
and a resin composition for encapsulating semiconductor
chips having such a filler loaded therein.
It is an object of the present invention to solve the
15 above-mentioned problems.

The present invention provides a silica filler
containing from 30 to 90 wt$ of particles having a
particle size of at least 30 um, wherein the roundness of
the particles having a particle size of at least 30 um,

20 is from 0.83 to 0.94. Preferably, the roundness of the
particles having a particle size of less than 30 um is
from 0.73 to 0.90.

Further, the present invention provides a resin

composition for encapsulating semiconductors, which
25 contains from 80 to 95 wt% of such a silica filler.
Still further, the present invention provides a

method for producing such a silica filler, which



nost’ harnful particles which deteriorate the flowability, are those -

havi ng surface irregularities increased by aggregation during fusing

or ‘by fusion of particles to 25 one another. They have al so found that

t he "roundness” represented by "(the projected area of a particle) +

(the area of a circle having the sanme circunference as the

-4- projected perineter of the partigle)"”, is useful as an I ndex
for the proportion of such harnful particles present. The "roundness”
has a feature that ,it nore d|| ts the |rre ularities of the
particle 5 COMPTASES ﬁ‘a?r?'”t%@ @"3&5 B arFa9%spect

h d d f h
et or i nat | on PATY Wagd 28 sfrr & %ﬁe%efgﬂar#'éf sepipdngat et
por 10 75120 g B LR HRing o LIS lAUIIIES . ALIAY

found a filler mhereb can be

mai ntai ned eveg WA ra nRAYRd 41 AR HPUHY i ATl S

preparation
5 gas—oxygen flame while supplying it at such a rate that

the ratio of the amount (kg) of the silica powder raw
material to the amount (Nm3) of the combustible gas is
within a range of from 1 to 4 (based on the calorific
value of propane gas).

10 The present inventors have pursued a spherical silica
close to complete round, and in the course of the
pursuit, they have found a fact that if the roundness is
too high, the flexural strength tends to deteriorate when
such a filler is incorporated in a high proportion.

15 Namely, when the roundness of particles having a particle
size of at least 30 gm i.e. slightly large particles, is
from 0.83 to 0.94, high flexural strength can be
maintained without impairing overall flowability.

As a result of further pursuit, it has been found

20 that the particle size distribution of the starting
material fine powder contributes substantially to the
roundness of the filler after fusing, and if fine powder
of at most 10 um is present in a large amount in the
silica raw material powder, such fine powder is likely to

25 aggregate during fusing or adhere to coarse particles to
deteriorate the roundness and at the same time to

increase the average particle size.



and a resin conposition for encapsulating semnm conduct or chi ps havi ng
such a filler |oaded therein. It is an object of the present
_invention to solve the 15 above-nentioned problens. The present
invention provides a silica filler containing from30 to 90 wt % of
particles having a particle size of at least 30 [err]m wherein the
roundness of the particles having a gart icle size of at |east 30
[errfm 20 is fromO0.83 to 0.94. Preferably, the roundness of the
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sphericity of particles having a particle size of from 30
5 to 100 um can effectively be carried out.
The present invention provides a silica filler having
a preferred particle size distribution and the optimal
roundness and having a high loading ratio to various
resins useful for encapsulating semiconductor chips, and
10 a method for its preparation, and it also provides an
encapsulating compound having high flexural strength,
which is obtained by highly loading such a filler.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The silica raw material to be used as a starting

15 material of the present invention, is prepared by
pulverizing silica stone, rock crystal or silica sand
composed of Si0O, of high purity and relatively good
quality, by a means such as a vibration mill, or by such
pulverization followed by classification. Otherwvise, a

20 powder after classification containing high purity SiO,
may be used. In short, it may be one having high purity
and having an average particle size of from 20 to 70 um,
wherein the content of fine powder having a particle size
of at most 10 ym is not more than 25 wtg. If the

25 particle size of the silica fine powder is outside the
range of from 20 to 70 gm, it tends to be difficult to

obtain the desirable roundness and particle size
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been found 20 that the particle size distribution
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the filler after fusing, and if fine powder of at nost 10

papticlea kahde aopdeterdorbee, and at the same time, the
average particle size tends to increase.

