I NJECTI ON MOLDI NG APPARATUS AND METHOD Thi's invention rel at &% "

appar atus and nethod for injection nolding, for exanple for encapsul ating
integrated circuits. 5 I nj ection nol di ng apparatus, such as a
transfer nolding installation for encapsulating integrated circuits,
typically involves a plurality of nolding presses associated with a
plurality of novable robots for |oading and unl oadi ng the nol di ng presses.
For exanple, a row of nolding presses maylbe arranged with a | oadi ng robot
and unl oadi ng robot novable along the rowto insert integrated circuit

| eadf ranes into 10 th t n S | grated
circuits after noldi naw&éwg@‘?ﬁm&g@ﬁg ociated with
this type of arrangenent, one of those being potential interference between
t he | oadi ng and unl oadi ng robots, for exanple, in accessing one of the

plurality of nol difhg MvestEmSrelabsCor 4 fPayatud bed BicBf@Nfor| iAjéeidn GdldmgViogles
an injection nolding apparatus 15 conprising a plurality of nolding presses
each adapt ed example feri eneaprulatimgistegmatesl aimohits. each nol d defining a cavity
shaped for the formation of a nolded product, the plurality of noldin
presses beidng nouRdigetionomaldiag, appaatusniehett 2Dty meldngnmstallation (fer
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of nolding material and unloading of a nolded product. The present

i nvent i on al $PespesoVviatesxample] atrew of nediding presses meayChpamingtd with a loading robot
and unloading robot movable albng the row to insert integrated circuit leadframes into

10 the molds and remove the encapsulated integrated circuits after molding. However,
several difficulties are associated with this type of arrangement, one of those being
potential interference between the loading and unloading robots, for example, in
accessing one of the plurality of molding presses. |

Accordingly, the present invention provides an injection molding apparatus

15 comprising a plurality of molding presses each adapted to receive at least one mold, each
mold defining a cavity shaped for the formation of a molded product, the plurality of
molding presses being mounted for rotational movement about a common axis with
respect to a plurality of stations arranged around the plurality of molding presses, the
molding apparatus being adapted to sequentially align ones of said plurality of molding

20 presses with one of said stations for loading of molding material and unloading of a
molded product.

The present invention also provides an integrated circuit encapsulation
apparatus comprising a plurality of transfer molding presses mounted on a rotatable
index table, c.zach molding press being adapted to receive at least one mold defining a

25 cavity adapted to receive an integrated circuit die and attached leadframe for
encapsulation thereof, and a plurality of stations arranged around the rotatable index
table wherein indexed rotation of the table is effective to align ones of the molding
presses with one of the stations, said stations including an insert loading station for
loading an integrated circuit die and attached leadframe into a mold of a mold press
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apparatus conprising a plurality of transfer nolding presses nounted on a
rotatabl e index tabie, each nol di ng press being adapted to réceive at- | east

one nold defining a 25 cavity adapted to receive anmig¥ne9uadigd, 11 it die
and attached | eadframe for encapsul ation thereof, an

stations artanged around the rotatable index tabl e wflm wu m, ro_t ation
of the table is effective to align ones 05 the nold _one of

the stations, said stations including an fnsert |oading station for |oading
an |ntegrated circuit die and attached | eadfrane into a nold of a nold

press - 2- afibhednbreivitel] 8thdling Tofipbihd) Toadi gmwwi fraldhdifig h adncapulatibn
| oading material into a pot of an aligned nolding press, and an unl oadi ng

stati on for maatendl iigo aporsfaapighaiimelding peys, and dn vilpzding sthtiomfer rembvingfan an
aligned nolding press. In a preferred formof the invention, the nolding
presses and %%ﬁswﬁ??da‘?tégfsteéﬁ’?%'g@ﬂnéﬁmédPﬁﬁ“aﬁﬁgﬁifimﬁ@&gﬁr@é{ e, such that

Mot ding press 1. A Redersd forihb R ipverban i, HAUERH ghebsdy, 3ha Patiohs “5E "
mol di ng pressghidangta mtétih tlh@exltgﬁg'dﬁghm VARAROGE Ugg%] PH8ssCRERGEAwith

| oadi ng stations. Align all stations wth respect to ot her .
Preferably, tthemﬂaaﬁn@mu, lacsbwihdanﬁdihg pedss ¢oslighed ivith the wid tleaminpnitatod, or

