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. - METHOD AND APPARATUS FPOR THE INJECTION MOLDING OF
VARIOUS ELEMENTS, SUCH AS SEMICONDUCTOR ELEMENTS

Field of the Invention

The present invention relates to an injection molding method
and apparatus for the production of various elements, such as
semiconductor elements, and, more particularly, to a method and
apparatus which facilitates an automatic production of various
elements, such as semiconductor elements, and allows high
efficient use of a molding material and reduction in injection
molding time.
Backaround of the Invention

In prior art injection molding technology, solid mdlding
‘compounds are used to fill a cavity of a mold. More
particularly, a solid molding compound is compressed at a pre-
heated temperature to form a compound melt before introducing the
compound melt under pressure via runners into a cavity defined in
a mold. After the molding compound is cured within the cavity of
the mold to form an element, the cured molding compound is
separated from the cavity of the mold. However, with such prior
art technique, the molding compound has to be melted before the
melt is introduced into the cavity of the mold through the
runners. Thus, the molding process is rela;ively time consuming.
Still further, the molding compound forms a residﬁe in the mold,
such ‘as in the runners or molding pot, after the molding process
is complete. This results in an increased expense fo; cleaning

the mold.
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'U.S. Patent No. 3,608,150 (L. Laufer et al.), issued on
September 28, 1971, discloses a molding process utilizing a
liquid mélding compound (feeding material). FIG. 1 (labeled
Prior Art) herein shows a structure for the molding"épparatus of
the L. Laufer et al. patent. The molding apparatus of FIG. 1
comprises ‘a storage tank 41, an injection cylinder 411 with a
reciprocally movable piston 412 therein and a check valve 413, a
nozzle housing 42 defining a bore 422 wherein a spring-loaded
check valve 421 is positioned, and a mold 43 defining a first
sprue-like runner 431 and a second runnerl432 leading to a
plurality of mold cavities 44. More particularly, a liqgid
molding compound is stored in the storage tank 41 and is
introduced into the injection cylinder 411 under the control of a
spring-loaded_éhegk valve 413 when the piston 412 is moved to the
right in FIG. 1. Concurrently with the pist;n 412 moving towards
the right in injection cylinder 411, the liquid molding compound
in the bore 422 of the nozzle housing 42 is prevented from
returning to the injection nozzle 411 by the spring-loaded check
valve 421. The liquid compound is periodically introduced into a
mold 43 via the nozzle housing 42 and the check valve 421 by
moving the piston 412 in the injection cylinder 411 to the left
after the injection cylinder 411 has been filled. A concave
first runner 431 is disposed at a convex coupling portion of the
nozzle housing 42 and the mold 43 to receive a charge of the
liquid molding compound. A fear end of the first runner 431 is
connected to a second runner 432. The liguid molding compound is

charged into a plurality of cavities 44 of the mold 43 via the
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second. runner 432. In this prior art molding apparatus, the
liquid molding compound must pass through the first and second
runners 431 and 432 in order to reach the plurality of cavities
44 of the mold 43. This causes the formation of a fésidue within
the runners 431 and 432. As a result, a shortcoming of this
prior art process is that the residue remaining in the runners
431 and 432 is not fully used for ﬁolding the elements, and, in
turn, the molding compound is not efficiently used. Still
further, since the mold compound passes through the check valve
421, around the spring therein, and eventually cures, the
reliability of the spring and then the check valve is o
considerably affected. Aﬁditionally, since injection pressure is
developed from a single cylinder 411, a pressure variation occurs
in different ones of the cavities 44 as the molding coﬁpound
flows through the runner 432. . ) .

U.S. Patent No. 4,996,170 (J. Baird), issued on February 26,
1991, relates to a molding process for encapsulating
semiconductor devices using a thixotropic cdmpound. FIG. 2
herein (labeled Prior Art), shows a structure for the molding
apparatus of the J. Baird patent. The molding apparatus of FIG.
2 comprises a feed pot 51, a check valve 513, a transfer cylinder
52 including a reciprocative piston 521, manifolds 53, and a mold
54. The feed pot 51 stores a thixotropic compound 512 used for
the molding process, and includes a follower plate 511 to prevent
exposure of the compound 512 to‘the surrounding atmosphere. The