The particle sizé of the silica filler obtained by
fusing treatment is such that the content of particles
having a particle size of at least 30 um is from 30 to 90
wts, preferably from 33 to 70 wtg. If it is less than 30
wt%, no adequate flowability tends to be obtained, and
when a resin composition for encapsulating semiconductors
is prepared, the flexural strength tends to be low. On
the other hand, if it exceeds 90 wt%, no_adequate
flowability tends to be obtained.

The roundness is obtained by image analysis of a
projected image of each particle, obtained by e.g. a
scanning electron microscope or a stereoscopic
microscope. In the present invention, as the scanning
electron microscope, JSM-T200 Model, manufactured by
Nippon Denshi K.K., was used, and as the image analyzing
apparatus, one manufactured by Nippon Abionics K.K. was
used. However, similar numerical values can be obtained
also when products by other companies are used.

The roundness is defined by "(the projected area of a

particle) + (the area of a particle having the same



silfca raw material powder, such fine powder is likely to 25 aggregate

during fusing or adhere to coarse particles to deteriorate the
roundness and at the sane tinme to i ncrease the average particle size.
- 6- Accordi ngly, by renoving fine powder and by reducing t he
f eedi ng amount of the silica powder raw materi al relative to the

amount of the conbustible gas, unified- g . sphericity of particles having
a particle size of from 30 5to 100 [err]mcan effectively be carried

out . .The present invention proyides a.silica filler having a
preferred parFFEFBmEFEQn&FSFFigg?i85°gﬁﬁ¥9ae98§fﬁﬁ§F% ot tlP%undness and
havi ng a hi gh Io%dieg Latio to various resins useful for encapsulating
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5 perimeter (PM) of the object are measured from a
microscopic photograph. When the area of complete round
with a perimeter which equal to PM is B, the roundness is
represented by A/B..

When complete round with the same circumferential

10 length as the perimeter (PM) of the object, is assumed,

PM = 2 nr (1)

B = nr? (2)
Accordingly, from the formula (1), r = PM/2x (3)

When the formula (3) is substituted for the formula (2),
15 B =n=x X% (PM/2r)2.

Accordingly B = (PM)%/4n (4)

Thus, the roundness = A/B = A x 4x/(PM)2 (5)

By substituting the actually measured values A and PM
for the formula (5), the roundness of each individual

20 particle can be calculated.

Sampling of particles is carried out to represent the
particle size distribution of the powder, followed by
measurement. The object particles are grouped by the
particle sizes of measured particles (circle-

25 corresponding diameters = diameters of complete round
having areas equal to the projected areas: Heywood

diameter), and the roundness of particles of at least 30



The'silica raw naterial to be used as a starting 15 material of the

present invention, is prepared by pul verizing silica stone, rock
crystal or silica sand conposed of Si2 of high purity and relatively
good quality, by a neans such as a vibration mll, or by such

pul verization followed by classification. Qtherwise, a 20 powder after
classification containing high purity Sderr] may be used. In short,
it may be one having high purity and havi ng an average particle size

of from?20 to 70 wh [ he ., ' '
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tends to adhen@ili@bility of the measured values. However, taking also
the measuring time into consideration, it is usual to
determine the roundness as an average value of about 100
particles.
The roundness of silica filler particles having a

10 particle size of at least 30 um is from 0.83 to 0.94,
preferably from 0.84 to 0.93. If the roundness of the
silica filler particles is less than 0.83, the
flowability tends to be inadequate, and when highly
loaded to a resin for semiconductor chips, the

15 moldability tends to be poor, and the flexural strength
tends to be low. Further, if the roundness exceeds 0.94,
the flexural strength tends to deteriorate when such
filler particles are highly loaded in a resin for
semiconductor chips.

