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packaging of integrated circuits, and specifically to the use of leadframes

without dambars in transfer molding processes.

BACKGROUND OF THE INVENTION

In producing integrated circuits, it is desirable to provide packaged
integrated circuits having plastic, epoxy or resin packages which encapsulate
the die and a portion of the lead frame and leads. These packages have been
produced using a variety of methods, 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 compouncis are typically thermoset compounds. These
compounds consist of an epoxy novolac resin or similar material combined with
a filler, such as alumina. Other materials such as accelerators, curing agents,

fillers, and mold release agents are added to make the compound suitable for
molding.

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 lea_ldframe assemblies with the mold compound, which
then cures around the die and leadframe assemblies to form a solid, coherent,



then qures around the die and | eadfranme assenblies to forma solid,
cohkerent, package which is relatively inexpensive and durable, and a
good protective encapsulation for the integrated circuit. Transfer nolding
operations' have three stages which correspond to the three phases of
viscosity of thernoset nold conpounds. Figst there is a preheat stage
required to nove the nold conpound fromits hard initial state to the | ow
viscosity state. Second is a transfer stage, where the conpound is lowin
viscosity and easily transported and directed into cavities and runners.
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' " 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 should be completed before the mold
compound begins to set. Finally there is a cure stage that occurs following the
transfer stage. Thermoset compounds are heat cured. Other compounds may
not require heat to cure, such as thermoplastics.

Conventional transfer molding techniques also require leadframes which
include dambars. FIG. 1 depicts a conventional lead frame assembly and
package. In FIG..1, lead frame 21 is depicted, and package 23 is shown
cutaway from the top of the lead frame 21. The leads 25 are shown coupled
together outside of the outer edge of package 23 by dambar 33. Die pad 29 is
positioned to receive the integrated circuit die and support the die. Die pad

support strap 31 is used to keep the die and support pad 29 planar during the
die attach, bonding and molding operations.

FIG. 2 depicts in a cross sectional view a lead frame and die assembly
in a prior art transfer mold cavity. Leadframe 21 is placed in between a top
mold chase 41 having a top mold cavity 43 and a bottom mold chase 45 having
a bottom mold cavity 47. Primary runner 49 is coupled to secondary runner 51

and to gate 53. Integrated circuit die 55 is shown positioned on the die
support pad of lead frame 21. |
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compound is forced through.the narrow gate 53 into the cavity until the cavity
fills with mold compound to form the encapsulated package which will have a
shape defined by the shape of the top and bottom mold cavities 43 and 47.

Since the mold cavity is closed around the leadframe 21, and the leads
extend outward beyond the edge of the cavities 43 and 47, there is a space
between the leads, not visible in FIG. 2, where the mold compound can be
forcéd out through the space and travel out from the cavities between the leads
of leadframe 21. The dambar, which is shown in FIG. 1 but is not visible in
FIG. 2, acts as a stop and allows the mold compound to travel out a short
distance, but no farther. This extra mold compound forms flash between the

leads, the flash forming in the area between the edge of the package and the
dambar.

Therefore, in the prior art transfer molding process that uses a mold
cavity to form a package around the leadframe as shown in FIG. 2, the dambar
of FIG. 1 acts as a physical stop to prevent the mold compound from flowing
out from the cavity area of the mold chases and forming an interlead flash or
sprue joint between adjacent leads. The dambar is required to mold the
package. After the package is completed, the conventional process flow is to
remove the metal dambar and the flash, using metal trim and compound
deflash technology. The dambar also provides lead to lead stability during
processing and lead planarity during processing. Oncé the package is

completed and cured, the dambar is no longer needed for stability and is
removed.



shape defined by the shape of the top and bottom nold.cavities 43 and 47.
Since the nold cavity is closed around the | eadframe 21, and the | eads
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These thinner lead frames with decreased lead to lead pitch are costly
to process. Increased accuracy and handling precision is required for each step
of the process. Costs of production increase as these requirements increase.
Two important production cost drivers are the dambar trim and interlead flash
removal steps. To remove the dambar and flash after molding for a fine pitch
leadframe will require extremely precise machining during both the trim and
flash removal stages of procéssing. The tnm stage will become extremely
difficult and require increasingly accurate and expensive equipment as the lead
to lead pitch continues to decline. The deflash stage is a2 mechanical or
chemical step which requires either additional precision machining or chemical
processing, which also leads to chemical waste disposal costs.

Accordingly, a need thus exists for a package encapsulation molding
system which uses a leadframe without a dambar to produce packaged
integrated circuits having fine pitch leadframes. Eliminating the dambar also
eiimi_nates the problems and costs of the prior art trim and deflash proéessing
steps. The molding system should provide a high part per hour throughput
rate, low raw material costs, and be simple to operate, maintain, and use
molding stations that are relatively inexpensive to build. The new system
should be compatible with existing single pot transfer mold presses to allow a
retrofitting of existing integrated circuit assembly lines.



r enmovéd. 4 As the nunmber of pins increases to above 200 pins, the pitch
bet ween | eads is decreasing. Also, thinner package requirenents result in a
requi renent for thinner |eadfranes. So called "fine pitch" |eadfranes are
now required. The lead to lead pitch for a fine pitch leadframe is
typically less than 0.5 mllineters. The conventional danmbar approach is no
| onger economi cally satisfactory for the production of fine pitch | ead
frames, because the trimand flash steps are so difficult to achieve. These
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process. | rintdd VoAl AU CHEAINVEEINETON] precision is required for each
step of the process. Costs of productlon I ncrease as these requirenents

i ncrease. Two inportant production cost drivers are the danbar trim and

interlead flash pg Iﬁs@ﬂé frl'&nr lt&ng%%eém%p t{é@%ﬂ&l%%rgbdl ng

for a fine pitch | eadfrane WI reqwre ex reci se mac ?ng

both the t rpanlmgtsmfamtegmedacixcuimgmmg ﬁneqnteh t@dﬁrdmes ahd esingemuld |

beconme ext rerie ficult a uire jincreasingly accurate and expensive

equi prrent ﬂ%e 1S rov1 e mold compound is packaged as inserts in a
plastic packaging that is sealed at the edges by a removable or reversible seal.
As the package is heated in the mold, these edge seals become flexible. The
prepackaged mold compound can then be pushed through the edge seals 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 mold
compound inserts. The mold chases include rectangular receptacles for
receiving the pencil’ shaped inserts of pre;?ackaged mold compound. A
rectangular plunger is provided for each of the receptacles. Each package
cavity is preferably equidistant from the receptacle containing the mold
compound, providing improved uniformity of fill and allowing for complete fill
of the cavities with reduced wire sweep as compared to the transfer molds of
the prior art. The rectangular plunger is inserted and forced against the
prepackaged mold compound, and the mold compound is forced through the
edge seals of the protective packaging into short runners coupling the mold

receptacle to the cavities. The mold compound then hardens and completes the
molding process.

A release film is preferably used with the mold compound. The mold
‘cavities are covered with a release film before the leadframe assemblies are
placed inside the mold receptacle. A vacuum is used to stretch the release film
into the cavities within the mold chases. A top and a bottom release film are
each stretched over the top and bottom mold chases, respectively. The mold
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films is pr nnmimissé&le.ogmﬂhztrcﬁrq)bwndpleee@a)fkv@edseaﬁlmseémngate namd form an
interface that closes the gap that exists between the leads at the edge of the
cavity. As the mold compound is fed into the cavity, the mold compound falls
within the space between the two release films and encapsulates the die and
die pad. The release film now also serves as a barrier at the edges of the
cavity and stops the mold compound from transferring or traveling outside the
cavity, thus eliminating the need for the dambars of the prior art leadframes.

A dambarless leadframe is provided. The leadframe of the invention is
designed to work with the release film to prevent the mold compound from
forming interlead mold compound flash outside of the cavity area. The
dambarless leadframe also includes additional support means as required to
provide the lead planarity and stability previously provided by the dambar, to
ensure the leads remain in.plaoe during molding. This support means may be,
in one embodiment, a tape placed inside the package edge area to provide the
needed planarity and stability. Alternatively an adhesive or polymer support
may be provided. The support means is kept at an equal or substantially
constant distance from the inner lead ends to provide improved support. Also,
the leadframe leads are preferably wider at the package edge area to reduce
the interlead distance in the region adjacent to the cavity edge. This reduced
interlead distance will reduce the likelihood that interlead flash will be formed.
This reduced interlead distance also improves the ability of the release films
to stop compound flow outside the mold cavities. An open gate design is used
to further enhance the operation of the molding process and the release films.
The leadframe is produced using conventional leadframe production methods.
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I1mbefore the lgad 3 Jepicts a b8 Soctfa3l view of the release films and leadframe

of the invention,;

FIG. 4 depicts a second cross sectional view of the release films and
leadframe of the invention;

FIG. 5 depicts a cross sectional view of the application of the release film
of the invention to a bottom mold cavity;

FIG. 6 illustrates the release film stretching process of the invention;

FIG. 7 depicts the various stretched positions of the release film of the
invention;

FIG. 8 depicts a package formed with the dambarless leadframe of the
invention;

FIG. 9 depicts a prepackaged mold compound insert for use with the
invention;

FIG. 10 depicts a cross sectional view of the molding process of the
invention using the prepackaged mold compound, the release films, and the
dambarless leadframe of the invention;



pl aced® i nside the nmold receptacle. A vacuumis used to stretch the rel ease
fikminto the cavities within the nold chases. A top and a bottomrel ease
filmare each stretched over.the top and bottom nold chases, respectively.
The nol d is closed and the release filns are positi-oned around the
cavities and therefore around the integraged circuit die and die pad. The
| eads of the |eadfranme extend out of the cavity and are positioned between
the top and bottomrel ease filns. Wien the nold is closed and the danbar
and'rel ease filnms are conpressed together the two pieces of release film
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Corresponding numerals are used for corresponding elements in the

drawings, unless otherwise indicated in the text.

~ DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The leadframe of the invention is formed without the dambar of the
prior art. The leadframe may be stamped out, or a pattern and etch process
can be used to produce the leadframes without the dambar, or dambarless
leadframes, using production techniques well known in the prior art. One
exemplary leadframe is made from a plated copper or nickel alloy substrate,
such as Alloy 42, which is plated with palladium and then spot plated with
silver to enhance solderability. Other leadframes known to the prior art may
also be used, so long as the dambar is removed and other inventive
modifications described herein are made. The process for producing packaged
IC’s using the dambarless leadframe is now described.

FIG. 3 depicts a cross sectional view of a mold cavity illustrating the
process of transfer molding process using mold compound and release films to
encapsulate a dambarless I;aadframe in accordance with the invention. In FIG.
3, leadframe leads 61 are shown positioned between bottom release film 65,
which is stretched over bottom cavity 63, and top release film 67, which is
stretched over top cavity 69. The release films advantageously protect the

mold surfaces from the molding compound. Since conventional molding



danbar¥ ess | eadframe al so i ncludes additional support neans as required to
provide the |lead planarity and stability previously provided by the danbar,
to ensure the leads remain in place during nolding. This support neans nay
be, in one enbodi nent, a tape placed inside the package edge area to
provi de the needed planarity and stabiligjy. Alternatively an adhesive or
pol ymer support may be provided. The support neans is kept at an equal or
substantially constant distance fromthe inner |ead ends to provide
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having a daﬁ)p%rx;ies and clear epoxies can be used, particularly, to advantage for
photodiode IC's, CCD IC’s and other devices which are packaged such that they

can sense or emit light. Conventional molding compounds are required to

release from the mold after cure.

FIG. 4 illustrates the use of the release films and cavities of FIG. 3 to
mold a package with the dambarless lead frame of the invention. In'FIG. 4,
top mold cavity 69 and bottom mold cavity 63 are clamped together around
leadframe 61. This action brings the top and bottom release films 65 and 67
in close proximity. The release films will fall together and form a seam or
interface between the leads in spaces 71. This seam prevents the mold

compound from being forced out of the mold cavities and forming interlead
flash.

In operation, the release films 67 and 65 are stretched across the mold
cavities 69 and 63 while the mold is open, between runs or “shots".
Leadframe 61 is positioned over the bottom mold cavity 63. The mold is
supplied with mold compound in a mold pot or receptacle which is not shown
in FIG. 4. The top and bottom molds are clamped together so that top
cavity 69 is clamped over leadframe 61 and bottom cavity 63, and the top
release film 67 is clamped over the bottom release film 65. A seam forms in
the spaces 71 between the leads of the leadframe 61. The release film
stretches in between these leads due to the heat in the molding process, which
makes the film stretch farther than when it is cold. The mold compound is
forced into the cavities between the top and bottom release films.



FIG 2> depicts a cross sectional view of a prior art transfer nold for
encapsulating a lead frane with nold conpound; FIG 3 depicts a cross
sectional view of the release filns and | eadfrane of the invention; FIG 4
depicts a second cross sectional view of the release filns and | eadf rane of
the invention; FIG 5 depicts a cross sec{jonal view of the application of
the release filmof the invention to a bottomnold cavity, FIG 6
illustrates the release filmstretching process of the invention; FIG 7
depicts the various stretched positions of the release filmof the

i nvention; FIG &liegdath $n appeeskBhkeépy thrmold bompeurid frem(leavingdhdfcasity of
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dambar used on prior art lead frames. Eliminating the flash and the dambar
dispenses with the expensive and precise steps of removing the flash and the
dambar after molding. This is especially advantageous in the production of
integrated circuits using fine pitch leadframes, where the tooling required to

remove the dambar and flash is parﬁculaﬂy expensive.

The release films used in the molding process may be of many materials,
but the material chosen should have certain specific characteristics. The
release film should have a melting point higher than that of the mold
compound being used and higher than of the molding process being used, so
it will not melt away during the process. The release film should not
contaminate the mold with residues. The release film should release from the
mold after molding is conmipleted. The release film should not contaminate the

molded package with ions or other harmful substances which would reduce the
life or reliability of the package.

Also, the release film should be able to stretch in response to the mold
compound piessure, but not break. That is, the release film elongates during
the molding process without tearing. For the package to be formeq correctly
the release film should keep the mold compound contained between the top
and bottom films 65 and 67. A set of selection criteria for release films to be
used in the procéss of the invention has been dgveloped. The release film
should also be thick enough to fill in the spaces 71 between the external leads
during molding, so that no interlead flash or splinters of molding compound
form, because if this happens, the flagsh removal step will have to performed.
Typically the release film should be 100 microns - 200 microns thick for typical
leadframes, and less for thinner leadframes such as extremely fine pitch



8 FIG 11 depicts a top view of the danbarl ess | eadfrane of the invention;
FI.G 12 depicts a portion of the danbarless |eadfrane of FIG 11; FIG 13
depicts a second portion of the danbarless |eadframe of FIG 11; and FIG
14 depicts a third portion of the danbarless |eadfrane of FIG 11.
Correspondi ng nunerals are used for corrgdponding elenents in the gdraw ngs,
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One type of release film which meets these criteria is known commonly
as ETFE, and contains tetrafluoroethylene and ethylene monomer units. The
film is a flouroplastic material. Such films are available from a variety of
sources. One particular film that éives good results is Hostaflony; ET 6235J
and Hostaflon™ ET 6210 J, available form Hoescht High Chem, Hoeschst
Aktiengesellschaft, Marketing Hostaflon, D-6230 Frankfurt am Main 80,
Frankfurt, Germany. The ETFE film has a shear strength of 9 N/mm? at
200 degrees Celsius, elongation strength of 6 N/mm? at 200 degrees Celsius,
and a melting point of 260-270 degrees Celsius. This material meets all of the
requirements defined for the process of the invention. Other materials which

meet these requirements may be used, and the advantages of the invention
will be obtained.

The process shown in FIGS. 3 and 4 will provide packages formed with
dambarless leadframes, however, a number of problems have been identified
" in production which require additional process steps to enhance yield. The
release films 65 and 67 in FIGS. 3 and 4 can sometimes interfere with the
bondwires and with the entry of mold compound into the cavities. It has been
discovered that by prestretching the release films and then applying a vacuum
in the cavities before the lead frames are introduced, the films 65 and 67 can
be pulled into the cavities and will therefore not interfere with either the
leadframes or the mold compound as it flows into the cavities. This vacuum
molding process provides a means to use the release films 65 and 67 to achieve
reliable, uniform package shapes and release, and also to enhance the control
of the interlead flash such that no deflash or trim steps are needed.



FIG 3 depicts a cross sectional view of a nold cavity illustrating the
precess of transfer nolding process using nold conpound and rel ease fil ns
to encapsul ate a danbarless | eadframe in accordance with the invention. In
FIG 3, leadfrane | eads 61 are shown positioned between bottomrel ease film
65, which is stretched over bottomcavity;$3, and top release film 67,
which is stretched over top cavity 69. The release filns advant ageously
protect the nold surfaces fromthe nol di ng conpound. Since conventi onal

nmol di ng conmpound i s an abrasive, the |longevity of the nold surfaces is
enhanced usi ng t RIG.ebedepicts tthe Bdeased fidih sEppihenechandsmelapds the ibaottom
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and the takeup mechanism 83.

In operation, after a molded part is removed from the bottom cavity, film

takeup mechanism 83 pulls away the used release film 65 and automatically

" indexes a new segment of the continuous film supply over the bottom cavity 63,

the new film being supplied by supply mechanism 81. By setting the friction

in the supply mechanism 81, it is possible to control the amount of stretching

that occurs as the film is taken up and indexed by film takeup mechanism 83.
In this way, the film is stretched as it is pulled over the bottom cavity 63.

A similar operation is used for the top die cavity and release films,

which is not shown here for simplicity.

