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TITLE CF THE INVENTION

KNEADING APPARATUS AND METHOD FCR  PRODUCING
SEMICONDUCTOR ENCAPSULATING RESIN COMPOSITION

[0001} The present invention relates to & kneading
apparatus and a method fer producing a semiconductor
encapsulating (sealing) resin composition.

BACKGROUND OF THE INVENTION

(0002] There is known a semiconductor package in which a
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 a resin composition (pulverized
resin composition) containing a curable resin through, e.g.,
a transfer molding method.

[0003] A process for producing a semiconductor
encapsulating resin composition (resin composition) includes
a kneading process of kneading a resin composition (a
composition) containing plural kinds of pulverized materials.
The kneading process 1is performed after the pulverized
materials are mixed. In the kneading process, a kneading
extruder such as a single-axis type kneading extruder having
a casing and a screw provided in the casing, a double-axis
type kneading extruder having a pair of screws, or the like
is used (for example, see patent document 1). The casing and
the screwl(s) of the kneading exiruder are constituted of a
metallic material.

[0004] However, since Lhe casing and the screw of the
conventional kneading extruder such as described above are
constituted of the metallic material, the conventional
kneading extruder suffers from a problem in that metallic
foreign substances (foreign metals) are produced from the
casing and the screwl(s} and then the metallic foreign
subsltances are mixed into the resin composition. As a result,
there is a case in that short c¢ircuit occurs when the
semiconductor chip is encapsulated with the resin composition
produced by the conventional kneading extruder.

[0005] Patent document 1: JP 2003-275555A

SUMMARY OF THE INVENTION




[0008] It is an object of the present invention to
provide a kneading apparatus and a method for producing a
semiconductor encapsulating resin composition, which are
capable of preventing metallic foreign substances from being
mixed into a resin composition during the resin composition
being kneaded.

00071 The above object is achieved by the following
present inventions (1) to {16).

(1) A kneading apparatus for kneading a
composition ceontaining plural kinds of pulverized materials,
comprising:

a casing including:

a supply port for supplying the
composition;

a kneading section for storing the
composition supplied through the supply port to
knead the composition; and

a discharge port for discharging the
composition thus kneaded, and
at least one screw for kneading the composition

stored in the kneading section, the screw rotatably provided
in the casing, the screw including:

a sSCrew axis having an outer
periphery; and

a screw member provided on the outer
periphery of the screw axis, the screw
member provided in the kneading section,
wherein the screw member provided in the kneading

section has a surface and the kneading section has an inner
surface,

wherein at least the surface of the screw member
or at least the inner surface of the kneading section 1is
constituted of a nonmetallic material, and

wherein the discharge port serves as a connecting
portion connected with an inlet port of a degassing device
for degassing the composition kneaded by the kneading
apparatus.

[(0008] (2) A kneading apparatus for kneading a
composition containing plural kinds of pulverized materials,
comprising:

a casing including:



a supply port for supplying the
composition;

a kneading section for storing the
composition supplied through the supply port to
knead the composition; and

a discharge port for discharging the
composition thus kneaded, and
at least one screw for kneading the composition

stored in the kneading section, the screw rotatably provided
in the casing, the screw including:
a screw axis having an outer
periphery;
a screw member provided on the outer
periphery of the screw axis, the screw
member provided in the kneading sectiocn; and
a kneading member provided on the
cuter periphery of the screw axis, the kneading
member provided in the kneading secticn,
wherein each of the screw member and the kneading
member has a surface and the kneading section has an inner
surface,

wherein at least the surface of the screw member,
at least the surface of the kneading member and at least the
inner surface of the kneading section are constituted of =z
nonmetallic material, and

wherein the discharge port serves as a connecting
portion connected with an inlet port of a degassing device
for degassing the composition kneaded by the kneading
apparatus.

[C009] {3) The kneading apparatus as described in the
above (2), wherein a clearance 1s formed between the inner
surface of the kneading section and an outermest porticn of
the kneading member and the clearance is in the range of 0.5
to 4 mm.

[C010] (4) The kneading apparatus as described in the
above (2) or (3), wherein the kneading member has a core
pertion having a surface and an outer layer provided on the
surface of the core portion, and the outer layer of the
kneading member is constituted of a nonmetallic material.

[Q011] {5) The kneading apparatus as described in any one
of the above (1} to {4), wherein the screw axis has a core
portion having a surface and an outer layer provided on a



part of the surface of the coxre portion, and the outer layer
of the screw axis is constituted of a ncenmetallic material.

[0012] {6) The kneading apparatus as described in any one
of the above (1) to (5}, wherein the screw member has a core
portion having a surface and an outer layer provided on the
surface of the core portion, and the outer layer of the screw
member is constituted of a nonmetallic material.

