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TITLE OF THE INVENTION

MOLDING DEVICE AND MOLDING METHOD

[00601] The present invention relates to a molding device
and a molding method,

BACKGROUND OF THE INVENTION

[00021] There is known a semiconductor package in which a
semiconductor chip {semiconductox element) is covered
{sealed) with & resin-made sealing material. The sealing

material for the semiconductor package is preoduced by molding
a resin composition, for example, with a transfer molding
method. In a process of producing the resin composition, the
resin composition is molded into a sheet shape by
pressurizing the resin composition between a pair of rollers
{for example, see patent document 1).

[0003] Each of the rollers described in the patent
document 1 has an outer peripheral surface. It is considered
that the ocuter peripheral surface of each of the rollers 1is
constituted of a metallic material. In case of using the
rollers having the outer peripheral surface constituted of
the metallic material, pulverized metals are produced by
friction between the resin composition and the outer
peripheral surface of each of the rollers while the raollers
press the resin composition. As a result, there is a problem
in that the pulverized metals are mixed into the resin
composition as metallic foreign substances. In a case in
which the resin composition containing the pulverized metals
is used as the sealing material for the semiconductor
package, it is impossible to seal the semiconductor chip in a
state that the semiconductor chip is reliably insulated. as a
result, there 1is a case in which the semiconductor chip
shorts out.

[G004] Patent document 1: JP 2006-297701Ra

[0005] It is an object of the present invention to
provide a molding device and a molding method, which are
capable of reliably preventing pulverized metals from being
mixed inte a resin composition when the resin composition is
molded into a sheet shape by pressurization.
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[0006] The above object 1is achieved by the present
invention which is specified in the following (1) to {12).

(1) 2 molding device for molding a resin
composition into a sheet shape by pressurizing the resin
composition, the molding device comprising:

a pair of rollers for molding the resin
composition into the sheet shape by pressurizing the resin
composition between the rollers, the pair of the rollers
arranged parallel to one another,

wherein at least an outer peripheral surface of
each of the rollers is constituted of a ceramic material.

[0007] {2) The molding device described above (1),
wherein each of the rollers has a columnar or cylindrical
core portion and an outer layer provided on an outer
periphery of the core portion, and the outer layer is
constituted of the ceramic material.

[0008] {3) The molding device described above (2},
wherein a thickness of the outer layer is in the range of 0.2
to 100 nm.

[00D09] {4) The molding device described in any one of
above (1) to (3), wherein the ceramic material contains an
oxide ceramic.

[0010] (5) The molding device described in any one of
above (1) to (4), wherein an arithmetic mean deviation of a
profile Ra of the outer peripheral surface of esach of the
rollers defined by JIS5 B 0601 is in the range of 0 to 2 um.

[C011} {6) The molding device described in any one of
above (1} to (5), wherein the pair of the «rollers 1is
configured to be <capable of adjusting a center distance
between axes of the rollers.

{00121 {7) The molding device described in any one of
above {1}y to (6), wherein the molding device further
comprises a cooling device for cooling the resin composition
passing between the pair of the rollers.

[0Q13] {8) The molding device described above (1),
wherein a surface temperature of the outer peripheral surface
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of each of the rollers is set to be equal to or less than
20°C by the cooling device.

[0014] {9) The molding device described above in any one
of above (1} to (8), wherein the molding device further has a
kneading apparatus having a discharge passage, the resin
composition is a kneaded composition kneaded by the kneading
apparatus, and the pair of the rollers 1is provided at a
downstream side of the discharge passage of the kneading
apparatus.

[0015] (10) The molding device described above (9),
wherein the kneading apparatus has a function of degassing
the kneaded composition, and the kneaded compositicn degassed
by the kneading apparatus is molded into the sheet shape by
the pair of the rollers.

[0016] (11} The molding device described in any one of
above (1) to (9), wherein the resin composition is used as a
molding portion constituting an outer packaging of an IC
package.

[0017] (12) & method for molding a resin composition into
a sheet shape using a pair of rollers, the method comprising:
molding the resin composition intoc the sheet shape
by pressurizing the resin composition between the pair of the
rollers arranged parallel to one another,
wherein at least an outer peripheral surface of
each of the rollers is constituted of a ceramic material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 is a view showing a producing process of a
resin composition.

Fig. 2 1is a partial cross section view showing a
molding device according to one embodiment of the present
invention and peripheral apparatuses.

