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t he _ IMPROVEMENT IN INJECTION MOLDING APPARATUS

This invention relates to improvement in apparatus for injection molding, for
example, for encapsulating integrated circuits.

In the electronics industry, a high degree of cleanliness is required to prevent
contamination of circuitry and devices, which may cause subsequent electronic
failure. Known injection molding equipment employs hydraulic presses which may
leak hydraulic fluids and cleaning techniques which are not always effective in

10 removing debris from the molds. Furthermore, removal of molds for cleaning is

often difficult and time consuming. It is an object of the present invention to
overcome these problems.

Accordingly the present invention provides an injection molding apparatus,
15 comprising a molding press adapted to receive a mold having a cavity shaped for the
formation of the molding product, characterised in that, the molding press is activated

by electro pneumatic action.

The presént invention also provides an integrated circuit encapsulation

20 apparatus, comprising a molding press, adapted to receive a mold defining a cavity
adapted to receive an integrated circuit die and an attached leadframe for
encapsulation thereof which is provided with an integrated mold brushing unit, which

has transversely rotating brushes, and travels over the mold faces to remove debris.

In a further refinement of this form of the invention, a spring-loaded bearing system
25 is provided for easy removal of the mold.

The invention is described in greater detail below by way of examply only,
with reference to the accompanying drawings in which: ‘ '

30 Figures 1A, 1B and 1C show an exemplary molding press -.i__llustrating the
operation for encapsulating an integrated circuit and leadframe;
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. hydraul i c presses,

Al t hough cl eansing of the nolds is perforned regularly, the cleaning
techni ques are not always effective in renoving contam nating debris from

t he nol ds.

and tinme consuming. It is an object of the present 15 invention to

overcone these problens. Accordingly the present
i nj ection nol di ng appar at us,

a mol d having a cavity shaped for the forpgation of a nolding product,

mol di ng apparatus conpri sing:

whi ch may contam nate the nolds and nol ded products.

Furthernore, renoval of nolds for cleaning is often difficult

I nvention provides an
conprising a nolding press adapted to receive
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pneumatic press;

Figures 3A and 3B show an elevation and side elevation respectively of the
mold brushing system; and

Figures 4A and 4B show the spring-loaded system for removing the mold.

Figures 1A, 1B and 1C are cross-sectional views of an exemplary transfer
molding press 1 adapted to receive two molds 2. Bach mold 2 is arranged within the

molding press 1, and comprises upper and lower mold parts 2a, 2b which fit together
to define a mold cavity 4.

The molding press 1 is shown in Figure 1A in a closed position, having been
loaded with integrated circuit leadframes 6 within the respective mold cavities 4, and
a pellet of encapsulating material 3 in a gangpot 6. Encapsulation of the integrated
circuits 6 is achieved by heating the encapsulating material pellet 3 and pressing it
within the gangpot using a transfer plung& 8, which causes the pellet 3 to liquefy and
flow into the mold cavities 4 through small passages between the gangpot and the
mold cavities (see Figure 1B). After allowing the encapsulating material to solidify
again, the molding press 1 is opened (Figure 1C), wherein the mold parts 2a, 2b are
separated. The encapsulated integrated circuits 7 are lifted from the mold cavity by
way of ejector pins 8, 50 as to expose them for removal from the molding press.
After removal of the encapsulated integrated circuits 7, the open molding press is
ready to receive new leadframe inserts 6 and encapsulating material pellet 3 to repeat
the encapsulating process.

Referring to Figures 2A and 2B, a ball-screw 15 is mounted on a large gear
12, which is driven by a smaller gear 11 mounted on a server motor 14.. To close
and clémp the mold, an interlocking device 13 engages the large gear 12 and a
pneumatic cylinder 17 applies torque to the ball-screw nut 19 by a lever arm 18
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. an el ectro-pneumatic drive mechani smconprising: a threaded screw nenber

" coupled to one of the first and second platens; a notor, preferably an
electric nmotor, coupled to drive the threaded screw menber by way of a gear
mechani sm for noving the first and second platens relative to one another;
and a linear notion nmechanism 25 preferably a pneumatic cylinder
mechani sm for driving the screw thread of the threaded nenber separately

fromsaid notor. The present invention is particularly well adapted for use
in an integrated . -3-

which applies the clamping force. To open the mold, the process is reversed.

5 In Figure 3A, heat resistant brushes 21 are mounted on V-belts 23 which run
on pulleys 22. A motor 28 drives the pulleys 22 through a drive mechanism 26.
When the mold is opened, the brushing unit translates in a forward direction across
the mold-face and then reverses brusﬁing any debris away from the mold. The
rotation of the brushes about a horizontal axis as the translation occurs provides a

10 more effective cleaning action than that of known cleaning methods which have
brushes romtmg about vertical axes.

