-1 - COVPRESSI ON MOLDI NG OF AN ELECTRONI C DEVI CE Fiel d of
the Invention 5 The invention relates to the nolding of an electronic
device, and in particular to conpression nolding using encapsul ati on
mat erial such as |liquid epoxy nolding cgnpound. 10 Background and
Prior Art Conventionally, transfer noldi'ng is performed for

encapsul ating el ectroni c devi ces wherein nol di ng compound is
introduced as a solid pellet into a pot of a nolding system and
nmelted with the application of heat and pressure to a liquid 15
state. The |iquefi GOMPRESSIONIVIOLIMNG QF tAN ELIEQTRANIY DEVICENger
into runners connected between the plunger and nol ding cavities to
enter into nolding cavities. An exanple of a transfer nol ding system
i s di scl osggid bf the IReestivn No. 5, 520, 874 entitled "Conpressi ble Mld
Plunger”. 20 The di sadvantage of conventional transfer nolding
systens5is that the use of epoxy nol ding conpound is inefficient,
resul ting gﬂe"?ﬁ\?érﬂﬁ»ﬁ- reRHEd t ﬁ'%?di?% o?\%ﬂ!é?ﬁéﬂ'é’nié gHOﬂe,' gn& e P?Hﬂchl%r to
runners and gating system of the nold, ich are discarded arter

mol di ng. Thempegssoromoldirg weingi engapsntptiom dnatesaleulichsascliquic epaxyt moldimg
nmol di ng conEOﬁnd sed may be as high as 0.2 : 1. 25 In nodern

packagi ng R ﬂB?‘gy, sem conduct or chips or dice are becom ng

i ncreasingly thinner. The separation distances between wres
connected to the sem conductor dice are al so becom ng snaller.

Mor eovHy | Baelareundand Jrigh Alt r uct ures such as stacked di ce have been
devel oped. In these cases, a high

Conventionally, transfer molding is performed for encapsulating electronic
devices wherein molding compound is introduced as a solid pellet into a pot of a
molding system and melted with the application of heat and pressure to a liquid

- 15 state. The liquefied molding compound is then forced by a plunger into runners
connected between the plunger and molding cavities to enter into molding
cavities. An example of a transfer molding system is disclosed in US Patent No.
5,520,874 entitled “Compressible Mold Plunger”.

20 The disadvantage of conventional transfer molding systems is that the use of
epoxy molding compound is inefficient, resulting in wastage. Such wastage is
typically found in the culls, runners and gating system of the mold, which are
discarded aftér molding. The ratio of the molding compound wasted as
compared to the molding compound used may be as high as0.2:1.

25
In modern packaging technology, semiconductor chips or dice are becoming
increasingly thinner. The separation distances between wires connected to the
semiconductor dice are also becoming smaller. Moreover, more complicated
structures such as stacked dice have been developed. In these cases, a high

30 epoxy injection speed from conventional transfer molding will damage the dice or



30 epoxy injection speed from conventional transfer nmolding wll

damage the dice or - 2 - wires. Furthernore, conplicated die and
wre structures make it difficult for encapsulation material to
perfectly fill a nmolding cavity. To av0|2d the said wastage and to

overconme the problens associated with 5"l di ng delicate or
conplicated die and wire structures, one approach is to dispense

| i quid encappay. atpRthefMbed,i @dmﬁl’ida‘i‘é‘d e @Mt Wﬁe@trddﬂﬁe@'rﬁﬁké QN dffficult for
devices to be nolded, and then COfTPI’eSSI n? the nolding material to

encapsul at encapséptien maierial deppdedVAia melding Aavie desired shape of
the el ectronic package. 10 An exanple of such a conpressi on nmol di ng
approach is disclosed in US Patent No. 6,743,389 entitled "Resin
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die. A danpspenSe Mgaid sieshpealatibs ndreeal dire%ﬂy @nQBEb‘P% 8letshit dRicds g
space of the 15 upper die, the danper being capabl vertically

noving in Ofe ané aﬂel @m@%smga&@drrmNmamaterwwéeeempa@sum@rthe
end of the @@cgﬂa V\émqa{ ace
of the upper ﬁrvx% 6&}1 ogﬂgrm pghgﬁ%&ﬂsﬁ@%ﬁgégﬁgﬂgﬂgﬁgﬂggér esin
nol di ng surface of the danper conpresses the nDIdlng conpound during
mol di n A faedwiththisa oach is
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i ncreases, _the nplding cavity has to be nade bigger. and a greater

conpr essi ofl NEJREIE Meldingmaching therein FRmPtises? M‘%fedlﬁ anawiieh a work piece
compact i ngt?Be n18&d Sét%@%ﬁbﬁfd&él% PRb 4h& doPk Bﬁfcgrvﬁm fie IS@EPH@

of encapsulation materi al cases, the spring force
i nadequat e At dampler &b providathicethe ltlrbnﬁrrdid%@ @gcbeﬁm)t&m molcﬂlog rspacmmlfdtw
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using a spring's conpreSS|on force to provide the conpacting force.
- 3 - SunmBrgeEed UM | 3, y@sin jmplding face of the upper die when the lower die and

upper die are opened. A resin molding surface of the clamper compresses the
molding compound during molding.
20
A problem faced with this approach is that the compression force is provided by
the clamper’s biasing spring force. Such spring force is of a limited range. As
the package size increases, the molding cavity has to be made bigger and a
greater compression force is therefore required to provide a larger compacting
25 force by the clamper during molding of a greater volume of encapsulation
material. In such cases, the spring force may be inadequate to reliably compress
the molding compound to form a molded package. As é result, the molded
product is defective. It would be desirable to develop a system for compression
molding of electronic devices of larger package sizes that is more effective than

30 solely using a spring’s compression force to provide the compacting force.