10 novenment with the nol ding presses, for independently controlling the -
openi ng and and a third molding press aligned with the loading and compound mo dmg compound
loading stations. Align all stations with respect to ........
Preferably, the apparatus includes a first controller circuit mounted for
10 movement with the molding presses, for independently controlling the opening and
' closing thereof. A second controller circuit may be provided to control functions of the
stations, with the first and second controller circuits communicating by way of a
rotating electrical connection. A similar rotating electrical connection may be provided
to power the molding presses in the event that they are electrically operated.
15 Alternatively, if the molding presses are hydraulic or pneumatic, then a rotatable
hydraulic or pneumatic connection may be provided between a pressurised fluid source
and hydraulic/pneumatic circuits of the molamg presses and their counterparts.
In accordance with the present invention there is also provided a method for
encapsulating integrated circuits, wherein at least one injection molding press and
20 associated encapsulation mold is mounted for rotational movement into successive
alignment with a plurality of respective stations arranged around the at least one molding
press, comprising the steps of:
rbtationally aligning the press with a first said station and thereat loading an
integrated circuit die into the associated mold; |
25 - rotationally aligning the press with a second said station and thereat loading the
press with an encapsulation material;
performing a transfer molding operation wherein said integrated circuit die is
encapsulated with said material in said mold; and

rotationally_ aligning the press with a third said station and thereat unloading the



closing thereof. A second controller circuit nmay be provided to control
functions of the stations, with the first and second controller circuits
comuni cating by way of a rotating electrical connection. A simlar
rotating electrical connection may be provided to power the. nolding presses
in the event that they are electrically operated. 15 Alternatively, if the
nol di ng presses are hydraulic or pneumatic, then a rotatable hydraulic or
pneumati ¢ connecti on may be provided between a pressurised fluid source and
hydraul i c/ pneumatic circuits of the nolding presses and their counterparts.

I n accordancgic%stuméﬂﬁte%ate uit%ﬁ%&ﬁi\}%&ﬁ&{nﬁésﬁu%so provi ded a nethod

for encapsul g I nteg circults, erein-a east one injection

mol di ng press andpr@rasly aglavaie) ehgpeted bidaig predses s udBdItY Rfedtedly cycle
rotational novenent into successive alignment with a plurality of
respective sthadighribe arettaxdgetebsasainttiat wberaond efathe stepe isrbéiog performedon one
conprising the steps of: rotationally aligning the press with a first said
station and Pu§&s apetherpfdhs,¢jepss bping peeomerd qnyagther Bress-i nt o t he associ at ed

nol d, 25 rotat i || | .Gl [ 1 t.h n 1 d,station
and t her ea? | oadi Jﬁgé ’tnﬁéﬁ‘ggl é%ges\?\ng‘t’%ﬂgﬁfe gﬁ% g%tgﬁﬁ‘érmﬂlnobr? 10%"&?’2%2%&,@’%3’@ %‘tr’rrir}?"ng a
transfer nol @ym%ﬁ%gg%iﬁaad@gﬁ?ﬁgmm&sim&gﬁ:at ed circuit dieis

encapsul ated with said material i'n said nold; and rotationally aligning the

press with a thirPBiga®i dissd athematiabibck Ritagesmi illustratigy agribhert injection molding

arrangement;
Figures 2A, 2B and 2C show an exemplary transfer molding press illustrating the
10 operation thereof for encapsuiation of an integrated circuit and leadframe; |
Figure 3 is a plan view of an injection molding arrangement according to one form
of the invention; and

Figure 4 is a cross-sectional view of the injection molding arrangement of Figure

15 Referring firstly to Figure 1, there is shown a schematic layout of an injection
molding arrangement of the prior art, comprising four molding presses 10. The molding
presses 10 are arranged in a row, all facing the same direction. An area indicated by
reference numeral 12 represents a region of movement along the front of the molding
presses 10 of a loading robot, which requires access to the front of each of the molding

20 presses. Similarly, reference numeral 14 indicates a region for movement of an unloading
robot which also requires access to the front of each molding press 10. A cleaning robot
is arranged to move in-an area 16 along the rear of the molding presses. Further,
mechanisms are arranged at 18 and 20 for passing an integrated circuit and a_ttached
leadframe from a magazine storage {(not shown) to the loading robot 12, and for passing

25 an encapsulating material pellet to the loading robot 12, respectively. Also, unloading

‘ mechanisms are arranged at 22 and 24 for receiving the encapsulated integrated circuits
from the unloading robot, degating the leadframe, and passing the encapsulated
integrated circuit to a storage area.

Figures 2A, 2B and 2C are cross-sectional views of an exemplary transfer -



-3 = encapsulated integrated circuit fromthe nold cl eaning station.
Preferably a plurality of injection nolding presses are used to repeatedly
cycle through the nethod steps, such that when one of the steps is being
performed on one press, another of the steps is being perforned on anot her

press. 5 The invention is described in greater detail herein bel ow by
way of exanple only, with reference to t acconpany draw ngs, wherein:
Figure 1 is a schematic block diagramillustrating a prior art injection

nol di ng arrangenent; Figures 2A, 2B and 2C show an exenpl ary transfer

ol di ng pr esﬁoldliﬂgt’;ﬁggﬁ?to' Rtk &&lwo%magsi hE&&%&%z%ﬁ&ﬂ?g&h i@ aRf an

I ntegrated circul | eadframe; Figure 3 is a plan view of an injection

nol di ng ar r amgRiNpresA00 At gnpriseouspet mdrlooierhiwi panse2a30b whivhofittogether 4 i s
a cross-sectional view of the injection nolding arrangenent of Figure 3. 15
Ref erring fitogiefipe a onold cavity 34, t here |s shown a schematlc Iayout of an

