1 Flow Front and Mold Bleed Control System and Method Field of the
Invention [0001] The present invention relates to semiconductors packaging.
In particular, the invention relates to a molding method and system for
encapsulating semiconductor device withjflow front and mold bleed control.
Background [0002] In semiconductor packaging, multiple IC dies are
generally mounted and wire bonded on one substrate, such as single row

lead-frames, PRjvixHeant kathReAdd el dentity S ead-isaasd 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, whick; g, #asigpegd g correspond with the
substrate layouts, It is possible that the mold is designed to encapsulate
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makers to design a mold having cavities and runners that provide consistent
and balance flow of the encapsulant. Ly £ 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
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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 incomplete filling. 2 [0005] The flow
patterns and speeds are often affected by the following features: die size
and thickness relative to cavity size and height; gate configuration, such as
gate depth, gate angle, top gating or bottgm gating; and die pad size or
down- set of lead frame. However, it is not possible for a single or unique
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the encapsulant compound resin 624 is transferred into the mold cavities
621, the flow of ecﬁgapzl%z;nt compaqund 624 often shifts, lifts or tilts the
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package. Alternatively, the mold cavity can be designed to have an interface
for ada&ting a down-set of the lead-frame die pad for preventing the
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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 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 depthgand 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 ound. 3 [0010] The bleed/flash effect too
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the bottom mold. The vacuum also functions as a media to relax the tape

and aid the purging of air within the mold cavity. However, when the
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Additional cleaning process is required to remove the tape residue. [0012]
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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. 6¢, 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 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
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photo shows that the encapsulant flow front 640 is uneven and defective.
[0014] It can thus be seen that there exigts,a-peed for a simple and robust
way for a method and system that can overcome the disadvantages of the
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one IC oviding positive pressufes into the ca B
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.



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 ongembodiment, the positive pressure
may continuously exert until the cavity is filled with the encapsulant
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process may further comprise sealing the mold fluidly after loading the

subshigg on the Bgld, [ROIRLDaccRrdarae wilblxet anather embodiments o
wherein the positive” pressures may be a fluid pressare. It Is palss?beie fﬁat he

fluidnBHsy pfilgsatiomingmthensayitie Aitio pessipies Bt [ho 20tapsataod rdarmsand is

with @k 6@ theh arphesdifp@rtotag Nk MaY prise a plurality of cavities
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the positive pressure may be exerted from a plurality of location into the
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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
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 angther embodiment, the positive
pressure may be controllable by the pressures pump while exerting the
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embodiment, the apparatus may f rtgrjéer comprise sealing member for fluidly
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the positive pressures exerted by the pressures pump may be a fluid
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location. 6 [00281 Yet, the encapsulant extrusion port may operable to

extrude encapsulant compgQung. into the cavijty from a plurality of location.
[0029] Yet, the mold may cOf ré%s%f’BRﬂ% %’T]B‘aﬂ)’??i’égﬁadapted to
correspond with the IC dies in accordance with one embodiment. Brief
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accompanying drawings, in which: [0031] FIGs! |a: cross sectional
views of a molding apparatus for encapsulating in various operation stages
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present invention;

[0032] FIGs. le-g illustrate a mold layout and an encapsulant flow of the
molding apparatus of FIGs. 1a-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;



molding apparatus of FIGs. | a-d; 10033] 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 pbsine mold afIBIG 63 {DEsEaldKariduls nedpRaetinnal oM dnmalous
for eké:%sulal%gj% gﬁ d pad semiconductors in accordance with another
alternative em AR the present invention; [0036] FIG. 5a is a cross
sectional view of a mold in accordance with yet another alternative
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mol IG. 5a and its enc psulant S in variou stages
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methods; [0038] FIG. 7 is a photo showing a cured encapsulant formed on a
matrix lead frame substrate molded in accordance with one embodiment of
the present invention. 8 Detailed Description [0039] In line with the above
summary, the following description of a number of specific and alternative
embodiments 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 without such specific details. Some of the details
may not be described at length so as not to obscure the invention. For ease
of reference, common reference numerals will be used throughout the
figures when referring to the




same or similar features common to the figures. [0040] The present invention
provides a molding method and apparatus for encapsulating semiconductors
with flow front and mold bleed control. The method and apparatus operable

to provide pressures into mold cavities wigle encapsulant compound is

flowing into the mold cavities. [0041] FIGs. la-g show cross sectional views of
a molding apparatus 100 in varidd&QReamEarisiages in accordance with one
embodiment of the present invention. The molding apparatus 100 is a