[0013] {(7) The kneading apparatius as described in any one
0of the above (1) to (6}, wherein a c¢learance 1s formed
between the 1inner surface of the kneading section and an
outermost portion of the screw member and the clearance 1s in
the range of 0.5 to 4 mm.

[0014] (8} The kneading apparatus as described in any one
of the above (1} to (7), wherein the screw is detachably
provided with respect to the casing.

[CO015] {9) The kneading apparatus as described in any one
of the above (1) to (8), wherein in the case where a length
of the screw axis is defined as L and a diameter of the screw
is defined as D, I and D satisfy a relation of L/D £ 10,

[0016] (10} The kneading apparatus as described in any
one of the above (1) to (9}, wherein the nonmetallic material
is a ceramic material.

[0017] (11) The kneading apparatus as described in the
above (10), wherein a Vickers hardness Hv of the ceramic
material at 500 gf load is equal to or more than 1300.

{00183 (12) The kneading apparatus as described in the
above (10) or (11), wherein a thermal conductivity of the
ceramic material is eqgual to or more than 0.01
cal/{cm-sec °C).

[0019] {(13) The kneading apparatus as described in any
one of the above (1) fo (12}, further ccmprising two of the
screws arranged in paralle! with each other in a direction
perpendicular to the screw axis,

wherein the supply port is provided so as to
bridge over the screw members of the two screws in plan view,
and
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wherein the discharge port is provided so as to
bridge over the screw members of the two screws in plan view.

{l4) The kneading apparatus as described in the
above (13), further comprising at least a first screw member
and a second screw member c¢ppositely oriented to the first
screw member as the screw member,

wherein the supply port 1is provided so as to
bridge over the first screw members of the two screws in plan
view, and

wherein the discharge port is provided so as to
bridge over the second screw members of the two screws in
plan view.

{15) The kneading apparatus as described in any
one of the above (1) to (12), further comprising at least a
first screw member and a second screw member oppositely
criented to the first screw member as the screw member.

{16} A method for preducing a semiconductor
encapsulating resin, comprising:

kneading a composition containing plural kinds of
pulverized materials using a kneading apparatus by any one of
claims 1 to 15.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] Fig. 1 1s a process chart showing a producing
process of a resin compositicn.

Fig. 2 is a perspective view schematically showing
a kneading apparatus according to a first embodiment of the
present invention.
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Fig. 3 is a plan view {(partial cross secticn view)
schematically showing an inside of the kneading apparatus
shown in Fig. 2.

Fig. 4 is a section view showing one end side of
the kneading apparatus shown in Fig. 2.

Fig. 5 is a section view showing one configuration
example of a screw member of a screw o¢of the kneading
apparatus shown in Fig. 2.

Fig. 6 1s a section view showing another
configuration example of a screw member of a screw of the
kneading apparatus shown in Fig. 2.

Fig. 7 is a plan view (partial cross section view)
showing an inside of & kneading apparatus according to a
second embodiment of the present invention.

DETAILED PESCRIPTION OF THE PREFERRED EMBODIMENTS

(00211 Hereinbelow, a kneading apparatus and a method for
producing a semiconductor encapsulating {sealing) resin
composition according to the present invention will be
described in detail based on the preferred embodiments shown
in the accompanyving drawings.

[0022] <First embodiment>

Fig, 1 1is a process chart showing a producing
process of a resin composition. Fig. 2 is a perspective view
schematically showing a kneading apparatus according to a
first embodiment of the present invention. TFig. 3 is a plan
view (partial cross section view) schematically showing an
inside of the kneading apparatus shown in Fig. 2. Fig. 4 is a
section view showing one end side o0f the kneading apparatus

shown in Fig. 2. Fig. 5 1is a section wview showing one
configuration example of a screw member of a screw of the
kneading apparatus shown in Fig. 2. Fig. 6 1s a section view

showing another configuration example of a screw member of a
screw of the kneading apparatus shown in Fig., 2.

{0023} In the following description, the upper side of
Figs. 2 through 4 will be referred to as “upper”, the lower
side will be referred to as “lower”, the left side will be
referred to as “left” or “upstream” and the right side will
be referred to as “right” or “downstream”,.
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[G024] A kneading apparatus 1 shown in Fig. 2 is an
apparatus used in a kneading process to produce a resin
composition as a2 molded body (coempact). Pricr to describing

the kneading apparatus 1, description will be first given to
the overall producing process which begins with the supply of
raw materials and ends with the production of a semiconductor
encapsulating {sealing) resin composition for covering
{encapsulating) a semiconductor chip (semiconductor element).

[0025] At first, individual materials as raw materials of
a resin composition are prepared. The raw materials include a
resin, a curing agent and a filler material (inorganic filler
material, fine particle}. If necessary, the raw materials may
further include a curing accelerator and a coupling agent. It
is preferable to use an epoxy resin as the resin.

