1 Sproutless Pre-Packaged Ml ding for Conponent Encapsul ation Fl ELD %R»BHE
| NVENTI ON Thi,s invention relates generally to the field of i nt egr at ed™*
circukts, and nor e parti cul arl y to the encapsul ation packagi ng of

i nt egr at ed circuits using transfer nolding tech_nl gues. BACKGROUND OF THE
I NVENTI ON I n producing integrated circuits, it is desirable to provide
packaged integrated circuits having plastic or resin packages which
encapsul ate the die and a. portion of the lead frame and | eads. These

. packages have éi?x“d]x Bﬁ‘ﬁ‘b thén
descri bed here. Conventlonal ge%w{dgc nl)cﬁ’gse?ake g%b‘grﬁ:‘gg%ﬁ%‘ya‘t he
physical characteristics of the nol d conpounds. For integrated circuit
package nol ding z 6 onpounds are typically thernpset
conpounds. ThESE=cHTPEHTE F 5% an epoxy novolac resin or simlar
materi al conbi ned W|th a fi IIer such as alum na, and other materials to
make the conpound suitable for m)l ding, such as accel erators, curing
agents, fillers, Ehis myentionl redates generally to the field of integrated circuits, and

more particularly to the encapsulation packaging of mtegrated circuits using
transfer molding techniques. '

- BACKGROUND OF THE INVENTION
In producing integrated cu'cmts, it is desirable to provide packaged
integrated circuits having plastic or resin packages which encapsulate the die
and a portion of the lead ﬁ'aqaé and leads. These packages have been produced
a variety of ways, a few of which will be described here.

Conventional molding techniques take advantage of the physical
characteristics of the mold compounds. For integrated circuit package molding
applications, these compounds are typically thermoset comipounds. These
compoundé consist of an epoxy novolac resin or similar material combined with
a filler, such as alumina, and other materials to make the compound suitable

for molding, such as accelerators, curing agents, fillers, and mold release
agents. |

The transfer molding process as known in the prior art takes advantage
of the viscosity characteristics of the molding compound to fill cavity molds
‘containing the die and leadframe assemblies with the mold compound, which
then cures around the diei and leadframe assemblies to form a hermetic

package which is relatively inexpensive and durable, and a good protective
. package for the mtegrated circuit.
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agents. The transfer nolding process as known in the prior art takes
advant age of the viscosity characteristics of the nolding conpound to fill
cavity nolds containing the die and | eadfrane assenblies with the nold
conmpound, ‘which then cures around the die and | eadframe assenblies to form
a hernetic package which is relatively pnexpensive and durable, and a good
protective package for the integrated clrcuit. FIG 1 depicts the
viscosity characteristic curve of a typical nold conpound., The Y axis
~depicts the visddérty depicki thenpisopsity Tharactexisticr ewrves ehtas tynical jmeld

el apsed fr ti | - pld gd. . T d
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very | ow virppeedents ahé ¢imeeldpsetifadmt 4 geartiizs goint Whdrevheatds apipligds tElge

| asts only a |imted tine period, typically 20 to 30 seconds, then {he

conpound bemeltbeompeimg transitiansosema bigh Nisgpsity 0p hard state te g gatawherne

entire per 'ﬂqlas'very low viscosity after an initial time lapse. The low viscosity stage
lasts only a limited time period, typically 20 to 30 seconds, then the compound
becomes higher in viscosity and begins to set, or cure. For the entire period
the mold compound is heated. The mold compound is thermoset material, so

that afcer Beihg heated for a time period longer than the low viscosity time
period it will cure or set.

Transfer molding operations have three stages which correspond to the
three phases of viscosity shown in FIG. 1. First there is a préheat stage
required to move the mold compound from its hard initial state to the low
viscosity state. Second is a transfer stage, where the compound is low in
viscosity and easily transported and directed into cavities and runners. This
transfer process should be rapid and be completed before the mold compound

begins to set. Finally there is a cure stage that occurs following the transfer
stage. | E

FIG. 2 depicts a conventional single plunger transfer mold press 11. The
press consists of a plunger or ram 13 that is operated under hydraulic
pressure, a top platen 15, a top mold chase 17, a bottom platen 19, and a
bottom mold chase 21.. A fixed head 23 supports the plunger and a movable
head 18 support the top platen, and allows the top platen to be removed for
loading and unloading the mold from the top. Mold heaters 25 provide heat
to the mold in both the top and bottom platens. An automated mold controller,
although not shown, is usually coﬁpled to the press. The top and bottom
platens are steel and receive the stresses of the pressing aperation, both are



t he ol d compound is heated. The nold conpound is thernoset material, so
that after being heated for a tine period |longer than the | ow viscosity
time period it will cure or set. Transfer nolding operations have three
stages which correspond to the three phases of viscosity shown in FIG 1.

"First there is a preheat stage required,to nove the nold. conpound fromits

hard initial state to the low viscosity state. Second is a transfer stage,
where the compound is | Wd'ln viscosity and easily fransported and ditrected

i nto cavit keataddor pravade theipmperatiaiopepdest se pe the érangiey melding

conpl et ed QLfohhe mol d conpound begins to set. Finally there is a cure
stage that dccurs following the transfer stage. FIG 2 depicts a

conventional single plunger transfer nold press 11. The press consists of a
pl unger or ram 13 at | s.operated upder hydraulic pre e, a top.platen
15, a top nold chgié- §743P&°t5c?c Fxpiesl ﬁ?@ﬁ“&g}ddﬁbaée‘-béﬁm-rﬁ)l%t%wﬂ . A
fi xed head DSk 2 MpislVET eI 2 . t p
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the nol d frsuppdré aopairVof dekdfiame AFigy doldimghedre bonded dies and lead
assemblies over each cavity 33. The cavities are formed along the runners 31,
which are cylindrical shaped paths that extend from the mold pot 32 and into
the rows of cavities. Each cavity is coupled to the runners by a secondary
runner 35 which ends in a gate 37, a small opening that lets the mold
compound into the cavity. The size and shape of the gate is critical to the

speed and control of the transfer and filling stages of the molding process.

FIG. 4 is a detailed drawing of a single runner 31 with a single die
cavity. 33 shown. The secondary runner 35 is shown coupling the primary

runner to the gate 37 and to the die cavity 33. Runner 31 is coupled to the
pot 32.

FIG. 5 depicts a cross section BB from FIG. 4. This cross section is
taken across the primary runnér 31 and along secondary runner 35, and
depicts the sloped shape of secondary runner 35 up to the gate 37. The lead
frame 51 of a typical bonded part is shown over the bottom meold chase cavity
and under the top mold chase cavity 34. Die 53 is shown with the bond |
wires 55 coupling it to leadframe 51.

The operation of the conventional single pot transfer mold will now be
described with reference to FIGS. 2-5. To begin a new molding operaticn, the
mold press is opened and the top and bottom mold chases 17 and 21 are
separated. The leadframe and die assemblies are loaded into the bottom mold



to the nold in both the top and bottom pl atens. An aut omat ed nol d
control l er, although not shown, is usually coupled to the press. The top
. and bottom platens are steel and receive the stresses of the pressing
operation, both are 3 heated to provide the tenperature needed to
performthe transfer nolding operation. FIG 3 depicts a typical bottom
mold chase. In FIG 3, a top view of boft om nol d chase 21 is shown. There
are six primry @Enners 31, eac i ort a pair of |eadfrane strips

Wil sup(f 1 mil
hol di ng wicha@sebndba meldscomppoyndhis preheatrd using/ar R/Edreatar pr gthes hepfer
cavities : Uﬁ]g%g whi ch are cylindrical shaped
pat hs tha?d’ezgéece)%%ﬁgr@%?%éﬂ%ﬁ& po E@éﬁé]:rﬁld into the rows of cavities. Each
cavity is coupled to the runners by a secondary runner 35 which ends in a

gate 37, a smal] opening that |ets the nold coppound into the cavity,_ The
si ze and shape e?&meaagbetqogn&m%ate ¢lgsed; bringing the top and bottom mbld -

chases together. The top and bottom mold chases 17 and 21 are patterned to

define a cavity around each die, with the lead frames extending outside the

cavity and a space formed around each die. Several leadframe strips each

having a row of dies 53 which are bonded to their respective lead frames 51 are

placed over the cavities 33 in the bottom mold chase 21. A pellet of resin or
similar material mold compound is placed in the mold pot within the top mold

chase 17. After an initial heating stage to put the mold compound into its low

viscosity state, the plunger or ram 13 is used to begin the transfer phase of the

operation. The plunger 13 is brought down thmugh the top mold chase 17 onto

the mold compound pellet at a predetermined rate, forcing the mold compound
into the primary runners 31. As the runners fill with mold compouhd the
compound will begin filling the secondary runners 35, entering the gates 37

beneath the leadframe and die assemblies 51 and filling the cavities 33.

At the end of the transfer stage the mold compound should fill each
cavity 33, preferably at the same time and before the mold compound begins
to cure. The rate of the downward force brought by the plunger 13 is varied
during the transfer phase to help control the transfer process. Experimental
use of the press 11 with a particular mold and compound combination will
provide the best combination of pressure and transfer speed which can then be
programmed into the automatic press controls to uniformly repeat the process.

After the transfer stage, the packaged parts are cured. Curing _the'
molded parts typically takes 1 to 3 minutes of sitting in the heated mold
without disturbance. The compound cure is fairly rapid and may be enhanced
by adding curing agents to the compound. At the end of the curing cycle the



speed and control of the transfer and filling stages of the nmolding .
process. FIG 4 is a detailed drawing of a single runner 31 with a single
di'e cavity 33 shown. The secondary runner 35 is shown coupling the primry
runner to the gate 37 and to the die cavity 33. Runner 31 is coupled to the
pot 32. FIG 5 depicts a cross section BB fromFIG 4. This cross section

I s taken across the primary runner 31 and al ong secondary runner 35, and
depicts the sl oped shape of secogfary runner 35 up to the gate 37. The | ead
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to other areas where they are separated and trim and form operations
perform_ed on the parts.

There are several critical requirements that are to be met in a
commercially successful package molding operation. The cavities should be
completely and uniformly filled. Using the single plunger mold of FIGS. 2-5
the cavity fill stage is difficult to perform uniformly across such a large mold
using the single pbt and the long primary runners to transport the mold
compound. A problem commonly observed in a single plunger sinéle pot mold
operation using a mold such as shown in FIG. 2 is an unacceptable void rate.

" Voids are areas within the mold cavity that are not filled with compound.
These can be areas where the compound fails to flow or where air or other
materials are trapped and cause hollow spaces in the packaged part. Voids
can be produced if the transfer rate of the mold compound is too slow during

the molding process or if air or moisture is trapped in one or more the cavities
during the transfer stage.

A second critical requirement is that the wire sweep defect rate be
minimized below an acceptable level. Wire sweep occurs as the mold
compound enters the cavity through the gates. The mold compound is dense
and pulls at the fine wires that couple the bond pads of the die to the leads of
the lead frame. These wires will bend under the pressure due to the flow of
mold compound. As an example, suppose that in a typical lead frame and die

. assembly, an avei'age wire sweep of less than 6% is specified. A straight line
from the lead frame lead to the bond pad has a sweep of 0%. So if after



chases. The nold conpound is preheated using an R'F heater or other heater .
before being placed into the heated nold. The top and bottom pl-atens are

cl osed, bringing the top and bottom nold chases together. The top and
bottom nol d chases 17 and 21 are patterned to define a cavity around each
die, with the lead frames extending outgide the cavity and a space forned
around each di e. Several |eadfranme strips each having a row of dies 53
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cavities 3gults in a faulty unit.

Although the wire sweep defect rate which is observed in the single
plunger molding presses is adequate for producing low to moderate pin count
DIP and flat quad packaged devices, as the device pin counts continue to
increase and lead frames become finer in lead to lead pitch, the wire sweep
parameter becomes increasingly critical. While it is possible to build 200 pin
flat quad devices using these techniques, as the pin count goes towards
400 pins the prior art transfer molding presses using a single mold pot will no

longer be economically suitable, due to the low yield and high wire sweep
defect rates.

A further diéadvantage with a single plunger mold and pellet compound
arrangement is that the performance in the two critical areas are inversely
dependent on each other. That is, in attempting to perfect the molding process
using a single plunger molci, it has been observed that steps taken to reduce
wire sweep defects typically increase the void rate, and vice versa. In other
words, if the wire sweep defect rate is lowered, the void rate tends to increase.
The wire sweep rate can be lowered, for example, by slowing the transfer rate
of the mold compound into the cavities. However, doing this tends to increase

“the void rate. Voids can be reduced by increasing the flow rate into the
cavities, but this will tend to increase the wire sweep defect rate.