I njection nol di ngﬂ?rra enent g& t he é ou;1
presses 10. The RIE%e A ip 51°P’ E\et 31 eet“he
same direcki O yed Wi n‘?%ét?cg&@hq égkﬁé%ﬁﬂ&ﬁhgg cﬁl/e Pn%ld %%%? SE,fagxggx ng

regi on of fovenent a resses

robot, whi chpdiRgleF reﬁ@ap@&lﬁtﬁﬁgsnfa@nﬁlhm il @ Pangot 88C hERfapéudioR0s0ihe dintegrated
circuits 36 is achieved by heating the encapsulating material pellet 40 and pressing it
within the gangpot using a transfer plunger 38, which causes the pellet 40 to liquefy and
flow into the mold cavities 34 through small passages between the gangpot and the mold
10 cavities (see Figure 2B). After allowing the encapsulating material to solidify again, the
molding press 30 is opened (Figure 2C), wherein the mold parts 32a,32b are separated.
The encapsulated integrated circuits 50 are lifted from the mold cavity by way of ejector
pins 42, so as to expose them for removal from the molding press. After removal of the
encapsulated integrated circuits 50, the open molding press is ready to receive new
15 leadframe inserts 36 and encapsulating material pellet 40 to repeat the encapsulating
process. '
The operation of the prior molding system shown in Figure 1 for encapsulating
integrated circuit leadframes is described below.
First, one or more pre-heated integrated circuit leadframes are loaded into a
20 molding press 10, which has a temperature qf about 160°C to 200°C, by the loading
robot arm which services all of the molding presses 10. The same loading robot is used
to insert a pre-formedl epoxy resin pellet into the gangpot of the molding press, after
which the press is closed (such as shown in Figure 2A). The epoxy resin is then
transferred from the gangpot to fill the mold cavities by pressing the resin pellet against
25 the hot mold surface using the transfer plunger (Figure 2B). The resin is cured in the
| mold for about 20 to 90 seconds, after which the molding press is opened and the
encapsulated integrated circuit is ejected from the mold cavities (Figure 2C). In order to
remove the encapsulated integrated circuits from the molding press, the unloading robot

must wait until the'loading robot is out of the way, and vice versa, which can waste



20 presses. Simlarly, reference nuneral 14 indicates a re
"of an unl oadi ng robot which also requires access to the fr
nol di ng press 10. A cleaning robot is arranged to nove in

the rear of the nolding presses. Further, nmechanisns are a

gi on for novenent
ont of each

an area 16 al ong
rranged at 18 and

20 for passing an integrated circuit and attached | eadfranme from a magazi ne

storage (not shown) to the | oading robot_ 12, and for passi
encapsul ating naterial pellet to the Ioéarng robot 12, res
unl oadi ng nmechani sns are arranged at 22 and 24 for receivi
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area. Fi gur ead e molisaodvhiéh teg wqdifeSackestdtangiven tiges AlfsoawithxtheTleanikg
transfer -4 - nolding press 30 adapted to receive two nolds 32. Each
mol d 32 is apbati§arangadip the nger afhaimaldingrpresses dherg gt whaHamsean bgshsidesnd

| d cavity 34. The

| ower nold parts 32a, 32b ich fit together to.define a
o1 d ng.pr eS8 9 8 o iding, brtts, whBH GeR Tk B G rad GRATHRIF Juiten 5
| oaded mﬁtytﬁﬂﬁﬁgrated circuit leadframes 36 within the respective nold

cavities 34, an

‘a pellet of encapsulating material 40 in a gangpot 36.

Encapsul ation of Thagnjecticadheliig sgstéi Of ebattimiesits 3 Hieptestnb nveasén pldvides

encapsul ating nmaterial pellet 40 and pressing it

rotational movement of the molding presses relative to loading and unloading stations,

rather than movement of the loading and unloading mechanisms (robot arms) Figure 3 is

a plan view of an injection molding apparatus according to one form

of the invention,

10 and Figure 4 is a cross-sectional view through the molding apparatus of Figure 3.

A plurality of molding presses 10 (Figure 3) are arranged equally spaced and

mounted around the circumferential perimeter of a circular rotatable index table 70. The

molding presses 10 are mounted to face outwardly with respect to the index table axis,

such that the mold cavities within the molds of the molding presses are accessible when

15 the molding presses are open. The index table 70 is rotatable in this case in an anti-

clockwise direction, and is indexable so that each of the molding presses 10 can be

aligned to each of a plurality of equally spaced angular positions 101

to 108. Stations

60,62 and 64 shown in Figure 3 are positioned around the molding presses mounted on

the index table, with each station positioned so as to align with a molding press 10 when

20 in one of the angular positions 101 to 108. In this case, an unloading station 60, such as

a pick and place robot arm is positioned so as to align with a molding press when in the

angular position represented by reference numeral 108. An insert loading station 62 is

positioned so as to align with a molding press at angular position 101, and an

encapsulation material pellet loading station 64 is arranged so as to align with a molding

25 press at angular position 102. For anti-clockwise rotation of index table 70, the insert

‘ loading station 62 is arranged in the anti-clockwise direction around

the table axis in

comparison to unloading station 60, and pellet loading station 64 arranged to the anti-

clockwise side of insert loading station 62.