It is thus an object of the invention to seek to provide a
conpressi on nol di ng system capabl e of exerting a greater conpacting
force during nolding than that 5 which may be provided by a spring
when nol ding | arger electronic packages3 It is another object of the
invention to seek to provide a conpression nolding systemin which a
conpression force is variable according to a required package size in

order to red ikl sothd |§\eént@9nduct or packages of various sizes. " 10
is yet another objec he invention to seek to introduce a

vacuum systemto obtain erI ded packages that are nore precisely

shaped b | at | I . .
overt1ow oft Bnitk3Zr ShiEE: of e EPRERYY, Sk RBURE! £ sofliibion molaing
Accor di ng tsgstent capablasxﬁmxemfg a Igeeatewemhbactmg fmeu:eadursng)rrmrdrdgdhan that
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correspondrng to nolding | ocations on the el ectronic device;

plurality of pIungers located in the first nold half, each of 20 )
whi ch is dif saanatherabiest ok the inveption te seglsdeoinrevida\a compeessigip Mglding
a conpacti i

Gur i g ol A7set EahiEnEheaRlssSioh orcaric Ghliable REGHHD |l elfielibdokpge
drivi ng t heizelinogderdomreliatily mld eemrwndautot packages ofwanoul siged.0 a
second, aspect of the invention, there is provided a nethod of nolding
an eleaﬁronrc device conprising the steps of: closing first and

second nol ¢ 83k aRothedebjert of thetineRtisidsddietoth@68ticenh Q/aGGNmCéfysténH'@o
first nold half having a plurality of cavities corresponding
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respective cavities using a notor t I S oper Erver y Connacted
the - 4 -molding cavity.

15
According to a first aspect of the invention, there is provided a molding system
for molding an electronic device comprising: first and second mold halves; a
plurality of cavities in the first mold half corresponding to molding locations on the
electronic device; a plurality of plungers located in the first mold half, each of

20 which is drivable against a side of a respective cavity for applying a compacting
force to encapsulation material located in the cavity during molding; and a motor
operatively connected to the plungers for driving the plungers relative to the

cavities.

25 According to a second aspect of the invention, there is provided a method of
molding an electronic device comprising the steps of: closing first and second
mold halves together to clamp onto the electronic device, the first mold half
having a plurality of cavities corresponding to molding locations on the electronic
device; driving a plurality of plungers located in the first mold half against the

30 sides of the respective cavities using a motor that is operatively connected to the



pl ungers, whereby to apply a conpacting force to encapsul ation
material |located in the cavity during nolding. It wll be convenient
to hereinafter describe the invention in greater detail by 5
reference to the acconpanyi ng drawi ngs, which illustrate one

enbodi nent of the invention. The parti e arity of the draw ngs and
the related description is not to be understood as supersedlng t he
general i ty i i It

t he cl ai ns. n%f,\ %%gggrtlgp? F éE?ftnF ﬁ&'@m@ﬁtgds%%@%ﬁﬁﬁ ? fiah6eatey
pr ef erred émbhed¢avitytdusingametdingi ng system in accordance with the
invention will now be described with reference to the acconpanyi ng
drawings, in which: 15 FIG 1 is a sectional view of a nolding system
according tltOwiIhbepdfc&‘i'vehreed terfendinattet deécribee thenirarhtion;in greater fdefail By

is a section view of the noldin stemij]lustrati ng actuati on
forces 20 &%fgfer{&e&ﬁ Bﬁ@cs‘rem@nyng?ﬂﬁ\émauwhw 'ﬁ‘bﬁr&t%ge emt@d'fﬁeFTsOféhe
Cross-sect 'nﬂ)@f‘uhoﬂ ' %&Ear%cﬁl%\"hﬁ of ﬁ@%rﬂhﬂi}@e&ncﬁﬂféWeﬁ‘éied %@Hﬂ’ﬂtﬁﬂﬁgﬂﬁit%

for drawing air fromthe cavity; is atop view of a plunger
i ndi cat i ng behendarsioeduas supersedinguthiei @eneralitysofi thet read| idenification @f the
IS a Ccross- I ger that has a concave nolding
face; 30FI @g@{.@@gg dg\rﬁhgév gec F%ﬁ{g vi ew of the nolding system
illustrating an air evacuation systemfor the cavities; and

~10  Brief Description of the Drawings

An example of a preferred embodiment of a molding system in accordance with
the invention will now be described with reference to the accompanying drawings,
in which:

15
FIG. 1 is a sectional view of a molding system according to the preferred

embodiment of the invention;

FIG. 2 is a sectional view of the molding system illustrating actuation forces

20 acting on the molding system during molding;

FIG. 3 is a cross-sectional view of a cavity and plunger showing vacuum

channels for drawing air from the cavity;