At the end of the transfer stage the nold conpound should fill each cavity

33, preferably at the sane tine and before the nold conpound begins to

cure. The rate of the downward force brought by the plunger 13 is varied

~during the transfer phase to help control the transfer process.

"Experinmental use of the press 11 with a ,garticul ar nold and conpound
n
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been diverted to other cavities and because the compound is starting to harden.’
As a result, difficult and time consuming fine tuning of each mold press is
required to establish an operation mode which will fil, all of the cavities at an
acceptable rate, during the low viscosity period, without increasing wire sweep

defects to an unacceptable level, particularly for the near and far cavities.

Further, the use of the thermoset molding compound results in a process
where the sprue, flash or waste that is left in the pot, the runners and between
the devices themselves cannot be reused. Thermoset materials can only be
used once in a molding operation, so the excess material must be discarded.

Thus the sprue and waste left in the long runners and in the mold pot cannot
be recycled.

Also, the conventional molding compound acts as a strong abrasive.
Dunng molding, the mold compound is forced out of the mold pot and into the
primary runners. The abraswe nature of the mold compound results in rapid
wear of the mold pot and the runners, and the plunger or ram itself. This

results in expensive rework or replacement of the mold chases on a frequent
basis.

An alternative approaich for reducing the problems known to the single
plunger molding presses of the prior art is to comstruct a multipellet,
multiplunger mold station to replace the single plunger system. A portion of
the bottom mold chase of a typical prior art multiplunger mold is shown in



upwar d under pressure at the sane instant, popping the nolded parts and
sprue out of the bottom nold chase 21. The packaged parts are then renoved
t'o other areas where they are separated and trimand form operations
performed on the parts. There are several critical requirenments that are
to be nmet in a comrercially successful package nol di ng operation. The
cavities should be conpletely and uniformy filled. Using the single:

pl unger of FI 2-5 the_cavity fill stage.is difficult to perform
uni f or.m ;/T%I&g"r o8s Hiachae?ngergPﬂ %l?é’leﬁ@l die cavitiee St exmpednin |RAES:
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FIG 2 is the moldcomppabhd tediedtransferradims and £k thes cawities.n t he nold cavity

that are not filled with conmpound. These can be areas where the conpound
fails to flow or where air or other materials are trapped and cause hol | ow
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moi st ur e iof mokbgethpoundshe The prese is lse e compsledupress thae thatisbéwn it age.
FIG. 2, and has a plunger for each of the mold pots. The plungers may operate '
from the top or from underneath the mold. Each mold pot 69 and the short
runners 67 act exactly as the single plunger mold of FIG. 2 in operation. The
individual plungers are used to start the transfer process, the cavities fill with
mold compound as the plunger is pushed into the mold pot, and the transfer
phase is completed in a few seconds.

The multiplunger mold process has some advantages over the singie pot
molding process. The use of the smaller pellets and the.shorter runs eliminate
the long runners and nonuniform fill times associated with a single plunger
press. The pellets used are smaller and therefore do not require preheating,
as the mold platens can provide sufficient heat to transition the mini-pellets
into the low viscosity state. The wire sweep defect rate can be lowered by
providing exact control of the plunger or ram insertion rate, so that the fill is
done at a speed which prevents voids while minimizing wire sweep problems.

An automated multiplunger press can vary the operation of the plungers
during the transfer stage to obtain optimal results.

The nonuniform fll and wire sweep problems associated with the
cavities nearest and farthest from the single center pot of the single plunger

mold presses are eliminated. Mold compound waste is reduced by the shorter
runners, - '



A second critical requirenment is that the wire sweep defect rate be

m ni mzed bel ow an acceptable |l evel. Wre sweep occurs as the nold conpound
énters the cavity through the gates. The nold conpound is dense and pulls
at the fine wires that couple the bond pads of the die to the | eads of the
| ead frame. These wires will bend under fhe pressure due to the flow of

nol d- conpound. As an exanpl e, suppose that in a typical lead frame and die

assenbl y, an avgerage w re. swee f less than 6% is, specified. A strajght
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wires oft egtation is extremely expensive to manufacture, operate and maintain. The

automation of a press with so many plungers is more complex and expensive
than the single mold press.

In addition to the added costs, the need for many plungers results in a
molding station that has a lower parts per hour throughput than for a
‘conventional single pot mold press. Also. the multiple plunger molding system
requires complex control and loading and unloading mechanisms. The result
‘is that each station has lower overall throughput than a single plunger mold
station, although tighter process control can be achieved. Because the
throughput is lowered, additional stations are needed to maintain the same
relative level of productivity. High productivity is required to kéep the per
unit costs low. The need for additional expensive and complex molding

stations increases the cost aisadvantages for the multiplunger molding
systems.

An alternative is a multigang, multipot mold system. This arrangement
borrows the simplicity of the single pot mold and adds the multiple pellet idea
of the multi-plunger mold by having multiple plungers ganged together and
using multiple pots in the mold chase, each feeding two to four cavities with
mold compound. By reducing the transfer distance it is hoped wire sweep and
void rate problems can be improved. Howéver, tight process control is not
available because the plungers all travel at the same speed and pressure
unless an external controller is installed. So this alternative has the
disadvantages of requiring the mini-pellets of mold compound, while not

providing the highly automated process control of a multi-plunger mold system.



occurs. Alternatively, bond wires sonetines break away. Either condition
results in a faulty unit. Although the wire sweep defect rate which is
6bserved in the single plunger nolding presses is adequate for producing

|l ow to noderate pin count DIP and flat quad packaged devi ces,

as the device

pin counts continue to increase and Iealq) frames beconme finer in lead to
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sweep defects typically increase the void rate, and vice versa. |n other
words, if the wire sweep defect rate is lowered, the void rate tends to

i ncr ease.

Also, both processes require pelletized mold compound. This material
is fairly difficult to produce in the large form, and even more expensive to
produce in the minipellet form. The compound is extrudea into a rod, which

is powdered, and the powder is then pelletized. This is an expensive and
complex manufacturing process. '

Both pellets and mini-pellets are subject to contamination by moisture

and air. It is necessary to perform the molding process under pressure to

eliminate trapped air and prevent the formation of voids. Moisture can become

trapped in either form of pellet. Moisture contamination of the molding
compound can result in additional voids and scrapped devices. Moisture

contamination also contributes to package cracking-during cure and afterwards
to early failure of devices. ' '

U.S. Patent No. 5,098,626, issued March 24, 1992, and entitled "Method
for Packing a Measured Quantity of Thermosetting Resin And Operating a
Mold for Encapsulating a Component", and herein incorporated by reference,
provides another alternative wherein the mold compound is packaged in

individually sealed units. These units each contain mold compound in a

‘quantity needed for a single cavity or pair of cavities for integrated circuit

packages. Each of these units is a bag or tube containing mold compound and
ending in a bulge or sprout. During molding the bulge or sprout is placed at

the end of a runner which feeds a cavity. The sprout is cut and.the mold



The wire sweep rate can be | owered, for exanple, by slow ng the transfer
rate of the nold conpound into the cavities. However, doing this tends to
i*‘ncrease the void rate. Voids can be reduced by increasing the flowrate
into the cavities, but this will tend to increase the wire sweep defect

‘rate. 7 It has been further observed Ehat the wire sweep and void
problens tend to be nore severe as the fdnber of cavities and the distance
of runners increases. Nonuniformfill can occur along a

| engt hy runner
havi ng nmansomspeund ds preasedc aut of thiedsas into théeapity WIindiNéc&@lamdﬂFée fill
rate than the others. The cavity farthest fromthe pot wll tend to fill at
‘the end of P8 Fansfer period, and the rate will be | ower because much of
t he conpound has been diverted to other cavities and. because the conpound
is starting to harden. As a result, difficult and tinme consum ng fine
tuning of each Fbied626 @atentapprpsichds similas tooainshltiplunger mold systese inhi ch

will fill @lllét sor];'mflrh%a%%%ﬁési Enéla c%%pound, each of which are individually loaded,
are provided. - The patent provides a moisture and contamination free
packaging system which can be used with an automated loading system.
However, like the mini-pellets, many of these bags are required for each run.
The abrasion problems are reduced, because the pots and plungers are
protected by the packaging. Also, improved uniform fill and reduced wire
sweep are possible. But the throughput problems and increased expense for
. each molding station remain, and the costs for each press are increased further
by the added complexity. Also, the packaging of the mold compound in small
quantities each in an individual package may lead to an expensive raw
material for molding.

Further, the spouted bags of the ’636 are fitted into the runner openings.
The bags are supplied attached to a tape or spool for continuous feed loading.
However, this particular feature of the sprouted bag containers means that the
bags and the tape or spool must be custom designed for each particular mold,
and 1f the mold design is changed, a different bag design must be used. Also,
the complexity of loading a bag for each cavity or each pair of cavities adds to
the precision and cost of the loading _équipmeﬁt used. Further, the molding
equipment must include a cutter device for each cavity that cuts the sprout of
the bag prior to the transfer stage of molding. |

Accordingly, a need thus exists for a transfer molding system which
eliminates the problems of the prior art transfer molding systems while
retaining a high part throughput rate, low raw material costs, and which is
gimple to operate, maintain, and uses ‘molding stations that are relatively



acceptable rate, during the |low viscosity period, w thout increasing wire
sweep defects to an unacceptable level, particularly for the near and far
Cavities. Further, the.use of the thernpset nolding conmpound results in a
process where the sprue, flash or waste that is left in the pot, the
runners and between the devices thensel ves cannot be reused. Thernoset
mat eri al s can only be used once in a noldng operation, so the excess

mat eri al e gﬂfﬂ £ MuaRg- Tmuﬁe%h%rs%%ugh?ﬂgi ‘{‘%Séo‘?nﬂ) Ble! With"&abQng
runners an n the nmold pot cannot be recycled. so, the conventional

mol di ng csimgbeipdt dransfes moldtpressesator alowea rBmofittingoif dixisting integrsitad
conpound is forced out,.of t nol d : dinto the pLir runners. ,The -
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of can be used with a common mold compound package.

SUMMARY OF THE INVENTION

A system for transfer molding the packages of integrated circuits using
mold compound prepackaged in a sproutless protective package is provided.
The mold compound is packaged in a thin packaging that is sealed at the |
edges, or is made as a seamless bag or tube. The packaging will protect the
mold compound and contain it during normal Eand]ing and storage, but under
‘the heat, pressure, or the combination of heat and pressure of particular
molding processes the package will become penetrable and the mold compound
can Be_'expelled through it. The package is placed in a simplé mold pot or
receptacle, and when the packaged compound is compressed the compound
emerges from the package only at places adjacent to the mold runners during
the transfer molding process. The protective packaging ensures that the mold

compound is free from moisture and air contamination and is easily produced,
stored and shipped.

An improved mold design is used in combination with the packaged
gproutless mold compound inserts. The mold chases include rectangular
receptacles for receiving the packets of prepackaged mold compound. A
plunger is provided for each of the receptacles. Each package cavity is
preferably equidistant from the receptacle containing mold compound,



the bottom nold chase of a typical prior art multiplunger nmold is shown in
FIG 6. Mld chase 61 has several die cavities 63, grouped in pairs.
Runners 67 coupl e each pair of die cavities to a nold pot 69. Gates 65
enabl e the nold conpound to be transferred into and fill the cavities. In
operation each of the nold pots 69 recet es a so called "mni-pellet" of
nol d conpound. The press is a nore conpl press than that shown in FIG 2,

and has a pprovidihgf ohpeaed anfbhmﬁ(?%ﬁ fAPtasd Iﬂ@wﬁi%rf&ercﬁniﬁéteoﬁﬂr@ft gnd rom
the top or from unde a he nol d. Each nold 9 and the short runners
67 act exactavptigs Vi”ﬁé LeHged Yire iyeeemes ¢ontpare tozthentr@pefmmotds ghthe
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has sone advant.ages.,over the single pot noldjng process. The use of the
smal | er pel ?"é‘f‘gl g csimﬁ‘h&u&hﬁrt%frg?‘ﬁﬁgs dprkagas per run is increased because the

mold pots of the single or multiple plunger molds of the prior art are
eliminated, providing additional area for die cavities.