Operation of the molding apparatus can be best understood

by considering a



wi thin the gangpot using a transfer plunger 38, which causes the pellet 40
to liquefy and flowinto the nold cavities 34 through small passages

bet ween the gangpot and the nold 10 cavities (see Figure 2B). After

al l owi ng the encapsulating naterial to solidify again, the nolding press 30
I's opened (Figure 2C), wherein the nold parts 32a,32b are separated. The
encapsul ated integrated circuits 50 are lifted fromthe nold cavity by way
of ejector pins 42, so as to expose t hem®-or renoval fromthe nol di ng
press.. After renoval of the encapsulated integrated circuits 50, the open

nol di ng press,_i,s_r lve. Lns o
encapsul at i nén% é)‘rﬁﬁgaql P%gﬁ th% ﬁ&%e {ng.ggg%ggt&?g@%g@%%ﬁ%%gg%ﬁ%g)eossgpn.rhe
operation of 1§ NgnRhii®hlighel WithGths YiseR ToailpV¥tation 63. I qhié JosfioRNaRPaMldag NI
integrated circuit |eadiranes is described below First, one or nore :
pre- heat ed i plesgtGisepen,isnchiad illhstentéd ankd iaFiguroddiedaliont o pee-Iatedninttgratedor ess
10, which has a tenperature of about 160[1err]Q to 200[err]C, by the | oading
robot ar m whiidvitsdie #né atfachied ledfreme tordlechlengd pridin dBe ppe orjieors smalds ehtheng

bot i d i t. - f d i | et int h t of
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cavities by presSing the resin et against 25 the. sur e using
the transf er withgngssllef baditg etafl&) 64, Wikrd £péllet bfenehpstithtion nidiialnyy WWadedrinfbout

20 to 90 seconds, after which the nol di ng'dFress-i s opened and the ]
encapsul at edthergangpaitof thecinoldingtpress. eAfiert leatlifg ofithe nelletyithe wdox tabds i #gagur e
2C). In order to_renpve the_encapsulated inte rated,ci{cuits fromthe,

mol di ng pr esgqtatpql,éo Lt,lpﬁt&%mp&img)ms passes to angular position 103, where the press is
10 closed and the transfer molding operation takes place. As the molding press

successively passes through angular positions 104, 105 and 106, the encapsulation
material within the mold cavities is allowec.i to set, and at angular position 107 the
molding press is opened for access to the encapsulated integrated circuits. Finally, the
molding press rotates to angular position 108 where it is aligned with unloading station

15 60 which operates to remove the encapsulated integrated circuits from the molding press
using, for example, a pick and place unit. After unloading, the encapsulated integrated
circuit is passed to a degating station and storage magazine and mold cleaning (not
shown). Following the unloading operation at angular position 108, the molding press
then retums to position 101 to repeat the encapsulation process.

20 Each of the molding presses 10 disposed around the index table 70 can
simultaneously perform the operations described above, the stage within the
encapsulation process for a given molding press being determined by its angular position
with respect to the stations 60,62,64.

Since no interference can occur between the loading and unloading operations, the

25 injection molding apparatus and method of the preferred embodiment of the present
invention can result in an increase in production time savings as compared with the prior
art system described hereinabove.

It will be recognised by those skilled in the art that any suitable number of

molding presses can be arranged around the index table, with four, six or eight molding'



must wait until the |oading robot is out of the way, and vice versa, which
‘can waste -5 - significant tine depending on the relevant positions of
the | oading and unl oading robots and the nolds to which they require access
at a given tine. Also, with the cleaning robot 16 arranged to the rear of
the nol ding presses, there are robot arms on both sides of the row of
nol di ng presses which can nmake inspection and mai ntenance quite 5
difficult. The injection nolding systenraf enbodi ments of the present

i nvention provides rotational novenént of the nolding presses relative to

| oadi ng and unl o o] fi
unl oadi ng n@&??ﬁ??ag%%gg? %}ef’ zrii'ﬁlrrrts{lg“a | gureaag Hgllé Pgrtl&w ew %faggn i nj ect i on
mol di Ny apPRRoHS 8B4l 610 cArPbd BRariged Riduhd tthe mdewme OFor RarAgle, driogiere 4

is a cross-sectional view through the nolding apparatus of Figure 3. A

plurality ofunhvatielpBation esealdlie flaceduat posijiomr 84,awitha depdingestations y62s pack 64 and
nmounted around the circunferential perineter of a circul.ar rotbat abl e i ndex

Eab![ﬁ 70. dTlpéimdB:ammlthkQ% a!ﬁ Wi6crespestively. + Fheadesirabilitn of| thatytxne ©fspect
o the index
e T e AR AP 0
The i ndex t fifhe! 1 %lameembﬁm%r}héeﬁés eAdkﬁtx&ﬁli?nif' reglArOsaningeof the

i &

di rection, s 1n so that "each of the nolding presses 10 can be
molds is requu'ed, a cleamng station can be interposed between the unloading station 60

and loading station 62 for closing of the molds following each molding .operation as is
known to those in the injection molding art.

