1 Flow Front and Mol d Bl eed Control System and Method Field of the

I nvention [0001] The present invention relates to sem conductors packagi ng.
In particular, the invention relates to a nol ding nmethod and system for
encapsul ating sem conductor device with flow front and nold bl eed control.
Background [0002] In sem conductor packbging, nultiple IC dies are
generally nounted and w re bonded on one substrate, such as single row

| ead-frames, nmatrix |ead-frames and high-density matrix | ead-franes, and
mol ds for packagi NBI6WT gt SndMRIE BlebaToAEs] SY8kn 8hidMBdlideg more than
one substrate. These nol ds incl ude encapsu ant xtrusion-ports, runners
and cavities/conpartnents, which are designed to correspond wth the
substrate layouts. It is possible that the nold is designed to encapsul ate
nultiple I C dies wthin one nol d Ewild ofjthe tmyeatioment, or to have dedi cat ed
nold cavit conpar nts r each IC die 0003 i ng process,

i nproper ¢ ofﬂﬁ'{é of etgp@ﬁf t IFERipnyTelates ¢ esen}%ﬂnﬁluﬁtaﬁ PR atf ment s
of ten resul fgtibdlad the GivenfloR REIRS h A kiMding tmetﬁoci bRl & Q&4 Br shﬁ{ﬂg for
nol d makers to deS|gn a nold having cavities and runners that provide
consi st ent semicangugtet devirowithflovhowsrandpselt dleed couralng t he nol d desi gn,
designers often need to sinulate the encapsulant flow as design aid to
optim ze the design before casting the nold. [0004] One known problemin
the semi conductors packaging is the ipabRdrdaee flow and uneven filling
within nold cavities due to the differences in cross sectional areas or
gates between top nold cavities, where the I1C dies are positioned, and
bottom ol @0@Avi t i esln Suyeonductot packegingnmoktipdek dieoareagaerally troantedandent s
resulting ip.

r% BSnded on one substrate, such as single row lead-frames, matrix lead-frames and
high-density matrix lead-frames, and molds for packaging the IC dies are often
designed for loading more than one substrate. These molds include encapsulant
extrusion-ports, runners and cavities/compartments, which are designed to correspond
with the substrate layouts. It is possible that the mold is designed to encapsulate
multiple IC dies within one mold cavity/compartment, or to have dedicated mold

cavities/compartments for each IC die.

[0003] In a molding process, improper control of encapsulant flow within the
mold cavities/compartments often results in defective encapsulation. It is therefore a
challenge for mold makers to design a mold having cavities and runners that provide
consistent and balance flow of the encapsulant. During the mold design, designers often
need to simulate the encapsulant flow as design aid to optimize the design before

casting the mold.

[0004] One known problem in the semiconductors packaging is the imbalance
flow and uneven filling within mold cavities due to the differences in cross sectional
areas or gates between top mold cavities, where the IC dies are positioned, and bottom
mold cavities. Such problem often causes blockage to the air vents resulting in the

formation of internal, external voids or incomplete filling.



formation of internal, external voids or inconplete filling. 2 [0005] The
flow patterns and speeds are often affected by the followng features: die
size and thickness relative to cavity size and height; gate configuration,
such as gate depth, gate angle, top gating or bottomgating; and die pad
size or down- set of lead frame. However? it is not possible for a single
or unique nold design to cater for nyriad of factors mentioned above.
[0006] |n n@bes)x | ayoUke |RAM-fabaiR RACKARAS 40! GHidhd afft & DyCiieS tolRwin
"Christmas tree" filling pattern 610 as shown in FIG 6a. "The "Christmas

tree" ef f ecleaturgs: die dre pod thiekneseeelgivetaraavity sizarandrheightidgate senflmsativnz es

and angl es 1or | [ si,zes_.of the cavities.,[0007].Bl eed/fl ash
ef f ect gi S c%l'arnqr(%l n gﬁer%ac{eeégg%g%a%gg ’ Iﬁébcg%g Soréygtoglsgaéwgv\ﬂnq ' Hégézet%%o‘m'e
exposed- padsepafkadank2Howeaeletl ionotipoesibielfer H£18g18 o€ uRighe folddasighas ears

t hereon. When the e? apsul ant, compound resin 624 is transferred into the
mol d cavi t f0E&VERd 0 ?%rﬁwneﬁe@Wﬁﬁsul ant conpound 624 often shifts,
lifts or tilts the exposed-pad packages 625, thereby, causing the
encapsul ant conpound to slip (circled portion 622) under the exposed-pad
packages 62[00§10008] Inmatsixylapbutdesl-friage phdkagédmoliling dhdrt asist £FChddtmas to

fil | gt | di thod, . the exposed portion of the pad
Sits on'a {PYonies PaeHO S Hbin Gt fng Timc CRokenoniegr 60833t Bigba n a
flash-free RURQIAN) PRYiNRIGKRAIE and blaREMR I AELNd an lg'seaﬂg?(grdva?ﬁ}éé tg%ftggs?_%? Be

designed to have an interface for adapting a do set of t rame
di e pad forthgcavities.i ng the bl eed/flash effect. Yet another alternative is
usi ng vacuum suction to hold and keep the die pad against the cavity face
to produce a flash-free exposed die pad. [0009] However, for nold to

performfilmoeqsi st edBrEeldial effedtlis BMBMONYS bxjRRed-pad packages 625 as shown in
FIG. 6b. The exposed-pad packages 625 loaded on the mold 629 are not firmly secured

thereon. When the encapsulant compound resin 624 is transferred into the mold
cavities 621, the flow of encapsulant compound 624 often shifts, lifts or tilts the
exposed-pad packages 625, thereby, causing the encapsulant compound to slip (circled

portion 622) under the exposed-pad packages 625.

[0008] One way of dealing with the bleed/flash effect is to use film-assisted
molding method, where the exposed portion of the pad sits on a film with a soft surface
during the molding process to obtain a flash-free exposed-pad package. Alternatively,
the mold cavity can be designed to have an interface for adapting a down-set of the
lead-frame die pad for preventing the bleed/flash effect. Yet another alternative is

using vacuum suction to hold and keep the die pad against the cavity face to produce a

flash-free exposed die pad.

