-1- APPARATUS AND METHOD FOR I N-MOLD DEGATING 5 Field of the

I nvention The invention relates to the nolding of electronic devices,
and in particular to the automatic renoval of excess nol di ng
conpound from nol ded el ectronic packades after nolding. 10
Background and Prior Art During the assenbly of sem conductor
packages, sem conductor chips are often attached onto carriers, such
as substrates or |eadfranmes, for processing nmultiple 15
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to corresponding contacts or connection pads on the substrates or

| eadf rames. This can be done by wire bonding, or the electrical pads
can be directly attached onto the contacts on the substrates or

Ieadf%a o Tt} eafter, it is usually necessary to protect the 20
chi ps aniﬁﬂ&gﬁ%@sﬂé&ﬂ' 190 connections fromthe environnent by

encapsul ating them in a nolding conpound, such as epoxy nol di ng
conpound ("EMC'). In a typical transfer nolding process, the
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to the p&ﬁ&bgggaﬁgrﬁ{w;ﬁ@ ps to be encapsul ated. Ml ding conpound
(is introduced”into nold supply pots in the nolding system typically

in f6llet form The nold supply pots are linked to the nolding
cavities & hrough te f runners and gates through which the
nmol di ng m&&g‘i@ﬂé—ﬁ@&d 30 before entering the cavities. A
plunger is insertable into each pot under heat and
During the assembly of semiconductor packages, semiconductor chips are often
attached onto carriers, such as substrates or leadframes, for processing multiple
156 semiconductor chips at the same time. After or during attachment, electrical
connections are made between electrical pads on the chips to corresponding
contacts or connection pads on the substrates or leadframes. This can be done
by wire bonding, or the electrical pads can be directly attached onto the contacts
on the substrates or leadframes. Thereatfter, it is usually necessary to protect the
20 chips and the electrical connections from the environment by encapsulating them
in a molding compound, such as epoxy molding compound (“EMC”).

In a typical transfer molding process, the substrate or leadframe with the chips
attached is placed into a molding system comprising two mold halves. One or
25 more molding cavities are formed in one or both of the mold halves
corresponding to the positions of the chips to be encapsulated. Molding
compound is introduced into mold supply pots in the molding system, typically in
pellet form. The mold supply pots are linked to the molding cavities through a
system of runners and gates through which the molding compound is channeled
30 before entering the cavities. A plunger is insertable into each pot under heat and
pressure to crush the pellet and distribute molding compound under the pressure



‘pressure to crush the pellet and distribute nol di ng conpound under
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the pressure -2- fromthe plunger through the systemof runners and
gates and into the nolding cavities. After the cavities have been
filled, the nmolding compound is allowegl_to set. 5 Besides nolding
conpound that is filled into the cavities for encapsul ation, excess
nol di ng conmpound is also created inside to the nold supply pot, and
in the ffifHe pRinded MBBgh th& sydtdnt of rihAersVayVgatesPar® irfth tHe THOIOMS
of a lower nold 107including {710 |l eadframes 127t hat have been
encapsul aadties.n the nold 10. Each |eadfranme 12 contains encapsul at ed
packages 14 corresponding to positions of sem conductor chips that
have been attached onto the |eadframe 12. Excess nolding nmaterial 15
is still : rlg@é}ﬁ had e ikt
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portion correspondi ng to the encapsul ated .pgackages 14 protect .
POt e nal SEERR MORIN doptouiiel ) aish cfealer s asafe mall SRRl pat mnd in
ret ai nedthel Rghrfed bn@@Yatéon 16, runner portion 18 and gate portion 20
are not used and thuds need to be renoved and di scarded before
further processing of the leadfranme 12. 20 Conventionally, an
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separate it fromthe electronic packages, and a special degating
tool is ceriinvencapsulated packages déworrespending to positions of semiconductor
chips that have been attached onto the leadframe 12. Excess molding material
15 is still attached to the encapsulated packages 14, and it can be conveniently
referred to as the cull 16, runner 18 and gate 20 portions of the excess moiding
15 material 15. The encapsulated portion corresponding to the encapsulated
packages 14 protects internal components (not shown) on the leadframe 12 and
would be retained. The cull portion 16, runner portion 18 and gate portion 20 are
not used and thus need to be removed and discarded before further processing
of the leadframe 12.
20
Conventionally, an offloading arm will transfer the molded carriers from the lower
mold 10 to a degating tool. Degating generally involves a process of clamping,
punching or flipping the excess molding material to separate it from the electronic
packages, and a special degating tool is used to undertake the process. The
25 degated carrier is then transferred to yet another station for further processing as
appropriate.

