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TITLE OF THE INVENTION
PARTICLE PRODUCTION APPARATUS, PARTICLE PRODUCTION METHOD AND METHOD
FOR PRODUCING SEMICONDUCTOR ENCAPSULATING RESIN COMPOSITION

[00011 The present invention relates to a particle production
apparatus, a particle production method and a method for producing a

semiconductor encapsulating resin composition.

BACKGROUND OF THE INVENTION

[0002] There is known a semiconductor package in which &
semiconductor chip (semiconductor element}) is covered (encapsulated)
with a resin-made encapsulating {sealing) material. The
encapsulating material for the semiconductor chip is produced by

molding a2 resin composition through, e.g., & transfer molding method.

[0003] A process for producing the resin composition from a powder
material thereof includes a surface treatment process in which a
processing liquid such as a coupling agent is allowed to adhere to
surfaces of inorganic particles such as silica particles (filler

material) contained in the powder material of the resin composition.

[0004] In this surface treatment process, the silica particles are
injected into a chamber from an inlet port thereof, and the coupling
agent is also sprayed into the chamber from an opposite side with
respect to the inlet port while the silica particles are spirally
swirled in the chamber (for example, see patent document 1). In this
configuration, a part of the coupling agent is contacted with the
silica particles upon spraying the coupling agent and the remaining
coupling agent 1s swirled and contacted with the other silica
particles in the chamber during swirling of the silica particles so
that the coupling agent adheres to the surfaces of the silica
particles. &s a result, a mixing property of resin particles
constituting the resin composition and the silica particles is
erhanced, thereby easily mixing the silica particles and the resin
particles since the silica particles are coated with the coupling

agent.

{0005] However, according to the above method, 1in the surface
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treatment process, there is a problem in that the silica particles
are aggregated. In this case, it is difficult to uniformly mix the
silica particles (inorganic particles) with the resin particles

(resin composition).

Patent Document 1: JP-R 2003-275555.

[0006] It is an object of the present invention to provide a particle
production apparatus, a particle production method and a method for
producing a semiconductor encapsulating resin composition, by which a
processing liquid 1s allowed to adhere to inorganic particles
contained in a powder material reliably while aggregation of the

inorganic particles is suppressed.

[{0007] In order ¢to achieve the object, one aspect of the present
invention is directed to a particile production apparatus which is
configuraed so that a processing liguid adheres to a surface of each
of inorganic particles contained in a powder material, the particle
production apparatus comprising:

a2 processing section in which the processing liquid is allowed
to adhere to the surface of each of the inorganic particles:

a chamber connected to the processing section at a downstream
side thersof in which the powder material is separated from gas
carrying the powder material;

a powder material supply device which supplies the powder
material into the processing section; and

a processing liquid spraying device which sprays the
processing liquid as droplets to the powder material Jjust after the
powder material being supplied into the processing section,

wherein after the processing liguid sprayed to the powder
material adheres to the surface of each of the inorganic particles
contained in the powder material in the processing section, the
powder material is transferred into the chamber so that the powder

material is separated from the gas.

[0008] In the particle production apparatus of the present invention,
it is preferred that the processing liquid spraying device comprises:

a nozzle; a gas supply device for supplying the gas having a pressure
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being equal to or higher than 0.3 MPa to the nozzle; and a processing
liquid supply device Ffor supplying the processing liguid into the
nozzle, and

wherein the processing liguid is sprayed from the nozzle into

the processing section due to the pressure of the gas.

[0009] In the particle production apparatus of the present invention,

it is preferred that the processing liquid supply device is a pump.

[G010] In the particle production apparatus of the present invention,
it is preferred that the droplets of the processing liguid spraved
from the processing liguid spraying device include small-sized
droplets having a particle size being equal to or less than 20 um,
and the processing liquid spraying device is configured so that a
ratio of the small-sized droplets to the total of the sprayed

droplets becomes equal to or more than 80 wt%.

[0011] In the particle production apparatus of the present invention,
it is preferred that the particle production apparatus is configured
so that a swirl stream of the gas is generated in the chamber by
spraying the processing liquid using the processing liquid spraying

devica.

[0012] In the particle production apparatus of the present invention,
it 1s preferred that the chamber has a cylindrical shape and the
processing section has a central axis and an outleb port connected to
the chamber,

wherein the processing section is connected to a side portion
0of the chamber such that the central axis of the processing section
is inclined with respect to a direction of a radius of the chamber
which passes through the outlet port of the processing section, and

wherein the particle production apparatus is configured so
that a swirl stream of the gas is generated in the chamber by
spraying the processing liquid using the processing liquid spraying

device.

[0013] In the particle production apparatus of the present invention,

it is preferred that the inorganic particles are constituted of
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silica and the processing liquid is a coupling agent.

[0014] In order to achleve the object, another aspect of the present
invention is directed to a particle production method by which a
processing liguid is allowed to adhere to a surface of each of
inorganic particles contained in a powder material, wherein the
powder material 1is supplied into a processing section, and the
processing liquid is sprayed as droplets to the powder material just
after the powder material being supplied into the processing section,
thereby allowing the processing liquid to adhere to the surface of
each of the inorganic particles contained in the powder material, and
then the powder material 1s transferred into a chamber so that the

powder material is separated from gas carrying the powder material.

