RESIN MOLDING MACHINE

The present invention relates to a resin molding machine.

In a conventional resin molding machine which is used for
manufacturing semiconductor devices, the semiconductor devices
- are automatically molded with resin by a transfer molding
method. In the transfer molding method, semiconductor devices
(members to be molded) are clampéd by molding dies,. then
melted resin in pots is exerted by plungers so as to fill the
melted resin in cavities. The plungers exerts the melted
resin with high pressure, so the molding dies clamping the
members to be molded are closed by a press mechanism, which
includes a clamping mechanism, with pressure greater than the
resin pressure. Thus, the greater clamping force of the press
mechanism is usually generated by a hydraulic system.

A conventional resin molding machine, which includes the
hydraulic system for driving the clamping mechanism and a
transferring mechanism, is shown in Fig. 21. The hydraulic
system includes: a clamping piston 5 for clamping molding
dies; a transferring piston 6 for exerting the melted resin;
and-a pfessure equalizing unit 7. In the multi-pot type resin
molding machine, if resin amount in each pot is not equal,
the resin pressure in each pot is not equal, either. By the
uneven resin pressure in the pots, cavities cannot be filled
similarly. If the resin pressufe is too low, some cavities
cannot be filled with the resin; if the resin pressure is too
high, resin flashes are formed. To equalize the resin pressure
in all of the pots, the pressure equalizing unit is provided.

There are provided piston rods 9, each of which supports each
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plunger 8 in each pot, in the pressure equalizing unit 7. Each
piston rod 9 is vertically movably provided in each cylinder
9A. 0il chambers in the cylinders 9A are mutually
communicated, so that all of the piston rods 9 can be pushed
with the same pressure.

These days fine semiconductor devices have been required,
so they are.molded in a clean room, e.g., Class 1000, so the
clamping mechanism is driven by an electric drive system
instead of the hydraulic system. In the conventional molding
machine having the electric drive system, an upper die or a
lower die of the molding dies is moved to clamp the members to
be molded. An example of the conventional molding machine,
whose lower die is'moved by the electric drive system, is
shown in Fig. 22. Note that, this molding machine has been
disclosed in Japanese Utility Model Kokai Gazette No. 5-84766.

By employing the electric drive system, the working
environment can be kept clean. And speed of filling the
melted resin can be easily controlled as compared with the
hydraulic system, so that manufacturing accuracy can be
improved.

Further, an example of the conventional molding machine,
which does not includes the hydraulic system and which employs
a spring as the pressure equalizing unit 7, is shown in Fig.
23. Note that, this molding machine has been disclosed in
Japanese Utility Model Kokai Gazette No. 1-46028. However, if

amount of resin tablet in each pot is not equal, the resin

- pressure in each pot cannot be equal, so that some cavities

cannot be fully filled, and resin flashes are formed in some

molded products.



The spring of the pressure equalizing unit will be
weakened, but the hydraulic pressure equalizing unit will not
be weakened and can absorb the pressure difference; which is
caused by the uneven amount of the resin tablet. Further, the
hydraulic pressure equalizing unit can change the resin
" pressure a plurality of times in one molding cycle, so that
wire deformation of the semiconductor devices can be
prevented, and the resin pressure can be properly controlled
according to resin and/or products. .

| In the conventional multi-pot type transfer molding
machine, however, the pressure equalizing unit must be changed
according to molding dies when molding conditions, e.g.,
number of pots, pot pitch, of the molding dies are.changed.
Especially, it is troublesome for the hydraulic-drive molding
machine to change the pressure equalizing unit including a
cleaning step, which takes a long time.

As described above, it is important for resin molding
machines to properly control the resin pressure so as to
manufacture good molded products. And it is also important to
completely remove the molded products from the molding die
after molding. These days some kinds of resin molded
semiconductor devices have very thin molded sections, so they
must be properly removed from the molding die so as not to
manufacture bad products.

The resin molded semiconductor products must have good
quality, and they must be mass-produced. To efficiently
mass-produce the semiconductor devices, the lower plunger type
molding machines, whose plungers are provided in the lower die

of the molding dies, have been used. If the plungers are



provided in the upper die, the plungers must be pulled out
upward for each resin feeding step, so air is apt to invade
into the pots. By the air invading into the pots, voids are
formed in some molded products. Further, the plungers are
cooled by pulling out from the pots, so the molding cycle time

cannot be shortened.

The present invention has been invented to solve the
above described problems of the conventional resin molding
machines.

An object of the present invention is to provide a resin
molding machine, which is capable of making the resin pressure
in all the pots even so as to execute precise molding.

Another object is to provide a resin molding machine
having a compact sized clamping mechanism, which is capable of
generating greater clamping force.

Another object is to provide a.resin.molding machine
having an pressure equalizing unit, which is capable of easily
changing molding conditions so as to improve ﬁhe molding
efficiency.

To achieve the objects, a basic structure of the resin
molding machine of the present invention comprises:

a clamping mgchanism including an upper die and a lower
die, the lower die being capable of moving so as to clamp a
member to be ﬁolded;

plungers exerting melted resin in pots so as to send the
same when the member is molded, the plungers being pfovided in
the pots which are formed in the lower die;

a plunger driving mechanism for moving the plungers to



send the melted resin;

an pressure equalizing unit being capable of pushing all
of the plungers with same pressure; and

an electric motor driving the clamping mechanism and the
plunger driving mechanism,

wherein the pressure equalizing unit is controlled by a
hydraulic system.

In the resin molding machine, the clamping mechanism may
include a toggle.mechanism which connects a base with a
movable platen.

In the resin molding machine, the toggle mechanism may
include:

a screw shaft rotatably and vertically provided at a
center of the base;

a nut being screwed with the screw shaft;

a link mechanism connecting the base with the movable
platen by engaging with the nut; and

an electric motor rotating the screw shaft about its own
axis. |

In the resin molding machine, the link mechanism may
include:

a first link piece whose one end is engaged with the nut;

~a second link piece whose one end is pivotably connected
with the base; and

a third link piecé whose one end is pivotably connected
with the movable platen, and

wherein the other end of the second link piece is
pivotably connected with the other end of the third link
piece, the other end of the first link piece is pivotably
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connected with the second link piece at a position between the
both ends of the second link piece.

