
TITLE OF THE INVENTION 

COMPACT PRODUCTION APPARATUS AND METHOD FOR PRODUCING COMPACT 

[0001] The present invention relates to a compact production 

5 apparatus and a method for producing a compact. 

BACKGROUND OF THE INVENTION 

[0002] There is known a semiconductor package in which a 

semiconductor chip (semiconductor element) is covered (encapsulated) 

10 with a resin-made encapsulating (sealing) material. 	The 

encapsulating material for the semiconductor chip is formed of a 

resin composition and is produced by molding such a resin-made 

compact in the form of a resin-made compact through, e.g., a transfer 

molding method. In a process for producing the compact (resin-made 

15 compact), the resin composition as a base material is compressed 

(compression-molded) by a tablet-making apparatus (compact production 

apparatus) to thereby obtain (produce) the compact formed into a 

tablet (block) form (for example, see patent document 1). In the 

tablet-making apparatus, a part of the apparatus which makes contact 

20 with the resin composition is generally constituted of a metallic 

material. 	In case of using such an apparatus having the part 

constituted of the metallic material, there is a case that metal 

powder or the like is generated by friction between the metallic 

parts of the apparatus and/or between the part of the apparatus and 

25 the resin composition. In the invention described in the patent 

document 1, in the case where such powder is attached to the compact, 

the powder attached to the compact is blown off by air. 

[0003] However, according to the invention of the patent document 1, 

30 the powder attached to the compact cannot be sufficiently removed 

only by blowing the air to the compact. For this reason, there is a 

case that a part of the powder remains on the compact to some 

degrees. 	If the remaining powder on the compact includes metal 

powder, the metal powder is contained in the compact as foreign 

35 substances. In the case where such compact containing metal powder 

is used as the encapsulating material for the semiconductor package, 

it is impossible to encapsulate the semiconductor chip in a state 
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that the semiconductor chip is reliably insulated. As a result, 

there is a case that a short circuit occurs in the semiconductor 

chip. 

	

5 	[0004] Patent Document 1: JP-A 11-290806. 

[0005] It is an object of the present invention to provide a compact 

production apparatus and a method for producing a compact, which are 

capable of reliably preventing metal powder from being contained in a 

10 compact when a resin composition which is a base material of the 

compact is compressed (compression-molded) for producing the compact. 

[0006] The above object is achieved by the present invention which is 

specified in the following (1) to (15). 

15 

(1) 	A compact production apparatus for producing a compact 

by compression-molding a resin composition which is a base material 

of the compact, the compact production apparatus comprising: 

a main body formed into a plate shape and configured to be 

20 rotatable around a central vertical axis thereof, the main body 

having at least one molding die in which a cavity having an upper 

opening and a lower opening vertically opposite to the upper opening 

is formed, the resin composition being supplied into the cavity, 

a first flow passage member formed into a tubular shape and 

25 constituting a first flow passage through which the resin composition 

is supplied into the cavity, the resin composition being supplied 

into the cavity through the first flow passage at a first position 

where the main body is rotated around the central vertical axis by a 

specified angle from an initial position, 

	

30 	an upper compaction member having an upper punch surface to be 

inserted into the upper opening of the cavity from an upper side 

thereof at a second position where the main body is rotated around 

the central vertical axis by a specified angle from the first 

position, the upper punch surface allowed to compress the resin 

35 composition in the cavity, 

a lower compaction member having a lower punch surface to be 

inserted into the lower opening of the cavity from a lower side 
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thereof at the second position, the lower punch surface allowed to 

compress the resin composition in the cavity in cooperation with the 

upper punch surface of the upper compaction member to thereby produce 

the compact, and 

	

5 	a second flow passage member formed into a tubular shape and 

constituting a second flow passage through which the compact is 

discharged from the cavity, wherein the compact obtained by 

compressing the resin composition is separated from the cavity at a 

third position where the main body is rotated around the central 

10 vertical axis by a specified angle from the second position and then 

the compact separated from the cavity is discharged through the 

second flow passage, 

wherein at least 80% or more of a total surface area of an 

upper surface of the main body, an inner circumferential surface 

15 defining the cavity, an inner circumferential surface of the first 

flow passage member, an inner circumferential surface of the second 

flow passage member, the upper punch surface of the upper compaction 

member and the lower punch surface of the lower compaction member is 

constituted of a nonmetallic material. 

20 

[0007] (2) 	The compact production apparatus described above (1), 

wherein the nonmetallic material is a ceramic material or a resin 

material. 

	

25 	[0008] (3) 
	

The compact production apparatus described above (2), 

wherein the ceramic material contains an oxide ceramic. 

[0009] (4) 	The compact production apparatus described in any one of 

above (1) to (3), wherein a Vickers hardness Hv defined by JIS Z 2244 

30 of the nonmetallic material measured at a load of 500 gf is equal to 

or more than 1300. 

[0010] (5) 	The compact production apparatus described in any one of 

above (1) to (4), wherein the upper surface of the main body, the 

35 inner circumferential surface defining the cavity, the upper punch 

surface of the upper compaction member and the lower punch surface of 

the lower compaction member are constituted of the same nonmetallic 
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material. 

[0011] (6) 	The compact production apparatus described in any one of 

above (1) to (5), wherein the inner circumferential surface of the 

5 first flow passage member and the inner circumferential surface of 

the second flow passage member are constituted of the same or 

different nonmetallic material. 