After the prestretching step shown in FIG. 5, the film 65 will be "
positioned within the bottom mold cavity 63, so it provides clearance away
from the top and center of the cavity. This is to ensure that during the
molding process the mold compound stays within the release film and does not
get underneath it, and to make sure the packages are all uniform in shape.

A vacuum system is used to pull the release film 65 into the bottom mold
cavity 63.

FIG. 6 depicts the vacuum system of the invention. In FIG. 6, bottom
mold 90 is shown. Bottom die cavity 63 is formed from cavity block 95, which
forms the bottom part of the die cavity, and cavity inserts 93, which form the



nol d a package with the danbarless |ead frame of the invention. In FIG 4,
top nold cavity 69 and bottomnold cavity 63 are cl anped together around

| eadf rane 61. This action brings the top and bottomrel ease filnms 65 and 67
in close proximty. The release filns will fall together and forma seam or
interface between the | eads in spaces 7133 This seam prevents the nold
conpound from being forced out of the nold cavities and formng interlead
flash. In operation, the release filnms 67 and 65 are stretehed acr oss t he
nmol d cavities 69 and 63 while the nold i s open, between runs or "shots"

Leadf ranme 6Bides phthe diercayityn@l. Vieuwax kinenOrisdised tordragaa vapasumoeet pfthe
lied wit | d t t.sh
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film67 is clanped over the bottomrelease film65. A seamforms jn the

spaces 71 beaqombeAT7tdre foomed adithe H;@ttomof fhb&dlﬁ tavityi 63rtel camse the irelease dilohes
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into the cavgloteDIPRE WS té fiskoh @Re 385t BPthOVacRuBRSAphly #8d is coupled to the
" vacuum ports 97 by columns 103, and to vacuum supply line 91. The vacuum
ports 97 are formed by a gap positioned between the top of cavity block 95 and
the inserts 93, the gap then joining a larger gap which is column 103. The
ports 97 are typically about 0.05- 0.1 millimeters wide. '

In operation, the release film 65 is positioned above the cavity 63 and
prestretched as described above. The vacuum holes 99 and vacuum ports 97
of FIG. 6 are then activated. The vacuum holes 99 act as anchors which hold
that portion of the film 65 which lies above the holes 99, and allows the
remaining portion of the release film 65 that is above the die cavity 63 to be
strefched against the anchor points. The film is stretched by the vacuum into
the cavity and towards the bottom corners of the bottom die cavity 63.

The top die cavity is similarly cofxﬁgm‘ed, and operates in the same |
manner as the bottom die cavity and vacuum. Again, for simplicity the top die
cavity is not shown in detail.

After the film is positioned and stretched into the cavities, the lead
frames and dies are positioned and the mold is closed, as shown above in
FIGS. 3 and 4. Since the release film is positioned out of the way, the mold
compound can now flow into the cavities without interference and without
processing errors that result without the stretched film. The mold compound
then stretches the film into its final position, which pushes the film to the
walls of the top apd bottom cavities as shown in FIG. 3.



10 The®seamin spaces 71 keeps the nold conpound fromleaving the cavity
and formng interlead flash between the | eads, as would occur in prior art
nol di ng processes. The seam al so therefore elimnates the need for the
danbar used on prior art lead frames. Elimnating the flash and the danbar
di spenses with the expensive and precise gsgeps of renoving the flash and

t he danbar after nolding. This is especially advantageous in the production
of integrated circuits using fine pitch | eadfranes, where the tooling
required to renove the danbar and flash is particularly expensive. The

rel ease filns usddlGn7depicts|thiertrpe stratching positions mfthemeleaseafilm intthet he
mat eri al chqQsen shoul:d. h riak eci f.i.c characterdsiiCs., The rel ease
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stretch in response to the nold

' Gate 111 is shown for supplying the cavity formed by the top and bottom

cavities 69 and 63 with mold compound during molding. Reference

numerals 117, 119 and 121 indicate three position lines. Line 117 illustrates

the position of the release films when vacuum is first applied. Line 119

illustrate the position of the release films aftér the films are stretched in

response to the vacuum. Line 121 indicates the position of the release films

after the molding compound is supplied to the cavity and stretches the films

out to the cavity surfaces of top and bottom cavities 63 and 69. Anchor

point 123 indicates the vacuum hose where the release films are clamped so

that they can be stretched into the cavity. So the top and bottom release films

are stretched in three phases; first to line 117 when the vacuum is first applied

to the cavities 63 and 69, then to line 121 in response to the vacuum, and

finally to line 121 and to the cavity surfaces when the mold compound is
compressed into the cavity.

The process as shown thus far will result in satisfactory dambarless lead
frames for certain lead frames which have fine pitch leads and have small
interlead spacings. -However, in some instances additional modifications to the
lead frame design are required to achieve adequate or complete elimination of
interlead flash. Using the release films as shown in FIGS. 3 and 4 with the
vacuum of FIGS. 6 and 7 will result in the release films filling the spaces
between the leads and stopping the mold compound at the package edge for
most leads. Occasionally, the mold compound will escape the release films at
the seam or interface and form interlead flash in the form of splinters.



conpound pressure, but not break. That is, the release filmelongates
during the nolding process without tearing. For the package to be forned
correctly the release filmshould keep the nold conpound cont ai ned between
the top and bottomfilnms 65 and 67. A set of selection criteria for rel ease
films to be used in the process of the inwention has been devel oped. The
rel ease filmshould al so be thick enough to fill in the spaces 71 between
the external |eads during nolding, so that no interlead flash or splinters
of nol di ng conpound form because if this happens, the flash renoval step
wi || have tcAgditionaletangepite 4heydambarlebs tesed fiame aie prefarableoty eliminate -

200 mcrons thick for,tynical |eadfra d | ess far thi\nner adf r anes
such as ext r'&’tﬂ’e‘l‘\?elflfsﬂ@ s\éﬁPg‘l’Fs 80 HP%@%Q%I% ErouireA pher gnpldingase
films may be of different thicknesses. The thickness required for optinal

performance will vary somewhat with the thickness, type, and interlead '
spaci ng of the paFlGcRidapicteadiordion ¢fedmimpodedea sign fart wsesim the m

Lot raf | uor octRPPBRESS PR FEEmhor SR PNFRAE, f& 16 mipacs 1B dip shoxmt ¢
material. SughtehBidPodt rot thbddge 139 0F patRagE£ 1950 The leads are wider at the
' ' clamping edge of the top and bottom mold cavities to reduce the interlead
spacing distance at the clamping point to less than 0:20 mm. Preferably, the
spacing distance at the package edge or clamping point should be less than
0.15 mm. Reducing the interlead spacing distance at this point improves the
seam at the interface between the top and bottom films during the molding
process, and thereby eliminates the interlead splinters which result if the
distance is not reduced. The modification to the lead frame design is

straightforward and may be done using conventional means by the lead frame
manufacturer.

Additional modifications are preferred to replace the stability and lead
planarity support previously prt;vided by the dambars of the prior art
leadframes. An internal tape support systein is used as one alternative.
Another alternative is to provide a liquid polymer material which can be
dispensed at the internal ends of the iead fingers and then cured to provide the

required stability. The lead frame manufacturer can perfofm thése steps when
the leadframes are produced.

When the modified dambarless leadframes with tape are used in the film
release vacuum molding system of the invention, packages are produced which
advantageously do not require removal of dambars or removal of interlead
flash using deflashing steps. Occasionally, however, a package defect occurs
because the mold compound enters the cavity under the bottom film. In a
preferred embodiment, the mold compound is supplied in a prepackaged plastic



sources. One particular filmthat gives good results is [err] ET 6235J and
[err] ET 6210 J, avail able form Hoescht H gh Chem Hoeschst

Akt i engesel | schaft, Marketing Hostallon, D 6230 Frankfurt am Main 80,
Frankfurt, Germany. The ETFE film has a shear strength of 9 NNmm®2 at 200
degrees Celsius, elongation strength of Q¢lerr] at 200 degrees Cel sius, and
a nelting point of 260-270 degrees Celsius. This material neets all of the
requi renents defined for the process of the invention. Other materials

whi ch neet these requirenents nmay be used, and the advantages of the
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packages fornmed w th danbar| ess | eadfranes [};)wever, a nunber gf _probl ens
have been ieremppunddoj enter shecaviies abere thg hetiomaraleass lmp t are;the)s

t o enhance yiel ' e fi . JHh
soneti nmes i#e?&er%agme({ Ek'te%% g{cgirll%vrg%r 0% %%Z?hgtt%l erﬁ‘Pry o?elér%%%rrpagﬁnd
i nto the capdduced. or élitadrsateden di scovered that by prestretching the rel ease

films and then applying a vacuumin the cavities before the |lead franes are
i ntroduced, the filns 65 and 67 can be pulled into the cavities and wll
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use the rel ba¥G.id, tep A5 JaischdTtioned over the meoldadympownd f165nmhsiBege I8Tapes

and rel eas eEn gdlsagl 3193 éé)algg %?rnecned Eig sCIOGT. &:‘,Otige 163 is sealed to top 153. Top 153
forms a lip that is-wider than the mold compound 155 to provide support for
holding the packaged mold compound in a mold receptacle. The size of the
mold compound insert is determined by the mold design and by the volume

and type of mold compound used.