20 Further, with respect to the silica filler particles
having a particle size of less than 30 um, the roundness
is preferably from 0.73 to 0.90, more preferably from
0.75 to 0.85. When the roundness of the silica filler
particles having a particle size of less than 30 um, is

25 from 0.73 to 0.90, the flowability and the flexural
strength when such particles are highly loaded to a

resin, will further be improved.



5 coarse particles, whereby the roundness of the coarse particles

tends'to deteriorate, and at the sane time, the average particle size
tends to increase. The particle size of the silica filler obtained
by fusing treatnment is such that the content of particles 10 having a
particle size of at least 30 [err]mis from30 to 90 wt% preferably
from33 to 70 % If it is less than 3019 - W% no adequate flowability
tends to be obtai ned, and when a resin conposition for encapsul ating
sem conduct ors is prepar,ed, the flexural, strength tends be ow. On
15 the ot her hand?Wefﬁﬂ% §395qmmﬁ?eﬁ&a&d ﬁhinusedplgﬁé%b ility tends
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one manufact ur by Nppon Abionics K. K. was used. However, simlar
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are used. The roundnesS is defined by "(the projected area of a

type epoxy resin or a bishydroxybiphenyl type epoxy
resin, may, for example, be mentioned. For an epoxy
resin, a curing agent such as phenol or cresol is usually
employed. Further, as a synthetic resin material, a

10 . polymaleimide compound having two or more maleimide
groups, may also be mentioned.

To such a synthetic resin material, the silica filler
of the present. invention is loaded in an amount of from
80 to 95 wt: based on the entire composition. If the

15 loading ratio is less than 80%, the thermal expansion of
the encapsulating compound tends to be large, and if it
exceeds 95 wt%, the flowability tends to be low.

To the synthetic resin material, other additives such
as a curing agent, a curing accelerator, a release agent,

20 a coloring agent, etc., may be incorporated.

To produce the silica filler of the present
invention, a silica powder having an average particle
size of from 20 to 70  m and containing at most 25 wtg of
particles having a particle size of-at most 10 gm, is

25 used as a raw material, and the raw material_is
spheroidized by thermal spraying into a combustible gas-

oxygen flame using oxygen as a carrier gas. As the



particle) + (the area of a particle having the same

- 8- circunference as the projected perineter of the particle)"
As'the method for deternining the roundness, firstly t he projected
area (A) of the object and the projected 5 perinmeter (PM of the object
are neasured froma m croscopi ¢ phot ograph. Wen the area of conplete
round with a perineter which equal {9 PMis B, the roundness is
represented by A/ B. When conplete round mﬁth t he sane

circunferenti al ngth as the peri S t he ob ect IS
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AB = AX 4[err]/§ﬁ§9[éﬂg]tﬂaihal spraying, the ratio of the amount
5 (kg) of the silica powder raw material to the amount
(Nm3) of the combustible gas, is adjusted to a level of
from 1 to 4, preferably from 1.5 to 3.5. The numerical
value of from 1 to 4 is a numerical value in a case where
propane gas is used as the combustible gas. The
10 calorific value of 1 Nm3 varies depending upon the
combustible gas, and a proper ratio of the amount (kg) of
the silica powder raw material to the amount (Nm3) of the
combustible gas likewise varies depending upon the type
of the combustible gas to be used. Accordingly, in the
15 present invention; such a ratio is expressed based on
propane gas which.is commonly used. Accordingly, when
other combustible gas is to be used, the ratio of the
calorific value of that gas to the calorific value of
propane gas is obtained, and the numerical value
20 corresponding to this ratio is a proper numerical value.
If the ratio of the amount (kg) of the silica powder
raw material to the amount of the combustible gas (Nm3 as
propane gas) is less than 1, the roundness of particles
having a particle size of at least 30 m tends to exceed
25 0.94, and if the above ratio exceeds 4, the roundness of
particles having a particle size of at least 30 um will

not reach 0.83. In either case, it tends to be difficult



By substituting the actually nmeasured values A and PM for the formula
(5), the roundness of each individual 20 particle can be calcul ated.
Sampling of particles is carried out to represent the particle size
distribution of the powder, followed by measur enent. The obj ect
particles are grouped by the particle sizes of neasured particles
(circle- 25 corresponding dianeters = gpameters of conplete round

having areas equal to the projected areas: Heywood di aneter), and the
roundness of ?art | es