In the resin molding machine, the plunger driving
mechanism may include: '

a screw shaft holding the pressure equalizing unit, which
is provided under the pots of the lower die;

a nut being screwed with the screw shaft; and

an electric motor rotating the nut so as to vertically
move the screw shaft.

In the resin molding machine, the clamping mechanism may
further include a movable platen, the movable platen has a
unit hole, which is opened in a side face of the movable
platen, and which makes the pressure equalizing unit possible
to vertiéally move when the member is molded, and

wherein the pressure equalizing unit is provided in the
unit bole and held by the plunger driving mechanism.

In the resin molding machine, the plunger driving
mechanism may further include a unit plate for holding the
pressure equalizing unit in the unit hole and arranging the
same in the longitudinal direction of the unit hole,

wherein the pressure equalizing unit is slidably engaged
with the unit plate whereby the pressure equalizing unit is
capable of moving in the longitudinal direction thereof, and

wherein the pressure equalizing unit is capable of being
engaged with and disengaged from the unit plate via the open |
end of the unit hole. |

In the resin molding machine, the pressure equalizing
unit may include a unit block having a plurality of cylinders

in each of which a piston head, which corresponds to each



plunger, is movably provided, and

wherein the unit block is communicated with the
hydraulic system, oil chambers of all the cylinders are
mutually communicated.

In the resin molding machine, the pressure equalizing
-unit may include a unit block having a plurality of cylinders
in each of which a piston head, which corresponds to each
plunger, is movably'provided,

wherein the unit block is communicated with the hydraulic
system, oil chambers of all the cylinders are mutually
communicated, and

wherein the unit block has an adjusting piston, which is
capable of adjusting oil pressure working to the piston heads.

The resin molding machine may further comprise:

a fixing bracket being provided in a front end section of
the unit plate; and

a communicating bracket being provided in a front end
section of the unit block, the communicating bracket being
communicated with the hydraulic system, ’

wherein a position of the communicating bracket with
respect to the fixing bracket is defined to define a position
of the pressure equalizing unit.

In the resin molding machine, upper.end sections of the
piston heads are capable of respectively keying with lower end
sections of the plungers by rotating the plungers about their
own axes.

Another basic structure of the resin molding machine
comprises:

a clamping mechanism including an upper die and a lower



die, the lower die being capable of moving so as to clamp a
member to be molded; o

plungers exerting melted resin in pots so as to send the
same when the member is molded, the plungers being provided in
the pots which are formed in the lower die;

a plunger driving mechanism for moving the plungers to
send the melted resin; |

an pressure equalizing unit being capable of pushing all
of the plungers with same pressure;

a unit block having a plurality of cylinders in each of
which a piston head, which corresponds to each plunger, is
movably provided, the unit block being communicated with the
hydraulic system, 0il chambers of all the cylinders being
mutually communiéated; and |

a movable platen having a unit hole, which is opened in a
side face of the movable platen, the movable platen making the
pressure equalizing unit possible to vertically move when the
member is molded,

wherein the pressure equalizing unit is provided in the
unit hole and held by the plunger driving mechanism.

In the resin molding machine, the plunger driving
mechanism may further include a unit plate for holding the
pressure equalizing unit in the unit hole and arranging the
same in the longitudinal direction of the unit hole,

wherein the pressure equalizing unit is slidably engaged
with the unit plate whereby the pressure equalizing unit is
capable of moving in the longitudinal direction thereof, and

wherein the pressure equalizing unit is capable of being

engaged with and disengaged from the unit plate via the open



end of the unit hole.

Embodiments of the present invention will now be
described by way of examples and with reference to the
accompanying drawings, in which:

Fig. 1 is a plan view of a resin molding machine of an
embodiment of the present invention;

Fig. 2 is a front view of a press mechanism of the resin
molding machine;

Fig. 3 is a right side view of the press mechanism;

Fig. 4 is a front view of a clamping mechanism of the
press mechanism;

Fig. 5 is a side view of the clamping mechanism;

Fig. 6 is a plan view of the clamping mechanism and a
plunger driving mechanism;

Fig. 7 is a front sectional view of the plunger driving
mechanism;

Fig. 8 is a side sectional view of the plunger driving

mechanism;

Fig. 9 is a sectional view of an pressure equalizing
unit;

Fig. 10 is a perspective view of the pressure equalizing
unit which is attached to a unit plate; |

Fig. 11 is an exploded perspective view of the pressure
equalizing unit,.the unit plate, etc.:;

Fig. 12 is a sectional view showing an inner structure of
the pressure equalizing unit;

Fig. 13 is a plan view of the pressure equalizing units,

which are attached in a movable platen;
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Fig. 14 is a side view of the pressure equalizing units,
which are attached in the movable platen; |

Fig. 15 is a sectional view showing the inner structure

of the pressure equalizing unit;

Fig. 16 is a sectional view showing a step of ejecting
molded products and a cull from a molding die;

Fig. 17 is a sectional view showing the step of ejecting
the molded products and the cull from the molding die;

Fig. 18 is a partial sectional.view of an exchanging
mechanism of the pressure equalizing units of a hydraulic
molding machine;

Fig. 19 is a partial sectional view of the pressure
equalizing unit, which is commected with a joint block;

Fig. 20 is a plan view of the pressure equalizing units,
which is attached to a unit block;

Fig. 21 is the sectional view of the conventional
hydraﬁlic molding machine;

Fig. 22 is the partial sectional view of the conventional
" molding machine.having the movable lower die; and
Fig. 23 is the sectional view of the spring pressure

equalizing unit.

Preferred embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings.

Fig. 1 shows a transfer molding machine, which is capable
of molding lead frames, which is an example of members to be
molded, of semiconductor devices and which has an electric

press mechanism. The machine is a lower multi-plunger type
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resin molding machine, namely a plurality of plungers for
exerting melted resin are provided in a lower die. The resin
molding machine is capable of automatically setting the lead
‘frames on which semiconductor chips have been mounted,
supplying resin tablet and molding the lead frames with the
" resin melted.