{Q015] In the particle production method of the present invention, it
is preferred that the processing liquid and the gas having a pressure
being egual to or higher than 0.3 MPa are supplied intc a nozzle so
that the processing liquid is sprayed from the nozzle into the

processing section.

[0016] In the particle production method of the present invention, it
is preferred that an average particle size of the inorganic particles

is in the range of 0.5 to 100 uym.

[0017] In the particle production method of the prasent invention, it
is preferred that when the processing ligquid is sprayed to the powder
material so that the processing liquid adheres to the surface of each
of the inorganic particles contained in the powder material, there is
a case that the powder material includes aggregated particles each
comprised of the inorganic particle and the adhering processing
liquid wherein each aggregated particle having a particle size of 150
pm or more, but a ratio of such aggregated particles to the whole of
the powder material is equal to or less than 1 wt% of the powder

material.

f0018] In order to achieve the object, the other aspect of thes
present invention is  directed to a method for producing a

semiconductor encapsulating resin composition comprising:
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allowing the processing liquid to adhere to the surface of
gach of the inorganic particles contained in the powder material by
the particle production method of the present invention; and

mixing a compesition containing a powder material constituted
of a resin and the powder material containing the inorganic particles

to which the processing liquid adheres.

BRIEEF DESCRIPTION CF THE DRAWINGS

[0019] Fig. 1 is a process chart showing a producing process of a

resin composition.

Fig. 2 is a cross section view (partial cross section view)
schematically showing a particle production apparatus according to

cone embodiment of the present lnvention.
Fig. 3 is a plain view schematically showing a chamber and a
processing section of the particle production apparatus shown in Fig.

2.

DETAITLED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0020] Hereinbelow, a particle production apparatus, a particle
production method and a method for producing a semiconductor
encapsulating {sealing} resin ccmposition according to the present
invention will be described in detail based on the preferred

embodiments shown in the accompanying drawings.

[0021] Fig. 1 1is a process chart showing a producing process of a
resin composition. Fig. 2 is a cross secticn view (partial cross
section view} schematically showing a particle production apparatus
according Lo one embodiment of the present invention. Fig. 3 is a
plain view schemwatically showing a chamber and a processing section

of the particle production apparatus shown in Fig. 2.

[0022] In the following description, the upper side in Fig. 2 will be
referred to as “upper”, thes lower side will be referred to as
“lower”, the left side will be referred to as “left”, and the right

side will be referred to as “right”.
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[0023] A particle production apparatus 1 shown in Fig. 2 is an
apparatus used in a surface treatment process (inorganic particle
production process) to produce a resin composition as a molded body
(compact). Prior to describing the particle production apparatus 1,
description will be first made on the overall producing process which
begins with the supply of raw materials and ends with the production
of a resin composition for covering (encapsulating) a semiconductor

chip (semiconductor element).

[0024] At first, individual materials as raw materials of the resin
composition are prepared. The raw materials include a resin, a
curing agent, a filler material (inorganic filler material, inorganic
particles) and a coupling agent (processing liguid). If necessary,
the raw materials may further include a curing accelerator. It is

preferable to uszs an epoxy resin as the resin.

[0025] Examples of the epoxy resin include a cresol novolac type
epoxy resin, a biphenyl type epoxy resin, a dicyclopentadiene type
gpoxy resin, a triphencl methane type epoxy resin and a multi-ring

aromatic type epoxy resin.

[0026] Examples of the curing agent include a phenol novolac type
resin, a phenol aralkyl type resin, a triphenol methane type resin

and a muiti-ring aromatic resin.

[0027] Examples of the filler material (inorganic filler material,
inorganic particles) include silica such as a fused silica {having a
crushed shape or a spherical shape) or a crystalline silica and an

alumina.

[0028] Examples of the coupling agent include a silane coupling agent
(silane compound} such as vy-glycidoxypropyltrimethoxysilane, vy-
aminopropyltrimethoxysilane or y-mercaptopropylirimethoxysilane,
vinyltriethoxysilane. Examples of the curing accelerator include a

phosphor compound and an amine compound.

[0029] Specific one of the materials stated above may be excluded

from the raw materials. Other materials than set forth above may be
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further included in the raw materials. Examples of the other
materials include a <coloring agenk, a releasing agent, a flame

retardant and a stress-reducing agent.

[0030] Examples of the flame retardant include a brominated epoxy
resin, an antimony oxide based flame retardant, non-hale and non-
antimony based flame retardant. Examples of the non-halo and non-
antimony based flame retardant include oxganic phosphor, metal

hydrate and a nitrogen-containing resin.

[00311 (Fine Pulverization)

As shown in Fig. 1, specific materizls among the raw materials
are first pulverized (finely pulverized) by a first pulverizing
device to have a specified particle size distribution. Examples of
the raw materials to be pulverized include the resin, the curing
agent, the curing accelerator and other materials than the filler
material. A part of the filler material may be added into the raw
materials to be pulverized. As a result, a first composition
including plural kinds of the pulverized materials such as the resin,
the curing agent and the curing accelerator is obtained. As the
first pulverizing device, it is possible to use a continuocus rotary

ball mill and so forth.