The mold compound is placed inside the mold receptacle within the
protective package, so that the equipment abrasion problems associated with
conventional prior art transfer molding operations are reduced or eliminated.
Since the runners are shortened, the amount of mold compound which is flash
or sprue for each run is reduced, thus reducing waste and lowering production
costs. The improved mold design is compatible with automated loading,
molding and unloading systems for increased automation and improved
throughput. The molding station requires only a few plungers and is
inexpensive to build and maintain. Existi:ig molding equipment may be
retrofitted to use the new system. The mold compound package may be
automatically loaded into the mold chases by using existing autoloading
equipment. Since the mold compound will automatically be delivered to the
runners regardless of the position of the sproutless mold 'compound insert, no
alignment or precise loading equipment is required. Also, since the mold
compound is pushed through the packaging, no cutters or opening tooling are
required. The prepackaged sproutless mold compound system is easily
combined with a process controller to achieve tight process control. The use of
the sproutless pre-packaged mold system with a process controller results in

a mold process with balanced cavity fill, reduced wire sweep and low void
defect rates. |



t he l.ong runners and nonuniformfill t+ines associated with a single plunger
press: The pellets used are smaller and therefore do not require
pfeheating, as the nold platens can provide sufficient heat to transition
the mni-pellets into the | ow viscosity state. The wire sweep defect rate
can be | owered by providing exact control, of the plunger or raminsertion
rate, so that the fill is done at a speed which prevents voids while
mnimzing wire sweep problens. An automated nulti plunger press can vary

t he operation of the plungers durlng the transfer stage to obtain optim
-results. The nonuniformfill and wire sweep problens associated with the
cavities nearest and farthest frontthe S|ngle center pot of the single

pl unger nolk §sBDa>GRE 3 i’ d waste is reduced by the
shorter runners. 9 The dlsadvantages of the mul ti pl unger nol di ng process
are primarily :

FIG. 1 depicts the viscosity characteristic curve for conventional mold
compound; '

FIG. 2 depicts a conventional single plunger mold press;

FIG. 3 depicts the bottom mold chase and runners of a mold used with

the conventmnal mold press of FIG. 2;

FIG. 4 depicts a section of the bottom mold chase of FIG. 3 in more
detail;

FIG. 5 depit:ts a cross section of the runner of the bottom mold chase .
shown in FIG. 4;

FIG. 6 depicts a bottom mold chase and runner of a multiplunger mold;
FIG. 7 depicts a sproutless mold compound package of the invention;

FIG. 8 depicts a bottom mold and chase of the mold system of the
invention;

FIG. 9 depicts a top mold and chase of the mold system of the invention;
FIG. 10 depicts the plunger used with the top and bottom mold and the
prepackaged mold compound of the invention; and '



that «it requires the use of the mni-pellets. The mni-pellet formof the
nol di ng conmpound is far nore expensive per kilogramthan the single |arge
pellets used by the single transfer nold. Also, the nultiplunger nolding
station is extrenely expensive to nmanufacture, operate and maintain. The
automation of a press wth so many plungers is nore conplex and expensive
than the single nold press. In addition 3 t he added costs, the need for
many plungers r tg,in a nol.ding station that ) | ower rts,per, hour
t hr oughput thanelfsgfL” zlc erR}‘étﬁt{}ﬁ*nB &y IRTeRaE ?ﬁﬁréguﬁﬁgscé’.m% ppd ’ﬁ'ﬂp‘?l pl e
pl unger nol divig &Y 8FRT JebHbh RSP Srarsfer ﬁ@ge e%@hdiﬂ% ?E‘é’céé@.' oadi ng
mechani sms. Thé result is that each station has | ower overa t hr oughput
‘than a single plunger nold station, although tighter process control can be
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required todkfeihdsheanbéds dthefwize Shaidat¥d id RBent@@¢gl for additional expensive
and -conpl ex nol ding stations increases the cost di sadvantages for the

mul ti pl unger nol di ng systens.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

* FIG. 7 depicts a prepackaged sproutless mold compound insert 71 in a
first preferred embodiment of the mold compound of the invention. In a first
embodiment, a prepackaged mold compound insert is composed of conventional
resin or resin filler mold compound in a solid form. Alternative molding
compounds may be used, such as liquids, epoxies, adhesives, re%ins in liquid
form, powdered mold compmmd; as examples. The mold compouhd material
may be made ﬁ_'om powdered mold compound or from extruded mold compound
directly, Ieli.minating the need for the expensive pelletizing steps required for
the pellets of the prior art mold compounds. The shape of the prepackaged
mold compound is determined be the design of the mold being used, here a
rectangular pillow-like shape is shown, but any other shape can be used and
should be used to advantage with different mold designs. —

The mold compound material 73 is preferably packagéd in a pre-formed
package 71. Ends 76 are sealed. Top 74 is wider than the mold compound 73
and provides a lip on either side of the mold compound 73. A corresponding

" bottom piece is likewise provided. Top and bottom pieces 74 and 75 are sealed
together at the edges 77 and the top and bottom are also sealed at the ends 76. _
Ends 76 and edges 77 are seals that couple the bottom (not shown) to the
top 74 using, for example, conventional heat sealing techniques for plastic _



An akternative is a nultigang, nultipot nmold system This arrangenent
borrows the sinplicity of the single pot nold and adds the multiple pellet
idea of the nmulti-plunger nold by having nultiple plungers ganged together-
and using nmultiple pots in the nold chase, each feeding two to four
cavities with nold conpound. By reducing_the transfer distance it is hoped
Wi re sweep and void rate .problens can belﬁnproved. However, tight process

control i avai 8408 ' hehe speed
and press P EE%%@ESAEE%(%MI o%? P‘@H er egluss,Ch?énAsP%f%\eb&\c %Ig'lgt’hl S St¥es,
al t er nat i \amdnpresshee dieaksdvarcrimped séals @gni bé mgedhe nini -pellets of nold

conpound,- while not providing the highly automated process control of a
mul ti - plunger nold system 10 Both single plunger and multiplunger nold

presses have ot@gﬂ%v?mgﬁ&kta 8 RyeTaK| W h$ an
abrasive material. T%e nol d po ang Ecﬁgirlg"'r'iaprrary r%gﬁ%rsggge ve an % rasive
force eaclshapes. Foe example, the shapes can include oveid, circular, oval, and others

may be imagined. The mold design and runner placement will determine the
shape of the mold compound insert 71. The insert can be packaged such that
precision placement of the insert into the mold is not necessary; the insert can
be sized so that as the mold closes the insert falls into the proper place,
providing a self aligning feature not available in the sprouted bags of the prior

art. In contrast, the sprouted bags or packets of the prior art require that the
runners and mold compound inserts be carefully aligned.

The sproutless mold compound package of FIG. 7 provides the
advantages of making the mold compound impervious to contaminants such as
water that could interfere with the molding process. Since the prepackaged
mold compound pieces 73 are self packaged, storage and shipping pacldng
materials may be inexpensive and no additional protective layers are needed. |
The protection of the mold coxﬁpound from moisture prevents many of the
package cracking problems and voids associated with moisture contaminated
mold compound. The top 74 may be opaque and may carry labeling
information in text and machine readable forms, such as bar codes or so called
UPC labels. This labeling on the mold compound package 71 provides an easy
‘mechanism for checking that the correct type of mold compound is being used
for a particular packaging operation. Also, the packaging affords the
opportunity to use alternative mold compounds bécause the mold plunger and
mold receptacle or pot are not in direct contaét with the compound.

A critical element to the operation of the molding process using the
prepackaged molding compound is the packaging material. The requirements



press*is operated. These areas wear quickly and the expensive nold chases
must be replaced periodically as a result. Al so, both processes require

pel l eti-zed nold compound. This material is fairly difficult to produce in
the large form and. even nore expensive to produce in the mnipellet form
The conpound is extruded into a rod, whi s powdered, and the powder is
then pelletized. This is an expensive a ‘conpl ex nanufacturing process

,Both peIIets and mni-pellets are subject to contam nation

air. the packaging afothe tmeldrsompoynd deses bamle@stab el SfﬂlfJ I:aen and
| nd f
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Moi sture contam nation also contributes to package cracki ngbdurl ng cure and
af t erwar ds Ppackage| shortddmt@r@ﬁted@ﬁd%or glus, like suhstagses in (be mold dyrigged
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and herein rasnéaireieedptacle.eTheanaterial used in the packaging should not add to
: ionic contamination of the resulting packages, that is the material should not
have an ionic content higher than that of the molding compounds in use in the
integrated circuit packaging art. The material should not melt during the
molding process, so it should have a melting temperature at least
ten degrees Celsius greater than the molding temperatures. Typically, the

material needs to have a melting point greater than 200 degrees Celsius.

Also, the packaging material should only allow the molding compound
to exit the package at selected points adjacent to the runners, and it should not
open prematurely during the preheat phase of the molding operation. So the
seals should not open and emit molding compound prematurely. However,

~ once the edge seals are permeable the mold compound should flow out of the
package with a minimum of resistance to flow. The material should not tear
in normal handling or shipping, but should have the capacity to stretch into
the runners when compressed during the molding process as described above.

' The material should be capable of vacuum sealing and of maintaining the
vacuum during storage. '

Materials which meet these reqmrenients, and are also economical in
use, can be used to wrap the mold compound as shown in FIG. 7. Possible
materials include polymer films, elastomers, synthetic rubber, foils and metal
ﬁlnis, and the like. Although many materials may exist that could meet these
requirements, it is now known that certain plﬁstic films meet the requirements
listed above. Plastic films such as those used in food storage, freezing and



provi-des another alternative wherein the nold conpound is packaged in

i ndividually seal ed units. These units each contain nold conpound in a
~quantity needed for a single cavity or pair of cavities for integrated
circuit packages. Each of these units i-s a bag or tube containing nold

conpound and ending in a bul ge or sprout.gDuring nolding the bul ge or

sprout is placed at the end of a runner %\/ﬁi ch feeds a cavity..The sprout is
cut and the

mol d. compaung. i;s ssed of the: it ity by
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and pl ungeEMATAR™ polyester film, such as for example MYLAR™ 40 XM 963-AT, a
polyéster film for packaging available from DuPont, DuPont de Nemours Int.
S.A, Geneva,' Switzerland; or DuPont (U.K.) Ltd, Maylands Avenue, GB-Hemel
Hempstead, England. Another preferred film is ICI™ polyester film. Similar

films are commercialiy available from a variety of vendors.

Once the approprié.te material is selected, the film should be applied to
the mold compound to create the necessary pac];aged mold compound_ insert.
" The mold compound can be packaged in solid or liquid form. The package can
be made a variety of ways, but one process that has been shown to be
advantageous is as follows. An extruded piece of mold compound is placed over
the bottom piece of film. The bottom piece is wider and longer than the mold
compound. Top piece 74 is placed over the bottom piece of film. Top piece 74
is also longer and wider than the bottom piece. Heating blocks or other sealing’
means can be applied to those areas where the film exceeds the size of the
mold co,mﬁound 73. After the seal is formed, the top 74 is cut outside of the
seals to form the package as shown in FIG. 7. The size of this lip is again
determined by the mold design. If other support means is provided, this lip is
not required at all. The lip can then be eliminated altogether. '

Alternative packages include seamless envelopes thgt are filled from one
end, tubes, straws, rounds, discs, etc. The key points are that the package be
made such that in normal use the mold compound is protected and a vacuum
is maintained, and that the moldirig can be done with the package still on the

mold compound, that is the mold compound is automatically dispensed from
the package.



protected by the packaging. Al so, inproved uniformfill and reduced wre
sweep are possible. But the throughput problens and increased expense for
each nol ding station renmain, and the costs for each press are increased
further by the added conplexity. Al so, the packaging of the nold conpound
in small quantities each in an indivi dualq package may | ead to an expensive
raw material for nolding. Further, the spouted bags of the '636 are fitted

into the runner TeRepgeatulbefkhgparkags TNRS BIG 7t isathe¢hér @ dansed fors OOl
for continuous feed |oading. However, this particular feature of the
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precision and cost of the |oadinhg equipnment used. Further, the nolding

equi pment nELsMO n{ ertArerisgepouitioning @fcthe: sproytlessamolditcomppunghr out

of the bag ' ansfer stage of nolding. Accordingly, a need thus
exists for gé"ﬁygﬁ 1?' rteHG; gl ng system which elimnates the problens of the
prior art transfer rml d| ng systens while

. Alternative means of packaging the mold compound are feasible. A tube
of the plastic packaging material of the preferred embodiment can be sealed
at one end and filled with a piece of extrusion, solid or liquid molding
compound. The tube can be plastic film as described above, or any alternative |
material which meets the requirements for the packaging materials.

Preferably, the package 71 is sealed in the final stages under a vacuum.