[0026] Examples of the epoxy resin include a cresol
novolac type epoxy resin, a biphenyl type epoxy resin, a
dicyclopentadiene type epoxy resin, a triphenol methane type
epoxXxy resin, a multi-ring aromatic type epoxy resin and so
forth.

[C027) Examples of the curing agent include a phenol
novolac type resin, a phenol aralkyl type resin, a triphenol
methane type resin, a multi-ring aromatic resin and so forth.

[0028] Examples of the filler material include a £fused
silica (having a crushed shape or a spherical shape), a
crystalline silica, an alumina and so forth.

[0029] Examples of the curing accelerator include a
phosphor compound, an amine compound and so forth. Examples
of the coupling agent include a silane compound and so forth.

[0030] Specific one or more of the materials stated above
may be excluded from the raw material. ©Other materials than
set forth above may be further included in the raw materials.
Examples o©of such cther materials include a coloring agent, a
releasing agent, a stress-reducing agent, a flame retardant
and so forth.

{oo31) Examples of the flame retardant include a
borominated =epoxy <resin, an antimony oxide-based flame
retardant, a non-halo- and non-antimony-based flame
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retardant. Examples of the non-halo- and non-antimony-based
flame retardant include an organic phosphor, a metal hydrate,
a nitrogen-containing resin and so forth.

[0032] {(Fine Pulverization)

As shown in Fig. 1, specific materials among the
raw materials are first pulverized (finely pulverized) by a
first pulverizing apparatus to have a specified particle size
distribution. Examples o¢f the raw materials tc be pulverized
include the resin, the curing agent, the curing accelerator

and other materials except the filler materials. & part of
the filler materials may be added into the raw materials to
be pulverized, As a result, a first composition containing

plural kinds o¢f pulverized materials such as the resin
powder, the curing agent powder, the curing accelerator
powder and so forth is obtained. &s the first pulverizing
apparatus, it 1s possible to use a continuous rotary ball
mill or the like.

[0033] (Surface Treatment)

A specified material among the raw materials, for
example, all or part of the filler materials (the remainder
of the filler materials), is subjected to a surface
treatment. In the surface treatment, for example, the
coupling agent is allowed to adhere to surfaces of the filler
material (inorganic filter particles). As a result, a second
composition containing powder materials of the filler
material is obtained. The fine pulverization and the surface
treatment may be performed either simultaneocusly or one after
the other.

[0034] (Mixing}

Next, the first composition obtained in the fine
pulverization process and the second composition obtained in
the surface treatment process, namely, a resin composition (a
composition) containing the plural kinds of pulverized
materials is mixed thoroughly by a mixing device. Each of Lhe
pulverized materials contained in the resin composition has a
different specific gravity. As the mixing dewvice, 1t 1is
possible to use a high-speed mixing device having rotary
blades, a mixing device having a rotating container or the
like.

[0035] (Kneading)
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Next, the resin composition thus mixed is kneaded
by the kneading apparatus 1. The kneading apparatus 1 will be
described later.

[0036] (Degassing)
Next, the resin composition thus kneaded 1is
degassed by a degassing device.

[0037] {Sheet Making)

Next, Lthe resin composition thus degassed 1is
molded inte a sheet shape by a sheet-making device. As a
result, a sheet shaped resin composition (sheet shaped resin
material} 1is 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 cooling device. This makes it possible to easily and

reliably perform pulverization of the sheet shaped resin
composition.

[0039] (Pulverization)

N¥ext, the sheet shaped resin composition 1is
pulverized by a second pulverizing apparatus to have a
specified particle size distribution. As a result, a
pulverized resin composition 1is obtained. As the second
pulverizing apparatus, it is possible to use a hammer mill, a
grindstone type mill, a rell crusher or the like.

[0040] The granular or pulverized resin composition may
be obtained not by the way of the sheet-making, cooling and
pulverizing processes but by, e.g., a hot cutting method in
which a die having a small diameter is installed in an outlet
port of a kneading extruder and then a molten resin
composition discharged from the die is cut by a cutter into
granular resin compesition having a specified leangth. After
obtaining the granular resin composition by the hot cutting
method, it 1is preferable to perform degassing while the
temperature ¢of the resin compositions remains high.

[00411 ({Tablet Making)

Next, the pulverized resin compasition is
compression-molded by a compact manufacturing device (tablet-
making device} to obtain a resin composition in the form of
compacts,
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foo42; The resin composition is used in, e.g., covering
{encapsulating) a semiconductor chip {semiconductor element).
In other words, the resin composition is molded by, e.g., a
transfer molding method and then the semiconductor chip is
covered with the molded resin composition as a semiconductor
encapsulating material, thus manufacturing a semiconductor
package.