Fig. 3 is a longitudinal section view showing a
roller of the molding device shown in Fig. 2.

Fig. 4 1s a cross view showing a meolding device
according to a second embodiment of the present invention.
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Fig. 5 is a partial cross section view showing a
molding device according to a third embodiment of the present
invention.

Fig. 6 is a partial section wview showing an IC
package using the resin composition.

DETAILED DESCRIPTION OF THE PREFFERED EMBODIMENT

{00191 Hereinbelow, a molding device and a molding method
according to the present invention will be described in
detail based on the preferred embodiments shown in the
accompanying drawings.

[0020] <First embodiment>
Fig. 1 is a view showing a producing process of a
resin composition. Fig. 2 1is a partial cross section view

showing a molding device according to one embodiment of the
present invention and peripheral apparatuses. Fig. 3 is a
longitudinal section view showing a roller of the molding

device shown in Fig. 2. Fig. 4 1s a cross view showing a
molding device according to a second embodiment of the
present invention. Fig. 5 1is a partial cross section view
showing a molding device according to a third embodiment of
the present invention. Fig. 6 1s a partial section view
showing an IC package using the resin composition. In the

following description, the upper side of Figs. 2, 5 and 6
will be referred to as “upper”, “upper side” or “upstream”,
the lower side will be referred to as “lower”, “lower side”
or “downstream”.

[0021] A molding device 1 of the present invention shown
in Fig. 2 1is a device used in a sheet making process to
produce a resin composition. The resin composition is finally
molded into a molded body. Prior to describing the molding
device 1, description will be £first given to the overall
producing process which begins with the supply of raw
materials and ends with the preoduction of the resin
composition.

[0022] At first, individual materials as raw materials of
the resin composition are prepared. The raw materials include
a resin, a curing ageant and a filler material (fine

particle). If necessary, the raw materials may further



10

15

20

25

30

35

40

include a curing accelerator and a coupling agent. It is
preferable to use an epoxy resin as the resin.

[0023] Examples of the epoxy resin include a cresol
novelac type resin, a biphenyl type epoxy resin, a
dicyclopentadiene type epoxy resin, a triphenol methane type
epoXy resin and a multi-ring aromatic type epoxy resin.

[0024] Examples of the curing agent include a phenol
novolac type resin, a phenol aralkyl type resin, a triphencl
methane type resin and a multi-ring aromatic resin.

[0025] Examples of the filler material include a fused
silica (having a crushed shape or a spherical shape), a
crystalline silica and an alumina.

[0026] Examples of the curing accelerator include a
phosphor compound and an amine compound. Examples of the
coupling agent include a silane compound and so forth.

[0027] Specific one of the materials stated above may be
excluded from the raw materials. Other materials than set
forth above may be further included in the raw materials.
Examples o©of the other materials include a coloring agent, a
releasing agent, a flame retardant and a stress-reducing
agent.

[0028] {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 of the raw materials to be pulverized
include the resin, the curing agent, the curiang accelerator

and other materials except the filler materials. A part of
the filler materials may be added into the raw materials to
be pulverized. As the first pulverizing apparatus, it is

possible to use a continuous rotary ball mill and so forth.

f0029] (Surface Treatment)

A specified material among the raw materials, for
example, all or a part {(remaining part) of the filler
materials, is subjected to a surface treatment. In the
surface treatment, for example, the coupling agent adheres to
a surface of the filler material. The fine pulverization and
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the surface treatment may be performed either simultaneously
or one after the other.

[0030] (Mixing)
Next, a composition containing the above raw
materials 1is thoroughly mixed by a mixing device. As the

mixing device, it is possible to use, for example, a high-
speed mixing device having a rotating blade.

[00313] (Kneading)

Next, the mixed composition 1is kneaded by a
kneading apparatus 100. As the kneading apparatus 100, it is
possible to use, for example, a kneading extruder such as a
single~axis type kneading extruder or a double-axis type
kneading extruder, or a roll type kneader such as a mixing
roll and so forth.

10032] (Degassing)
Next, the mixed composition thus kneaded (resin
composition}) is degassed by a degassing device. This

degassing process can be performed by a vacuum pump (not
shown) connected with a discharge passage 101 of the kneading
apparatus 100. The discharge passage 101 of the kneading
apparatus 100 discharges the resin compeosition thus kneaded.