However, the aforesaid conventional degating approach has a number of
shortcomings. A major disadvantage is that a separate station is required to
30 accommodate the degating tool. This necessitates a higher cost involved in
manufacturing a separate degating tool, and a larger resultant machine footprint



25 degated carrier is then transferred to yet another station for
further processing as appropriate. However, the aforesaid
conventional degating approach has a nunber of shortcom ngs. A mgjor
di sadvantage is that a separate stationgi.,s required to 30
accommobdat e the degating tool. This necessitates a hi gher cost

I nvol ved in manufacturing a separate degating tool, and a |arger
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encapsul ated el ectroni c packages are still in the nold in order to
avoi d the cogbie@ for a separate degating statlon as well as to avoid
sone of the other 15 aforesaid di sadvantages of the conventi onal
approach. According to a first aspect of the invention, there is

provi ggd @Lﬁﬁg@bgagtheqap@ﬁmms for separating excess mol di ng materi al
from encapsulrated erectroni ¢ packages in a nolding system the
degati ng apparatus conprising: at |east one 20 hol di ng devi ce coupl ed
to a nold
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devi ce the encapsulated electronic packages are still in the mold in order to avoid the

need for a separate degating station as well as to avoid some of the other
15  aforesaid disadvantages of the conventional approach.

According to a first aspect of the invention, there is provided a degating
apparatus for separating excess molding material from encapsulated electronic
packages in a molding system, the degating apparatus comprising: at least one

20 holding device coupled to a mold of the molding system that is located such that
excess molding material is molded onto at least a portion of the holding device
during molding; and a locking feature on the portion of the holding device that is
molded for locking the excess molding material to the holding device; wherein the
holding device is operative to hold the excess molding material molded onto it

25 and to forcibly separate the excess molding material from the encapsulated
electronic packages after molding.

According to a second aspect of the invention, there is provided a method for
separating excess molding material from encapsulated electronic packages in a
30 molding system, comprising the steps of: locating at least one holding device
coupled to a mold of the molding system at a position where excess molding



~during nolding; and a | ocking feature on the portion of the hol ding
device that is nolded for |ocking the excess nolding material to the
hol di ng devi ce; wherein the holding device is operative to hold the
excess nol ding material nolded onto i 25 and to forcibly separate
the excess nolding material fromthe encapsul ated electronic
packages after nol ding. According to a second aspect of the
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invention will now be described with reference to the accompanying
drawi ngs, in which: FIG | is a plan view of a nolding surface of a
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15 An example of a preferred embodiment of an in-mold degating apparatus and
method in accordance with the invention will now be described with reference to
the accompanying drawings, in which:

FIG. 1 is a plan view of a molding surface of a lower mold including leadframes
20 that have been encapsulated in the mold;

FIG. 2 is an isometric view of the leadframes including illustrations of positions of
holding pins and ejector pins of a degating apparatus according to the preferred
embodiment of the invention;

25
FIG. 3 is a side view of a molding tool in a closed state just after molding has
been performed;

FIG. 4 is a side view of the molding tool in an open state with the excess molding
30 matenal having been separated from the encapsulated packages;