{0043] The tablet-making process may be omitted and the
pulverized resin composition may be used as final products.
In this case, the pulverized composition is molded by, e.g..,
a compression-molding method or an injection-molding method
to form a semiconductor encapsulating resin composition.

i0044] Next, description will be given to the kneading
apparatus 1. As shown in Figs. 2 through 6, the kxneading
apparatus 1 1s a double-axis type kneading extruder for
kneading the resin compositicon {composition) <containing the
plural kinds of the pulverized materials. The kneading
apparatus 1 includes a casing 2, a pair of elongate screws
4a, 4b rotatably provided in the casing 2. The screws 4a, 4b
are arranged parallel and horizontally with respect to one
another,

[0045] The casing 2 1s <constituted by detachably
connecting an upper member 21 positioned at an upper side of
the wvertical direction and a lower member 22 positioned a
lower side of the vertical direction in Fig. 2. The casing 2
has a main body 20 and a screw contalner 3 provided in the
casing 2. The screw container 3 defines a kneading section 30
For storing the resin ccmposition to knead +the resin
compesition.

[Q046] The screw container 3 has a cylindrical shape
whose both end portions are sealed. A supply port 31 is
provided on a left side ({upstream side) of an upper surface
of the upper member 21 (the screw container 3). The resin
composition supplied into the kneading section 30 through the
supply port 31 is kneaded in the kneading section 30. B
discharge port 32 is provided on a right side (dowanstream
side} of a lower surface of the lower member 22 (the screw
container 3). The discharge port 32 may be connected with a
supply port of a degassing device 100 for degassing the resin
composition thus kneaded.
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[0047] A constituent material of the main body 20 of the
casing 2 is not particularly limited to a specific material.
Examples of the constituent materials include various
metallic materials such as a stainless steel and so forth.

(0048} The screw container 3 is constituted of a ceramic
material. The ceramic material Ls not particularly limited to
a specific material. Examples of the ceramic material include
an oxide ceramic such as an alumina, a silica, a titania, a
zirconia, a yttria or a calcium phosphate, a nitride ceramic
such as a silicon nitride, an aluminum nitride, a titanium
nitride or a boron nitride, a carbide ceramic such as a
tungsten carbide or the 1like, and a composite ceramic
containing. a combinaticn of two or more of the above ceramic
materials. Among the above <ceramic materials, it is
preferable to use a ceramic material containing the oxide
ceramic.

f0049) In the <c¢ase where the screw container 3 is
constituted of the ceramic material {as described later,
outer layers of the screws ¢£a, 4b are also constituted of a
ceramic material), it is possible to prevent metallic foreign
substances from being mixed into the resin composition during
the resin composition being kneaded. As a result, it is
possible to prevent shoxt circuit when the semiconductor chip
is encapsulated with the resin composition finally produced.
In particular, this makes it possible to suppress an amount
{increasing ratio} of the metallic foreign substances
contained in the resin composition within no more than 1.9
wtppm after the kneading apparatus 1 kneads the resin
composition, more specifically no more than 0.1 wtppm, and
even more specifically equal to 0 wtppm.

[0050] By using the oxide ceramic, which is especially
the alumina having a high insulating property and a high
abrasion resistance, as a ceramic material (constituent

material)} of the screw container 3, even if abrasive
substances of the screw container 3 are produced by friction
between the screw containér 3 and the resin composition
{kneaded composition) and then the abrasive substances are
mixed into the resin composition, 1t is possible to prevent
the short circuit when the semiconductor chip is encapsulated
with the resin ceompesition finally produced.
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[0051] A Vickers hardness Hv of the ceramic material of
the screw container 3 at 500 ¢gf lecad is preferably equal to
oer more than 1300, more preferably in the range of zabout 1500
to 1700. This makes it pessible to prevent metallic powder
(foreign substances) of the constituent material (ceramic
material) of the screw container 3 from being mixed inte the
resin composition during the resin composition being kneaded.
Further, even 1f the abrasive substances of the screw
container 3 are produced by the friction between the screw
container 3 and the resin composition (kneaded composition)
and then the abrasive substances are mixed into the resin
composition, it i1s possible to prevent the short circuit when
the semiconductor chip 1s encapsulated with tLthe resin
composition finally produced.

[0052] A thermal conductivity of the ceramic material of
the screw container 3 is preferably egqual to or more than
0.01 cal/(cm-sec-°C), more preferably in the range of about
0.04 te 0.08 cal/(cm-sec-°C). This makes 1t possible to
reliably conduct heat generated by a temperature adjusting
device described later to Cthe resin composition {kneaded
composition). Alternatively, the temperature adjusting device
can absorb heat of the resin composition. This makes it
possible to stably knead the resin composition.