[0032] (Surface Treatment ({(Particle Production))

A specified material among the raw materials, that is, all or
a part (remaining part) of the filler material (inorganic particles),
is subjected to a surface treatment by the particle production
apparatus 1. Namely, in the surface trealment, & processing liquid
such as the coupling agent adheres to a surface of each of the
inorganic particlies. As a result, a second compesition including a
powder material containing the inorganic particles is obtained. As
the coupling agent adheres to the surface of the filler material, a
mixing property of the resin and the curing agent with the filler
material is enhanced, thereby easily mixing the filler material with

the resin.

{0033] The powder material of the filler matexial may be constituted

of only the filler material. Other materials than the filler



10

15

20

25

30

33

material may be further included in the powder material of the filler
material. TFurther, the fine pulverization and the surface treatment
may be performed either simultanecusly or one after the other. The

particle production apparatus 1 will be described later.

[Q034} (Mixing)

Next, the first composition obtained in the fine pulverization
process and the second composition cbtained in the surface treatment
process, namely, the resin compesition incliuding piural kinds of
powder materials 1s mixed thoroughly by a mixing device. Each of the
powder materials has a different specific gravity. As the mixing
device, it is possible to use a high-speed mixing device having

rotary blades or the like.

{0035] (Kneading!}

NMext, the resin composition is kneaded by a kneading device.
As the kneading device, it is possible to use, a kneading extruder
such as a single-axis type kneading extruder cr a double-axis type
kneading extruder, or a roll type kneader such as a mixing roll and

so forth.

{0036] (Degassing)
Next, the resin composition thus kneaded 1is degassed by a

degassing device.

[0037] (Sheet Making)

Next, the massive resin composition thus degassed is molded
into a sheet shape by a sheet-making device. As a result, a sheet
shaped resin composition (sheet shaped resin material) is obtained.
As the sheet-making device, it is possible to use, e.g., a sheet-

making roll.

{0038] {Cooling)
Next, the sheet shaped resin composition is cooled by a
cooiing device. This makes 1t possible to easily and reliably

perform pulverization of the sheet shaped resin composition.

[0039] (Pulverization}
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Next, the sheet shaped resin composition is pulverized by a
second pulverizing device to have a specified particle size
distribution. As a result, a pulverized composition is obtained. As
the second pulverizing device, it is possible to use, e.g., a hammer

mill, a knife mill or a pin mill.

[0040] in this regard, the granular or powdery resin composition may
be obtained not by way of the sheet-making, cooling and pulverizing
steps. Instead, the granular or powdery resin composition may be
obtained by, e.g., a hot cutting method in which a die having a small
diameter is installed in an outlet port {discharge passage) of the
kneading device and a molten resin composition discharged from the
die is cut by a cutter inte granular resin composition having a
specified length. After obtaining the granular resin composition by
the hot cutting method, it is preferable to perform degassing while

the temperature of the resin composition remains high.

[0041] {Tablet Making}
Next, the powder compositions are compression-molded by a
compact manufacturing deviece (tablet-making device) to obtain resin

composition in the form of compacts.

[0042] The resin compoesition are used in, e.qdg., covering
{encapsulating) a semiconductor chip (semiconductor element). in
other words, the resin composition is molded by, e.g., a transfer
molding method. A semiconductor chip is covered with the molded
resin composition as an encapsulating material, thus manufacturing a

semiconductor package.

[0043] The tablet-making process may be omitted and the powdery resin
composition may be used as final products. In this case, the
encapsulating material can be formed by, e.g., a compression-molding

method or an injection-molding method.

[0044] Next, description will be given to the particle production
apparatus 1. As shown in Figs. 2 and 3, the particle production
apparatus 1 1is an apparatus which 1is configured so that the

processing liquid adheres to the surface of each of the inorganic
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particles contained in the powder material. The particle production
apparatus 1 includes a processing section 3 in which the processing
liquid is allowed to adhere to the surface of each of the incorganic
particles, a chamber 4 connected to the processing section 3 at a
downstream side thereof in which the powder material is separated
from gas (air) carrying the powder material, a powder material supply
device (inorganic particle supply device) 50 having a supply portion
5 and a supply unit 6 for supplying the powder material and the like
into the processing section 3, and a processing liquid spraying
device 70 having a nozzle 7, a pump 8, a supply unit ¢ for supplving
the processing liquid, a high~pressure gas {air} gensrating unit 11
and the like. The processing liquid spraying device 70 is configured
to spray the processing liquid as droplets {in droplet state) onto
the powder material Jjust after the powder material being supplied

intoe the processing section 3.

[00458] The chamber 4 has a side portion formed into a cylindrical
{(tubular) shape. A lower end portion of the chamber 4 is formed into
a tapering shape having an inner diameter gradually decreasing from
an upper side toward a lower side thereof. A lower opening of the
chamber 4 constitutes (serves as) a discharge passage of the powder
material having been processed (tc which the processing liquid

adheres) .

[0046] A filter 41 which permits passage of the gas (air) but does
not permit passage of the powder material and the processing liguid
{liquid) 1is provided at an upper portion of the chamber 4, The
filter 41 serves as an air vent portion for discharging therethrough
the gas (air) existing within the chamber 4. Further, the filter 41

is arranged so as to close an upper opening of the chamber 4.