20 that have been encapsulated in the nold; FIG 2 is an isonetric
view of the leadfranes including illustrations of positions of

hol di ng pins and ejector pins of a degating apparatus according to
the preferred enbodinent of the inventgon, 25 FIG 3 is a side view
of a nolding tool in a closed state just after nolding has been
performed; FIG 4 is a side view of the nolding tool in an open state
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encapsul at ed packages; -5- Is a side view of the excess
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| ower and upper nolds of the opened nolding tool; and FIG 6 is a
side view of the excess nolding material being di sl odged fromthe 5
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of the Preferred Embodi ment of the Invention an i1 sonetric
vi ew 6f diaddinggin fordemavat from theemolding systeradf ranes 12 10 i ncl udi ng
Illustrations of positions of holding devices such as hol ding pins
22, and ejector devices such as ejector pins 24, of a degating

appar at uspaefled Hidigribflor BEthePPRfiEr6E & nehAiere bf tHef InkERtidMvent i on.
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strip of excess nolding material I's nolded and are arranged to hold
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mol ding material 15 so that the different strips of material can be
forci bl y ejepiar deviges rsuchtascejeelon pins 214le a degahng)apparpMagadm tatthe

the same ;gr'efr'arré'ﬂ ci)otdlrtmgﬁtlo eeI fn@%ﬁ on. ﬁl%pFé lr\olemg pins 22 are distributed

over a location where a strip of excess molding material is moilded and are
arranged to hold the strip of excess molding material 15, which may comprise the

15 cull 16, runners 18 and gates 20. There should preferably be sufficient holding
pins 22 to support multiple strips of excess molding material 15 so that the
different strips of material can be forcibly separated from the encapsulated
electronic packages 14 at the same time without the likelihood of any strip of
excess molding material 15 cracking when performing detachment.

20
For clarity, holding pins 22 have only been illustrated for one strip of excess
molding material 15. However, it should be appreciated that in practice, holding
pins 22 would be provided for all the different strips of the excess molding
material 15 for detaching them simultaneously. The positions whereat the other

25 holding pins 22 should be positioned are represented by raised protrusions 22a
which are preferably distributed regularly over the cull 16, runners 18 and gates
20.

Whereas the holding pins 22 are used to support and forcibly pull the excess
30 molding material 15 away from the encapsulated packages 14, there are also a
plurality of ejector pins 24 to contact the leadframes 12 and push the leadframes



excess nol ding material 15 cracking when perform ng detachnment. 20
For clarity, holding pins 22 have only been illustrated for one strip
of excess nolding material 15. However, it should be appreciated
that in practice, holding pins 22 woulgl. be provided for all the
different strips of the excess nolding material 15 for detaching
them si mul t aneously. The positions whereat the other 25 holding pins
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ar r angeneejector pins24 cantbeesean i . di.ns 22 and ejector pins 24 can
be seen in FIG 1. FIG 3 is a side view of a nolding tool in a

cl osed state just after nolding has

FIG. 3 is a side view of a molding tool in a closed state just after molding has
been performed. The molding tool comprises a lower mold 10 and an upper
15 mold 11. The lower and/or upper molds 10, 11 have cavities for forming the
encapsulated packages 14. The holding pins 22 are coupled to the upper mold
11. They are inserted through holes formed in the upper mold 11 that are
oriented perpendicularly to the molding surfaces and parallel to the opening and
closing directions of the lower and upper molds 10, 11. A tip or end of each
20  holding pin 22 onto which excess molding material 15 is molded further
comprises a locking feature, which may be in the form of a hook-like protrusion or
notch 26 with a curved indented surface for locking and holding excess molding
material 15 that flows into contact with, and solidifies onto, the nofch 26.
Preferably, the notch 26 is formed only on one side of the holding pin 22.
25
When the upper mold 11 is lifted to open the molding tool in the preferred
embodiment, the holding pins 22 are fixed relative to the upper mold 11 during
opening of the upper mold 11 such that it is configured to move together with the
upper mold 11. The holding pins 22 that have engaged the excess molding
30 material 15 will hold onto and lift the excess molding material 15 together with the
upper mold 11. Simultaneously, the ejector pins 24 are forcibly extended to push



been performed. The nolding tool conprises a |lower nold 10 and an
upper 15 nold 11. The | ower and/or upper nolds 10, 11 have cavities
for formng the encapsul ated packages 14. The hol ding pins 22 are
coupled to the upper nold 11. They argzlnserted t hrough hol es forned
in the upper nold 11 that are oriented perpendicularly to the
nol di ng surfaces and parallel to the opening and closing directions
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15  Optionally, if the molding material is soft and/or pliable, an additional support
device, which may be in the form of push-up pins 27 may be included in the
bottom mold 10. The push-up pins 27 help to lift and separate the excess
molding material 15 at the same time as it is forcibly separated from the
encapsulated packages 14 by the holding pins 22. It may also reduce the risk of

20 breakage of the excess molding material 15 during separation.