The packaged mold compound insert 151 is preferably produced as
followed. Mold compound is provided in a rectangular shape, although other
shapes are feasible depending on the mold design. The mold compound is
placed inside sleeve 157 within a support stand or block. Top film 153 is
placed over the mold compound piece 155 and the sleeve 157. In a first
embodiment, heat sealing is used to seal the top 153 to the sleeve 157. In
operation, the edge seal 163 should remain impenetrable during normal
storage and handling, but to open and to allow the mold compound to pass
through the seal and into the runners diring molding. A heat seal has been
shown to meet these requirements, but alternative seals such as ultrasonic,
adhesive, tape, crimping, and epoxy seals are feasible. The sealing material
should be capable of maintaining a vacuum, preferably of appréximately
20 millibars, and should not contaminate either the mold compound or the
mold in use. After the edge seal 163 is completed, the entire piece is subjected
to a vacuum. End seals 161 are then positioned and completed while in the
vacuum. The vacuum sealing eliminates air and moisture that would

otherwise cause voids in the molded packages. Alternatives to vacuum sealing



of the*interlead flash such that no deflash or trimsteps are needed. 12
FIG 5 depicts the release filmsupply nmechani smand the bottom nol d 68,
and illustrates the first stretching step required to prepare the bottom
release film In FIG 5, filmsupply mechani sm 81 provides a source of the
bottomrelease film Filmtakeup nechani?WIBS takes up the used rel ease
filmin a continuous spool. The release film65 is fed over the bottomnold
68 and cavity 63 by the conbi ned operation of the supply nechanism 81 and

t he takeup nmechani sm 83. In operation, after a npl ded gart is removed from
t he bott om @@y include shrinkwtapning thei askemepor [dippingy themold sampauayh in
film®65 and ﬁﬁ&ﬁ%atically I ndexes a new segnent of the continuous film
suppl y over PYYE ottomcavity 63, the new fil mbeing supplied by supply
mechani sm 81. By setting the friction in the supply nechanism81, it is
possible to control the anpunt of stretching that occurs as the filmis

taken up and i ndefeeribigak elqmr&k@ﬁlmnmgm of3the malding progess Meing thei s
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for the packaging of the mold compound have been established for an
integrated circuit assembly process using industrial standard requirements for
molding compounds and for the resulting integrated circuit packages. The
plastic package should not create residue or glue like substances in the mold
during molding. The mold compound packaging should not contaminate the
mold ‘runners or receptacle. The material 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 compouﬂds
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 over the molding temperatures. Typically, the material
needs to have a melting point of 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 mold runners, and it
should not open prematurely during the preheat phase of the molding
operation. However, once the edge seals are penetrated in response to the
compression of the mold compound package, the mold compound should flow
out of the packége 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.



whi ch’is not shown here for sinplicity. After the prestretching step shown
in FIG 5, the film65 wll be positioned within the bottomnold cavity 63,
so it provides clearance away fromthe top and center of the cavity. This
is to ensure that during the nolding process the nold conpound stays wi thin
the release fil mand does not get underneath it, and to nmake sure the
packages are all uniformin shape. A vacdi¥m systemis used to pull the

rel ease filme65 into the bottomnold cavity 63. FIG 6 depi cts the vacuum
systemof the invention. In FIG 6 bottommold 90 is Bottomdle

cavity 63 is forAlshonglomanymajerialsaray existithah W@d@eﬁh&%trﬁﬁﬁ%rﬁﬁﬁn Bf
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compound packaging are all met by such films. The films are inexpensive and
easy to purchase and use in a production environment. One preferred film is
MYLAR™ polyester film, such as for example MYLAR™ 40 XM 963-AT, a
polyester 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 Ic1™ polyester film. Similar
films are commercially available from a variety of vendors.

The plastic package 151 of FIG. 9 provides the advantages of making the
mold compound packéges impervious to contaminants such as water that could
interfere with the molding process. Since the prepackaged mold compound 155
is self packaged in plastic, storage and shipping packing materials may be
inexpensive and no additional protective layers are needed. The protection of
the mold compound from moisture prevents many of the package cracking
problems and voids associated with moisture contaminated mold compound.
The top 153 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 151 provides an easy mechanism for
checking that the correct type of mold compound is being used for a particular
packaging operation. Also, the plastic packaging affords the opportunity to use
alternative mold compounds because the mold parts are not in direct contact
with the compound.

The use of the mold compound insert package 151 with the release films
further allows a variety of compounds to be used in molding, including the



Slot 101 is used to formthe rest of the vacuum supply and is coupled to
the vacuum ports 97 by colums 103, and to vacuum supply line 91. The
vacuum ports 97 are forned by a gap positioned between the top of cavity

bl ock 95 and the inserts 93, the gap then joining a |larger gap which is
colum 103. The ports 97 are typically abggt 0.05- 0.1 mllinmeters wde. In
operation, the release film®65 is positioned above the cavity 63 and
prestretched as descri bed above. The vacuum hol es 99 and vacuum ports 97 of
FIG 6 are then activated. The vacuum holes 99 act as anchors which hold

t hat porti onredin; nesififilleds 8ndispoixyl inaseriblsvef theeptior ast.oAdditionallypthe use

f,th I | 6 b t d ty 63,t
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into the cavigh¥a@9es hetavaableirPhd aiel Og"EiéteﬁIs 6ﬂ1ﬂ1ebﬁhbi9f&r9' e cavity 63.

The top die cavity I1s simlarly configure and operates in the same nmanner
as the bottomdie caV|ty and vacuum Again, for sinplicity the top d|e

cavity is not shO\g1 et ai,l #&é%he filmijs posiiioned and s fhed
into the cavities! eSiERhle o Gempounds g8y hake (Pasry Al Felenses
closed, as SQ%&Eﬁﬁﬁcé “oﬂx%r b% éﬂ&eﬁxel?'a[ﬂiﬁsfv*ée \edlgase thb'ﬁ’ﬁdk% es with
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stretched filgm,, the I8 LS80 WG molding, or alternatively, the mold surfaces will

wear out much quicker than with conventional molding materials. The use of
the prepackaged mold compound insert combined with the release films
eliminates these problems of the prior art.

In use, the mold compound is placed in a mold receptacle that is
specially shaped to receive it. A plunger shaped to fit the mold receptacle is
used to compress the mold compound and the plastic package. The mold
compound is left in the plastic package during molding. As the mold compound
is compressed, the plastic film is stretched into the runners and is forced open
by the pressure. The plastic film and runners are preferably positioned so that
when the prepackaged plastic package is forced open the mold compound is
forced over the bottom releasg film 65 within the cavities. In this way, the

defects caused if the mold compound moves under the bottom release film can
be eliminated.

FIG. 10 depicts the molding system in operation. Top mold 173 and top
cavity 69 are positioned over, and clamped against, bottom mold 175 and
bottom mold cavity 63. Top release film 67 is stretched over and enters into
top cavity 69, as described above. Bottom release film 65 is likewise stretched
over and enters into bottom cavity 63, also as described above. Leadframe 177
and die 189 are positioned in the cavity. The release films 67 and 65 are

clamped together and form a seam at the interface between the leads of



then stretches the filminto its final position, which pushes the filmto
the walls of the top and bottomcavities as shown in FIG 3. 14 FIG 7
depicts the three stretching positions of the release filmin the vacuum
nol di ng systemi«anside the nold cavities. In FIG 7, bottomcavity 63 is
positioned in a danped position against 2@p cavity 69. Top release film 67
I s clanped agai nst bottomrelease film®65, as shown in FIGS. 3 and 4.
Vacuum supply lines 91 are used to provide vacuumto bottomcavity 63.
Vacuum supply lines 115 are used to provide vacuumto top cavity 69. Gate
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plastic package and into the runner 185.

As the mold compound is forced out, the plastic package is penetrated
and forced open at the runners, and the package elongates into fingers that
stretch and extend into the runner 185. The mold compound is forced along
the runner and between the two release films, as indicated by reference
number 180. The release films are positioned in the runners such that the
elongated package fingers direct the mold compound above the bottom release
film 65 in the area labeled 180. Gate 171 then directs the mold compound into
the cavity and between the two release films 67 and 65. The mold compound
fills the cavity formed by the release films 67 and 65 and the top and bottom
die cavities 69 and 63 and encépsulates the die 189 and leadframe 177. After
curing, the mold is opened, the encapsulated leadframe 177 is removed along
with the now empty prepackaged mold compound insert 179. The mold will not
require cleaning due to the use of the prepackaged molding compound and the

release films. The release films are then indexed as described above to prepare
for the next molding operation.