[0012] (7) 	The compact production apparatus described in any one of 

10 above (1) to (6), wherein the nonmetallic material is formed into a 

coating film containing the nonmetallic material. 

[0013] (8) 	The compact production apparatus described above (7), 

wherein a thickness of the coating film is in the range of 0.2 to 1.0 

15 	mm. 

[0014] (9) 	The compact production apparatus described in any one of 

above (1) to (8), wherein the cavity is formed into a cylindrical 

shape. 

20 

[0015] (10) The compact production apparatus described in any one of 

above (1) to (9), wherein each of the upper punch surface of the 

upper compaction member and the lower punch surface of the lower 

compaction member is formed into a planar shape or a curved concave 

25 shape. 

[0016] (11) The compact production apparatus described in any one of 

above (1) to (10), wherein at least a part of each of the inner 

circumferential surface of the first flow passage member and the 

30 inner circumferential surface of the second flow passage member is 

inclined downwardly. 

[0017] (12) The compact production apparatus described in any one of 

above (1) to (11), wherein a releasing agent is previously applied to 

35 each of the inner circumferential surface defining the cavity, the 

upper punch surface of the upper compaction member and the lower 

punch surface of the lower compaction member. 
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[0018] (13) The compact production apparatus described in any one of 

above (1) to (12), wherein the resin composition is formed into 

powder. 

5 

[0019] (14) The compact production apparatus described in any one of 

above (1) to (13), wherein the resin composition is used as a molding 

portion constituting an outer packaging of an IC package. 

10 	[0020] (15) 	A method 	for producing a compact comprising: 

compression-molding a resin composition which is a base material of 

the compact by using the compact production apparatus described in 

any one of above (1) to (14) to thereby produce the compact. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Fig. 1 is a process chart showing a producing process of a 

resin composition. 

Fig. 2 is a perspective view schematically showing a compact 

production apparatus according to the present invention. 

20 	Fig. 3 is a cross section view along a line A-A in Fig. 2. 

Fig. 4 is a cross section view along a line B-B in Fig. 2. 

Fig. 5 is a cross section view along a line C-C in Fig. 2. 

Fig. 6 is a partial section view showing an IC package using 

the resin composition. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0022] Hereinbelow, a compact production apparatus and a method for 

producing a compact according to the present invention will be 

described in detail based on the preferred embodiments shown in the 

30 accompanying drawings. 

[0023] Fig. 1 is a process chart showing a producing process of a 

resin composition. Fig. 2 is a perspective view schematically 

showing a compact production apparatus according to the present 

35 invention. Fig. 3 is a cross section view along a line A-A in Fig. 

2. Fig. 4 is a cross section view along a line B-B in Fig. 2. Fig. 5 

is a cross section view along a line C-C in Fig. 2. Fig. 6 is a 
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partial section view showing an IC package using the resin 

composition. In the following description, the upper side in Figs. 2 

to 6 will be referred to as "upper" or "upper side" and the lower 

side will be referred to as "lower" or "lower side". 

5 

[0024] A compact production apparatus (tablet-making apparatus) 1 

shown in Fig. 2 is an apparatus used in a tablet-making process for 

producing a compact from a resin composition. Prior to describing 

the compact production apparatus 1, description will be first made on 

10 the overall producing process which begins with the supply of raw 

materials and ends with the production of the resin composition for 

encapsulating a semiconductor chip (semiconductor element). 

At first, individual materials as raw materials of the resin 

composition are prepared. 

15 

[0025] The raw materials include a resin, a curing agent and a filler 

material (fine particles). 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. 

20 

[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 epoxy resin and a multi-ring 

aromatic type epoxy resin_ 

25 

[0027] Examples of the curing agent include a phenol novolac type 

resin, a phenol aralkyl type resin, a triphenol methane type resin 

and a multi-ring aromatic resin. 

30 	[0028] Examples of the filler material include a fused silica (having 

a crushed shape or a spherical shape), a crystalline silica and an 

alumina. 

[0029] Examples of the curing accelerator include a phosphor compound 

35 and an amine compound. Examples of the coupling agent include a 

silane compound and so forth. 
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[0030] 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 of the other 

materials include a coloring agent, a releasing agent, a stress- 

5 reducing agent and a flame retardant. 

[0031] Examples of the flame retardant include a brominated epoxy 

resin, an antimony oxide based flame retardant, non-halo and non-

antimony based flame retardant. Examples of the non-halo and non- 

10 antimony based flame retardant include organic phosphor, metal 

hydrate and a nitrogen-containing resin. 

[0032] (Fine Pulverization) 

As shown in Fig. 1, specific materials among the raw materials 

15 are first pulverized (finely pulverized) by a first pulverizing 

apparatus such as a continuous rotary ball mill and so forth 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 

20 part of the filler material may be added into the raw materials to be 

pulverized. 

[00331 (Surface Treatment) 

A specified material among the raw materials, for example, all 

25 or a part (remaining part) of the filler material, 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. The fine pulverization and the surface treatment may be 

performed either simultaneously or one after the other. 

30 

[0034] (Mixing) 

Next, the above raw materials are mixed thoroughly by a mixing 

device to obtain a mixed composition. As the mixing device, it is 

possible to use, for example, a high-speed mixing device having 

35 rotary blades. 

[0035] (Kneading) 
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Next, the mixed composition is kneaded by a kneading 

apparatus. As the kneading apparatus, it is possible to use, 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 

5 mixing roll and so forth. 