3 . .
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The |l arger the nu €s I'n the respective groups

the higher thg cegsggk bhggayaggnghe ﬁﬁaéaﬁnedcxahgesitHﬁaﬁV% ulsell rm al so
t he measuring EFReSPh consideration, it Is usual det erm ne
roundness as gpoguer agbyahteoflf QbQUhliQQre with e.g. aluminum
5 nitride, silicon nitride, alumina, zirconia, boron
nitride, calcium carbonate or.talc.
Now, the present invention will be described in
further detail with reference to Examples and Comparative
Examples. However, it should be understood that the
10 present invention is by no means restricted by such
specific Examples.
EXAMPLES 1 to 3 and COMPARATIVE EXAMPLES 1 to 4
Natural silica stone was pulverized, or pulverized
and then classified, to obtain a silica powder raw
15 material having the characteristics as identified in
Table 1. The roundness of the silica powder raw material
was from 0.6 to 0.75.
Using such a silica powder as a raw material, it was
introduced by a carrier gas into a propane gas—oxygen
20 flame and fused and spheroidized. At that time, the
ratio of the amount (kg/hr) of the silica powder raw
material to the amount (Nm3/hr) of propane gas was 2.5,
and the discharge velocity of the raw material was from
25 to 35 m/sec.
25 The fused product was collected, and its average
particle size, the wt$ of particles having a particles

size of at least 30 uxm and the roundness of particles



particl es. The roundness of silica filler particles having a 10

particle size of at least 30 [err]mis fromO0.83 to 0.94, preferably
from0.84 to 0.93. If the roundness of the silica filler particles is
| ess than 0.83, the flowability tends to be inadequate, and when

hi ghly | oaded to a resin for sem conductor chips, the 15 noldability
tends to be poor, and the flexural strgn?? tends to be |low. Further,
i f the roundness exceeds O. 94 t he exur al strength tends to
deteriorate when such i.ller particles are highly |loaded in a resin
for sen1BGN&BGtGrP@ﬁFﬁ§1e sgze of Pﬁriﬁéﬁt WOt K ¥EFEMERSUTRE rsi | i ca

filler particle |cIe size,of Less than 30 [err]m the
roundnegs an stBFeFSFggFg FFE ntgey3 58 éagg hﬁre preferab{y f10n1
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| oaded to a resin rther e | mprove
5 measured by a laser diffraction system particle size

distribution measuring apparatus (CILAS Granurometer
"Model 715"). The same applies to the following Examples
and Comparative Examples.
EXAMPLES 4 to 6‘and COMPARATIVE EXAMPLES 5 to 6

10 Using the raw powder as used in Example 2, the raw
powder was introduced together with an oxygen carrier gas
into a propane gas-oxygen flame in the ratio of the
amount (kg) of the raw material to the amount (Nm3) of
propane gas, as identified in Table 2, and fused and

15 spheroidized. The average particle size of the obtained
filler, the wts of particles having a particle size of at
least 30 g#m and the roundness of particles having a
particle size of at least 30 gm, are shown in Table 2.
BEXAMPLES 7 to 15 and COMPARATIVE EXAMPLES 7 to 10

20 Separately prepared various types of spherical silica
were put together and thoroughly mixed to obtain a silica
filler having the wt$ of particles having a particle size
of at least 30 gm, the roundness of particles having a
particle size of at least 30 gm and the roundness of