In Fig. 1, the lead frames on which the semiconductor
chips have been mounted are fed in a section A; a pair of
lead frames are arranged parallel in a section B; the resin
tablets are supplied in a section C; the resin tablets are
linearly arranged in a section D; the lead frames are molded
in a section E; disused resin, e.g., molded gates, are removed
(degated) from the molded lead frames in a section F; and the
molded lead frames are arranged and accommodated in a section
G.

In the resin molding machine of the present embodiment,
the electric press mechanism, which is driven by a servo
motor, including a clamping mechanism, which clamps the lead
frames, is provided in the section E. Molding dies 10 has a
lower die 10a and an upper die 10b. Pots 12 are provided in
the lower die 10a. A couple of lines of the pots 12 are
arranged parallel, so four lead frames can be molded in one
molding cycle.

The lead frames and the resin tablets are set in the
molding dies 10 by the steps of: chucking the lead frames and
the resin tablets, which are located in the section B, by an
inloader; conveying the inloader to a position above the lower
die 10a; mounting the lead frames in setting positions on the

lower die 10a; and setting the resin tablets in the pots 12
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respectively. In the section B, the arrangement of the resin
tablets is equal to that of the pots 12 in the lower die 10a;
the arrangement of the lead frames is equal to the setting
positions thereon.

After setting the lead frames and the resin tablets, the
lead frames are clamped by the lower die 10a and the upper die
10b, then the resin which is melted in the pots 12 is filled
in cavities, which are formed in the molding dies 10, by the
plungers so as to mold the lead frames. After molding, the
molding dies 10 are opened, then an unloader enters a space
between the lower die 10a and the upper die 10b from the
section F side until reaching the position above the lower die
10a. The unloader chucks the molded products and returns to
the section F to degate the disused resin. Finally, the molded
products are accommodated in the section G.

As described above, the lead frames are fed. in the
section A, the resin tablets are supplied in the section C, so
the lead frames can be automatically and continuously molded
with the resin.

Fig. 2 is the front view of the electric press mechanism
in the section E; Fig. 3 is the right side view thereof.

In the press mechanism, an upper platen 20 is fixed; a
lower platen 22 is a movable platen. The press mechanism has a
base 24. The upper die 10b is fixed to the upper platen 20;
the lower platen 10a is fixed to the movable (lower) platen
22. Pressure equalizing units 80 are capable of equalizihg
resin pressure of the melted resin, which is sent from each
pot 12. Each pressure equalizing unit 80 has: a plurality of

cylinders; a plurality of piston heads, each of which is
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slidably provided in the cylinder and each of which has a
pistbn rod 82; and an oil communicating path capable of
mutually communicating the cylinders. In Fig.'Z, the piston
rods 82 are extended upward..A hydraulic system H is connected
with the pressure equalizing units 80.

In Fig. 3, a servo motor 40 moves the movable platen 22
in the vertical direction; a servo motor 42 moves the
plungers. The servo motor 40 for clamping the molding dies 10
is provided on the rear side of the press mechanism; the servo
motor 42 for driving the plungers is provided on the right
side of the press mechanism.

In the present embodiment, the electric motors 40 and 42
are employed in the clamping mechanism and plunger driving
mechanisms. And oil pressure (hydraulic force) is used for the

pressure equalizing units 80.

The clamping mechanism of the press mechanism is shown in
Figs. 4 and 5. Fig. 4 is the front view of the press
mechanism; Fig. 5 is the side view thereof. In Fig. 5, an
opening state of the molding dies 10 is shown on the left siae
of a center line CL; a clamping state of the molding dies 10
is shown on the right side thereof. Fig. 4 shows the clamping
state. In the present embodiment, the base 24 and the movable
platen 22 are connected by a toggle mechanism, and the toggle
mechanism is driven by the servo motor 40 so as to open and
close the molding dies 10.

As shown in Fig. 5, a screw shaft 44 is rotatably and
vertically provided at a center of the base 24 is connected

with the servo motor 40 by engaging a belt 50 between a pulley
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46, which is fixed to a lower end of the screw shaft 44, and
an output shaft 48 of the servo motor 40. A nut 52 is screwed
with the screw shaft 44, so the nut 52 can be vertically moved
by rotating the screw shaft 44 on its own axis. A link
mechanism, which connects the base 24 with the movable platen
22, engages with the nut 52. With this structure, the movable
platen 22 is vertically moved with the vertical movement of
the nut 52, so that the molding dies 10 can be opened and
closed.

" In the present embodiment, the link mechanism connecting
the base 24 and the movable platen 22 comprises a first link
piece 54a, a second link piece 54b and a third link piece 54c.
In Fig. 4, two sets of the link mechanisms (the link pieces
54a, 54b and 54c) which are arranged parallel are seen; in
Fig. 5, two sets of the link mechanisms which are arranged
symmetry are seen. Namely, four sets of.the link mechanisms
are provided. ' _

One end of the second link piece 54b is pivotably
" connected with the base 24 by a shaft 55; one end of the third
link piece 54c is pivotably connected with the movable platen
22 by a shaft 56; the other end of the second link piece 54b
and the other end of the third link piece 54c¢ are mutually
pivotably connected by a shaft 57. With this structure, the
second link piece 54b and the third link piece 54c can be |
pivoted about the shaft 57.

One end of the first link piece 54a is engaged with the
nut 52; the other end thereof is pivotably connected with the
second link piece 54b. The other end of the first link piece

54a is pivotably connected at a mid position between the
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shafts 55 and 57. The first link piece 54a transmits driving
force, which is generated by moving the nut 52 in the vertical
direction, to the second link piece 54b and the third link
piece 54c. With this structure, the nut 52 and the link

pieces 54a, 54b and 54c are driven by rotating the screw shaft
‘44 by the servo motor 40, so that the movable platen 22 can be
vertically moved to open and close the molding dies 10.

Fig. 6 is the plan view of the movable platen 22. The
link mechanisms suppoft and push center parts, in the width
direction, of the movable platen 22, so the clamping force can
be evenly applied to right chases (molding sections) and left
chases {(molding sections), which have been assembled in the
molding dies 10, and the lead frames can be securely clamped
while molding.