transfer cylinder 52 includes the reciprocativé piston 521 which

is used to extract the thixotropic compound from the feéd-pot 51
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via a check valve 513 in a feed tube 522. The piston 521 also
functions to force the thixotropic compound to the manifolds 53
via the feed tube 522 once the manifolds 53 are in contact.with
the mold 54. More particularly, feed runners 531 iﬁ.the
manifolds are aligned with, and are sealed to, subrunners 541 in
the mold 54 so that the pressurized thixotropiq compound in the
feed runners 531 of the manifolds are charged into the subrunners
541 and associated cavities 542 in the mold 54. After the
thixoﬁropic compound is charged into the cavities 542 of the mold
54, the thixotropic compound must be cured.before the manifolds
53 and the mold 54 are éeparated. Thus, it takes a longgr time
for each compound charging step because of the waitingltime for
thé thixotropic compound to be cured in the mold S4. Still

further, in such prior art process, a multiple charging of the
thixotropic compound is used, but a residue ;f the thixotropic
compound cannot be avoided as a result of the thixotropic
compound being passed through the subrunners 541 where the
compound remains. Although, this prior art mblding prbcess'uses
multiple injection points in the manifolds 53, pressure
vé;iations can 6ccurias the molding compound flows through the
feed tube 522 and the manifolds 53.

It is desirable to provide a molding apparatus for the
production of various elements, such as semiconductor elements,
comprising a mold defining one or more mold cavities therein, and
an injection nozzle, where the injection nozzle can be separated

frqm the mold prior to the curing of an injected mold compound in

the one or more cavities. Still further, it is desirabié-to
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provide a molding apparatus that facilitates automatic production
of various elements, such as semiconductor elements, and allows
high efficient use of a molding material by reducing any residue
in the nozzle or runners in the mold to a minimum. a
Summary of the Invention

The present invention is directed to an injection molding
method and apparatus for the production of various elements, such
as semiconductor elements, which saves time in the molding
process and provides a fast automatic molding process while
reducing molding material residue.

Viewed from one aspect, the present invention is Qirected to
2 method for injection molding of various elements, such as
semiconductor elements. The method comprises a first'step of
charging a molding compound intoc an injection nozzle via a side
hole defined in the injection nozzle under the control of a mini-
plunger which is selectively reciprocally movable within a bore
of the injection nozzle. 1In a second step, the mini-plunger is
reciprocally moved in the bore of the nozzle for injecting the
molding compound into at least one cavity of a mold via a
separate gate péssage defined in the mold. Each gate passage is
a narrow capillary aperture that connects the bore of the
injection nozzle with a separate cavity of the mold. In a third
step, the nozzle and the mold are separated after the molding
compound in each gate passage is cured but before the molding
compound in the at least one cavity of the mold is cured. 1In a

fourth step, the molded element is removed from the at least one

- -

cavity of the mold.
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‘Viewed from another aspect, the present invention is
directed to apparatus for the injection molding of various
elements; such as semiconductor elements, comprising an injection
nozzle, a mini-plunger, and a mold. The injection riozzle defines
(a) a first bore, (b) a second bore extending longitudinally from
the first bore where the second bore is of a narrower diameter
than that of the first bore, and (c) a side hole connecting the
first bore with a source of a molding compound adjacent the
connection of the first bore with the second bore. The mini-
plunger comprises an outer plunger, and an inner plunger. The
outer plunger is selectively reciprocally movable in the.first
bore, and in its extended position contacts and seaIS'éhe side
hole. When the outer plunger is retracted, the side hole is’

exposed to the first bore for permitting the molding compound to
enter the first bore. As the outer plunger Es returned to its
starting position, the molding compound is charged down through
the first and the second bores and into the mold. The inner
plunger is reciprocally and selectively movable within both a
central aperture defined by the outer plunger and within a second
bore of the nozzle. The mold is placed in contact with the
nozzle and defines at least one cavity in the shape of elements
to be molded which is in communication with 'the nozzle via a
separate gate passage. The at least one cavity in the mold is
charged with the molding compound when the outer plunger i;
returned to its starting position and the inner plunger is then
extended through the full length of the second bore to