{0033) {Sheet Making)

Next, the resin composition thus degassed
(hereinbelow zreferred +to as ‘“kneaded composition Q17) is
molded into a sheet shape by a molding device 1. As a result,
a sheet shaped material (hereinbelow referred as “sheet
shaped material Q27) is obtained. The molding device 1 will
be described later.

[0034] {Cooling)

Wext, the sheet shaped material Q2 is coocled by a
cooling device. This makes it possible to easily and reliably
perform pulverizatlion of the sheet shaped material Q2 in a
next process.

[0035] (Pulverization)

Next, the sheet shaped material Q2 is pulverized
by a second pulverizing apparatus to have a specified
particle size distribution. As a result, pulverized
compositions are obtained. As the second pulverizing
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apparatus, it is possible to use a hammer mill, a grindstone
type mill or a roll crusher.

[00361 {(Tablet Making)

Next, the pulverized compositions are compression~
molded by a compact manufacturing device (tablet-making
device) to obtain resin composition in the form of compacts.

[0037] As shown in Fig. 6, the resin composition 1s used
for, for example, covering (sealing) a semiconductor chip (IC
chip) 901. And the resin composition is used as a molding
portion 202 constituting an outer packaging of a
semiconductor package (IC package) 300. This makes it
possible to protect the semiconductor chip 901 with the
molding portion S02. In order to cover the semiconductor chip
901 with the resin composition, the resin composition is
molded by a transfer molding method and so foxth, and then
the semiconductor «chip 901 is <covered with the resin

composition. The semiconductor package 900 shown in Fig. 6
has plural lead £frames 903 protruding £rom the molding
portion S802. Fach of the lead frames 903 is electrxically

connected with the semiconductor chip %01 through a wire 904
constituted of a metallic material having conductive
property, such as gold and so forth.

[0038] The tablet-making process may be omitted and the
pulverized compositions may be used as the resin composition.
In this case, the pulverized compositions are molded by, for
example, a compression-molding or an injection-molding method
to form a sealing material.

[0039] Next, description will be given to the molding
device 1. The molding device 1 shown in Fig. 2 is a device
for performing a molding method of the present invention. The
molding device 1 is provided at a downstream side of the
discharge passage 101 of the kneading apparatus 100. The
sheet shaped material QZ molded by the molding device 1 is
conveyed to a next process by a conveyor belt 200.

f0040] The molding device 1 has a pair of rollers 2a, 2b.
The rollers 2a, 2b are arranged parallel to one another in a
horizontal direction. A nip between the rollers 2a, 2b is

located at a lower side of the discharge passage 101 of the
kneaded apparatus 100. This makes it possible to quickly pass
the kneaded composition Q1 between the rollers 2a, 2b. While



10

15

20

25

30

35

40

45

the kneaded composition Q1 passes between the rollers 2a, 2b,
the kneaded composition Q1 is pressurized between the rollers
2a, 2b and then molded intoc the sheet shaped material Q2.

[0041] The molding device 1 further has a cooling device
& for cooling the sheet shaped material ¢2 (the kneaded
composition Q1) passing between the rollers 2a, 2b. The

cooling device 6 simultaneously cools the rollers 2a, 2b as
well as the kneaded composition Q1. This makes it possible to
prevent the kneaded composition Q1 from adhering to the
rollers 2a, 2Zb.

[0042] The number of rotation of the rollers 2a, 2b is
not particularly limited to a specific number, Dbut is
preferably in the range of 1 to 100 rpm, and is more
preferably in the range of 4 to 45 rpm.

[0043] A center distance between axes of the rollers 2z,
2b is constant. In this case, a length of the nip g between
the rollers 2a, 2b is not particularly limited to a specific
value, but is preferably in the range of 0.5 to 5 mm, and is
more preferably in the range of 1 to 3 mm.

[0044) Hereinbelow, since structures of the roller Za and
structures of the roller 2b are substantially identical to
each other, the roller 2a will be representatively described.

[Q045] As shown in Figs. 2 and 3, the roller 2a has a
cylindrical shape. HNamely, the roller 2a has a core portion 3
having a hollow structure and an outer periphery 31, and an
outer layer 4 provided on the outer periphery 31 of the core
portion 3.

