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METHOD -AND APPARATUS FOR THE | NJECTI ON MOLDI NG OF “VARI OQUS ELMEMI S,
SUCH AS SEM CONDUCTOR ELMENTS Field of the Invention The present
i nvention relates to an injection nmol ding method and apparatus for the
production-of various elenents, such as: sem conductor el enents, and, nore
particularly, to a nethod and apparatus which facilitates an automatic
producti on of various elenments, such as seniconductor elenents, and all ows
high efficient use of a nolding material and reduction in injection

nol ding time. Background of the Invention In prior art injection
nol di ng technol ogy, SO|Id nDIdlng -ounds are used to fill a cavity of a
mol d. More: parti GHRAS L SBPARALES FORg LE8SuRg L G SEipldSS 8 at a pre-

heat ed t enper at ur eY2E Soiiic S he conpound
mel t underpggf SUF 6.V g |nto a cavity deflned in a nDId After the
mol di ng conpUﬁ§J&L§7%n%§¢%£§%$n the cavity of the nold to form an
el enent, the cufgd g@s@h@giﬁwp@w}ﬂ feiat%gpeaaaﬁdlﬁfmm? nfeAYihy Abchbe
nol d. Fbwever wi th such prior art technique, the 1ol ding conpolind has to
be .nmel t ed bnﬂoappdf&tuSHIb& tRei ptodultciash oft oakheusayl ényertds i [Bachnhd
through thgemz.conductor 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.
Background 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 befofe 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 for cleaning

the mold.




runners. Thus, the nolding process is relatively tine consumng. Still
further, the nolding conpound forns a residue in the nold, such as in the
runners or nolding pot, after the nolding process is conplete. This
results in an increased expense for cleaning the nold.

-2~ U S. Patent No. 3,608,150 (L. Laufer et al.), issued on

Sept enber 28, 1971, discloses a nolding process utilizing a liquid nolding
conmpound (feeding material). FIG 1 (labeled Prior Art) herein shows a
structure for the nolding apparatus of -tRe L. Laufer et al. patent. The
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44, More particularly, a liquid nolding conpound is stored.in the storage
tank 41 anBrier Arit) dredd shows tahstirncsureoforytiedwldihy apgeraths of

control of a spring-loaded _check valve 413 when the piston 412 is noved to
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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 liquid
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



the right in injection cylinder 411, the liquid nolding conpound in the
bore 422 of the nozzle housing 42 is prevented from returning to the

i nj ection nozzle 411 by the spring-loaded check valve 421. The liquid
conpound is periodically introduced into a nold 43 via the nozzl e housing
42 and the check valve 421 by noving the piston 412 in the injection
cylinder 411 to the left after the injection cylinder 411 has been fill ed.
A concave first runner 431 is disposed at a convex coupling portion of the
nozzl e housing 42 and the nold 43 to recdet+ve a charge of the |liquid
mol di ng conpound. A rear _end of the first runner. 431 is connected to a
second rungEW%Z‘““H?é' I‘*Paw dI’Pr(ﬂ%anr&SFrp%’Eﬁld“‘?lsdl%éPé’éJaFHFo Ehey) urality
of cavitie
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prgor 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
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



turn, the nolding conpound is not efficiently used. Still further, since
the nold conpound passes through the check valve 421, around the spring
therein, and eventually cures, the reliability of the spring and then the
check valve is considerably affected. Additionally, since injection
pressure is developed froma single cylinder 411, a pressure variation
occurs in different ones of the cavities 44 as the nolding conpound flows
t hrough the runner 432. U. S. Patent4 No. 4,996,170 (J. Baird), issued
on February 26, 1991, relates to a nolding process for encapsul ating

sem conduct or devi ces using_a_thixotropic compound. FIG,K 2 herein_ (labeled
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512 used for the nolding process, and includes a follower plate 511 to
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transfer cylinder 52 includes the reciprocative piston 521 which is used
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-4 the mold 54 so that the pressurized thixotropic 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 sqéﬁ 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



via a check valve 513 in a feed tube 522. The piston 521 also functions to
force thhe thixotropic conpound to the manifolds 53 via the feed tube 522
once the manifolds 53 are in contact with the nold 54. Mre particularly,
feed runners 531 in the manifolds are aligned with, and are sealed to,
subrunners 541 in the nold 54 so that the pressurized thixotropic conpound
in the feed runners 531 of the manifolds are charged into the subrunners
541 and associated cavities 542 in the nold 54. After the thixotropic

. compound is charged into the cavities 542%f the nold 54, the thixotropic
conmpound must cured before the manifolds 53 and the nold 54 are
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conpound cannot be avoided as a result “of the thixXotropic ~“conpound bel ng
passed thr dagbhehmozzlly wineuanédd et madd conpanhwinmmermi ns. Al though,
this prior art nolding process uses nultiple injection points in the
mani f ol ds Ssmmarwcefirthe \Ixventioms can occur as the nDIdlng conpound fl ows

through the feed tube 522 and the nanifol ds 53. IS desirable to
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be separ at gg semlconductor 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 tﬂe 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.



fromthe nmold prior to the curing of an injected nold conpound in the one
or norg cavities. Still further, it is desirable to