This may be accomplished, for example, by sealing the edges 77 and one
end 76, then moving the partially sealed package 71 to a vacuum chamber

* where the seals can be completed. The advantage of vacuum sealing is that it
eliminates voids caused by air trapped in the package. If air is allowed to be
packaged with the mold compound, as the mold compound is pushed out of the
package the air will also be pushed out of the package and into the die cavities,
where voids can be formed as a result. Also, moisture is removed under the

‘vacuum. Moisture contamination in molding compound leads to package
cracking and early device failure.

Whatever means is used to package the mold compound, the sealing
mechanism should be provided such that under pressure, or heat and pressure,
the sealed package will allow the mold compound to escape. However, under
normal handling, the package should be impervious to air, water, ionic
contaﬁnination, and should not burst or leak out the packaged molding
compound. |



retaining a high part throughput rate, low raw material costs, and which is
sinple to operate, maintain and uses nolding stations that are relatively
12 ‘i nexpensive to build. The new system shoul d be conpatible with existing
single pot transfer nold presses to allow a retrofitting of existing

integrated circuit assenbly |lines. The system shoul d reduce waste of nold
conpound and reduce the abrasive inpact the nol d conpound on the

equi pment used. FI@. réeewlepidtdi agpartisheof shdektbrar moldes2nidmpmsiagvat mold ! |
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a thin packag (I:I{] %f w%:ch hasss?e%leggl (%e cav1t1es 85 coupled to primary runners 87 and

 each cavity having a gate 89. A rectangular mold compound receptacle 91 is

provided through the mold chase 81. This receptade 91 is open at the bottom
for allowing a plunger or ram to er_iter the mold chase and to apply pressure
to a prepackaged mold compound insert resting at the top of receptacle 91, to
force the mold compound into the runners and the cavities. A typical mold
system would include two to four of these mold chase pairs 83, so it would
-have two to four receptacles 91, and cavities along both sides of each
receptacle. In some cases, more chases can be used, such as 6 or 8 chases in
a single mold. The number of chases depends on .the mold press.

FIG. 9 depicts a portion of a top mold 92 for use with the bottom mold

_ of FIG. 8 and the prepackaged mold compound of FIG. 7. In FIG. 9, top mold
chase 91 carries top mold cavity bars 93, each of which is providéd with a row

of cavities 95 which are positioned to be placed over the bottom mold chase

cavities 87. Delivery runners 97 are positioned with an outer end which will

meet an associated primary runner 87 in the bottom mold chase, and an inner
end which will lie over the receptacle 91.

FIG. 10 depicts the plunger 101 which is used with the top mold 92 of
FIG. 9 and the bottom mold 82 of FIG. 8. The top of plunger 101 is sized so
aé,f.o fit within the receﬁtacle 91 in the bottom mold 82. The top of the
plunger will compress the plastic mold compound package 71 against the top
mold chase 92 in an even manner along the mold compound package. The top
of plunger 101 is machinedl and beveled to form a tip 103. Tip 103 has two
slots at the sides so that a small area at the edge of the top and sides are



edges, or is nade as a seanl ess bag or tube. The packaging wl|
nol d conpound and contain it during normal handling and storage, but under
the heat, pressure, or the conbination of heat and pressure of particul ar
nol di ng processes the package will becone penetrable and the nold conpound
can be expelled through it. The package ?; placed in a sinple mol d pot or
receptacl e, and when the packaged conpound is conpressed the conpound

ener ges f rwndeﬂebmﬂthgme)md:y sarfadeaa%oadjcﬁmm:et oThitearad eill icumepressiur i ng
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pr epackaged no ound.. A plunger is provided for each of the
Sof Eaql Sittacs

recept acl e? ge cavity is preferably equidistant fromthe
receptacl e containing nold conpound,

protect the

FIG. 11 depicts a cross-sectional view of a die 106, die pad 105 and
leadframe 107 assembly located in a cavity of the mold during the transfer
stage, and the operation oi the mold compound and plunger. The cavity is
formed by the top and bottom mold chase cavities 95 and 85. Also shown is

the mold compound package 71, and the plunger 101 and tip 103, all in cross
section during the transfer operation.

In operation, the prepackaged molding system including the mold
compound package shown in FIG. 7, the bottom mold chase of FIG.8, the top
mold chase of FIG. 9, and the plunger of FIG. 10, operates as follows. The
mold is opened so that the top mold and top mold chase is separated from the
bottom mold and bottom chase and the bottom mold cavity rows 83 may-be
accessed from above. Lead frame and die assemblies are placed over the
bottom mold chases 81 such that a single leadframe and die with its bond
§vires is centered over each éavity 85. A mold compound insert 71 is placed in
each receptacle 91 in the bottom mold. These placements are preferably
performed by an automatic pick and place mechanism, as is known in the prior -
art, but alternatively may be performed manually. The mold compound inserts
are preferably loaded substantially simultaneously across the mold, or almost
g0, so that the totél amount of time they are heated is similar. This prevents
premature curing of the first loaded inserts.

The bottom and top molds may be heated as in the conventional transfer
molding stations, and the heat in the mold itself is sufficient to transition the



13 providing inproved uniformty of fill and allowing for conplete fill of
the cavities with reduced wire sweep as conpared to the transfer nolds of
the prior art. The plunger is inserted and the nbld conpound is forced

t hrough the protective packaging into short runners coupling the nold
receptacle to the cavities. The nunber of gevices packaged per run is

I ncreased because the nold pots of the single or nmultiple plunger nolds of

the prior agdoldr compoundalPdintpr thé diragsfddphhsnakithoen frehedtifgrass thes.
The nol d- conpqund,.is placed insjde the nold receptacle within. the
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conventi 'Onala]é'ﬁ{ijngf qa]rt transfer nol ding operations are reduced or
el i ni nat ed. “or Ace“ihe runners are shortened, the anount of nold conpound

which is flash or sprue for each run i's reduced, thus reducing waste and
| owering production cqQsts. The inprqved nol d design ;s conpatible with
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the top mold chases are brought into contact with the leadframe and die
assemblies and the mold compound packages. Delivery runners 97 in the top
mold cavity bars 93 are now positioned so that the inside ends of these runners
are over the top edges of the mold compound packages.

The mold compound may be heated for a short time to reach the low
viscosity state. When molding smaller packages, this heating is not required
as the heat already in the mold will rapidly make the low volume of mold
compound in the insert transition to the low viscosity state. When the mold
is closed, if the mold compound package is heat sealed as described above, the
seal in edges 77 of the molding compound packages opens, that is, the heat
relaxes the seal so it is penetrable. This relaxing of the seal should occur after |
the mold is closed, and should be fairly complete. If a sealing method other
than a heat seal is used, it should provide a seal that opens in response to
either heat, pressure, or both. The mold is typically heated to a temperature

of 175 degrees Celsius when resin or resin filler molding compound is used in
either powdered solid or liquid states.

After the heat seals are relaxed and the mold compound enters the low

~ viscosity state, the plunger 101 of FIG. 10 is applied. In a preferred
embodiment, the plunger travels 101 through the bottom mold platen and into
the bottom mold receptacles 91, compressing the mold compound packages
from underneath. Alternatively, the mold compound could be compressed from
above, with the receptacles formed in the top mold platen. In this case, the



I nexpensive to build and maintain. Existing nolding equipnent may be
retrofitted to use the new system The nold conpound package may be
automatically | oaded into the nold chases by using existing autol oadi ng
equi pnment. Since the nold conmpound will automatically be delivered to the
runners regardl ess of the position of thezsproutless nold conpound insert,
no alignment or precise |oading equipnment is required. Also, since the nold
conpound i dnperiEenldnbe lapded veith 4bg 49p miastio layert 2+ down, tptrisnadjacent tg ar e

required.. routless _nol d conpounll systemis gasjly
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results in a nmpld process with bal anced cavity %tl a"}%gafggﬁﬁ%n%?gkéﬁg and
| ow voi d dedeicheatgealed, the presyurswibnsuomertheOdaterial i BastladSpen in the
only places where the mold compound can escape, that is, where the runners
meet the receptacle. In other areas the mold compound is compressed against

-the receptacle walls and cannot escape, so the package is not burst open at
those places. |

The sproutless mold compound package is compressed by the acfion of
the plunger and as it is compressed the mold compound package will begin to
push at.: the edges of the receptacle 91. As the only exits available to the mold
compound are the runners 97 in the top mold cavity bars 93, the compound
will pass through the now penetrable heat seal at the edge of the pla_.stic
package 71 and into the primary runners 97. The delivery runners each feed
a primary runner 87 in the bottom mold cavity bars 83. A circular coupling
area at the inner end of the primary runners meets the outer end of the
delivery runners 97, and the mold compound is transferred to the secondary
runners 87. The mold compound then enters the cavities 85 over the gates 89,
and begins filling the individual package cavities 85. Alternative mold designs
could compress the compound insert with mechanisms other than plungers,

such as compreésed air, liquid, rams, screws, etc., and still obtain all the
advantages of the use of the invention. '

The_ advantage of the sproutless mold compoﬁxid packaging and mold
design of the invention is now apparent. The mold compound is delivered to
the mold runners from the prepackaged packaging without sprouts or nozzles
or bulges. No cutting or opening means is required to direct or force the mold
compound out of the packaging. The packaging and mold system has all the
advantages of the sprouted bags of the prior art, but additionally is simpler



FIG .1 depicts the viscosity characteristic curve for conventional nold
conpound; ‘FIG 2 depicts a conventional single plunger nold press; FIG 3
depicts the bottom nold chase and runners of a nold used with the
conventional nold press of FIG 2; FIG 4 depicts a section of the bottom
nold chase of FIG 3 in nore detail; FIG_5 depicts a cross section of the
runner of the bottom mold chase. shown if¥I1G 4; FIG 6 depicts a bottom

nmol d chase femdoadingeandfmgldingt Apda,rther mobd comipdBind’ inkeptscean hesmadet iress
nmol d conpo of .t he invention;, FIG, .8 depicts bot.t om puol d .and
chase of tb\%q‘r”rgﬁa%&zﬂg?se@%?e tth%ql FipBRund, ig ay 99315 §e1}v6a|5e dthgd
chase of thenfierd ifytHetarebet Plickd) e hlipAm \&HdEn i used
with the top and bottom m)I((:j gng t he prlepac%tgg%b?r%‘lqgé)zzonpo%gg ?ﬂgis

i nventi on; ngeded, and a single size and shaped mold compound insert of the invention
can be used with many different mold designs without modification.

The sproutless mold compound insert of the invention provides many
advantages in addition to the ones mentioned above in enabling flexible mold
design. The mold éavitié_s of FIGS. 8 and 9 depict runners intersectihg the
mold receptacle from a perpendicular direction. Alternatively, the ends of the
mold receptacle could also supply runners from the sproutless package. The
sproutless package could be made rectangular, round, oval, or serpentine as
required by a particular mold design. The width to length aspect ratio of the
compound packaged is totally flexible. The cross section is also widely
adaptable. Additionally, the seam that is used to seal the mold compound
insert can be minimized or reduced to nearly zero width, and if a seamless

tube is provided it can be eliminated; depending on the materials and sealing
process chosen. '

FIG. 11 shows a cross sectional view of the transfer stage of the molding
process. The operation of tip 103 can be seen, as the plastic package sides are
compressed into the slots machined into the plunger 101 so that the
compression can continue without interference. The compound travels into the
delivery runner 97 ,.then into the primary runner 87, over the gate 89, and into |
the cavity 108 formed by the top and bottom chase cavities 95 and 85.

After the cavities are filled with the compound, the molding process
continues as a conventional transfer molding process. A curing time may be
required.to complete the packages. After the pai:kages are cured, the top mold
is moved away from the bottom mold. Small release plungers, not shown, are



15 FI.G 11 depicts the plunger, prepackaged nol d conpound and nold cavity
In cross section during the transfer stage of the nolding process.
Correspondi ng nuneral s are used for corresponding elenents in the draw ngs,
unl ess otherwi se indicated in the text. DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS FI G 7 depicts a prepackaged 2proutl ess nold conmpound insert 71
in a first preferred enbodi nent of the nold conpound of the invention. In a
first enbodiatbrated abqormﬁhc mmi'dsvhddcwmg@dtﬁmwcka'gsd cdnmaasedrm the

ti onal fillep npld i d
A Ler nat | veEaBREn ok BBt B DAat 6 a6leased Arom %Sqiﬁe'grs aﬁé@b@smold

adhesi ves, Rshdiind gma g|7q &K Bﬁy’% %Bh The

nol d corrpour?gﬁﬂnat er?aa % 1e ndgjee m por ergdﬁqﬂ%&% %%g%n ‘or flﬁ00 '

extruded noisdeonypdu r'ialmneedcm sleamitheirecdptade 9ecamd tite phingend 0dxip gnexitlse

e Shane rehiiB HeERL B hOlAREASY t vahtion selves to folath the planger
and the receptacle from the mold compound.