[0036] (Degassing) 

Next, the mixed composition thus kneaded (resin composition) 

is degassed by a degassing device. This degassing process can be 

10 performed by a vacuum pump connected with a discharge passage of the 

kneading apparatus. The discharge passage of the kneading apparatus 

discharges the resin composition thus kneaded. 

[0037] (Sheet Making) 

15 	Next, the 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 device having a 

pair of rollers in which the resin composition is molded into a sheet 

20 shape by pressurizing the resin composition between the pair of 

rollers. 

[0038] (Cooling) 

Next, the sheet shaped resin composition is cooled by a 

25 cooling device. This makes it possible to easily and reliably 

perform pulverization of the sheet shaped resin composition in the 

subsequent step. 

[0039] (Pulverization) 

30 	Next, the sheet shaped resin composition is pulverized by a 

second pulverizing apparatus to have a specified Particle size 

distribution. As a result, a pulverized resin composition 

(hereinbelow referred to as "resin powder Ql") is obtained. As the 

second pulverizing apparatus, it is possible to use, e.g., a hammer 

35 mill, a knife mill or a pin mill. 

[0040] In this regard, the resin powder Q1 may be obtained not by way 



9 

of the sheet-making, cooling and pulverizing steps. 	Instead, the 

resin powder Q1 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 apparatus and a molten resin 

5 composition discharged from the die is cut by a cutter into 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. 

10 

[0041] (Tablet Making) 

Next, a large quantity of the resin powder QI is compression-

molded by using a compact production apparatus 1 to thereby easily 

and reliably obtain a compact Q2 made of the resin powder Q1. 

15 

[0042] As shown in Fig. 6, the compact Q2 is used for, for example, 

covering (encapsulating) a semiconductor chip (IC chip) 901. Namely, 

the compact Q2 is used as a molding portion 902 constituting an outer 

packaging of a semiconductor package (IC package) 900. This makes it 

20 possible to protect the semiconductor chip 901 with the molding 

portion 902. In order to encapsulate the semiconductor chip 901 with 

the resin composition in the form of the compact Q2, the resin 

composition in the form of the compact Q2 is molded by a transfer 

molding method and so forth, and then the semiconductor chip 901 is 

25 encapsulated with the resin composition. The semiconductor package 

900 shown in Fig. 6 has plural lead frames 903 protruding from the 

molding portion 902. Each of the lead frames 903 is electrically 

connected with the semiconductor chip 901 through a wire 904 

constituted of a metallic material having conductive property, such 

30 as gold and so forth. 

[0043] Next, description will be made on the compact production 

apparatus 1. As shown in Fig. 2, the compact production apparatus 1 

is an apparatus which performs a method for producing a compact of 

35 the present invention. Namely, the compact production apparatus 1 is 

used for producing the compact Q2 by compression-molding the resin 

powder Ql (pulverized resin composition) which is a base material of 
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the compact Q2. 

[0044] The compact production apparatus 1 comprises a main body 2, 

plural dies 3 (in the configuration shown in Fig. 2, eight) provided 

5 in the main body 2, a first flow passage member 4 constituting a 

first flow passage through which the resin powder Ql is supplied to 

the plural dies 3, an upper compaction member 5 for compressing the 

resin powder Q1 in the plural dies 3, a lower compaction member 6 for 

compressing the resin powder Ql in the plural dies 3 in cooperation 

10 with the upper compaction member 5 to thereby produce the compact Q2, 

and a second flow passage member 7 constituting a second flow passage 

through which the compact Q2 obtained (produced) by compressing the 

resin powder Ql is discharged. Hereinbelow, the configuration of the 

respective components of the compact oroduction apparatus 1 will be 

15 representatively described. 

[0045] The main body 2 is formed into a disk shape as a whole. The 

main body 2 has a central axis 21 and is provided at the compact 

production apparatus I such that the central axis 21 thereof is 

20 parallel to a vertical direction of the compact production apparatus 

I. The main body 2 is configured to be rotatable around the central 

axis 21 (vertical axis). In this regard, for example, the main body 

2 is connected to a rotation mechanism for rotating the main body 2 

having a gear and a motor (not shown in the drawings). 

25 

[0046] The main body 2 has fixing portions 22 in which each of the 

eight dies 3 is provided and fixed. The fixing portions 22 are 

arranged in the main body 2 at an equal angular interval around the 

central axis 21 of the main body 2. Further, as shown in Figs. 3 and 

30 4, each of the fixing portions 22 includes a through hole having an 

opening at an upper surface 23 of the main body 2. The shape of the 

fixing portion 22 is formed into a shape corresponding to an outer 

peripheral shape of the die 3, that is, a cylindrical shape in the 

configuration shown in the drawings. 

35 

[0047] Hereinbelow, since configurations of the eight dies 3 are 

identical to each other, one of the dies 3 will be representatively 
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described. 

[00481 As shown in Figs. 2 to 4, the die 3 is formed into the 

cylindrical shape and has an upper opening and a lower opening 

5 vertically opposite to the upper opening_ A hollow portion defined 

by an inner circumferential surface of the die 3 constitutes a cavity 

31. The resin Powder Qi is supplied (filled) into the cavity 31 and 

then is compression-molded. As a result, the compact Q2 formed into 

a column shape is obtained (see Fig. 1). Since the compact Q2 is 

10 formed into such a simple shape, the compact Q2 is hard to be 

damaged. 