5 prOV|de a nol di ng appar at us that facilitates automatic production of
various el ements, such as sem conductor elenents, and allows high
efficient use of a nolding material by reducing any residue in the nozzle
or runners in the nold to a mninum Summary of the Invention The
present invention is directed to an injéeetion nolding nethod and apparatus
for the production of various elenents, such as sem conductor elenents,

whi ch saves t| pr.oce rOV|des a fast _automatic
nol- di ng process %ﬁnﬁél} P@dﬁ%?%ﬁ%ﬁnﬁ%?eﬁg ngy Hﬂﬁ?ﬁ%lon l?vyemeq from
one aspect g e dYy %eaggaeaa% |4k 't%edh.ﬁ?%@ijocfi Qo1 1R B@dvhet ohgi ecti on
nol di ng of various_ el efents sem conductor el’enents. The net hod

conpri ses alémémts,SisRRhOhs SERT @Ind cRoBDEUeméh CdMbkiptiisihg an injectisam
nozzle via a side hole defined in the injection nozzle under the control

of a mini -noptleger mihieplusger| ead achpld eciTheodajectionabbazhe t@efinesor e
of the |nject|on nozzle. In a second step, the m ni-plunger is
reci procal (§) MbVEFstnbPRR: bRk BHSaa989Bo%e eEJchﬁangeéPPHQtPﬁénally 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 fi;st bore for pexrmitting 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 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.’



nol di ng conmpound into at |east one cavity of a nold via a separate gate
passage defined in the nold. Each gate passage is a narrow capillary
aperture that connects the bore of the injection nozzle with a separate
cavity of the nold. In a third step, the nozzle and the nold are separated
after the nolding conpound in each gate passage is cured but before the
nol ding conpound in the at |east one cavity of the nold is cured. In a
fourth step, the nolded element is remved fromthe at |east one cavity of
t he nol d. - 6- Vi ewed from

anot her aspect,, ihe present invention_ i directed to _apparat for the

I njection nol di,Y%g‘Q“&d 55?5“0%%11[1&&1&?5%{35 , 32%% t'agtl%eerﬂrggﬁg%ct" gygéf:%%nlt%,
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nozzl e defines (a) a Tirst bore, (b) a Second bore extending

| ongi t udi neléwedtsgmsuicheadi s&iidonaaceber €léhentsecomhebapparataé a narrower
dianeter than that of the first bore, and (c) a side hole connecting the
first borecomphises@updvraiity mfl § Agleonboumpzrijescent plhgalioyineEtN on of
the first bore with the second bore. The mni- plunger conprises, an outer
pl unger, aﬂanh-rp]-r%rsppﬁﬁagqteﬁ.,éuth a separate 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 b;re 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



outer plunger is selectively reciprocally novable in the first bore, and
in its extended position contacts and seals the side hole. Wen the outer
plunger is retracted, the side hole is exposed to the first bore for
permtting the nolding conpound to enter the first bore. As the outer
plunger is returned to its starting position, the nolding conmpound is
charged down through the first and the second bores and into the nold. The
i nner plunger is reciprocally and selectively novable within both a
central aperture defined by the outer ﬁTBH@er and within a second bore of

the nozzle. -The nold is, placed in contact wiwth the nozzle and defipes at
| east one &EVFE?“ PL“’E#E“S’hé’ﬁeNoP°€?Je?Feﬁfl§‘ 3 §eBRTALT RF SUREASTERE - n'lilge
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one cavity iIn 0 arg h ng conpound he outer

plunger is comBbhd&fhdrP tres oﬁi:éftﬂ':ﬂﬂl%its idfl @RedRgsbbiatd¥ozhengsr i s then
extended through the full length of the second bore to substantially purge

t he nozzl e retippycanlyinuyedntiar a adecond direction to its starting
-7- Viewed fromstill another aspect, the present invention is
di rected t ®ogpphent rnd dher RENEH| REUNIRY kSl FRREPHPCIENY Mpyedeftenentendsuch

as senicon%g%gggheéﬁgﬁ¥gfi 1£ggtgpggréﬁékgecond 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 ig.scpematic 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



conprises a plurality of Ninjection nozzles, a plurality of N

m ni -pl.ungers associated with a separate one of the plurality of N
nozzles, and a plurality of N nolds defining a plurality of M cavities,
where M[err] 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 side holegconnecting the first bore with a
source of a nolding conpound adj acent the connection of the first bore

o inger o com HEE T aho8 =t thalev Sy aBhehen midiment S5 8 0t or
pl unger iSaﬁ@&:ﬁ&éié’?g Seag@ﬁ%%&%ﬁ%ﬁl FB?t 5@9@0 ahd-dn P%ﬁu@éi&'ﬂd@?

position contacts a he™ si en the —oute plunger is

reci procal kyem@yes using MbL6ipIk rfffair@kust 6 Fmdea.hol e is exposed to the
first bore for permtting the nolding conpound to enter the second bore.

When t he. ODQEQ_;&QMQ;SE_&ELLQBC|procally nmoved in a second direction to its
starting position  while the |nnercf un is retracted, the outer plunger
f‘ﬁ*’éggﬁ°

charges the not'diify *CoRBoURIEERRAP FReSRRGIRY 18£8t Re i nner
Bper tur e GBFFRREME (5 BOTE: CHTUNR tnasuro B i e tERenBos B8t he
BﬁﬁfgfltyEg?bﬁ#ﬁ%gakégglE%gﬂg%%ﬁﬁﬂgggﬁﬁés ;P alezggagﬁ;echEtST aﬂgre each
cavity is in copafidthGalg aBwWksdhFIe 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
l4a and 14b from each nozzle in accordance with the présenc
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 second



of the plurality of N nozzles via a separate gate passage. The at |east
ong cavity in each nold is charged with the nolding conpound when the
outer plunger of the associated nozzle is reciprocally noved in a second
direction to its starting position, and the inner plunger is reciprocally
noved'to extend through the full length of the second bore and m nim ze
any nolding conmpound residue in the nozzle. The invention will he
better understood fromthe followi ng noHe~detailed descri.ption taken with
t he acconpanying drawings and clainms. Brief Description of the Draw ngs

FIG 1 is h .G _vie a first prior.art | di n paratus: .