The plungers 101 are easily controlled with a variable rate of
compression to achieve a tight process control parameter during the transfer
phase. This leads to uniform fill of the cavities, which are evenly spaced and
equidistant from the source of the mold compound, and the transfer speed can
be controlled to eliminate voids while minimizing pad tilt and wire Sweep
defects. The transfer speed and transfer pressure can be controlled by fitting
an independent process controller circuit to the mold system to allow

multi-step, variable speed and variable pressure capability. This equipment
can be retrofitted to an existing mold press.

An advantage of the prepackaged sproutless mold system of the
invention is that is provides balanced fill capability. It can be seen that each
primary runner 97 and secondary runner 87 is the same length. Also, because
the cavities are all equidistant from the source of mold compound,
receptacle 91, the problems of nonuniform fill and wire sweep associated with
the single pot mold systems of the prior art are eliminated using the molding

system of the invention. The design allows balanced cavity filling to be -
achieved.

Further, because the mold compound is prepackaged in a protective
package, the mold receptacle 91, the plunger 101, and to some extent the
primary runners 97 are protected from the abrasive mold compound, so that -
the wear rate is greatly reduced. This results in longer mold life and reduced



mol d eonpound is determ ned be the design of the nold being used, here a
rectangul ar pillowlike shape is shown, but any other shape can be used and
shoul'd be used to advantage with different nold designs. The nold conpound
material 73 is preferably packaged in a pre-fornmed package 71. Ends 76 are
sealed. .-Top 74 is wider than the nold conpo2éd 73 and provides a lip on

ei ther side nd.73. A.correspondi ng,bottom piece is .
i kew se. pr dopairdidBedlaba By Bhort el (RO LEE SR ARG wlola sbkhbf i JerReine.,
t he edges 7thanthitkestt op and bottom are al so seal ed at the ends 76.. Ends 76

and edges 77 are seals that couple the bottom (not shown) to the top 74
usi ng, for exanple, conventional heat sealing techniques for plastic 16

packagi ng. Alternatiye 244 | haues such as ul trasonic seal s,
adhesi ves, and p'ggsés?érg se% S%O%S§${%gaa%859€‘e€aﬂgf%“@§8dquq R afithes 1o
the package inkvehtion, thd amilddecéptacte 81daRada Phall ArhAust of area compared to
the large single pot and primary runners of the single pot transfer molds of the
prior art. This is an advantage in that additional space is available for cavities

and additional units may be molded during each run. The density for the
system is imiproved over the prior art. |

The mold design and mold compound package is also compatible with
existing autoloading systems for transfer molds, so that the prepackaged
molding system may be retrofitted into an existing automated transfer mold
assembly line for a reasonable cost. The plunger design and mold design
results in a need for two to four plungers per mold, which is cheaper to build

and maintain than the multiple plungérs needed for a mini-pellet multiple
plunger system.

Further advantages are that the mold compound packages are
reasonable in cost and may be produced in volume for a lower price per
kilogram than the mini-pellets required by the prior art or the multiple
packets required by the sprouted bag encapsulation system. It is believed that
as the volume increases the prepackaged mold compound inserts of the

invention may be produced at a price similar to the pellets of the single pot
molding systems of the prior art.

Because the throughput rate of the prepackaged insert mold system is-
high, the number of stations required for a particular throughput rate is lower
than the multiple plunger stations used with either the mini-pellet of the
sprouted bag encapsulation systems of the prior art. Accordingly, the capital



shapes. For exanpl e, the shapes can include ovoid, circular, oval, and

ot hers may be imagi ned. The .nold design and runner placenent wll determ ne
the shape of the nold conpound insert 71. The insert can be packaged such
that precision placenent of the insert into the nold is not necessary; the
insert. can be sized so that as the nold clposes the insert falls into the
proper place, providi a self aligning feature not avallable I n the

spr out ed bawts)reqme%%? gehigve a p preductivatys level aralless ghap either oft s
of the pri to that the runners and nol d conmpound inserts be
careful ly agF%%e&hﬁﬁﬁgﬁgﬁroutless nol d conpound package of FIG 7 provides
t he advantages of making the nold conpound i mpervi ous to contani nants such
as water that could jnterfere wt fh? Idlng process. Since. the

" prepackaged nol dA09tReTAdvantageds gl cgwm@ag@dsys&@@rqiébedﬁaegﬁpap. ng

packi ng mat j | S
- are needed. ‘gh%sr @ﬁg*}xﬁ'@%@?ﬂﬁ{e ogﬁﬂgrrpou r %ﬁn%%gﬁg}épﬁ/eﬁ%{@mny
of the packéiye recepticled ptothecemrities 850‘[1‘&9 aiﬂﬁﬁﬁt of ﬁﬂ)ldvcmhpmnd fleftdn the

contam nated nold cqnpound. . The,t op, p que and carry | gbeling
i nf or mati onPPRCH RAC ??eR:PF ﬁél g B‘Er lupges SBraR;
call ed

- almost all of the compound is transferred from the plastic package to the -
runners. The amount of sprue or flash left in the runners is far less than a
single pot transfer mold and somewhat less than the mold compound waste

resulting from a multiple pot multiplunger system.

While this invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting
sense. Various modifications and combinations of the illustrative gmbodiments,_
as well as other embodiments of the invention, will be apparent to persons
skilled in the art upon reference to the description. It is therefore intended
tﬁat the appended claims encompass any such modifications or embodiments.



UPC labels. This labeling on the nold conpound package 71 provi des an easy
mechani sm for checking that the correct type of nold conpound is being used

f'or a particul ar packagi'ng operation. Al so, the packagi ng—affoerds—the—

opportunity to usé alternative nold conpounds because th r and-
nol d receptacle or pot are not in direct contact with thium ﬂ'm"ml :
critical elenment to the operation of the 28l ding process L w i

prepackagemmm t he packagi ng material. The requirenents

17 for the packaging of the nold conpound have been established for an
integrated circuit assenbly process using industrial standard requirenents

for nol di ng conmpoundg ﬁiéﬂné@for@iﬁab@aﬂ&'ﬁﬂg“?:tb@hﬁ%ﬂ%ﬁ&ﬁiﬂieé& fdme chﬂs&

The package shoul d not.create residue or glue e substances Int nol d
during nol assemblies, gewprising thsatepsafagi ng shoul d not contaninate the nold

runner's or - recept ac it ; ey 't eiol 1S cRAG 2450k UL Bilorddd 1O
‘mold chase; '
~ providing a mold compound receptacle spaced apart from said
bottom die cavity regions, for receiving a mold compound insert;
providing a plurality of runners coupling said mold compound
receptacle to each of said die cavity regions; ' -
proyiding a plurality of top die cavity regions each corresponding
to a bottom die cavity region is said bottom mold chase; |
placing a plurality of leadframe and die assemblies on said bottom
mold chase such that each of said bottom die cavities receives and supports an
integrated circuit die coupled to a lead frame by bond wires;
placing a mold compound insert in said mold compound receptacle;
placing said top mold cavities over said bottom mold cavities such
that the top and bottom mold cavities are brought into contact, the leadframe
and die assemblies lying between and within the top and bottom die cavities;
compressing said mold compound insert such that said meold
compound exits the mold compound insert and begins to move into said
runners; and '
continuing to compress said mold compound insert until said mold
compound transfers into said runners and fills each of said top and bottom
mold cavities with said mold compound;
| wherein said mold compound insert comprises mold compound
packaged ina sproutless packaging, the sprdutless packaging being burst open
where the runners intersect the mold compound receptacle by the pressure
caused when the mold compound insert is compressed.

S
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i oni ¢ contanination of the resulti ng packages; that Ts the material shoul d

not have an ionic.content higher than that of the nol ' gy use
Pn the integrated circuit packaging art. The ndteri al ﬂllﬂl“ﬂlﬂ“j[ﬁ““l‘
during the nolding process, so it should have a nelting tenperaturse at

| east ten degrees Cel sius greater than the nolding tenperatures. Typically,

the material needs to have a.nelting poi B greater than 200 degrees

Cel sius. Al so, $he ppRKadbihd Bt €Nafth fqué&iﬂ@%%%kwwﬂaeﬁmgianﬂmxd

conpound to exit the package at select éd points jacent ‘to the runners, -
and it shocdmpennd dpeertpfurblpen cemprisesithg step ofr provadingha sprovitlessemetd di ng
operation. So the,seal houl.d not open and emi t..nol di ng conpound

or emat ur el §OPSHRY dpse r@%‘cﬁﬂé %&@gggé?sa g]raég‘ﬁeﬁlﬁbabl e the nold conpound
shoul d flow out of the package with a m nimumof resistance to flow. The

material should not tear in normal handling or shipping, but should have
the capacity to3streflkie mmethodhefrClaim 2,wwhereimmsad set¢pdof i prgvidieg ndl di ng

Ceal i ng andPETase ool ooyl wRkSE ReRkadeiCRL R oSt B Brthier BRI reet
these requithe sty of prvitdiaga Aldl@ ceARRARGsikcd Eovered in a plastic film that has
a heat seal, said heat seal becoming penetrable during the molding process,
such that the mold compound exits the plastic package through said heat seal
in response to said compressing step.

4.  The method of Claim 1 wherein said step. of providing a mold
compound insert comprises providing a thermoset resin packaged in a

sp_routless package.

5. The method of Claim 1 wherein said step of providing a mold
compound - insert comprises providing a thermoset resin packaged in a-
sproutless plastic film,

6.  The method of Claim 5 wherein said mold compound comprises
a thermoset resin packaged in a sproutless plastic film that is heat sealed at
the edges. ' ' '

1. The method of Claim 1, wherein said bottom die cavities are
coupled to said runners by gate regions, said gate regions restricting the flow
of said mold compound into said cavities such that the fill rate of said cavities
with said mold compound is a predetermined rate. '

This Sheet Has Been Replaced
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use, can be used to wap the mold conpound as shown in FlG—7—Pessible—
materials include polyner filns, elastoners, synthetic rubber;, foil S’;ﬁﬂd

metal films, and the like. Al though many materials may nﬁmmll
nmeet these requirenents, it is now known that certain !

the requirenents |isted above. Plastic fiRBgs such as t hdse“used 1 n food
storage, freezing and 18 preparation, are particularly well suited to
this applicatiors. TherHeeidetiié BPCHIm $! HERM; irg :

. nmoisture and air _barrier requi re_rrents_"f or t esﬁl;@a%égo@fn%gﬁﬁgﬂga%éggﬁﬁbngare
al | met by aphbirality of rumhersf ¢aupling saifd mosldecusnpeurahdecepsacle to pack bfisaidind

i such 98 FoVeE, it \oRviee Rk o aolerally oofl yEaners thek adh

packagi ng astiiskadniall rsq(ﬁamaom BesH ! ag;
Swi tzerl and; or DuPoer\_t U. K) I_I%gc.it,mlvayl gﬁgg“ﬂg\g@g\ﬁﬁgﬁ&ﬁi@n@@ rrpg%ﬁegld%

Engl and. Arkavies b9 saisk meld receptacles @ fubstanpimllyesquadistahin  Sini | ar

t

9. The method of Claim 3, wherein said step of providing mold
compound. packaged in said plastic film comprises pfdviding an abrasive
material, said plastic film isolating said abrasive material from said plunger
and said receptacle.