[0047) The receiving unit not shown in the drawings Ffor receiving the
powder material which has been processed in the chamber 4 and then
discharging it from the chamber 4 is provided at the lower side of
the chamber 4.

[00481 The processing section 3 has a cylindrical (tubular) shape

whose one end side {upstream side) is closed. The processing section
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3 is provided at an upper side of the side portion {lateral surface)
of the chamber 4. An outlet porkt 31 of the processing section 3 is
an aperture connected tec an inside of the chamber 4. Further, the
processing section 3 provided at the side portion of the chamber 4 is
in a state that an axis line (central axis}) 32 of the processing
section 3 is inclined with respect to a direction of a radius of the
chamber 4 that passes through the outlet port 31 (center of ths
ocutlet port 31) in a planar view. Due to this configuration of the
processing section 3, when the processing liquid is sprayed by the
processing ligquid spraying device 70, it is possible to generate a

swirl stream of the gas (air) in the chamber 4.

[0049] Each of dimensions of the processing section 3 and the chamber
4 1is not particularly limited to a specific wvalue, but it is
preferred that a volume of the processing section 3 is smaller than a

volume of the chamber 4.

[0050] Specifically, the dimension of the processing section 3 is not
particularly limited to a specific value if the processed powder
material obtained by coupling the processing liguid injected
(sprayed) from the nozzle 7 into the processing section 3 with the
powder material supplied from an outlet port 52 of the supply portion
5 ({described later) into the processing section 3 is discharged to
the chamber 4 without adhering to a wall surface of the processing
section 3. However, in this case, a radius of the processing section
3 (length in a vertical direction of the processing section shown in
Fig. 2) 1is preferably in the range of 20 to 100 mm, and more
preferably in the range of 30 to BC mm. Simultaneously, a length of
the processing section 3 (shortest length between a connecting
portion of the processing section 3 with the chamber 4 2znd an
installation surface of the nozzle 7 to the processing section 3} is
preferably in the range of 50 to 250 mm, and more preferably in the
range of 100 to 200 mm. If the radius of the processing section 3 is
less than the lower limit wvalue noted above or the length of the
processing section 3 exceeds the upper limit value noted above, there
is a possibility that the processing powder material adheres to the
wall surface of the processing section 3. As a result, aggregation

of the powder particles is generated or the processing of the powder
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particles is impeded. On the other hand, if the radius of the
processing section 3 exceeds the upper limit value noted above or the
length of the processing section 3 is less than the lower limit wvalue
noted above, there is a possibility that the swirl stream of the gas
{air) generated in the chamber 4 flows into the processing section 3.

Bs a result, the processing of the powder particles becomes unstable,

[0051] Further, the dimension of the chamber 4 is not particularly
limited to a specific value if the swirl stream of the gas (air) can
be generated in the chamber 4 and the powder material can be
separated from the gas {air) in the chamber 4, but a radius of the
chamber 4 1is preferably equal to or more than 100 mm, and more
preferably in the range of 200 to 300 mm. Simultanecusly, a height
of the chamber 4 is preferably equal to or more than 900 mm, and more
preferably in the range of 1.5 to 3.0 m. If the radius and the
height of the chamber 4 are 1less than the lower limit wvalue noted
above, there is a possibility that the swirl stream of the gas (air)
generated in the chamber 4 1is neot sufficiently generated. As a
result, clogging of the filter is generated. If the radius and the
height of the chamber 4 are less than the preferable upper limit
value, it 1s possible to decrease an area to which the powder
material adheres in the chamber 4. As a result, an advantage of

yield of the powder material becomes high.

[0052] The supply portion 5 is provided at an upper portion of the
processing section 3. The supply portion 5 is connected to the
processing section 3 and the powder material is supplied into the
processing section 3. An upper end portion of the supply portion 5
is formed into a tapering shape having an inner diameter gradually
increasing from a lowsr side toward an upper side therecf. A&An upper
opening of the supply portion 5 serves as a supply port for the
powder material and a lower opening of the supply portion 5 serves as

the outlet port for the powder material.

[0053] The supply unit 6 for supplying the powder material into the
supply portion 5 is provided at an upper side of the supply portion
5. The supply unit 6 is configured to adjust a flow rate of the

powder material supplied into the supply portion 5.
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[0054] A major portion of the powder material supply device 50 is
constituted of the supply portion 3 and the supply unit 6.

[0055] Furthex, the nozzle 7 is installed in a right (upstream side)
end porticn of the processing section 3. The nozzle 7 is connected
to the processing section 3 and sprays the processing liquid into the
processing section 3. The nozzle 7 is arranged such that an axis
line (central axis) 71 of the nozzle 7 is parallel to the axis line
32 of the processing section 3 (In the configuration shown in the
drawings, the axis line 71 and the axis line 32 are arranged so as to

correspond with each other).

