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STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE
SEGMENTS AND MOTOR USING SAME

REFERENCE TO EARLIER FILED APPLICATION

The present application is a continuation-in-part of Application Serial
No. 09/798,511, filed March 2, 2001, and entitled Stator Assembly Made From
A Plurality Of Toroidal Core Arc Segments And Motor Using Same, which is

hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates generally to a stator assembly used in a
dynamoelectric machine such as a motor or a generator. It relates particularly
to a spindle motor such as used in a hard disc drive, and to the construction

and arrangement of a stator assembly made from a plurality of arc segments.

BACKGROUND OF THE INVENTION

Computers commonly use disc drives for memory storage purposes.
Disc drives include a stack of one or more magnetic discs that rotate and are
accessed using a head or read-write transducer. Typically, a high speed
motor such as a spindle motor is used to rotate the discs.

In conventional spindle motors, stators have been made by laminating
together stamped pieces of steel. These stamped pieces of steel are
generally circular in nature, but also have “poles” extending either inwardly or
outwardly, depending on whether the rotor is on the inside or surrounds the
stator. The stamped pieces are laminated together and then coated with
insulation. Wire is then wound around the poles to form stator windings.

An example of a conventional spindle motor 1 is shown in FIG. 1. The
motor 1 includes a base 2 which is usually made from die cast aluminum, a
stator 4, a shaft 6, bearings 7 and a disc support member 8, also referred to
as a hub. A magnet 3 and flux return ring 5 are attached to the disc support
member 8. The stator 4 is separated from the base 2 using an insulator (not

shown) and attached to the base 2 using a glue. Distinct structures are
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formed in the base 2 and the disc support member 8 to accommodate the
bearings 7. One end of the shaft 6 is inserted into the bearing 7 positioned in
the base 2 and the other end of the shaft 6 is placed in the bearing 7 located
in the hub 8. A separate electrical connector 9 may also be inserted into the
base 2.

Each of these parts must be fixed at predefined tolerances with respect
to one another. Accuracy in these tolerances can significantly enhance motor
performance.

In operation, the disc stack is placed upon the hub. The stator
windings are selectively energized and interact with the permanent magnet to
cause a defined rotation of the hub. As hub 8 rotates, the head engages in
reading or writing activities based upon instructions from the CPU in the
computer.

Manufacturers of disc drives are constantly seeking to improve the
speed with which data can be accessed. To an extent, this speed depends
upon the efficiency of the spindle motor, as existing magneto-resistive head
technology is capable of accessing data at a rate greater than the speed
offered by the highest speed spindle motor currently in production. The
efficiency of the spindle motor is dependent upon the dimensional consistency
or tolerances between the various components of the motor. Greater
dimensional consistency between components leads to a smaller gap
between the stator 4 and the magnet 3, producing more force, which provides
more torque and enables faster acceleration and higher rotational speeds.

The conventional method of forming stators has a number of
drawbacks. First, most steel is manufactured in rolled sheets and thus has a
grain orientation. The grain orientation has an effect on the magnetic flux
properties of the steel. In circular stamped pieces of steel, the grain
orientation differs at different points around the circle. Compared from the
radius line of the circle, the grain orientation is sometimes aligned along the
radius, sometimes transverse to it, and mostly at a varying angle to the radius.

The un-aligned grain structure of conventional stators causes the magnetic
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flux values to differ in parts of the stator, and thus the motor does not have
consistent and uniform torque properties as it rotates.

Another drawback with using circular steel pieces is that, especially for
inward facing poles, it has been difficult to wind the wire windings tightly
because of the cramped space to work inside of the laminated stator core.
The cramped working space creates a lower limit on the size of the stator and
thus the motor. The limited working space also results in a low packing
density of wire. The packing density of wire coiled around the poles affects
the amount of power generated by the motor. Increasing packing density
increases the power and thus the efficiency of the spindle motor.

An important factor in motor design is to reduce stack up tolerances in
the motor. Stack up tolerances reduce the overall dimensional consistency
between the components. Stack up tolerances refer to the sum of the
variation of all the tolerances of all the parts, as well as the overall tolerance
that relates to the alignment of the parts relative to one another. One source
of stack up tolerances is from the circular stator body. Generally, the
thickness of rolled steel is not uniform across the width of the roll. Sometimeé
the edges are thicker or thinner than the center. In a stator made from
circular stamped pieces, the thicknesses of individual laminations are thus
different from one side to the other. When stacked together, this creates a
stack up tolerance problem. Furthermore, the circular stampings leave a lot of
wasted steel that is removed and must be recycled or discarded.