Fl G 2 | SERERR DA rBY Brotcobiindr Biflin Tt hy BBSarkigices an
FIG 3is SRidderV! @ 10l dichgr8ERR{ flAtns | 4L el -
char gi ng nﬁ??ﬁ%l e 'p(?%fl ggwf re%ar'n al nol gi gé corrp)g-uén{'gil %1&‘%33% gnﬁ aéﬁbldle =
concur r ent Ayboré ect ided iaeldby o Hoekld 1LDi Cor MY, R @avmhileserfrom each
nozzle in accordance with the present invention; FIGS. 4-10 show
sequent i al dhehelien) iamércphungdr ki gdhekngs selectively and reciprocally:

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



steps for injecting a nolding conpound by a mni-plunger into a single
cavity ,n a nold in the apparatus of FIG 3; FIGS. 11 and 12 show a
top view and a side view, respectively, of an automatic processing
mechani sm for the concurrent production of elenents using nultiple
apparatus of FIG 3; and ' -9-
FIG 13 show a top view of another enbodi nent of an automatic processing
mechani sm for the concurrent production of elenments using nmultiple
apparatus of FIG 3. Detailed Descriptioht - It is to be understood

t hat corresgondin el enent s erforningathe sane functi% i n_each of the

figures hab® BR® :°ldgi1@énVH’1 %ﬁét&eg .ﬁﬁg?%nl%r’?dlﬁ:ls ThRePRFF1%1g now
i oot FACTE ARGRURYS SAIBE o Blahnd T A aiBgL g (00
storage tafkz#00 A 1n¢@NS USSRt kN GCEE§BE MPL el iy e TRAERdchant o nultiple
cavities 1l4a and 14b from each nozzle in accordance with the present
i nventi on depréssiw @9at Befimed din mmnoecerasarfade whahe mold 12a 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



nold as is found in prior art nolding apparatus. Apparatus 1 is useful

for producing various elenents such as sem conductor elenents. The
nol di ng apparatus 1 conprises a storage tank 200 for holding a supply of a
nol di ng conmpound 208, an injection syringe 204 integrated 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 reciprocally novable, a first and second
- nozzle 1la and 11b, and a feed tube 20f coupling a side hole defined in
each of the first and second nozzles 1l1la and 11b to the outlet port 212
of the inj 1.Qn. inge 204. T | tst and cond. nozzl e a and 11b are
shown i n Siaseans¥l ASFeasstop! 26, datiped R, FRETERIE 1. iy " Mime
respectivel Leh : ' LS cayidy ik 4bhgqand
relativel 3ngﬁgrﬁ?bgnﬁa:hrr%&f ggtﬁg&é%ag%sgg%s di‘ggggﬁﬁ %béﬂtlﬁzsr el n.da%gg% g? t he

first andam@c@Bdlocated flush with an end 20 of the nozzle 11.10More nozzles
11a and 11b conprises a mni-plunger 13 that conprises an outer plunger

131 that ipartdcupankyl lat anstssteposimion, nbhebbuten plutger 182 def ined by
the nozzle 1la or 11b, and a_smaller _dianmeter inner plunger 132 that is

sel ect i velSPR&AGEr Wik AdhiSeRlenbhant e odesdddnd@Rdr ehe sl ReYng§Tt he

Qgif'$hé1%33ri%lgxéiﬁheé*éﬁ?yiﬁé'oPoéﬁé(éH¥é1592WH§e¥‘iﬁﬂrh&*¥ié¥€ Brglygger
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.



m ni-plunger 13 is used to provide a pressure to control an injection of a
'mgl di ng conpound into the nold 12a or 12b. Each of the first and second
nozzles 1la and 11b further defines the side hole 111 adjacent 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 nol ding
compound 208 under a.low pressure fromthe storage tank 200 to the nozzles
11la and 11b by the piston 205 inside the,gnjection syringe 204 via the
feed tube 206. The mni - plunger 13 in eacﬁ of the nozzles 1la and 11b is
reci procal | recti.ons of rows 16 in pres

h
18, and se#gss %E?ﬁﬁi; t%ﬂ €i Y n?ﬁnﬁ%%ﬂgffnbgéh%erqiﬁﬁnﬂﬂ§§afloﬁ Sfm?ﬂé;ng
mol di ng cogpespth W b Ern&'?é'ﬁr"é@b%&el%@ ad & {Prs e%gint‘dal lb@ﬁei‘?ef unt

of nol di ng conpound used, as Is explained in greater reinafter.
Still furthbre,sfdshoak 1tlhe outer and i nner plungers 131 and 132 are
separately reciprocally novable in the directions of arrows 16 under the
control of sepa®Refierrdoguaderso (FEES .sliowa) . afdhelo catidrecd sl 4hownda 14b
defined in the nolds 12a and 12b are provided within an upper_ nold 121 and
a | ovner npFEAUSHCHOL RBIRBF NG ddhep Mol ngyp Ber 1&5&:0 §§‘§af“8@€d12 Thehs

cariilss M Mo Bial 6 TERY AR REBRRR- 1A 1A gl 255

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 contactg.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