[0046] Both end portions of the core portion 3
respectively have small diameter portions 32 whose outer
diameter is smaller than other areas of the core portion 3.
FEach of the small diameter portions 32 is held by a shaft
bearing 5 (inserted into a shaft bearing 5). Since one of the
end portions of the core portion 3 is connected with a motor
{not shown), it is possible to rotate the roller Z2a.

[0047] A constituent material of the core portion 3 is
not particularly limited to a specific material. Examples of
the constituent materials include variocus metallic materials
such as a stainless steel and so forth.
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[0048)] The outer layer 4 1is provided on the outer
peripheral surface 31 of the core portion 3 except areas on
which the small diameter portions 32 are formed. The outex

layer 4 has an outer peripheral surface 41 for pressurizing
the kneaded composition Q1 +to obtain the sheet shaped
material Q2.

[0049] The outer layer ¢ is constituted of a ceramic
material. The ceramic material is 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 like, and a composite ceramic
containing a combination 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.

[0050] In a «case imn which the outer layer 4 1is
constituted of the ceramic material, even if fragments of the
outer peripheral surface 41 are produced by friction between
the sheet shape material Q2 and the outer peripheral surface
41 of the outer layer 4 during the sheet shaped material Q2
being molded, the fragments of the outer peripheral suriace
41 are obvicusly constituted of the ceramic material. In
contrast, in a case in which the outer peripheral surface 41
of the outer layer ¢ is constituted o©f a metallic material,
if pulverized metals are produced by the friction between the
sheet shape material Q2 and the outer peripheral surface 41
of the outer layer 4 during the sheet shaped material Q2
being molded, the pulverized metals are mixed into the sheet
shaped material Q2. However, in the molding device 1, it is
possible to prevent the pulverized metals from being mixed
into the sheet shaped material Q2. In addition, even 1f the
fragments are mixed into the sheet shaped material Q2Z, the
sheet shaped material Q2 has satisfactory properties for
using as the molding portion 902 of the semiconductor package
500 because the fragments are constituted of the ceramic
material.

[0051] It is preferred that the outer layer 4 is
constituted of the oxide ceramic. Among the oxide ceramics,
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it is more preferred that the outer layer 4 is constituted of
the alumina which has excellent abrasion resistance and
insulation properties. As a result, even 1f the fragments of
the outer peripheral surface 41 are produced by the friction
and then mixed intc the sheet shaped material @2, the sheet
shaped material Q2 has satisfactory properties for using as
the molding portion 902 of the semiconductor package 900,

{00527 A thickness of the outer layer 4 is not
particularly limited to a specific wvalue, but is preferably
in the range of 0.2 to 100 mm, and is more preferably in the
range of 0.3 to 40 mm. By setting the thickness of the outer
layer 4 teo fall within the above range, it is possible to
cool the sheet shaped material Q2 appropriately. For example,
when cooling of the outer layer 4 is insufficient, there is a
case in which the sheet shaped material @2 undesirably
adheres to the outer peripheral surface 41 of the outer layer
4. BAs a resuli, it is difficult to release the sheet shaped
material Q2 from the outer peripheral surface 41 of the outer
layer 4. 1In addition, in the case in which the cooling of the
sheet shaped material Q2 is is carried out appropriately, it
is possible to reliably prevent +the outer layer 4 from
cccurring damages such as cracks.

[0053] A longitudinal length L of the outer layer 4 is=s
not particularly limited to a specific walue, but is
preferably in the range of 300 to 1500 mm, and is more
preferably in the range of 500 to 1000 mm.

[0054] A diameter od of the roller 2a except the areas on
which the small diameter portions 32 are formed 1is not
particularly limited to a specific value, but is preferably
egual to or more than 300 mm, and is more preferably in the
range of 350 to 600 mm.

[0055] An arithmetic mean deviation of a profile Ra of
the outer peripheral surface 41 of the ocuter laver 4 defined
by JI8 B 0601 is not particularly limited to a specific
value, but is preferably in the range of 0 e 2 um, and is
more preferably in the range of 0 to 1.5 um.

[0056] By setting the arithmetic mean deviation of the
profile Ra of the outer peripheral surface 41 of the outer
layer 4 to fall within the above range, it 1s possible to
reliably prevent the sheet shaped material Q2 from adhering
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to the outer peripheral surface 41 of the outer layer 4. This
makes it possible to reliably release the sheet shaped
material Q2 from the outer peripheral surface 41 of the outer
layer 4.