-

substantially purge the nozzle of any molding material.’
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"Viewed from still another aspect, the present invention is
directed to apparatus for the injection molding of wvarious
elements, such as semiconductor elements. The apparatus
comprises a plurality of N injection nozzles, a plurélity of N
mini-plungers associated with a seﬁarate one of the plurality of
N nozzles, and a plurality of N molds defining a plurality of M
cavities, where M 2= N. Each nozzle of the plurality of'N
injection nozzles, defines (a) a first bore, (b) a second bore
extending longitudinally from the first bore where the second
bore is of a narrower diameter than that of the first bore, and
(c) a sidg hole connecting the first bore with a source qf a
molding compound adjacent the connection of the first bore with
the second bore. Each mini-plunger of the plurality of N mini-
plungers compr;§e§ an outer plunger, and.an inner plunger. The
outer plunger is selectively movable in the Eirst bore, and in
its extended position contacts and seals the side hole. When the
outer plunger is reciprocally moved in a first direction, the
side hole is exposed to the first bore for permitting the molding
compound to enter the second bore. When the outer plunger is
reciprocally moved in a éecond-direction to its starting position
while the inner plunger is retracted, the outer plunger charges
the molding compound down through the second bore. The inner
plunger is reciprocally and selectively movable within both a
central aperture defined in the outer plunger and within the
second bore of the nozzle. Each mold is placéd in contact with a
separate one of the plurality of N nozzles. Each mold defines at

least one cavity, where each cavity is in communication with one
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of the. plurality of N nozzles via a separate gate passage. The
at least one cavity in each mold is charged with the molding
compound'when the outer plunger of the associated nozzle is
reciprocally moved in a second direction to its stafﬁing
position, and the inner plunger is reciprocally moved to extend
through the full length of the second bore and minimize any
molding compound residue in the nozzle.

The invention will be better understood from the following
more detailed description taken with the accompanying drawings
and claims. :

Brief Description of the Drawings _

FIG. 1 is schematic view of a first prior art molding

apparatus;

FIG. 2 is schematic view of a second prior art molding
apparatus; ) .

FIG. 3 is a schemaﬁic view of a molding apparatus for
concurrently charging multiple nozzles from a molding compound
storage tank and concurrently injecting molding compound into
multiple cavities from éach nozzle in accordance with the present
invention;

FIGS. 4-10 show sequential molding and control processing
steps for injecting a molding compound by a ‘mini-plunger into a
single cavity in a mold in the apparatus of FIG. 3;

FIGS. 11 and 12 show a top view and a side view,
respectively, of an automatic processing mechanism for the
concurrent production of elements using multipie apparatus of

FIG. 3; and
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" FIG. 13 show a top view of another embodiment of an
automatic processing mechanism for the concurrent production of
elements'uéing multiple apparatus of FIG. 3.

D iled riptio

It is to be understood that corresponding elements
performing the same function in each of the figures have been
given the same designation number.

Referring now to FIG. 3, there is shown a schematic view of
a molding apparatus 1 for concurrently charging multiple nozzles
1la and 11b from a molding éompound storage tank 200 and
concurrently injecting molding compound into multiple cavities
14a and 14b from each nozzle in accordance with the present
invention which avoids the use of runners and subrunners in a
mold as is foqﬂd in prior art molding apparatus. Apparatus 1 is
useful for producing various elements such a; semiconductor
elements. The molding apparatus 1 comprises a storage tank 200
for holding a supply of a molding compound 208, an injedtion
syringe 204 integratéd to the storage tank 200 by an aperture 210
and defining an outlet port 212 and a central bore 209 wherein a
piston 205 is reciproéally movable, a first and second nozzle 1la
and 11b, and a feed tube 206 coupling a side hole defined in each
of the first and second nozzles 1lla and 11b to the outlet port
212 of the injection syringe 204. The first and second nozzles
ila and 1l1b are shown in direct contact with first and second
molds 12a and 12b, respectively, which each define first and
second cavities 14a and 14b and relatively short and narrow gate -