Another important factor in motor design is the lowering of the
operating temperature of the motor. Increased motor temperature affects the
electrical efficiency of the motor and bearing life. As temperature increases,
resistive loses in wire increase, thereby reducing total motor power.
Furthermore, the Arhennius equation predicts that the failure rate of an
electrical device is exponentially related to its operating temperature. The
frictional heat generated by bearings increases with speed. Also, as bearings
get hot they expand, and the bearing cages get stressed and may deflect,
causing non-uniform rotation, reducing bearing life. This non-uniform rotation

causes a further problem of limiting the ability of the servo system controlling
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the read/write heads to follow data tracks on the magnetic media. One
drawback with existing motor designs is their limited effective dissipation of
the heat, and difficulty in incorporating heat sinks to aid in heat dissipation. In
addition, in current motors the operating temperatures generally increase as
the size of the motor is decreased.

Manufacturers have established strict requirements on the outgassing
of materials that are used inside a hard disc drive. These requirements are
intended to reduce the emission of materials onto the magnetic media or
heads during the operation of the drive. Of primary concern are glues used to
attach components together, varnish used to insulate wire, and epoxy used to
protect steel laminations from oxidation.

in :addition to such outgassed materials, airborne particulate in a drive
may lead to head damage. Also, airborne particulates in the disc drive could
interfere with signal transfer between the read/write head and the media. To
reduce the effects of potential airborne particulate, hard drives are
manufactured to exacting clean room standards and air filters are installed
inside of the drive to reduce the contamination levels during operation.

An example of a spindle motor is shown in U.S. Patent No. 5,694,268
(Dunfield et al.) (incorporated herein by reference). Referring to FIG. 5 of this
patent, a stator of the spindle motor is encapsulated with an overmold 42.
The overmolded stator 40 contains openings through which mounting pins 44
may be inserted for attaching the stator 200 to a base. U.S. Patent
No. 5,672,972 (Viskochil) (incorporated herein by reference) also discloses a
spindle motor having an overmolded stator. One drawback with the stators
described in these patents is this difficulty in winding wire on the poles.
Another drawback is the height of the lamination stacks. Further, the
overmolds shown in these patents are not effective in dissipating heat or
dampening some vibrations generated by energizing the stator windings.

U.S. Patent No. 5,806,169 (Trago) (incorporated herein by reference)
discloses a method of fabricating an injection molded motor assembly.
However, neither the Trago design nor the other prior art designs address the

problems of winding wire, variation in the thickness of steel used to make the
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stator cores and the non-uniform grain structure in the steel compared to the
magnetic flux in the stator during operation of the motor.

Some of these problems have been addressed by motor manufacturing
methods in which individual stator arc segments are made and wound with
wire to form poles, and these segments are then assembled to form a
complete stator. While this process allows for higher packing density, it has
several drawbacks. Somehow the individual segments have to be assembled
and held in place to form the stator. In addition, the individual wires of the
different poles have to be connected together for the poles that are of the
same phase. These numerous wires tend to get in the way during the
assembly process, slowing down the manufacturing process.

U.S. Patent No. 6,049,153 to Nishiyama describes the use of crimping
or welding to attach segments together. This process deforms the steel and
reduces the level of magnetic flux produced by the laminations. The process
also requires numerous wire interconnections when the poles are wound as
discrete components, and it does not offer improvements in wire routing.

U.S. Patent No. 5,729,072 to Hirano describes the use of welding or an
adhesive to hold the segments together. A disadvantage of this approach is
that the stator poles must be handled as separate elements during stator
construction. This requires complicated assembly equipment and a slow
manufacturing process.

U.S. Patent No. 6,265,804 to Nitta describes the use of plastic
insulation in combination with segmented stators. This approach does not
improve on the problem of how to assemble and hold the individual segments
in place, nor does it aid in connecting the various wires. ~

U.S. Patent No. 6,167,610 to Nakahara describes a method of making
a rotary motor where a length of steel strip has thin portions between blocks
of pole teeth. Wire is wound on the pole teeth while the steel strip is straighi.
Later the thin sections are bent to allow the poles to form a stator. One
problem with this design is that when the thin portions are bent, the stress on
the steel reduces the flux capacity of the connecting steel, forming the back

iron. Also, the stamping of such a length of steel strip would be expensive
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and result in large amount of scrap. Thus, a need exists for a method of

making motors overcoming the aforementioned problems.

BRIEF SUMMARY OF THE INVENTION

A method of making stator assemblies has been invented which
overcomes many of the foregoing problems. In addition, unique stator
assemblies and other components of a motor have been invented. In one
aspect, the invention is a stator assembly comprising a plurality of discrete
stator segments each at least partially encased with a phase change material,
wherein the phase change material also comprises a bridge between adjacent
segments to link adjacent segments into a continuous strip; and the linked
stator segments being arranged and secured together to form the stator

assembly.