[(0057] The cooling device 6 has a supply unit (not shown)
for supplying a coolant 61 into a hollow portion 33 of the
core portion 3 of each of the rollers 2a, 2b. The supply unit
can be constituted of a tank for storing the coolant 61, a
connecting tube for connecting the tank with the hollow
portions 33 of the rollexrs 2a, 2b, and a pump for delivering
the coolant 61.

[0058] The kneaded composition Q1 1is heated by going
through the above processes. When the kneaded composition Q1
is molded into the sheet shaped material Q2, it is preferable
to cool the sheet shaped material Q2 with the coolant 61.
This makes it possible to keep a shape of the sheet shaped
material Q2. In additiomn, it is possible to prevent the sheet
shaped material Q2 from adhering to a conveyor such as the
conveyor belt 200 in the next cooling process, and to easily
cool the sheet shaped material Q2 in the next cooling
process.

[0059] As shown in Fig. 3, the coolant 61 is delivered
from one end side (left side in Fig. 3) of the hollow portion
33 of the roller Z2a to another end side (right side in Fig,
3) of the hollow portion 33 of the roller 2a. The sanme
applies to the roller 2b. This makes it possible to circulate
the coolant 61, BAs a result, it is possible to reliably cool
the sheet shaped material Q2.

[0060] A surface temperature of the outer peripheral
surface 41 of each of the rollers 2a, 2b is preferably set to
be equal to or less than 20°C by the cooling device 6, and is
more preferably set to be in the range of -5 to 15°C. By
setting the surface temperature of +the outer peripheral
surface 41 of each of the rellers 2a, 2b to fall within the
above range, it 1is possible to optimally cool the sheet
shaped material Q2. In other words, it is possible to cool
the sheet shaped material Q2 appropriately.

[0061] The coolant 61 is not particularly limited to a
specific material. Examples of the coolant 61 include water,
0il, inorganic brine.
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[0062] As shown in Fig. 2, the molding device 1 has
scrapers 7 respectively provided at a side of the roller 2a
and a side of the roller 2b. Structures of the scrapers 7 are
substantially identical to each other, the scraper 7 provided
at the side of <the roller 2a will be representatively
described.

[0063] The scraper 7 has a function of removing the
kneaded composition Q1 remaining on the outer peripheral
surface 41 of the roller 2a. The scraper 7 is a plate member
constituted of a metallic material, such as a stainless steel
or the like, a ceramic material or a resin material. At least
a surface of the scraper 7 1is preferably constituted of a
nonmetallic material. The scraper 7 is supported so as to be
capable of adjusting a distance from the scraper 7 to the
outer peripheral surface 41 of the roller 2a. In a state that
the scraper 7 contacts with the outer peripheral surface 41
0f the roller 2a, the scraper 7 can remove the kneaded
composition Q1 from the outer peripheral surface 41 of the
roller 2a. If it 4is unnecessary to remove the kneaded
composition Q1, the scraper 7 is spaced apart from the outer
peripheral surface 41 of the roller 2a.

[0064] <Second embodiment>

Fig. 4 is a cross view showing a molding device
acceording to a second embodiment of a molding device and a
molding method of the present iavention.

[0065] Next, description will be given to the second
embodiment of the present invention with reference to Fig. 4.
Hereinbelow, the second embodiment of the molding device and
the molding method will be described by placing emphasis on
the points differing from the first embodiment of the molding
device and the molding method, with the same matters omitted
from description.

[0066] The molding device and the molding method
according to the second embodiment are the same as the
molding device and the molding method according to the first
embodiment, except that the pair of the rollers is configured
to be capable o0of adjusting the center distance between axes
of the rollers.
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[0067] In the molding device shown in Fig. 4, an arm 8
supporting the roller 2a is configured to be moved in a
horizontal direction (a left-right direction in Fig. 4). This
makes it possible to approach and remove the roller 2a from
the roller 2b. 1In other words, it is possible to adjust the
center distance between the axes of the rollers 2a, 2b.
Therefore, in the molding device 1 according to this
embodiment, it 1s possible to easily adjust a thickness of
the sheet shaped material Q2 to a desired thickness during
the sheet shaped material Q2 being mclded.

[0068] <Third embodiment>

Fig. 5 is a partial cross section view showing a
molding device according to a third embodiment of the present
invention.

f0069] Next, description will be given to the third
embodiment of the present invention with reference to Fig. 5.
Hereinbelow, the third embodiment of the molding device and
the molding method will be described by placing emphasis on
the points differing from the first and second embodiments of
the molding deviece and the molding method, with the same
matters omitted from description.