passages 15a and 15b therein. Each of the first and seEond
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nozzles lla and 11b comprises a mini-plunger 13 that comprises an
outer plunger 131 that is reciprocally and selectively moQable in
a boré 17 &efined by the nozzle 1la or 11b, and a smaller
diameter inner plunger 132 that is selectively and réciprocally-
movable in a second bore 18 defined by the nozzle 11# or 1lb and
a central bore (not shown) within the outer plunger 131. The
mini-plungér 13 is used to provide a pressure to control an
injection of a molding compound into the mold 12a or 12b. Each
of the first and second nozzles 1lla and 11b further defines the
side hole 111 adjécent the connection of the first and second
bores 17 and 18, where the side hole 111 is adapted to supply the .
associated nozzle 1la or 11b with the molding compound 508 under
a low pressure from the storage tank 200 to the nozzles 1lia and
11b by the pi§£on.205 inside the injection syringe 204 via the
feed tube 206. The mini-plunger 13 in each ;f the nozzles 1lia
and 11b is reciprocally movable in the directions of arrows 16 in
the bores 17 and 18, and serves as a switch for controlling the
communication of the molding compound with the nozzle lla or 1l1b
and for adjusting the amount of molding compound used, aé is
explained in greater detail hereinafter. Still further, each of
the outer and inner plungers 131 and 132 are separately
reciprocally movable in the directions of arrows 16 under the
control of sepafate actuators (not shown). The cavities 14a and
14b defined in the molds 12a and 12b are provided within an upper
mold 121 and a lower mold 122 of the mold 12a or 12b which can be
separated. The cavities 14a and 14b in the mold 12a connect with

an end of the second bore 18a in the nozzle 1lia that is’éonnécted
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to the . mold 12a via the gate passages 15a and 15b. The nozzle
lla is selectively connected to the mold 12a by inserting the
nozzle 1la into a substantially tight-fitting cylindrical
depression 20a defined in an outer surface of the mdid i2a in the
area of one end of the relatively short and narrow gate passage -
15a and 15b. Similarly, the cavities 14a and 14b in the mold 12b
connect with an end of the second bore 18b in the nozzle 11b that
is connected to the mold 12b via the gate passages 15a and 15b.
The nozzle 11b is selectively connected to the mold 12b by
inserting the nozzle 11b into a substantially tight-fitting
Cylindrical depression 20b defined in an outer surface of the
mold 12b in the area of one end of the relatively shoré and
narrow gate passage l15a and 15b. The operation of the molding
apparatus 1 ig'fi%ling each of the cavities 14a and 14b of the
molds 12a and 12b by the nozzles l1lla and llb: respectively, from
the storage tank 200 corresponds to that to be described
hereinafter for FIGS. 4-10.

Referring now to FIGS. 4-10, there is shown a molding and
control sequence for injecting a molding compound by a mini-
plunger 13 into a single ca;ity 14, instead of multiple cavities
14, in the apparatus 1 of FIG. 3. Before the molding compound is
charged into the.nozzle 11, the mold 12 and the nozzle 11 are
separated (not shown) and the mold 12 is cleaned if necessary.
Referring now to FIG. 4, when the charging process of the mold 12
is to be performed, the mold 12 is closed (i.e., the upper mold

121 and the lower mold 122 are placed together to define the

cavity 14), and the nozzle 11 is connected to the mold 12 in the
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cylindrical depression 20 defined in the mold 12. At this time,
an end of the inner plunger 132 is disposed in the second bore 18
and is located flush with an end 20 of the nozzle 11. More
particularly, at a start position, the outer plunger'iBl is in
contact with and seals the side hole 111, and the inner plunger
132 is extended outside of the outer plunger 131 in first bore 18
and into the second bore 18 so that its end 19 is flush with the
end 20 of the nozzle 11.

Referring now to FIG. 5, there is shown that when the outer
plunger 131 of the mini-plunger 13 in the nozzle 11 is moved
upwards in the first bore 17, the outer plunger 131 is'separated'
from the side hole 111 and molding compound is charged into the
first bore 17 of nozzle 11 via the side hold 111 under a
relatively low_fi{ling pressuré developed by the movement of the
piston 205 (shown in FIG. 3) inside the inje;cion syringe 204
(shown in FIG. 3) integrated with the storage tank 200 (shown in
FIG. 3). At this time the inner plunger 132 of the mini-plunger
13 is maintained in the second bore 18, and seals the second bore
18 to prevent the molding compound from entering the mold 12.as
it is charged into the first bore 17. It is to be understood
that the process described for FIGS. 4 and 5 can be performed
prior to the nozzle 11 being brought into contact with the mold
12.

Referring now to FIGS. 6 and 7, FIG. 6 shows the inner
plunger 132 being selectively raised in the second bore 18. FIG.
7 shows the inner plunger 132 being further raised until an

opening exists jointing the first bore 18 and the second bore 17.
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The raising of the inner plunger 132 permits more of the molding
material to enter the first bore 18 and the second bore 17 from
the side hole 111.