In a second aspect, the invention is a combination of stator arc
segments and a flexible carrier used to link said stator arc segments during a
winding operation comprising: a) a plurality of stator arc segments; and b) a
phase change material constituting said flexible carrier adhered to the stator
arc segments which links said segments in a uniform and predetermined

position with respect to one another.

In another aspect the invention is a method of making a stator
assembly comprising: a) providing at least two stator arc segments linked
together by a phase change material and each constituting a pole and having
a first side surface and a second side surface; b) winding wire on the poles; c)
aligning said stator arc segments to form a toroidal core, wherein each said
side surface of one segment is in contact with an opposing side surface of
another segment; and d) substantially encapsulating said toroidal core with a

monolithic body of phase change material to form said stator assembly.

In another aspect the invention is a method of making a stator
assembly comprising: a) providing at least two stator arc segments linked

together by a phase change material and each providing a pole and having a
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first side surface and a second side surface; b) winding wire on each pole of
each arc segment; c) aligning said stator arc segments to form a toroidal core,
wherein each said side surface of one segment is in contact with an opposing
side surface of another segment; and d) placing a retaining member on the
exterior of the toroidal core to unitize the structure.

In yet another aspect, the invention is a series of discrete stator
segments each substantially encapsulated with, and linked together by
bridges made from, an injection molded thermoplastic material.

With the unique linked but discrete segment assemblies, wire can be
wound around the poles with a high packing density, yet at the same time the -
segments can be maintained in their proper order so that one continuous piece
of wire can be used to wind all poles in the same series or phase, making it
unnecessary to later connect wires from individual windings to one another. The
invention provides the foregoing and other features, and the advantages of the
invention will become further apparent from the following detailed description of
the presently preferred embodiments, read in conjunction with the
accompanying drawings. The detailed description and drawings are merely
illustrative of the invention and do not limit the scope of the invention, which is

defined by the appended claims and equivalents thereof.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

FIG. 1 is an exploded, partial cross-sectional and perspective view of a
conventional prior art high speed motor.

FIG. 2 is perspective view of a stator arc segment being loaded into an
injection mold prior to injecting a phase change material to make a limited
series of stator arc segments of the present invention.

FIG. 3 is a perspective, partial cross-sectional view of an encapsulated
stator arc segment of FIG. 2.

FIG. 4 is a perspective view of the encapsulated stator arc segment of
FIG. 2. .

FIG. 5 is a perspective view of a series of encapsulated stator arc

segments of FIGS. 2-4 linked together by a thermoplastic webbing.
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FIG. 6 is a perspective view of the series of stator arc segments of
FIG. 5 during wire winding.

FIG. 7 is a perspective view of an injection molded stator assembly
using the linked serial of webbed stator arc segments of FIG. 6.

FIG. 8a is a cross-sectional view of a toroidal core made from the
linked series of stator arc segments after the wire winding shown in FIG. 5 in
an injection mold assembly, prior to injecting a phase change material.

FIG. 8b is a cross-sectional view of the toroidal core of FIG. 8a in an
injection mold assembly after injecting a phase change material, resulting in
the stator assembly of FIG. 7.

FIG. 9 is an exploded, partial cross-sectional and perspective view of a
motor using the encapsulated webbed stator of FIG. 7.

FIG. 10 is a perspective view of a stator assembly of a second
embodiment of the present invention using a steel band to unitize the webbed

stator arc segments.

DETAILED DESCRIPTION OF THE DRAWINGS AND PREFERRED
EMBODIMENTS OF THE INVENTION

A preferred embodiment of a motor of the present invention and
portions of the motor at different stages of manufacture are shown in FIGS. 2-
7 and 9. The spindle motor 100 (FIG. 9) is designed for rotating a disc or
stack of discs in a computer hard drive. Motor 100 is formed by using an
injection molded stator assembly 40, that is formed by injection molding a
plurality of stator arc segments 20 (FIG. 2) aligned to form a toroidal core 17
(FIG. 7). Although the embodiment described here uses individual arc
segments, one of ordinary skill in the art will understand that groups of two,
three or any greater number of arc segments may be used. The preferred
motor of the present invention may be smaller, has a grain structure that is
more uniformly aligned, and allows for greater packing density of wire and
reduces waste of steel in the manufacturing process, as compared with

conventional motors, thereby increasing power and reducing stack up
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tolerances and manufacturing costs and producing other advantages
discussed below.

Referring to FIG. 2, a stator arc segment 20 is first constructed, using
steel laminations 11. The stator arc segment 20 is made of steel pieces that
are stamped out of rolled steel. The stamped steel pieces are arc segments,
but also have a pole 21 extending inwardly or outwardly depending on
whether the rotor is inside or surrounds the stator. In the embodiment shown
in FIG. 2, the pole 21 is shown extending inwardly. The stamped pieces are
then coated with encapsulating material 22 which provides electrical insulation
and laminates the pieces together to form a stator arc segment 20, and links
other arc segments into a continuous strip via webbing 23.