[0070] The kneading apparatus 100 has a degassing
apparatus 300 provided in the middle of the dischargs passage
101. The degassing apparatus 300 has a housing 302, a rotor
{separating device) 303 rotatably provided in the housing 302
and a decompression mechanism (decompression device) 304 for
decompressing a degassing chamber 3022 of the housing 302.

[0071] The housing 302 has the degassing chamber 3022
provided in the middle of the discharge passage 101 of the
kneading apparatus 100 and a cylindrical portion 3023 having
a cylindrical (tubular) shape. In the degassing chamber 3022,
the kneading. apparatus 100 degasses the kneaded composition
Q1. The cylindrical portion 3023 is provided at a downstream
side of the degassing chamber 3022.

[0072] In the configuration shown in the drawings, the
degassing chamber 3022 has a tubular shape which is a
rectangular in vertical cross secticn, A horizontal cross
sectional area of an inside of the degassing chamber 3022 is
set to be greater than a horizontal cross sectional area of
an inside of a conduit line 3201. The horizontal cross
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sectional area of the inside of the degassing chamber 3022
may be set to be equal toc the horizontal cross sectional area
of the inside cof the conduit line 3201.

[0073] In the configuration shown in the drawings, the
cylindrical portion 3023 has the cylindrical shape having
sealed end portions. The rotor 303 1is provided in the

cylindrical portion 3023 in a state that the rotor 303 is
capable of rotating in a clockwise direction of Fig. 5. The
rotor 303 can hermetically separate the degassing chamber
3022 from the downstream side of the degassing chamber 3022.
This makes it possible to easily and reliably decompress the
degassing chamber 3022. In this regard, an upstream side of
the housing 302 1s hermitically sealed with the kneaded
composition Ql stored in the kneading apparatus 100.

[0074] The rotor 303 has plural {in the configuration
shown in the drawings, £four) partitioning plates 3031 for
partitioning an inside of the c¢ylindrical portion 3023 into
plural spaces (in the configuration shown in the drawings,
spaces 231, 232, 233, 234). In the configuration shown in the
drawings, each of the partitioning plates 3031 is arranged at
egual (angle)} intervals {in the configuration shown in the
drawings, 90 degree intexvals). The rotor 303 rotates by
driving of a motor {driving force) not shown in the drawings.
Due to the rotation of the rotor 303, the kneaded composition
01 is delivered to the downstream side by the partitioning
plates 3031.

[0075] In the degassing apparatus 300, a gap is formed
between an inner peripheral surface of the c¢yliandrical
portion 3023 and the partitioning plate 3031L. This makes it
possible to prevent the partitioning plate 3031 from
scratching the inner peripheral surface of the cylindrical
portion 3023 while the rotor 303 rotates. BAs a result, it is
possible to prevent pulverized materials constituted of the
same material as the partitioning plate 3031 or the
cylindrical portion 3023 from being mixed into the kneaded
composition Q1.

{0076] A width of the gap, that is, a distance from the
inner peripheral surface of the c¢ylindrical portion 3023 and
a distal end portion of the partitioning plate 3031 is
preferably equal to or less than 0.2 mm, and 1s more
preferably in the range of about 0.0l to 0.1 mm. This makes
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it possible to the partitioning plate 3031 from scratching
the cylindrical portionm 3023 while maintaining a pressure in
the degassing chamber 3023.

[0077] A constitution materlal of the housing 302 is net
particularly limited to a specific material, but at least the
inner peripheral surface of the cylindrical portion 3023 is
preferably constituted of a nonmetallic material. In this
case, whole o¢f the cylindrical portion 3032 may be
constituted of the nonmetallic material.

[CGO78] A constitution material of the rotor 303 is not
particularly limited to a specific material, but at least a
surface of the rotor 303 is preferably constituted of a
nonmetallic material. In this case, whole of the rotor 303
may be constituted of the nonmetallic material.

[00791] This makes it possible to prevent metallic foreign
substances from being mixed into the kneaded composition Ql
when the kneaded composition Q1 is degassed. 2As a result, it
is possible to prevent a short circuit and so forth when the
semiconductor chip 901 is sealed with a produced resin
composition.