_ In the present embodiment, the toggle mechanism is
employed, so even if the toggle mechanism is driven by a small
motor, greater clamping force can be gained. Further, high
speed clamping can be executed without accelerating the motor.
The resin molding machine can be compacted in size. The
clamping mechanism pﬁshes end sections of the movable platen
22, so a main driving mechanism for driving the movable platen
22 can be provided under the center part of the movable platen
22. |

Rod plates 72 are fixed at a prescribed height by
supporting members, which are vertically fixed to the base 24.

Note that, a screw press mechanism driven by an electric
motor has been disclosed in Japanese Utility Model Kokai
Gazette No. 1-46208. The screw press mechanism has following

advantages: molding dies can be opened with high positioning
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accuracy; fixed clamping force can be gained without reference
to height of a movable platen; and greater clamping force can
be gained. On the other hand, the screw press mechanism has
following disadvantages: the molding dies cannot be moved at
high speed; a high power motor must be employed; a screw
section is apt to be abraded by the greater force; and the
movable platen is pushed at one point, so the clamping force
cannot be evenly applied to the movable platen.

In the molding machine, which employs the toggle
lmechanism, the clamping force is changed according to the
height of the movable platen. But, in the present embodiment,
thickness of the molding dies 10, which are attached to the
movable platen 22, is designed to be common to all products,

- and the height of the movable platen 22 in the clamping state
is fixed for all products. Namely, the clamping position of
the movable platen 22 is not changed even if the molded
products are changed, so that the clamping mechanism can
always gain fixed clamping force with the toggle mechanism.

In the clamping mechanism of the electric driven press
mechanism, data of the clamping force generated by the servo
motor, which can be detected by a sensor, e.g., a load cell
sensor, may be fed back to the servo motor, so that clamping

speed and the clamping force can be properly controlled.

As described above, the servo motor 40 is used for
opening and closing the molding dies 10; the servo motor 42 is
used for sending the melfed resin from the pots to the
cavities after clamping the members to be molded.

Figs. 7 and 8 shows the plunger driving mechanisms, which
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is driven by the servo motor 42. The plunger driving
mechanisms are vertically moved together with the movable
platen 22, which is vertically moved by the clamping
mechanism. While the molding dies 10 clamps the members to be
molded, the plunger driving mechanisms push the plungers in
“the pots so as to exert and send the melted resin. The
movable platen 22 and the plunger driving mechanisms are shown
in Figs. 7 and 8.

The lower die 10a is fixed to the movable platen 22. The
lower die 10a has the pots 12 and the chases 14, each of which
has setting positions {(cavities) in each of which the member
to be molded is set. Each plunger 16 is vertically slidably
provided in each pot 12.

The lower die 10a has a couple of the chases 14 so as to
simultaneously mold four lead frames. Thus, the plunger |
driving mechanism is provided for each chase 14.

In the multi-pot (plunger) type molding machine, each
chase has a plurality of pots 12, and the plungers 16 are
respectively provided in the pots 12 of each chase 14, so all
the plungers 16 are simultaneously pushed to send the melted
resin fromtthe pots 12 to the cavities.

The pressure equalizing units 80 act to equalize the
resin pressure in each poﬁ 12 even if amount of the resin
~ tablets are not equal. The pressure equalizing units 80 are
shown in Figs. 7 and 8. The pressure equalizing units 80
equalize the resin pressure in each pot 12 by oil pressure.
The plunger 16 are respectively supported by the piston rods

82, which are projected upward from the pressure equalizing

units 80.
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The plungers are vertically moved by vertically moving
the pressure equalizing units 80, which support the plungers
16. A couple of the pressure equalizing units 80 are provided
for each chase 14 (see Fig. 7).

To vertically move the plungers 16, there.are downwardly
extended screw shafts 60 from bottom faces of the pressure
equalizing units 80, nuts 62 are respectively screwed with the
screw shafts 60, and the servo motor 42 rotates the nuts 62.
With this structure, the pressure equalizing units 80 can be
vertically moved together with.the plungers 16.

A belt 66 engages an output shaft 64 of the servo motor
42 with the nuts 62 to connect the servo motor 42 with the
nuts 62. A tension roller 68 applies proper tension to the
belt 66. A planar arrangement of the belt 66, the output shaft
66 and the nuts 62 is shown in Fig. 6.

As shown in Figs. 7 and 8, the screw shaft 60 are
vertically moved by rotating the nuts 62 by the servo motor
42, so that the plungers 16 can be vertically moved together
with the pressure equalizing units 80.

- After the clamping mechanism clamps the lead frames, the
plungers 16 are moved upward by the servo motor 42 so as to
send the melted resin from the pots 12 to the cavities in the
molding dies 10.

In the present embodiment, the plunger driving
mechanisms, each of which comprises the screw shaft 60, the
nut 62, etc., ére provided for each chase 14. By providing the
plunger driving mechanisms for each chase 14, the melted resin
can be securely send into each chase 14. If the plungers 16 of

each chase 14 are moved by one screw shaft 60, driving force
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of the screw shaft 60 unevenly transmitted to the plungers 16,
so that desired molding cannot be executed in the both chases
14. On the other hand, in the present eﬁbodiment, desired
molding can be securely executed even if one of the chases 14
is used or different producfs are molded in each chase 14. The
"nuts 62 are commonly rotated by the servo motor 42, but they
may be rotated by servo motors respectively. And a couple of
hydraulic systems may be provided for each pressure equalizing
units 80.

Note that, ejector rods 70 are shown in Fig. 8. The
ejector rods 70 act to project ejector pins from inner faces
of the cavities when the molding dies 10 are opened. The
ejector rods 70 are vertically pierced through the movable
platen 22. When the molding dies 10 are opened, upper ends of
the ejector rods 70 come into contact with a bottom face of an
ejector pin plate 71; lower énds of the ejector rods 70 come
into contact with a rod plate 72, which is fixed at a
prescribed height when the movable platen 22 is moved
downward; and the ejector rods 70 is pushed upward when the
movable platen 22 is further moved downward, so that the

ejector pins are pushed upward together with the ejector pin

plate 71.