[0053)]) A thickness of the screw container 3 1is not
particularly limited to a specific wvalue, but is preferably
in the range of about 0.2 to 20 mm, and more preferably in
the range of about 0.3 to 10 mm. By setting the thickness of
the screw container 3 to fall within the above range, it 1is
possible to prevent the screw container 3 from being broken.
Further, even if the ceramic material having a lower thermal
conductivity than the +thermal conductivity of a metallic
material is used as the constituent material of the screw
conbainer 3, 1t i1s possible to reliably conduct the heat
generated by the temperature adjusting device provided
outside of the screw container 3 ({(at an 1inside of the main
body 20 of the casing 2) to the resin composition ({(kneaded
composition).

[G054] In the configuration of this embodiment, whole of
the screw container 32 is constituted of the ceramic material,
but the present invention 1s not limited thereto. For

example, only an inner surface of the screw container 3 may
be <constituted of the ceramic material. Namely, in the
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present invention, at least the inner surface of the kneading
section 30 is constituted of the ceramic material. In the
case where only the inner surface of the screw container 3 is
constituted of the ceramic material, a thickness of a ceramic
layer is not limited to a specific wvalue, but is preferably
in the range of about 0.2 to 20 mm, and more preferably in
the range of akout 0.3 te 10 mm.

{0055] Shaft bearings 61 for rotatably supporting each of
the screws £Za, 4b are detachably provided outside of the
screw container 3 (the kneading section 30) provided in the
casing 2. In this case, the total number of the shaft
bearings 61 is four and the shaft Dbearings 61 are
respectively arranged at both sides of the screws 4a, 4b.
This makes it possible to attach and detach the screws 4a, 4b
together with the shaft bearings 61. .

[0056] Sealing members 33 for sealing a space between the
screw container 3 and the screws da, 4b are respectively
provided between the screw container 3 and the screws 4a, 4b
{provided at contact portions where the screw container 3
touches the screws 4da, 4b}). The sealing members 33 are
constituted of a nonmetallic material such as an elastic
material or the like.

[0057] The temperature adjusting device for heating or
cooling the resin composition stored in the kneading section
30 during the resin composition being kneaded is provided
outside of the kneading section 30 (the screw container 3)

provided in the casing 2. 1In this regard, an area in which a
temperature is adjusted by the temperature adjusting device
may be separated. A cooling or heating medium £for the

temperature adjusting device 1s not limited to a specific
material, but examples of the cooling or heating medium
include water, o0il, inorganic brine, organic brine or so
forth.

{00587 A tubular supply unit 5 is provided on the left
side (upstream side) of the upper surface of the upper member
21 (the screw container 3} so as to be communicated with the
supply port 31. BAn upper end portion ¢f the supply unit 5 is
formed into a tapering shape having an inner diameter
gracdually increasing from a lower side ‘toward an upper side
thereof.
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[CO059] Hereinbelow, descripticn will be given to the pair
of the screws 4a, 4b. Since structures of the screws 4a, 4b
are substantially identical to each other, the screw 4a will
be representatively described.

[0060] As shown in Fig. 3, the screw 4a has a screw axis
41 having an ocuter periphery, a £first screw member 42 having
a first thread directicn, a second screw member 42a having a
second thread direction oppositely oriented to the first
screw direction of the first screw member 42, and a kneading
member 43. Each of the first screw member 42, the second
screw member 42Z2a and the kneading member is provided on the
outer periphery of the screw axis 41. The kneading member 43
can be constituted of a paddle or the like. Each of the first
screw menber 42, the second screw member 42a and the kneading
member 43 may be constituted of a single component or a
plurality of components. Further, each of the first screw
member 42, the second screw member 42a and the kneading
member 43 may be fixed Lo the screw axis 41 or detachably
provided with respect to the screw axis 41.

[00G1] The kneading member 43 is provided at a right side
(downstream side}) of the first screw member 42 and the second
screw member 42a is provided at a right side of the kneading
member 43. By providing the kneading member 43, it 1is
possible to enhance a degree of kneading of the resin
composition.

[0062] Each of the first screw member 42, the second
screw member 42a and the kneading member 43 1is provided in
the kneading section 30.

[00631 Shapes of the first screw member 42 and the second
screw member 42a are not limited to a specific shape. For
example, each of the first screw member 42 and the second
screw member 42a may have a single thread, double threads,
triple threads or more threads. Hereinbelow, since structures
of the first screw member 42 and the second screw member 42a
are substantially identical except the thread direction, the
first screw member 42 will be representatively described.

[0064] Both end portions of the screw da are respectively
inserted into the shaft bearings 61 {(supported by the shaft
bearings 61). As described later, the screw 4a has a core

portion 411 having a surface (outer surface) and an outer
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layer 45 provided on a part of the surface of the core
portion 411. Iin this case, portions of the core portion 411
except the part on which the outer layer 45 is provided
(exposed portions of the core portion 411) are respectively
inserted into the shaft bearings 61 and supported by the
shaft bearings 61. This makes it possible to prevent the
supported portions of the screw 4a from being broken.