25 FIG. 4 is a top view of a plunger indicating the structure of the suction holes in

the plunger,
FIG. 5 is a cross-sectional view of a plunger that has a concave molding face;

30 FIG. 6 is a cross-sectional view of the molding system illustrating an air

evacuation system for the cavities; and



- 5- FIG 7 is a cross-sectional view of the nolding system
illustrating a mechanical film separator device according to the
preferred enbodi nent of the invention. 5 Detail ed Description of the
Preferred Enbodi ment of the Invention EIG 1 is a sectional view of
a nol ding system 10 according to the pr gf erred enbodi nent of the

i nvention. The nol ding system 10 generally conprises first and second
nol d hal ves, such as top and bottom nold hal ves that are novable 10
relative to each other. The top nold half conprises a base portion_
conpri sed dfiGa7tis® pepse-gectoral Mevaod the malding systene illustrating agneeanical

The bise polTioaRarAe Jeied g tg R prbsorfed R buRo by e AERRIL

conprises a bottomcavity strip 18 and a bottom base 20. An

el ectrogi o ?v.' ce. i s receiyabl hot t om cayvj t {.i p 18 15f or
mol di ng® | ' red Embodiment ot dhe invention” | e

el ectronic device clanped in the nolding system 10 will be covered by

encapsul ation material. The top cavity strip 16 includes a nunber of
cavities 2FlGt Tpissa tsesHanaindew afnz apeidingt sstemolGraceprding fos thep praferred

| ded ont ; [ ' iq j -
"2t d-over SRS B2 BRI CThd MAlAhblem 1074 dlerally bpHEEs frst
cover nol diand seaohdoedd dfalvdse suclvasites afd babdtorm mald hdiveg thdtrarehmevable

f d di f.th | di 10, th |d hal f. i
D5t 100 ERRYS BT &aroptrs I8 Sh A G HRl oot & bsep PR cojiegsed of
not or * (not astapVilse platechamhd AenidbRChlaNi 4, dRY iaCRpf Cdvitytah 18. The top

Preferably, encapsul ation paterial in ]
cavity strip 16 is resiliently attached to the base portion, such as by way of

springs 32. The bottom mold half comprises a bottom cavity strip 18 and a
bottom base 20. An electronic device is receivable on the bottom cavity strip 18

15  for molding.

In the illustrated embodiment, only a top side of the electronic device clamped in
the molding system 10 will be covered by encapsulation material. The top cavity
strip 16 includes a number of cavities 22 at positions where encapsulation
20 material is to be molded onto the electronic device. A length of film 24 is further
laid over the molding side of the top cavity strip 16 and is used to cover molding

surfaces of the cavities 22 during molding.

In this preferred embodiment of the molding system 10, the top mold half is
25 drivable to move relatively towards the bottom mold half by a motor (not shown),
to clamp the electronic device for molding. Preferably, encapsulation material in
the form of liquid encapsulant has already been dispensed directly onto the
electronic device. In other embodiments where the molding cavities are located
on the bottom mold half, the encapsulation material may be dispensed directly
30 onto such molding cavities formed in the bottom mold half. Once the electronic



the formof liquid encapsul ant has al ready been dispensed directly
onto the electronic device. In other enbodi nents where the nol ding
cavities are located on the bottomnold half, the encapsul ation

mat eri al nmay be dispensed directly 30 Q@t_o such nol ding cavities
formed in the bottomnold half. Once the electronic - 6 - device is
cl anped securely, the encapsulation material is fornmed into the shape
of the cavide\Re id%lanhPéd 's8Purdh), dhd@htapsifidtidchateral W filrined ifo the shape
pl ungers 36 that are novable Wwthin the 5 top cavity strip 16 of the
top nol d ha&ifthe eadtiesv22.t he plungers 26 is drivabl e against a side of
‘a respective cavity 22, so as to provide a conpacting force to the
encapsul ation material located in the cavity 22 during nolding. Wen
t he pl ungermhe3I6paneldriedlf mciueds & playality efiplangegadt teit see mdvableswitkia thé

bl unger 5 aBReavilistlp 16 Sk el GaiC) Beek b Hiwrastacas & Srvebe

cavities Z%ﬁhmsﬁg@é@of tahRspaSHRRSEHVRY 1 220 sBBdL1d ?ﬁovidéea Rompiting forcetan
a desired shape of the nol ded conpound on the el ectronic device. Each

pl unger 36 thamgncapsulationhmaterialilaeatediin theysayity @dsdwing proldigg.i nVhae the
formof a rj I ;
) o pr abIBRR, 28 R Pedratled By bt bR AABER HORor 81 1R Califits 22
force fromantethedvottonrstuofacd® df dherphungdes r3gsi Misare ¢henipimgers 86danegfully
t he pl er 36., Th |l ungers 36 are aperatively connected to the

i ol e BF aputtied ingy ‘PEEE of, Hhe SRR ot e LeARERY 47 o Bolbhct the
pi |l ars 38chbapgdifatioP mMeRalPtréin1and NtoOfdier at BesitddPWhadBe abf thd@nolded
pl ungers 36 to be operated sinultaneously to drive themrelative to

t he caviti e6empaung prothgeelegtionieidayiaeneEpeR plgger A6smag fughepbe frevided
pl ungers 3§ D\ : Walol yﬂ, ;