10. An apparatus for encapsulating integrated circuit devices,
comprising: . .
a top mold platen supporting at least one top mold chase;
a i)lurality of top die cavities within said at least one top mold
chase; , '
a bottom mold platen supporting at least one bottom mold chase,
said top and bottom mold chases being engageable with one another; ‘
a plurality of bottom die cavities within said at least one bottom
mold chase, each corresponding to one of said top die cavities;
| a plurality of integrated circuit die and leadframe assemblies
positioned within said top and bottom die cavities such that each die is
centered over one of said bottom die cavities and covered by a space defined by
the corresponding one of said top die cavities; _
at least one mold receptacle containing a sproutleés mold
compound insert; _ |
runners associated with each of said bottom die cavities coupling
said at least one mold receptacle to said bottom die cavities;
gates associated with each one of said bottom die cavities and
positioned between said bottom die cavities and said ruxiner;
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filmg are commercially available froma variety of vendaors.  Oncethe——
appropriate material is selected, the filmshould be applied to the Fﬁﬂd

conpound to create the necessary packaged nold conpounglmmﬁl“ d
conmpound can be packaged in solid or liquid form The de a

vari ety of ways, but one process that haszpeen shown t o *beadvant ageous is
as follows. An extruded piece of nold conpound is placed over the bottom

piece of film The boaiqgaﬁieﬁ@dlﬁng&dehsma@%&htm dthRalP! che” paBRuUNd.
Top piece 74 is placed over the bottompiece of film Top piece 74 is also

| onger and neéceptaclhafort appliyistg pregsurecto Haid ispyottlessk nald conipoursk dhsernt
means can be. lied to those areas where the filmexceeds the, size of the
nol d conpouffduiis, sﬂ%[ ggce[gt@éclg,eap | SPFQitless mold FQ*BW‘P&S‘”@WR Bﬂ{'é% 19y
the seals t t C Surts ¥ ol Sé ' b gl S
agai n det erg?g ed -byﬁ&teﬁgangllzaé des?ﬁ&%%{a%d gto 5133 ug@pgﬁfl?nn%&égséﬁrgﬁgﬁsv?%dgg,
this lip iscompounndinsent heingpushetriato ispid runnésmand ewdritnalip filling saidydieher .
Al ternative kages, ncl ude seanl gss_envel opes.that ar illed fromone
end, tubes, “8Y with mgld compeund, suchy aﬁéﬁ‘%dph?g}'agﬁ‘";ec?ﬁ q”Stﬂ’é* age
be made sucleddffamien aBseriblies! e t Sgcafhulated RAVRAbIA Scihphaid Gdspoltkite viRcuUM

pressure applied by said at least one plunger. -

11. The apparatus of Claim 10, wherein said sproutless mold
compound insert is packaged in a plastic film.

12. The apparatus of Claim 11, wherein said sproutless mold compound
insert is packaged in a plastic film that has a heat seal which becomes
penetrable during the molding process such that the mold compound exits the

plastic package through said heat seal in response to the application of said
plunger.

13. The apparatus of Claim 10 wherein said sproutless mold

compound insert comprises a thermoset resin mold compound in a package.

14. The apparatus of Claim 10 wherein said sproutless mold
compound insert comprises a thermoset resin packaged in a plastic film.

15. The apparatus of Claim 14 wherein said sproutless mold

compound insert comprises a thermoset resin packaged in a plastic film that
is heat sealed at the edges.
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I s maintained, and that the nolding can be done with package sti II

the nol d conpound, that is the nold conpound i s automaty
fYom the package. 19 The key feature of the package m \ml
there is no need for a nozzle, top or sprout. The nold cenpourtd i*s packaged

such that it will |eave the package under %orrpresm on during the nol ding
process. As will be shown bel ow, the m)l onmpound will automatically exit

the package at fBe r Qheeigparatudef Gldif) 1B whereipr Gl POt did magsmfret he
sprout | ess nol d _conpound package is requi red. Alternative neans

packagi ng toupled! @ sufomneraby gatgsragions ﬁ(hldbé’esiﬂ'lqtﬁbepﬂ%tﬂf @avbémﬂé. ng

Wi o pi ckenpuBUrsEh s AR RN ARl B BRAH 4 ﬁ%’l‘ﬁﬁ@f’f‘fﬂ‘gﬁbu%%hiin |

_ be plasticpidlireorspsiast is hgtedéieymined raty, al ternative

17. The apparatus of Claim 10, wherein said plurality of runners
coupling said mold compound receptacle to each of said die cavity regions are

"each substantially equal in length such that the distance from the bottom die
cavities to said mold receptacles is equidistant.

18. ° A sproutless mold compound insert for encapsulating components
in a molding process, comprising:

a piece of extruded mold compound;

a top piece of material wider and longer than said piece of
extruded mold compound and placed over said extruded mold compound;
' a bottom piece of material wider and longer than said piece of
extruded mold compound and placed under said extruded mold compound;
a seal between said top and bottom piece of material at the areas
wider and longer than said piece of extruded mold compound;

wherein said seal is formed under a vacuum such that said
sproutless mold compound insert contains a vacuum, and said mold compound

is released from said sproutless mold compound insert when said sproutless
mold compound is compressed during molding.

19. The sproutless mold compound insert of Claim 18, wherein at
least one of said top and bottom piece of material comprise a plastic film.

20. The sproutless mold compound insert of Claim 19, wherein said
plastic film comprises a Mylar™ film.

\\\
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mat eri‘al which neets the requirements for the packaging materials.
Preferably, the package 71 is sealed in the final stages under a vacuum
This may be acconplished, for exanple, by sealing the edges 77 and one end
76, then noving the partially seal ed package 71 to a v nﬂmaml\mm
the seals can be conpleted. The advantage o{zvacuum segﬂml

el imnates voids caused by air trapped int e package It afr Ys"lfowed to
be packaged with g4ihe S

t he package the aélr w"ﬁéjgf@ygéﬁagﬁ%%&&%?? #q{)%e pac gﬁl‘g %lgr)igﬁ &glgléhled)d ie
cavities, whslastivdilos coamprtised an T Isfilmr esul t. Al so, noisture is renoved

under the vacuum _ Moi sture contam nation in nolding c'orrpound | eads to
package cracking and early devi ce fail ure What ever nmeans is used to

package the nold gpnp ‘?%aﬂ i i :
t hat under pressu%, g?H pressure 1%%%%@5?@38%’%&?@%%%
the nold conmalrisl'athleatmbéhat—bmsam rasptnrsertorh!mlhdﬁmfld tigansférempht kage
shoul d be inpervi-ous to air, water, ionic contam nation, and shoul d not

burst or |eak out t he packaged nol di ng conpound.
23. The sproutless mold compound insert of Claim 18, wherein at

least one of said top and bottom pieces of material has a melting point of
greater than about 200 degrees Celsius.

24. The sproutless mold compound insert of Claim 23, wherein said
at least one of said top and bottom pieces of material is a polyester film.

/
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20 FIG 8 depicts a portion of a bottomnold 82, conprising a nold chase 81
for transfer nolding integrated circuit packages such as for exanple D P
or flat quad type high pin count integrated circuit packages, using the
nmol.d conpound package of FIG 7. Bottomnold 81 holds two cavity bars 83,
each of which has several die cavities 85 couygled to primary runners 87 and

o ovi ded b ongh IRETHERS BREEAGERCAT DM fouf RN St g ron

bottom for allow ng a plunger or ranlto nDId chase and to apply
pressure to a prepackaged nold conmpound insert resting at the top of
receptacle 91, to force the nold conpound into the runners and the

cavities. A typical Awvhethogandrapparatus for enbapsulating mmtegfateﬂesmumbdm and
chase pairs 83€1§S§§r it woul d

f our recept acl 91, and,ca
al ong both sid am& Bsyere t?tlpé'el)? SRIOULIESS 1o %B%‘éméaﬁs‘b‘% s
used, such as 6plgteirtAFe@angilar receptacle 91 in a bottom mold chase 81. The receptacle
is coupled to a plurality of die cavities 85 by runners 87. Leadframe strip
assemblies containing leadframes, integrated circuit dies, and bond wires
coupling the leadframes and dies are placed over the bottom mold chase 81
such that the integrated circuit dies are each centered over a bottom mold die
cavity 85. A top mold chase 90 is placed over the bottom mold chase 81 and
the mold compound package 71. The top mold chase 90 has die cavities 95
corresponding to those in. the bottom mold chase 81. The mold compound
insert 71 is preferably packaged in a plastic film 75 which has heat sealed
edges 77. The mold compound is forced through the package 75 and heat
seals 77 during the molding process by the pressure applied by a rectangular
plunger 101. The sproutless mold compound insert is packaged so that the
mold compound will exit the packaging only where runners intersect the
receptacle. The sproutless mold compound insert requires no alignment or
cutting tools within the mold station. The plunger is applied using variable
speed and pressure to control the rate the mold compound fills the cavities in
the top and bottom mold chases, theréby aveiding voids in the completed

packages and minimizing wire sweep of the bond wires of the integrated circuit
assemblies.
FIG. 11
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a single nold. The nunber of chases depends on the nold press. FIG 9
depicts a portion of a top nold 92 for use with the bottomnold of FIG 8
ahd the prepackaged nold conmpound of FIG 7. In FIG 9, top nold chase 91
carries top nold cavity bars 93, each of which is provided with a row of
cavities 95 vwhich are positioned to be placed over the bottom nold chase
"cavities 87. Delivery runners 97 are pog#}ioned with an outer end which
will nmeet an associated primary runner h the bottom nol d chase, and an
inner .end which will lie over the receptacle 91. FIG 10 depicts the

. plunger 101 which is used with the top nold 92 of FIG 9 and the bottom
nold 82 of FIG 8. The top of plunger 101 is sized so as to fit within the
receptacle 91 in the bottomnold 82. The top of the plunger will conpress
the plastic nmold conpound package 71 against the fop nmold chase 92 in an
even manner along the nold conpound package. The fop of plunger 101 is
machi ned and beyeled to forma tip 103. Tip 103 hps two slots at the sides
so that a small ar the edge of the top and s|des are :

L
Fro. A
(fetore A7)
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21 spaced beneath the top surface a short distance. This area will conpress
agai nst the sides of the plastic package 71. As the plastic package 71 is
conpressed with the plunger 101, the plastic can deforminto this spacing
and conpress further wi thout holding the top surface of the plunger away
fromthe top nold surface. FIG 11 depicts a cross-sectional view of a die
106, die pad 105 and | eadframe 107 ass y | ocated in a cavity of the nold
during the transfer-stage, and the ope ilon of the nold conpound and

pl unger. The cavity is formed by the top and bottom nol d chase cavities 95
and 85.. Also shown is the nold conmpound package 71, and the plunger 101 and
tip 103, all in cross section duging the transfer operation I n operation,

t he prepackaged nol di ng systemincluding the nold conpound package shown in
FIG 7, the bottomrnold chase of FIG 8, the top nold chase of FIG 9, and

t he pIunger of FIG 10, operates as follows. The nold is opened so that the
tep nold and top nold chase is separated fromthe
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bottom nol d and bottom chase and the bottomnold cavity rows 83 may be
accessed from above. Lead frame and die assenblies are placed over the
bottom nol d chases 81 such that a single |eadfrane and die with its bond
*wires is centered over each cavity 85. A nold conpound insert 71 is placed
in each receptacle 91 in the bottom nold. These pl acenents are preferably
performed by an automatic pick and plagg mechanism as is known in the
prior art, but alternatively nay be p€rforned nmanually. The nold conpound
inserts are preferably | oaded substantially simultaneously across the nold,
or alnobst so, so that the total anmount of tinme they are heated is simlar.
This prevents premature curing of the first | oaded inserts. The bottom and
top nolds may be heated as in the conventional transfer nolding stations,
and the heat in the nold itself is sufficient to transition the 22 nol d
conpound 73 into the transfer phase w thout preheating, so the
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preheating step required with the prior art single pot nolding press is
elimnated. After the bottom nold chases are | oaded and the nol ding
conmpound packages are in place in the bottomnold receptacles, the nold is
cl osed and the top nold chases are brought into contact with the | eadfrane
and di e assenblies and the nold conpound. packages. Delivery runners 97 in
the top nold cavity bars 93 are now positigned so that the inside ends of
these runners are over the top edges of the nold conpound packages. The
nmol d conpound may be heated for a short time to reach the | ow viscesity
state. Wien nolding snall er packages, this heating is not required as the
heat already in-the nold will rapidly make the | ow volune of nold conpound
inthe insert transition to the |low viscosity state. Wen the nold is
closed, if the nold conmpound package is heat seal ed as described above, the
seal in edges 77 of the nolding conpound packages opens, that is, the heat
rel axes the seal so it is penetrable. This relaxing of the seal should
occur after the nold is closed, and should be fairly conplete. If a sealing
met hod other than a heat seal is used, it should provide a seal that opens
in response to ' . '




ei ther heat, pressure, or both. The nold s typically heated to a
tenperature of 175 degrees Cel sius when resin or ‘resin filler mol di ng’
conpound is used in either powdered solid or liquid states. After the heat
seals are relaxed and the nold conpound enters the | ow viscosity state, the
plunger 101 of FIG 10 is applied. In a preferred enbodi ment, the plunger
travel s 101 through the bottom nold platen and.into the botton1nn|d
receptacl es 91, conpressing the nold Gﬁﬁhbund packages from under neat h.
Alternatively, the nold conpound could be conpressed from above, with the
receptacles formed in the top nold platen. In this case, the 23 insert
woul d be | oaded with the top plastic layer 74 down, that is, adjacent to