In Figures 4A and 4B, a roller-bearing system 34 is mounted in the press—tabie
36 and is loaded with a spring 33 set in the base plate 32. When the mold 31 is
15 loaded, it depresses the spring 33 and sits in contact with the press table 36. When
the press is released, the spring 33 uncoils and raises the mold above the press table
36 allowing easy removal. The temperature of the mold which can be as high as
1.80°C makes mold changing a difficult operation and this system increases the speed
of changing considerably. ' ' |

The above detailed description is by way of example only, and is not intended
to limit the scope of the invention which is defined in the following claims.

!
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.2 circuit encapsulation process. Preferably, the nold is provided—wth—a—
spri ng-|l oaded bearing systemfor easy renoval of the nol ress.
The invention is described in greater detail bel ow by \N&iﬂl@lﬂ@ﬂi ﬂ 'ﬂw
5 with reference to the acconpanyi ng drawi ngs i n whi ch: ' ol
and 1C are respective cross-sectional views through an exenpl ary

mol ding press illustrating the operation for encapsul ating an integrated
circuit and | eadfrane; Figures 2A and 2B show a plan and cross-secti onal
el evation view respectively -4 -

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. An injection molding apparatus comprising a molding press adapted to receive
a mold having a cavity shaped for the formation of the molding product characterised
5 in that, the molding press is activated by electro pneumatic action.

2. Molding apparatus according to claim 1, in which the mold is provided with
a spring-loaded bearing system for easy removal of the mold.

10 3. An integrated circuit encapsulation apparatus comprising a molding press
adapted to receive a mold defining a cavity adapted to receive an integrated circuit
die and an attached leadframe for encapsulation thereof characterised in that the
molding press is activated by electro pneumatic action.

15 4. The apparatus of claim 3 which is provided with an integrated mold brushing
unit which has transversely rotating brushes and travels over the mold faces to
remove debris. '

S. The apparatus of claim 3 which is further provided with a spring-loaded
20 bearing system for easy removal of the mold.

—_—
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10 of an electro pneunmatic press; Figures 3A and 3B show an el evation and
side cross-sectional elevation respectively.of a nold brushing system and
Figures 4A and 4B are cross-sectional views showi ng a spring-|loaded bearing
system for renoving the nold. 15 Figures 1A, 1B and 1C are
cross-sectional views of an exenplary transfer nolding press 1 adapted to
receive two nolds 2. Each nold 2 is -arranged within the nolding press 1,
and conprises upper and |lower nold parts 2a, 2b which fit together to
define a.nold cavity 4. 20 The noldtng press 1 is shown in Figure 1A
in a closed position, having been

IMPROVEMENT IN INJECTION MOLDING APPARATUS
ABSTRACT

An integrated circuit encapsulation apparatus comprises a molding press,
which has a mold defining a cavity adapted to receive an integrated circuit die and
5 an attached leadframe for encapsulation thereof. The press is provided with an
integrated mold brushing unit which has transversely rotating brushes and travels over
the mold faces to remove debris. In a further refinement, a spring-loaded bearing
system is provided for easy removal of the mold.

10
Figure 2
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loaded with integrated circuit |leadframes 6 within the respective nold,
"cavities 4, and a pellet of encapsulating material 3 in a gangpot 9.
Encapsul ation of the integrated circuits 6 is achieved by heating the -
encapsul ating material pellet 3 and pressing it within the gangpot using a
transfer plunger 8, which causes the pellet 3 to liquefy and 25 flowinto

the nold cavities 4 through snall passages between the gangpot and the nold

cavities (see Figure 1B). After allowi ng the encapsulating material to
solidify again, the nolding press 1

144 opened (Figure 1C), wherein the nold
parts 2a, 2b are _
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' REPLACEMENT SHEET 28 JUL 1998 3 separated. The encapsul ated integrated
‘circuits 7 are lifted fromthe nold cavity by way of ejector pins 10, so as
to expose themfor renoval fromthe nolding press. After renoval of the
encapsul ated integrated circuits 7, the open nolding press is ready to
receive new | eadframe inserts 6 and encapsulating material pellet 3 to
repeat 5 the encapsul ating process. In order to nove the nold parts 2a, 2b

towards and away from each ot her between the open and cl osed configurations
illustrated in Figures 1C and 1A, 2/4
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respectively, a driving nmechanismis required. The upper and | ower nold
parts 2a, 2b are respectively nounted on upper and | ower platens 16a,. 16b
of the nmolding 10 press, and the upper and | ower platens are novabl e
relative to one another along |inear guide rods 20 (see Figure 2B)
Typically hydraulic driving nmechani sns have been enpl oyed for novenent of
the nol ding press platens, and in the electronics encapsul ation industry,

at |east, such driving nmechani snms are subject to disadvantages as di scussed
her ei nabove.. However, hydraulic drivizs nmechani snms have persisted 15 even
in the el ectronics encapsul ation industry because other characteristics of
the hydraulic systens make themwel|l suited to the requirenents for driving
nmol di ng presses. In particular, hydraulic systens are able to easily
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-

_of relative novement of the platens to permit access to the nold cavities
~when separated, and al so enabl e generation of a sufficiently |arge cl anping
force between 20 the nold parts when the press is closed. The nol ding
press driving nechani smof the present invention is able to provide the
range of novenent and force requirenents of the nolding press, but w thout
the deleterious effects which can result fromthe prior art hydraulic
driving systens. A particular preferred formof the nolding press driving
mechanismis 25 illustrated in Figypgs 2A and 2B, in plan and
cross-sectional elevation views, respectively. Representations of the upper
and | ower nold press platens are shown at 16a and 16b (Figure 2B), nounted
for relative novenent along guide rods 20. L&A~ "xeo
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INJECTION MOLDING APPARATUS

This invention relates to apparatus for injection molding, for example, for

encapsulating integrated circuits.