[0056] Further, the axis line 71 of the nozzle 7 and an axis line
{central axis) 51 of the supply portion 5 are intersected with each
other (In the configuration shown in the drawings, the axis line 71
is perpendicular to the axis line 51). HNamely, a spraving direction
of the processing liquid from the nozzle 7 into the processing
section 3 (a direction of a central line of the spraying direction in
which the processing liquid is radially sprayed) and an injecting
{introducing) direction of the powder material are intersected with

each other.

f0057] Further, a gap is formed between a distal end portion of the
nozzle 7 and the outlet port 52 of the supply portion 5. A distance
of the gap L 1is not particularly limited to a specific value and is
appropriately set depending on conditions, but is preferably in the
range of about 0 to 50 mm, and more preferably in the range of about

5 to 20 mm.

[0058] I£f the distance of the gap L exceeds the upper limit value
nocted above, depending on the other conditions, Lhere 1is a
possibility that the processing liquid sprayed from the nozzle 7
adheres to the wall surface of the processing section 3 so that the
appropriate processing of the powder material cannot be performed.
Further, there is a possibility that the gas (air) including the
processing liquid sprayed from the nozzle 7 is leaked from the supply

portion 5, thereby interfering the supplving of the powder material
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from the powder material supply device 50. ©On the cother hand, if the
distance of the gap L is less than the lower limit value noted above
(such a case that a value of the distance of the gap L is minus (the
distal end portion of the nozzle 7 is protruded) is included),
depending on the other conditions, there is a possibility that the
powder material adheres £o the distal end of the nozzle 7 so that the
processing liguid cannot be stably supplied £from the nozzle 7.
Further, +this causes generation of aggregation of the powder

particles.

[0059] The high-pressure gas (air) generating unit 11 is connected to
the nozzle 7 through a conduit line 121. The high-pressure gas
generating unit 11 is a device for compressing gas (air) to feed a
high-pressure gas (comprassed gas) and is configured to adjust a flow
rate and a pressure of the high-pressure gas. In this regard, one
end portion of the conduit line 121 is connected to an upper portion

of the nozzle 7.

[0060]1 Further, the supply unit 9 is connected to the nozzle 7
through a conduit 1line 122. The supply unit 9 is configured to
adjust a flow rate of the processing liquid being supplied into ths
nozzle 7. The supply unit 2 can stably supply the processing liguid
in cooperation with the pump 8 described later. In this regard, one
end portion of the conduit line 121 is connected to a right (upstream

side) end porticn of the nozzle 7.

[0061] Further, the pump 8 for feeding the processing liquid {liquid)
is provided at the middle of the conduit line 122 (between the nozzle
7 and the supply unit 9). By providing the pump 8 at the middle of
the conduit line 122, the flow rate of the processing ligquid can be
reliably set to target values without being influenced by the gas fed

by the high-pressure gas generating unit 11.
[0062] A major portion of the processing liquid spraving device 70 is
constituted of the nozzle 7, the pump 8, the supply unit 9, the high-

pressure gas generating unit 11 and the conduit lines 121 and 122.

[0063] Further, a major portion of a processing liquid supply device
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is constituted of the pump 8, the supply unit 9 and the conduit line
122.

[00684] Further, a major portion of a gas supply device is constituted
of the high-pressure gas (air) generating unit 11 and the conduit
line 121.

[0065] Next, description will be made on the surface treatment
process (inorganic particle production process) and the operation of
the particle production apparatus 1 in the surface treatment process.
Hereinbelow, the description will be representatively made on a case
that all of the powder material being subjected to the surface
treatment process 1s constituted of the inorganic particles, but it
is needless to say that the powder material may contain the other

components than the inorganic particles.

[0066] (Surface Treatment Process)

In the surface treatment process, the processing liguid such
as the coupling agent adheres tc the surface of each of the all or a
part of the inorganic particles as +the filler material by the
particle production apparatus 1, thereby manufacturing the inorganic
particles to which the processing liquid adheres. This makes it
possible to obtain the powder material containing the inorganic
particles to which the processing liquid adheres (the second
composition). As the processing ligquid ({(coupling agent) adheres to
the surface of the inorganic particles, that is, the inorganic
particles are coated with the coupling agent, a mixing property of
the resin and the curing agent with the inorganic particles is

enhanced, thereby easily mixing the filler material with the resin.

[0067] In the surface treatment process, the inorganic particles
{powder material) are received in the supply unit & and the

processing liquid is stored in the supply unit 9.

[0068] An average particle size of the inorganic particles is not
particularly limited to a specific value, but is preferably in the
range of about 0.5 to 100 upm, and more preferably in the range of

about 1 to 50 pm. This makes it possible to easily and uniformly mix
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the inorganic particles with the resin composition in the next

(later) mixing process.

[0069] Next, the supply unit 6, the pump 8, the supply unit 9 and the

high-pressure gas (air) generating unit 11 are driven, respectively.

[0070] By doing so, the high-pressure gas compressed (compressed gas)
is fed from the high-pressure gas generating unit 11 and injected
from the nozzle 7 into the processing section 3, and then the high-
pressure air compressed 1is injected from the processing section 3
into the chamber 4. As a result, the swirl stream of the gas (gas
and droplets of the processing liquid) is generated in the chamber 4.
On the other hand, the processing liquid is supplied at a specific
flow rate from the supply unit 9 and transferred into the nozzle 7 by
the pump 8. As a result, the processing liquid is formed into fine
droplets and injected from the nozzle 7 with the gas. Namely, the
processing liguid is sprayed as fine particles from the nozzle 7 into

the processing section 3.