t he bottom nol d chases._Either arr angenent mﬁll work to transfer the nold
conmpound into tgp prlnary runnérs. If the ng igJ=used for the package is
not heat sealed] the pressure will cause tHe naterlgj to burst and open in
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only places where the nold conpound can escape, that is, where the runners
meet the receptacle. In other areas the nold conpound is conpressed agai nst
the receptacle walls and cannot escape, so the package is not burst open at
-those places. The sproutless nold conpound package is conpressed by the
action of the plunger and as it is conpressed the nold conpound package.
will begin to push at the edges of the receptacle 91. As the only exits
avail able to the nold conpound are the rgmmers 97 in the top nold cavity
bars 93, the conpound will pass tgRroughthe nom&penetrable heat seal at the
edge of the plast¥c package 71 and intq,tMe prhsary runners 97. The

delivery runners &ach feed a prinmary rufine¥ 87 Tn the bottomnold cavity
bars 83. A circul ahmgoupling areanpt thd inhner gnd of the primary runners
nmeets the outer end of the delivej runﬁ%r 97, and the nold conpound is
transferred to thp—secontdaiy—uhng 87 J MRe nold conpound then enters the
cavities 85 over the gates 89, and S filngi t he indi vidual package

cavities 85. Altelrnative nold designs coul§ co ess the cohpound i nsert
wi t h mechani sns of her_than pl unger ressed air| liquid, rans,
screws, etc., and|/still obta
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. advant ages of the use of the invention. The -advantage of the sproutless
mol d conpound packagi ng and nol d design of the invention is now apparent.
The nmol d conpound is delivered to the nold runners fromthe prepackaged
packagi ng wi thout sprouts or nozzles or bulges. No cutting or opening nmeans
is required to direct or force the nold conpound out of the packaging. The
packagi ng and nold system has all the advantages of the sprouted bags of
the prior art, but -additionally is sinplé¥! 24 for | oadi ng and nol di ng.

Al so, the nold conpound inserts can be made in universal sizes, since the
nmol d conpound is automatically delivered to the runners in the correct

pl aces, no alignnent or precise |oading equipnent is needed, and a single
si ze and shaped nold conpound insert of the invention can be used with nany
different nold designs w thout nodification. The sproutless nold conpound
insert of the invention provides many
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.advantages in addition to the ones nentioned above in enabling flexible
nmol d design. The nold cavities of FIGS. 8 and 9 depict runners intersecting
the nold receptacle froma perpendicular direction. Alternatively, the ends
of the nold receptacle could also supply runners fromthe sproutless.
package. The sproutl ess package coul d be made rectangul ar, round, oval, or
serpentine as required by a particular nold design. The width to length
aspect ratio of the conpound packaged $&1}otally flexible. The cross
section is also wdely adaptable. Additionally, the seamthat is used to
seal the nold conpound insert can be mnimzed or reduced to nearly zero
width, and if a seam ess tube is provided it can be elim nated; dependi ng
on the materials and sealing process chos FIG 11 shows a cross
sectional view of the transy ' : Re nol di ng process. The operation
of tip 103 can be seen,_as“h- t N\&Qyackage sides are conpressed into
the slots machined into the g Lhat the conpression can
continue w thout int ravel s into the delivery
runner 97, then intoiﬁi




~After-the cavities are filled with the conpound, the nolding process
continues as a conventional transfer nolding process. A curing tinme may be
required to conplete the packages. After the packages are cured, the top
mold is noved away fromthe bottomnold. Small release plungers, not shown,
are .25 activated to push upwards and rel ease the packaged devices from
the cavities 85, and the sprue or flash is released fromthe runners 87.
The nol d conpound package 71 is nOW'eﬂﬁ%}ewm resting in the receptacle 91,
and it too is renoved. The need to clean the receptacle 91 and the plunger
101 is greatly reduced because the packaging of the invention serves to

i solate the plunger and the receptacle fromthe nold conpound. The plungers.
e, of conpression to achieve a
ansfer phase. This leads to
jpaced and




.equidistant fromthe source of the nold conpound, and the transfer speed
can be controlled to elimnate.voids while mnimzing pad tilt and wire
swieep defects. The transfer speed and transfer pressure can be controlled
by fitting an independent process controller circuit to the nold systemto
allow multi-step, variable speed and variable pressure capability. This
equi pnent can be retrofitted to an exisij,ng nold press. An advantage of the
pr epackaged sproutl ess nold systen1of]®Hg"nvention is that is provides

bal anced fill capability. It can be seen that each primary runner 97 and
secondary runner 87 is the same |length. Al so, because the cavities are al
equi di stant fromthe source of nold conpound, receptacle 91, the problens

of nonuniformfill and wire sweep associated with the single pot nold
systens of the prior art are elimnated using the nolding systemof the
i nvention. The design allows bal anced cavity filling to be achieved.

Furt her, because the nold conpound is prepackaged in a protective package,
the nold receptacle 91, the plunger 101, and to sone extent the prinmary
runners 97 are protected fromthe abrasive nold conpound, so that

Fre.. 1o
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. the wear rate is greatly reduced. This results in longer nold life and.
reduced 26 repair and repl acenent costs over the life of the nold
surfaces, thus lowering the unit cost. It can further be seen that as
anot her advantage of the use of the invention, the nold receptacle 91 takes
a small anmount of area conpared to the large single pot and primary runners
of the single pot transfer nolds of tpg,prior art. This is an advantage in
that additional space is available for cavities and additional units nmay be
nol ded during each run. The density for the systemis inproved over the
prior art. The nold design and nold conpound package is al so conpatible
w th existing autol oading systens for transfer nolds, so that the
prepackaged nol di ng system nay be retrofitted into an existing automated
transfer nold assemyly line for a reasonable cost. The plunger desi@y Aand
nol d desi gn f
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nmol di ng systens of the prior art. Because the- throughput ‘tate of |
t he prepackaged linser& mﬂmds&stmpmlaﬁmmmagmlsmbm leid ftantd and diequired
for a parti cull}a}& throuagg rate | _lower than the nmultiple plunger

ligs, gom
the prior ﬁt‘bﬁndu@&ﬁlﬁfﬂli@ﬂbﬁ’boﬁoﬁ?diﬁ {¥ityPlegions within a bottom mold

chase;

providing a mold compound receptacle spaced apart from said bottom
die cavity regions, for receiving a mold compound insert;

providing a plurality of rumners coupling said mold compound
receptacle to each of said die cavity regions;

providing a plurality of top die cavity regions each corresponding to
a bottom die cavity region is said bottom mold chase;

placing a plurality of leadframe and die assemblies on said bottom mold

chase such that each of said bottom die cavities receives and supports an integrated
circuit die coupled to a lead frame by bond wires;

placing a mold compound insert on said mold compound receptacle;

placing said top mold cavities over said bottom mold cavities such that
the top and bottom mold cavities are brought into contact, the leadframe and die
assemblies lying between and within the top and bottom die cavities;

compressing said mold compound insert until said mold compound exits
the mold compound insert and begins to move into siad runners; and

continuing to compress said mold compound insert until said mold
compound transfers into said runners and fills each of said top and bottom mold
cavities with said mold compound; |

wherein said mold compound insert comprises mold compound
packaged in a sproutless packaging comprising a thermoset resin packaged in a
sproutless plastic film that is heat sealed at the edges, the sproutless packaging being
burst open where the runners intersect the mold compound receptacle by the pressure

caused when the mold compound insert is compressed.

2. The method of Claim 1, wherein said step of providing a sproutless
mold compound insert packaged in a plastic film further comprises the step of

HEWl pell et of the sprouted bag encapsul ation
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;27 costs require ' a particular produ REKLE‘V tevel ¢ g:;’é)' ess than
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FRRS
“either of thes es. Anot her advantage i S MERE Hol g pound
system of the ﬂ'ﬂﬁﬂ@? Imﬂmfs an efficient uge|of the mplding €onpound.
The runners are shor receptacle 91 toithe RAWUE BE785] The amount
of nold conpound left in the *penci| pag@Rage can {bd4 m nim zed byjicareful
design of the plunger so that alnost all of thejconpound is transterred

fromthe plastic package to the runners. The amiunt_of sprue or.f)ash |eft

in the run 1S f I . ' . d at
| oss than DROSDE 2 BE8 EboE el BhlRk 1 biabtie REh Thac s f seftest, Wt
mul ti pl ungeatsyeal detonditigl perietiablei diri ithe nividin eprocebe s Guctb elght vhe hmoRf er ence
to illustrative enbodinents, this description s not intended to be,
const rued campoundyiexity he; plastic pagkageythraugh saidaheas issak iy respopsde is8ik of
the illust rcﬂﬁ‘nwe%' B%i ments, as well as other enbodi nents of the
I nvention, "W pparent to persons skilled in the art upon reference to
the description. It is therefore intended that the appended cl ai ns
enconpass any such nodifications or, enbodi nents. .

3. The method of Claim 1 wherein said step of providing a mold

compound insert comprises providing a thermoset resin packaged in a sproutless

package.

4. The method of Claim 1 wherein said step of providing a mold

compound insert comprises providing a thermoset resin packaged in a sproutless
plastic film.

5. The method of Claim 1, wherein said bottom die cavities are coupled
to said runners by gate regions, said gate regions restricting the flow of said mold
compound into said cavities such that the fill rate of said cavities with said mold

compound is a predetermined rate.

6. The method of Claim 1, wherein said step of providing a plurality of
runners coupling said mold compound receptacle to each of said die cavity regions
comprises providing a plurality of runners that are substantially equal in length such
that the distance from the bottom die cavities to said mold receptacles is substantially
equidistant.

7. The method of Claim 2, wherein said step of providing mold compound
packaged in said plastic film comprises providing an abrasive material, said plastic
film isolating said abrasive material from said plungér and said receptacle.

8. An apparatus for encapsulating integrated circuit devices,
comprising:

a top mold platen supporting at least one top mold chase;

Been Reflaced S

"



[ead fra die as , conprising the steps

plurality o ty regions within a bot{omnold chase;
provi di ng a \‘m&gaﬂecept acl e spaced apart f}ofm 68 AUS3%%m |dije
cavity regions, cfor receiving a nold cogpound inserf;{providing a gldrality
of runners coupling said nold conpound receptacle tp each of said dig
cavity regions; providing a pIuraIity of top die cavity-regions each

corresponding to a bo | [
placing a plurality’ o%‘ﬁ"[palg{fy dié/ ﬁgsggg{éﬁn‘gﬁaggl%g{&al E ?lt om mf)l d
chase such that each beoﬁamdnbldtplmdlppom dtileast oRE botvem rmld chagepsails an

i nt egr at ed . )
top and bottom mold chases being engageable with one another;

a plurality of bottom die cavities within said at least one bottom mold

28 V\hat S cI ai ne ‘A met hod for encapsul a}g, ﬂ' haot: T ﬁ.';;rcuit
LA S
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chase, each corresponding to one of said top die cavities;

a plurality of integrated circuit die and leadframe assemblies positioned
within said top and bottom die cavities such that each die is centered over one of said
bottom die cavities and covered by a space defined by the corresponding one of said
top die cavities; '

at least one mold receptacle containing a sproutless mold compound
insert; |

runners associated with each of said bottom die cavities coupling said
at least one mold receptacle to said.bottom die cavities;

gates associated with each one of said bottom die cavities and
positioned between said bottom die cavities and said runner;

at least one plunger associated with said at least one mold receptacle
for applying pressure to said sproutless mold compound insert within said receptacle,
said sproutless mold compound insert bursting in response to said pressure and mold
compound insert being pushed into said runners and eventually filling said die cavities
with mold compound, such that said integrated circuits die and leadframe assemblies
are encapsulated in mold compound responsive to pressure applied by said at least one
plunger;

said sproutless mold compound insert is packaged in a plastic film;

said sproutless mold compound insert is packaged in a plastic film that
has a heat seal which becomes penetrable during the molding process such that the
mold compound exits the plastic package through said heat seal in response to the
application of said plunger;

- said sproutless mold compound insert comprises a thermoset resin
packaged in a plastic film that is heat sealed at the edges.