[0049] Further, the inner circumferential surface 32 (wall surface) 

defining the cavity 31 of the die 3 has a circular shape in cross 

15 section. Thus, when a releasing agent is applied to the inner 

circumferential surface 32, it is possible to easily perform the 

application of the releasing agent thereto. Further, this makes it 

possible for the releasing agent to be reliably applied to the whole 

inner circumferential surface 32. In addition, by previously 

20 applying the releasing agent to the inner circumferential surface 32, 

it is possible to easily separate the compact Q2 from the cavity 31. 

Examples of the releasing agent include a silicone type releasing 

agent such as organopolysiloxane and the like, a fluorine type 

releasing agent such as polytetrafluoroethylene and the like, an 

25 alcohol type releasing agent such as polyvinyl alcohol and the like, 

a wax such as a paraffin, a higher fatty acid, a higher fatty acid 

metal, an ester type wax, a polyolefin type wax, polyethylene, 

polyethylene oxide, and the like. These materials may be used singly 

or in combination of two or more of them. 

30 

[0050] As shown in Figs. 2 and 4, the upper compaction member 5 is 

formed into a long cylindrical shape and compresses the resin powder 

Ql in the cavity 31 of the die 3. 

35 [0051] The upper compaction member 5 is movably supported by a moving 

mechanism (not shown in the drawings) in the vertical direction 

thereof. Thus, the upper compaction member 5 can be inserted into 
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the cavity 31 from an upper side thereof. On the contrary, the upper 

compaction member 5 can be removed from the cavity 31. The moving 

mechanism for moving the upper compaction member 5 is not limited to 

a specific type, but examples of the moving mechanism include a 

5 mechanism having an oil hydraulic cylinder. 

[0052] Further, the upper compaction member 5 has an insertion 

portion 51 to be inserted into the cavity 31. An outer diameter of 

the insertion portion 51 is slightly smaller than an inner diameter 

10 of the die 3. A lower surface of the upper compaction member 5 

constitutes an upper punch surface 52 (compressing surface) which is 

allowed to compress the resin powder Ql in the cavity 31 from an 

upper side of the cavity 31 (see Fig. 4). The upper punch surface 52 

is formed into a planar shape. Since the upper ounch surface 52 is 

15 formed into such a simple shape, for example, it is possible to 

easily perform the application of the releasing agent to the upper 

punch surface 52. Further, this makes it possible to reliably apply 

the releasing agent to the whole upper punch surface 52. 	In 

addition, by previously applying the releasing agent to the upper 

20 punch surface 52, it is possible to easily separate the compact Q2 

from the cavity 31. In this regard, the upper punch surface 52, 

depending on the shape of the compact Q2 to be produced, may not be 

necessarily formed into the planar shape. 

25 	[0053] As shown in Figs. 3 and 4, the lower compaction member 6 is 

formed into a long cylindrical shape and compresses the resin powder 

Q1 in the cavity 31 of the die 3 in cooperation with the upper 

compaction member 5. 

30 [0054] The lower compaction member 6 is movably supported by a moving 

mechanism (not shown in the drawings) in the vertical direction 

thereof. Thus, the lower compaction member 6 can be inserted into 

the cavity 31 from a lower side thereof. Further, an insertion 

length of the lower compaction member 6 into the cavity 31 can be 

35 changed (see Figs. 3 and 4). The moving mechanism for moving the 

lower compaction member 6 is not limited to a specific type, but 

examples of the moving mechanism include a mechanism having an oil 
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hydraulic cylinder. 

[0055] Further, the lower compaction member 6 has an insertion 

portion 61 to be inserted into the cavity 31. An outer diameter of 

5 the insertion portion 61 is slightly smaller than the inner diameter 

of the die 3. An upper surface of the lower compaction member 6 

constitutes a lower punch surface 62 (compressing surface) which is 

allowed to compress the resin powder Ql in the cavity 31 from a lower 

side of the cavity 31 (see Fig. 4). The lower punch surface 62 is 

10 formed into a planar shape. Since the lower punch surface 62 is 

formed into such a simple shape, for example, it is possible to 

easily perform the application of the releasing agent to the lower 

punch surface 62. Further, this makes it possible to reliably apply 

the releasing agent to the whole lower punch surface 62. By 

15 previously applying the releasing agent to the lower punch surface 

62, it is possible to easily separate the compact Q2 from the cavity 

31. In this regard, the lower punch surface 62, depending on the 

shape of the compact Q2 to be produced, may not be necessarily formed 

into the planar shape. 

20 

[0056] As shown in Figs. 2 and 3, the first flow passage member 4 is 

used for supplying the resin powder Ql into the cavity 31 of the die 

3. The first flow passage member 4 constitutes a tubular body having 

a circular shape in cross section. The resin powder Ql can be passed 

25 through a hollow portion of the tubular body constituting the first 

flow passage member 4. 

[0057] The first flow passage member 4 has an opening portion opened 

downwardly. The opening portion of the first flow passage member 4 

30 serves as a discharge passage 41 from which the resin powder Ql is 

discharged. When the die 3 is positioned below the discharge passage 

41, the resin powder Ql is discharged from the discharge passage 41 

and supplied into the cavity 31 of the die 3. 