multipot molding system adapted to perform transfer molding for
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top mold section and a movable bottom d section will work equally well.
[0042] In FIGs. la-c, the bottom mold section 110 includes a bottom mold

basgoduby hivingmttﬂa&]idwﬁohlﬁwdwmmf #goiﬂé%b ' @Q{&ltgp}aﬁaalsi for
111. A row of. pots 115, alignin ng the center of the bottom mo ,
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exp<?§ﬁ§\9fik£iﬁfbf{ﬁ%&%9c8&m§. bottom mold 111 and a closed bottom

sealed by an upwardly oriented plunger 116 for

[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. 1a. 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. la-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



extruding the encapsulant compound. A plurality of cavities 112, arranging in
rows to the sides of the pots 115, are defined on the surface 119. Each
cavity 112 includes a bottom vent groove 114 extending away from the
corresponding pot 115 towards the sidewgll 118. The top mold section 120
includes a top mold base 127 having top sidewalls 128 for removably holding
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127 is attached to a machinery conveyer (not shown) that operationally
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FIGs. la-c, the molding apparatus 100 further includes a pressure pump
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molding,a tus 100 is configured in.a manper that, when the top mold
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runner grooves 126, the cavities 112 and 1
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. la-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 molding
apparatus 100 is also provided with seal members 150 near its marginal
edges as gaskets for preventing fluid leakage in the fluid path. 10 [0044]
FIG. 2 is a flow diagram showing the proggss of molding substrate in
accordance one embodiment. Details of the process will be illustrated in
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placing substrates in. s 10; soft-closing the molding apparatus 100 in

Crop SIS NS FRoEHEEThe TRMID QA0 PR 2L PRI grmetion
molaith teegatiusil Olihegted Madudeutingeprefieatiad entplasm@mnibstrates in
compayRYgN IR o; SIQQB{B%&}’? SHET0RUERA Sﬁq %@%ﬁﬁ{ﬁg ressure
encapsulant c_ompoung in step 2/ ;%%iremoving encgpsu Z’;\te substrates in

stepPPBw. 1884s sie ifnbaphelete- s molding arnpspios J@8saater 24 evsuding

loadgd-aeatboEAGIkRIR BRRAEIEASES 350D HPifaaRl HURsHAtEuh I k0,
a row af IC dies &1192 attached_and wire bonded thereto. The cayities 112 and .

122 AP R FASERSBT BURRE GHE hitfaitd L oMb AFoS e SPERRsapiser g aiss in
IC dsteft380]0046] Referring now to FIG. Ib, 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-I948kd befor&sérising haek thd'lfottal amlyatien ehsubshatea 2y 00 lapded on
loadgshipaiRdRehogommeid &id And iNRheusaRsHAY FRRRALIY 1890ties 192

loaded in the pots 115, the molding apparatus 100 performs a soft-close or
partFAERFSAAT SHEp bonded greion e b antie die A A2ows astighierrayide one
positieidihg ctheptomsitddoratie A2t asglightlyOdieantct 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
withi046 moldin§efpptnzngsy 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
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 vigithe runner grooves 126. [0047]
‘Referring now to FIG. Ic, where the molding apparatus 100 is closed firmly at

stepp23adpébisvetpassiRaiRNIBalei s patioNAk 2R p2B00HR P Ghose1 16 Wardadoing
the botton(ﬂnol sectg)n 110 the tsealinlgtgembers 150 on the g @ h
sideWals 118 4E0TadTREy aré SSEAHEG B PSP SRR S d 8¢ info the
top wlekhelsd?dn 120 is brought close enough to ensure no fluid leakage.

The pressures pump 130 continues to 11 provide positive pressure into the

fluid path. At step 250, the plunger 116 start moving upward (as shown by
arroff°#8k) to trarRHSFTing BP9t Shtldo it gneluweeridis tiemeriaaimyadsthe

[Ooﬁcaﬁfﬂéﬂﬂ&)ﬁ@%ml 8§50 sthéts @ﬁlﬁﬂ@lﬁi WROGTaAEls I35 OVRG WRWARANERE125 is
enca}H eléant Eﬁound 180 starts fi Imgg ﬁthe channels 125. Once the

channefs 1251 FfERSIANtEeBRAHIS LT RBMBERARE THRPABRARYGS &S undl it
runneaslwhvenol&Gamltdrnnee'acﬂoasd&bynbwbmmmmaiﬁSMrme;ﬂdvmtheFIG