In the electronics manufacturing industry, a high degree of cleanliness is
required to prevent contamination of circuitry and devices, which may cause subsequent
electronic failure. A common way of packaging electronic integrated circuits is by
encapsulating the prefabricated integrated circuit and a portion of the attached leadframe
in a plastics material. Typically this is performed utilising injection molding apparatus,
often of the transfer mold variety. - Known injection molding equipment employs
hydraulic presses, and it is not uacommon for hydraulic fluids to leak from the
hydraulic presses, which may contaminate the molds and molded products. Although
cleansing of the molds is performed regularly, the cleaning techniques are not always
effective in removing contaminating debris from the molds. Furthermore, removal of
molds for cleaning is often difficult and time consuming. It is an object of the present

invention to overcome these problems.

Accordingly the present invention provides an injection molding apparatus,
comprising a molding press adapted to receive a mold having a cavity shaped for the
formation of a molding product, the molding apparatus comprising: first and second
platens which are movable relative to one another so as to allow respective mold parts
mounted thereon to be moved between open and-closed configurations; and

an electro-pneumatic drive mechanism comprising: a threaded screw member
coupled to one of the first and second platens; a motor, preférably an electric motor,
coupled to drive the threaded screw member by way of a gear mechanism for moving
the first and second platens relative to one another; and a linear motion mechanism,
preferably a pneumatic cylinder mechanism, for driving the screw thread of the
threaded member separately from said motor.

The present invention is particularly well adapted for use in an integrated



The upper platen 16a has a screw 15, preferably an el ongate—bal-t—oar
nmount ed thereon, centrally arranged on top of the pl at:HPLACEMEN RS
ai

about a central axis. The ball-screw 15 extends paral] e 10 thée gurdg rfods
20 away fromthe | ower platen 16b, and has an extern chi/v ?Er florjmed
thereon. A fixed franme plate 40 10 is unted at thet 0 i de frods
20 having a central aperture aligned with the ball -scy ewto—-th+r—Hh

central | ange menber 42 which §
novenent t%@%ﬁ%?&@sﬁﬁﬁ%?ﬂg@ﬁs e frane plate 40 in th
the ball-screw, but to allow rotati onal npvement about the bal I -Screw axis.

The flange nenber 42 has a circular internally threaded qpening, and the
bal | - screw 15 13’ref@zaldm&1etmldugprqvmedom Rispring dopded dearing ﬁYﬁiquefﬁHeaSY

external screw threads all -
femoval of the mﬁd l{' € press.

The invention is described in greater detail below by way of example only,
5 with reference to the accompanying drawings in which:

Figures 1A, 1B and 1C arerespective cross-sectional views
through an exemplary molding press illustrating the operation for encapsulating an -
integrated circuit and leadframe;

Figures 2A and 2B show a plan and cross-sectiénal elevation view respectively

10 of an electro pneumatic press;
~ Figures 3A and 3B show an elevation and side cross-sectional elevation
respectively of a mold brushing system; and

Figures 4A and 4B are cross-sectional views showing a spring-loaded bearing

system for removing the mold.

15 Figures 1A, 1B and 1C are cross-sectional views of an exemplary transfer
molding press 1 adapted to receive tWo molds 2. Each mold 2 is arranged within the
molding press 1, and comprises upper and lower mold parts 2a, 2b which fit together
to define a mold cavity 4.

20 The molding press 1 is shown in Figure 1A in a closed position, having been
loaded with integrated circuit leadframes 6 within the respective mold cavities 4, and
a pellet of encapsulating material 3 in a gangpot 9. Encapsulation of the integrated
circuits 6 is achieved by heating the encapsulating material pellet 3 and pressing it
within the gangpot using a transfer plunger 8, which causes the pellet 3 to liquefy and
25 flow into the mold cavities 4 through small passages between the gangpot and the
mold cavities (see Figure 1B). After allowing the encapsulating material to solidify
again, the molding press 1 is opened (Figure 1C), wherein the mold parts 2a, 2b are



novenment between the ball-screw 15 and fl ange nmenber 42 i
axi al nmovenent of the ball-screwrelative to the frane pl
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construction, therefore, relative rotatipnal 20 nmovenent |bgtween the
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ready to receive new leadframe inserts 6 and encapsulating material pellet 3 to repeat

the encapsulating process.