10 In order to control the opening and closing of the molding presses, an electrical
controller 80 may be placed for rotation with the presses 10 and index table 70. A
suitably programmed microprocessor, PLC or the like can be employed, is known in the
art. In the preferred embodiment, the controller 80 mounted on the fable is also
programmed ts individually control the mold temperature and mold pressure of each

15 molding press. A second controller may be provided in order to control the functions of
the stations 60,62,64, which méy also comprise, for example, a computer or
microprocessor circuit. The second controller is preferably contained in a control panel
(not shown) which is stationary with respect to the stations 60,62,64. The control
panel would include facilities for a user to input desired mold temperatures and

20 pressures and the like. To facilitate coordination and communication between the two
controller circuits, an electrical connection is required for communication between the
controllers which allows the controller mounted on the index table 70 to rotate.
Accordingly, a rotatable electrical connection can be employed, for example having
annular electrical contacts coaxial with the index table axis, with brush-type contacts

25 arranged to bear against the annular contacts for electrical connection therewith. For
example, a similar contact technique as employed for connection to electrical motor
moving armature windings could be used. Also, if the molding presses 10 operate using
hydraulic or pneumatic power, then a connection is required between the hydraulic or

pneumatic circuits of the presses and a source of pressurised hydraulic or pneumatic



aligned to each of a plurality of equally spaced angul ar positions 101 to
"108. Stations 60,62 and 64 shown in Figure 3 are positioned around the
-nmol di ng presses nounted on the index table, with each station positioned so
as to align with a nolding press 10 when 20 in one of the angul ar positions
101 to 108. In this case, an unloading station 60, such as a pick and place’
robot armis positioned so as to align wiith a nolding press when in the
angul ar position represented by reference€ nuneral 108. An insert | oading
station 62 is positioned so as to align with a nolding press at angul ar
position 101g ..an : u Wala L A ; I tadabeSratided iPthel S
arranged so]lei%lﬁt g"gﬁ‘gﬂ ?ﬂ thi g&aﬁ@@a{%ﬁ%&%ﬁg}s&sﬁe é’gﬁl ar ef)%si tion 102.
For anti - cl ogleyirs ef theniildiag agfaratickid coaialewiflo thet foeatibies able, hadng agotatablei on
62 is arranged in the anti-clockw se direction around the table axis in
conpari son tconnadtvadd rypipt atonnestis® withn thepuidraslicippeimatly Greats 6f teu PEESF&nged
to the anti- cl ockw se sjde ?f' insert |oading station 62. Operation of-the
nmol di ng appama%d%tﬂ‘e gddyle-under st ood by considering a -6 - single

mol di ng press 10 ﬁgﬁé%n'%gggde[rg&{ah&%cml GgnhoroP RO pARIII Slal BB

position 101 whic e Insert lToading Statiron 62. At this
position, t hﬁlefqibd bADroRitRsS coroller RS, a Wifdes@ infiakddust radiatbnal trar3idsion
Figure 4, to allow a pre-heated integrated circuit die and attached

| eadfr ane t oake rédepti@r systedni fort passimge signalsibetwern| the cbntrdllers could also be

employed.
The foregoing detailed description of the invention has been put forward by way
10 of example only, and is not intended to be considered limiting to the invention which is

defined in the appended claims.



5 nol ding press using a pick and place .robot armof the |oading station
62. Followi ng |oading of the |eadframe, the index table 70 is rotated so as
to align the nolding press with the pellet |oading stati re a

pell et of encapsulation material is |oaded into the ganmmﬂ’/mgmﬂ g
press. After loading of the pellet, the index table is adaif ro A ‘T_
that the nol ding press passes to angul ar ?osition 103, where the press i s
10 closed and the transfer nol ding operairon takes place. As the nolding
press successively passes through angul ar positions 104, 105 and 106, the
encapsul at | ORHIBEEIAIMS BEFINING TRETRIVERRION A% A8 rligyRe.1 0 set, and at
angul ar position 107 the nolding press is opened for access to the

encapsul ated integrated circuits. Finally, the nolding press rotates to
angul ar position 108 wiere it is aligned with unloading station 15 60 which
operates to renovéin gectioe mokdmpapnarates eqppiiseg & pluality of malding peessas| eichg
press using, for

encapsul at ed adeR )rs‘lgmélﬁ’?ﬁ %cgagtk?’gﬁng‘ggs}%c (%{]"Ié& d‘ﬁ@&'{‘g :‘?ggars]‘{i'g(? ?lllﬂ??g%né?p gtp_?)r age
at Cangul ar patdtsh Lkl b B ohalty R isful BrodllsCREN BRI O

repeat the eng@asnil ahoRinedt A66ESa cémon axis WthhreSpect te APLethg Bf Q8iRAs 10
di sposed around the index table 70 can sinultaneously performthe

oper ati ons deasengededowkddhe phudliy oif agpiding ptessest the revlding spparatus rbemgadepted f or
‘a given nol ding press_being deternined by its angular positicon with respect
to the stati dgeqisntisipaigngos of sid pluralitytof reoldioe Prsssescvith opeheud stations

mothod of t ndopoRef PEACER R el R BGRR FRak 0 apparatus and
10

2, Molding apparatus according to claim 1, wherein said p.lurality of molding
presses are mounted on a rotatable platter, the rotational movement of which ‘is

indexable so as to align said molding presses and said stations.