The encapsulating material 22 is preferably formed of a phase change
material, meaning a material that can be used in a liquid phase to envelope
the stator, but which later changes to a solid phase. There are two types of
phase change materials that will be most useful in practicing the invention:
temperature activated and chemically activated. A temperature activated
phase change material will become molten at a higher temperature, and then
solidify at a lower temperature. However, in order to be practical, the phase
change material must be molten at a temperature that is low enough that it
can be used to encapsulate a toroidal core. Preferred phase change
materials will be changed from a liquid to a solid in the range of about 200 °F
to about 700 °F, more preferably in the range of about 550 °F to about 650 °F.
The most preferred temperature activated phase change materials are
thermoplastics. The preferred thermoplastic will become molten at a
temperature at which it is injection-moldable, and then will be solid at normal
operating temperatures for the motor. An example of a phase change
material that changes phases due to a chemical reaction, and which could be
used to form the body, is an epoxy. Other suitable phase change materials
may be classified as thermosetting materials.

As shown in FIG. 2 the segments 20 can be placed in a multi-cavity
mold 28 to increase productivity. In the preferred embodiment the individual

laminations 11 making up the segments are not interconnected but loosely
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stacked together before insertion into the mold 28. After the thermoplastic
solidifies, the overmolded segments are ejected from their cavities. New
laminations are inserted into the cavities and the process repeats. In the
preferred embodiment, a continuous strip of segments is formed by linking the
webbing from successive molding operation. This is done by designing the
tool to insert a section of the plastic webbing of the outermost segment
molded in the prior cycle with the new laminations to be molded. When the
plastic encapsulates the new segments it can mechanically lock with or,
depending upon design, re-melt, the webbing from the prior cycle, thus
making a continuous strip, as shown in FIG. 5. The series has segments 20
with poles 21A, 21B and 21C arranged next to one another as they will be in
the finished stator assembly.

The stator arc segments 20 are preferably molded into a continuous
strip where the webbing acts as a carrier to link the segments together. In the
preferred embodiment the encapsulating material 22 forms wire retaining
flanges 24 to prevent wire from slipping off the pole. In a preferred
embodiment, winding posts 25 as well as webbing 23 allow orientation of wire
as it transfers across multiple poles.

By precisely aligning the stator arc segments 20, the webbing 23 can
also be used to guide the wire between common phase poles, thus
eliminating the need for interconnections commonly used on segmented
stator motors. This greatly enhances the efficiency for winding wire 15 around
the poles 21 and significantly reduces the cost.

The webbing can be deflected to allow the gap between adjoining
poles to be increased as is shown in FIG. 6. This allows wire 15 to be wound
around the poles 21 of the stator arc segments 20 using a fly winder 34 that
has a set of needles 35. The wire 15 is wound around one pble 21 andis
then wound around another pole 21 in its phase until all poles 21 in the same
phase are wound with the same wire 15. Poles 21 in other phases are also
similarly wound. Having only arc segments, rather than a full toroidal core,

and spreading the spacing between the adjoining segments for needle 35 to
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wind wire 15 around poles 21, allows a wire packing density of more than 80
percent to be achieved.

A length of connected stator segments 20 corresponding to the number
of poles 21 required to produce the motor are cut from the continuous strip.
The strip is then rolled into a magnetically inducible toroidal core 17 having a
plurality of poles 21 thereon, and wire windings 15 which serve as conductors.
To form the toroidal core 17, a side surface 16 of each stator arc segment 20
is aligned and brought into contact with a corresponding side surface of
another stator arc segment 20. In certain embodiments where a reduction in
eddy currents is desirable, it may be preferable to separate faces 16. This
could be done by using a thin film of encapsulation material 22 over the side
surfaces 16, or the edges 19 of the insulator end surface (FIG. 4) could be
used to create the gap. The wire 15 between the poles 21 of different stator
arc segments 20 is also aligned in the toroidal core 17, following the arc of the
stator arc segments 20. As a result, the wire in the toroidal core 17 is taught.

As shown in FIG. 7, the toroidal core 17 is then encapsulated in a body
42. Together the toroidal core 17 and the body 42 make up an injection
molded stator assembly 40. The body 42 is preferably a monolithic body.
Monolithic is defined as being formed as a single piece. The body 42
substantially encapsulates the toroidal core 17. Wires 44 extend out of the
body 42 for connection to the power source used to supply the motor.
Substantial encapsulation means that the body 42 either entirely surrounds
the toroidal core 17, or surrounds almost all of it except for minor areas of the
toroidal core 17 that may be exposed. However, substantial encapsulation
means that the body 42 and toroidal core 17 are rigidly fixed together, and
behave as a single component with respect to harmonic oscillation vibration.