(Exchanging Mechanism of The Pressure Equalizing Unit)

Fig. 9 is a sectional view of the pressure equalizing
unit 80; Fig. 10 is a perspective view of the pressure
equalizing unit 80; Fig. 11 is an exploded perspective view of
the pressure equalizing unit 80,

As described above, the pressure equalizing units 80
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employ oil pressure to equalize the resin pressure in each
pots 12. In Fig. 9, an oil is introduced into a unit block 84.
There are formed a plurality of cylinders 82b in the unit
block 84. The piston heads 82a are respectively slidably
provided.in the cylinders 82b. An inner structure of the unit
block 84 is shown in Fig. 12, which shows that the cylinders
825 are mutually communicated. Since the oil iﬁ the cylinders
82b are mutually communicated, the plungers 16 can be pushed
by even force when the plunger driving mechanisms push the
pressure equalizing units 80 upward.

The pressure equalizing units 80 is designed to
correspond an arrangement of the pots 12 in the molding dies
10. Thus, the pressure equallzlng units 80 must be exchanged
together with the chases 14 of the molding dies 10 when
molded products are changed. Since the pressure equalizing |
units 80 are provided under the plungers 16 and in the movable
platen 22, it is very troublesome for the conventional molding
machine to exchange thé pressure equalizing units.

In the present embodiment, the pressure equalizing units
80 can be attached into and detached from the movable platen
22 without disassembling the pressure equalizing units 80, so
that they can be exchange easily.

The front view of the movable platen 22 is shown in
Figs. 4 and 7. Unit holes 90, which are through-holes in the
present embodiment, are bored, in the back and forth
direction, in the movable platen 22. The pressure equalizing
units 80 can be respectively inserted in the unit holes 90
from front ends thereof. The.unit holes 90 must be opened at

least in a front end face of the movable platen 22.
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In each unit hole 90, a unit plate 85 for attaching and
detaching the pressure equalizing unit 80 is arranged in the
longitudinal direction of the unit hole 90, and the unit plate
85 is fixed to an upper end of the screw shaft 60. The
pressure equalizing units 80 are capable of vertically moving
“in the unit holes 90, so the unif holes 90 have enough spaces -
in the vertical direction.

To correctly set the pressure equalizing unit 80 on each
unit plate 85, the unit block 84 has grooves 84a in outer side
faces; the unit block 84 can be attached to the unit plate 85
by engaging the grooves 84a with a T-slot 85a of the unit
plate 85. The state of attaching the unit block 84 to the unit
plate 85 is shown in Fig. 10.

The oil must be introduced into the unit block 84, and
the unit block 84 must be fixed to the unit plate 85, so there
is fixed a fixing bracket 86 at a front end of the unit plate
85, and there is fixed a communicating bracket 87 at a front
end of the unit block 84. A relationship between the fixing
bracket 86 and the communicating bracket 87 is shown in Fig.
11. The fixing bracket 86 is merely fixed to the front end of
the unit plate 85; the communicating bracket 87 is
communicated with oil holes 84b of the unit block 84 and fixed
thereto. To attach the unit block 84 to the uﬁit plate 85,
firstly the communicating bracket 87 is fixed to the unit
block 84, then the unit block 84 is fitted into the T-slot 85a
of the unit plate 85.

By fitting the unit block 84 in the unit plate 85, the
position of the unit block 84, in the width direction and the

vertical direction, is defined. To define positions of the
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communicating bracket 87 and the unit block 84, firstly the
unit blqck 84 is attached to the unit plate 85, then a
positioning pin 87a is inserted in the brackets 86 and 87. A
sensor 89 judges if the unit block 84 is correctly set or not
by detecting the positioning pin 87a. 0il pipes 88 are
connected with the communicating bracket 87 by couplers so as
to communicate the pressure equalizing unit 80 with the
hydraulic system H. Note that, rod grooves 86a, through which
the ejector rods 70 pass, are formed in the fixing bracket 86
as shown in Fig. 11.

A planar arrangement of the unit blocks 84, the unit
plates 85, the fixing brackets 86 and the communicating
brackets 87 in the movable platen 22 is shown in Fig. 13. The
unit blocks 84 are located in a center part of the movable
platen 22 and respectively attached on the unit plates 85. The
communicating brackets 87 are respectively fixed to the front
ends of the unit blocks 84, and the unit blocks 84 are located
at described positions. Fig. 14 is a side view of the pressure
equalizing units 80, which are attached in the movable platen
22. The pressure equalizing units 80 at lower positions are
drawn by solid lines; the pressure eqﬁalizing units 80 at
upper positions are drawn by two-dot chain lines. |

The sensor 89 detects the positioning pin 87a to judge if
the communicating bracket 87 and the pressure equalizing unit
80 is correctly set in the unit hole 90 or not. If the unit
block 84 is not located at a correct position, the molding
dies 10 will be damaged, so the sensor 89 is provided to
prevent the molding dies 10 from damaging.

Note that, the pressure equalizing units 80 are
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completely attached by joining to the plungers 16 of the
molding dies 10. When the pressure equalizing units 80 are
attached and detached, the plungers 16 are disconnected from
the piston rods 82. The pressure equializing units 80 and the
plungersl16 are connected by the steps of: setting the

" pressure equalizing units 80 at prescribed positions in the
movable platen 22; setting the lower die 10a at a prescribed
position in the movable platen 22; and inserting the plungers
16 into each pot 12 from an upper side.

As shown in Fig. 7, the plungers 16 are respectively
connected with upper ends of the piston rods 82 of the
pressure equalizing units 80. The connecting structure has
been disclosed in Japanese Utility Model Kokai Gazette _
No. 3-26519. As shown in Fig. 9, there is provided a holder 92
for keying the plunger 18 with the upper end of the piston rod
82 at the upper end of the piston rod 82. The lower end of the
plunger 18 is inserted into the holder 92, then the plunger 18
is rotated about its own axis, so that the plunger 16 is
connected with the piston rod 82, and the plunger 16 cannot
move in the axial direction. To disconnect the plunger 16 from
the holder 92, the plunger 16 is rotated in the reverse
direction, then the key connection therebetween is
disconnected, so that the plunger 16 can be pulled out upward.
When the plungers 16 are connected with or disconnected froﬁ
the piston rods 82, the pressure equalizing units 80 are moved
to the upper positions to project the upper ends of the
plﬁngers 16 from the pots 12.
| Since the plungers 16 cén be easily connected with and

disconnected from the piston rods 82 of the pressure
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equalizing units 80, the pressure equalizing units 80 can be
easily attached into the movable platen 22 via the unit holes
90, which are opened in the front face of the movable platen
22.