Bet T vat od - Hih SrERndbh L i re ot b ihor dhrrfy S 2 rEn ¥ dieen the
provi de anphidgguabeandtpacniddly plaied4 omthehbage piate that biabesliagaimist the
illustrated.i.n ElG the pushing f e is actuat.ed by ,a 25 not.or
such st JuH08 Thigeofomcite FVE ohdla! ABLiE PrayRR SeBligRcR Wy Bny SIS the
- the push ppluhges3@8 through a top gear box and |inkage nmechani sm 46,
transmtting the driving force via a pulley 42 and belt 44 nmechani sm
The top gear box and |inkage nmechani sm 46 rel ays an actuating force

~ ori gi nati ngnf HAMGERE36 S BpaRiti0Ely HBnRBEERA tE TrhePhilUI® blat&h 2, Whiich is in tumn
operatively connected to push pillars 38 in the top base plate 12 in order to allow

20 all the plungers 36 to be operated simultaneously to drive them relative to the
cavities 22. In order to drive the push pillars 38 to operate the plungers 36
through driving the middle plate 14, a force may be activated to push the push
pillars 38 by any suitable means to provide an adequate compacting force. In the
preferred embodiment illustrated in FIG. 1, the pushing force is actuated by a

25 motor, such as a servo motor 40. The servo motor 40 is operatively linked to the
push pillars 38 through a top gear box and linkage mechanism 46, transmitting
the driving force via a pulley 42 and belt 44 mechanism. The top gear box and
linkage mechanism 46 relays an actuating force originating from the servo motor
40 onto the push pillars 38.

30



- 7 - As the mddle plate 14 noves towards the top cavity strip 16, a
stopper 34 stops notion of the mddle plate 14 at a predeterm ned

di stance fromthe top cavity strip 16 to maintain a separation

di stance between the nmddle plate 14 an@,the top cavity strip 16. At
this point, the plungers 36 have closed ‘onto the sides of 5 the
cavities 22 for conpacting the encapsul ation material, and notion of

the plungerss $@ miidk prits 12RRGFEEHowaids Helep datm% Qﬁpcﬁe/,ié &t%ﬁpéﬁu stops
Springs 32 are further arranged on the top hold ha et ween the
m ddl e pl ateotiop ghthe middlepplaieyi4 yatsx presietgmineg disiante fopy theotagp cavity
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V], | . ITS .S .o
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el ectroni ¢ phingdey B6 & HRY sspedost tHE siRRI? e ids 20e el ectronic

device using a notor, such as a servo notor 26, to provide a further
conpression force. The servo notor 26 is connected to the bottom base

20 th h @, ' 5] I 30.
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actuating forces acti nrctjy on the nol ding system 10 during nol di ng. The

top cavityfrem the top cayity siript16t9 repbatisstandhynresitiole bott om cavity

strip 18. Substantially sinmultaneously or thereafter, the servo notor
40, pulley 42, belt system 44 and top gear box and |inkage nechani sm
46 exert aAcporfiorof it bbtioremodl hajhicosespdneinguishthei position 88thecelpctsinic

‘ ;g:i nms?g lt ﬁgg li?%Er%alyg?lcsigmjgm@ri\%%{q‘lggai\é\g{ tﬁg_e?%cstr?oncu g\ﬁcsze tuQi%gpa! rlﬁ% err guceﬁesas
a servo motor 26, to provide a further compression force. The servo motor 26 is
connected to the bottom base 20 through a mechanism comprising a pulley 28
and a belt 30. When the belt 30 is rotated by the servo motor 26, the portion of
the bottom mold is driven upwards relative to the bottom base 20 and bottom

20 cavity strip 18 by a bottom gear box and linkage mechanism 31 to move towards

the top cavity strip 16 to provide the further compression force.

FIG. 2 is a sectional view of the' molding system illustrating actuating forces
acting on the molding system 10 during molding. The top cavity strip 16 is first

25 clamped against the bottom cavity strip 18. Substantially simultaneously or
thereafter, the servo motor 40, pulley 42, belt system 44 and top gear box and
linkage mechanism 46 exert a compression force 49 against the push pillars 38
to push the middle plate 14 downwards 48, which also pushes the plungers 36
against the sides of the cavities 22.

30



The plungers 36 apply a conpacting force onto the encapsul ation
material inside the cavities 22 to nold the electronic device. The
pl unger springs 37 provide a conpensation force to introduce
resilience in the plungers 36. Thus, thgiplungers 36 are configured
to provide an active conpacting force onto the 5 cavities 22 by the
use of a controll able actuating neans such as a notor in the form of

the servo nmé);_sluﬂee@@@éb|t9gcé @&ﬁyﬁaeﬁngﬁo%msdhé BnédlSubdtioR matetiaRsiaB

only offer spring forces rovi e conpacting force. After

mol di ng i s teepridiead2 tohaokk lgelrertic gigvics. dee piupgeedpriigs 3herovide a
spring 32 I e e m d I faom t
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bott om caviplyngers i 36 e acuhfigheeck lte girovide canleadtive campéetinge favee donté | the

3 is a g¢ross-sectjonal, vie f a cayity 2 nd pl unger 36 show ng.