35 	[0058] Further, the first flow passage member 4 has an inclined 

portion 42 that is inclined at the middle of a longitudinal direction 

of the first flow passage member 4. In the inclined portion 42, since 
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a part of an inner circumferential surface 43 of the first flow 

passage member 4 is inclined downwardly, it is possible for the resin 

powder Ql to easily flow down through the first flow passage member 

4. This makes it possible to rapidly supply the resin powder Ql into 

	

o 	the die 3. 

[0059] As shown in Fig. 2, the second flow passage member 7 is 

provided in a circumferential direction of the main body 2 and 

arranged in a different position from the first flow passage member 

10 4. The compact Q2 discharged (separated) from the cavity 31 of the 

die 3 is to be passed through the second flow passage member 7. The 

second flow passage member 7 constitutes a tubular body having a 

semi-circular shape in cross section. 

	

15 	[0060] Further, as shown in Fig. 5, the whole second flow passage 

member 7 (inner circumferential surface 71) is inclined downwardly. 

This makes it possible for the compact Q2 to easily flow down through 

the second flow passage member 7. As a result, the compact Q2 can be 

rapidly collected. In this regard, for example, a collecting tray 

	

20 	(not shown in the drawings) for collecting the plural compacts Q2 is 

provided in the lower side of the second flow passage member 7. This 

makes it possible for the plural compacts Q2 to be conveyed together. 

[0061] Next, description will be made on a function of the compact 

25 production apparatus I, that is, the process in which the compact Q2 

is produced in each of the dies 3. Hereinbelow, for the sake of 

facilitating the understanding of the present invention, the 

description will be representatively made on the compact Q2 

compressed in the "die 3a1" among the eight dies 3 positioned just 

30 below the discharge passage 41 of the first flow passage member 4 in 

the configuration shown in Fig. 2. 

[0062] When the main body 2 is rotated in an anti-clockwise direction 

by a specified angle from an initial state (initial position), the 

35 die 3a1  is positioned just below the discharge passage 41 of the first 

flow passage member 4 at this position (hereinbelow referred to as 

"first position", see Figs. 2 and 3). 	In the first position, the 
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resin powder Q1 is supplied and filled into the cavity 31 of the die 

3a1  from the first flow passage member 4 in a state that the lower 

compaction member 6 is partially inserted into the cavity 31. The 

resin powder QI is supplied and filled into the cavity 31 to an 

5 extent that the resin powder Ql supplied into the cavity 31 is 

overflowed out of the cavity 31 (see Fig. 3). An excess resin powder 

Q1' overflowed out of the cavity 31 is removed before the resin 

powder Ql is compression-molded. Thus, the resin powder. Q1 is filled 

into the cavity 31 of the die 3aL  in just proportion, that is, a 

10 constant amount of the resin powder Q1 is filled into the cavity 31. 

In this regard, the removal of the excess resin powder Q11  is 

performed by using, e.g., a scraper. 

[0063] Next, when the main body 2 is rotated in an anti-clockwise 

15 direction by a specified angle (in the configuration shown in Fig. 2, 

45°) from the first position, the die 3a1  is removed from the first 

flow passage member 4. The die 3,0  moved from the first position to 

this position is called as "die 3a2". In this position (hereinbelow 

referred to as "second position"), the die 3a2 is positioned just 

20 below the upper compaction member 5. Thereafter, as shown in Fig. 4, 

the upper compaction member 5 falls down and the lower compaction 

member 6 rises up so that the resin powder Q1 in the cavity 31 of the 

die 3a2  is compressed between the upper punch surface 52 of the upper 

compaction member 5 and the lower punch surface 62 of the lower 

25 compaction member 6. The compression state of the resin powder Ql is 

maintained until the main body 2 is rotated to a third position 

described below. The resin powder Ql is compressed during the main 

body 2 rotating from the second position to the third position, 

thereby becoming firm. As a result, the compact Q2 is obtained. 

30 

[0064] Thereafter, the main body 2 is rotated in an anti-clockwise 

direction by a specified angle (in the configuration shown in Fig. 2, 

135°) from the second position. The die 3a2 moved from the second 

position to this position is called as "die 3a3". In this position 

35 

	

	(hereinbelow referred to as "third position"), the upper compaction 

member 5 rises up and the lower compaction member 6 further rises up 

by a smaller amount of movement than that of the upper compaction 
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member 5 so that the compact Q2 is separated from the cavity 31 of 

the die 3a3. Thus, the compact Q2 is moved to the second flow passage 

member 7 by the rotation of the main body 2 in a state that the 

compact Q2 is separated from the cavity 31. As a result, the compact 

5 Q2 passes through the second flow passage member 7 to thereby be 

discharged to an outside of the compact production apparatus 1. In 

this regard, the movement of the compact Q2 to the second flow 

passage member 7 is performed by using, e.g., a scraper. 

10 	[0065] In the compact production apparatus 1, portions below are 

constituted of a nonmetallic material. 

The upper surface 23 of the main body 2 

The inner circumferential surface 32 of the die 3 

The upper punch surface 52 of the upper compaction member 5 

15 	The lower punch surface 62 of the lower compaction member 6 

The inner circumferential surface 43 of the first flow passage 

member 4 

The inner circumferential surface 71 of the second flow 

passage member 7 

20 

[0066] At least 80% or more of a total surface area of the above 

portions is constituted of the nonmetallic material, and it is 

preferred that 100% of the total surface area of the above portions 

is constituted of the nonmetallic material. 