10080] The nonmetallic material 1is not particularly
limited to a specific material. Examples of such nonmetallic
material include, for example, the ceramic material described
above and so forth.

[0081] The decompression mechanism 304 has a conduilt line
3043 connected with the degassing chamber 3022 {in
communicating with the inside of the degassing chamber 3022),
a pump 3041 for degassing the degassing chamber 3022 through
the conduit line 3043, a wvalve 3042 provided between the
degassing chamber 3022 and the pump 3041.

[0082] At a time when the kneaded composition Q1 is
degassed, the valve 3042 is opened and the pump 3041 is
driven, thereby the degassing chamber 3022 is decompressed.

[0083] When the degassing chamber 3022 is decompressed, a
degree of the decompression (degree of wvacuum), that is, the
pressure {atmosphere pressure) in the degassing chamber 3022
is not particularly 1limited to a specific wvalue, but is
preferably set to be equal te or less than 60 ¥Pa, is more
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preferably set to be egual to or less than 50 kPa, and is
even more preferably set to be in the range of about 30 to 50
kPa. This makes 1t possible to more reliably degas the
kneaded composition Q1.

[0084] Next, description will be given to an function of
the degassing apparatus 300 in the degassing process with
reference to Fig. 5. As described above, the dsgassing

chamber 3022 is hermetically separated from a downstream side
of the degassing chamber 3022 by the partiticning plates 3031
of the rotor 303 provided in the cyvlindrical portion 3023. 1In
other words, the housing 302 of the degassing apparatus 300
is in a sealed state in that the partitioning palates 3031
hermetically separate between the degassing chamber 3022 and
the downstream side of the degassing chamber 3022.

[0085] At the time when the kneaded composition Ql is
kneaded by the kneading apparatus 100, the valve 3042 of the
degassing apparatus 300 is opened and the pump 3041 1is
driven, thereby the degassing chamber 3022 is decompressed,
Further, the rotor 303 is simultaneously rotated by the
driving of the motor (not shown in the drawings). When the
degassing chamber 3022 is decompressed, an upstream side of
the degassing chambexr 3022 1s changed into a decompression
state by a decompression as well as the degassing chamber
3022. Similarly, the downstream side of the degassing chamber
3022 and the space 231 partitioned with the partitioning
plates 3031 provided in the cylindrical portion 3023 in
communicating with the conduit line 3021 are changed into the
decompression state by the decompression.

[00BE] At first, the kneaded compositiocn Ql is introduced
{applied) into the degassing chamber 300 and then is
delivered to the downstream side of the degassing chamber 300
through the degassing chamber 3022 and the conduit line 3021
by its own weight (gravity). WNext, the kneaded composition Q1
is stored in the space 231 formed in the cylindrical poxrtion
3023 in communicating with the conduit line 3021. ©Next, the
kneaded composition Q1 is degassed while the space 1s in
communicating with the conduit line 3021. This makes 1t
possible to remove gas, such as air or the 1like, and water
from the kneaded composition Ql. BAs a result, it is possible
to prevent a void from occurring when the semiconductor chip
901 is sealed with the produced resin composition, thereby it
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is possible o improve reliability of the semiconductor
package.

(00871 Due to the rotation of the rotor 303, the resin
composition stored in the space 231 is delivered by the
partitioning plates 3031 and then discharged from the
discharge passage 101.

[00881] While the descriptions are given to the molding
device and the molding method according to the present
invention shown in the drawings, the present invention is not
limited thereto. Each component constituting the molding
device is substituted for an arbitrary component having the
same function as it. Further, arbitrary structures also may
be added thereto.

[a089] Further, the molding device and the molding method
of the present invention may be made by combining two or more
of the arbitrary structures (features) in one of the
embodiments described above.

[0030] While each of the rollers of the molding device
according to the present invention has the core portion and
the outer layer constituted of +the c¢ceramic material, the
present invention is not limited thereto. Whole of the roller
may be constituted of the ceramic material.

{0091} Further, while each of the rollers of the molding
device according to the present invention has the core
portion having the cylindrical shape with the hellow portion,
the present invention is not limited thereto. For example,
the roller may have a core portion having a columnar shape
without the hollow poxrtion.