25 particles having a particle size of less than 30 um, as
identified in Table 3. This filler was blended with

materials of the following formulation by a mixer to



- 10 - The synthetic resin material to be used in the pr esent
i.nvention is not particularly limted so long as it is a materi al
useful as an encapsul ati ng conpound for sem conduct or chips. For
exanpl e, an epoxy resin such as 5 a phenol novol ak type epoxy resin, an
o-cresol novol ak type epoxy resin or a bishydroxybi phenyl type epoxy
resin, may, for exanple, be nentioned. _Fgy an epoxy resin, a curing
agent such as phenol or cresol is usually enpl oyed. Further as a

synthetic resin ngteri %Q1 10, pol ymal ei mi de conmpound havi ng tmo or nore
mal ei nmi de Qﬁ?ﬁﬁb Hﬁﬁl &8 he nenti oned. To such a synthetic

resin material, the S|I|ca filler of the present invention is | oaded

in an anount of from 80 to 95 mﬂ@bbased E the entire conp05|t|on | f

the 15 |oading ra& isi}ica &idistpsddentid expansi t he
encapsul ating conpGti® t¥nds to be large, and if |t 82°p Eggéegg 95 wt %
the flowability tends to be | ow To the syntﬁgfﬂ resin material

other additives sqf —Bisf?ifié§g£§1 5¥3§y a curing accelerator, a

rel ease aggnt, 3,3',5,5'-tetramethylbiphenyl 4.4 parts by
weight

Phenol novolak resin (softening
point: 85°C) 2.3 parts by
weight

Triphenylphosphine (curing
accelerator) 0.2 part by weight

10 Ester wax (release agent) 0.6 part by weight
Carbon black (colorant) 0.1 part by weight

y—-glycidoxypropyl trimethoxysilane
(silane coupling agent) 0.4 part by weight

This blend product was heated and kneaded for 5
15 minutes by means of a mixing roll having a roll surface
temperature of 100°C, then cooled and pulverized to
obtain different type of epoxy resin composition. Using
the composition, the spiral flow and the flexural
strength of a molded product were measured, and the
20 results are shown in Table 3.

The spiral flow was measured in accordance with
EMMI1~-66 (Epoxy Molding Material Institute; Society of
Plastic Industry) using a spiral flow mold. The molding
temperature was 175°C.

25 ~ For the flexural strength, a test specimen in
accordance with ASTM (D790-58T) was molded under a

condition of 175° x 120 seconds by means of a low



20 a coloring agent, etc., may be incorporat ed. To produce the
silica filler of the present i nvention, a silica powder having an
average particle size of from20 to 70 [err] mand containing at nost
25 wt % of particles having a particle size of at nost 10 [err]m is
25 used as a raw material, and the raw material is spheroi di zed by
thermal spraying into a conbustlble gas-1 oxygen fl anme using oxygen as
a carrier gas. As the #%ustlble gas, a conbusti bl e gas
such as propan ane or. . acet

nﬁntlored 5egsureg§§aﬁggggrgo ﬂéPﬂoFXﬁB§nﬁgEﬁ§eé8;egxggP?ssﬁgsfage

t

material t Eatyhggaﬂ% fie' “bs2nd) chif, PHBE  SpratatinL roFSslta T8 et e "
to a |evel OfwistO %59331059 4t b ﬁeEgﬂé¥r£EQPE1bg aﬁgggﬁodTﬁﬁ numer1 ca

val ue of from I's a nunerlca pr opane gas
I's used as thg.ggPRNALELLSLtHAASTM $D790-58T), whereby the flexural

5 strength was measured.