Referring now to FIGS. 8, 9, and 10, there is shown a
sequence of injecting the molding material into the mold 12. As
is shown in FIG. 8, the outer plunger 131 is first pushed down to
seal the side hole 111 and charge the molding material in the
first bore 17 into the cavity 14 of the mold 12 via the second
bore 18 and a gaﬁe passage 15 in the mold 12. As is shown in
FIG. 9, the inner plunger 132 is then selectively moved downwards
into the bore 18 to effect a further injecting pressure of the
molding compound from the nozzle 11 into the mold caviéy 14.
After the molding process is completed, the outer plunger 131

again contacts anq seals the side hole 111. A second effect of
the inner plunger 132 is to purge out any moiding compound from
the nozzle 11 into the mold cavity 14, and ﬁo clean up the tip of
- the nozzle 11 so as to reduce molding material residue in the
nozzle 11 to a minimum. As is shown in FIG. 10, the nozzle 11 is
returned to its start state, as is also shown in FIG. 4, for
preparing for the next iniection molding process.

Advantages of the molding apparatus and process in
accordance with the present invention are as follows. The gate
passage 15, being a relatively short and narrow capillary
aperture, as compared to the size of the mold cavity 14, permits
the molding material in the gate passage 15 to solidify very

quickly and seal the mold cavity 14 before the molding material

in the mold cavity 14 cures. Therefore, after the moldiﬂg
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compound is cured or solidified within the gate passage 15, the
noézle 11 and the mold 12 can be immediately separated without
waiting for the molding compound in the mold cavity 14 to be
cured. Thus, the nozzle 11 can be used again for chérging

- another mold 12 while the molding material in a previously
charged mold 12 cures. Due to the fact that the mold 12 and the
nozzle 11 can be separated after the molding compound within the
gate passage 15 is curéd, the time of injection molding is
reduced from that found in prior art injection molding
techniques. Still further, since the mold 12 and the nozzle 11
are separated before the molding compound in the mold cavity 14
is fully cured, the effect of heat transfer can be lowe}éd S0 as
to avoid solidification of any molding compound that may remain
within the nozile_ll. Still further, there is no feedback
material or contamination of the nozzle 11, ;nd-molding material
packaging pressure in the mold cavity 14 is maintained because
the molding material in the relatively short and narrow capillary
gate passage 15 has already cu;ed.

Referring now to FIGS. ll'and 12, there is shown a top view
and a side view, respectively, of'éﬁ'automatic processing
mechanism 600 for the production of various elements, such as
semiconductor elements, using multiple appératus 1 of FIG. 3 in
accordance with the present invention. The mechanism 600
comprises a rotationally movable round table 602 which is divided
into a plurality of stations (of which 8 stations designated A-H

are shown). It is to be understood that the table 602 can be
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divided into more or less than eight stations and still fall
within the scope of the present invention.

Station A is a loading station where a plurality of M
cavities 14 (where only one of the cavities is shown in FIGS. 4-
10) for the elements to be molded in a plurality of N molds 604
(where only one of the molds is shown in FIGS. 4-10) are loaded
onto the table 602 in N molds from a table or loading mechanism
608. At station B, a plurality of N.nozzles 11 (shown only in
FIG. 12) are fixed in an upper arm 606. The plurality of N
nozzles 11 match the location of N cylindrical depression or
injection ports 20 (shown in FIGS. 3-10) which are conngcted to
the associated ones of the M cavities 14 via M gate paésages 1s
(shown only in FIGS. 3-10) in the pluraiity of N molds 604 on the
table 602. T@ﬁs,'at station B, a plurality of M cavities 14 (not
shown) can be charged simultaneously to prod;ce-the elements.
After the mold cavities 14 (shown only in FIGS. 3-10) are charged
with the molding compound and the material in the gate passages
15 (shown only in FIGS. 3-10) are cured, the molds 12 in the
Plurality of N molds 604 are separated from the nozzles 11 and
the molds 604 are moved by the rotation of the table 602 to
stations C-F in sequence. At stations C-F, the molding material
in the plurality of M cavities 14 become cured. At stations G
and H, the elements are unloaded onto a platform or by an
unloading mechanism 609, and the molds 12 are then cleaned,

respectively, at a table or by a cleaning mechanism 610. At this

time, the molding process is completed.
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';I; is to be understood that with the molding process, after
the nozzles 11 are charged with the molding compound as shown in
FIG. 7, a Qery short time period is required to complete the
molding process as shown in FIGS. 8 and 9 and a curing of the
molding material in the gate passages 15 (shown only in FIGS. 3-
10). The molds 12 are then shifted to the stations C-F during
which time the molding material in the mold cavities 14 are
allowed to fully cure. Therefore, it is not necessary to wait
for a total curing of the molding compound within the mold
cavities 14. As a result, the rate of the molding process is
greatly improved. In general, a processing rate of around 8-10
seconds is needed with the present molding process as éomparéd
with a rate of 60-70 seconds needed with prior art injection
molding procesées:

After the molding compound in the autom;tic processing
mechanism 600 is charged into the mold cavities 14 by the mini-
plungers 13 (shown only in FIGS. 3-10) in the plurality of N
nozzles 11, substantially no overflow occurs of any molding |
compound. This permits a simple cleaning process at station H.

Referring now to FIG. 13, there is shown a top view of an
automatic proceésing mechanism 700, which is similar to the
mechanism 600 of FIGS. 11 and 12, for the cdncurrent production
of vérious elements, such as semiconductor elements, using
multiple apparatus 1 of FIG. 3 in accordance with another
embodiment of the present invention. The mechanism 700

demonstrates an in-line arrangement which is divided into a

pPlurality of stations of which five stations designated i, B, C,
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D, and E are shown. It is to be understood that the mechanism
700 can be divided into more of less than five stations and still
fall within the spirit and scope of the present invention.

Station A is a loading station where a plurality of M
cavities 14 (shown in FIG. 3) for the elements to be molded in a
plurality of N molds 604 are loaded from a table or loading
mechanism 608. At station B, a plurality of N nozzles 11 (shown
only in FIGS. 3-10) are fixed above the plurality of ﬁ molds 604.
The plurality of N nozzles 11 match the location of N cylindrical
depressions or injection ports 20 (shown only in FIGS. 3-10)
which are connected to the associated ones of the M cavities 14
via M gate passages 15 (shown only in FIGS. 3-10). Thé plurality
of M cavities 14 (not shown) are charged simultaneously with a
molding compogﬁd to £ill the cavities 14 and produce the elements
to be molded. After the mold cavities 14 ar; charged with the
molding compound and the molding compound material in the gate
passages 15 (shown only in FIGS. 3-10) are cured, the plurality
of N molds 604 are separated from the nozzles 11 and then shifted
to stations C-E in sequence.

At station C, the molding compound material in the plurality
of M cavities 14 becomes cured. One flexibility of this
embodiment is that station C can accommodate any number, one or
more, of molds 604. This can be achieved by adjusting a
different transport time inside of station C from that of the
other stations A, B, D, and E.

At station D, the elements in the mold 604 are unloaded onto

a platform (not shown) by any suitable unloading mechanism 609.
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At sgqtion E the plurality of M cavities 14 are cleaned at a
table (not shown) or by a cleaning mechanism 610 for subsequent
reuse. AE this time, the molding process is complete.

It is to be appreciated and understood that the specific
embodiments of the invention describéd hereinbefore are merely
illustrative of the general principles of the invention. Various
modifications may bé made by those skilléd in the art which are
consistent with the principles set forth. More particularly, the
invention contemplates any configuration, design, and
relationship of components which will function in a similar
manner, and which will provide the equivalent result. For
example, the automatic processing mechanism 600 shown iﬂ FIGS. 11
and 12 can comprise any suitable configuration such as an on-line
arrangement whére.the molds 12 are moved in an on-line linear or
oblong form which ié divided into a pluralit; of stations rather
than in the circular form shown. Still further, the automatic
processing mechanism 600 shown in FIGS. 11 and 12 can be adapted
to use individual nozzles 11 for individual cavities 14 in the
molds 12 as shown in FIG. 4-10, or to use individual nozzles 11
_ for a plurality of cavities 12 in each of the molds 14 as shown

in FIG. 3.
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What is claimed is: : .

1. A method of injection molding various elements, such as
semiconductor elements, comprising the steps of:

{(a) charging a molding compound into an inﬂection
nozzle via a side hole defined in the injection nozzle under the
control of a mini-plunger which is selectively reciprocally
movable within a bore of the injection nozzle;

(b) reciprocally moving the mini-plunger in the bore of
the nozzle for injecting substantially the entire molding
compound in the bore of the injection nozzle into at least one
cavity of a mold via a separate gate passage defined in the mold,
where each gate passage is a narrow capilléry aperture'that
connects the bore of the injection nozzle Qith a separate cavity
of the mold; .

separating the nozzle and the mold\afser the molding
compound in the gate passage is cured but before the molding
compound in the at least one cavity of the mold is cured; and

removing the molded element from the at least one
cavity of the mold.