to the nold 12a via the gate passages 15a and 15b. The nozzle 1lla is

sel ecti,vely connected to the nold 12a by inserting the nozzle 1la into a
substantially tight-fitting cylindrical depression 20a defined in an outer
surface of the nold 12a in the area of one end of the relatively short and
narrow gate passage 15a and 15b. Simlarly, the cavities 14a and 14b in
the nold 12b connect with an end of the second bore 18b in the nozzle |I1b
that is connected to the nold 12b via tﬁelﬁate passages 15a and 15b. The
nozzle 11b is selectively connected to the nold 12b by inserting the

nozzl e 110 dfipuAsiP S ld Bk ol LafKsdd tskhon ChbI G0Ed Galedlo 4331 03,200

‘ : i
defined in an outer sur of t nold 12 e"are 6ne end F t he

rel ativel y nolzale apndandajHeOWogat £2 Peis age ikhadaddelpbsepdiaatdi@idtheieof the
nmol ding apparatus.l in filling each of the cavities 14a and 14b of the

nol ds 12a amdtigg H9rtthe moldisg ddmpaund ihbrheempbdtdarclty, 1f4r ¢ behe
storage tank 200 corresponds to_that to be described hereinafter for FIGS

4-10. cuRefler r TRYE ndle §ORFES. 1 4-CAR Denspedi agaipwiPT FRATaHAg and
control SeUEREEe! Sad VPO A RIRNI, Dl d Blusohnder 13
e oo ¢ (3R LIRSS MBI cboLRES LY e ORI,
cl eaned i f nozetesalycan Ref esephpgredVaiveithe dolded ddipdili GiiRGiAr ERESS
of the ”Dlga%i 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



is to be perfornmed, the nold 12 is closed (i.e., the upper nold 121 and
the lower nold 122 are placed together to define the <cavity 14), and the
nozzle 11 is connected to the nold 12-in the

- 12 - cylindrical depression 20 defined in the nmold 12. At this tinme, an
end of the inner plunger 132 is disposed in the second bore 18 and is

| ocated flush with an end 20 of the nozzle 11. Mdre particularly, at a
start position, the outer plunger 131 is in contact with and seals the
side hole 111, and the inner plunger 132¥s extended outside of the outer

I 131, n-4fi 18 [ t h .b 1 , .t.h it d
o To% | uomiviaehy Bhebidreor 1085, Mhdy IGrSRAL: 88 g SO Hat 5 EIG
5, there | S,:shaunchbabcdiebel BheOyt8ienl HARRE1HAL Of the i ni-plunger 13

in the nozzle 11 i5 noved upwards in the first ore 17, the outer plunger
131 i s separategtatiomA hiss 3 deablohg ddal ivnd witelrdi AgpT@r@DIMIH dfs M har ged
into the first bore 17 of nozzle 11 via the side ho?d 111 under a

rel ativel y qaywtfips| Lag(yhanss gndydene| opdhehravigigsybseshowt irhdIGSi.sfen
205 (shown_in EIG 3) inside the jnjectjion syringe 204 (shown in FIG 3)

i nt egr at ed Wt I§°Fh'éh%t‘°c)]reo{‘§é‘t§aﬁ€ Se0midrstvit A/ Pg}‘éalﬁ‘}l’ o\ Molds; & t he

i nner pl unggheta2oR1y ke B hR! HBYSE 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 connected to
the associated ones of the M cavities 14 via M gate paésages 15
(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.



13 is nmaintained in the second bore 18, and seals the second bore 18 to
prevent the nolding conpound fromentering the nold 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 perfornmed prior to the nozzle 11 bei ng:-brought
into contact with the nold 12. Referring nowto 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 -beénrg further raised until an
opening exists jointing the first bore 18 and the second bore 17.
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material to enter the first bore t he second bore rom 'the srde

hole 111. the nokReie&s rin@Greowhhogéd GH tHB,cHd maldiAg, céhpdend assEPdIimain
sequence of injecting the nolding material into the nold 12. As is shown

in FIG 8, Rife @utarverywrshportl8ime spériat isusegdidednte ccompladtet ltdesi de
hol e 111 and_charge the nolding material in the first bore.17 into the
cavity 14 OPLEABIBYICESS #iSaShAWM sER RS -h&r 8ndg9annd & gt e s &fagbels in

the rol d 1%blé§nbsm§€g¥¥Lf 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 various 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,



FIG 9, the inner plunger 132 is then selectively noved downwards into the
bore 18 to effect a further injecting pressure of the nvolding conmpound
fromthe nozzle 11 into the nold cavity 14. After the nolding process is
conpl eted, the outer plunger 131 again contacts and seals the side hole
111. A second effect of the inner plunger 132 is to purge out any nol di ng
conpound from the nozzle 11 into the nold cavity 14, and to clean up the
tip of the nozzle 11 so as to reduce nmol ¢y ng material residue in the
nozzle 11 to a mnimum As is shown in FIG 10, the nozzle 11 is returned

to its stapl shdl a5 ddl SOreNound BeFlGneter kOl eRAd BochOhsLRe nex!

i nj ection mbl di-ng process. ages o I Ng appar atus and

process in7oacesh dGA Widel §hEo REGELYE WBYSNELZA Alfe &taltQlonavWanaTheippt e
passage 15, being a.relatively short and narrow capillary aperture, as

conpar ed t falbewstizin athet Bpipbt damdi\Sdopel 4 phenptssedthdnventding. mt eri al
in the gate passage 15 to solidify very quickly and seal the nold cavity
14 before the n®tatiinp dfatier Raloading istafdrn vhereya plwdlddy PheMef ore,
after the nold
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and the molg,12; £ap &f N HEEALAESS YarifAYaRERd s ¥Eh QU aple or 1oading
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 ﬁlurality
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.