Iﬁ order to move the mold parts 2a, 2b towards and away from each other
between the open and closed configurations illustrated in Figures 1C and 1A,
respectively, a driving mecharﬁsm is required. The upper and lower mold parts 2a,
2b are respectively mounted on upper and lower platens 16a, 16b of the molding
press, and the upper and lower platens are movable relative to one another along
linear guide rods 20 (see Figure 2B). Typically hydraulic driving mechanisms have
been employed for movement of the molding press platens, and in the electronics
encapsulation industry, at least, such driving mechanisms are subject to disadvantages
as discussed hereinabove. However, hydraulic driving mechanisms have persisted

even in the electronics encapsulation industry because other characteristics of the

or,
tric

hydraulic systems make them well suited to the requirements for driving molding -

presses. In particular, hydraulic systems are able to easily provide a sufficient range
of relative movement of the platens to permit access to the mold cavities when
separated, and also enable generation of a sufficiently large clamping force between
the mold parts when the press is closed.

The molding press driving mechanism of the present invention is able to
provide the range of movement and force requirements of the molding press, but
without the deleterious effects which can result from the prior art hydraulic driving
systems. A particular preferred form of the molding press driving mechanism is
illustrated in Figures 2A and 2B, in plan and cross-sectional elevation views,
respectively. Representations of the upper and lower mold press platens are shown
at 16a and 16b (Figure 2B), mounted for relative movement along guide rods 20. In

this for of the driving mechanism, it is the upper platen 16a which is in fact movable



conponents operate upon the ball screw arrangenent abo
provide different functions. Although it has been descyf
el ectric and pneumati c conponents nay operate upon the

arrangenent, it is understood that the 5 el ectric ahd| p@dimatil@y3
conponents may al so operate upon corresRondi ng ball nufsjthreadedly |
I nterengaged with the ball screw. In particular, the sgervo notor 14 is
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is fixed to the guide rods. The driving mechanism comprises an electro-pneumatic
system, since the two operative components are an electrically activated motor,
preferably a servo motor, and a pneumatically motivated cylinder and piston

arrangement.

The upper platen 16a has a screw 15, preferably an elongate ball-screw,
mounted thereon, centrally arranged on top of the platen and rotatable about a central
axis. The ball-screw 15 extends parallel to the guide rods 20 away from the lower .
platen 16b, and has an external screw thread formed thereon. A fixed frame plate 40
is mounted at the top of the guide rods 20 having a central aperture aligned with the
ball-screw 15. Within the central aperture is mounted a flange member 42 which is
fixed to prevent movement thereof relative to the frame plate 40 in the axial direction
of the ball-screw, but to allow rotational movement about the ball-screw axis. The
flange member 42 has a circular internally threaded opening, and the ball-screw 15
extends through the opening with the internal and external screw threads of the ball-
screw and flange member interfitting. Accordingly, relative rotational movement
between the ball-screw 15 and flange member 42 is translated into axial movement of
the ball-screw relative to the frame plate, the direction of rotation determining the
direction of axial movement. In view of the construction, therefore, relative rotational
movement between the ball-screw 15 and the flange member results in relative linear
movement of the upper platen 16a, with respect to the lower platen 16b, along the
guide rods 20.

As mentioned, the electro-pneumatic driving mechanism provides two active
components, namely a motor 14, preferably an electric servo motor, and a pneumatic
piston and cylinder arrangement 17. Both the electric and pneumatic active
components operate upon the ball screw arrangement above described, but provide

different functions. In particular, the servo motor 14 is arranged to provide the

required range of relative movement of the platens to permit sufficient access to the

ns
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sufficient access to the nould cavities when separated, WSHEET

pneumatic piston and 5 cylinder ks arranged to provi de sufficiently
| arge clanping force between the nold parts when the pré¢s$ 128 ibs1998

Adj acent the top of the upper platen 16a, a driving nechapism conprises aL
gear cog 12 being nmounted for axial noverent with the ball-screw 15. The
gear cog 12 internmeshes with a driving g 11 which is éven-by.the servo

Totor 14 r BOMECadifle b PenRREd, YuliniRe pbGmatoitn ity Bty tegiriakea > VO
movenent O, n%fb?/l&eé‘ﬁuﬁféfbnﬁg li%@ cPithping ForR¥ bbiweeSthe niGld Pafts wiAMBe phdds S

rot ati onal vement result | I near “axi al novenent of "t he ball -screw 15
and upper pelosed.16a, relative to the |ower platen 16b. Thus, by

Adjacent the top of the upper platen 16a, a driving mechanism comprises a

5 gear cog 12 being mounted for axial movement with the ball-screw 15. The gear cog
12 intermeshes with a driving cog 11 which is driven by the servo motor 14 mounted

on the upper platen 16a. Accordingly, driving the servo motor 14 rotates the driving

cog 11 which thereby causes rotational movement of the gear cog 12 and ball screw

15. As discussed above, this rotational movement results in linear axial movement

10  of the ball-screw 15 and upper platen 16a, relative to the lower platen 16b. Thus, by
controllably driving the servo motor 14, the upper platen 16a can be moved relative

to the lower platen 16b to, in use, open and close the molds of the molding press.
Whilst the ball-screw 15 is driven by the servo motor 14 the flange member 42 of

course remains stationary.