Vacuum 55 CRuReI22 Poheihstiot e b e, feghs Suph A g Maorn the
passage 53 f¥ink lof thaVepld frideor40B8SENbRE AlSovED\d8phodBY b QHe pridr bRtCwhich
first illustration, the nold is open and the plunger 36 is retracted

from a t op opbt effesspeingtfacesde arovide g compactingrercei | m 24 separ at es
the nol ding surfaces of the top cavity strip 16 and the plunger 36
fromthe device to be nolded. Then, the top cavity strip 16 is cl osed
ont o t he 2@\figewaldingaadompetpt uthgeserdé mator40 éndeactivbted and the spring 32
proces air.is preferably drawn.fro h avities 22 through.t

Do agd053 Attty SeBaales inBddE Blate da TRt i ors caviy S G (g top
wal | s~ of tkavigaetip eB 22.thdmilftetiagivhy tfedrasthienBoft@hMBavigNsPip tBeasdhane
of the nol ded conpound 25 by avoi di ng having the encapsul ati on

mat eri al b&lasyoBigRRVMEICHUPE BGMOVRA-f i | m 24 during nol di ng. The

pl unger 36 has a seal such as an O-ring 50 that serves to seal off

the end of the plunger 36 and the cavity 22 fromthe anbi ent
at nospher eFI@, $4asaucrossrarniionat §iavs of armayidy €2 and plungde 3@ahiowirfg vaeium

passaats 53 REVIEE Tos Atuiite A (38, R, Ay HCRan ¥ B8l o3 ARl
the plunger 36 is movably mounted. In the first illustration, the mold is open and
the plunger 36 is retracted from a top portion of the molding cavity 22. The film
24 separates the molding surfaces of the top cavity strip 16 and the plunger 36
from the device to be molded. Then, the top cavity strip 16 is closed onto the

20 device, and the plunger 36 is extended.

During this process, air is preferably drawn from the cavities 22 through the
passage 53 to allow greater compliance between the film 24 and the walls of the
cavities 22. This facilitates the formation of the shape of the molded compound
25 by avoiding having the encapsulation material being squeezed out by the film 24
during molding. The plunger 36 has a seal such as an O-ring 50 that serves to
seal off the end of the plunger 36 and the cavity 22 from the ambient atmosphere.

A vacuum channel 56 is connected to a side wall of the passage 53 between the
30 O-ring 50 and the cavity 22 for drawing air out of the cavity 22 using a vacuum

suction source (not shown). Vacuum slots 54 are formed along side walls of the



suction source (not shown). Vacuum slots 54 are formed al ong side
walls of the - 9 - conduit which formpartial indentations in the
side walls of the passage 53 and introduce air gaps between the

pl unger 36 and the side walls of the passage 53. Suction holes 52 are
formed in the plunger 36 near the end thereof. These suction holes 52
are interconnected to enable fluid communication between the 5

separate v | n ; i
o T o ency romES i pArleh MARARIRAS 7 dhe HURYWAISCr N bALagkrRy ui
be sucked dotwduoedair papsbebyeeraibeutungsi3eand thehside waills tof theapassage 53.
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22. After 15 thé top cavity strip 16 closes onto the substrate 60,

t he pl ungedo@mwasds by sdberoyaaiuheowses syick? asthotiom ajsmhapnelatas (see FIG.
al i gned mﬁ%§ a top side of the cavity 22. The film 24 thus conforns
to the side’walls of the cavity 22 and a bottom surface of the

pl unger 36 and the liquid encapsulant 58 conforns accordingly to the

shape t cavi t 2 that . s covered hy the film 24 w thout the

o coendl of 11 B 2ithshons RidBnSRASUIAT: SBripatifas bee dispensed Qistyianp
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t he plunger 36. The suction holes 52 are |inked and | nterconneCted in
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the suction rise bpening ] acent
t he si de wabheenionahtapsfes appidin@ systeimstterbe odnraddted hetheacavitiess2ht After

ol de of5t ROV Sy SRS 1B SRSBGNLNE SHSHPE AlREPrSBA0 A caRg oo
suction i stHeeasift2cio Bapaplistesf alighedvilth # e sid8 obthd Bavifyddi THE film

cavity 30 22 experiences vacuum suction to closely conformthe film
24 to the %gb%pp(yf@rmﬁﬁgith@ silér walle gf the cavity 22 and a bottom surface of the

plunger 36 and the liquid encapsulant 58 conforms accordingly to the shape of
the cavity 22 that is covered by the film 24 without the presence of air gaps in the
~ 20 molded compound.

FIG. 4 is a top view of a plunger 36 indicating the structure of the suction holes
52 in the plunger 36. The suction holes 52 are linked and interconnected in the
shape of a cross and each opening of the suction holes 52 opens out to a
25 vacuum slot 54 which extends towards the cavity 22. Thus, the suction holes 52
may comprise openings that are adjacent to all the side walls of the passage 53
to interlink all the vacuum slots 54. The vacuum channel 56 is connected to the
vacuum slot 54 on one side of the walls of the péssage 53. In this manner, when
vacuum suction is generated, the whole of the top portion of the molding cavity
30 22 experiences vacuum suction to closely conform the film 24 to the respective

molding surfaces.