[0009] However, for mold to perform film-assisted molding, relieves must be
etched into the mold surfaces to cater for the film thickness. In such case, the mold is
not universal and unable to run without film. Further, when the alternative method is
used, there is no consistency in the flash free condition achieved as tolerance of the
cavity depth and down-set of the lead-frame die pad varies for different type of
substrate. Further, the vacuum holes used to hold and keep the die pad in place are

prone to blockage in the event of any bleed out of the encapsulant compound.



etched into the nold surfaces to cater for the filmthickness. In such
case, the nold is not universal and unable to run without film Further,
when the alternative nmethod is wused, there is no consistency in the flash
free condition achieved as tolerance of the cavity depth and down-set of
the lead-frame die pad varies for differ®nt type of substrate. Further,

t he vacuum hol es used to hold and keep the die pad in place are prone to
bl ockage in the event of any bleed out of the encapsul ant conpound. 3
[0010] The bl eed/flash effect too occurs between |ead-frame and tape in QFN
packages. [BOEEN packhigeblead/flasheffeatdog pequss befinieen lraddeamenands tapg inc RIEN

' ; | hese. .
o hped Wbkges! BPQRN pfeROR AR RS borid By i chiBBRURARESS 27

seepi ng to frdeeae lauds fandesontdorjader , Usualls] thisdl patlkages preaapsdl dedl highnmap
and matrix on a panel substrate and the panel substrate is often c|anped
only al ong FRECIIBIE PRBIRIAS tapg,{pcprevent el aesin seppingotonthess suraces; e Hugheror

I i t I : ] ,
addr bsoad by i papket ale AoMed b Hpland itk R ol BuSCiE Bha SRLAEL
usi ng st ri psubstcaie im dfenhdamipaiondy tloag lits pdriphicrate. Blotwevim therdiothd eoomwhdhe The

vacuum al sq f tions.as a nediag to.relax the tape and aid the purging of
air within ?‘ngcﬂbflam@%tpﬁe%ﬁ@@%‘ﬁﬂa%ﬂen t he adhesive strength of the
polyimde is increased, the anount of tape residue after the tape is
renmoved fromthe |ead frame increases accordingly. Additional cleaning
process i s PeYli red tbhe blepd/@ash ¢ffect aprebe addrdssed by Godra3singeadhasive beengkinown

problemis fldow front, unevenpess.and ."w apping; ..effect in ra nd, st ack
i o packaged TRmahPReHARS S R hin JoERAL heldrdoyt fhe darashd p RS
die, flow fcudin uiRd eMRSFacutimPALS fehiBhd Ys AVinE@Ato WRR (R Gapei #@/ £l Ghe
surface area js |large and gap for resin fl ow between die surface and
cavity sur f e ging ofsgip Within the mold cavity. However, when the adhesive strength of the

polyimide is increased, the amount of tape residue after the tape is removed from the
lead frame increases accordingly. Additional cleaning process is required to remove

the tape residue.

[0012] Yet another known problem is flow front unevenness and “wrapping”
effect in array and stack die packages. When molding array packages, whether single
die or stack die, flow front unevenness is particularly evident when die size/die surface
area is large and gap for resin flow between die surface and cavity surface is small.
Flow front of the mold resin flow faster where there is less resistance (for example,
more space). As shown in circled portions 630 FIG. 6c¢, the faster flow fronts 632 are
wrapping over to the slower flow fronts 634. In view of this problem, the mold design
is customized to provide a gate layout for a particular die array. As in the case of panel
substrate molding, such dedicated design is not suitable for all die array or matrixes,
and the method is not able to effectively control the flow pattern, flow front unevenness
and “wrapping” effect. This is particularly evident with large die, stack die and also

where gap for resin flow between die surface and cavity surface is small and narrow.

[0013] Vacuum assisted molding method and system has been suggested for
controlling the mold resin flow. For example, see, US patent no 5,603,879. However,

evaluations on the vacuum-assisted molding apparatus have shown that, it creates a



Flow front of the nold resin flow faster where there is | ess resistance
(for exanple, nore space). As shown in circled portions 630 FIG 6c¢c, the
faster flow fronts 632 are wapping over to the slower flow fronts 634. In
view of this problem the nold design is custom zed to provide a gate

| ayout for a particular die array. As intthe case of panel substrate

nol di ng, such dedicated design is not suitable for all die array or
nmatrixes, ‘aiab"t hel fEtedvirsernte AbWEfibRt ahdvRhdsY Bwdich AdYek Aot tdagrdss ¥
pattern, flow front unevenness and "wapping" effect. This is ‘g)artl cularly
evi dent wi tioblgpygwithy[“erappingdefigrte Enrthern these isppcavideghihat air trap sambe purged

bet ween di . ! i.s _snall arr ow. 013]. Vacuum
nssi ot ed ot g BERs Rif Bl (R A1 o HRPuAR ¥ rank @7 fidkestoCY e
nmol d resin FliGoved Eon phoasTph@wingee cutdd @thpdulland @nda @kkdriR 18ad-frawe abstrate

eval uations o he vacuum assi st ed nol di ng apparatus_have shown that, it
creates a 411101?1855 Xgth 3 senyentional meghodeas deseribadogbome.onthe phase shews thafihe h
does not adgy 1dnP Bowr R g . Lng. effect. Further, there is no
evi dent that cgﬁ%rﬁ trag can be%%gﬁn%‘?@ﬁ@%& gases remain within the
encapsul ant conpound t hroughout the transfer process. FIG 6d is a photo
showi ng a cured encapsul ant qn a trix lead-fra substrate |ded with a
convent i ona[ﬁawgt hod CB%QEF%SeS&e% él?erel'ﬁélsﬁﬁd_feggéc%%\émm%ﬁn‘% gg’u“ way
encapsul antfol b aethddPaHd sF4Cm! RattAR\6SBrcBA tHESEIVaYE es[&%éxi%tfnfgcﬁfbrraﬂus be
seen that there exists a need for a sinple an roo%st way or ‘a nmet hod and
systemthat can overcone the di sadvantages of the existing prior art.
Summary [0015] I n accordance with on Ss ect, the present invention provides
a process for encapsul ating sem cond E‘?’B’ra@ conprising | oading a substrate
having at |east one IC die nounted and wire bonded thereon, on a nold
having a capgbfsy adapt gdadeBrdaftd GRRAWasplltt the! HEsefit i GideS adirBe
provi di ng S[gsistqi ve pressures Into theasgavitf;ﬁ}esft r%ﬂ?ng pHdFide a%r oess