15 When the molds of the molding press are positioned in the closed configuration
by action of the servo motor 14, it is then desired to ensure that sufficient clamping
force is applied between the upper and lower mold parts. This function is provided
by the pneumatic cylinder and piston arrangement 17. A lever arm 18 is fitted to the
flange member 42 by way of connecting bolts 19, and a movable end of the piston of

20 the cylinder and piston arrangement 17 is coupled to the end of the lever arm 18.
This arrangement enables movement of the piston by action of increased pneumatic
pressure in the cylinder 17 to be translated to rotational movement of the lever arm
18, and thus to the flange member 42. An interlocking device 13 is also provided
adjacent the gear cog 12, which is operable to interlock with the gear cog 12 to

25 prevent rotation thereof as well as the ball screw 15. Thus, motion of the piston 17
which results in rotational movement of the lever arm 18 and flange member is
translated to axial movement of the ball screw 15. However, because of the nature

of the mechanism the pneumatic cylinder is only able to produce a small rotational
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the cylinder and piston arrangenent 17 is
the end of the |ever arm 18.

Utilising the construction of the driving mechanism illustrated in Figures 2A
and 2B, the servo motor 14 is able to be controlled so as to move the upper and lower
platens 16a, 16b apart aﬁd together between open and closed configurations of the
molds. When the servo motor is controlled so as to configure the molds into a closed
configuration, then the pneumatic cylinder 17 can be activated by increasing the gas

pressure therein so as to rotate the flange member relative to the ball screw 15. This

action, combined with activation of the interlocking device 13 to prevent rotation of
the ball screw 15 enables a clamping pressure to be applied by the pneumatic cylinder
17.

Although, it has been described above that a pneumatically motivated cylinder
and piston arrangement is employed, it is understood that other arrangements, such
as ball screw, can be used to translate linear movement to rotational movement of the

lever arm.

In Figure 3A, heat resistant brushes 21 are mouhted along. a series of parallel
endless V-belts 23 which run on pulleys 22. A motor 28 drives the pulleys 22
through a drive mechanism 26. When the mold is opened, the brushing unit rotate
in one direction is movable axially of the pulleys 22 (ie. transverse to the movement
of brushes 21) across the mold-face brushing any debris away from the mold and then
rotate in the other direction during the returning stroke of the cleaning process. The
rotation of the brushes about a horizontal axis as the translation occurs provides a
more effective cleaning action than that of known cleaning methods which have

brushes rotating about vertical axes.

In Figures 4A and 4B, a roller-bearing system 34 is mounted in the press-table

36 and is loaded with a spring 33 set in the base plate 32. When the mold 31 is
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Thi s arrangenent enables noverment of the piston by action i‘q@mcﬂm
pneumatic 25 pressure in the cylinder 17 to be translate ' .mhmaj

novenent of the lever arm 18, and thus to the flange nenbr %

i nterlocking device 13 is al so provided adj acent the gear] cpg BIuL19%,
operable to interlock with the gear cog to prevent rothtion thereof a
well as the ball screw 15. Thus, notion of the piston 17 REPLACENMENT

SHEET 6 tightened, it depresses the spring 33 and sits in contact with the press table 36. When

the mold is released, the spring 33 uncoils and raises the mold above the press table

36 allowing easy removal. The temperature of the mold which can be as high as

180°C makes mold changing a difficult operation and this system increases the speed

5 of changing considerably. As shown in Figure 4A, the strength of springs 33 is such

as to elevate the mold 31 by pressure of the bearings 34 to about 1mm above the

surface of the press table 36. It will be immediately apparent that the bearings 34

may be of a form comprising rollers, or incorporating a ball bearing to allow two
dimensional relative movement between the press table and mold, as will be

10  appreciated by those skilled in the art. It is of course obvious that the roller-bearing

system would be incorporated in the lower platen 16b, and that the base plate 32 and

press table 36 may comprise components thereof.

Although it has been described above that the driving mechanism takes the
form of gears, it is appreciated that the driving mechanism can be in other forms such
15  as belts and chains.

The above detailed description is by way of example only, and is not intended

to limit the scope of the invention which is defined in the following claims.
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whi ch .resul ts i n {KepRhireRe Ryt of the lever arm 18 and flange nenber
Is translated to :W— auwivaz

, | -
the nature of th fechani sm t he anPrgt |b2| lcylsﬂlg\évr 1|55 g‘ﬁrﬁmmﬂmimﬁmﬂﬂﬂ

a small rotationd |no2&ndt 198 t helf | ange nenber 42, which results inm

a small axial novenent of 5 thejupper BI aten, although si gni ficant
clanping force can neverthel ess bejgenerated. Uilising the construction of
the drivi ng g%g ' ed iin Figures 2A and 2B, the servo notor 14
is able to E‘ ontrolled so as to nove the upper and | ower platens 16a, 16b
apart and together -between open and cl osed configurations of the nolds.