15 3. Molding apparatus according to claim 1, wherein each said molding press

comprises a transfer molding press.

4. Molding apparatus according to claim 3, wherein each mold cavity is adapted to
receive an insert comprising an integrated circuits and ieadframe for encapsulation.

20 _
5. Molding apparatus according to claim 2, further comprising a controlling means
including a controllér circuit mounted for movement with said molding presses for
controlling operation of said molding presses.

25 6. A molding apparatus as claimed in claim 5, wherein said controller circuit

individually controls opening and closing of said molding presses, in use.

7. A molding apparatus as claimed in claim 6, wherein said controlling means

operates to independently control mold temperature and pressure of each of the



I nvention can result in an increase in production time savings as conpared

with the prior art system described hereinabove. It will be recognised by
those skilled in the art that any suitable nunber of nolding_presses can be
arranged around the index table, with four, six or eight nolding -7-

presses being preferred. Further, nore than a single set JMl"mﬂul ' d
unl oadi ng stations 60,62 and 64 can be arranged around th m I,n”m;r
exanpl e, another unl oadi ng station 60 couttbe placed at gositi bn M045 with
| oadi ng stations 62 and 64 placed at positions 105 and 106 reSpectively.

The desirabilit f that type of 5 arrangenment may depend upon the nunber
of nol di ng pre%]é@g’%ﬂprf‘ﬂlg‘ gf%ﬁ%‘?esfabl e and the curing time required for the

nol ding material. Additionally, if regular cleaning of the nolds is
required, a cleaning station can be interposed between the unl oadi ng
station 60 andg| oadAngioRlingt apardids aorclaheds imglaih 7 Hiaclodihgla bivolable elcteiedlh
mol di ng operation as is known to those in the injection nolding art. 10

In order to coecdmeétionhetwemnsaid) contebllet ois¢uitganst a certrabeprtrallgr 9f seislecontrghling

el ectrical caontroller, 80 may be pl.aced for rofat.ion wth the presses 10 and
i ndex table fomeﬂ‘ss‘ﬁhlf’léﬁl‘?t&%ﬁ?gﬁ‘ﬁéﬂo‘f%% E"éggl}?t\,‘!“\{’lﬂ?@“@{" the Iike can
be enployed, is known in the art. In the preferred enbodi nent, the
controller 80 mounted on the table is al so

9. A molding apparatus as claimed in claim 8, including a p_ivotable hydraulic
connection between a pressurised hydraulic fluid source and hydraulic circuits of said
molding presses.

10
10. A molding apparatus as claimed in claim 8, wherein functions of said plurality of

stations are controlled by said central controlier.

11. A molding apparatus as claimed in any preceding claim, wherein said plurality of
15 stations include an insert loading station for loading an integrated circuit die and attached

leadframe into a mold of a mold press aligned therewith.

12.  An integrated circuit encapsulation apparatus comprising a plurality of transfer
molding presses mounted on a rotatable index table, each molding press being adapted to
20 receive at least one mold defining a cavity adapted to receive an integfated circuit die and
attached leadframe for encapsulation thereof, and a plurality of stations arranged around
the rotatable index table wherein indexed rotation of the table is effective to align ones of
the molding presses with ones of the stations, said stations including an insert loading
station for loading an integrated circuit die and attached leadframe into a mold of z; mold
25 press aligned therewith, a molding compound Iloading station for loading an
encapsulation material into a pot of an aligned molding press, and an unloading station

for removing an encapsuléted integrated circuit from a mold of an aligned molding press.

13. An integrated circuit encapsulation apparatus according to claim 12, further



programmed to individually control the nold tenperature and nold pressure
“of each 15 nol ding press. A second controller nay be provided in order to
control the functions of the stations 60, 62,64, which nay al so conpri se,
for exanple, a conputer or mcroprocessor circuit. The second controller ‘is
preferably contained in a control panel (not shown) which is station

with respect to the stations 60,62, 64. The control panel\ﬂﬁﬂ“ﬂﬂ‘ rmﬂ
facilities for a user to input desired nold tenperatures X