It has further been discovered that the problems of mold compound
entering the area between the bottom release film and the bottom die cavity
surface can be reduced if the mold desigh and the leadframe design are altered
to provide an open gate feature. This gate design will enhance the molding
results when using the release films of the invention and reduce the

probability that the mold compound will erroneously enter the area underneath
the bottom release film. Further, the open gate design is more flexible than



poi nt *123 i ndi cates the vacuum hose where the release filnms are clanped so
that they can be stretched into the cavity. So the top and bottomrel ease
filns are stretched in three phases; first to line 117 when the vacuumis
first applied to the cavities 63 and 69, then to line 121 in response to
the vacuum and finally to line 121 and tx the cavity surfaces when the
nol d conpound .is conpressed into the cavity. The process as shown thus far
will result in satisfactory danbarl ess |ead franmes for certain | ead franes

whi ch have fine pitch | eads and have snmall interlead spacings. However, .in
sone i nst anthesmmid idesigns of theifriarsartoas it allows fosggore dﬁéﬂlfg&e@#’s&@@m of
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or interface ad forminterlead flash in the formof splinters.
Addi t i onal E’rﬁ’z §8¥14eS-t he danbarl ess lead frame are preferable to elimnate

FIG. 11 depicts a top view of an exemplary dambarless leadframe 191
which incorporates all the features of the invention described herein.
Leadframe 191 has no dambar and is a 208 pin leadframe for use in producing
quad flat package device. In FIG. 11, a multitude of leads 193 is shown
extending away from die pad 195. Leads 193 have a reduced interlead distance
formed in the mold cavity edge area. Straps 199 are used to provide stability
for the die pad 195. Tape 197 is used to provide stability and to maintain lead
planarity during molding. Open gate 198 is used to enable the release films
to receive mold compound during molding, as described above. Leadframe 191
may be manufactured using etching, stamping or other means as is known in
the art. Preferably, leadframe 191 is plated with palladium and has silver
gpots in the soldering regions, to improve solderability.

FIG. 12 depicts a detailed view of the leads 193 of leadframe 191. The
leads stretch from the wire bond attach area nearest the die pad and then
bend and continue on to form the external leads. Interlead spacers 201 are the
widened areas in the mold clamping region of the leadframe 191. These
interlead spacers 201 reduce the spacing 203 between adjacent leads and also
provide a uniform spacing between adjacent leads. As described above the
reduced spacing ensures that the interface formed between the top and bottom
release films during the molding process will prevent the mold compound from
leaving the mold cavity in the areas 203 and forming interlead splinters.

Preferably the interlead spacing in areas 203 is less than 0.20 millimeters, and



the ihterlead splinters so that no deflashing is required after nol ding.
FLG 8 depicts a portion of an inproved | ead frane design for use in the
danbar | ess nol di ng systemof the invention. In FIG 8, |eads 131 are shown
extending out fromthe edge 133 of package 135. The | eads are w der at the
cl anpi ng edge of the top and bottom nol d22avities to reduce the interlead
spaci ng di stance at the clanping point to less than 0.20 mm Preferably,

t he spacing distance at the package edge or clanping point should be |ess
than 0.15 mm Reducing the interlead spacing distance at this point

i mproves t hghe eseBtatesdls willebé aachiowidvden typical deadfrhinhetthickrdeskes ifitheng
t he nol di ng process, and thereby elimnates the interlead splinters which
result if tispacing islesstband.15 millimetersne nodification to the lead frame
design is straightforward and may be done usi ng conventional neans by the

| ead frame manufacturer. Additional nodifications are preferred to repl ace

the stability andricear gbpiets the/detapewfitherstabitizaktionptape 18Ttubed irh foreaimigar s

of the prior art leadfranes, An internal tape support systemis us d&;one
al t er nat i ve leadframe 193] i FiG: 1deTape 487 is furmaed gver, ARdagheresde, ??ef&’e?' e

whi ch be _di S i . . y
cur od to prdorde 072 afloadifancB, P RopS Ik Hothiohgl ovEFiend AORERSRD, uic Bl
per f or m t hesgadbaporthstrap 199) whddh treackiredrinothecentners of the leadframe 191

and provides stability and support for the die pad 195.

-

It has been discovered that a preferred shape for the lead stabilization
tape 197 is one that provides uniform distance from the innermost end of the
leads 193 to the inner side of the tape 197. This distance should place the tape
as close as is feasible to the inside of the packaged integrated circuit. By
maintaining the distance from the tape to the inner lead end as a uniform
distance, the length of unsupported lead material 205 is approximately
constant around the leadframe. Constant length of the unsupported lead
portions results in a more stable configuration and improved molding results
over the taping supports of the prior art, which, in contrast to the tape 197 of
FIGS. 11 and 13, use nonuniform tape to inner lead distances. Nonuniform
unsupported inner lead distance results in variable flexing between the tape
and the inner lead ends, and thus a loss in the planarity of the leadframe
during handling and molding operations. The top view of the stability tape 195
of FIG. 11 shows that when the inner lead distance is kept uniform, an
octagonal shape forms. This may be described generally as a regular polygon,
and is a symmetrical polygon. Other regular polygon shapes can be used as
alternatives to the octagonal shape of the stabilization taps as shown in
FIG. 11, and the benefit of the invention will still be obtained.

An alternative to the tape of FIGS. 11 and 13 is to form a polymer or
epoxy stabilization bar in the regular polygon shape of the tape of



When the nodified danbarl ess | eadframes with tape are used in the film

rel ease vacuum nol di ng system of the invention, packages are produced which
advant ageously do not require renoval of danbars or renoval of interlead
flash using deflashing steps. COccasionally, however, a package defect
occurs because the nold conpound enters thg cavity under the bottomfilm
In a preferred enbodi nent, the nold conpound is supplied in a prepackaged
pl astic 16 wrapper. The plastic wapper is used in the nolding process
to direct the nold conpound to enter the cavities above the bottomrel ease
film ther effGS. tieanlde! E3.t Fhizoewre beldoriewhen! thedeagframie demamifabureds hyt he

release filmare reduced or elimnated. FIG 9 depicts g, mld co O?ﬂ%gb
insert 151 ﬁmmgeamhadﬁpmssmthmmbemalmebag,seﬁwnﬁéei@n%&% e

061 Edge maafiERRE0RatE, AUDIARE U Gt o Pifadety HAIARALMEPUERE ARD S
the nol d comfaodsyk 6 hatrd@erp@opolgenéripp@pbxy.oTHwimtergal tiebprdk dhen reodaved

conmpound in_a nold receptacle. The_size of the nold conpound insert is
det er ni ned heforecthedeadirame)is gom e vol une

FIG. 14 depicts a detailed view of the gate design of leadframe 191. The
open gate 198 is formed in one of the corner instead of the closed gates of the

prior art. Tie strap 199 then couples to the two side supports 196 of the open
gate 198.

This open gate design enhances the operation of the release films and
allows the molding compound to come into the top and bottom of the cavity
from a central or open gate in the mold. The open gate design also allows the
gate to be placed in any one of the four corners, or alternatively it could be
placed elsewhere, and it therefore provides extra flexibility over the designs of
the prior art in designing the mold cavities and the leadframe itself. The mold

cavity gate can be above, centered, or beneath the plane of the leadframe.

The use of the release films, dambarless leadframe, and prepackaged
molding compound of the invention advantageously enables the packaging of
integrated circuits using fine pitch leadframes without the need for the dambar
trim and flash removal processes of the prior art. The use of the invention
enables the production of integrated circuits using very fine pitch leads and
leadframes without expensive and inefficient retooling of existing assembly
facilities. Further, the use of the release films and prepackaged molding
compound inserts of the invention provide the ability to use alternative

molding compounds such as adhesives and high abrasives not previously
available.



and type of nold conpound used. The packaged nold conpound insert 151 is
pr.ef erably produced as foll owed. MIld conpound is provided in a rectangul ar
shape, although other shapes are feasible depending on the nold design. The
nmol d conpound is placed inside sleeve 157 within a support stand or bl ock.
Top film 153 is placed over the nold conpggnd piece 155 and the sl eeve 157.
In a first enbodi nent, heat sealing is used to seal the top 153 to the

sl eeve 157. In operation, the edge seal 163 should remain inpenetrable

duri | t d handl i , tt t || th | d.
conpound t o pas NERRHGR 1eNERGRR ks Bosm dgseBed it T 1eRePoh g0 HPBTR Ve
heat seal Nagy ORGerits é&é&%@ﬁ%&mﬁomuéﬁ@gﬁg&% éﬁﬂstﬁﬁ%@hﬂ‘ﬁ li&ﬁt%-if‘%' s

(0] .
such as ul tTasonic, aﬂﬁgglve, t'ape, crinping, epoxy seals are fea | e.
The seal i ngefgber i aVasibas| dnbdificatiahse arid mebnibinatiogs a of adhem illwstfatieb| y

f imately 20 mllib , d d t t am nat, it th d
O R o Lo L Lo 2o GRS, 006 AR AT, S e
entire pi Gy {sSHbLEAlE hiaoGhirefitinse8) th Abs@iBHbICTILROThEHADRS

and conpl ete en vacuum vacuum sealing elimnates air and

noi st ur e t Hatended that hidrevappended eclaims sericontpessrangiesuginchadifcations or