25 

[0067] In addition, it is preferred that a surface of the scraper 

exemplified above is constituted of the nonmetallic material. 

[0068] As shown in Figs. 3 to 5, each of the upper surface 23 of the 

30 main body 2, the inner circumferential surface 32 of the die 3, the 

upper punch surface 52 of the upper compaction member 5, the lower 

punch surface 62 of the lower compaction member 6, the inner 

circumferential surface 43 of the first flow passage member 4 and the 

inner circumferential surface 71 of the second flow passage member 7 

35 is a portion which makes contact with the resin powder Q1 or the 

compact Q2 (hereinbelow, all of these portions are together referred 

to as "contact portion 10") 
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[0069] In a case in which the contact portion 10 is constituted of 

the nonmetallic material, even if fragments of the contact portion 10 

are produced by friction between one part of the contact portion 10 

5 and the other part thereof and/or between either the resin powder Qi 

or the compact Q2 and the contact portion 10 during producing the 

compact Q2 from the resin powder Ql, the fragments of the contact 

portion 10 are obviously constituted of the nonmetallic material. In 

contrast, in a case in which the contact portion 10 is constituted of 

10 a metallic material, if metal powder is produced by the friction 

between one part of the contact portion 10 and the other part thereof 

and/or between either the resin powder Ql or the compact Q2 and the 

contact portion 10 during producing the compact Q2 from the resin 

powder Ql, the metal powder is contained in the compact Q2. However, 

15 in the compact production apparatus 1, it is possible to prevent the 

metal powder from being contained in the compact Q2 (an increased 

metal content contained in the compact Q2 is lowered equal to or less 

than 1.0 wt ppm, preferably equal to or less than 0.1 wt ppm.). In 

addition, even if the fragments of the contact portion 10 are 

20 contained in the compact Q2, the compact Q2 has satisfactory 

properties for producing the molding portion 902 of the semiconductor 

package 900 because the fragments of the contact portion 10 are 

constituted of the nonmetallic material. 

25 	[0070I Examples of such nonmetallic material include a ceramic 

material and resin material. It is especially preferable to use the 

ceramic material. The ceramic material is not particularly limited 

to a specific material. Examples of such ceramic material include an 

oxide ceramic such as an alumina, a silica, a titania, a zirconia, a 

30 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 

35 preferable to use the ceramic material containing the oxide ceramic. 

This makes it possible for the contact portion 10 to have excellent 

abrasion resistance. 
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[0071] In a case in which the contact portion 10 is constituted of 

the oxide ceramic, a Vickers hardness Hv defined by JIS Z 2244 of the 

oxide ceramic (nonmetallic material) measured at a load of 500 gf is 

5 not limited to a specific value, but is preferably equal to or more 

than 1300, is more preferably in the range of 1500 to 1700. This 

makes it possible for the contact portion 10 to have more excellent 

abrasion resistance. Examples of such an oxide ceramic having the 

Vickers hardness Hv within the above range include the zirconia and a 

10 high-purity alumina. 

[0072] Further, in the case where the upper surface 23 of the main 

body 2 is to be constituted of the ceramic material, a coating film 

24 containing the ceramic material may be used (see Figs. 3 and 4). 

15 In the same way, in the case where the inner circumferential surface 

32 of the die 3 is to be constituted of the ceramic material, a 

coating film 33 containing the ceramic material may be used (see 

Figs. 3 and 4). In the case where the upper punch surface 52 of the 

upper compaction member 5 is to be constituted of the ceramic 

20 material, a coating film 53 containing the ceramic material may be 

used (see Fig. 4). In the case where the lower punch surface 62 of 

the lower compaction member 6 is to be constituted of the ceramic 

material, a coating film 63 containing the ceramic material may be 

used (see Figs. 3 and 4). In the case where the inner 

25 circumferential surface 43 of the first flow passage member 4 is to 

be constituted of the ceramic material, a coating film 44 containing 

the ceramic material may be used (see Fig. 3). In the case where the 

inner circumferential surface 71 of the second flow passage member 7 

is to be constituted of the ceramic material, a coating film 72 

30 containing the ceramic material may be used (see Fig. 5). In these 

cases, the other parts than the coating film containing the ceramic 

material in each of the members may be constituted of, e.g., a 

metallic material. Further, instead of using such a coating film 

containing the ceramic material, the whole of each of the main body 

35 2, die 3, the upper compaction member 5, the lower compaction member 

6, the first flow passage member 4 and the second flow passage member 

7 may be constituted of the nonmetallic material such as the ceramic 
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material. 

[0073] In this configuration, the contact portion 10 can be easily 

and reliably constituted of the ceramic material. 

5 

[0074] In this regard, a thickness of the coating films 24, 33, 53, 

63, 44 and 72 is not particularly limited to a specific value, but is 

preferably in the range of 0.2 to 1 mm, and more preferably in the 

range of 0.3 to 0.5 mm. Further, the thickness of each of the 

10 coating films may be equal to or different from one another. In the 

case where the thickness of each of the coating films is equal to one 

another, for example, a condition of a device for forming the coating 

films can be set to equal to one another, thereby easily forming the 

coating films. Further, taking into consideration of an extent of 

15 the abrasion of each of the members, the thickness of the coating 

films may be set depending on the extent of the abrasion. 	For 

example, the thickness of the surface to be loaded such as the 

coating film 53 of the upper punch surface 52 or the coating film 63 

of the lower punch surface 62 may be increased compared to the 

20 thickness of the coating films 24, 33 and 44. This makes it possible 

to secure strength of the coating films 53 and 63. Further, this 

also makes it possible to use such members for a long period of time 

without replacement thereof. 