10 "calorific value of 1 Nnferr] varies dependi ng upon the conbusti bl e

gas, and a proper ratio of the anmount (kg) of the silica powder raw
material to the amount (Nnferr]) of the conmbusti bl e gas |ikew se
vari es dependi ng upon the type of the conbustible gas to be used.
Accordingly, in the 15 present invention, such a ratio is expressed based
on propane gas which is comonly usebé Accordi ngly, when ot her
conmbustible gas is to be used, the ratio of the calorific val ue of
that gas to the calorific val ue of propane gas is obtained, and the
nunerical value 20 corresponding to this ratio is a proper nuneri cal
val ue. If the ratio of the anobunt (kg) of the silica powder
raw material to the anmount of the conbustible gas (Nnerr] as pr opane
gas) is |less thant—tie luund%Fb O part1 gl eg J Naving a particle size
of at least 30 [erqrjom tephds to ¥xceed |25 .94, gnd | f the¢ aboye ratio
exceeds 4, the rodndhess|ols @ o partifles Havilng o phrticle sife of at
| east 30 [err]mwijl I3 RPla Fach<0. B3.o | } @ijt key achsey it defds to be
difficult W n oL T~ @ ol ® e~
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- 12 - to obtain the silica filler of the present invention.

The silica filler of the present invention is not necessarily used
al one. In sone cases, it nmay be used in proper conbination as a
m xture with e.g. alumnum 5 nitride, silicon nitride, alumna, zirconia,
bor on nitride, calciumcarbonate or talc. Now, the present
i nvention wll be described in furthek7detail with reference to
Exanpl es and Conparative Exanpl es. However, it should be understood
that the 10 present invention is by no neans restricted by such
speci fi c Exanpl es. EXAMPLES 1 to 3 and COMPARATI VE EXAMPLES 1 to 4
Natural silica stone was pul verized, or pul verized and t hen
classified, to obtain a silica powder raw 15 naterial having the
characteristics as identified in Table 1. The roundness of the silica
powder raw materi al was fromO0.6 to 0.75. Usi ng such a silica
powder as a raw N j-ett-apm—=t=—y ot a carrier gas into a
propane gas-oxygen{| 29 flane§g d fuged pnd}spleroi di zed. At that tine,
t he rati o of h,éjerrdgﬁgék/hr) of fhe|silica powder raw mat eri al
to the anount (Nnf arg]/hr 8fﬂp opangq gabk WS, §- 2
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and the discharge velocity of the raw material was from 25 to 35

nfsec. 25 The fused product was collected, and its average
particle size, the wt % of particles having a particles size of at
| east 30 [err]mand the roundness of particles
- 13 - having a particle size of at least 30 [err]mwere neasured,
and the results are shown in Table 1. - 18 = The average particle size
was neasured in such a manner that 0.3 g of a sanple was dispersed in
wat er and 5 nmeasured by a laser diffraction systemparticle size
di stribution neasuring apparatus (Cl LAS G anuroneter "Model 715").
The sane applies tpo-tlhefollow.ngExanples a¥assl I ve Exanpl es.
EXAVMPLES 4 to 6 arjd LOVPRARATEVE EXAMALES Sfto 6] 10 Usi g the raw
powder as used in{Bnplp 2, “’[hegaw owderf wgs iptrpduged toget her
w th an oxygen carriu_(.arggas’;g S itobp py opane das-jomypen)fad fne in the
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anndnp (kg) of the raw material to the amount (NnB) of propane gas, as
identified in Table 2, and fused and 15 spheroidized. The average

particle size of the obtained filler, the wt% of particles having a
particle size of at | east 30 [err]mand the roundness of particles
havi ng a particle size of at least 30 [err]m are shown in Table 2.
EXAMPLES 7 to 15 and COVPARATI VE EXAMPLES!? to 10 20 Separately
prepared various types of spherical silica were put together and
t horoughly m xed to obtain a silica filler having the wt% of particles
having a particle size of at least 30 [err]m the roundness of
particles having a particle sizoe, fleast 30.[ - he
roundness of 25 Ba&ticles h%vin a fgartficlp sfzelof {l ess fhan BO [err]m
as i dentified iﬂ Taljl e 3. Thes fijl | §r whas bl ended with material s
of the follow ng fprruEatli 5@ By akgnm xdrmtfom [ o v | w] n =
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Asilica filler as identified in Table 3

92 parts by wei ght

4,4 -Bi s(2, 3- epoxypropoxy- 5 3,3 ,5,5 -tetranet hyl bi phenyl 4.4
parts by wei ght