The preferred method of developing the monolithic body 42 comprises
designing a phase change material to have a coefficient of linear thermal
expansion such that the phase change material contracts and expands at
approximately the same rate as the metal laminations of the toroidal core 17.
For example, the preferred phase change material should have a CLTE of
between 70% and 130% of the CLTE of the core of the stator. The phase
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change material should have a CLTE that is intermediate the maximum and
minimum CLTE of the toroidal core and other motor components where the
body is in contact with those other components and they are made of a
different material than the core. Also, the CLTE’s of the body and toroidal
core should match throughout the temperature range of the motor during its
operation. An advantage of this method is that a more accurate tolerance
may be achieved between the body and the components of the toroidal core
because the CLTE of the body matches the CLTE of the toroidal core
components more closely. Most often the toroidal core components will be
metal, and most frequently steel and copper. Other motor parts are often
made of aluminum and steel.

Most thermoplastic materials have a relatively high CLTE. Some
thermoplastic materials may have a CLTE at low temperatures that is similar
to the CLTE of metal. However, at higher temperatures the CLTE does not
match that of the metal. A preferred thermoplastic material will have a CLTE
of less than 2 x 10 in/in/°F, more preferably less than 1.5 x 107 in/in/°F,
throughout the expected operating temperature of the motor, and preferably
throughout the range of 0-250°F. Most preferably, the CLTE will be between
about 0.8 x 10 in/in/°F and about 1.2 x 107 in/in/°F throughout the range of
0-250°F. (When the measured CLTE of a material depends on the direction
of measurement, the relevant CLTE for purposes of defining the present
invention is the CLTE in the direction in which the CLTE is lowest. However,
if a material has a rate of expansion in one direction that is more than five
times greater than the expansion rate in one of the other directions, then the
CLTE for purposes of defining the present invention is average of the CLTEs
in each of the three X, Y and Z directions.

The CLTE of common solid parts used in a motor are as follows:

23°C 250°F
Steel 05 0.8  (x107in/in/°F)
Aluminum 0.8 1.4
Ceramic 0.3 0.4
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Of course, if the motor is designed with two or more different solids,
such as steel and aluminum components, the CLTE of the phase change
material would preferably be one that was intermediate the maximum CLTE
and the minimum CLTE of the different solids, such as 0.65 in/in/°F at room
temperature and 1.1 x107°in/in/°F at 250°F.

One preferred thermoplastic material, Konduit OTF-212-11, which
includes aluminum oxide as a filler at level of about 55%, was made into a
thermoplastic body and tested for its coefficient of linear thermal expansion by
a standard ASTM test method. It was found to have a CLTE in the range of —
30 to 30°C of 1.09x10°®° in/in/°F in the X direction and 1.26x107° in/in/°F in both
the Y and Z directions, and a CLTE in the range of 100 to 240°C of 1.28x107°
in/in/°F in the X direction and 3.16x107° in/in/°F in both the Y and Z directions.
(Hence, the relevant CLTEs for purposes of defining the invention are
1.09 x 107 in/in/°F and 1.28 x 10 in/in/°F.) Another similar material, Konduit
PDX —0-988, was found to have a CLTE in the range of =30 to 30°C of
1.1x10° in/in/°F in the X direction and 1.46x10™ in/in/°F in both the Y and Z
directions, and a CLTE in the range of 100 to 240°C of 1.16x107 in/in/°F in
the X direction and 3.4x107° in/in/°F in both the Y and Z directions. By
contrast, a PPS type polymer, (Fortron 4665) was likewise tested. While it
had a low CLTE in the range of —30 to 30°C (1.05x10° in/in/°F in the X
direction and 1.33x107° in/in/°F in both the Y and Z directions), it had a much
higher CLTE in the range of 100 to 240°C (1.94x10™ in/in/°F in the X direction
and 4.17x107° in/in/°F in both the Y and Z directions).

In addition to having a desirable CLTE, the preferred phase change
material will also have a high thermal conductivity. A preferred thermoplastic
material will have a thermal conductivity of at least 0.4 watts/meter°K using
ASTM test procedure 0149 and tested at room temperature (23°C).