Al ternatives fo_ vacuum seal I ng
embodiments.
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17 may include shrinkw appi ng the package or dipping the nold conpound in
pl.astic. Acritical elenent to the operation of the nolding process using
t he prepackaged nol di ng conpound is the packagi ng material. _The
requirenents for the packaging of the nold conpound ha been est abl i shed
for an integrated circuit assembly procesg; using |ndus @

requi rements for nol di ng conpounds and for the resulti Egr ”WCUIt
packages. The plastic package shoul d not create residue or gVue"I
substances in the nmol d during nolding. The nold conpound packagi ng should
not cont am NAHZ atYWWIAIDS or receptacle. The material used in the
packagi ng should not add to ionic contam nation of the resulting packages,
that is the material should not have an ionic content higher than that of
the nol di ng conpgunds A inétiRdifor eheapsiilating!iedegtdtedicircpits ey damibarldize .
mat eri al should not nelt durlng t he nDIdlng process, so it should have a
mel ting t enpeadframesat camprisinge! ed@’gpé : Cel sius over the nolding

reater than 200 degr & véﬁg%mﬂ?@o&%q‘iio 8478 HRobs M ehimnlg |
al l ow t he nghqlsgg conpound to exit the package at sel ected points adj acent
to the nmold runners, and it

receiving a mold compound insert in a mold compound receptacle

spaced apart from said bottom die cavity regions;

coupling said mold compound receptacle to each of said bottom die
cavity regions using a plurality of runners;

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

positioning a bottom release film over the plurality of bottom die
cavity regions in said bottom mold chase;

positioning a top release film over the plurality of top mold cavity
regions in said top mold chase;

placing a plurality of dambarless 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 dambarless leadframe by bond
wires; _

clamping said top mold chase over said bottom mold chase such
that the top and bottom release films are brought into contact, the leadframe
and die assemblies lying between said top and bottom release films and within
the top and bottom die cavities, the top and bottom release films forming an
interface betweeh the leads of the leadframes;

compressing said mold compound insert and forcing said mold
compound out of said mold compound insert and into said runners, until said
mold compound transfers into said runners and substantially fills the area
between said top and bottom release films within said top and bottom die
cavity regions;



shoul d ‘not open prematurely during the preheat phase of the nolding

opetr ation. However, once the edge seals are penetrated in response to the
conpression of the nold conpound package, the nold compeund—should fl ow out
of the package with a m ninmum of resistance to flow T bl 5‘ ld
not tear in normal handling or shipping, bujeshould ﬁﬁ)‘@m“ﬁmﬂ m o]
stretch into the runners when conpressed during the I [ir osess a%s
descri bed above. The material should be capabl e of vacuum sealing and of
mai nt ai ni ng the vacuum during storage. 18 Al t hough many material s may

exi st 4hat could neet tdRéfeihaid restd écmpdind is prevémpdnfrbinéxitiels said top
plastic film neet the requirenents |isted above. Plastic fil|nms such as

t hose used i mndobattony digecavities andgfarming: mndd flashh besween Ahei leadsrofysaid | |

and moi st ur o SORARpSE o oerid o e At B borpid FRBPCen, MERL P AERARICCh
are all nmet khelengelfilihd.ns. The filnms are inexpensive and easy to purchase

and use in a production environment. One preferred filmis [err] polyester
film such as for exanple [err] 40 XM 963- AT, a

2. The method of Claim 1, and further comprising the step of
stretching said top and bottom release films into said top and bottom die cavity
regions using a vacuum.

3. The method of Claim 1, wherein said step of providing a mold
compound insert comprises providing a mold compound packaged in a plastic
film that has a heat seal, said heat seal b'ecoining penetrable during the
molding process, such that the mold compound exits the plastic package
through said heat seal in response to the compression of said mold compound
insert.

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

compound insert comprises providing a thermoset resin.

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

6. The method of Claim 5, wherein said step of providing a mold

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



pol yester filmfor packagi ng avail able from DuPont, DuPont de Nenours Int.
SA:, Ceneva, Switzerland; or DuPont (U K') Ltd, Mylands Avenue, - GB- Henel
Henpst ead, Engl and. Another preferred filmis [err] polyesgt ilm Simlar

films are commercially available froma variety of vendori{. m,m
package 151 of FIG 9 provides the advantages of naking t et} Wm
packages inpervious to contaninants such as water that could interf&re wi*h
t he nol di ng process. Since the prepackaged nold conpound 155 is self

packaged in plastjc, siorage,an bpi ng, packi ng mat.er,i al,s e

i nexpensi ve and ng addi BPO‘%QFﬁ?ffd?ng&%g‘\’aV el r%mﬂeéﬁﬁ’c}’.ar‘rl% %aét frame,,
of the nold r L pY] . v/ . r?&iii
probl ens andeé\}g?a(%ggs;éo%?g. eg (\;'MT{ah E%%’sigure ?:%n ééngdr?ta e Bm) ﬁg:eoéﬁnpoun . The
top 153 may pesitipned inside thebottam gid edndty trgouteirdead tipsroutsidecthe ottbm die
"abel g on EHE PSSR IDIHAReY ot Sdh bomes FidAneRe Ho8h R oTHARRE
abel ing on s

checki ng t ha c REed 0, | | r

parti cul ar pgg aglnﬁfg%gggég? %‘on. krso,ed?%e l'as Pléﬁﬁgﬁtéz}g?ér%ﬁg%‘%%fﬁzﬂ?ﬁBed
opportunity tagether id less thanve predetecmined distalnecause the nold parts are

not in di.rect contact with the conpound. The use of the nold conpound
i nsert package 151 with the release filns further allows a variety of

conpounds to be uged | ThEPiEtREd b C14fh"9, Wiferein said step of providing said
dambarless leadframes comprises the step of providing a leadframe having a
plurality of leads extending from a die pad positioned inside the bottom die
cavity to outer lead tips outside the bottom die cavity, each of said plurality of
leads being widened so that the spacing between leads in the area where the
top and bottom release films are clamped together is less 0.2 millimeters.

9.  The method of Claim 1, wherein at least one of said top release
film and bottom release film comprises a plastic film.

10. The method of Claim 9, wherein at least one of said top release
film and bottom release film comprises a flouroplastic film.

11. The method of Claim 10, wherein at least one of said top release
film and bottom release film comprises tetraflouroethylene and ethylene film.

12. The method of Claim 7, wherein said dambarless lead frame
further comprises a leadframe having a plurality of leads extending from a
die pad positioned inside the bottom die cavity to outer lead tips outsi&e the
bottom die cavity, each of said plurality of leads being secured to the other of
said leads by a securing tape placed at a position of the leads close to the inner
ends of said leads, said securing tape traversing all of the leads of a particular
leadframe to form a regular polygon.



19 resin, resin filled and epoxy materials of the prior art. Additionally,
the use of the package allows the use of other materials, such as adhesives
and abrasives not available in the nolding systens of t he prior art. So

desi rabl e nol di ng conmpounds may have poor nold rel ease char m i{i“ “
may be extremely abrasive. Mlding the pagkages with these 3 “
conventional nolding presses can result in packaged units that Wil not

rel ease after noldi ng, or alternatively, the nold surfaces will wear out

much qui cker tha onv At er | al :

pr epackaged nol d gt{h‘?d ﬁ@%‘?f’@éﬁ'ﬁ?&%% ggtg%ré)aggg#ff e‘#c?%or%it es
t hese probl ens of the prior art. In use, the nDId conpound is placed in a
mold receptacle that is specially shaped to receive it. A plunger shaped to

fit the mold recddt ac/Bhe metbed oml@mplg,swhsn@nm sesHpa\ENtRRe ds applied

ol i ng. " AS 5 RECH! SR S A Lt i S bdnge Sl e SEro PANT ¥ N

into the ruRndrsr &l lead fi9 neadtaiped &Yatmswﬁﬁﬁuy%ongﬁ@tmc@ dorbgs e
runners are 1prgffl_er ably positioned so that
. eadframe.

15. The method of Claim 7, wherein said leadframe has a plurality of
leads extending from a die pad positioned inside the bottom die cavity to outer
lead tips outside the bottom die cavity, said die pad being anchored by die
straps coupled to strap anchors positioned at the edge of said leadframe, one
of said strap anchors defining an open area and providing an open gate for

receiving the mold compound.