and the like. To facilitate coordination and communi cation bétween the two
controller circuits, an electrical connection is required for conmmuni cation
bet ween the controllers which allows the ntroller nounted on the index '
table 70 to rotate. Accordingly, a rotatégfé el ectrical connection can be
enpl oyed, for exanple having annular electrical contacts coaxial with the
| ndex tabl e gy }Mgté‘ At SBattHIRE RO ARoEntd@ F AGEALEnt Gville Hhidgale)s Fort he
annul ar cont act o electrical connection therewith. For exanple, a
simlar cont aghtrbiial fisptienaof aaid gyeatityf of pressespand arsetandetatiotler gircuib fasr
moving armature wi ndings could be used. Also, if the nolding presses 10
oper at e usi ngeongralling|said Hatiqnse anchei Rivesehie relectricah copneetine farj emapLnication; ¢t 4

bet ween t he hydr i c or Bt i ' | t f t.he. f
oressari sed HGRPeuedt B cfaend sceond gonttplicy el rEpRAEs A 1B DRl ©
hydraul i c og M&mﬁiogsaamé}re pi pe can be provided in the

14.  Anintegrated circuit encapsulation apparatus according to claim 13, wherein said
first controller circuit, in use, individually controls mold temperature and pressure of
each of the plurality of molding presses.
10
15. A method for encapsulating integrated circuits, wherein at least one injection
molding press and associated encapsulation mold is mounted for rotational movement '
into successive alignment with a plurality of respective stations arranged around the at
least one molding press, comprising the steps of:
15 rotationally aligning the press with a first-said station and thereat loading an
integrated circuit die into the associated mold;
rotationally aligning the press with a second. said station and thereat loading the
press with an encapsulation material;
performing a transfer molding operation wherein said integrated circuit die is
20 encapsulated with said material in said mold; and
rotationally aligning the press with a third said station and thereat unloading the

encapsulated integrated circuit from the mold.

16. A method as claimed in claim 15, wherein a plurality of injection molding presses
25 are used to repeatedly cycle through the steps, such that when one of the steps is being

performed on one press, another of the steps is being performed on another press.



base 75 of the nolding apparatus and coaxial with the rotatable table,
havi ng a rotatable connection to a pipe connecting with the
hydraul i c/ pneurmatic circuits of the presses nounted on the index table: 5
As an alternative to the rotatable electrical connector for passing signals
between the fixed and rotatable control}&r-circuits, a wireless infrared or
radi o signal transm ssion and reception system for passing signals between
the controllers could al so be enployed. The foregoing detail ed description
of the invention has been put forward by way 10 of exanple only, and is not
intended to be considered limting to the invention which is defined in the
appended cl ai ns. 9- THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS; -

1. An injection molding apparatus conprising a plurality of nolding
presses each Q§qu)qdiﬂjﬂhaﬁﬂ?ﬁﬁéiﬂs SHL HP%bach mol d defining a
cavity shaped for the 5 formati on of aABSTERaCProduct, the plurality of
nol di ng presses being nounted for rotational novenent about a comon axis
with respect to a plurality of stations arranged around the plurality of
nol di ng presses, . the nol dj ng apparatus bei hg adapted to sequentjally align
one of said piAliectign BIdRE P Bavinga piufalith R H@fd%s’rassgf,aw%ﬁg anster

molding presses for encapsulating integrated circuits, are mounted on an indexable rotary

5 table. Stationary loading and unloading stations re arranged at spaced angular locations
around the table for loading an insert into the mold cavities, for loading ;:1n insert into the
mold cavities, for loading a molding material pallet, and for unloading a molded product
when the molding presses are successively aligned with each station. A Controller is
provided to rotate with the molding presses for individually controlling functions

10 thereof such as opening aﬁd closing of the presses and temperature and pressure in the
molds. Another controller is provided in a stationary control panel for controlling, for
example, functions of the stations and receiving input from a user, and communication is

provided between the two controllers.

Figure 4



for | oading of nolding material and unl oading of a nol ded product. 10 2.
Mbl di ng apparatus according to claim1, wherein said plurality of nolding
presses are nounted on a rotatable platter, the rotational novenent of
which is indexable so as to align said nolding presses and said stations.

15 3. Mol di ng apparatus according to claim 1, wherein each said nol ding
press conprises a transfer nolding presd/34. Mol di ng appar at us accordi ng
to claim3, wherein_each mnld cavity is adapted to receive an insert
conprising an integfated circuif{s and | eadfrang for encaps%lation. 20 5.
Mol di ng apparatus agcording to ¢laim2, furtherf conprisingla controlling
means including a cgntroller cifcuit nounted fdr novenent Wth said nol ding
presses for ‘control lji ng opetati pn of saicd nol dijng presses. |25 6. -~ A
nmol di ng apparatus ag clainetd injclaimb5,'whereijn said contrfoller circuit
i ndi vidual Iy controljs opening apd closing of sd d nolding gresses, in use.
7. A nol di ng app3 T T i , Wherein sfid controlling
means operates to irjdependentlylcontrol nold tegnperature d pressufe of
each of the plurglity of nol ding presses. ,
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8.. . A nolding apparatus as clainmed in claim7, including a pivotable

el ectrical connection between said controller circuit and a central
‘controller of said controlling 5 nmeans which is not nmounted for novenent
with said rotatable platter. 9. A ol di ng apparatus as clainmed in claim
8, including a pivotable hydraulic connec?Vgn bet ween a pressurised
hydraulic fluid source and hydraulic circuits of said nolding presses. 10