- 10 - FIG 5 is a cross-sectional view of a plunger 36 that has a
concave nol ding face 62 for applying the conpacting force against the
encapsul ation material. It was found that if the tol erance between
the nol di ng surfaces of the plunger 36 and 5 the cavity 22 is not

wel |l -controlled, a part of the film 24- ﬁﬁy enter into a gap between
the two surfaces Thi s i nduces protrusions on the edges of a nol ded
package corresponding to the position of the gap, resulting in the
edges of the nol ded package being higher than the rest of the
package. 1FIBhé is@wrase-seviialiahgichacika pringer 86 ¢hatl hasge coléaveehpriingface

conpensate for filmdeformation. at_the package edge area durin
ol e E e foeAnBha R Conpag folctoabgan e STReRsaRyeh MHHICTAL Jt vAs
gap bet WeeffoMU?tHHtLiﬂﬂfér tohérandsl befiRediattel thokiing Birfaces agthtelwﬁngé}r@@\éﬁd

nol ding face 62, one is able to maintain flatness of the top ©

cavity &nd the camity 28l igerptpuelkaoriralledn anpardion dhe fiém| 24y may emi@ayﬁmaalap
15 58 on t%%t\ﬁé’%iﬁﬁv@o Qs Eés@ This' Rdfcsd Fo‘inéf’o%%' &P;ﬂ gg&!& {3{] tHéided
stem r e

mol di ng sy Uerat I'Ng an alr éva uat|on sys
cavities 22>acleagzebmekpcmfd|m@po the positiom eff $hésgabpremdlngrnsitde ddgestadthe

cavity stri 6,ar i nked o th as well as an external
20 vacuum ﬁlﬂ:‘%?%ﬁag I%e'f‘gl {gh&ﬁﬁwﬂa%gde gé%t?@d%ﬁqe out of the
cavities 22. Furthernpbre, one or nore bottomair channels 66 are

formed in the bottomcavity Stfl£ 18 to draw air which is entrapped
by thelPi | rhhesconmayegnoldingd fass @ dvfﬂbetniwgfﬁm yelasy tOp§0meens_asecfgt fily

the cavi ti e @R a%\fﬁ’% gaE %&# 9fed H\E ﬂoldfﬁ%d?yﬂg?hﬁﬁgﬁﬁggﬁlﬁ\ 24

fill. An O-ring is a aroun perip
cavity 25 ﬁpnepeﬂ@d ﬁﬁmen(hrmgngto&ﬁegaprlﬂwéereme plndger 88 ard thmbayityné

substrate 60 .and/ o, .t he bottom avit 18 to .seal. the_c

35 ottt r o i ABnSR e BENEIRY ik ook Ropbig SPintapt GRS 'of he
Ccross-sect tgpef thélcfa\Mt?bn‘dfth@hdildw BatkagewWHdnUdbldaid the Imumeéﬂf@ysg@ht
30 filmseparator device 70 that is attached to the top nold half

The fiI%n segandhesuleliate070 i s movabl e between a retracted position
where it is |ocated behind a |ower nolding surface of the top cavity
strip 16 (see FIG 7(a)) to allowthe filmto rest on the | ower

- nol di ng suFfQc6, isaadcrass-esctiondd vigyo sift thenmatding: systeis 1€x illestdztihgb ey caid

e L over Ul bl o el AR K AR bt e
- i I'lustrat ethside. the top cavity strip 16 are linked to the cavities 22 as well as an external
20 vacuum suction source (not shown) to evacuate air out of the cavities 22.
Furthermore, one or more bottom air channels 66 are formed in the bottom cavity
strip 18 to draw air which is entrapped by the film 24 between the top and bottom
cavity strips 16, 18 out of the cavities 22, to avoid the risk of internal voids or
incomplete fill. An O-ring 68 is also located around a periphery of the top cavity
25 strip 16. This O-ring 68 is resilient and presses onto the substrate 60 and/or the
bottom cavity strip 18 to seal the cavities 22 off from the ambient atmosphere

during molding.

FIG. 7 is a cross-sectional view of the molding system illustrating a mechanical
30 film separator device 70 that is attached to the top mold half. The film separator

device 70 is movable between a retracted position where it is located behind a



5 enbodi nent, a lever 72 nay be operatively connected to the film
separator device 70 such that a pushing force 74 acting on the |ever
pushes the fil mseparator device 70 to the extended position. The
film24 usually needs to be changed after a predeterm ned nunber of
10 substrates 60 are nol ded, as the fifM 24 becomes worn. The film
separator device 70 reliably separates the film24 fromthe | ower

Pl ) . s th 24 1 o
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ntr uce a e SITI on e (0] r I Nng., SU a (0]
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enbodi nent of the invention is cost-efficient as wastage o

encapsubat iefrbaiment. aa Iperr é3upar. benopetmiivalyeaonnectert tprtherfiler separator
mol di ng Sy%te%f@elﬁo al RH taéjf&glFﬁiﬁqafo?&E S47 SLARP LR (RBMRUES ﬁhg@%{] ﬂgeg Siim

onto the encapsulation nateri he conpression force ca

accur at el y sagpraddrede\ace 60 b tiep ¢xdemdeztipodifioreover, an effective air
evacuation system ensures conformty of the film24 to the nol ding
cavity 22 and reduces the risk of creation of voids. Another

advant age iThet fii 2 @isDhM$eeds t60HE BhaNGBH i & UsreaeRsmaeRl Humber of
protrusions 25 being induced at the edges of the packages, so that
wel | - f dPreguhsTales Gihakegealdednas dhe dHTea/ docames Wadnt ThA fisssnasaior
herein is eptd bl [t8d Hhs W Bat @9‘93 '
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can be introduced at the position of the lower molding surface of the top cavity

15  strip 16 to perform further molding.