for encapsulating semiconductors comprising loading a substrate having at least one IC

die mounted and wire bonded thereon, on a mold having a cavity adapted to correspond
with the at least one IC die; providing positive pressures into the cavity; extruding
encapsulant compound into the cavity for encapsulating the IC dies, wherein the
extruded encapsulant compound has a flow direction against the positive pressures;

terminating the positive pressures; and curing the encapsulant compound.

[0016] In accordance with one embodiment, the positive pressure may

continuously exert until the cavity is filled with the encapsulant compound.

[0017] In accordance with another embodiment, the process may further

comprise controlling the positive pressures before terminating the positive pressures.

[0018] In accordance with another embodiment, the process may further

comprise sealing the mold fluidly after loading the substrate on the mold.

[0019] In accordance with yet another embodiment, wherein the positive
pressures may be a fluid pressure. It is possible that the fluid is gas. Further, the gas

may be nitrogen gas.



encapsul ant conpound into the cavity for encapsulating the 1 C dies, wherein
the extruded encapsul ant conpound has a flow direction agai nst the
positive pressures; termnating the positive pressures; and curing the
encapsul ant conpound. [0016] In accordance wi th one enbodi nent, the
positive pressure may continuously exer? until the cavity is f|IIed W th

t he encapsul ant conpound. [0017] In accordance with another enbodi nent, the

process mayob201t her  BosRebidafcWithyet hhdiBer dfbdaRmbt HR MHRSHM ESmPredeod €
term nating the positive pressures. [0018] In accordance w th anot her

embodi ment , PlEREtHelrasiies adgpted jordestespandrpith the I€akidsi ng the nol d 1l uidly
after Ioadlng the substrate on the nold. [0019] In accordance with yet
anot her enbodi nent, wherein the positive pressures nay be a fluid

pressure. 1100213 possi ¥ee it Adithdreembolimeht itlfe SRRivepiédsiiRmayt BiCex@Rsd froRYa be
ni trogen gzé ? gg? E I n accordance_w th yet another enbodinment, the nold
may conpri sevElithpf fogatien, ingp the gavifyesltds &Bﬁ%‘de tthatcthe eaeapsHant gompound is C

di es. [0021gxtr\(lggd aﬁm};ﬁﬁ# f@%m&tm{agg\,ﬁgm tive pressure may be

exerted froma p ur ocation In cavity. It is possible that
t he encapsul ant conpound is extruded from a plurality of location into the

cavity. Ol%ﬁ%ﬂll n accordance w th _anot aspect, the present invention
provi des a di ng affpareerdpnce gyith ap %F‘%Rthdh%lpé HHEHeD Prayidest # at e

having a pl wbRiid thfor dh&psiRY £6brie Bﬁé&% M}g
appar at us corrprlgys?brggafa o &%\S}l ng a cav?ltldyC&S oag%=dh @ su‘g}aﬁjlage
wherein t hedle&mmlytedsa@dwpedwnﬂ@d thereams jsaiddappiatatust anriﬁlgjaenoldmapngsa;ur es
punp for prov1d| itiv s into the ca and an ul ant
Bt Fust on' SaLS ot 1EERne i sRisia ey S I8 s Fepdaiied 1€ i ond ighe
]grlncapsul at i |y diebea IfreddiRS . putlie fdti protiitheeyditkiepresRe PR 8l cAAYPaMNdabas a
ow
encapsulant extrusion port for extruding encapsulant compound into the cavity for
encapsulating the IC dies, wherein the extruded encapsulant compound has a flow

direction against the positive pressures.

[0023] In accordance with one embodiment. the pressures pump may operable

to exerts the positive pressures continuously until the cavity is filled with the

encapsulant compound.

[0024] In accordance with another embodiment, the positive pressure may be

controllable by the pressures pump while exerting the positive pressure into the cavity.

[0025] In accordance with yet another embodiment, the apparatus may further

comprise sealing member for fluidly sealing the mold cavity.

[0026] In accordance with yet another embodiment, the positive pressures
exerted by the pressures pump may be a fluid pressure. It is possible that the fluid is
gas. Further, the gas may be nitrogen gas.

[0027] In accordance with yet another embodiment, the pressures pump may

operable to exert positive pressures into the cavity from a plurality of location.



direction against the positive pressures. [0023] In accordance with one
enbodi nent. the pressures punp nay operable to exerts the positive
pressures continuously until the cavity is filled with the encapsul ant
conpound. [0024] In accordance with another enbodi nent, the positive
pressure may be controllable by the pré@sures punp while exerting the
positive pressure into the cavity. [0025] In accordance with yet another

enbodi nent ,[0048p appar‘ﬁétuﬂiefmyaﬁsurahh@{tmsmfﬁlfr! ey Sﬁ@hlbls% oRrdde lentapsulhhti dl y
sealing the nold cavity. [0026] In accordance wth yet another enbodi nent,

t he p05|t|%QHHW@ggﬂﬁ%gﬁ”EXEYﬁ@GI%phWﬂQYBfkﬁgyﬂbs punp may be a fl uid
pressure. It is possible that the fluid is gas. Further, the gas may be
nitrogen gas. [0027] I n accordance with yet another embodi ment, the