caviies H2 A0t 4ARRS IR Rl Grolia 1605 A the

instead of flowing freely unevenyW| Inthe m par men?s wil

co ntWiéG‘H?Rﬁé‘%‘é?tlwlﬁ?é%W@]&@eﬁé@%M@mem eperieg b:Bdl@d)ressure

fill-upuing B36kwandl ea\ifiesadibwardisiiatdinenflow framiarkB ARy el HE¥ Bvenly
the o[dln process. FIG. If (and FIG. |d) shows that the en(s:m;ﬁsulant

compd; O"ng 8 SIS Pralf ggﬁe%&‘f&%&ﬁ%&%éﬁ?& A thgechieRpsulant
fronmmmdﬂmmwﬁnbﬁdpﬁmmdﬁiﬁldg@hmﬂaﬁ enhgsdaildw fronts 185
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the pressure pump 130 stops Supplying positive’pressure i
moldh"f‘g %@Q}é rompariments.agpdewhen 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.



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

encapusolant CompIGINgk The presssiRicail Reanvf kindmedifiig Hpaatie100 in a
which \ngudes. 9as o Corancs SHEnasfAloacn g8, the, Sfiﬂé’?% Rsent invention.
within the Bavities control the encapsalant compound 16 redee RIEHoW

speddelifetdimgeappiries i finsindeitiaimmobd 3IAbIshitablitiedaptadséat lsycdpsulating

gategilgLanca. tNGLERY IESHERUIRANRRPING piiect, @%&H%ﬂ?xflﬂ 1% top

front. In addition, the positive pressures further compact the encapsulant

comPSithitio sagi iy BErdSIRASE ARPSIRARSALITE the remX clppiodldedfisning aleng
with thneeiber g bowthienibid I3t RIHESSUIRS B AIRXBBHIERSHIMIE 311 for
the sul%strate 190 to 1sittfirrrl}lléwit inéhehmoldz' \éi]ties. When a pro riate, theth
positLAIE DA soubatnd s Fadh #SiiS IR 37eQRENES [mmipPpse on the
durinyrthes: efichp dottm maddSdd npro eidect étvenmosetiot dfytlhe epwapkylam¢nted
comprpdt gk 1 JARRRLFARS SRR AIRTSIRRS PR IR KT IE MAVHMerring
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apparatus 100 in a closed gosmon in accordance with an alternative

embB8iReeHET o dhsradedtitbestion. TRbmerarridkitlabas shame!ndtiaiefining
moldi3Ag Hiitabiy: 3t apseshiRbRNSARSEIAING the BRIFAES338QokBeH AR SBHe pot

is diyided jnto tw , a. bott Id 311 and at mold 321, each havin
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the Ivottespombii 3aditiextixfiviing thr cugbutfredsatfahe MokshBibltbs1tanidiningold
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surface of the bottom mold 311 and a closec sealed by an upward
oriefiOVEiuttferB1E THEURNHEdly dpavagohalmaideemprrithenie JH 3a3he
for tiai@siiing 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 mold 321 has channels 325
defining along the center of the top mold 321. Each of the channels 325
corresponds to one pot 315. The mold 301 further includes rows of
compartments 310, formed by corresponding cavities defining on the
surfaces of the bottom mold 311 and top mold 321, aligning to each side of

the glasiviae 32325 Wik 1 RiRipstianf WEhotRIINER RO ARY HEAMNE LB Hinner
its surface f Iu'dlr);r‘%oining hge mold compartments 310 to the
ALy atiold)

corr8SORAN B3 PSP B pRRAEISY St s P erinely
molds3hi phtiGe parsstine foraig 3edirst ahmodtipwiumbitbaddfie gdssures pump 130
enc latin tr Q.of twelv di 92 arranged in.a 3 by 4
e S L I B S R R TR S B
325 having a circular profile larger than the opening of the pot 315; twelve

molgegesppartmenig;34 is AQ@@&@%E%H& @M&f@%ﬁi@@@k&%ﬁcﬁﬁﬂi%@%xposed
arrang menﬁﬁ%gted, to correspond with the_ IC dies 392; runner grooves

326 RAG S S RAAFEIAs 2l B ErPRstiEnsah YrthisePrershy vention. The
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co en 1 rom the ghannel 325 d the pressures
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substrate 390 is lpaded onto the mold 301, the pressures pump 130 starts
exerttgpbJr @ P senreartmirts it e e 1 aaver e shotpa rdtrow 435.
comibhel pdsitivei prissupst Witliiattomoldtedhpathrniel B2fuirthbedqesitivee to push

presgure_continuo pressurizing and compacting the encapsulant
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the runner
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 590 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 compound flows into the rows mold compartments 311
succeedingly as the positive pressure forcing against the compound flow.