Phenol novol ak resin (softening point: 85[err]C

2.3 parts by - 20 - wei ght

Tri phenyl phosphi ne (curing accel erator) 0.2

part by wei ght 1%3' the Esr%%r?n\(/\t/gé rel e%sew%%(}rét )n th(? fOntetnq:o% gart by

wei ght y wei ght

y- egC|d0xpr€Béﬁ ﬁe@e%ggﬁ%ﬁT%?§Srt1c 51 ESidrang 9%%@6 2&§nt)

part by bIen uct was heated an neaded for

5 15 m nut ®fs % g C%fnc% &h@q Og'emfi%wn'a&c%orrolamwf%e

tenperature o err cool ed and pul verized t obtain

different typg %fcl%ﬁ%y ah%s'tﬁeCQmﬁahb's%nofU?Jlafiﬁl:lcles Haeu@@rrﬁom tion, the
spi ral flom/ang the flexural strength of a nol ded product were

neasured, andphheicd@ siQeUlOES adf 2eaB@W30i Rmldll @rdperly adjustBds S ral
fl ow was neasured in accordance with EMM | -66 (Epoxy Ml ding Materia

Institute; Sotiagt peehh made Boastiblel rdusbtpinua mesd nsgomplosfitdwmol d. The
nol di ng tenperature was 175[err]C. 25 For the fl exural strength
a test speci mhaviimg the filler highly loaded without deteriorating the
flexural strength.
Further, a method for efficiently producing the
10 filler of the present invention has been established,
whereby it has been made possible to prepare a package

excellent in cracking resistance at the time of

soldering.



accordance with ASTM (D790-58T) was nol ded under a condition of

175Lefr]

X

120 seconds by neans of a | ow

i

mhereby th

- 16 -

10

15

20

25

€

pressure transfer nol ding machine and cured a} THIBSBKERT) HAS BEEN

ﬂ@ﬂlﬂ BPLAR oSt specimen. the flexural vest = | wasRERLAGE out

y a nmethod in accordance w th ASTM{D796=58H-
fl%xdral strength was megsured.

WHAT IS CLAIMED 1IS:

1. A silica filler containing from 30 to 90 wtg of
particles having a particle size of at least 30 um,
wherein the roundness of the particles having a particle
size of at least 30 gm, is from 0.83 to 0.94.

2. The silica filler according to Claim 1, wherein the
roundness of the particles having a particle size of less
than 30 um, is from 0.73 to 0.90.

3. A resin composition for encapsulating semiconductors,
which contains from 80 to 95 wtg of a silica filler,
wherein the silica filler contains from 30 to 90 wt3 of
particles having a particle size of at least 30 um, and
the roundness of the particles having a particle size of
at least 30 gm, is from 0.83 to 0.94.

4. A method for producing a silica filler as defined in
Claim 1, which comprises using a silica powder having an
average particle size of from 20 to 70 um and containing
at most 25 wt$ of particles having a particle size of at
most 10 gm, as a raw material, and fusing it in a
combustible gas-oxygen flame while supplying it at such ;
rate that the ratio of the amount (kg) of the silica
powder raw material to the amount (Nm3) of the
combustible gas is within a range of from 1 to 4 (based
on the calorific value of propane gas).

5. The method for producing a silica filler according to
Claim 4, wherein the silica powder raw material prior to

fusing is at least one member selected from particles

Sheet Has Been Replaced

TR
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v THIS SHEET HAS BEEN
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obtained by pulverizing siiica.stone or réck crystal or
by such pulverization followed by classification, and
particles prepared by granulating silica material having
a particle size of at most 10 um, with an inorganic

binder.

Sheet Has Been Re laced
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ABSTRACT OF THE DISCLOSURE

A silica filler containing from 30 to 90 wtg of
particles having a particlé size of at least 30 um,
wherein the roundness of the particles having a particle

5 size of at least 30 um, is from 0.83 to 0.94.