Pr essur eis ugjm] may loYSett ﬂielmolﬂm@mﬁoozpé’?e aimmmgmfesﬁﬁémlfpteﬂ @ tdreespond ty
roma pluralit ocatio Yel, the encapsul ant extrusion port
may oper abl'¥ B%e&t‘}lﬁﬁj‘é‘aéﬁ%ramwﬁ %ﬂ%&‘ﬁﬁlt nto the cavity froma
plurality of location. [0029] Yet, the nold nmay conprise a plurality of
cavities adapted to correspond mﬁth the IC dies in accordance with one
enbodi ment. Brief Descripti onBoéf Déseripianwofithe Dr®0i@@3 This i nvention will be
descri bed by way of non-limting enbodi rrents of the present invention,

with reference to the_acconpanyi drawi in which; [0031] FIGs. | a- d
i1lustrate 0930s sect I'Yninve ‘é‘{\)é"qgk’e desqt %ﬁ%wabsﬁa%b@ltm@remm?}%p ting

in various tﬁP?fc%&ﬂtQHve?lh@?%tﬁ &f&@ﬁ&raﬂqlfgcgp@g&ﬁg ags”w igf; the

present invention; ayout and an
encapsul ant flow of the

[0031] FIGs. 1a-d illustrate cross sectional views of a molding apparatus for
encapsulating in various operation stages in accordance with an embodiment of the

present invention;

[0032] FIGs. le-g illustrate a mold layout and an encapsulant flow of the
molding apparatus of FIGs. la-d;

[0033] FIG. 2 illustrates a flow diagram of a molding process in accordance

with one embodiment of the present invention;

[0034] FIG. 3a illustrates a cross sectional view of the molding apparatus
having a mold in accordance with an alternative embodiment of the present invention;

FIG. 3b illustrates a partial layout and an encapsulant flow of the mold of FIG. 3a;

[0035] FIG. 4 is a cross sectional view of a mold for encapsulating exposed pad
semiconductors in accordance with another alternative embodiment of the present

invention;

[0036] FIG. 5a is a cross sectional view of a mold in accordance with yet
another alternative embodiment of the present invention; FIGs. 5b-d illustrate a partial

layout the mold of FIG. 5a and its encapsulant flows in various stages;



nol di ng apparatus of FIGs. 1 a-d; [0033] FIG 2 illustrates a flow diagram
of a nolding process in accordance wth one enbodi nent of the present

invention; [0034] FIG 3a illustrates a cross sectional view of the nolding
apparatus having a nold in accordance with an alternative enbodi nent of
the present invention; FIG 3b illustrales a partial |ayout and an

encapsul ant flow of the nold of FIG 3a; [0035] FIG 4 is a cross
sectional vjoesrjof a npIGE. feard anesidsd hatibig cfoepaiat Nefls cedfréPREuGHeHS | N
accordance wi th another alternative enbodi mrent of the present invention;
[0036] FI G knpyn molding methodsicti onal view of a nold in accordance with yet
anot her alternative enbodi nent of the present invention; FIGs. 5b-d
illustrate a partial layout the nmold of FIG 5a and its encapsul ant flows
in various [@oes; 7 FIR0BE]a pHote shdaing al duretSéricapsulana foraied onremaaiyl lBad

fl ows occurfed i@%yariOWS known nnlding met hods; [0038] FIG .7 is a photo
showi ng a clifBe sehstgisanelded i ageardaneswih pag embodimgpt ofthepresent IyeRdde nol ded
i n accordance with one enbodi nent of the present invention. 8 Detailed
Description [0039] In line with the above sunmary, the follow ng
description of a nunber of specific and alternative enbodi nents is
provided to understand the inventive features of the present invention. It
shall be apparent to one skilled in the art, however that this invention
may be practiced w thout such specific details. Sonme of the details may
not be described at length so as not to obscure the invention. For ease of
reference, common reference nunerals will be used throughout the figures
when referring to the



same or simlar features common to the figures. [0040] The present

I nvention provides a nolding nmethod and apparatus for encapsul ating

sem conductors with flow front and nold bl eed control. The nethod and
apparatus operable to provide pressures jnto nold cavities while
encapsul ant conpound is flowing into th® nol d cavities. [0041] FIGs. la-g
show cross sectional views of a nolding apparatus 100 in various operation
stages in accordance with one enb®idirdiDe3trittm present invention. The
nol di ng apparatus 100 is a nmultipot nolding system adapted to perform
transfer nolding for encapsul ating sem conductor devices. The nol di ng

appar at us 1fggkeyi Ncl UdgS)ifd\Ri H@P@%ﬁ Ve s tﬁetf& %%e%@ﬁ{lbﬁ)gfﬁ%&n%ﬁld a

bot t om nol sect ion 110, apt e | ng an eac
ot her. The aefospacificd aaécaltematWQOemlsochmsmtatHSCpropﬁieﬂ mndnddnﬂambtheo invientive

110 bl t wh t nol d section
170 i o a T gt RieSerd gheario JLBRICH SrRstent Heomakiued Hohar SEIEh 110
can be br ought thisOn¢&iidnenyy bd p?a@ﬁcédoﬁnl'iﬂﬂt Quﬁﬁgﬁebﬁﬂ: detdits@dntel St the a0sH1€"

nol di ng can be performed t'herein. The nol ding apparatus 100 is in an opened
position imMayng bedescribed at lamgthisoas nohtheobscusdhdinventéors IFDt ¢asel of referbmcear t

that a noldjn m featur n st at,i 0 d.secti a a novabl e
bot t om nol é%{;’? ?%ERXPF‘E n\%?rl? ‘gﬁﬁ% d\kgliqugﬁ‘f‘ggg flgWﬁS relprying toyt ﬁ
bot t om nol dsagRCdrisiildriatures lcoi@fonao BRS figedol d base 117 havi ng bottom

sidewal I s 118 for renovably holding a bottomnold 111. A row of pots 115,
aligning along the center of the bottomnold 111, extending through t he

bot t I f 17 f aont enca ant 9
bot Lom ol b {7 £RE cHALACL BB BASFeL Y plfting SR HRE BROTRTHT
bott om nol ¢éhcipshlaing semidopdedoiatitinfiow €aine endmoRIblddevntto), Dhd @bthed aﬂdl unger

116 for
apparatus operable to provide pressures into mold cavities while encapsulant compound

is flowing into the mold cavities.