In the present embodiment, the phase change material used to make
the body 42 is preferably a thermally conductive but non-electrically
conductive plastic. In addition, the plastic preferably includes ceramic filler
particles such as aluminum oxide or boron nitride that enhance the thermal

conductivity, while reducing the coefficient of linear thermal expansion of the
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plastic. The filler will preferably comprise about 30% or more of the phase
change material, more preferably about 45% or more, and most preferably
about 55% or more. A preferred form of plastic is polypheny! sulfide (PPS)
sold under the tradename “Konduit” by LNP. Grade OTF-212-11 PPS is
particularly preferred, using a roughly 55 weight percentage of aluminum
oxide as a filler. Examples of other suitable thermoplastic resins include, but
are not limited to, thermoplastic resins such as 6,6-polyamide, 6-polyamide,
4,6-polyamide, 12,12-polyamide, 6,12-polyamide, and polyamides containing
aromatic monomers, polybutylene terephthalate, polyethylene terephthalate,
polyethylene napththalate, polybutylene napththalate, aromatic polyesters,
liquid crystal polymers, polycyclohexane dimethylol terephthalate,
copolyetheresters, polyphenylene sulfide, polyacylics, polypropylene,
po!yethyiéne, polyacetals, polymethylpentene, polyetherimides,
polycarbonate, polysulfone, polyethersulfone, polyphenylene oxide,
polystyrene, styrene copolymer, mixtures and graft copolymers of styrene and
rubber, and glass reinforced or impact modified versions of such resins.
Blends of these resins such as polyphenylene oxide and polyamide blends,
and polycarbonate and polybutylene terephthalate, may also be used in this
invention.

Of course, two different phase change materials can be used for the
encapsulating material 22 and the body 42. The encapsulating material 22
will normally be a really stiff, high temperature thermoplastic, whereas, the
body 42 will normally be made of a more compliant thermoplastic.

As shown in FIG. 8a, to encapsulate the toroidal core 17 and form body
42, the series of stator arc segments with windings already applied is first
clamped and held in place by pins 61 in an injection mold cavity 66. The
injection mold cavity 66 is very effective and maintains the toroidal shape of
the segments during molding. It is likely that more than the four pins 61
shown in FIG. 8a will be needed to do this. Molten phase-change material is
then injected into the molding cavity 66 with an extrusion screw (not shown)
until the pressure inside the cavity reaches a predetermined molding

pressure. After injecting the molten phase change material, the pins 61
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retract as shown in FIG. 8b, and the phase change material fills in the area
vacated as the pins retract. The phase change material is then allowed to
cool and solidify into a monolithic body 42 that substantially encapsulates the
toroidal core 17. The preferred thickness of the body 42 depends on the
aspect ratio of the toroidal core 17. Preferably the injection molding operation
is controlled in the manner described in U.S. Patent Application Serial No.
09/983,002, filed October 17, 2001, which is hereby incorporated by reference
in its entirety.

The injection molded stator assembly 40 is then used to construct the
rest of the motor 100 (FIG. 9). The motor 100 includes a hub 108, which
serves as a disc support member, the stator assembly 40, a base 102, a shaft
106 and bearings 107.

As shown in FIG. 9, a shaft 106 is connected to the hub or disc support
member 108 and is surrounded by bearings 107, which are adjacent against
the base 102 of the motor. A rotor or magnet 103 is fixed to the inside of the
hub 108 on a flange so as to be in operable proximity to the stator assembly.
The magnet 103 is preferably a permanent magnet, as described below.

Referring to FIG. 9, the bearings 107 include an upper bearing 46 and
a lower bearing 48. Also, each bearing 107 has an outer surface 50 and an
inner surface 52. The outer surface 50 of the upper bearing 46 contacts the
hub 108 and the outer surface 50 of the lower bearing 48 contacts the support
base 102. The inner surfaces 52 of the bearings 46 and 48 contact the
shaft 106. The bearings are preferably annular shaped. The inner
surfaces 52 of the bearings 107 may be press fit onto the shaft 106. A glue
may also be used. The outer surface 50 of the bearings 107 may be press fit
into the interior portion of the base 102. A glue may also be used. The
bearings in the embodiment shown in FIG. 9 are ball bearings. Alternatively
other types of bearings, such as hydrodynamic or combinations of
hydrodynamic and magnetic bearings, may be used. The bearings are
typically made of stainless steel.

The shaft 106 is concentrically disposed within the interior portion of

the stator assembly 40 and the base 102. The bearings 107 surround
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portions of the shaft 106. As described above, the inner surfaces 52 of the
bearings are in contact with the shaft 106. The shaft 106 includes a top
portion and a bottom portion. The top portion of the shaft 106 is fixed to the
hub 108. The bottom portion of the shaft 106 is free to rotate inside the lower
bearing. Thus, in this embodiment, the shaft 106 is freely rotatable relative to
the base 102. The shaft 106 is preferably cylindrical shaped. The shaft 106
may be made of stainless steel.