The pressures pump 130 stops when all the mold compartments 311 are

filled with the encapsulant compound. [00p2] FIG. 4 is a cross sectional view
of a mold 490 for encapsulating exposed pad semiconductors in accordance
with Gffereivhastimest ffctiewiRsRR] 1RMEH pRovEthdNAKbAR0 S8R Ars during
plur?{llity of mold compartments 410. The cavities 411 have a depth when a
substfate” i2"858ed on the bottom mold 411, the exposed pads 495 abut
on the bottom surface of the corresponding cavities 411. During the die

enc ting pn : not.shawn).exexting pasitive. . .
pregtﬁgf towardﬁ%sgéstaﬁp{lg&i%%%‘gE‘?hgeéﬁg d ré%a Sp%éarliﬁm%ﬁx%gfa %1?? t{/lé r%%ad-
groolesyubdnshaRldadyinaesrdane Wik peskvbogtmsst rfsheithnsemidnyrstdon.
COMPREHABR SHbLA MHNGE ¥Rl EKeSsiaaRUaEs SNEoXReReF DAk ARSI pact
the bo%\c;)m s(l#;aces f the mold compartments 410. A molding compound
480 HSFEGYSIE SBYROHFE S8 The mold compartment 410 to fill up the cavities
411. As the positive pressure is exerting forces within the mold

com ents, the e ads,495 are secured against the bottom .
o e e RLE Sa U RGRIE] A AR IR provides &
compesiiiiee POOSTE e is ko vierthap gepresetisrid] injesting of enshpSlmiadapted for
encapsulating substrates 590 within one mold cavity 510 in accordance with
yet another alternative embodiment of the present invention. The substrate .
590 [20%88hatrix Ie\é{alﬁa?ﬂ@é%ﬁé‘@ﬂm&,Eﬁ%?@%m%a&%‘%ﬁﬁfé‘d It 1s
and widerkioodlabao nmanyackinged) siiadietickiend) oldrbibHsirihe r dafiiggions thereof
chanpels 525, each corresponds .to a pair of .cayities 510 via three runners
aroo LB HEEE Lt IR IR AR S Bt oo of e
closéetipressures 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 apsulant flow, the encapsulant
compound 580 fills up the back end cavities. With the positive pressures, the
Claims encapsulant compound 580 flow is more compact and air, vapors and
combustion air are pressed out from the encapsulant compound 580.

Further, he positi ressures reduce the speed 14 differences between the
L ABREEHS OB RIEd SN MILHBISGUEEEBBours curing the molding

mmag% slRbicheving e lphatorshuvitie mourest eteapstariesne@eors on a mold
atrix lead- fram § substrate molded in accor%?nce with one embodiment of

having attil@ﬂr‘é%peﬁ?\fw FEd ¥ EORTESRIUh UG thed thdSired encapsulant has a
pfardirentd Jdhthpsumnasengsunp@ciontathpdolidepeteatheprages.itl@®=bLhannel, said

channel BEROLERBCRL 18 156 Gr i P e ST BT, o abrun a respective
runner ar\dV%d@i @ﬂ(ﬂtg&ﬁlﬁiﬂigoﬁmaqnﬁ/happdngd;mﬁm@mﬂd and lllustrgted ltt)ls
naerstood.that many cha moditic ations and combinations
D0 O B B AT o LRy Ao S e AF s s
estopin@fiteeencupsilont &@nﬁ(bamdsfﬂorﬁ egeesifics emcapsitatimgugh a channel and a
runer QA HAE Ko W A B TR COTEP O Mow direction

against tmmwémma&spond with the IC dies; providing an encapsulant compound
conta ned ina h?la a.plunger into a caf/mnel, said channel being external
to the %AWR?% boen‘?%ﬁﬁ?%e&tlgﬂ ith the cavity through a respective

curing the encapsulant compound.

2. The process according to claim 1, wherein the positive pressure is continuously exerted 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 a nitrogen gas.



runner and said plunger being moveably supported by the mold; providing
positive pressures into the cavity and £ annel by a pressure pump; extruding
the encapsulant compound from the pot into the cavity through a channel and

8. The hrodessiac eneriestd alisienthehedith Waaisinithepedsuasdeaeansiifesth a plurality of
. compound_has a flow direction against the positive pressures; terminating

location {gfg ;Jp?fsﬁ?\‘/é%ressures; and curing the encapsulant compound. 2. The

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

9. Tﬁéeﬁ?@dw@tﬁcébmﬁ@/ﬁ&: iﬂéiuﬁ?lwwhéhﬁremrém@sbmﬁlbmr?du@d Therovided from a
.._process according to claim 2, further comprising coptrolling the positive
plurality B ARPEETO/E U0 O Bl cctdBe #2485 process
according to claim 1, further comprising sealing the mold fluidly after loading