waiting for the nolding conpound in the nold cavity 14 to be cured. Thus,
the nozzle 11 can be used again for charging another nold 12 while the
mol ding material in a previously charged nold 12 cures. Due to the fact
that the nold 12 and the nozzle 11 can be separated after the nol ding
conpound within the gate passage 15 is cured, the time of injection
nolding is reduced fromthat found in prior art injection nolding
techni ques. Still further, since the mold 82 and the nozzle 11 are
separated before the nolding conmpound in the nold cavity 14 is fully
cured, thepefikeatish Hodle P1aRE1SEy CHP W& VAEER0180.28 cldaiddOid a
solidification-of any nol ding conpound that may remain wthin the nozzle
11. Still fuablleetnot heticwri)s orobieadbbeaninpim@ichahisin €0NtfUE abisequehtt he
nozzl e 11, and nol di.ng material packaging pressure in the nold cavity 14
i s maintai Fe@¥sBecabtethishaimel drhg meldinaprioceskeisetenplaties short and
narrom/capillar¥ gate passage 15 has alreag%ﬂpured. E@ferring.nOM/to
[

FIGS. 11 and 123Fth8rke iRe SRBRACE2EYD RABWRIRTCRoL| BRAY G SPESHELE vel y,
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el enments, such as Senicon 0 enen plr e appar at us

FIG 3 in ja0¢eedapsee Wi tHchgeREBSEHridRilldsOBs FHE {MRFdtticn 6@Qrious
conprises a rotationally novable round tabl'e 602 which is divided into a

plurality afoddifdtaphens alayvbeCc madeshpt titsse dddilgedt £ thel ary ehdlebvwaye it

is to be understood that the table 602 can be
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.



- 15 - divided into nore or less than eight stations and still fal
wi,thin the scope of the present invention. : Station Ais a |loading
station where a plurality of M cavities 14 (where only one of the cavities
is showmn in FIGS. 4- 10) for the elenments to be nolded in a plurality of N
nmol ds 604 - (where only one of the nolds is shown in FIGS. 4-10) are Ioaded
onto the table 602 in N nolds froma table or Ioaﬂln necnanlsn1 508
station B, a plurality of N nozzles 11 (shgévn only | "Luﬂ l!!iﬁ“l)l xed
in an upper arm 606. The plurality of N 71 es 11 n of N
cylindri camg@p{§§@ #&g@ gknj ection ports 20 (sh'own in Fl 3-10) which
are connecte 0 e aSSOCIated ones of the Mcavities 14 via Mgate
passages 15 (spown flethiol 5F Ghijeth®n mBlabRg Plakalid lemeNtED! g8cR04s on
the table 602. Thus, at station B, a plurality of Mcavities 14 (not
shown) cansbmcdmixgﬂnbzs|e|.’ratnt=_-anepu:s:brgpztns1pgodhe&stéps gfenents. After the
mol d cavities 14 (shown only in FIGS. 3-10) are charged wth the nolding
conpound and t he mat@)i ghargipgea g%ﬁléllﬁ‘ssfxa@EQUHQSI-l(%@nn 16ﬂle§=tP~ﬁnFl GS.
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mat eri al

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:



in the plurality of Mcavities 14 becone cured. At stations G and H,

el enment,s are unl oaded onto a platformor by an unl oadi ng nmechani sm 609,
and the nolds 12 are then cleaned, respectively, at a table or by a

cl eani ng mechani sm 610. At this time, the nolei-rg—process s conpleted.
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It is to be understood that with th after
the nozzles 11 are charged with the m)_l |ng corrpz"., u"mmmnrﬂ! FIG 7,
G

very short time period is required toc “Iete the folding pro

SS as

shown in FIGS. 8 and 9 and a curing of the nolding mterial in the gate

passages 15 (shown ail YerBokh{ly step 1Q)., IHEsIRGdShd &Ji‘ﬁ?ag%?' BEed to

the stations C-F during which tinme the nDIdlng material I n"the nol

cavities l#hermingiplmmgert dnfthé yEimste botherof open tﬁeISidﬁOhoﬂeCQﬁﬂary to
wait for a total curing of the nolding conpound within the nold cavities
14. As a rBSEnit thee modddngf cempounsl diongnpescebe firstyrhmme yndepr bhed.

gener al ,
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conmpound in t

e autonatlc processi
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

t he

In

a



mechani sm 600 is charged into the nold cavities 14 by the mni- plungers
13, (shown only in FIGS. 3-10) in the plurality of N nozzles 11,
substantially no overfl ow occurs of any nolding conpound. This permts a
si npl e cl eani ng process at station H. Referring nowto FIG 13, there

Is shown a top view of an automatic processing ' ichis
simlar to the nechanism 600 of FIGS. 11 and 1:}5“ mmlm" UE rent
production of various elenments, such as2&enm conductorcele ., using

mul tiple apparatus 1 of FIG 3 in accordance with another enbodi nent of

the presenpci pventi. | S 0 d rates I N,
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- D 'and E are shown. It is to be understood that the mechanism 700 can
be divided into nor e efiniepbuhdemn dompristiagions and still fall within the
spirit and scope of the present invention. Station Ais a |oading
station where a pluralitgnoputier @ivindegs whiclishowwelectHivaly3notable hin

el enents to be nolded in a_plurality of. N nolds, 604 are | oaded from a

table or | BB&i EﬁrsménPgﬁw tosttane SnPRSILion FARGAGFSoPIR AB3YFes 11
(shown. oph¥ Lfsdh@te, 324 wREE deielc3R0¥fe ! DEa P WUA 1o ¥holedPL S  £04-

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.