[0065] A motor not shown in the drawings is connected
with one (left) end portion side of the screw 4a. This makes
it possible to rotate the screw 4a with driving force of the
motor. The one end porticon of the screw 4a may be detachably
connected with the motor by a connecting member 62 such as a
coupling or the like.

[0066] By retating the SCrews 4a, 4b, the resin
composition stored in the kneading secticn 30 can be kneaded
and simultaneously delivered to the discharge port 32 by the
first screw member 42 and the kneading member 43. Rotational
directions of the screws 4a, 4b may be either the same as or
differ from each other, but it is preferred that the
rotational directions of the screws 4a, 4b are identical to
each ofther. By rotating the screws 4a, 4b in the same
retational direction, it 1is possible to remove the resin
composition remaining on surfaces of the screws 4a, 4b and
then deliver the resin composition thus removed to the
discharge port 32.

[0067] As shown in the Figs. 3 through 6, the screw axis
41, the first screw member 42 and the kneading member 43 of
the screw 4a respectively have core portions 411, 421, 431
having a surface (outer surface) and outer layers 453
respectively provided on the surfaces of the core portions
411, 421, 431.

[0068] In this case, the outer layer 45 of the first
screw member 42 is provided on whole of the surface of tihe
core portion 421 of the first screw member 42. In a similar

way, the outer layer 45 of the kneading member 43 is provided
on whole of the surface of the core portion 431 of the
kneading member 43.

[0069] & shape cof the core portion 421 of the first screw
member 42 is not particularly limited to a specific shape.
For example, the core portion 421 of the core portion 421 may
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nave a shape corresponding to the first screw member 42
(substantially similar shape as the first screw member 42) as
shown in PFig. 5 or a shape having an outer surface gradually
curved (gradual concave and convex shape) as shown in Fig. 6.
The same applies to the core portion 431 of the kneading
member 43.

[0070] The outer layer 45 of the screw axis 41 is
provided on the part of the surface of the core portion 411.
In this case, the outer layer 45 of the screw axis 41 1is
provided at a vicinity of the sealing member 33 for sealing
the space between the screw container 3 and the screw 4a.

[O0071] A constituent material of each of the core
portions 411, 421, 431 1is not particularly limited to a
specific material. Examples of the constituent material

include various metallic materials such as a stainless steel
and so forth.

[0072] The outer layers 45 of the screw axis 41, the
first screw member 42 and the kneading member 43 are
constituted of a nonmetallic material. As the nonmetallic
material, it is preferable to use a ceramic material, a resin
material or the like. Among the above nonmetallic materials,

it is more preferable to¢ use the ceramic material. The
ceramic material may be eithex the same as the ceramic
material of the screw container 3 described above. The

ceramic materials of the outer layers 52 and the screw
container 3 may have the same composition or the différent
composition from each other.

[0073] A thickness of each of the outer layers 45 is not
particularly limited to a specific value, but preferably
equal to or more than 0.2 mm, and more preferably in the
range of about 0.3 to 60 mm.

[0074] Since each of the screws 4a, 4b has the outer
layer 45, it is possible to prevent metallic foreign
substances from being mixed into the resin composition during
the resin composition being kneaded. As a result, it is
possible to prevent the short circuit when the semiconductor
chip is encapsulated with the resin composition finally
produced.



10

15

20

25

30

35

40

45

16

[0075] Regarding the screw axis 41, the screw axis 41 is
fiormed from the core portion 411 and the outer layer 45.
Thus, even if the resin composition is moved into a space
between the outer layer 45 o0f the screw axis 41 and the
sealing member 33, and then friction among them occurs, it is
possible to prevent the constitusnt material of the core
porticon 411 from being mixed into the resin composition.

[0076] In this embodimént, some components of the screw
41, which are the screw axis 41, the first screw member 42
and the kneading member 43, are partially constituted of the
nonmetallic material, but the present invention is not
iimited thereto. For example, whole of each of the first
screw member 42 and the kneading member 43 may be constituted
of the nonmetadllic material.

[0077] B clearance is formed between the inner surface of
the kneading section 30 and an outermost portion of the first
screw mmember 42. In a similar way, another clearance 1is
formed between the inner surface of the kneading section 30
and an outermost portion of the kneading member 43. These
make it possible to prevent the first screw member 42 and the
kneading member 43 from scratching the inner surface of the
kneading section 30 during the rotation of the screw 4a. As a
result, it is possible to prevent metallic powder (foreign
substances}) of the constituent materials {nonmetallic
materials) of the first screw member 42, the kneading member
43 and the screw container 3 from being mixed into the resin
composition.