[0041] FIGs. la-g show cross sectional views of a molding apparatus 100 in
various operation stages in accordance with one embodiment of the present invention.
The molding apparatus 100 is a multipot molding system adapted to perform transfer
molding for encapsulating semiconductor devices. The molding apparatus 100
includes two opposing parts, a top mold section 120 and a bottom mold section 110,
- adapted for aligning and coupling with each other. The top mold section 120 is a static
part and the bottom mold section 110 is a movable part. In operations, when the
bottom mold section 110 is aligned with the top mold section 120, the bottom mold
section 110 can be brought to couple with the top mold section 120 and the transfer
molding can be performed therein. The molding apparatus 100 is in an opened position
in FIG. la. It should be understood by one skilled in the art that a molding system
featuring a static top mold section and a movable bottom mold section will work

equally well.

[0042] In FIGs. 1a-c, the bottom mold section 110 includes a bottom mold base
117 having bottom sidewalls 118 for removably holding a bottom mold 111. A row of
pots 115, aligning along the center of the bottom mold 111, extending through the

bottom mold 111 from the bottom mold base 117 for containing encapsulant



extrudi ng the encapsul ant conpound. A plurality of cavities 112, arranging
inrows to the sides of the pots 115, are defined on the surface 119. Each
cavity 112 includes a bottomvent groove 114 extending away fromthe
correspondi ng pot 115 towards the sidewall 118. The top nold section 120
includes a top nold base 127 having top 9sidewal | s 128 for renovably

hol ding a top nold 121 downwardly facing the bottom nold 111. The top nold

base 127 i Sc@ﬁ%@ﬁhﬁ@ab@ pot 1B hadal ¥p &Ry ﬁ%eéxgﬁﬁl';@tonsf'Me gi@tof the bottom .

operationally brings the top nold section 120 to align and to couple with
t he bott om Mkl d1keand rrlased. botiean dealndebytlay dracirdly enienteic phubger a16 tfhe t op

nol d 121 defy r hannel s 125 at .the.center of the.surface 129
and each ché)lr/%nei g‘it?g eﬁ%xlp rgﬂcél%%to%%jsp oupg. éB@falﬂgff)aertﬁs(}ég’ TiEmeme BICTBM ol d
111. Each cthanidek ofZlte pets 185,Cart @etinéd Bh @hd sftfac® 1991 Eatt 84VifyNE1 20RERIIET OF
the pot 115 The surface 129 further defines a plurality of cavities 122,

arrangi ng i PtosheRterogee Ll4jextending gway Hegm shescorpsportiing petvi15i towatds Zhar e

adapted to p t i . ifies 112 fo | acks of
ol o SURIE 118, ik GptableSBAB8 138, SR £led Mol hare” 1P BoRBE TR ¢ o
connect i ng sdowallsof28: foe remuvdtile holitdl witbh neold AR1 ebPeREidlyg fadian iR bdkdm Each

cavity 122 fu r J,ncl ude top.vent grooves 124, extending away fromthe
channel 125m9{5f/\£ﬁd s:lL heriep Fl?gd B3s9dd 113 &tachedto appachirsry senvepednotshosmythahe t op

mol d 121 ar Gpcftihfl bhifgs HRCBRSHbA B> 1Al CalidOial G ABRETATEY, ol RS Ek St 1

referring to FIGs. I ng appar at us I'ncludes
pressure pumpldi®otimiltgThe dewnwatily daviver sirfige 129 o€ testop Idola 121 iR fihepa

i dewal I's 128, . Th 134 extend into the t Id 121 through the t
31wl 15 138" obhaneSF2S mRe oFpp 0t e aie hol it anine 12 eRBIdnat
when the t o 1Y 15¢#dVia drPfhelbbriofOHBISH 11V Hdbh bREnBOHISHR MiubP ShrD 110

i.e. the nolding apparatus 100 is in a close position as
| b-d, it fobiggerahen thedpsaing dfrtherpothblJooThe Gurfact d29 Hierthpr dlsfinesea ploiatity 580,

via the Cha&@ﬁie% 1%%,5 arr rslr'langr AR "R a8 312 t?l’e c&lgnenefsaIVZiSF i"lel?e ga%'%tie%nl 2%%e2 , the
adapted to couple with the corresponding cavities 112 to form blocks of mold
compartments. The surface 129 further defines runner grooves 126 for connecting each
of the cavities 122 with a corresponding channel 125. Each cavity 122 further includes
top vent grooves 124, extending away from the channel 125 towards the top sidewalls

128. The bottom mold 111 and the top mold 121 are adapted for encapsulating single

row lead-frame.

[0043] Still referring to FIGs. 1a-c, the molding apparatus 100 further includes
a pressure pump 130 having pipes 132 connecting to vents 134 of the top sidewalls
128. The vents 134 extend into the top mold 121 through the top sidewalls 128. The
molding apparatus 100 is configured in a manner that, when the top mold section 120 is
coupled with the bottom mold section 110, i.e. the molding apparatus 100 is in a closed
position as shown in FIGs. 1b-d, it forms a fluid path from the pots 115 to the pressure
pump 130, via the channels 125, the runner grooves 126, the cavities 112 and 122, the
bottom vent grooves 114 and the top vent grooves 124. The molding apparatus 100 is

also provided with seal members 150 near its marginal edges as gaskets for preventing
fluid leakage in the fluid path.



bottom vent grooves 114 and the top vent grooves 124. The nol di ng appar at us
100 is also provided with seal nenbers 150 near its margi nal edges as
gaskets for preventing fluid leakage in the fluid path. 10 [0044] FIG 2
is a flow di agram show ng the process of nolding substrate in accordance
one enbodi nent. Details of the process W0l be illustrated in conjunction
with the FIGs. la-d. The process include the steps of |oading and placing

substrat es poudjst ep 2HG. Sif4 ﬂ@bvoélia SowWIRg e Brodddd BT Hhel8ing Albitiuts e P
220; starting the pressure. punp 1 in step 230; hard-closing the nolding
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anount of enc ul ant conmpound 180. The encapsul ant conpound 180 is

pr e- heat ed ¥R 8% | oadi ng into the pots 115. When the substrates 190 are

| oaded onto the bottomnold 111 and the encapsul ant conpound 180 is | oaded

in the pots 115, the nol ding apparatus 100 perfornms a soft-close or
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wi thin the nol di ng apparat us
molding compartment for encapsulating one IC die 192.