[0071] A pressure of the gas supplied into the nozzle 7 is not
particularly limited to a specific value and is appropriately set
depending on conditions, but is preferably equal to or higher than

0.3 MPa, and more preferably in the range of 0.4 to 0.6 MPa.

[0072] T£ the pressure of the gas supplied into the nozzle 7 is less
than the lower limit wvalue noted above, depending on the other
conditions, & particle size of =ach of the droplets of the processing
liquid sprayed from the nozzle 7 become large so that it is difficult
to form the preferable fine droplets of the processing liguid
described later. Further, in this case, since dispersion property of
the powder material supplied into the processing section 3 is low, it

is difficult to uniformly process the powder material.
f0073] In this regard, the pressure of the gas supplied into the
nozzle 7 can be adjusted by e.g., the high-pressure gas generating

unit 11.

{00741 A particle size of each of the droplets of the processing
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liguid sprayed from the nozzie 7 is not particularly limited to a
specific value and is appropriately set depending on conditions., but
a ratio cof the droplets (small-sized droplets) having a particle size
being equal to or less than 20 um to the total of the sprayed
droplets is preferably equal to or more than 80 wt%, and more

preferably in the range of 90 to 100 wt%.

[0075] Tf the ratio is less than the lower limit wvalue noted above,
depending on the other conditions, the inorganic particles are
aggregated to thereby readily generate an aggregation of the
lnoxrganic particles when the processing liquid is sprayed onto the

inorganic particles.

[0076] An average particle size of each of the droplets of the
processing liquid sprayed from the nozzle 7 is not particularly
limited to a specific wvalue, but is preferably equal to or less than
20 ym, and more preferably in the range of 0.5 to 15 um.

[0077] This makes it possible to suppress the aggregation of the
inorganic particles when the processing liquid is sprayed onto the

inorganic particles.

[0078] Further, when the average particle size of the droplets of the
processing liquid sprayed from the nozzle 7 is “a” and the average
particle size of the inorganic particles is “b”, a/b is preferably
equal to or less than 10, and more preferably in the range of about
0.02 to 1.

[0079] This makes it possible to suppress the aggregation of the
inorganic particles when the processing liquid is sprayed onto the

inorganic particles.

[0080] In this regard, a particle size distribution of the droplets
of the processing liquid sprayed from the nozzle 7 can be measured by
using a laser diffraction type spray particle size distribution
measuring instrument. The ratio of the droplets having a particle
size being equal to or less than 20 pm and the average particle size

of the droplets can be calculated from a cumulative particle size
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distribution measured by the measuring instrument noted above.

[0081]The inorganic particles are supplied at a specific flow rate
from the supply unit 6 and then supplied form the supply portion §
into the processing section 3. The inorganic particles are fallen
(transferred to a lower side of the supply portion 5}, thereby being

supplied into the processing section 3 by its own weight.

[0082] Just after the inorganic particles are supplied into Cthe
processing section 3, the processing ligquid is sprayed to the
inorganic particles from the neozzle 7, thereby allowing the
processing liquid tc adhere to the surface of each of inorganic
particles. Thereafter, the inorganic particles thus processed are
transferred and injected into the chamber 4 together with the gas and
the processing liquid injected (sprayed) from the nozzle 7. And then,
the inorganic particles are transferred to a lower side of the
chamber 4 together with the gas and the processing liquid while the
inorganic particles are swirled in the chamber 4. B2As a result, the
inorganic particles coated with the processing liquid are discharged

from the chamber 4 and then received in the receiving unit.

{0083] Further, an excess gas injected into the chamber 4 is
separated from the inorganic particles and discharged to an outside
of the chamber from the filter A41. This makes it possible to
maintain the pressure in the chamber 4 at a specific walue. As a
result, the inorganic particles processed in the processing section 3
can be easily and reliably introduced into the chamber 4, tLhersby

being received in the receiving unit.

[0084] In the inorganic particles thus processed, the aggregation of
the inorganic particles (aggregated inorganic particles) is not
generated, or even if the aggregation of the inorganic particles is
generated, a particle size of the aggregated inorganic particles is

small or an amount of the aggregated inorganic particles is small.

[0085] Specifically, a ratlio of the aggregated inorganic particles
having a size being equal to or wmore than 150 pm to the whole of the

inorganic particles after being processed can be esqual to or less
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than 1 wt%, especially equal to or less than 0.5 wt%.

[0086] This makes it possible to esasily and reliably mix each of the
powder materials with the resin composition uniformly in the mixing

process.

{00B7] As set forth above, according to the particle production
apparatus 1, the processing liguid is sprayed to the powder material,
thereby alliowing the processing liquid to adhere to the surface of
each of the inorganic particles contained in the powder material
before the powder material is transferred into the chamber 4. This
makes it possible to easily and reliably allow the processing liquid
to adhere to the surface of each c¢f the inorganic particles while the
aggregation of the inorganic particles (powder material) is
suppressed. As a result, in the mixing procsss, the inorganic
particles can be easily and uniformly mixed with the resin

composition.