[0078] Each of the clearance {which is formed between the
inner surface of the kneading section 30 and the outermost
portion of the first screw member 42) and the other clearance
{which is formed between the inner surface of the kneading
section 30 and an outermost portion of the kneading member
43) is preferably in the range of about (.5 to 4 mm, more
preferably in the range of about 2 to 3 mm. This makes it
possible to reliably knead the resin composition and
simultaneously prevent the first screw member 42 and the
kneading member 43 from scratching the inner surface of the
kneading section 30.

[007¢2] In the case where a length of the screw axis 41 of
the screw 4d4a 1is defined as L and a diameter of the first
screw member 42 of the screw 4a 1is defined as D, L/D is
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preferably eqgual to or less than 10, more preferably in the
range of about 7 to 9. This makes it possible to
comparatively reduce an amount of deflection of the screw 4a.
As a result, it is possible to prevent the first screw member
42 and the kneading member 43 from scratching the inner
surface of the kneading section 30 when the screw da is
deflected. Therefore, it is possible to prevent the metallic
powder of the constituent materials of the first screw member
42, the kneading member 43 and the screw contaliner 3 from
being mixed into the resin composition during the rotation of
the screw 4a.

[C08O0} Next, description will be given to the kneading
process and the operation of the kneading apparatus 1 in the
kneading process.

{Kneading process)

In the kneading process, the kneading apparatus 1
is activated (driven) and then the resin composition
containing the plural kinds of the pulverized materials 1is
injected to the supply unit 5. Thus, the resin composition is
supplied into the kneading section 30 through the supply port
31.

{co81] In the kneading section 30, the resin composition
is kneaded and delivered to the discharge port 32 Dby
rotations of the first screw members 42 and the kneading
membhers 43 of the screws 4a, 4b. And then, the resin
composition thus kneaded is discharged from the discharge
port 32.

(006827 Regarding the kneading apparatus 1, at the time
when the kneading apparatus 1 is cleaned up, the upper member
21 of the casing 2 is first detached from the lower member 22
of the casing 2. Next, the connecting members 62 respectively
provided at the one end portions of the screws 4da, 4b are
detached for disconnecting a connection between the screws
4a, 4b and a rotational axis (shaft}) of the motor.

[0083] Next, the screws 4a, 4b are detached from the
casing 2 together with the shaft bearings 61, And then, the
screws 4da, 4b and the shaft bearings 61 are cleaned up.

[0084] With the kneading apparatus 1, it is possible to
prevent metallic foreign substances from being mixed into the
resin composition during the resin composition being kneaded
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and to prevent short circuit when the semicondugtor chip is
encapsulated with the resin composition finally produced.

[Q085] <Second embodiment>

Fig. 7 is a plan view (partial cross section view)
showing an inside o0f a kneading apparatus according to a
second embodiment of the present invention., In the following
description, the upper side of Fig. 7 will be referred to as
“upper”, the lower side will be referred to as “lower”, the
left side will be referred to as “left” or “upstream” and the
right side will be referred to as “right” or “downstream”.

f008e] Hereinbelow, the second embodiment of the kneading
apparatus and the kneading method will be described by
placing emphasis on the points differing from the first
embodiment of the kneading apparatus and the kneading method,
with the same matters omitted from description.

[0087] As -shown in Fig. 7, in the kneading apparatus 1
according to the second embodiment, the kneading members 43
are omitted. WNamely, parts of the first screw members 42 are
also provided on the surface of the screw axis 41 on which
the kneading members 43 are provided in the first embodiment.
The kneading apparatus 1 according to the second embodiment
can provide the same result (effect) as the first embodiment
described above.

[0088] While the descriptions are given to the kneading
apparatus and the kneading method acceording to the present
invention shown in the drawings, the present invention is not

limited thereto. Each component constituting the kneading
apparatus 1is substituted for an arbitrary component having
the same function as it. Further, arbitrary structures or

processes also may be added thereto.

[0089] Further, the kreading apparatus and the kneading
mnethod of the present invention may be made by combining two
or more of the arbitrary structures (features) in one of the
embodiments described above.

[0090]) While the number of the screws according to the
embodiments described above is two, the present invention is
not limited thereto. For example, the number of the screws

may be one, two, three or more.
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[0091] Further, while both thes inner surface of the
kneading section and the inner surfaces of components of the
screws provided in the kneading section are constituted of
the ceramic material, the present invention is not limited
thereto. For example, one of the inner surface of the
kneading section and the inner surfaces of the components of
the SCrews provided in the kneading section may be
constituted of the ceramic material.