Note that, the movable platen.22 is formed relatively
thick so as to have enough toughness and not to warp itself,
but its weight can be reduced by forming the unit holes 90.
The pressure equalizing units 80 are provided in the movable
platen 22 by properly using the inner spaces of the unit holes
90.

The pressure equalizing units 80 are communicated with
the hydraulic system H, which is located outside of the unit
blocks 84, so as to adjust the oil pressure. By the adjustable
hydraulic system H, exerting force of the plungers 16, which
‘sends the melted resin while molding, can be adjusted. In Fig.
15, a resin pressure adjusting mechanism is assembled in the
unit block 84 of the pressure equalizing unit 80. Namely, the
unit block 84 includes: the cylinders 82, which are mutually
communicated, and in each of which the piston head 82a with
the piston rod 82 is vertically mdved; an adjusting cylinder
84e communicating with all of the cylinders 82b; and an
adjusting piston 84c, which is capable of vertically moving in
the adjusting cylinder 84e. The oil.preséure in all of the
cylinders 82b can be adjusted by moving the adjusting piston
84c by an electric motor, oil pressure, etc.. By adjusting the
oil pressure in the cylinders 82b, the resin pressure for
molding the members to be molded can be adjusted. In the
present embodiment, the adjusting piston 84c is pushed by a

rod 84b, which is driven by the electric motor, the oil
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pressure, etc., so the pressure equalizing unit 80 can be
easily exchanged.

In the present embodiment, the clamping mechanism and the
plunger driving mechanisms are driven by the serve motors; the
pressure equalizing units 80 are driven by the hydraulic
- system ﬁ. With this structure, the resin molding machine has
advantages of the electric press mechanism and the hydraulic
system, so the best molding conditions can be realized in the
molding machine. Namely, since the clamping mechanism and the
plunger driving mechanisms are driven by the electric motors,
they can.be precisely driven at high speed, and shock, which
occurs when the clamping force or driving speed is changed,
can be prevented; since the pressure equalizing units 80 are
driven by the hydraulic system, the resin pressure in all the
pots 12 can be perfectly equal.

At the beginning of filling the melted resin in the
cavities, the pressure equalizing units 80 applies high
pressure so as to quickly melt the resin tablets, so that
resin speed in gates of the cavities can be properly
controlled. Slightly before filling up cavities, the resin
pressure is reduced to prescribed lower pressure for pfecise
molding, so that water hammer (liquid hammer) by the melted
resin and forming thin flashes can be prevented.

Generally, the equalized resin pressure applied by the
pressure equalizing units 80 is lower than main transfer
pressure. To avoid wire deformation of the semiconductor
devices, forming voids, etc., some molding conditions, e.g.,
"the driving force applying to the pressure equalizing units

80, timing of changing pressure, are defined according to
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products. The best conditions are known by experimental
molding.

The resin molding machine of the present embodiment can
be precisely controlled in the step of removing the molded
products from the molding dies 10.

The molded products are removed from the molding dies 10
by projecting the ejector pins from the inner faces of the
cavities. When the ejector pins remove the molded products,
resin culls, which are solidified in the pots 12, are
simultaneously pushed out from the pots 12 by the plungers 16.

The ejecting action is shown in Fig. 16. The molded
products 102, which include the lead frames 100, are ejected
by the ejector pins 110; the'resin cull 104 is ejected by the
plunger 16.

¥When the molding is completed, a small amount of resin is
left in fhe pot 12, and the upper end of the plunger 16
sticks to the resin left. In Fig. 16, the upper end of the
plunger 16 sticks to a lower end of the resin cull 104, which
is still left in the pot 12. To eject the resin cuil 104 from
the pot 12, the plunger 16 is once moved downward to separate
away from the resin cull 104, then the plunger 16 is moved
upward to eject the resin cull 104. The movement of the
plunger 16 can be controlled by the servo motor. Before moving
the plunger 16 downward, the position (upper position) at
which the upper end of the plunger 16 contacts a bottom face
of the resin cull 104 is stored. To eject the resin cull 104,
the plunger 16 is moved upward to the upper position, then
the plunger 16 is further moved upward so as to eject the

resin cull 104 together with the molded products 102. Note
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that, the plunger driving mechanisms moves the plungers 16 by
vertically moving the pressure equalizing units 80, so
storing the upper position of the plungers 16 is equal to
store an upper position of the pressure equalizing units 80.

When the plungers 16 are once moved downward, the
"clamping mechanism simultaneously opens the molding dies 10.
When the molding dies 10 are almost fully opened, the opening
action is once stopped, then the unloader enters the space '
between the lower die 10a and the upper die 10b. In this
state, the plungers 16 return to the upper positions, then the
lower die 10a is further moved downward until reaching the |
lowest position so as to project the ejector pins 110 from the
inner bottom faces of the cavities and to project the plungers
16 from the pots 12, so that the molded products 102 and the
resin culls 104 are ejected from the lower die 10a.

The plungers 16 are driven by the servo motor, so they
can be precisely controlled. Further, the clamping mechanism
is also driven by the electric motor, so the projection of the
ejector pins 110 can be perfectly synchronized with ejecting
the resin culls 104 by the plungers 16. Especiélly, in the
present embodiment, the pressure equalizing units 80 equalize
the resin pressure by the oil'pressure, so the upper position
of each plunger 16 is defined according to amount of the
solidified resin, which has been left in each pot 12, when the
plungers 16 are returned to the upper positions.

In the conventional molding machine having the spring
pressure equalizing unit, if the amount of the solidified
resin left in the pots are not equal, degree of compressing

springs is different in each pot, so that ejecting force of
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each plunger, which ejects the resin cull, is not fixed. By
the uneven ejecting force, the resin culls cannot be ejected
simultaneously. On the other hand, in thé present embodiment,
since the pressure equalizing units 80 are driven by the oil
pressure, the ejecting force in the pots 12 can be perfectly
equal without reference to the amount of the resin left in the
pots 12, so thaf the resin culls 104 in all the pots 12 can be
ejected simultaneously.