It should be appreciated that the molding system 10 as described in the preferred
embodiment of the invention is. cost-efficient as wastage of encapsulation
material is reduced. As compared to the prior art, the molding system 10 also
20 applies a more reliable compression force onto the encapsulation material. The
compression force can even be accurately adjusted according to need.
Moreover, an effective air evacuation system ensures conformity of the film 24 to
the molding cavity 22 and reduces the risk of creation of voids. Another
advantage is that the plungers’ concave molding surfaces avoid protrusions
25 being induced at the edges of the packages, so that well-formed molded

packages can be achieved.

The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that the
30 invention includes all such variations, modifications and/or additions which fall

within the spirit and scope of the above description.



CLAI VEB: 1. Molding systemfor nolding an el ectronic device
conprising: first and second nold halves; 5a plurality of cavities in
the first nold half corresponding to nolding |ocations on the

el ectroni c devi ce; a plurality of _plungers located in the
first nold half, each of which is dri vabPe agai nst a side of a
respective cavity for applying a conpacting force to encapsul ation
mat eri al Iqﬁghﬁﬂyin the cavity during nolding;, and 10a notor
operativel yconmected to the plungers for driving the plungers
relative to the cavities. 2. Molding systemas clained in claim1,

wherein the fir ol d hal f _conpr,ises cavi.ty strip containing the
Cavi t1 s ard a BIRGNGSPET BrOREInc A ILEaF H5Vice PRATEGB o1 | L ent | y
attached. 3. Mildliand seeh@mMag halhvasmed in claim 2, further

conprising springs attached between the base plate and cavity strip

whi ch aPe oper a@i phiraly pefogavites ipribpotiigt fraelde halbrcosiesapading gtor olding
cavity stri ; L e 4. Mol ding systemas clained in

claim?2 or I%@Pﬂ?%“%%%ﬁé@@oﬁ%’r‘%gl ng a mddle plate | ocated between
the cavity strip pldlithefhadsrgebalbeatedhior Hien fitdiemplduhglér each ef fwhicklliy

Zf t ? ﬁ? ,? ﬂ eﬁ %&i&h plrgzsqdaﬂlbs? go lglatgsagearz r5e53p|e\a/t8 i\;je! cr;]g\ntsyy fsc')tr %Wp@/lsngcé %Brr%%%clir?g ?clargcla r{%
encapsulation material located in the cavity during molding; and
10 a motor operatively connected to the plungers for driving the plungers

relative to the cavities.

2. Molding system as claimed in claim 1, wherein the first mold half
comprises a cavity strip containing the cavities and a base plate to which the

15  cavity strip is resiliently attached.

3. Molding system as claimed in claim 2, further comprising springs attached
between the base plate and cavity strip which are operative to provide a preload

force for separating the cavity strip and the base plate.

20
4, Molding system as claimed in claim 2 or claim 3, further comprising a
middle plate located between the cavity strip and the base plate, wherein the
plungers are fixedly attached to the middle plate.

25 5. Molding system as claimed in claim 4, further comprising a stopper

located between the middle plate and the cavity strip that is operative to stop the

motion of the plunger at the side of the cavity.

6. Molding system as claimed in any one of claims 2 to 5, further comprising
30 push pillars located in the base plate connecting the plurality of plungers to the



| ocat ed between the mddle plate and the cavity strip that is
operative to stop the notion of the plunger at the side of the
cavity. 6. Ml ding systemas clained in any one of clains 2 to 5,
further conprising 30push pillars Iocatqg in the base plate
connecting the plurality of plungers to'tthe - 13 - notor, wherein

t he plungers are drivable sinultaneously by driving the push pillars.
7. Mol ding e ol aal L0 .a : | - al

wherein 5 tREEh uhst; BerEEnpsgk AiFalt, SRENBRESER B9, Gihhdhe push
posi tion toifareduce a gap between the plunger and the cavity, and a
second position whereat the gap is closed and the plungers push

agai nst the side of the cavity. 8 Mlding systemas clainmed in any

one of the 7precedolamgcsyatem, ad vlaired in ahQ shef the pecedingndaifts, wherein
springs _nounted between the plungers and the first nmold half biasing
agai nst 2t hehamlingsy is sreabie & thadnaler hetwesn grist apsition dovperriiee d9ap

agai nst t heiREBRhe PN G the cavity; all!LE8bmYSE&HRRNHerE o i
any one of the prece(??"n cl ai s, vvahvé?’e?n 15 ?(ﬁ)e r’r@torI con%ré;idéggggarb S
servo not orclosettandvbledilwrgers pushagseinst thieraside ohthersaviine of the
preceding clains, including a passage in the first nold half within
whi ch the plunger is novably nounted, and a vacuum channel connected
to a side v@ll dlolting pateragss timdddni aiy she iy ptecédingndidids, further
cavity.
Vi ¥10 comprising extension springs mounted between the plungers and the first mold
' half biasing against the driving force from the motor for providing compensation

against the compacting force.