Referring to FIG. 9, the hub 108 is concentrically disposed around the
stator-assembly 40 and the base 102. The hub 108 is fixed to the shaft 106
and is spaced apart from the stator assembly 40 and the base 102. The
hub 108 includes a flux return ring 105 and the magnet 103. The flux return
ring 105 and magnet 103 are glued to the hub 108. As shown in FIG. 9, the
magnet 103 concentrically surrounds the stator assembly 40. in this
embodiment the magnet 103 and stator assembly 40 are generally coplanar
when the motor 100 is assembled.

The magnet 103 is preferably a sintered part and is one solid piece.
The magnet 103 is placed in a magnetizer which puts a plurality of discrete
North and South poles onto the magnet 103, dependant on the number of
poles 21 on the toroidal core 17. The flux return ring 105 is preferably made
of a magnetic steel. The hub is preferably made of aluminum. Also, the hub
may be made of a magnetic material to replace the flux return ring. Other
motor designs using an encapsulated stator that can be made by the present
invention are disclosed in U.S. Patent Application Serial No. 09/470,434, filed
December 22, 1999, and U.S. Patent No. 6,501,616, both of which are
incorporated herein by reference.

Although the embodiment described here uses encapsulation of the
segments 20 used to form a stator assembly, one of ordinary skill in the art
will understand that other methods of unitizing the structure may be used.
One example, as shown in Fig. 10, is the use of a steel collar 200 to fixture
the discrete stator segments 220, six of which are used in this embodiment.
This process, commonly referred to as “hot banding,” requires heating the

steel collar 200 to a temperature above the stator temperature. Via thermal
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expansion the collar grows larger than the toroidal core diameter so that it can
be placed around the circumference of the core. As the collar cools, its
diameter reduces, creating an interference force on the segments effectively
unitizing the structure. The segments 220 are similar to stator segments 20,
each encapsulated in a thermoplastic material 222 and having retaining

flanges 224 and winding posts 225 for holding wire.

Advantages of the Present invention

An advantageous feature of the preferred embodiment is provided by
the fact that the stator assembly 40 is formed from stator arc segments 20
that are aligned to form a toroidal core 17 and substantially encapsutated with
a monolithic body 42 to form a stator assembly 40. Using stator arc segments
20 provides a more uniform grain structure to the toroidal core 17. The grain
orientation of prior art circular stampings varies a great deal at different points
around the circle. By using arc segments, a more uniform grain structure may
be obtained. The grain orientation has an effect on the magnetic flux
properties of the steel. By making all the arc segments have the same
orientation compared to the grain structure of the steel from which they are
stamped, the grain structure in the core is more uniform and the rhagnetic flux
is more uniform and the motor 100 of the present invention has more
consistent and uniform torque properties as it rotates. This also leads to
greater motor efficiency and performance.

The ability to manipulate the webbing to separate the pole faces allows
for a smaller slot gap than can be traditionally employed with needle wound
motors. This reduction in slot gap can be used to reduce cogging torque as
well as reduce wind noise and associated vibration. Additionally, the ability to
wind each phase with a continuous strip of wire, as opposed to winding
distinct poles and then connecting terminal ends of the windings as is
presently done with other segmented stators, offers a compelling cost
savings.

The preferred motor also has greater packing density of wire 15. In the

disclosed embodiment of the invention, the toroidal core 17 is made of
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sections, one for each pole 21. It should be understood that the disclosed
method can use any number of stator arc segments 20 greater than at least
two. With prior art circular stamped stators, there is a limitation of the spacing
between each pole 21 to allow the needle 35 feeding the winding wire 15 to
enter and exit the gap. Additionally, in traditional small motors (less than 1.5
inches outer diameter), it is difficult to wind three phases of wire concurrently.
Furthermore, this geometry makes the process of applying uniform, evenly
spaced turns difficult to achieve. With the present invention, since the faces
of the poles can be separated, there is more room to work, and a needle 35
feeding the winding wire 15 can thus pack the windings more tightly. The
webbing 23 allows easier packaging and transportation of the poles and also
allows for the winding to be done more efficiently. Increasing the packing
density of wire 15 increases the magnetic field, thereby providing more
electromotive force and increased power to the motor 100.

The limited working space for winding wire 15 around the poles 21 in
circular stamped stators limits the size of motors as well. Since the disclosed
method allows for increased working room, smaller motors may be made with
the present method compared to prior art methods. The use of flanges 24
and posts 25 molded onto the segments can be used to keep the wire
organized around the perimeter of the assembly while it is being overmolded.

The disclosed spindie motor 100 minimizes stack up tolerances. Since
in the present embodiment only single poles are being used, the laminations
can be stamped from portions of the steel roll that has a more consistent
thickness. Thus, the resulting stacked stator arc segment 20 will have
reduced stack up tolerances. Reducing the stack up tolerances optimizes
dimensional consistency and thereby enables higher rotational speeds with
lower vibration induced runout. Furthermore, since arc segments are used
instead of circular stampings, they can be more closely laid out when being
stamped, reducing the amount of resulting scrap.