16. A dambarless leadframe for use in encapsulating integrated

circuits in a mold compound, comprising:

a die pad positioned within said dambarless leadframe, and
configured to receive an integrated circuit die;

a plurality of leads each having an inner end near said die pad,
and each extending away from said die pad to an outer lead tip;

securing means for securing each one of said plurality of leads to
at least some of the other ones of said plurality of leads, said securing means
being formed close to the inner ends of said leads;

wherein at least one of said plurality of leads is widened in a
region where the mold cavity will be clamped around said leadframe during
the encapsulation process, such that the spacing between gdjacent leads does

not exceed a predetermined minimum distance.



when tthe prepackaged pl astic package is forced open the nold conpound is
faorced over the bottomrelease filme65 within the cavities.—-ln.this way,
the defects caused if the nold conpound noves under the bgoitomrel ease film

can be elim.nated. FIG 10 depicts the nolding systemi SJ aﬂﬂju””mﬂ
mold 173 and top cavity 69 are position over, and cla ! , JuLm
nmol d 175 and bottom ol d cavity 63. Top Telease film67 is stretchéd bver

and enters into top cavity 69, as described above. Bottomrel ease film 65~

ot e e LA e U I S Sl vy
T .

Mnterface pEraiodthet{is tdleabbIP Aol Ad I ARH Ly Of BlsSRaF tho flfer
conpound i neadtoflgsid keadspaidssetiring tapsbavidgh cérter windger int the die pad

beveled to allow th | asti c package ,to conpress nore efficiently. The edge
seal s 183 ofegwa ‘bﬁ&é&ﬁ%&&é %SPE“CB‘P\"HSBHCI insert 179 open either in

response to heat, pressure or the conbination of heat and pressure and the
nol d conpound is forced out of the

18. The dambarless leadframe of Claim 16, wherein said securing

means comprises a polymer appﬁed to each of the leads near the inner ends
of said leads to couple said leads together. '

19. The dambarless leadframe of Claim 16, wherein said securing
means comprises tape a;;plied to each of the leads near the inner ends of said
leads, such that each one of said plurality of leads is secured to at least one
other of said plurality of leads.

20. The dambarless leadframe of Claim 16, wherein said
predetermined minimum distance for the spacing between leads is a
predetermined distance does not exceed 0.20 millimeters.

21. The dambarless leadframe of Claim 16, wherein the
predetermined minimum distance for the spacing between leads is a
predetermined distance does not exceed 0.15 millimeters.

22. The dambarless leadframe of Claim 16, wherein the dambarless
leadframe further comprises die pad straps coupled to strap anchors for
supporting said die pad, at least one of said strap anchors forming an open
gate region where no leads are formed, such that during molding the mold

compound may enter the die cavities through said open gate region of the
dambarless lead frame.



t he package elongates into fingers that stretch and exten
185. The nold conpound is forced along the runner and between
rel ease films, as indicated by reference3unber 180. The release filns are

Posi ti oned baviG: FUANEEApSHRllc! BBk hBEDEDORGRLGHERFCHAGRPSURIEI Gy Ui T oot

t he nol d conmpoun ove tomrelease e area el ed 180.

Gate 171 then directs the nold comome cavity and between the two
rel ease filns 67 and 65. The nold co s the cavity fornmed by the

rel ease filnms 67 and 65 and the top and bottomdie cavities 69 and 63 and
encapsul ates the die 189 and | eadfrane 177. After curing, the nold is

opened, the encapsmiethediandappazatusifor encapsulatiog an intggvated drwtihidie angdt v,

k d 17 d |1 |
e ot he eBangase RBSnbly MRS driBirldo leaaiastibs, TRSALASH a8
The rel easejd fdriffedh@vi @Mdgdﬁs@&asaﬁteﬁﬁaw@& iAk@erdeford hedr tRe f;ﬁfckhﬁ@

next nol ding operation. 1t has further been discovered that the problens of
mol d conpouedgemuchi thattthe intedepdtspasing ﬂnetwwncadjawmtab@dmmeaacthanea

bottom di e cavjty surface can he ced if, the nol d; desi gn and
| eadf rame dBETUHCHIERST « SPEHTHE %\#j%% “€an Io‘b‘@ﬁrgﬁnedf e rglaﬁage

design w || fEA8FBICENG 65 & @Hré‘ﬂ:hed over a plurality of die cavities formed in bottom
and top mold chases 179 and 173. The release films can be further stretched
into the die cavities by a vacuum. Leadframe strip assemblies containing the
dambarless leadframes, each holding integrated circuit dies 189 are placed
such that the integrated circuit dies are each centered over a bottom mold die
cavity 63 and over the bottom mold release films 65. When the top and bottom
mold chases are superimposed, the mold release films 67 and 65 are clamped
together, and an interface is formed at the edges of the top and bottom mold
cavities and between the leads of the dambarless leadframe. The mold
compound is forced into the cavities by pressure. The interface between the top
and bottom release films prevents the mold compound from forming mold flash
between the leads of the dambarless leadframe. The dambarless leadframe
includes a specific subport tape 197 for the internal leads and a specialized
open gate design. '

pl asti‘c package and into the runner 185. As the nold corrp eetsasf
out, the plastic package is penetrated and forced open at mﬁ?

-1




resul ts when using the release filnms of the invention and reduce the

probability that the nold conpound will erroneously enter the area
underneath the bottomrelease film Further, the open gate design is nore
flexible than 21 the nold designs of the prior art, as it allows for

nore alternative positions of the gate to provide nore uniformrunner

| engt hs and better nmold conpound di stri btf dn. The leadframe is desi gned

wi th an open area where the cavity neets the gate, to accomobdate the
release filnms and the gate design of the nold cavities. FIG 11 depicts a
top view of an exenplary danbarl ess | eadfrane 191 whi ch incorporates al

the features of the invention described herein. Leadframe 191 has no dambar
and is a 208 pin leadframe for use in producing quad flat package devi ce.
In FIG 11, a multitude of leads 193 is shown extending away from di e pad
195. Leads 193 have a reduced interlead distance formed in the nold cavity
edge area. Straps 199 are used to pr 'dg'stability for the-die pad 195.
Tape 197-is used to provide stability“and to naintain | ead @%anarity during
nmol ding. Open gate 198 is used to enable the release filmp ~

i
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to receive nold conpound during nolding, as described above. Leadfranme 191
may be manuf actured using etching, stanping or other means as is known in
the art. Preferably, leadfrane 191 is plated with palladium and has sil ver
spots in the soldering regions, to inprove, solderability. FIG 12 depicts a
detailed view of the | eads 193 of |leadfrane 191. The | eads stretch fromthe
wire bond attach area nearest the die pagiand then bend and continue on to
formthe external |leads. Interlead spacers 201 are the wi dened areas in the
nol d cl anmping region of the | eadfrane 191. These interlead spacers 201
reduce the spaci ng 203 between adjacent | eads and al so provide a uniform
spaci ng between adj acent |eads. As described above the reduced spacing
ensures that the interface formed between the top and bottomrel ease fil ns
during the nol ding proc will prevent the nold conpound fromleaving the
nmold cavity in the are 203 andN\jormng interlead splinters. Preferably
the interlead spacing in areas 20y is |less than 0. 20 nilling%ers, and 22
the best- results will be achieved |for typical Ieapﬁrane ¥cxnesses if the
spacing is less than 0.15 mllimetfers. 52
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FIG 18 depicts the details of the stabilization tape 197 used in form ng

| eadfrane 191 in FIG 11. Tape 197 is formed over, and adheres to, each of
the | eads 193 of the leadframe. The tape is positioned over, and adheres
to, the die pad support strap 199, which is anchored in the corners of the
| eadf ranme 191 and provides stability and support for the die pad 195. It
has been discovered that a preferred shaggjgor the | ead stabilization tape
197 is one that provides uniformdistante fromthe innernost end of the

| eads 193 to the inner side of the tape 197. This distance should place the
tape as close as is feasible to the inside of the packaged integrated
circuit. By maintaining the distance framthe tape to the inner |ead end as
a uni formdi stance, the length of unsupported |lead naterial 205 is

approxi mately constant around the | eadfrane. Constant |ength of the
unsupported | ead portions results in a nore stable configuration and

i nproved nol ding results over the taping supports of the prior art, which,
in contrast to the tape 197 of FIGS. 11 and 13, use nonuniformtape to

i nner | ead di stances. Nonuniform unsupported inner |ead distance results in
vari abl e fl exing between the tape and the inner |ead ends, and thus a | oss
in the planarity of the | eadfrane during handling and nol di ng operati ons.
The top view of the stability tape 195 of FIG 11 shows that when the inner
| ead di stance is kept uniform an octagonal shape forns. This may be

descri bed generally as a regul ar pol ygon, &9

67
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and is a symmetrical polygon. O her regular polygon shapes can be used as
aliternatives to the octagonal shape of the stabilization tape as shown in

FIG 11, and the benefit of the invention will still be obtained. An
alternative to the tape of FIGS. 11 and 13 is to forma polyner or epoxy
stabilization bar in the regul ar polygon shape of the tape of 23 FI GS.