9. Molding system as claimed in any one of the preceding claims, wherein

15 the motor comprises a servo motor.

10.  Molding system as claimed in any one of the preceding claims, including a
passage in the first mold half within which the plunger is movably mounted, and a
vacuum channel connected to a side wall of the passage for drawing air away

20 from the cavity.

11.  Molding system as claimed in claim 10, further comprising a seal mounted
on the plunger such that the vacuum channel is located between the cavity and
the seal for preventing loss of vacuum through the passage.

25
12. Molding system as claimed in claim 10 or claim 11, further comprising
vacuum slots formed along side walls of the passage which form partial
indentations in the side walls and introduce air gaps between the plunger and the
side walls of the passage.

30



11. Mol ding systemas clainmed in claim210, further conprising a seal
mount ed on the plunger such that the vacuum channel is |ocated
between the cavity and the seal for preventing |oss of vacuumthrough
t he passage. 25 12. Mdlding systemas_ghainmed in claim 10 or claim
11, further conprising vacuumslots formed along side walls of the
passage which formpartial indentations in the side walls and

introduce o3 gapsidipGt YYRES tdsecIBinERY ciaidl 1DhRicRidiRy ¥@itloh fled Rmed in
passage. - 14 - 13. Mol'di ng rga/stem as claimed in claim 12, including

suction holtee plergridnear aReemd thefeof veueh e dnterearmestsd awnd cprodide fluid

I nt er conneciypgh, Qﬂgat‘?&rp Helfedn @e%a?ﬁ@%ﬂuﬁm |PAls Qﬁt T’Hgg 'Bagféﬁ%zfmr@sgh the

vacuum sl ots i n the passage through the suction ho di ng
system as duatioetoles. cl ai m 13, wherein each suction hole of the

pl unger .conpri ses an opening adjacent to a side wall of the passage.
15. Mol éi ng systemas clainmed in any one of the preceding clains,
wherein 10 14he pMaldiagrsyeim dss@ainfedCipnlave 18DveieRdh kaele shietiorrRekYdfiBe
t he conpacting force against the encapsul ation material and ensuring
that a top PiNgEaCEMPprisES APIapeningadiacrMt ta asideswalhof tieinassage..  16.
Mol di ng systemas clained in any one of the preceding clains, further
15 conprising filmfor covering at | east a nolding surface of one of
t he nol d hdbves Madidg systammasegainadin deyione cftthagirededing tchemspimtierein

Curf acd0t ot PERBBRLSTPIHT 8 Solt R HRT0h g OuPE1bE SaftwiBie oo

ext ended pegainspthd batapsuldtionanatériaeund énshangehati s siifaeeot & molded

separate the filmfromthe r’rPI di ng surface.
package is substantially flat

16. Molding system as claimed in any one of the preceding claims, further

15  comprising film for covering at least a molding surface of one of the mold halves,
and a film separator device attached to the mold half which is movable between
a retracted position behind a molding surface to allow the film to rest on the
molding surface and an extended position that is located beyond the molding
surface to separate the film from the molding surface.

20
17. Molding system as claimed in claim 16, further comprising a lever

operatively connected to the film separator device and which is configured to

receive a pushing force to push the film separator device to the extended position.

25 18. Molding system as claimed in any one of the preceding claims, wherein
the molding cavities are configured to mold a liquid encapsulant that is diépensed
for molding the electronic device before the first and second mold halves are

closed.

30 19. Method of molding an electronic device comprising the steps of:



20 17. Mol ding systemas clained in claim16, further conprising a

| ever operatively connected to the film separator device and which is
configured to receive a pushing force to push the fil m separator
device to the extended position. 2518. Mol ding systemas clainmed in
any one of the preceding clains, whereig.the nolding cavities are
configured to nold a |iquid encapsulant that is dispensed for nolding
the el ectronic device before the first and second nold hal ves are
closed. - 15 elosing firstand secprid metd haldes tagetlierriol adiarhplonés theoglettharic
to clanp gnto the el ectroni ¢ device,  t first..nold hal f havin .

ol ur ai 1 Ly 8YiSe: I FeEFalf Pat sNiers Plesv ety RS carpapendifp e fhoking
el ect roni pcdBuhs 6n ik eMdcitonia devigeal 1ty of plungers |ocated in the
first nold half against the sides 5 of the respective cavities using

a motor that i 9VpeaRluialiyofgiwrgers iesated infhe firsimoed halfiggainshihe gides
appl COfRRS trk Ok CeN L ENSRRSM I AL ehhadati '

cg\F/)i %ly@durel ng tr?té)f%ért]lgé g%\}.it%gt Hglgsaésl C fgﬂ{rg anbg?_']&t'kq&?g%&ﬁuel? t Qt—:-pﬁhe
conpr i si npludgsyse mdiengbyl theaplp autampasiingHoksei talencapsiiatiéro materfal docated

liquid en I for || ¢ing the el ectronic device, before the
first and@ﬁ%&ﬁ@%}‘ﬁ"%ﬁf%@ggar e cl osed.

20. Method as claimed in claim 19, further comprising dispensing
.10 encapsulation material in the form of a liquid encapsulant for molding the

electronic device, before the first and second mold halves are closed.