Thereatfter, the holding pin 22 is operative to move relative to the upper mold 11
so as to position the excess molding material relative to the molds 10, 11. FIG. 5
is a side view of the excess molding material 15 being lowered away from the
25 upper mold 11 so that it is suspended between the lower and upper molds 10, 11
of the opened molding tool. In this position, the excess molding material 15 has
a clearance from the upper mold 11 as well as the ejector pins 24 and is ready

for removal from the molding system.

30 FIG. 6 is a side view of the excess molding material 15 being dislodged from the
holding pin 22 for removal from the molding system. A removal device, such as



mat erial 15 having been separated fromthe encapsul at ed packages 14.
The holding pin 22 is supporting the excess nolding material 15 to
contact the upper 10 nold 11, wth the notch 26 acting as the support
mechani sm for the excess nolding matergal 15. The ejector pins 24
adj acent to the holding pins 22, and which are also coupled to the
upper mold 11, are lifted together with the upper nold 11. 15
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for renoval fromthe nolding system A renoval device, such as - 8-
pusher 28, and a bin 30 are introduced into the space between the
driven horizont all
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i ndent at i grefefred NémBBHRReMSof théSinvention enables the degating process to be
performed in-mold. In other words, degating may be performed at the moment

15 when the mold is opened. This leads to a smaller machine footprint due to
elimination of the need for a separate degating station. There are also likely to

be cost savings in not having to manufacture a separate degating station. Other
advantages include faster processing, avoidance of a separate degating module

tooling cost, and reduction of design time because no degating tooling design is

20 needed.

Further, the degating result can be known immediately once the molding tool is
opened, whereas in the prior art, one would have to monitor the result only after
the leadframe passes through the separate degating system. Moreover, since
25 degating is done when the leadframe and encapsulated packages are still hot,
there is less warpage in the leadframe and less thermal stress is generated.
These factors can result in better overall quality of the encapsulated packages.

The invention described herein is susceptible to variations, modifications and/or

30 additions other than those specifically described and it is to be understood that the



to di sl odge the excess nolding material 15 fromthe notch 26. The bin
30 is 5 positioned underneath the excess nolding material 15 to
collect the excess nolding material 15 when it falls. Thereafter,
the pusher 28 and bin 30, together wi.td the excess nolding materi al
15, are noved outside the nolding system The |eadfranmes 12 and
encapsul at ed packages 14, with the excess nolding material 15 having
been aut GiRéhticH 'lﬁtltﬁdﬁ@‘éﬁdsucﬁ\aﬁiaﬁé’tﬁihsb%&ﬂlf catmedan@or fadditiods Which fall
processi ng as appropriate without the need for a separate degating
st ati on. Wwithinde dpintangpsceps at the abewe deseriptionaol d degati ng system
according to the preferred enbodi nent of the invention enables the
degating process to be perfornmed in-nold. In other words, degating
may be perforned at the nonent 15 when the nold is opened. This | eads
to a smaller machine footprint due to elimnation of the need for a
separate degating station. There are also likely to be cost savings
in not having to manufacture a separate degating station. Qher
advant ages i nclude faster processing, avoidance of a separate
degating nodule tooling cost, and reduction of design tine because
no degating tooling design is 20 needed. Further, the degating
result can be known i medi ately once the nolding tool is opened,
whereas in the prior art, one would have to nonitor the result only
fter the |eadfrane passes through the separate degating system
reover, since 25 degating is done when the | eadfrane and
encapsul ated packages are still hot, there is |less warpage in the
| eadf rane and |l ess thermal stress is generated. These factors can
result in better overall quality of the encapsul ated packages. The
i nvention described herein is susceptible to variations,
nodi fi cati ons and/ or 30 additions other than those specifically
described and it is to be understood that the -9-