[00B8] Further, since the particle production apparatus 1 has a
system in which the processing liquid adheres to the surface of each
of the inorganic particles by spraying the processing liquid, it is
possible to prevent {or suppress) metaliic foreign substances from
being mixed into the powder material having been processed in the
surface treatment process {in manufacturing the inorganic particles).
As a result, when a semiconductor chip is encapsulated by the resin

composition thus produced, it is possible to prevent short circuit.

[0088] Furthermore, each of parts which makes contact with the powder
material in the particle producticn apparatus 1 of the present
invention 1is preferably constituted of a nonmetallic material.
Examples of the nonmetallic material include a ceramics and a resin.
This makes it possible to prevent (or suppress) metallic foreign
substances from being mixed into the powder material having been
processed in the surface treatment process (in manufacturing the
inorganlc particles). As a result, when the semiconductor chip is
encapsulated by the resin composition thus produced, it is possible

to prevent short circuit.
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[0080] While the descriptions are given to the particle production
apparatus, the particle production method and the method for
producing semiconductor encapsulating resin composition acceording to
the present invention shown in the drawings, the present invention is
not limited thereto. Each component constituting the particle
production apparatus may be substituted for an arbitrary component
having the same function as it. Further, arbitrary structures also

may be added thereto.

Examples
[0091] Next, description will be given to specific examples of the

present invention.
<Raw materials>
Raw materials used include following materials.
Fused silica (fused silica particles, having an average

particle size of 33 um) is used as the inorganic particles,.

f0092] yv—glycidoxypropyltrimethoxysilane (having a viscosity of 3.3
cSt at 25°C) is used as the processing liguid (coupling agent) in
Examples 1 and 2 and Comparative Example 1. N~phenyl-—y=-
aminopropyltrimethoxysilane (having a viscosity of 8.0 oSt at 25°C)

is used as the processing liguid in Example 3.

[0093] (Example 1)
The coupling agent adhered to the surface of the fused silica
using the particle preduction apparatus 1 shown in Fig. 2 under the

following condition:

[0094]

the pressure of the air supplied into the nozzle being 0.5
MPa .

In this regard, a particle size distribution of droplets of
the coupling agent sprayed from the nozzle having a ratio of the
droplets having a particle size being equal to or less than 20 um
(small-sized droplets) to the total of the sprayed droplets was 98

wi%, wherein the average particle size of the droplets was 8 um.

[0095] (Example 2}
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The coupling agent adhered to the surface of the fused silica
in the same manner as BExample 1, except that the condition was

changed to:

[0096]

the pressurs of the air supplied into the nozzle being 0.3
MPa.

In this regard, a particle size distribution of droplets of
the coupling agent sprayed from the nozzle having a ratic of the
droplets having a particle size being equal to ar less than 20 um to
the total of the spraved droplets was 96 wt%, wherein the average
particle size of the droplets was 12 pm.

[0097] (Example 3)
The coupling agent adhered to the surface of the fused silica
in the same manner as Example 1, except that the kind of the

precessing liguid (coupling agent) was changed as noted above.

[00898]

In this regard, a particle size distribution of droplets of
the coupling agent sprayed from the nozzle having a ratio of the
droplets having a particle size being equal to or less than 20 um to
the total of droplets was 85 wt%, wherein the average particle size

of the droplets was 18 pm.

[0099] (Comparative Example 1)

By using an apparatus shown in Fig. 4(c) of JP-A 2003-275555
{the patent document 1), the fused silica was injected inte a
chamber, and ths coupling agent was sprayed into the chamber from an
opposite side with respect to an inlet port from which the {fused
silica was injectsd while the fused silica was spirally swirled in
the chamber. Thus, the coupling agent adhered to the surface of the

fused silica under the feollowing conditions:

[0100]
the pressure of the air used in injecting the fused silica

into the chamber being 0.5 MPa; and
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the pressure of the air used in spraying the coupling agent
into the chamber being 0.5 MPa.

In this regard, a particle size distribution of droplets of
the coupling agent sprayed into the chamber having a ratie of the
droplets having a particle size being egual to or less than 20 pmm to
the total of the spraved dropiets was 98 wt%, wherein the average

particle size of the droplets was 8 um.

[0101] In Examples 1 to 3 and Comparative Example 1, the particle
size distribution of the droplets of the coupling agent sprayed was
measured by using a laser diffraction type spray particle size
distribution measuring instrument (manufactured by NIKKISO CG., LTD).
The ratio of the droplets having a particle size being equal to or
less than 20 pm to the total of the sprayed droplets was calculated
from a cumulative particle size distribution measured by this

measuring instrument.

[0102] {Evaluation]

With regard to Examples 1 to 3 and Comparative Example 1, a
ratio of the aggregated fused silica (fused silica particles) having
a size being equal to or more than 150 uym to the whole of the total
fused silica after being processed was evaluated by using & measuring
instrument {(Powder Tester manufactured by Hosokawa Micron
Corporation) under the following conditions: an amplitude of 1 mm;
the number of frequency of 3,000 VPM; a measuring time of 60 seconds;
a sieve having apertures of 150 pm; and a sample weight of 6 g per

time.