11 and 13. This can be done when the |leadfranme is manufactured, by form ng
the leadfrane with an internal tie bar ééé&?ing t he inner ends of the

| eadf ranme together, applying the tape or polyner, and if required curing
can be done to harden a polyner or epoxy. The internal tiebar is then
renmoved before the leadfranme is conpleted. FIG 14 depicts a detailed view
of the gate design of |eadfranme 191. The open gate 198 is forned in one of
the corner instead of the closed gates of the prior art. Tie strap 199 then
couples to the two side supports 196 of the open gate 198. This open gate
desi gn enhances the operation of the release filnms and all ows the nol di ng
conmpound to cone into the top and bottom of the cavity

. VACUUM RNy
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froma“central or open gate in the mold. The open gate design also allows
the gate to be placed in any one of the four corners, or alternatively it’
coul d be placed el sewhere, and it therefore provides extra flexibility over
the designs of the prior art in designing the nold cavities and the
| eadf rame itself. The nold cavity gate can be above, centered, or beneath
the plane of the |eadframe. The use of thg el ease filns, danbarless
| eadf ranme, and prepackaged nol di ng conpouﬁg'of t he.inventi on advant ageously
enabl es the packaging of integrated circuits using fine pitch | eadfranes
W thout the need for the danbar trimand flash renoval processes of the
prior art. The use of the invention enables the production of integrated
circuits using very fine pitch | eads and | eadf rames wi t hout expensive and
inefficient retooling of existing assenbly facilities. Further, the use of
the release filnms and prepackaged nol di.ng conmpound inserts of the i nvention
provide the ability to use alternative nolding conpounds such as adhesives
and hi gh abrasives not previously avail abl e. 24 Wile this invention has
been described with reference to illustrative
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enbodirnents, this description is not intended to be construed in a limting
sense. Various nodifications and conbinations of the illustrative

enbodi nents, as well as other enbodinments of the invention, will be ’
apparent to persons skilled in the art upon reference to the description.

It is therefore intended that the appended cl ai ns enconpass any such

nodi fications or enbodi nents. TI-20316 & ;? - WHAT IS CLAIMED IS: 1. A
nmet hod for encapsul ating integrated circﬁl s usi ng danbarl ess | eadf ranes,
conprising the steps of: providing a plurality of bottomdie cavity regions
in a bottomnold chase; receiving a nold conpound insert in a nold conpound
receptacl e spaced apart fromsaid bottomdie cavity regions; coupling said
nol d conpound receptacle to each of said bottomdie cavity regions using a
plurality of runners; providing a plurality of top die cavity regions in a
top nol d chase,
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each corresponding to a die cavity region is said bottomnold chase,
pasitioning a bottomrel ease filmover the plurality of bottomdie cavity
regions in said bottomnold chase; positioning a top release filmover the
plurality of top nold cavity regions in said top nold chase; placing a
plurality of danbarless |eadfranme and die assenblies on said bottom nold
chase such that each of said bottomdie cavities receives and supports an
integrated circuit die coupled to a danbit ess | eadfrane by bond wires;
clanping said top nold chase over said bottom nold chase such that the top
and. bottomrel ease filns are brought into contact, the | eadfranme and die
assenblies |lying between said tdp and bottomrelease filns and wthin the
top and bottomdie cavities, the top and bottomrelease filns form ng an
interface between the | eads of the | eadfranes; conpressing said nold
conpound insert and forcing said nold conpound out of said nold conpound
insert and into said runners, until said nold conpound transfers into said
runners -and substantially fills the area between said top and bottom
release films,within said top and bottorh die ca.i&i% egi ons;

[ A
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-26- wherein said nold conmpound is prevented fromexiting said top and
bottomdie cavities and form ng nold flash between the | eads of said
danbarl ess | eadframe by the interface forned between said top and bottom

rel ease filnms. 2. The nethod of Claim1, and further conprising the step
of stretching said top and bottomrelease filns into said top and bottom
die cavity regions using a vacuum 3. nmet hod of daim1l1, wherein said

step of providing a nold conpound insert C rises providing a nold
conpound packaged in a plastic filmthat has a heat seal, said heat sea
becom ng penetrabl e during the nolding process, such that the nold conpound
exits the plastic package through said heat seal in response to the
conpression of said nold corpound insert. 4. The nmethod of C aim1l,
wherein said step of providfsg a nold conpound insert conprises providing a
t hernoset resin. 5. The mgQhod of Claim 1, wherein said step of providing
a nold conpound insert conpris provi ding a thernoset resin packaged in a
pl astic - . .
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film 6. The nethod of Caimb5, wherein said step of providing a nold
conpound insert conprises providing a thernoset resin packaged in a plastic
filmthat is heat sealed at the edges. 27 7. The nethod of Claiml1,
wherein said danbarl ess | ead frame conprises a | eadframe having a plurality
of | eads extending froma die pad positioned inside the bottomdie cavity
to outer lead tips outside the bottonldbzlgavity, each of said plurality of
| eads bei ng wi dened so that the spacing"befween | eads in the area where the
top and bottomrelease filns are clanped together is less than a
predeterm ned di stance. 8. THe method of Caim1l, wherein said step of
provi di ng sai d danbarl ess | eadf rames conprises the step of providing a

| eadf rane having a plurality of |eads extending froma die pad positioned
inside the bottomdie cavity to outer |lead tips outside the bottomdie
cavity, each of said plurality of |eads being w dened so that the spacing
between leads in the area where the top and bottomrel ease filns are

cl anped together is less 0.2 mllineters.
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9. The nmethod of Claim1, wherein at |least one of said top release film
and bottomrelease filmconprises a plastic film 10. The nethod of C aim
9, wherein at |east one of said top release filmand bottomrel ease film
conprises a flouroplastic film 11. The nethod of C aim 10, wherein at

| east one of said top release filmand bottomrel ease filmconprises
tetrafl ouroethyl ene and ethylene film 12, ige nmet hod of Caim?7, wherein
sai d danbarl ess | ead frame further conprﬂ@é a leadframe having a plurality
of | eads extending froma die pad positioned inside the bottomdie cavity
to outer lead tips outside the bottomdie cavity, each of said plurality of
| eads being secured to the other of said | eads by a securing tape placed at
a position of the leads close to the inner ends of said | eads, said
securing tape traversing all of the |eads of a particular |eadfrane to form
a regul ar pol ygon. 28 13. The nethod of C aim 12, wherein regul ar

pol ygon is an octagon. 14. The nethod of C aim 12, wherein said securing
tape is applied to each of the |eads such that the distance fromthe

secgring tape to the inner /Q/ (73 /99
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end of each lead is numintained at a substantially constant distance across
the |l eadfrane. 15. The nethod of Caim?7, wherein said | eadfrane has a
plurality of |eads extending froma die pad positioned inside the bottom
die cavity to outer lead tips outside the bottomdie cavity, said die pad
bei ng anchored by die straps coupled to strap anchors positioned at the
edge of said-l-eadframe, one of said straxpmshors defining an open area and
providi ng an open gate for receiving the nold conmpound. 16. A danbarl ess

| eadf rane for use in encapsulating integrated circuits in a nold conpound,
conprising. a die pad positioned within said danbarl ess | eadf rane, and
configured to receive an integrated circuit die; a plurality of |eads each
having an i nner end near said die pad, and each extendi ng away from said
die pad to an outer lead tip; securing neans for securing each one of said
plurality of |leads to at | g%t?sone of the other ones of said plurality of
| eads, said securing nean efﬁg d close to the inner ends of said

| eads; wherein at |east one of said plarality of leads is widened in a
region where the nold cavity wll anped around sai d | eagéy gn®& during
t he encapsul ati on process, such that the spacing between ad] a€ent | eads

does
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not exceed a predeterm ned m ni mrum di st ance. 29 17. The danbarl ess
| eadf rame of C aim 16, wherein said securing neans conprises a tape applied
around the plurality of |eads near the inner end of said |eads, said
securing tape having a center window in the die pad region and formng a
regul ar polygon. 18. The danbarless |eadfranme of Caim 16, wherein said
securing nmeans conprises a pol yner appl Lied1Bo each of the | eads near the
i nner ends of said | eads to couple said | eads together. 19. The danbarl ess
| eadf ranme of Claim 16, wherein said securing neans conprises tape applied
to each of the |eads near the inner ends of said | eads, such that each one
of said plurality of leads is secured to at | east one other of said
plurality of |eads. 20. The danbarl ess | eadframe of C aim 16, wherein said
predet erm ned m ni num di stance for the spacing between leads is a
predet erm ned di stance does not exceed 0.20 mllineters. 21. The danbarl ess
| eadf rane of C aim 16, wherein the

205

/k/

| —— 3 —
(.__

. \\ .

(75

/

e,
e
X
4

i

%«

(0

2k
%X

[

Mﬂ \} {0

T™=G. K



predeterm ned m ni num distance for the spacing between leads is a
predet er m ned di stance does not exceed 0.15 mllineters. 22. The
danbar | ess | eadfrane of Claim 16, wherein the danbarl ess |eadframe further
conprises die pad straps coupled to strap anchors for supporting said die
pad, at |east one of said strap anchors form ng an open gate regi on where

no | eads are forned, such that during np¢gaBg the nold conpound may enter

the die cavities through said open gate region of the danbarl ess | ead
frame. -
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