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 associ ated ones of the Mcavities 14 via M gate passages
15 (shown only in FIGS. 3-10). The plurality of Mcavities 14 (not shovvn)
are charged sinultaneously with a nolding conpound t ' es 14
and.produce the elenents to be nolded. After the nol Bmﬂﬂlmm

charged with the nmolding conpound and the,npl ding co n t he
gate passages 15 (shown only in FIGS. 3- 16) are cured, the pl urallty of N
nol ds 604 are separated fromthe nozzles 11 and then shlfted to stations

C-E in sequence- PD§¥%&‘?§)I’9ECCIF|’I@ ﬁD‘\"}b‘?’F@"rborrpound material in the

plurality of M cavi |e r It ¥..0

enbodi ment i s that st:' at ?58% °t Ran acﬁrcg'gm*r?) a%épgca{ll%r# ed éﬁegogﬂ‘%ﬁre of
nol ds 604. il & 13 tlge cﬁ&P%SV@zﬂa l?dbl@@.hgsébrﬂﬂo@zd C&.x{tfc?rt@l'ét ftiE@E\S]B@fé time
I nside of station C fromthat of the other stations A B, D, E.

At stati onwiilé hrheelinment plumgdid snebdteffdd af er wioahad aahgthaopl ttid orm
(not shown) by any suitabl e unl oadi ng nmechani sm 609.

- 18 - Arsecend dere, t BEtpr uviich \chef ippenvhivegen 4 swd thdsawadiyem the

second 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



tabl e (not shown) or by a cleaning nechani sm 610 for subsequent reuse. At

this ti,me, the nolding process i-s conplete. ' It is to be appreciated
and understood that the specific enbodinents of the invention described
her ei nbefore are nmerely illustrative of the general principles of the

I nvention. Various nodifications may be nmade by those skilled i he art
which are consistent with the principles set fortm!mmuﬂlmnﬁuﬂ;“%rl y, the
i nvention contenpl ates any confi gurati on; 2desi gn, ¢ gl of
conmponents which will function in a simlar manner, and which wll provide
t he equival ent..result. For exapple,, t aut omati c_processi hani sm 600
shown in F .d!‘T% c%'PRP"Tg (Fz?negggﬁr?%%%%s PESLRE ﬁrbrﬁ"?od‘lﬂrkgtti ¢fich as
an ‘on-1line apge aq$m@e I | ' L.near
or oblongeﬁg%%1gﬁigﬁgﬁg |vi8%5&?%?3£§t%%h?g?5?§¥g€n %%??gﬁgmkg?ﬁg%t t han
in the cir@drar ah@f 4afEubleShiyl tafyind@he LeAgBH! 6FBERE mdFeRRTS OfJthe
mechani sm 600 shown in FIGS. 11 and 12 can be adapted to use individual
nozzl es 11 ougeri ptangeitialandawheneshd foutrerxt pdungekdis 1Recipitailyi moFed.
4-10, or to use individual nozzles 11 for a plurality of cavities 12 in

each of thétndl gecand Airegedipn Fo g starting position the nozzle charges

19 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 nozzies, each mold éefining 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



VWhat-is clainmed is: 1. A method of injection nolding various
el.enents, such as sem conductor elenments, conprising the steps of:
(a) charging a nolding conpound into an injection nozzle via a side hole

defined in the injection nozzle under the contLQL_QL_a_ﬂLnL_pLunger whi ch
I's selectively reciprocally novable within a bor nozzl e;
(b) reciprocally noving the mni-plunger in the b rg’l ['MH jg for
injecting substantially the entire nol d+rf¢ - conpou lcn the

i njection nozzle into at |least one cavity of a nDId via a separate gate

def i ned h wh h . N
Boer ture t RALTSLbRy o A i sPosts TieamRceetontAts ot Sr iR oYe i o™
cavity of fi@s"@héh the molding g@:ﬂﬁéxﬁ{d NG, the ?Qéé' ﬁaé’él%éé”'%fm&h@ af t er

t he nol di ng  conpound i n the g passage I's cu ore the nol ding

conpound i plukglity| BN m1@sCANE! yudd it BRIfdriestRyrMslidiany compound in -
renovi ng the nol ded el enent fromthe at |east one cavity of. the nold.

2. The nethedca¥ities mfl thieepditnal hey mhiN ploddgehascomprdises an out er
pl unger which is selectively reciprocally novable in a first bore defined

in the nozzle, and a#F iYR7&Et apFHhﬁ@r°Eﬁﬁ%H+°PsSFEEFBPOE@?Fﬁ'EﬂﬁjWQQPééﬂlver
novabl e wi thin central rLur.e d d I n r .pl unger, and
Wihin o SERBRNBOYE YA SRYaCLAR: ne Hos Ma sk PE R & H¥8R: ona
thereof to the nold étf&ﬁf‘the%%e%ﬁ@ﬁhs&%%n“%%%%hé%d%ﬁﬁy‘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,