i nvention includes all such variations, nodifications and/or
additions which fall wthin the spirit and scope of the above
description. -10- CLAIMS: 1. A degating apparatus for separating
excess nolding material from encapsulgped el ectronic packages in a
nol di ng system the degating apparatus 5 conprising: at |east one
hol di ng device coupled to a nold of the nolding systemthat is

| ocat ed s@tilMBat excess nolding nmaterial is nolded onto at | east a
portion of the holding device during nolding; and a | ocking feature
on the portion of the holding device that is nolded for 10 | ocking
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from the encapsul ated el ectroni c packages after nolding. 15 2. The

degat ithg GPMRASINGs as claimed in claim1, further conprising multiple
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claimed in claim?2, further conprising nmultiple holding devices

di st ri but Balding:deyiee duripgMmoldddeapdi tiple strips of excess nol di ng

et e al are tq e eRl el e bBrgF LR Sokfh Bt Bl ke for

gtrips of excess noPdi eria ng apparatus as
| ai mE@l i lDoking meaambsshmlahgcmdiemigltdtkielmldingtdetviw; conprising an
ej ector device that is biased to contact an el ectronic device .
wherein the holding device is operative to hold the excess molding
material molded onto it and to forcibly separate the excess molding material from

the encapsulated electronic packages after molding.

15 2. The degating apparatus as claimed in claim 1, further comprising multiple
holding devices distributed over a location where a strip of excess molding
material is to be molded which are operative to hold the strip of excess molding

material.

20 3. The degating apparatus as claimed in claim 2, further comprising multiple
holding devices distributed over locations where multiple strips of excess molding
material are to be molded which are operative to hold the multiple strips of

excess molding material.

25 4. The degating apparatus as claimed in any one of the preceding claims,
further comprising an ejector device that is biased to contact an electronic device
on which the encapsulated electronic packages are formed in order to push the
electronic device away from the excess molding material.



on which the encapsul ated el ectronic packages are fornmed in order to
push the electronic device away fromthe excess nolding material.
-11- 5. The degating apparatus as clained in claim4, wherein the

ej ector device and the hol ding deviceqare coupled to the sanme nold
and are | ocated adjacent to each other. 5 6. The degati ng apparat us
as claimed in any one of the preceding clains, further conprising a

hol e forngd i nThelggatiflg tdpplaratiis &is Eintéd eEBRA d, WHerein/theOejdctor device
nol di ng surface of the nold for inserting the holding device. The

degat i ng angihehaldingdeyiee meel couplgdytodhe same meldrard ame lagatedhadiacentito
wherein the | ocking feature conprises a notch fornmed at an end of the
hol di ng 8@9@8@*”8. The degating apparatus as clainmed in claim?7,
wherein the notch conprises a curved indented surface on the hol ding
device. 15 9. The degating apparatus as claimed in claim?7 or claim
8, whér ei 6. t heThadlagating apparstusoas claimednia anyienerofi the praogding claims,

devi ce. 1Q...The d ' . | aj med, | f th
br ecedi nlUrthel Fomprayid,A feke Forfiediciha IR oo esbondidfiany to 3
the nol d gHeldiRg stfaBE B the moleforTRésting the hoiding devise.confi gured to

nove together with the nold during opening thereof. 11. The degating
apparatus as clained in claim10, wherein the holding 25 device is

so ' as toTpost dHERE i Bhls B TRieRL oY RBecSh % bleceRineHRinS
he M d @hepsintthe lockihg feaeIrd eemprizeseas! notch formed at an end of the holding

device.

8. The degating apparatus as claimed in claim 7, wherein the notch
comprises a curved indented surface on the holding device.

15
9. The degating apparatus as claimed in claim 7 or claim 8, wherein the

notch is formed only on one side of the holding device.

10. The degating apparatus as claimed in any one of the preceding claims,

20 wherein the holding device is fixed relative to the mold during opening of the
mold such that it is configured to move together with the mold during opening
thereof.