9. The apparatus of Claim 8 wherein said sproutless mold compound

heet Has Been Re‘laced
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Ci r;:uit die coupl ed frame by bond wires; placing a mold co_rrpound

insert o nol d conpou d receptacle; placing said top i

over said m“ﬁ I es such that the top and bottom%fé%flgéﬁ}({‘

are brought \“‘m‘ he | eadfrane and di e assenbli eqg Im

and wi t hin the ¢t op ahd sbottom di e cavitgges; conpressing sdid WS%AQ%
egin

insert until said nold conmpound exits the nold conpound !rs§rt an
to nove into said runners; and continuing to conpress sali‘
S

d fill h
of sai d 1 opSth PPl € BERAMS s Rl tambdibl) 3 ekl Clm e e Si?u

nol d conpound insert conprises nold conpound packaged in a sproutless
packagi ng conpr|5|ng a t her noset re5|n ackaged in a sproutless plastic

filmthat is healO-seallB¢ apparafs ofgglaim 1n sgis} sprowtiess yueld ¢ompovad
penetrabl e %ﬂ @&nhﬁg‘es@ihghﬂ&ef’ é&ﬁg%eﬁlhmgg Seﬂﬁless packagi ng bei ng

bur st open ere the runners In ers C al of the nold conpound
receptacle by the pressure caused when the nold conpound insert is

ressed such at the nold co ound flows through the heat seal and into
ggrﬁ rafmer S P Il‘he apparatus of Claim 8, wherein said botl(‘,gom die cavities are coupled

to said runners by gate regions which restrict the flow of said mold compound into

said cavities such that the fill rate of said cavities with said mold compound is a
predetermined rate.

12.  The apparatus of Claim 8, wherein said plurality of runners coupling
said mold compound receptacle to each of said die cavity regions are each
substantially equal in length such that the distance from the bottom die cavities to said
mold receptacles is equidistant.

13. A sproutless mold compound insert for encapsulating components in

a molding process, compﬁsing:

a piece of extruded mold compound;

a top piece of material wider and longer than said piece of extruded
mold compound and placed over said extruded mold compound;

a bottom piece of material wider and longer than said piece of extruded
mold compound and placed under said extruded mold compound;

a seal between said top and bottom piece of material at the areas wider
and longer than said piece of extruded mold éompound;

wherein said seal is formed under a vacuum such that said sproutless
mold compound insert contains a vacuum, and said mold compound is released from
said sproutless mold compound insert when said sproutless mold compound is
compressed during molding;

at least one of said top and bottom piece of material comprise a plastic

film that is heat sealed at the edges and opens in response to the heat of the transfer
mould;

This Sheet Has Been
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29 2. The hod of daim1, wherein said step of providing a sproutless
nol d conpound i nsert packm a plastic filmfurther conprises the step

of prOV|d|ng m ece covered in a plastic filmthat has a
heat seal, ﬂ Iﬂummmm% ng penetrabl e during the nol ding process,
such t hat the nol § cbnpburid exits the pB2astic package through said heat

seal in response to said conpressing step. 3. The nmethod of Caiml,
wherein said bottomdie cavities are coupled to said runners by gate

regions, said gate resalerséalrlestﬁeat;kédmétfb?eﬁé mea{mﬁseitd tﬁph SWF&S into

said cavities such that the fill rate of Id cavities wt

conmpound i sm®lbr edet ermi ned rate. 4. The nmethod of Claiml, wherein said
step of providing a plurality of runners coupling said nold conpound
receptacle to each of said die cavity regions conprises providing a

plurality of runpgrs ffiébpraatess Hivld SotipcindinRet'GFClaith 13 Votidlein 441 plastic
film comprises a Mylar™ film.

15.  The sproutless mold compound insert of Claim 13, wherein said plastic
comprises an ICI™ film.

16.  The sproutless mold compound insert of Claim 13, wherein at least one
of said top and bottom pieces of material has a melting point of greater than about
200 degrees Celsius.

17.  The sproutless mold compound insert of Claim 13, wherein said at least
one of said top and bottom pieces of material is a polyester film.
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that the distance fromthe bottomdie cavities to said nold receptacles is

“substantially equidistant. 5. The nmethod of Claim2, wherein said step
of providing mold conpound packaged in said plastic film conpri ses

provi ding an abrasive material, said plastic filmisolating said abrasive
material fromsaid plunger and said receptacle. 6. An apparatus for
encapsul ating integrated circuit devicesg3 conprising: a top nold platen
supporting at |east one top nold chase; a plurality of top die cavities

Wi thi n sas#ratTLESSt PRRS PACRAGEDIMONBING FOROICOMPONENTT [ENGAFSULNI@N | Ng at
| east one bottom nol d chase, said AGSFRAOT t om nol d chases being
engageabl e with one anot her;

; a plurality of bottomdie cavities within said
at | east one bottom nold chase, each corresponding to one of said top die
cavities;

caviti es; 2 bl yrabbioh £la bBbERIASr Gabitidiafug @0 hicgRsloingR Ao aR L o
leadframe sssembly. A prepackaged sproutless mold compound insert 71 is
placed in a rectangular receptacle 91 in a bottom mold chase 81. The receptacle
is coupled to a plurality of die cavities 85 by runners 87. Leadframe strip
assemblies containing leadframes, integrated circuit dies, and bond wires
coupling the leadframes and dies are placed over the bottom mold chase 81
such that the inte'g;'ated circuit dies are each centered over a bottom mold die
cavity 85. A top mold chase 90 is placed over the bottom mold chase 81 and
the mold compound package 71. The top mold chase 90 has die cavities 95
corresponding to those in the bottom mold chase 81. The mold compound
insert 71 is preferably packaged in a plastic film 756 which has heat sealed
edges 77. The mold compound is forced through the package 75 and heat
seals 77 during the molding process by the pressure applied by a rectangular
plunger 101. The sproutless mold compound insert is packaged so that the
mold compound will exit the packaging only where runners intersect the
receptacle. The sproutless mold compound insert requires no alignment or
cutting tools within the mold station. The plunger is applied using variable
speed and pressure to control the rate the mold compound fills the cavities in
the top and bottom mold chases, theréby avoiding voids in the completed
packages and minimizing wire sweep of the bond wires of the integrated circuit

assemblies.
FIG. 11
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Qver one of said bottomdie cavities and covered a‘?ﬁéé@'&iéﬁ“ﬁhédb%t hesG

correspondi ng onammmﬂulmmmm Iocavi ties; at |ed {3 ORe HBPY: pepept.ael gaged ...
containing a spr und insert; runnefs--A§§6¢i at pebedi.hicegghd »
of said bottom di€ cdvitieb cougling sai @at |easti bneé nwolglsr ecaptiacl ® tred .

sai d bott om QG ¥iakrh&Pis: 92t €S associ ated wi th each’ ongraof sapsbeboli@md.g
cavities and‘pvﬁ'ig'rwm%t ween said bottomdie cavities and said runner;’
at | east one plunger associated with said at |east QH}I‘E"}}H@}I:"d;gﬁﬁﬁ;pﬁaqwfOI‘

30 within said top and bottomdie cavities such t5at»--e;a+3»h-d4--emi.sm...c,em ered

appl ying pressure to said sproutless .nold conpound insert -w-tti-A—s&d

receptacl e, said dprout#h ofh for eveApsulating ingegrated eirquitn lpad nframe andsdiet o
sai d pressur 0pl ' t being pushed into said runners and
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eventual ly f I'ng sal re“cavitres with nmold compound, such that said .
integrated circuits di previdingagpliralityrofdoremidic cvitpreziomonitiinlhdoaomi oldo! d
conpound’ respéﬁ:sséi; ve to pressure applied by said-at | east one plunger;
providing a mold compound receptacle spaced apart from said bottom
die cavity regions, for receiving a mold compound insert; _
providing a plurality of runmers coupling said mold compound
receptacle to each of said die cavity regions; |
providing a plurality of top die cavity regions each corresponding to
a bottom die cavity region is said bottom mold chase;
placing a plurality of leadframe and die assemblies on said bottom mold
chase such that each of said bottom die cavities receives and supports an integrated
circuit die coupled to a lead frame by bond wires;
- placing a mold compound insert on said mold c;ompound receptacle;
placing said top mold cavities over said bottom mold cavities such that
the top and bottom mold cavities are brought into contact, the leadframe and die
assemblies lying between and within the top and bottom die cavities;
. compressing said mold compound insert until said mold compound exits
the mold compound insert and begins to move into said runners; and
continuing to compress said mold compound insert until said mold
compound traﬁsfers into said runners and fills each of said top and bottom mold
cavities with said mold compound;
- wherein said mold compound insert comprises mold compound
packaged in a sproutless packagmg comprising a thermoset resin packaged in a
sproutless plastic film that is heat sealed at the edges, wherein said heat seal becomes
penetrable during the molding process and the sproutless packaging being ’burst open
where the runners intersect the heat seal of the mold compound receptacle by the
pressure caused when the mold compound insert is compressed such that the moid

compound flows through the heat seal and into said runners.
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heat seal becoming penetrable during the molding process, such that the mold

compound exits the plastic package through said heat seal in response to said
compressing siep.

3. The method of Claim 1, wherein said bottom die cavities are coupled
to said runners by gate regions, said gate regions restricting the flow of said mold
compound into said cavities such that the fill rate of said cavities with said mold

compound is a predetermined rate.

4.  The method of Claim 1, wherein said step of providing a plurality of
runners coupling said mold compound receptacle to each of said die cavity regions
comprises providing a plurality of runners that are substantially equal in length such
that the distance from the bottom die cavities to said mold receptacles is substantially
equidistant.

5. The method of Claim 2, wherein said step of providing mold compound
packaged in said plastic film comprises providing an abrasive material, said plastic
film isolating said abrasive material from said plungér and said receptacle.

6. An apparatus for encapsulating integrated circuit devices,

comprising:

a top mold platen supporting at least one top mold chase;

a plurality of top die cavities within said at least one top mold chase;

a bottom mold platen supporting at least one bottom mold chase, said
top and bottom mold chases being engageable with one another;

a plurality of bottom die cavities within said at least one bottom mold
chase, each corresponding to one of said top die cavities;

a plurality of integrated circuit die and leadframe assemblies positioned
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runners associated with each of said bottom die cavities coupling said
at least one mold receptacle to said bottom die cavities; .

gates associated with each one of said bottom die cavities and
positioned between said bottom die cavities and said rminer; '

at least one plunger associated with said at least one mold receptacle
for applying pressure to said sproutless mold compound insert within said receptacle,
said sproutless mold compound insert bursting in response to said pressure and mold
compound insert being pushed into said runners and eventually filling said die cavities
with mold compound, such that said integrated circuits die and leadframe assemblies
are encapsulated in mold compound responsive to pressure applied by said at least one
plunger; _

said sproutless mold compound insert is packaged in a plastic film;

said sproutless mold compound insert is packaged in a plastic film that
has a heat seal which becomes penetrable during the molding process such that the
mold compound exits the plastic package through said heat seal in response to the
application of said plunger;

said sproutless mold compound insert comprises a thermoset resin
packaged in a plastic film that is heat sealed at the edges.

7. The apparaths of Claim 6 wherein said sproutless mold compound
insert comprises a thermoset resin mold compound ina package.
8. The apparatus of Claim 6 wherein said sproutless mold compound

insert comprises a thermoset resin packaged in a plastic film.
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said cavities such that the fill rate of said cavities with said mold compound is a

predetermined rate.

10.  The apparatus of Claim 6, wherein said plurality of runners coupling
said mold compound receptacle ‘to each of said die cavity regions are each
substantially equal in length such that the distance from the bottom die cavities to said
mold receptacles is equidistant.

11. A sproutless mold compound insert for encapsulating components in

a molding process, comprising:

a piece of extruded mold compound;

a top piece of material wider and longer than said piece of extruded
mold compound and placed over said extruded mold compound;

a bottom piece of material wider and longer than said piece of extrudéd
mold compound and placed under said extruded mold compound;

a seal between said top and bottom piece of material at the areas wider

~ and longer than said piece of extruded mold compound;

wherein said seal is formed under a vacuum such that said sproutless
mold compound insert contains a vacuum, and said mold compound is released from
said sproutless mold compound insert when said sproutless mold compound is
compressed during molding;

at least one of said top and bottom piece of material comprise a plastic
film that is heat sealed at the edges and opens in response to the heat of the transfer
moulid; ' ’

said seal is a heat seal that opens in response to the heat of transfer

mold.

12.  The sproutless mold compound insert of Claim 11, wherein said plastic

film comprises a Mylar™ film.
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13.  The sproutless mold compound insert of Claim 11, wherein said plastic
comprises an ICI™ film.

14.  The sproutless mold bompound insert of Claim 11, wherein at least one
of said top and bottom pieces of material has a melting point of greater than about
200 degrees Celsius.

15.  The sproutless mold compound insert of Claim 11, wherein said at least
one of said top and bottom pieces of material is a polyester film.
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