10. A WD|dingfaﬁp'fﬁtU“d§ ct i ¢l aim 8,,wherein functions of said
plurality of statiofis.arg cqntr by gai ceﬁ%ral controller. 11. A
nmol di ng app%ﬁﬁnﬂu;{i:'m' mead in yprecedfng claim wherein said plurality
of 15 stations inc amn i nsert I;padli ngystation for |oading an integrated

circuit die andjattached Ie-dfranﬁ into @ nold of a nold press aligned
o

i

D 0

therewith. 12. Anli naraggd fouilt capsul ati on apparatus conprising a
plurality af.transf |,ggi g Qﬁpd‘egynDJnFédﬁoﬁzé rotatabl e i ndex table,
each nol di rass bejlng adapt ed Ha 0 receive at least one nold defining a
cavity adapf@o~ véHa@ iftegratgd ¢ircuit die and attached |eadfiame

for encapsul ati

Feof ity stations arranged around the
rot at abl e i ndex &afT of the table is effective to
al i gn ones of 5es Wi omes of the stations, said stations
i ncl udi ng éﬁslnsﬁfi qudi : ti or lloading an integrated circuit die

and att ached +€adfr i | d 25 press aligned .therewith, a
nol di ng conpound Ioadi:J);yﬁ ion for Noadi ng an encapsul ation material into
i Mg

a pot of an aligned ) ess, and\gs unloading station ™"
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A
far’ removing an encapsul ated integrated circuit froma nold of an aligned
nol di ng press. 13. An integrated circuit encapsul ati on appar at us
according to claim 12, further -11- conprising a first controller
circuit, nmounted for novenent with said table, for controlling functions of
said plurality of presses, and a second controller-circuit for controlling
said stations, and a pivotable electricag gonnection-for conmmuni cati on of
signals between said first and second con(roller circyrts

rotational 5 orientation of said taphle.—l4. An i nt ¢
encapsul ati on appar at us écording t = 3, wher ei _
controller circuit, in usge, A ndivid rols enper at e and
pressure of each of the EI [ty of pres : t hod for
encapsul ating integrate I CNNAS, 1 b 4 nol di ng
press and associated e S \\\ DUAFE p nmovement
I nto successive align N | a S t}v tati ons arranged
around the at | east one QK SS+—T! ' G sgeps of ;. 15
rotationally aligning the SW a 51t st 2R fon and t her eat
| oadi ng an integrated circu r¥g into the assoc\ mol d; . . 1
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rotationally aligning the press with a second said stati oﬁREP{dX@héEéﬂtWEET
| oadi ng the press with an encapsul ati on material; performng aTransTer
nol di ng operation wherein said integrated ci rcuit die is 20 ensam RS fogd
with said material in said nold; and rqtzal_tionally alignin he” press W|th a
third said station and thereat unloading the encapsul ated{i -
circuit fromthe nold. 16. A nethod as clainmed in claim{l5, V\/nerelna

FLEB%L}“ %lhghgﬂtldgjp?g suc rx?!ﬁg!td mﬁ%ao?%g??gggﬁ’fg bei ng perforned on
one press, mateaidlditoafpot bfarsdligned meldiveg presspand arumdehding statidrhfor remeving an
encapsulated integrated circuit from a mold of an aligned molding press.
In a preferred form of the invention, the molding presses and stations are
5 arranged on a rotating index table, such that when a first molding press is aligned with
the unloading station, a second molding press is aligned with the mold cleaning station,
and a third molding press aligned with the loading and compound molding compound |
loading stations. Align all stations with respectto each other.
Preferably, the apparatus includes a first controller circuit mounted for
ot 10 movement with the molding presses, for independently controlling the opening and
closing thereof. A second controller circuit may be provided to control functions of the
stations, with the first and second controller circuits communicating by way of a
rotating electrical connection. A similar rotating electrical connection may be provided
to power the molding presses in the event that they are electrically operated.
15 Alternatively, if thé molding presses are hydraulic or pneumatic, then a rotatable
hydraulic or pneumatic connection may be provided between a pressurised fluid source
and hydraulic/pneumatic circuits of the molding presses and their counterparts.
In accordance with the present invention there is also provided a method for
encapsulating integrated circuits, wherein at least one injection molding press and
N 20 associated encapsulation mold is mounted for rotational movement into successive
alignment with a plurality of respective stations arranged around the at least one molding
press, comprising the steps of:
rotationally aligning the press with a first said station and thereat loading an
integrated circuit die into the associated mold;
25 rotationally aligning the press with a second said station and thereat loading the
press with an encapsuiation material;
" performing a transfer molding operation Wherei_n said integrated circuit die is
encapsulated with said material in said mold; and

rotationally aligning the press with a third said station and thereat unloading the

~