11. The degating apparatus as claimed in claim 10, wherein the holding
25 device is further operative to move relative to the mold to which it is coupled so
as to position the excess molding material held by it relative to the mold after the

mold has been opened.

12. The degating apparatus as claimed in any one of the preceding claims,

30 further comprising a support device coupled to another mold that is operative to



12. The degating apparatus as clained in any one of the preceding
clainms, 30 further conprising a support device coupled to another
nold that is operative to -12- support the excess nolding materi al
during separation of excess nolding pmgperial fromthe encapsul ated
el ectroni c packages by the hol ding device. 13. The degati ng appar at us
as claimed in any one of the preceding clains, 5 further conprising

a renoval g ffporc ehePexéddsy talaing phatasial tdiringx separdiidndiof JexdEake dMing
fromthe |ocking feature of the holding device. 14. The degating

appar at usmateridl fionethe encapsulatad eledtronis packagesdrythel holdiagidevices
operative to push excess nolding material away fromthe holding 10
device. 15. The degating apparatus as clainmed in claim13 or claim

14, furthes  CpR@dedfatifig Bappafatd8sas b@%@beiln%ﬂebnéktﬁ el preradingVelsins,

for collecting the éxceSs nolding material thHat is dislodged. 15 16

Met hod f diurtheyzomurising aseemaNali deyicaioperativer toodistodgepthe akeess molding
el ectroni¢ ackages in | di n st .compr.ising the steps of:

| ocati ng lg@tqpr@ﬁrpg%ﬁke lﬁS?’Hgﬁﬁatﬁ'é%Pi ecﬁ{’jbm@odr?vécea nol d of the nol ding
system at a position where excess nolding material is formed during

mol di ng; 20 nol ding the excess nolding material onto at |east a
portion of4.t helheldegajingdapparatus@snglaimedi ingclairhl13.nwheesincthe removal

o151 03 TRAEL8 e 3, ST ek BRind L8 SRR/ KR8 i
Wit h fohe 4@ligkng device to forcibly separate it fromthe
encapsul ated el ectroni ¢ packages after nolding. 25

15. The degating apparatus as claimed in claim 13 or claim 14, further
comprising a bin positionable under the holding device for collecting the excess
molding material that is dislodged.

15
16.  Method for degating excess molding material from encapsulated electronic
packages in a molding system, comprising the steps of:

locating at least one holding device coupled to a mold of the molding
system at a position where excess molding material is formed during molding;

20 molding the excess molding material onto at least a portion of the holding
device during molding such that excess molding material is locked onto a locking
feature comprised in the holding device; and thereafter

holding the excess molding material with the holding device to forcibly
separate it from the encapsulated electronic packages after molding.

25
17.  Method as claimed in claim 16, further comprising the step of contacting
an electronic device on which the encapsulated electronic packages are formed
with an ejector device in order to push the electronic device away from the
excess molding material.

30



17. Method as clained in claim16, further conprising the step of
contacting an electronic device on which the encapsul ated el ectronic
packages are forned wth an ejector device in order to push the
el ectronic device away fromthe exces43nolding material. 30 -13- 18.
Met hod as clained in claim16 or claim217, further conprising the
step of supporting the excess nolding material with a support device
whi | e sep#Bat i Megthddhas ekairresl inodldinmd 6raat clainah 7§ further fooneprisims tHeasteg of
el ectroni c packages with the holding.device. 5 19. Mt hod as cl ai ned

in any onSURROTtNGthe exsess melding,materialgvith & suppert denice white separating

from e ees AOBAC el i 6 GaBo0 flod CRBngTRAERE Stk e

in clai mA8idirfgdévies. conprising the step of positioning a bin under
t he hol ding device to collect the excess nolding material that is
di sl od®yed from the hol di ng devi ce.

19. Method as claimed in any one of claims 16 to 18, including dislodging the
excess molding material from the holding device after it has been separated from
the encapsulated electronic packages.

10 20. Method as claimed in claim 19, further comprising the step of positioning a
bin under the holding device to collect the excess molding material that is
dislodged from the holding device.