If the timing of ejecting the resin culls 104 by the
plungers 16 and the timing of ejecting the molded products 102
by the ejector pins 110 are shifted, Ehe solidified resin is
accidentally broken at positions other than resin gates, so
that disused resin is left on the molded product. Namely, it
is very important to simultaneously drive the plungers 16 and
the ejector pins 110,

The unloader, which enters the space between the lower
die 10a and the upper die 10b, has a Jjig for pressing the
resin culls 104 and the molded products 102 so as to press the
resin culls 104 and the molded products 102 when they are
ejected from the lower die 10a. In the case that the amount of
the resin left in each pot 12 is different each other, timing
of beginning the ejection of all the plungers 16 is not
shifted, but timing of completing the ejection of some
plungers 16 is shifted. Some plungers 16 in empty pots 16,
from which the solidified resin have been ejected, will be
accidentally pushed out from the pots 12 unless the unloader
has the jig.

To eject the molded products 102 from the cavities by the

ejector pins 110, the ejector pins 110 push molded sections of
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the molded products 102. In the case that the molded sections
are very thin, the ejector pins 110 cannot push the thin
molded sections, so the ejector pins 110 push the lead frame
sections 100 of the products 102. |

In Fig. 17, the ejector pins 110 push the lead frame
- sections 100 to eject the molded products 102 from the lower
die 10a. The plungers 16 and the ejector pins 110 are driven
by the same mechanisms described above. Fig. 17 show a state
in which the plunger 16 is once moved downward to separate the
resin cull 104 away from the plunger 16. .

To eject the molded products 100 having the thin molded
sections by pushing the molded sections with the ejector pins
110, stand-by positions of the upper ends of the ejector pins
110 with respect to the molded products 100 is slight
distance, e.g.., 0.05.— 0.1 mm, under bottom faces of the
molded sections. With this structure, the ejector pins 110
must be controlled précisely, further the plungers 16 are
simultaneously controlled with the ejector pins 110. Thus, the
ejecting step must be executed very precisely. The precise
control can be securely executed by the.motor driven clamping
mechanism and the motor driven plunger driving mechanisms.
Additionally, the hydraulic pressure equalizing units 80 can
assist the precise control.

In the resin molding machine of the present embodiment,
the clamping mechanism and the transfer mechanism are driven
by the electric motors. The exchanging mechanism of the
pressure equalizing units, in which the pressure equalizing
units 80 can be inserted in the movable platen 22 via the side

face thereof, can be employed to the resin molding machines,
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whose clamping mechanisms and transfer mechanisms are driven
by hydraulic systems.

The resin molding machine, whose clamping mechanism and
transfer mechanism are driven by the hydraulic system, is
shown in Fig. 18, which shows front views of the pressure
equalizing units 80. A unit plate 200 is provided to an upper °
end of the transfer piston 6. The pressure equalizing units 80
are supported and driven by the unit plate 200. Guide rods 202
guide the verticallmovement of the unit plate 200. A cover 204
encloses the transfer piston 6 and covers a bottom face of the
unit plate 200. The cover 204 makes a space.in which the unit
plate 200 moves vertically. Note that, Fig. 18 shows a state
in which the unit plate 200 is located at a mid position of
its vertical stroke.

In the present embodiment, the unit plate 200 supports
two pressure egqualizing units 80, as well as the forementioned
embodiment, so as to respectively provide the pressure
equalizing units 80 for each chase, which is assembled in the
movable platen 22. There are bored through-holes 22a for
connecting the piston rods 82 of the pressure equalizing units
80 with the plungers in the movable platen 22. To attach or
detach the pressure equalizing units 80, the unit plate 200 is
moved to the lowest position so as to locate the piston rods
82, which are upwardly extended ffom the pressure equalizing
units 80, under the through-holes 22.

To fix the pressure equalizing units 80 to the unit plate
200, firétly attaching blocks 206 are fixed to the unit plate
200, then joint blocks 208 (see Fig. 19), each of which is

attached to each pressure equalizing unit 80, are respectively
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fixed to the attaching blocks 206. Fig. 19 shows a state in
which the joint block 208 is attached to the pressure
equalizing unit 80. The oil pipes are connected to the joint
blocks 208 so as to communicate the pressure equalizing units
80 with the hydraulic system.

Fig. 20 is a plan view in which the pressure equalizing
units 80 are attached to the unit plate 200. The.attaching
blocks 206 are fixed to a front end of the unit plate 200. The
pressure equalizing unit 80 is attached to the unit plate 200
by the steps of: engaging grooves 84a, which are formed in
both side faces of the pressure equalizing unit 80, with a
T-slot 200a of the unit plate 200; inserting the pressure
equalizing unit 80 in the unit plate 200; making contact an
inner face of the L-shaped joint block 208 with a front end
of the attaching block 206 so as to correctly position; and
fixing the joint block 208 to the attaching block 206. After
the pressure equalizing units 80 are attached, the oil pipes
are connected with the joint block 208, so that the pressure
equalizing unit 80 can be communicated with the hydraulic
system. |
| After the pressure equalizing units 80 are attached to
the unit plate 200, the plungers are respectively connected
with the piston rods 82 by the manner as well as the
forementioned embodiment.

In the resin molding machine whose clamping mechanism
and transfer mechanism are driven by the hydraulic system,
the pressure equalizing unit 80 can be attached into and
detached from the movable platen 22 through the side face

thereof as well as the resin molding machine whose clamping
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mechanism and transfer mechanism are driven by the electric
motors, so that the pressure équalizing mechanisms 80 can be
easily exchanged when the molded products are changed, etc..

~ The invention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The present embodiments are therefore to be
considered in all'respects as illustrative and not
restrictive, the scope of the invention being indicated by the
appended claims rather than by the foregoing description and
all changes which come within the meaning and range of
equivalency of the claims are therefore intended to be

embraced therein.
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AT

1.

3.