- 20 - in performng step (a), raising the outer plunger of the mni
pl.unger. in the first bore to open the side hole and permt the nolding
conmpound 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 net hod—of——ctat-m-2—whererh-in

performng step (b), performng the substeps of:

reci procally noving the inner plunger outzsoi t he Jmumumlm, " nozzl e

and permitting the nolding conpound to fill the spacé ih the $irst bore
ent er the secqond bore of the nozzle

db - [ d
\(/gg?t (raem é’ﬁg%ﬁe&ne Pﬂﬁp ﬁ(&"&’lﬁ‘ﬁan EF bPURSRIPIF Y FoverhdPat $EE¥H9 one .
cavity of ghe qoly 8 Lh g %a{?yl gngce:%:gg? 98 Nhe Q{oezsze“_rét cgﬁéggg {id sxﬁolt%ﬁ(r%s;” a

t he secon ore o e nozzIle an gat € passage
reC|procajéémﬁaaﬁungoﬁﬁeth Qh@ﬂgg&o§@Q§5§gulgadyll nto the full length of
the second bore to further arge t he nDIdlng conpound into .the at |east

one cavity of the nold anennaamhpgangepamnzqhans)nanipeoaamivlmmm1of nol d
conpound residue to remain in the first and second bores and a tip of the
nozzle. seleckivedypmevakle f‘@-rthtlnebpﬁile%tﬁ?%rrﬁll @neyryrevaef bred dreiditt s,

such as sem condyctor ele risin
ocuter plunger ancsre é%l gB secoﬁh 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 befofé the



an injection nozzle defining (a) a first bore, (b) a second bore extending
longitudinally fromthe first bore where - the second bore is of a narrower
di'aneter than that of the first bore, and (c) a side hole connecting the

first bore with a source of a nol di ng _conpound—adiacent the
connection of the first bore wth the second bqg

m ni - pl unger conpri si ng: an out e(“““\ mr“mmlmms
selectively novable in the first bore and in it'ss ex:t ended pbsrt

contacts and seals the side hole, and 2Phen retracted the side hoI e is
exposed to m.tting the

first bore.for, per mol di n el t he
first bor%‘gggnﬁg v&%??q“é’fiul"ﬂeéh%) & tlseagt:an‘F n@aﬁb%*?ﬁgo#crzﬁ‘ ggrﬂ,g
nol di ng cofprYds dyd dlegugh the second bore; and an inner
pl unger which is reciprocally and selectively nmovable within both a

central aperture défitnadaist &henirdlicperpkibgestapibn Mherecend hoLaing the
nozzl e; and a nold that is placed in contact wwth the nozzle at

an end of compogrd cinl tiher atabherskefineecaxtitieasef othe @brurality ofeN mbkde of
the el enment to be_ nolded which is in conmunication with the nozzle via a
separat e gaBeCPpE@@age, and is charged with the

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 compound charged
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 before the molding compound in the

associated cavity cures,



nol di ng conpound when the outer plunger is returned to its starting _
paosition and the inner plunger is then extended through the full Iength of
t he second bore to substantially purge the nozzle of any nolding material.
5. The apparatus of claim4 wherein each gate passage is a narrow
capillary aperture which permts nol ding conpound charged into the at

| east one cavity of the nold via the separate gate passage to cure within
the gate passage before the nolding conpound in the at | east one cavity of
the nmold cures to permt renoval of the nozzle fromthe nold cavity before

the ol ding -compoynd. i L0 3babgRst OfiF oA .Ips_g%%&s&-mmﬁﬁéﬂ o
, . LOUS oEL g A L CONDUCTOR _EL :
pl unger is recipro |y i 0 é#%uni%u—tﬁﬁrgu e nol di ng
conpound i@&&;&?g; £§ﬁhgng§giﬂghgg the inner plunger is extended for the
full length o e secon ore, atter which the inner plunger is w thdrawn
fromthe secongnbohfedtibd hd1AdhEr appanfis iincluded &Mnézskhs aidchedisprocal
direction to charge the nol ding conpound through the second bore and into
the at | eastirecslyaconnecied to Aomdldi fox Hajassdoganetol ging measesigd, and

t he i nner plunger then_ is reC|procaII¥ noved to , .
into the mold. The mold defines at least one cavity in the shape

of a2 element to be molded and at least one gate passage, each
gate passage interconnecting a separate cavity with the nozzle.
The shape of the gate passage permité a rapid curing of any
residual molding material, and permits separation of the mold and
the nozzle before the molding material in each cavity is cured.
The nozzle is then used for a subsequent procedure or molding
process while the molding material in the cavity cures. The
nozzle defines-a first bore and a second bore arranged
longitudinally in sequence, and a side hole for introducing the
molding material into the first bors. The nozzle includes a
first plunger which is selectively feciprocally movable in the
first bore, and a second plunger which is selectively
reciprocally movable in the second bofe and in a central bore
defined in the first plunger. To charge a mold, the first
plunger is moved to expose the side hole and control the flow of
molding material into the second bore while the second plungér is
extended into the second bore. The second plunger is raised to
permit the first plunger to inject the molding material into each
cavity via the second bore and each gate passage. T@e second
plunger is then extended to purge any residue molding material

from the nozzle and into the mold. L

FIGURE 3 IS SUGGESTED FOR PUBLICATION



extend through the second bore for its entire length to further charge the
nol-di ng *conpound into the at | east one cavity of the nold and mnimze any
nol di ng conpound residue in the nozzle. 7. The apparatus of claim4
further conprising: a plurality of N injection nozzles, each
nozzle defining (a) a first bore, (b) a second bore extending
longitudinally fromthe first bore where the second bore is of a narrower
di aneter than that of the first bore, and'lﬂg a side hole connecting the
first bore with a source of a nolding conpolnd adjacent the connection of

the first bore with the second bore; a plurality of N

m ni - pl ungers associ at44l with4a separate one of the plurality of N

nozzl es, each mini-plupger d¢odGi sing: an outer plunger
which is selecti ' he first bore and in its extended

posi tion cont act sY gl 5 d | e, and when reciprocally noved in
the first directi ; I sjexposed to the first bore for
permtting-the 421 - 23 - nmol di ng

conpound to enter
defined by the ou

equal to the volune
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bore and adjustable by varying the I ength of the novenent of the outer
pl unger,- and when the outer plunger is reciprocally noved in a second
direction to its starting position the nozzle charges the nolding conpound
down t hrough the second bore; and ~an inner plunger which is
reciprocally and selectively novable within both a central aperture '
defined in the outer plunger and within the second bore of the nozzle; and
a plurality of N nolds defining a plurab of M cavities, where-MJ[err]