When the servo notor is controlled so as to configure the nolds into a

cl osed 10 lconfAgunjgetiommolding appasatys coMBriSing@mo press adaptedtogeesivet ed

by i ner easi!l A1 rilavﬂlg a cavity shaped for the formation of a molding product, the molding

apparatus comprising: first and second platens which are movable relative to one

5 another so as to allow respective mold parts mounted thereon to be moved between
open and closed configurations; and

an electro-pneumatic drive mechanism comprising: a threaded screw member

coupled to one of the first and second platens; an electric motor coupled to drive the

threaded screw member by way of a first driving mechanism for moving the first and

10 second platens relative to one another; and a second driving mechanism for driving

the screw thread of the threaded member separately from said electric motor.

2. Molding apparatus according to claim 1, in which the mold is provided with
a spring-loaded bearing system for easy removal of the mold from the platen.

3.  Molding apparatus as claimed in claim 1, wherein the threaded screw member
15 is mounted to the first platen for movement thereof in the axial direction of the screw

member.

4. Molding apparatus as claimed in claim 3, wherein the pneumatic cylinder

mechanism is arranged to apply torque to a flange member threadedly interengaged

with the screw member so as to apply a clamping force between the mold parts when
20 in the closed configuration.

S. Molding apparatus as claimed in any preceding claim, further provided with
an integrated mold brushing unit which has transversely rotating brushes and travels

over the mold faces to remove debris.

6. Molding apparatus as claimed in claim 1, wherein said first driving mechanism
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pressure therein | :.‘ R) u., flange menber rel ative to the ball

screw 15. This act] g ‘! activation of the i nte“wm ,lEmﬂ!mmﬁ"l
13 to prevent crew 15 enabl es a cl anp
be applied by the [prleu&J@L %38 nqeqd 17. 15 Al t hough, it has Heerd *
descri bed above tHhat|_a pneunaticalfly notjvated cylinder and piston
arrangenent is e it is undefstoot that other arrangenents, such as
ball screw, ca t% | i near novenent to rotational novenent
of the Ievésrmat?‘ﬁ OfR igfﬁ?se 3A, heat resistant brushes 21 are nounted al ong
a series of parallel 20 endl ess V-belts 23 which run on pulleys 22. A notor
28 drives the pulleys 22

7. Molding apparatus as claimed in claim 1, wherein said first driving mechanism

is in the form of belts.

8. Molding apparatus as claimed in claim 1, wherein said first driving mechanism

5 is in the form of chains.

9. Molding apparatus as claimed in claim 1, wherein said second driving -

mechanism is a pneumatic cylinder.

10. Molding apparatus as claimed in claim 1, wherein said second driving

mechanism is a ball screw.
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t hrough a drive mechani sm 26. Wien the nold i s opened, |1
rotate in one direction is novable axially of the pulley
transverse to the novenent of brushes 21) across the no
debris away fromthe nold and then rotate in the other

returni ng stroke of the cleaning proces? The 25 rotat
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Abstract

An integrated circuit encapsulation apparatus comprises a molding press, which

has a mold defining a cavity adapted to receive an integrated circuit die and an

5 attached leadframe for encapsulation thereof. The molding press is operable by an

electro-pneumatic driving mechanism which utilises a geared servo motor for opening

and closing the mold, and a pneumatic cylinder for providing clamping pressure.

Both the servo motor and pneumatic cylinder act upon a threaded screw member for

movement of the molding press. The press is provided with

an integrated mold

10  brushing unit which has transversely rotating brushes and travels over the mold faces

to remove debris. In a further refinement, a spring-loaded bearing system is provided

for easy removal of the mold.

Figures 2A and 2B



7 In Figures 4A and 4B, a roller-bearing system34 is nmounted in the
press-table 36 and is |oaded with a spring 33 set in_the base plate 32.
When the nold 31 is tightened, it depresses the spripg tﬁir~'“
contact with the press table 36. Wien the nold is r¢lgasss av- Sk xs
uncoils and rai ses the nold above the press table 5 al | owi ng eas
renoval . The tenperature of the nold which can be a$ hi @84l 998]

mol d changing a difficult operationipgpd this systemificreases the speged of
changi ng consi derably. As shown in Figure 4A, the s{rength of springst 33 is

such as to elevate the nold 31 by pressure of the b
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Clainms: 1. An injection nolding apparatus conprising a nolding press

adapted to receive a nold having a cavity shaped for 5 RE]

nol di ng product, the nol ding apparatus conprising: firs
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confi.gurati ons;
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pneymatic cylinder mechani smbeing arranged td gpply.
;..fa_,.-:

| ever nenber to a flange nenber threadedly int egn

,W f :t’i‘_hé,. g:tf,‘—%d L

nmenber so as to apply a clanping force between Eh& “nmald paf ¥ whev pigadh.
closed configuration. 25 2. Mol ding appar dt fis~He"ERE] peeH n-cloaprged.....
wherein the nold is provided with a spring-I|oad B ng- Byistiem foopagedsy.
renoval of the nold fromthe platen.