Industrial Applicability

[0092] With the present invention, it is possible to
prevent metallic foreign substances (foreign substances}) from
being mixed 4into a resin composition during the resin
composition being kneaded and to prevent short circuit when a
semiconductor chip is encapsulated with the resin composition
finally produced. For the reasons stated above, the present
invention is industrially applicable.
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WHAT IS CLAIMED IS:

1. A kneading apparatus for kneading a composition containing
plural kinds of pulverized materials, comprising:
a casing including:

a supply port for supplying the composition;

a kneading section for storing the compositiocon
supplied through the supply port to knead the composition:
and

a discharge port for discharging the composition
thus kneaded, and
at least one screw for kneading the composition stored in

the kneading section, the screw rotatably provided in the
casing, the screw including:

a screw axis having an outer periphery; and

a screw member provided on the outer periphery of
the screw axis, the screw member provided in the kneading
section,
wherein the screw member provided in the kneading section

has a surface and the kneading section has an inner surface,
wherein at least the surface of the screw member or at
least the inner surface of the kneading secticn is
constituted of a nonmetallic material, and
wherein the discharge port serves as a connecting portion
connected with an inlet port of a degassing device for
degassing the compositicn kneaded by the kneading apparatus.

2. A kneading apparatus for kneading a composition containing
plural kinds of pulverized materials, comprising:

a casing including:

a supply port for supplying the composition;

a kneading section for storing the composition
supplied thrcocugh the supply port to knead the composition;
and

a discharge port for discharging the composition
thus kneaded, and
at least one screw for kneading the compoesition stored in

the kneading section, the screw rotatably provided in the
casing, the screw including:

a screw axis having an cuter periphery;

a screw member provided on the outer periphery of
the screw axis, the screw member provided in the kneading
section; and
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a kneading member provided on the outer periphery
of the screw axis, the kneading member provided in the
kneading section,
wherein each of the screw member and the kneading member
has a surface and the kneading section has an inner surface,

wherein at least the surface of the screw member, at least
the surface of the kneading member and at least the inner
surface of the kneading section are constituted of a
nonmetallic material, and

wherein the discharge port serves as a coennecting portion
connected with an inlet port ¢f a degassing device for
degassing the composition kneaded by the kneading apparatus.

3. The kneading apparatus as claimed in c¢laim 2, wherein a
clearance 1s formed between the inner surface of the kneading
section and an outermest portion of the kneading member and
the clearance is in the range of 0.5 to 4 mm.

4. The kneading apparatus as claimed in c¢laim 2 or 3, wherein
the kneading member has a core portion having a surface and
an outer layer provided on the surface of the core porticn,
and the outer layer of the kneading member is constituted of
a nonmetallic material.

5. The kneading apparatus as claimed in any one of claims 1
to 4, wherein the screw axis has a core porticn having a
surface and an outer layer provided on a part of the surface
of the core portion, and the outer layer of the screw axis is
constituted of a nonmetallic material.

6. The kneading apparatus as claimed in any one of claims 1
to 5, wherein the screw member has a core portion having a
surface and an outer layer provided on the surface of the
core portion, and the outer layer of the screw member is
constituted of a nonmetallic material.

7. The kneading apparatus as claimed in any one of claims 1
to 6, wherein a clearance 1is formed between the inner surface
of the kneading section and an outermosi portion of the screw
member and the clearance is in the range of 0.5 to 4 nmm,.

8. The kneading apparatus as claimed in any one of claims 1
to 7, wherein the screw is detachably provided with respect
to the casing.



22

9. The kneading apparatus as claimed in any one of claims 1
to 8, wherein in the case where a length of the screw axis is
defined as L and a diameter of the screw is defined as D, L
and D satisfy a relation of L/D £ 10.

10. The kneading apparatus as claimed in any one of claims 1
to 9, wherein the nonmetallic material is a ceramic material.

1l. The kneading apparatus as claimed 1in claim 10, wherein =z
Vickers hardness Hv of the ceramic material at 500 gf load is
equal to or mcocre than 1300.

12. The kneading apparatus as claimed in claim 1% or 11,
wherein a thermal conductivity of the ceramic material 1is
equal to or more than 0.01 cal/{cm-sec °C}.

13. The kneading apparatus as claimed in any one of claims 1
to 12, further comprising two o¢f the screws arranged in
parallel with each other in a direction perpendicular to the
screw axis,

wherein the supply port is provided so as to bridge over
the screw members of the two screws in plan view, and

wherein the discharge port is provided so as to bridge
over the screw members of the two screws in plan view.

14. The kneading apparatus as c¢laimed in claim 13, further
comprising at least a first screw member and a second screw
member oppositely oriented to the first screw member as the
screw member,

wherein the supply port is provided so as to bridge over
the first screw members of the two screws in plan view, and

wherein the discharge port is provided so as to bridge
over the second screw members of the two screws in plan view.

15. The kneading apparatus as claimed in any one of claims 1
to 12, further comprising at least a first screw member and a
second screw member oppositely oriented to the first screw
member as the screw member.

16. A method for producing a semiconductor encapsulating
resin, comprising:

kneading a compesition containing plural kinds of
pulverized materials using a kneading apparatus defined by
any one of claims 1 to 15.