[0103]
Example 1 : 0.1 wt%
Example 2 : 0.5 wt%
Exanple 3 @ 0.6 wt$

Comparative Example 1 : 1.1 wt%

[0104] As it is apparent from the above evaluation, in Examples 1 Lo
3, a small amount of the aggregatsd fused silica was generated, and

satisfactory result was obtained.
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[0105] In contrast, in Comparative Example 1, since a supply position
ot the fused silica is spaced apart from a supply position of the
coupling agent, there is a low probability of collision between the
fused silica and the coupling agent. For the reason, the surface
treatment to the fused silica was unevenly. Further, the fused
silica swirled in the chamber adhered to a nozzle for supplying the
coupling agent to thereby generate an aggregation substance of the
silica at the nozzle. As a result, a lerge amount of the aggregated

fused silica was generated.

INDUSTRIAL APPLICABILITY

With the present invention, it is possible to easily and
reliably allow the processing liquid to adhere to the surface of each
of the inorganic particles while the aggregation of the inorganic
particles (powder material) is suppressed. As a result, in the
mixing process for mixing the resin composition, the inorganic
particles can be easily and uniformly mixed with the resin
composition. For the reasons stated above, the present invention is

industrially applicable.
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What is claimed is:

1. A particle production apparatus which is configured so that a
processing liquid adheres to a surface of each of inorganic particles
contained in a powder material, the particle production apparatus
comprising:

a processing section in which the processing liguid is allowed
to adhere to the surface of each of the inorganic particles;

a chamber connected to the processing section at a downstream
side thereof in which the powder material is separated from gas
carrying the powder material;

a powder material supply device which supplies the powder
material into the processing section:; and

a2 processing liquid spraying device which sprays the
processing liguid as droplets onto the powder material just after the
powder material being supplied into the processing section,

wherein after the processing liquid spraved to the powder
material adheres to the surface of each of the inorganic particles
contained in the powder wmaterial in the processing section, the
powder material is transferred into the chamber so that the powder

material is separated from the gas.

2. The particle production apparatus as claimed in claim 1,
wherein the processing ligquid spraying device comprises: a nozzle; a
gas supply device for supplying the gas having a pressure being equal
to or higher than 0.3 MPa to the nozzle; and a processing liquid
supply device for supplying the processing liguid into the nozzle,
and

wherein the processing liguid is sprayed from the nozzle into

the processing section due to the pressure of the gas.

3. The particle production apparatus as claimed in claim 2,

wherein the processing liquid supply device is a pump.

4. The particle production apparatus as claimed in claim 1,
wherein the droplets of the processing liquid spraved from the
processing liquid spraying device include small-sized droplets having

a particle size being egual to or less than 20 pm, and the processing
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liquid spraying device is configured so that a ratic of the small-
sized droplets to the total of the sprayed droplets becomes equal to

or more than 80 wt%.

5. The particle production apparatus as claimed in claim 1,
wherein the particle production azpparatus is configured so that a
swirl stream of the gas is generated in the chamber by spraying the

processing liquid using the processing liquid spraying device.

6. The particle production apparatus as c¢laimed in claim 1,
wherein the chamber has a cylindrical shape and the processing
section has a central axis and an outlet port connected to the
chamber,

wherein the processing section is connected to a side portion
of the chamber such that the central axis of the processing section
is inclined with respect to a direction of a radius of the chamber
which passes through the outlet port of the processing section, and

wherein the particle production apparatus is configured so
that a swirl stream of the gas is generated in the chamber by
spraying the processing liquid using the processing liguid spraying

device.

7. The particle production apparatus as c¢laimed in claim 1,
wherein the inorganic particles are constituted of silica and the

processing liquid is a coupling agent.

8. A particle production method by which a processing liquid is
allowed to adhere to a surface of each of inorganic particles
contained in a powder material, wherein the powder material is
supplied into a processing section, and the processing ligquid is
sprayed as droplets to the powder material just after the powder
material being supplied into the processing section, thereby allowing
the processing ligquid to adhere to the surface of each of the
inorganic particles contained in the powder material, and then the
powder material is transferred into a chamber so that the powder

material 1s separated from gas carrying the powder material.

9. The particle production method as claimed in ciaim 8, wherein
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the processing liguid and the gas having a pressure being egqual to or
higher than 0.3 MPa are supplied to a nozzle so that the processing

liquid is sprayved from the nozzle into the processing section.

10. The particle production method as claimed in claim 8, wherein
an average particle size of the inorganic particles is in the range
of 0.5 to 100 um.

11. The particle production method as claimed in claim 8, wherein
when the processing liguid is sprayed to the powder material so that
the processing ligquid adheres to the surface of each of the inorganic
particles contained in the powder material, there is a case that the
powder material includes aggregated particles each comprised of the
inorganic particle and the adhering processing ligquid wherein esach
aggregated particle having a particle size of 150 pym or more, but a
ratio of such aggregated particles to the whole of the powder

material is equal £o or less than 1 wt% of the powder material.

12. & method for producing a semiconductor sealing resin
composition comprising:

allowing the processing liquid to adhere to the surface of
gach of the inorganic particles contained in the powder material by
the particle production method as claimed in claim 8; and

mixing a composition containring a powder material constituted
of a resin and the powder material containing the inorganic particles

to which the processing liguid adheres.