2. The method of claim 1 wherein the mini-plunger
comprises an outer plunger which is selectively reciprocally
movable in a first bore defined in the nozzle, and an inner
plunger which is reciprocally and selectively movable within both
& central aperture defined in the outer plunger and within a

second bore defined in the nozzle which is connected at one end

thereof to the mold at one end of each gate passage, and wherein:
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in performing step (a), raising the outer plunger of
the mini-plunger in the first bore to open the side hole and
permit tﬁe;molding compound to enter the first bore under the
control of the outer plunger while the inner plunger remains
extended into the full length of the second bore of the nozzle.

3. The method of claim 2 wherein in performing step (b),
performing the substeés of:

(bl) reciprocally moving the inner plunger out of the
second bore of the nozzle and permitting the molding compoun& to
£ill the space in the first bore vacated by the inner plunger and
enter the second bore of the nozzle;

(b2) reciprocally moving the outer plunger to éharge
the at least one cavity of the mold with the molding compound
present in the°figst bore via the second bore of the nozzle and
each gate pas;age; and )

(b3) reciprocally moving the inner plunger
substantially into the full length of the second bore to further
charge the molding compound into the at least one cavity of the
mold via each gate passage to cause a minimum of mold compound
residue to remain in the first and second bores and a tip of the
nozzle.

4. Apparatus for the injection molding of various
elements, such as semiconductor elements, comprising:
| an injection nozzle defining (a) a first bore, (b) a
second bore extending longitudinally from the first bore where

the second bore is of a narrower diameter than that of the first

bore, and (c) a side hole connecting the first bore with a source
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of a molding compound adjacent the connection of the first bore
with the second bore;
" a mini-plunger comprising:

an outer plunger which is selectively'movable in
the first bore and in its extended position contacts and seals
the side hole, and when retracted the side hole is exposed to the
first bore for permitting the molding compound to enter the first
bore, and when returned to its starting position charges the
molding compound down through the second bore; and

an inner plunger which is reciprocally and
selectively movable within both a central aperture defined in the
outer plunger and the second bore of the nozzle; and '

a mold that is placed in contact with the nozzle at an
end of the seqénd.bore and defines at least one cavity in the
shape'of the element to be molded which is i; communication with
the nozzle via a sepafate gate passage, and is charged with the
molding compound when the outer plunger is returned to its
starting position and the inner plunger is then extended through
the full length of the second bore to substantially purge the
nozzle of any molding material.

S. The apparatus of claim 4 wherein each gate passage is a
narrow capillary aperture which permits molding compound charged
into the at least one cavity of the mold via the separate gate
‘passage to cure within the gate passage before the molding
compound in the at least one cavity of the mold cures to permit
removal of the nozzle from the mold cavity bafore the molding

compound in the at least one cavity cures.
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6. The apparatus of claim 4 wherein:

the outer plunger is reciprocally moved in a first
direction to charge the molding compound into the first bore
wnile the inner plunger is extended for the full leﬁéth of the
secdnd bore, after which the inner plunger is withdrawn from the
secénd bore and the outer plunger is moved in a second reciprocal
direction to charge the molding compound through the second bore
and into the at least one cavity of the mold via the associated
gate passage, and the inner pluhger then is reciprocally moved to'
extend through the second bore for its entire length to further
charge the molding compound into the at least one cavitylof the
mold and minimize any molding compound residue in the nozzle.

7. The apparatus of claim 4 further comprising:

a p;dra}ity of N injection nozzles, each nozzle
defining (a) a first bore, (b) a second bore\exﬁending
longitudinally from the first bore where the second bore is of a
narrower diameter than that of the first bore, and (c) a side
hole connecting the first bore with a source of a molding
compound adjacent the connection of the first bore with the
second bore;

a plurality of N mini-plungers assoéiated with a
separate one of the plurality of N nozzles, each mini-plunger
comprising:

an outer plunger which is selectively movable in
the first bore and in its extended position contacts ‘and seals
the side hole, and when reciprocally moved in the first direction