. DATE_ OF RECEIPT. 22) &) 44
along the guide rods 20, to effect displacement mlaﬂvmﬂwgowerga%m.‘

is fixed to the guide rods. The driving mechanism comprises an electro-pneumatic

system, since the two operative components are an electrically activated motor,
preferably a servo motor, and a pneumatically motivated cylinder and piston

§ arrangement.

The upper platen 16a has a screw 15, preferably an elongate ball-screw,
mounted thereon, centrally arranged on top of the platen and rotatable about a central
axis. The ball-screw 15 extends parallel to the guide rods 20 away from the lower
platen 16b, and has an external screw thread formed thereon. A fixed frame plate 40

10 is mounted at the top of the guide rods 20 having a ce_:ntral aperture aligned with the
ball-screw 15. Within the central aperture is mounted a flange member 42 which is
fixed to prevent movement thereof relative to the frame plate 40 in the axial direction
of the ball-screw, but to allow rotational movement about the ball-screw axis. The
flange member 42 has a circular internally threaded opening, and the ball-screw 15

15 extends through the opening with the internal and external screw threads of the ball-
screw and flange member interfitting. Accordingly, relative rotational movement
between the ball-screw 15 and flange member 42 is translated into axial movement of
the ball-screw relative to the frame plate, the direction of rotation determining the
direction of axial movement. In view of the construction, therefore, relative rotational

20 movement between the ball-screw 15 and the flange member results in relative linear
movement of the upper platen 16a, with respect to the lower platen 16b, along the
guide rods 20.

As mentioned, the electro-pneumatic driving mechanism provides two aétive

components, namely a motor 14, preferably an electric servo motor, and a pneumatic

25 piston and cylinder arrangement 17. Both the electric and pneumatic active
components operate upon the ball screw arrangement above described, but provide
different functions. Although it has been described that the electric and pneumatic
components may operate upon the ball screw arrangement, it is understood that the




-9- ding apparatus as clainmed in any preceding claim fu ttﬂfp]_mmm ¢k
an int egrated nold brushing unit which has transversely fotfa

and travels over the nold faces to renove debris. 5 4.
as claimed in claim1l, wherein the coupling neans is in
5. Mol di ng apparatus as clained in clasiml, wherein thg

electric and pneumatic components may also operate upon wnésp;n&iﬁg ‘ball nuts
threadedly interengaged with the ball screw. In particular, the servo motor 14 is
arranged to provide the required range of relative movement of the platens to permit
sufficient access to the mould cavities when separated, whilst the pneumatic piston and

5 cylinder is arranged to provide a sufficiently large clamping force between the mold
parts when the press is closed.

Adjacent the top of the upper platen 16a, a driving mechanism comprises a

gear cog 12 being mounted for axial movement with the ball-screw 15. The gear cog

12 intermeshes with a driving cog 11 which is driven by the servo motor 14 mounted

10 on the upper platen 16a. Accordingly, driving the servo motor 14 rotates the driving

cog 11 which thereby causes rotational movement of the gear cog 12 and ball screw

15. As discussed above, this rotational movement results in linear axial movement
of the ball-screw 15 and upper platen 16a, relative to the lower platen 16b. Thus, by -
controllably driving the servo motor 14, the upper platen 16a can be moved relative
15 to the lower platen 16b to, in use, open and close the molds of the molding press.
Whilst the ball-screw 15 is driven by the servo motor 14 the flange member 42 of -

course remains stationary.

When the molds of the molding press are positioned in the closed configuration

by action of the servo motor 14, it is then desired to ensure that sufficient clamping

20 force is appiied between the upper and lower mold parts. This function is provided
by the pneumatic cylinder and piston arrangement 17. A lever arm 18 is fitted to the
flange member 42 by way of connecting bolts 19, and a movable end of the piston of

the cylinder and piston arrangement 17 is coupled to the end of the lever arm 18.

This arrangement enables movement of the piston by action of increased pneumatic

25 pressure in the cylinder 17 to be translated to rotational movement of the lever arm
18, and thus to the flange member 42. An interlocking device 13 is also provided
adjacent the gear cog 12, which is operable to interlock with the gear cog 12 to

prevent rotation thereof as well as the ball screw 15. Thus, motion of the piston 17



10 _ coupling neans is in the formof belts. 6. Mol di ng %pBERMCEMEH'E SHEE
r

claimed in claiml, wherein the coupling neans is in the f-
7. Mol di ng apparatus as clainmed in claim1, wherein the {lI
a circular internally threaded opening for threadingly recgi
t hreaded screw nenber, the flange nenber_being fixed to prev
thereof relative to a franme plate of t hé nol di ng apparatus]in the 20
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axial diregiian Qud IS AREAABINEenl St e 18ek Ml %k HalGH SHeGTer 2"
translated to axial movement of the ball screw 15. However, because of the nature
of the mechanism the pneumatic cylinder is only able to produce a small rotational
movement of the flange member 42, which results in only a small axial movement of

5 the upper platen, although significant clamping force can nevertheless be generated.