25 	[0075] Further, it is preferred that the coating films 24 (upper 

surface 23) of the main body 2, the coating films 33 (inner 

circumferential surface 32) of the die 3, the coating films 53 (upper 

punch surface 52) of the upper compaction member 5 and the coating 

films 63 (lower punch surface 62) of the lower compaction member 6 

30 are constituted of the same ceramic material (nonmetallic material), 

e.g., the zirconia. The zirconia has excellent fracture toughness 

among ceramic materials. As a result, by using the zirconia as a 

constituent material of the above portions rotating and/or sliding, 

it is possible to prevent the coating films from being damaged. 

35 

[0076] Further, in the case where each of the coating film 33 of the 

die 3, the coating film 53 of the upper compaction member 5 and the 
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coating film 63 of the lower compaction member 6 is constituted of 

the ceramic material, fine irregularities may be formed on each of 

the above surfaces (coating films). In such a case, since the 

releasing agent is retained with the fine irregularities of the 

5 surfaces, an amount of the releasing agent applied to the surfaces 

per one application thereof can be relatively increased. This makes 

it possible to relatively reduce a number of the application of the 

releasing agent to the surfaces. 

10 	[0077] Further, the coating film 44 (inner circumferential surface 

43) of the first flow passage member 4 and the coating film 72 (inner 

circumferential surface 71) of the second flow passage member 7 are 

constituted of the same or different nonmetallic material. In the 

case where the coating films 44 and 72 are constituted of the same 

15 nonmetallic material, from a view point of increasing strength and 

anti-abrasion property of the coating films 44 and 72, the coating 

films 44 and 72 may be constituted of the zirconia. On the other 

hand, in the case where the coating films 44 and 72 are constituted 

of different nonmetallic material, a constituent material of the 

20 coating films 44 and 72 may be selected depending on a load applied 

to the coating films 44 and 72. For example, the coating film 44 may 

be constituted of the zirconia and the coating film 72 may be 

constituted of Nylon. 	Further, the constituent material of the 

coating films 44 and 72 may be selected appropriately depending on a 

25 specification of the compact production apparatus 1. Furthermore, in 

the case where the coating films 44 and 72 are constituted of the 

different nonmetallic material, the compact production apparatus 1 

has an advantage to facilitate workability for producing the compact 

Q2 due to, e.g., reduction of powder adhesion and clogging, or weight 

30 saving of the compact production apparatus 1. 

[0078] While the descriptions are made on the compact production 

apparatus and the method for producing the compact according to the 

present invention shown in the drawings, the present invention is not 

35 limited thereto. Each component constituting the compact production 

apparatus may be substituted for an arbitrary component having the 

same function as it. Further, arbitrary structures also may be added 
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thereto. 

[0079] While the number of the dies provided in the main body of the 

compact production apparatus according to the present invention is 

5 eight in the configuration shown in the drawings, the present 

invention is not limited thereto. The number of the dies is one, 

two, three, four, five, six, seven or equal to or more than nine. 

[0080] While each of the upper punch surface of the upper compaction 

10 member and the lower punch surface of the lower compaction member of 

the compact production apparatus according to the present invention 

is formed into the planar shape in the configuration shown in the 

drawings, the present invention is not limited thereto. Both of the 

upper punch surface and the lower punch surface may be formed into a 

15 curved concave shape. Further, one of the upper punch surface and 

the lower punch surface may be formed into the planar shape and the 

other may be formed into a curved concave shape. 

[0081] Further, the upper compaction member, the lower compaction 

20 member and the die may be configured to be capable of modifying the 

size thereof (that is, the size of the compact Q2). Namely, the 

upper compaction member, the lower compaction member and the die may 

be configured to be removable from the compact production apparatus. 

25 	[0082] While the first flow passage member of the compact production 

apparatus according to the present invention constitutes the tubular 

body having the circular shape in cross section, the present 

invention is not limited thereto. For, example, the first flow 

passage member may constitute a tubular body having a semi-circular 

30 shape in cross section like the second flow passage member. 

[0083] While the second flow passage member of the compact production 

apparatus according to the present invention constitutes the tubular 

body having the semi-circular shape in cross section, the present 

35 invention is not limited thereto. For, example, the second flow 

passage member may constitute a tubular body having a circular shape 

in cross section like the first flow passage member. 
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INDUSTRIAL APPLICABILITY  

[0084] With the present invention, a portion which makes contact with 

the resin composition or the compact (hereinbelow, the portion is 

5 referred to as "contact portion") is constituted of the nonmetallic 

material. Even if fragments of the contact portion are produced by 

friction between one part of the contact portion and the other part 

thereof and/or between either the resin composition or the compact 

and the contact Portion during producing the compact from the resin 

10 composition, the fragments of the contact portion are obviously 

constituted of the nonmetallic material. In contrast, in a case in 

which the contact portion is constituted of a metallic material, if 

metal powder is produced by the friction between one part of the 

contact portion and the other part thereof and/or between either the 

15 resin composition or the compact and the contact portion during 

producing the compact from the resin composition, the metal powder is 

contained in the compact. However, in the compact production 

apparatus according to the present invention, it is possible to 

prevent the metal powder from being contained in the compact. For 

20 the reasons stated above, the present invention is industrially 

applicable. 
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What is claimed is:  