Sheet Has Been Rei
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20"' I nvention wherein the content of
part I cl es havi ng m ileH at least 30 [err] LACEM?NTLSIEET _

encapsul ati ng sem speci fied e—-ouTTdnesk  pf
particles having a 5 partlcle S|ze of at least 30 [le r]mlc;ﬁag mer y

adjusted, it has been nade possible t¥ obtain a eqi

havi ng the f__MI ghly | oaded wi thout deterioratingl|the . I

st rengt h. Further, a nethod for efficiently droducing the 10
filler of the present i nvention has been est abl i shed, | whereby—TtNas

been nade poksi bl & silivafilREoftaimingpfrbMmeBD to 950 we%aﬁ’lﬂaeuiﬁled Iavingg lpanigle size of at

resi stance time.of
O S CoA v kast 36 i, Z8g 3, E%F“Fsﬁ &ﬁ"%?&a‘f’rﬂ % W
particl es hapide g O 0[3 r | m and a roundness of

from0.83 to O. 94 and conta| ni ngpartlcles haV| ng a particle size of |ess

t han 30 [err2]mand a roundness of 0.73 to 0.90.
. A resin composition for encapsulating semiconductors, which contains from 80 to 95

wt% of a silica filler, wherein the silica filler contains from 30 to 90 wt% of particles having
a particle size of at least 30 pum, and 2 roundness of from 0.83 to 0.94 and containing
icles having a particle size of less than 30 ym and a roundness of 0.73 to 0.90.

-3 A method for producing a silica filler as defined in Claim 1, which comprises
W, o providing a silica powder having an average particle size of from 20 to 70 um and containing
~ at most 25 wt% of particles having a particle size of at most 10 um, and fusing said silica
powder by thermal spraying with a combustible gas-oxygen flame wherem; the ratio of the

amount (kg) of the silica powder to the amount (Nm®) of the combustible gas is within a
range of from 1 to 4 (based on the calorific value of propane gas). '

4.  The method for producing a silica filler according to Claim 3, wherein the silica

- powder prior to fusing is at least one member selected from particles obtained by pulverizing -
silica stone or rock crystal or silica sand or particles prepared by granulating silica material
having a particle size of at most 10um, with an inorganic binder.



2. . A resin conposi tion for encapsul ati ng sem conductors, 6,h/ Ioreta Nz 1n S

friom80 to 95 wt% of a silica filler, \M’]ereln‘the S|I|caf|I ﬁﬂt’ains sn "

from 30, to 90 wt % of particles having a particle size of at'] € st 0
[err]m and a roundness of fromO0.83 to 0.94 and contai ni ng part_2($ 1998
having a particle size of |less than 30 [epzlm and a roundnegs jof 0s73

0.90. 3. A method for producing a silica filler as defifed #n C Y
whi ch conprises providing a silica powder having an averagejgarticle size

)

g;rI |r glmezgl tzg Z? gter %@Tﬁ% @EWW&%O@%’[’#@@Q%% CLreSbSaV" ng a

thermal spraying with a conbusiigghfagasopxyaRnprsafiBspherein the ratio of

t he amount (kg) of the silica powder to the amount (Nmerr]) of the
conbustible gas is aighinca £AIDEr GordtLiRilng OF ork BEasb @O tvheg e orific
val ue of propane gas). 4. - The nethod for producing a silica filler

according to Clpdmitledciaring e pradticd ep@bide gf iar leastudongm, at | east
one nenber selected fromparticles obtained by pulverizing silica stone or
rock crystal orwhsdeion thndaundress dieshe gantdcles GearidgiaEd Padildlen
material having a particle size of at npst 10[erer W|th an |norgan|c

bi nder- 5 size ©@f aff leag 30 gm, is from 3 to 0.94. - 22 .

obt ai ned by pulverizing silica stone or rock crystal or by such

pul verization foll owed by classification, and particles prepared by

granulating silica material having a particle size of a (TRIENT SHEE

[err]m with an inorganic bi nder. Rh%ﬁu"‘ {ENT 5 T
e 2 3 0CT 1998