Utilising the construction of the driving mechanism illustrated in Figures 2A
and 2B, the servo motor 14 is able to be controlled so as to move the upper and lower
_ platens 16a, 16b apart and together between open and closed configurations of the
molds. When the servo motor is controlled so as to configure the molds into a closed
10 configuration, then the pneumatic cylinder 17 can be activated by increasing the gas
pressure therein so as to rotate the flange member relative to the ball screw 15. This
action, combined with activation of the interlocking device 13 to prevent rotation of
the ball screw 15 enables a clamping pressure to be applied by the pneumatic cylinder
17. '

15 Although, it has been described above that a pneumatically motivated cylinder
and piston arrangement is employed, it is understood that other arrangements, such
as ball screw, can be used to translate linear movement to rotational movement of the

lever arm.

In Figure 3A, heat resistant brushes 21 are mounted along a series of parallel

20 endless V-belts 23 which run on pulleys 22. A motor 28 drives the pulleys 22
through a drive mechanism 26. When the mold is opened, the brushing unit rotate

in one direction is movable axially of the pulleys 22 (ie. transverse to the movement

of brushes 21) across the mold-face brushing any debris away from the mold and then
rotate in the other direction during the returning stroke of the cleaning process. The

25 rotation of the brushes about a horizontal axis as the translation occurs provides a
more effective cleaning action than that of known cleaning methods which have

brushes rotating about vertical axes.
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In Figures 4A and 4B, a roller-bearing system 34 is mounted in the press-table

36 and is loaded with a spring 33 set in the base plate 32. When the mold 31 is

tightened, it depresses the spring 33 and sits in contact with the press table 36. When

the mold is released, the spring 33 uncoils and raises the mold above the press table

5 36 allowing easy removal. The temperature of the mold which can be as high as

180°C makes mold changing a difficult operation and this system increases the speed

of changing considerably. As shown in Figure 4A, the strength of springs 33 is such

as to elevate the mold 31 by pressure of the bearings 34 to about 1mm above the

surface of the press table 36. It will be immediately apparent that the bearings 34

10 may be of a form comprising rollers, or incorporating a ball bearing to allow two

dimensional relative _movement between the press table and mold, as will be

appreciated by those skilled in the art. It is of course obvious that the roller-bearing

system would be incorporated in the lower platen 16b, and that the base plate 32 and
press table 36 may comprise components thereof.

15 Although it has been described above that the driving mechanism takes the
form of gears, it is appreciated that the driving mechanism can be in other forms such
as belts and chains.

The above detailed description is by way of example oniy, and is not intended
to limit the scope of the invention which is defined in the following claims.
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Claims:
1. An injection molding - apparatus comprising a molding

press adapted to receive a mold having a cavity shaped for
the formation of a molding product, the molding apparatus
comprising: first and second platens which are movable-
relative to one another so as to allow respective mold
parts mounted thereon to be moved between open and closed
configu}ations; ana |

an electro-pneumatic drive mechanism comprising: a
threaded screw member coupled to one of the first and
second platens for movement thereof in the axial direction
of the screw member; an electric motor coupled to drive the
threaded screw member by way of coupling means for moving
the first and second platens relative to one another; and
a pneumatic cylinder mechanism coupled to the threaded
screw mémber for driving the screw thread of the threaded
screw member separately from said electric motor, said
pneumatic cylinder mechanism being arranged to apply torgque
through a lever member to a flange member threadedly
interengaged with the screw member so as to apply a
clamping force between the mold parts when in the closed

configuration.

2. Molding apparatus as claimed in claim 1, wherein the
mold is provided with a spring-loaded bearing system for

easy removal of the mold from the platen.
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3——Melding apparatus as claimed in any preceding claim,
further provided with an integrated mold brushing unit
which has transversely rotating brushes and travels over

‘the mold faces to remove debris.

4. Molding apparatus as claimed in claim 1, wherein the

coupling means is in the form of gears.

5. Molding apparatus as claimed in claim 1, wherein the

coupling means is in the form of belts.

6. Molding apparatus as claimed in claim 1, wherein the

coupling means is in the form of chains.

7. Molding apparatus as claimed in claim 1, wherein the
flange member has a circular internally threaded opening

for threadingly receiving the threaded screw member, the

flange member being fixed to prevent wmovement thereof

relative to a frame plate of the molding apparatus in the
axial direction of the screw member, but to allow rotation

movement about the axis of the screw member.

8. Molding apparatus as claimed in claim 7, wherein the
lever member is fixedly connected to the flange member and
is adapted to be activated by a piston-rod of the pneumatic

cylinder mechanism.
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