[0046] Referring now to FIG. 1b, when the substrates 190 are properly loaded
and aligned, the pots 115 are filled with a predetermined amount of encapsulant
compound 180. The encapsulant compound 180 is pre-heated before loading into the
pots 115. When the substrates 190 are loaded onto the bottom mold 111 and the
encapsulant compound 180 is loaded in the pots 115, the molding apparatus 100
performs a soft-close or partial-close at step 220, where the top mold section 120 is
brought to a position that the top sidewalls 128 is slightly in contact with the seal
members 150 for sealing the bottom side walls 118. At step 230, the pressures pump
130 starts applying positive pressure along the fluid path within the molding apparatus
100 as shown by arrow 135. The positive pressure first passes through the pipe 132
and flows into the vent grooves 114 and 124 via the vents 134. The positive pressure
enters into the mold compartment formed by cavities 112, 122 and then fills up the

channels 125 via the runner grooves 126.

[0047] Referring now to FIG. lc, where the molding apparatus 100 is closed
firmly at step 230. At this stage, the top mold section 120 is brought closer towards to
the bottom mold section 110 and the sealing members 150 on the bottom sidewalls 118
deform as they are pressured by the top sidewalls 128. The top mold section 120 is

brought close enough to ensure no fluid leakage. The pressures pump 130 continues to



100 as shown by arrow 135. The positive pressure first passes through the
pi pe 132 and flows into the vent grooves 114 and 124 via the vents 134.
The positive pressure enters into the nold conpartnment forned by cavities
112, 122 and then fills up the channels 125 via the runner grooves 126.
[0047] Referring nowto FIG 1c, where e nol di ng apparatus 100 is cl osed
firmy at step 230. At this stage, the top nold section 120 is brought

cl oser t owagrdside @ositihe pleeiure thtotetlsie phiho nAtlsiéh 280 theBusRal 16 Saeidieis 150
on the bottomsidewalls 118 deformas they are pressured by the top
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no fluid qugﬁgﬁslg$e pressures punp 130 continues to 11 provide positive
pressure into the uid path. At step 250, the plunger 116 start noving
upward (as shown by arrow 136) to transfer the encapsul ant coHpouPd 180 A
into the channels 125. [0048] Referring nowto FIG_ Id, as the plunger 11
i s nmovi ng Jﬁaﬁﬁl d, theRe %H%ﬁpg éﬂtﬁ orido ah dher Bynger sk i6sissmeying, eipward;
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flow fronts 185 evenly during the nolding process. FIG [If (and FIG |d)
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positive pressure in step 260. The nol di ng-apparatus 100 remains at the
compound 180 has filled-up half of the mold compartments, whilst the flow fronts 185

remain evenly distributed. FIG. 1g shows the encapsulant compound 180 has filled up
the entire mold compartments, and when it is so, the pressure pump 130 stops
supplying positive pressure in step 260. The molding apparatus 100 remains at the
closed position until the encapsulant compound 180 is cured and hardened after curing
at step 270. The encapsulated substrate 490 will be removed from the molding
apparatus 100 at step 280 for singulation.

[0049] In accordance with the above embodiment, the pressures pump 130 is
configured to exert positive pressures in a direction opposite the flow of the
encapsulant compound. The pressure can be any kind of fluid pressure, which includes
gas pressure, such as nitrogen gas. The positive pressures within the cavities control
the encapsulant compound to reduce the flow speed differences of the flow front within
the mold cavities caused by the gate differences, thereby reducing the wrapping effect
and the uneven flow front. In addition, the positive pressures further compact the
encapsulant compound to reduce porosity of the encapsulant thereby to provide flow
front with smoother edge. Further, the positive pressures also exert pressure on the
substrate 190 to sit firmly within the mold cavities. When appropriate, the positive
pressures may be varied by controlling the pressures pump 130 during the encapsulant

process to provide better control of the encapsulant compound flow.



cl osed position until the encapsul ant conpound 180 is cured and har dened
after curing at step 270. The encapsul ated substrate 490 will be renoved
fromthe nolding apparatus 100 at step 280 for singulation. [0049] In
accordance with the above enbodi nent, the pressures punp 130 is configured
to exert positive pressures in a directildn opposite the flow of the
encapsul ant conpound. The pressure can be any kind of fluid pressure, which
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encapsul ating substrates 390. The nold 301 is divided into two parts, a

bot t om nol dthg cenigals of thepot 3 thepdom.cathe gl IR 1shas fcharnelpdss lefiningie
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bottomnold 311 and a cl gsed bottom seal ed by an u%/ardl y oriented plunger
316. The pl SAAEFSPomHRR eaydties defining 9n the ataces ofithe bettem paeld 314 ang top mold

transferringpy aligning to each side of the channels 325. The top mold 321 further defines runner
grooves 326 on its surface for fluidly joining the mold compartments 310 to the

corresponding channel 325.

[0051] FIG. 3b shows a partial layout 350 of the mold 301 of FIG. 3a. The
mold 301 is a multipot mold adapted for encapsulating substrates 390 of twelve IC dies
392 arranged in a 3 by 4 matrixes arrangement. The partial layout 350 includes one of
the channels 325 having a circular profile larger than the opening of the pot 315; twelve
mold compartments 311, located to the left of the channel 325, having an arrangement
adapted to correspond with the IC dies 392; runner grooves 326 extend from the
channel 325 and branch to each of the mold compartments 311; and vent grooves 314
extend from the mold compartments 311 away from the channel 325 toward the
pressures pump 130. The cavities defined on the mold 301 (i.e. the channel 325, the
runner grooves 326, the mold compartments 311 and vent grooves 314) established a
fluid path from the pot 315 to the pump 130. In operation, when the substrate 390 is
loaded onto the mold 301, the pressures pump 130 starts exerting positive pressure, and
the plunger 316 forces the encapsulant compound within the pot 315 to flow into the
channel 325. The positive pressure continuously pressurizing and compacting the
encapsulant compound to fill up the channel 325. When the channel 325 is filled up