10.  AtheolsidptigteranisherroatdpsuldtieyRreesssondootolingdstekaimlingheskimtig of IC dies
pressure. 6. The.process according to claim 5,

ositive pressures is a fluid
mounted g Wife BRVFERFIETEER, A QPRI SORBEIAhg to claim 6, wherein the gas
aimaloitiagay gakatbole ThatyréoeRmaiogosdin glibsolaien Wheybiereie daity is adapted to
sitiye pressures is exerted from a plurality of location into the cavity. 9.
correspo%&wﬁ cﬁ%j§ J:%Sording to claim 1, wherein the encapsulant compound is
a pressdesipiiom for phrowliiy @ppsitb/disresad sintiftacariiogaiians in the mold,

into the cavity. 10. A molding apparatus for encapsulating a semjconductar
o, SRR X U AR L, s AR comm et B gty through 2
channel salchappaatics encapsidingicatimald diavineaideadgt®becapsityriocdogutiogdsading a flow
S substr%\tt% whe[ein the cavity iﬁ adapted to correspond with the IC dies;
direction against thé positive pressures,’wherein
the encapsulant compound is contained in a pot before being delivered to the extrusion
port; and

said pot is disposed on a plunger, said plunger being moveably supported by the mold.

11.  The apparatus according to claim 10, wherein the pressure pump is operable to exert the
positive pressures continuously until the cavity is filled with the encapsulant compound.

12.  The apparatus according to claim 11, wherein the positive pressure is controllable by the

pressure pump while exerting the positive pressure into the cavity.

13.  The apparatus according to claim 10, further comprising sealing member for fluidly sealing the

mold cavity.

14, The apparatus according to claim 10, wherein the positive pressures exerted by the pressure

pump is a fluid pressure.
15. The apparatus according to claim 14, wherein the fluid is a gas.

16.  The apparatus according to claim 15, wherein the gas is a nitrogen gas.



a pressure pump for providing positive pressures into the cavity; and an
encapsulant extrusion port for extrudirlg]encapsulant compound into the
cavity through a channel and a runner, for encapsulating the IC dies, the
17.  Testapdecencrestdan eooaynd havéndm fiewraikertiptnig ®nsideeasitxert positive
ressures, wherein the encapsulant compound is contained in a pot before
pressure 'é’i'i‘?gﬁi?e?ﬁ)@%arﬂmﬁ@e@ LIB}IJ(S)Ifl I0f4H0B%d said pot is disposed on a plunger,

said plunger being moveably supported by the mold. 11. The apparatus

according to claim 10, wherein the pressure pump is operable to exert th
18. The GaR ARSLaraD BB sl T e S AT HHHGRO o SRR to extrude
encapsuleorapeipodnd 2ntdheeanppiatkspg pRIcN gy tof ¢hritickb, wherein the positive

pressure is controllable by the pressure pump while exerting the positive

pressure into the cavity. 13. The apparatus according to claim 10, further
19.  Teempliging Spalingsasabiendordloidisn serplngtbie aidld>easiyn pértldaenprises a channel
. ., apparatus .accor%i]n to claim 10, wherein the positive pressures exerted by
in fluid rBVQ%‘?L‘i'r@ }3’1'1 BRI Pé‘@gﬁégﬂ%‘?rThe apparatus according to claim

14, wherein the fluid is a gas. 16. The apparatus according to claim 15,

wherein the gas is a nitrogen gas. 17 17. The apparatus according to claim

10, wherein the pressure pump is operable to exert positive pressures into

the cavity from a plurality of locations. 18. The apparatus according to claim

10, wherein the encapsulant extrusion port is operable to extrude

encapsulant compound into the cavity from a plurality of locations. 19. The

molding apparatus as claimed in claim 10, wherein said extrusion port

comprises a channel in fluid communication with the cavity through a runner.

Flow Front and Mold Bleed Control Method and Apparatus



ABSTRACT The present invention provides a molding method and
apparatus for encapsulating semiconductors with flow front and mold bleed
control. The method and apparatus operable to provide pressures into mold
cavities while encapsulant compound is figwing into the mold cavities. FIG.
1c for publication.

Flow Front and Mold Bleed Control Method and Apparatus
ABSTRACT

[0057] The present invention provides a molding method and apparatus for
encapsulating semiconductors with flow front and mold bleed control. The method and

apparatus operable to provide pressures into mold cavities while encapsulant compound

is flowing into the mold cavities.

[0058] FIG. 1c for publication.
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