CLAIMS

In a resin molding machine,

comprising:

a clamping mechanism including an upper die (10b) and

a lower die (10a), said lower die (10a) being capable of

moving so as to clamp a member to be molded;

plungers (16) exerting melted resin in pots (12) éo
as to send the same when said member is molded, said
plungers (16) being provided in said pots (12) which are
formed in said lower die (10a); and

a plunger driving mechanism for moving said plungers

(16) to send the melted resin;

a pressure equalizing unit (80) being capable of
pushing all of said plungers (16) with same pressure,

wherein the improvement comprises: |

an electric motor (40) driving said clamping mechanism
.and said plunger driving mechanism; and

said pressure equalizing unit (80) being controlled

'by a hydraulic system.

The resin molding machine according to Claim 1,
wherein said clamping mechanism includes a toggle

mechanism which connects a base (24) with a movable platen

(22).

The resin molding machine according to Claim 2,
wherein said toggle mechanism includes:

a screw shaft (44) rotatably and vertically provided
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at a center of the base (24);
a nut (52) being screwed with said screw shaft (44);
a 1link mechanism connecting the base (24) with the
movable platen (22) by engaging with said nut (52); and

an electric motor (40) rotating said screw shaft (44)

about its own axis.

The resin molding machine according to Claim 3,

wherein said link mechanism includes:

a first link piece (54a) whose one end is engaged with
said nut (52);

a second link piece (54b) whose one end is pivotably
connected with the base (24); and

a third link piece (54c) whose one end is pivotably
connected with the movable platen (22), and

wherein the other end of said second link piece (54b)
is pivotably connected with the other end of said third
link piece (54c), the other end of said first link piece
(54a) is pivotably connected with said second link piece

(54b) at a position between the both ends of said second

link piece (54b).

The resin molding machine according to Claim 1,
wherein said plunger driving mechanism includes:
a screw shaft (60) holding said pressure equalizing

unit (80); which is provided under the pots (12) of the

. lower die (10a);

a nut (62) being screwed with said screw shaft
(60); and
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an electric motor (42) rotating said nut (62) so as

to vertically move said screw shaft (60).

The resin molding machine according to Claim 1,

wherein said clamping mechanism further includes a
movable platen (22), the movable platen (22) has a unit
hole (90), which is opened in a side face of the movable
platen (22), and which makes said pressure equalizing unit
(80) possible to vertically move when said member is molded,
and wherein said pressure equalizing unit (80) is provided
in the unit hoie (90) and held by said plunger driving

mechanism.

The resin molding machine according to Claim 6,

wherein said plunger driving mechanism further
includes a unit plate (85) for holding said pressure
equalizing unit (80) in the unit hole (90) and arranging
the same in the longitudinal direction of the unit hole
(90),

wherein said pressure equalizing unit (80) is
slidably engaged with said unit plate (85) whereby said
pressure equalizing unit (80) is capable of moving in the
longitudinal direction thereof, and

wherein said pressure equalizing unit (80) is capable
of being engaged with and disengaged from said unit plate

(85) via the open end of the unit hole (90).

The resin molding machine according to Claim 6 or 7,

wherein said pressure equalizing unit (80) includes a
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unit block (84) having a plurality of cylinders (82b) in
each of which a piston head (82a), which corresponds to
each plunger (16), is movably provided, and

wherein said unit block (84) is communicated with said
hydraulic system, oil chambers of all the cylinders (82b)

are mutually communicated.

The resin molding machine according to Claim 6 or 7,

wherein said pressure equalizing unit (80) includes a
unit block (84) having a plurality of cylinders (82b) in
each of which a piston head (82a), which corresponds to
each plunger (16), is movably provided,

wherein said unit block (84) is communicated with said
hydraulic system, oil chambers of all the cylinders (82b)
are mutually communicated, and

wherein said unit block (84) has an adjusting piston
(84c), which is capable of adjusting oil pressure working

to the piston heads (82a).

The resin molding machine according to Claim 8,

further comprising:

a fixing bracket (86) being provided in a front end
section of said unit plate (85); and

a communicating bracket (87) being provided in a front
end section of said unit block (84), said communicating
bracket (87) being communicated with said hydraulic system,

wherein a position of said communicating bracket (87)

with respect to said fixing bracket (86) is defined to define

a position of said pressure equalizing unit (80).
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11. The resin molding machine aééording to Claim 8 or 9,
wherein upper end sections of the piston heads (82a)

are capable of respectively keying with lower end sections
of the plungers (16) by rotating the plungers (16) about

their own axes.

12. In a resin molding machine,
comprising:
a clamping mechanism including an upper die (10b) and
a lower die (10a), said lower die (10a) being capable of
moving so as to clamp a member to be molded;

plungers (16) exerting melted resin in pots (12) so
as to send the same when éaid member is molded, said
plungers (16) being provided in said pots (12) which are
formed in said lower die (10a);

a plunger driving mecﬁanism for moving said plungers
(16) to send the melted resin;

a pressure equalizing unit (80) being capable of

pushing all of said plungers (16) with same pressure;
" wherein the iﬁpro?ement comprises:

a unit block (84) having a plurality of cylinders
(82b) in each of which a piston head (82a), which
corresponds to each plunger (16), is movably provided, said
unit block (84) being communicated
with said hydraulic system, oil chambers of all the
cylinders (82b) being mutually communicated;

a movable platen (22) having a unit hole (90), which
is opened in a side face of said movable platen (22), said

movable platen (22) making said pressure equalizing unit
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(80) possible to vertically move when said member is
molded; and

said pressure equalizing unit (80) being provided in
the unit hole (90) and held by said plunger driving

mechanism.

The resin molding machine according to Claim 12,

wherein said plunger driving mechanism further

includes a unit plate (85) for holding said pressure

equalizing unit (80) in the unit hole (90) and arranging
the same in the longitudinal direction of the unit hole
(90),
o wherein said'pressure equalizing unit (80) is slidably
engaged with said unit plate (85) whereby said pressure
equalizing unit (80) is capable of moving in the
longitudinal direction thereof, and

wherein said pressure equalizing unit (80) is capable

of being engaged with and disengaged from said unit plate
(85) via the open end of the unit hole (90).