with the encapsulant compound, the encapsulant compound flows into the runner



the contents of the pot 315 therefrom The top nold 321 has channels 325
defining along the center of the top nold 321. Each of the channels 325
corresponds to one pot 315. The nold 301 further includes rows of
conpartments 310, forned by corresponding cavities defining on the
surfaces of the bottomnold 311 and topldold 321, aligning to each side of
the channels 325. The top nold 321 further defines runner grooves 326 on

i ts surfacegrbevesf326. dWhdnoihei digapsiBiniebhp6 @R dsachB&Mhe bRdfthed of MR runner
correspondi ng channel 325. [0051] FIG 38 shows a partial |ayout 350 of the
nol d 301 of&rFp\ss 328, therrompeynd flows inte the naws mobst compattnzanes? osucesedingly
encapsul at i . t | C dies 2 ranged in a 3 4
i 1) xes. arbang B8 bt foiting HRINE e coiRind 18, SACRNSE e 1 <)
325 havi ng stopsi wigssl Al thp hifld kempatigeits BibaretflIRd eAehe endpsilig cofboddd;
twelve nold conpartnents 311, located to the left of the channel 325,
havi ng an arrangenent adapted to correspond with the IC dies 392; runner
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conpound, the encapsul ant conpound flows into the runner 13 ‘grooves 326.
When t he enEppesitiys prssssesuwdhingthe meadd chmphrteants ed 0 fiirthéreexertrinme to push

the exposed pad 495 against the bottom surfaces of the mold compartments 410. A

molding compound 480 flows from pots 415 into the mold compartment 410 to fill up
the cavities 411. As the positive pressure is exerting forces within the mold
compartments, the exposed pads 495 are secured against the bottom surface of the

cavities 411 for preventing “bleeds™ of the encapsulant compound.

[0053] FIG. 5a is a cross sectional view of a mold 501 adapted for
encapsulating substrates S90 within one mold cavity 510 in accordance with yet
another alternative embodiment of the present invention. The substrate 590 is a matrix
lead frames type substrate, where IC dies 592 are mounted and wire bonded on a panel
substrate. The mold 501 further defines channels 525, each corresponds to a pair of
cavities 510 via three runners grooves 526 as shown in FIGs. 5b-d. In operation, when
the mold 501 is closed, the pressures pump starts applying positive pressures to the
cavities 510 as shown by the arrows 535. The positive pressures also exerting forces
(as shown by arrows 536) to press the substrate 590 down against the loading bay to
prevent encapsulant compound 580 seep under the substrate 590. As the positive
pressures is exerting on the encapsulant flow, the encapsulant compound 580 fills up
the back end cavities. With the positive pressures, the encapsulant compound 580 flow
is more compact and air, vapors and combustion air are pressed out from the

encapsulant compound 580. Further, the positive pressures reduce the speed



grooves 326, the conpound flows into the rows nold conmpartnents 311
succeedingly as the positive pressure forcing agai nst the conpound fl ow.
The pressures punp 130 stops when all the nold conpartnments 311 are filled
wi th the encapsul ant conmpound. [0052] FIG 4 is a cross sectional view of
a mol d 490 for encapsul ating exposed pdd semiconductors in accordance with
one enbodi nent of the present invention. The nold 490 defines a plurality
of nol d congiffeteiedt tetéddh thE TRwe &ohisi ﬂﬁreﬁazlpr&\@nﬁngmﬁlagﬁﬁg cffie Bedurs Bsdg at e
490 is | oaded on_the bottomnold 411, the exposed pads 495 abut on the
bot t om sur e &alding Reocessy r espondi ng cavities 411. During the die

encapsul ating process, a pressure punp (not shown) exerting positive
pressures toward the pot 415 through the nold conpartnents 410 and vent
grooves 414[0es]shown BiG.&r is awhéabshowihea paet tehvapsiplapSHdned oiva inftittix 1da@- nol d

conpartments 410 further exert force tg push the exposed pad 495 agai nst
t he bott om EHPE seksratsy mPWséﬁ%@a%é%srw%ﬂ@esemh@mAnp pbthginkesentonpetion. 480

flows from ' ol jties
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conpar t ment and proredexpussberpedes. 495 are secured agai nst the bottom surface

of the cavities 411 for preventing "bl eeds" of the encapsul ant conpound.

[0053] FIG 5a is a cross sectional view of a nold 501 adapted for

encapsul at | eseubSt I AP ccirit W AR CerBidinGRY iohe/ pRrk MhuiF QAR e, Wi L

yet another alternative enbodi nent of the present |pnvent|on. he substrate
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and wire bonded on a panel substrate. The nold 501 further defines

channel s 525, each corresponds to a pair of <cavities 510 via three runners
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prevent encapsul ant conpound 580 seep under the substrate 590. As the
positive pressures is exerting on the encapsulant flow, the encapsul ant
conmpound 580 fills up the back end cavities. Wth the positive pressures,
t he encapsul ant conpound 580 flow is nore conpact and air, vapors and
combustion air are pressed out fromthel5encapsul ant conpound 580. Furt her,
the positive pressures reduce the speed 14 differences between the fl ow
fronts, thereby preventing wappi ng ef &€pghsoccurs during the nolding
process. [0054] FIG 7 is a photo showing a cured encapsulant fornmed on a
matrix | ead- frane substrate nol ded in accordance with one enbodi nent of
the presentqyinveqty t red encapsul ant has a
flow front 710 t%%%@%gsf%?@ca@%ﬁﬁ%@ﬁ&%%{%r 85%‘%§1§%§%0t her edges. [0055] In

accordance w th loadingabolshtrarrtiaviige 1gHsesisliTedip uianft Qul S8 fe BbndBd Hetdore
pressure that isldogv\er t han a%(gqressure of injecting of encapsul ant. [0056]
Wi | e speci ¥ 2M8Hh H8YIRE ACaVIRLIPEEIIA causwond sithdbrpatileastene Kidig; it is

under st ood t hat ﬁ@mimg%grmeg irﬁg}ﬂe%g,ﬂ,.vari ations and conbi nations

thereof could be nade to the present Inventi’on without departing fromthe
scope of the i mexémtlingrencdfsuladt aompound itptheaasty farenenssapsing ahd [Q dies,

sem conduct 06\?8 COo riéiﬁ‘?e%h I oadi1 ng a su‘l?'%{ Eate havi.ng .at | east_one | C die
nmount ed and "W e 8558 EICaRtant GRmKo s oW isection agging dhe pestivye
correspond phrisirdshe at | east one IC die; providing positive pressures into

the cavity; extrudi ng encapsul ant conpound into the cavity for
encapsul ati ng t Hermigaghgthe positive pressures; and

curing the encapsulant compound.