1. 	A compact production apparatus for producing a compact by compression-

molding a resin composition which is a base material of the compact, the compact 

production apparatus comprising: 

a main body formed into a plate shape and configured to be rotatable around a 

central vertical axis thereof, the main body having at least one molding die in which a 

cavity having an upper opening and a lower opening vertically opposite to the upper 

opening is formed, the resin composition being supplied into the cavity, 

a first flow passage member formed into a tubular shape and constituting a 

first flow passage through which the resin composition is supplied into the cavity, the 

resin composition being supplied into the cavity through the first flow passage at a first 

position where the main body is rotated around the central vertical axis by a specified 

angle from an initial position, 

an upper compaction member having an upper punch surface to be inserted 

into the upper opening of the cavity from an upper side thereof at a second position 

where the main body is rotated around the central vertical axis by a specified angle from 

the first position, the upper punch surface allowed to compress the resin composition in 

the cavity, 

a lower compaction member having a lower punch surface to be inserted into 

the lower opening of the cavity from a lower side thereof at the second position, the 

lower punch surface allowed to compress the resin composition in the cavity in 

cooperation with the upper punch surface of the upper compaction member to thereby 

produce the compact, and 

a second flow passage member formed into a tubular shape and constituting a 

second flow passage through which the compact is discharged from the cavity, wherein 

the compact obtained by compressing the resin composition is separated from the cavity 

at a third position where the main body is rotated around the central vertical axis by a 

specified angle from the second position and then the compact separated from the cavity 

is discharged through the second flow passage, 

wherein at least 80% or more of a total surface area of an upper surface of the 

main body, an inner circumferential surface defining the cavity, an inner circumferential 

surface of the first flow passage member, an inner circumferential surface of the second 

flow passage member, the upper punch surface of the upper compaction member and 

the lower punch surface of the lower compaction member is constituted of a nonmetallic 

material, and 
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wherein the upper surface of the main body is constituted of a coating film 

containing the nonmetallic material. 

2. The compact production apparatus as claimed in claim 1, wherein the 

nonmetallic material is a ceramic material or a resin material. 

3. The compact production apparatus as claimed in claim 2, wherein the ceramic 

material contains an oxide ceramic. 

4. The compact production apparatus as claimed in claim 1, wherein a Vickers 

hardness Hv defined by HS Z 2244 of the nonmetallic material measured at a load of 

500 gf is equal to or more than 1300. 

5. The compact production apparatus as claimed in claim 1, wherein the upper 

surface of the main body, the inner circumferential surface defining the cavity, the 

upper punch surface of the upper compaction member and the lower punch surface of 

the lower compaction member are constituted of the same nonmetallic material. 

6. The compact production apparatus as claimed in claim 1, wherein the inner 

circumferential surface of the first flow passage member and the inner circumferential 

surface of the second flow passage member are constituted of the same or different 

nonmetallic material. 

7. The compact production apparatus as claimed in claim 1, wherein the inner 

circumferential surface defining the cavity, the inner circumferential surface of the first 

flow passage member, the inner circumferential surface of the second flow passage 

member, the upper punch surface of the upper compaction member and the lower punch 

surface of the lower compaction member are constituted of a coating film containing the 

nonmetallic material. 

8. The compact production apparatus as claimed in claim 7, wherein a thickness 

of the coating film is in the range of 0.2 to 1.0 mm. 

9. The compact production apparatus as claimed in claim 1, wherein the cavity 

is formed into a cylindrical shape. 

10. The compact production apparatus as claimed in claim 1, wherein each of the 
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upper punch surface of the upper compaction member and the lower punch surface of 

the lower compaction member is formed into a planar shape or a curved concave shape. 

11. The compact production apparatus as claimed in claim 1, wherein at least a 

part of each of the inner circumferential surface of the first flow passage member and 

the inner circumferential surface of the second flow passage member is inclined 

downwardly. 

12. The compact production apparatus as claimed in claim 1, further comprising a 

releasing agent layer, wherein the releasing agent layer is formed by applying a 

releasing agent to each of the inner circumferential surface defining the cavity, the 

upper punch surface of the upper compaction member and the lower punch surface of 

the lower compaction member. 

13. A method for producing a compact by compression-molding a resin 

composition which is a base material of the compact using the compact production 

apparatus defined by claim 1, said method comprising: 

supplying the resin composition from the first flow passage of the first flow 

passage member into the cavity of the molding die of the main body at the first position, 

compressing the resin composition in the cavity between the upper punch 

surface of the upper compaction member and the lower punch surface of the lower 

compaction member at the second position to thereby produce the compact, and 

discharging the compact from the cavity through the second flow passage of 

the second flow passage member at the third position. 

14. The compact production apparatus as claimed in claim 2, wherein the main 

body, the upper compaction member, the lower compaction member, the first flow 

passage member and the second flow passage member are constituted of the ceramic 

material. 

15. The compact production apparatus as claimed in claim 7, wherein at least one 

of the coating films constituting the upper punch surface and the lower punch surface is 

thicker than the coating films constituting the upper surface of the main body, the inner 

circumferential surface defining the cavity, and the inner circumferential surfaces of the 

first flow passage member and the second flow passage member. 