N, each nold being placed in contact w separate one of the plurality
of N nozzles, each nold defining at |east one cavity where the | east one
cavity in each nold is in comunication with one of the plurality of N
nozzles via a separate gate passage and is charged with the nol di ng
conpound when the outer plunger of the associated nozzle is reciproddly
noved in a second direction to its-starting position, and the inner

plunger is reciprocally nmoved to extend through the full__leggth of
second bore and m nimze any nol ding conpound residue imth;&}l_ nozz&e._’
8. 'The apparatus of claim7 conpri sing: a fixRst dpg;atﬁnél'
station where the plurality of N I ds are | oaded to h eTga nol d
defines at | east one cavegy Dn t shapeSpf a separate™el gt to 2
nol ded; a sec QQer ifpn stagfon wher e t heeapl '
nozzl es are connected to tyhe pl I N nol ds for dgg\g' e di ng
conpound into the Az , and e 0 NJo 11
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- 24 - plurality of N nozzles are disconnected fromthe plurality of N
nol<ds when the nol ding conpound in the gate passages of the plurality of N .
nol ds has cured but before the nolding compound in the cavities of the
plurality of N nolds has cured; . _ at least a third operation
station where the nolding conpound in the cavities of the plurality of N
nol ds is cured, a fourth operation station where the plurality
of N nolds are opened and the nol ded ele ~ are renoved fromthe
plurality of N nolds and the nolds are cle for use again at the first
to fourth operation stations. 9. Apparatus for thffithj ection nol di ng
of various elenents, suclffif&® seni conductor el enents, co [
a plurality of N injecmrgw pach nozzle defininpg
(b) a second bore exte gfinal ly fromthe H

i 2
¢ ATTSt b i th folale
Issipi?f}ig with I&Eﬁ\s 9

second bore is of, g ter than that Df tHeh viai and (c)
. . et
a side hole conn t bpre with a source h AHCeRrTTg., _conpound
A ¢ .

adj acent the connecti ol
a plurality of Nf§ I -

N N
) #4[“. #ll"'l 7 g
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separate one of the plurality of N nozzles, each mni-plunger conprising:
an ‘outer plunger which is selectively novable in- the first bore and in its
extended position contacts and seals the side hole, and when reciprocally
noved in the first direction the side hole is exposed to the first bore
for permtting a selective amount of the nol ding conpound to enter the
first bore, - ) -25 - and when the
outer plunger is reciprocally noved in a §4£€%d direction to its starting
position the nozzle charges the nolding conpound down through the second

bore; and . - ) an inner pBunger which is reciprocally and

sel ectively novable withj oth a _dentral aperture defined in the outer

pl unger and within the C re of the nozzle; and a plurality
of N nolds defining a r aly of M cavities, where M[err] N, #&h nold
bei ng placed in cont it separate one of the pl H:qﬁty_gL,M nozzl es,

a nold is in

each nol d defin'eg atl/)leas vity where each cg :
' #4parate gate

3 4
comuni cati on f _;I_Lfal ity of N nozzl "{:
pﬁssage andtiz char?e _ It i—fgﬁa;jﬁncogppuqd whe!‘ r .plunger of
the associated ygazle i I oc ved inqy 4 )

18 18 ¢ 171 A
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second direction to its starting position, and the inner plunger is

reciprocally noved to extend through the full length of the second bore
and mnimze any nol ding conpound residue in the nozzle. . 10. The
apparatus of claim9 conprising: a first operating station where

the plurality of N nolds are | oaded together where each nold defines at

| east one cavity in the shape of a separate el enent to be nol ded;

a second operation station where the pl ur5/6y of N nozzles are connected
to the plurality of N nolds for chargin t he nol di ng conpound into the at
| east one cavities of the nolds, and tigd(plurality of N nozzles are

di sconnected fromthe plurality of N mol fis when the nol di ng conmpound in

the gate passages of the plurali of N(nolds curg@ but before the
- 26 - ol ding.conpound in e at least lone cajitied>Qf the plurality of
N nol ds has cured, at leqst a third qperatj st aly where the
nmol ding conpound 699 he&at | eagt ope F*vities of t plu nggpof N nol ds
I's cured, 600
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a fourth operation station where the plurality of N nolds are opened and

t he’ hol ded el enents are renoved fromthe plurality of N nolds and the

nol ds are cl eaned for use again at the first to fourth operation stations.

11. The apparatus of claim9 wherein each gate passage is a narrow

capillary aperture which pernmits nol ding conpound charged into the cavity °

of the nold via the associ ated gate pas to cure within the gate

passage before the nol ding conpound in associ ated cavity of the nold
nozzle fromthe nold cavity before the

cures to permt renoval of th
ated cavity cures.

nmol di ng conpoUnq_in the asso
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