2. The process according to claim 1, wherein the positive pressure is continuously

exerting until the cavity is filled with the encapsulant compound.

3. The process according to claim 2, further comprising controlling the positive

pressures before terminating the positive pressures.

4. The process according to claim 1, further comprising sealing the mold fluidly

after loading the substrate on the mold.

5. The process according to claim 1, wherein the positive pressures is a fluid
pressure.

6. The process according to claim 5, wherein the fluid is gas.

7. The process according to claim 6, wherein the gas is nitrogen gas.

8. The process according to claim 1, wherein the mold comprises a plurality of

cavities adapted to correspond with the IC dies.

9. The process according to claim 1, wherein the positive pressures is exerted from

a plurality of location into the cavity.



wherein the extruded encapsul ant conpound has a flow direction against the
positive pressures; termnating the positive pressures; and curing the
encapsul ant conpound. 2. The process according to claim1l, wherein the
positive pressure is continuously exerting until the cavity is filled with
t he encapsul ant compound. 3. The proces§6according to claim?2, further
conprising controlling the positive pressures before termnating the
positive pressures. 4. The process according to claim1, further conprising
seal i ng the mol d _fluidly aftg | oadj ng the substrate on the nold. 5, The
process accHtdi nf& (Hr‘tcleéﬁ [Faor Wﬁefoeﬁlf?‘lmhé Ssrein Vhe sneapsulagt cppaund i d

ressure. wherein the fluid is gas. 7.
P Gextrl&d ﬁiaﬁgf@gmgﬁls{n % gkﬂ) iBtoth@biViy: 9

The process accord ‘ ereln the gas is nitrogen gas. 8. The
process according to claim1, wherein the nold conprises a plurality of
cavities adgpted,to orre ond th the | C dies. The p ch‘il'qc;cess accor di ng

to claiml, er‘éllﬂ T Wgobre%%}ﬂégng & WF?WCW Stéﬁtemhawag.ac y of

| ocation i ngigrali oﬂ@/dléé’moﬂn@ted HRd wﬂé%oﬁﬂ&?ﬁ%&oﬁ‘%ﬁr Qﬁt&s%oﬁl kijgl. wherein
t he encapsul ant conﬁgund is extruded froma plurality of ation into the

cavity. 11. A no}miokbhayipga seity foorloading paidisahsimty, wheteini thenalutyt isrdapitbt rat e
havi ng a pI urall tﬁscﬂ}a nmounted and wire bonded thereon, said
appar at us c8rﬁ?ﬁ %H gl By ng a cavity for |oading said subst rate,

wherein the cavi éyrebﬁr@sq:ﬁ%ﬁ‘ﬂ)r pkévidiak pBSROE fre¥dutdy ihfdahd Caviiyesnd

an encapsulant extrusion port for extruding encapsulant compound into the
cavity for encapsulating the IC dies, wherein the extruded encapsulant compound has a

flow direction against the positive pressures.
12.  The apparatus according to claim 11, wherein the pressures pump operable to
exerts the positive pressures continuously until the cavity is filled with the encapsulant

compound.

13.  The apparatus according to claim 12, wherein the positive pressure is

controllable by the pressures pump while exerting the positive pressure into the cavity.

14.  The apparatus according to claim 11, further comprising sealing member for

fluidly sealing the mold cavity.

15.  The apparatus accordihg to claim 11, wherein the positive pressures exerts by

the pressures pump is a fluid pressure.
16.  The apparatus according to claim 15, wherein the fluid is gas.
17.  The apparatus according to claim 16, wherein the gas is nitrogen gas.

18.  The apparatus according to claim 11, wherein the pressures pump operable to

exert positive pressures into the cavity from a plurality of location.



a pressures punp for providing positive pressures into the cavity; and an
encapsul ant extrusion port for extrudi ng encapsul ant conpound into the
cavity for encapsulating the I C dies, wherein the extruded encapsul ant
compound has a flow direction against the positive pressures. 12. The
apparatus according to claim 11, wherei n'% he pressures punp operable to
exerts the positive pressures continuously until the cavity is filled with
the encapsull@nt Tbempparmaths atSordigetoagipiat dl UshaRbOtdi digapsilaat akthsich pydper ei n
the positive @ ure i cont ol | abl e gy the pressures whil e exert| ng
the positi Vgp%? & {Q, Prydgiegoanse aEta"?ﬂn't‘RP“n nfo theavity Siomy H&“ﬁ’&é@ﬂ@?ﬁ@@ 0
claim11l, further conprising sealing nenber for fluidly sealing the nold
cavity. 15. The apparatus according to claim1l1l, wherein the positive
pressures eX@rtsThyapparguprawsdingso claimp 11 swheréinuthel moldsanyprises 4 lurdlitg of
apparatus accordi tg.claimi15 the fluid is gas. 17. The

appar at us ag%vdﬁlﬁflaﬁgptggt%gg‘irq.?pg%dw&ﬂ&eﬁ(ﬁd%e gas is nitrogen gas. 18. The
apparatus according to claim1ll, wherein the pressures punp operable to
exert positive pressures into the cavity froma plurality of l|ocation. 17
19. The apparatus according to claim11l, wherein the encapsul ant extrusion
port operable to extrude encapsul ant conpound into the cavity froma
plurality of location. 20. The apparatus according to claim11l, wherein
the nold conprises a plurality of cavities adapted to correspond with the
| C di es.