the side hole is exposed to the first bore for permitting. the
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molding compound to enter the first bore at an amount that is
equal to the volume defined by the outer plunger and the first
bore and’aﬁjustable by Qarying the length of the movement of the
outer plunger, and when the outer plunger is reciprdéally moved
in a second direction to its starting position the nozzle charges
the molding compound down through the second bore; and
an inner plunger which is reciprocally and

selectively movable within both a central aperture defined in the
outer plunger and within the second bore of the nozzle; and

a plurality of N molds defining a plurality of M

cavities, where M = N, each mold being placed in contact with a

separate one of the plurality of N nozzles, each mold defining at
least one cavity where the least one cavity in each mold is in
communication.&itp one of the plurality of N nozzles via a
Separate gate passage and is charged with th; molding compound
when the outer plunger of the associated nozzle is reciprocally
moved in a second direction to its starting position, and the
inner plunger is reciprocally moved to extend through the full
length of the second bore and minimize any molding compound
residue in ﬁhe nozzle.

8. The apparatus of claim 7 comprising:

a first operating station where the plurality of N
molds are loaded together where each mold defines at least one
cavity in the shape of a separate element to be molded;

a second operation station where the plurality of N

nozzles are connected to the plurality of N molds for charging

the molding compound into the cavities of the molds, and_the
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plurality of N nozzles are disconnected from the plurality of N
molds when the molding compound in the gate passages of the
pluralitﬁlof N molds has cured but before the molding compound in
the cavities of the plurality of N molds has cured;'-

at least a third operation station where the molding
compound in the cavities of the plurality of N molds is cured;

a fourth operation station where the plurality of N
molds are opened and the molded elements are removed from the
plurality of N molds and the molds are cleaned for use again at
the first to fourth operation stations.

9. Apparatus for the injection molding of varioug
elements, such as semiconductor elements, comprising: .

a plurality of N injection nozzles, each nozzle
defining (a) gcfi;st bore, (b) a second bore extending
longitudinally from the first bore where the‘seeond bore is of a
narrower diameter than that of the first bore, and (c) a side
hole connecting the first bore with a source of a molding
compound adjacent the connection of the first bore with the
second bore; .

a plurality of N mini-plﬁngers associated with a
separate one of the plurality of N nozzles, each mini-plunger
comprising: .

an outer plunger which is selectively movable in
the first bore and in its extended position contacts and seals
the side hole, and when reciprocally moved in the first direction
the side hole is exposed to the first bore for permitting a

selective amount of the molding compound to enter the first bore,
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and when the outer plunger is reciprocally moved in a second
direction to its starting position the nozzle charges the molding
compound-dbwn through ﬁhe second bore; and

an inner plunger which is reciprocallf and
selectively movable within both a central aperture defined in the
ocuter plunger and within the second bore of the nozzle; and

a plurality of N molds defining a plurality of M
cavities, where M = N, each mold being placed in contact with a
separate one of the plurality of N nozzles, each mold defining at
least one cavity where each cavity of a mold is in communication
with one of the plurality of N nozzles via a separate gate
passage and is charged with the molding compound when the outer
plunger of the associated nozzle is reciprocally moved in a
second direction to its starting position, and the inner plunger
is reciprocally moved to extend through the }ull length of the
second bore and minimize any molding compound residue in the
nozzle.

10. The apparatus of claim 9 comprising:

a first operating station where the plurality of N
molds are loaded together where eaéh mold defines at least one
cavity in the shape of a separate element to be molded;

a second operation station where the plurality of N
nozzles are connected to the plurality of N molds for charging
the molding compound into the at least one cavities of the molds,
and the plurality of N nozzles are disconnected from the
Plurality of N molds when the molding compound in the gate

passages of the plurality of N molds has cured but before the
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molding .compound in the at least one cavities of the plurality of
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N molds has cured;
) ét least a third operation station where the molding
compound in the at least one cavities of the pluraliéy of N molds
is cured;

a fourth operation station where the plurality of N
molds are opened and the molded elements are removed from the
plurality 6f N molds and the molds are cleaned for use again at
the first to fourth operation stations.

11. The apparatus of claim 9 wherein each gate passage is a
narrow capillary aperture which permits molding compoundgcharged
into the cavity of the mold via the associated gate paésage to
cure within the gate passage before the molding compound in the
associated cayity.of the mold cures to permit removal of the
nozzle from the mold cavity béfore the moldi;g compound in the

associated cavity cures,