INDUSTRIAL APPLICABILITY

[0082] With the present invention, even if fragments of
an outer peripheral surface are produced by friction between
a sheet shape material and the outer peripheral surface of an
outer layer during the sheet shaped materlal being molded,
the fragments of the outer peripheral surface are obviously
constituted of a ceramic material. 1In contrast, inm a case in
which the outer peripheral surface of the outer layer is
constituted of a metallic material, if pulverized metals are
produced by the friction between the sheet shape material Q2
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and the outer peripheral surface 41 of the outer layer 4
during the sheet shaped material 2 being molded, the
pulverized metals are mixed into the sheet shaped material
Q2. However, in the molding device according to the present
invention, it is possible to reliably prevent the pulverized
metals from being mixed into the sheet shaped material. In
addition, even if the fragments are mixed into the sheet
shaped material Q2, <the sheset shaped material Q2 has
satisfactory properties for using as the molding portion 802
of the semiconductor package 900 because the fragments are
constituted of the ceramic material,.
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WHAT IS CLAIMED IS:

1. A moilding device for molding a kneaded composition
into a sheet shape by pressurizing the kneaded composition,
the melding device comprising:

a kneading apparatus for kneading a resin composition
to obtain the kneaded composition, the kneading apparatus
having:

a discharge passage for discharging the kneaded
composition; and

& degassing apparatus for degassing the kneaded
composition and intermittently discharging a degassed and
kneaded composition by rotating a plurality of partitioning
plates for partitioning the degassed and kneaded
composition so that the degassed and kneaded composition is
separately stored in plural spaces, the degassing apparatus
provided in the middle of the discharge passage; and

a pair of rollers for molding the degassed and
kneaded composition into the sheet shape by pressurizing
the degassed and kneaded composition between the rollers,
the pair of the rollers provided at a downstream side of
the discharge passage and arranged parallel to one another,

wherein at least an outer peripheral surface of each

of the rollers is constituted of a ceramic material.

2. The molding device as c¢laimed in claim 1, wherein
each of the rollers has a columnar or cylindrical cozre
portion and an outer layer provided on an outer periphery
of the core portion, and the outer laver 1s constituted of

the ceramic material.

3. The molding device as claimed in claim 2, wherein a
thickness of the outer layer is in the range of 0.2 to 100

nm.
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4, The molding device as claimed in c¢laim 1, wherein the

ceramic material contains an oxide ceramic.

5. The molding device as claimed in claim 1, wherein an
arithmetic mean deviation of a profile Ra of the outer
peripheral surface of each of the rollers defined by JIS B
0601 is in the range of 0 to 2 um.

6. The melding device as claimed in claim 1, wherein the
pair of the rollers 1is configured to be capable of

adjusting a center distance beiween axes of the rollers.

7. The meolding device as claimed in claim 1, wherein
each of the rollers has a cooling device for cooling the
kneaded <composition passing Dbetween the pair of the

rollers.

8. The moliding device as claimed in c¢laim 7, wherein a
surface temperature of the outer peripheral surface of each
of the rollers is set to be equal to or less than 20°C by

the cooling device.

9. The molding device as claimed in claim 1, wherein the
degassed and kneaded composition is used as a molding

portion constituting an outer packaging of an IC package.

10. The molding device as claimed in c¢laim 1, wherein the
degassing apparatus has:

a degassing chamber in which the kneaded composition
is degassed;

a cylindrical portion provided at a downstream side
of the degassing chamber;

a rotor rotatably provided in the cylindrical
portion, the rotor having the plurality of partitioning

plates for partitioning an inside of the c¢cylindrical
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portion into the plural spaces; and

a decompression device for decompressing the
degassing chamber, and

wherein the degassing apparatus 1is configured to
hermitically seal +the degassing chamber by sealing an
upstream side o©of the degassing chamber with the kneaded
composition stored in the kneading apparatus and sealing
the downstream side of the degassing chamber with the

plurality of partitioning plates.

11. The melding device as claimed in c¢laim 10, wherein the
degassing apparatus i1s configured to deliver the degassed
and kneaded composition stored in the plural spaces to the
downstream side of the degassing passage when the plurality

of partitioning plates rotate.

12. The molding device as claimed in claim 10, wherein a
surface of the rotor 1s constituted of & nonmetallic

material.

13. The molding device as claimed in claim 1, further
comprising, a scraper for removing the degassed and kneaded
composition remaining on the outer peripheral surface of

ocne of the rollers.

14. The molding device as claimed in c¢laim 13, wherein a
surface of the scraper 1is constituted of a nonmetallic

material.