Further, in the prior art, to prevent a motor from seizing when it gets
hot, larger than desired gaps between the magnet 3 and the stator assembly

4 were used so that when pieces expanded from being heated, the magnet
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would not contact the stator. If the magnet contacted the stator, the contact
would generate magnetic particulate which can damage the read/write heads
in a hard disc drive incorporating the motor, and interfere with their ability to
read or record data on the discs. Also, if the body has a CLTE greater than
that of the steel laminations in the stator, the gap has to be large enough so
that the expansion of the body as the motor heats up does not cause the body
to contact the rotating magnet {(even though the steel laminations are not
close to contacting the magnet). With the preferred embodiment of the
present invention, with the CLTE of the body matching that of the steel
laminations, much smaller gaps, as low as 0.005 inches, and more preferably
as low as 0.003 inches, can be utilized. As the body 42 expands, it only
expands at the same rate as the laminations, and does not grow to the point
that the body 42 diminishes the gap size to zero. Thus, the only gap that is
needed is one sufficient for expansion of the steel laminations. These smaller
gaps make the motor 100 more efficient, as the electrical efficiency of the
motor decreases with larger distances between the stator and the rotating
magnet.

Through the use of the present embodiment, a particular plastic may
be chosen for the body 42 that has properties of Rockwell hardness, flex
modulus, and elongation that are specifically designed to counteract the
vibratory frequencies generated by the motor 100. Thus, the disclosed
spindle motor 100 substantially reduces motor vibration. This reduced
vibration allows information on a disc to be stored closer together, thereby
enabling higher data density.

The preferred embodiment of the invention has numerous advantages
compared to the prior art. The length of the connected segments of the
present invention can be any length desired, and in fact can be hundreds of
feet long and supplied from large rolls that are cut to length while making
motors. At the same time, the individual poles can be easily handled and
oriented with respect to one another.

The encapsulating material 22 naturally provides insulation between

the wire and the laminations, thus alleviating any concern that nicks in the

Mitsuba - 1009
Page 21 of 422



10

15

20

25

-20-

enamel coating on the wire can cause a short. The windings on poles that will
be in phase do not need to be connected to one another in a second
operation after the winding step, as a continuous length of wire for each
phase is used. There is good heat transfer between the wire and the steel
laminations, and hence to the external portion of the motor, so that it can be
dissipated easily.

It is contemplated that numerous modifications may be made to the
motor and method for making the motor of the present invention without
departing from the spirit and scope of the invention as defined in the claims.
For example, the arc segments 20 need not be formed of laminations. While
the exemplary embodiment shown in the drawings has twelve stator arc
segments 20, those skilled in the art will appreciate that the same method can
be used to make stator assemblies with two stator arc segments or any
number greater than two. While the segments 20 are encapsulated by
injection molding the phase change material around the laminations 11, the
segments 20 could be encased in other ways with a bridging material.
Additional components such as enhancement magnets or flux shields can be
encapsulated in the plastic 22 during the overmolding of the steel laminations
11. Furthermore, the body 42 can encapsulate more than just the toroidal
core. The body 42 can also encapsulate or form the base 102 of the motor
without departing from the scope of the invention. Accordingly, while the
present invention has been described herein in relation to several
embodiments, the foregoing disclosure is not intended or to be construed to
limit the present invention or otherwise to exclude any such other
embodiments, arrangements, variations, or modifications and equivalent
arrangements. Rather, the present invention is limited only by the claims

appended hereto and the equivalents thereof.
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CLAIMS

1. A stator assembly, comprising:
a) a plurality of discrete stator segments each at least
partially encased with a phase change material, wherein the phase change
5 material also comprises a bridge between adjacent segments to link adjacent
segments into a continuous strip; and
b) the linked stator segments being arranged and secured

together to form the stator assembly.

2. The stator assembly of claim 1 wherein the bridges produce
10 such a continuous linkage between segments that the bridges may be used to

orient and manipulate the segments during wire winding.

3. The stator assembly of claim 1 wherein wire having a packing

density of greater than 80 percent is wound around the poles.

4. The stator assembly of claim 1 wherein the bridges between
15 adjoining segments can be used to orient and position wire relative to the
poles.
5. The stator assembly of claim 1 wherein the phase change

material has a thermal conductivity of at least 0.4 watts/meter°K at 23°C.

6. The stator assembly of claim 1 wherein the discrete stator
20 segments are each made from a plurality of steel laminations.
7. The stator assembly of claim 1 wherein the phase change

material comprises polyamide.

8. The stator assembly of claim 1 wherein the stator segments are

held in a torodial shape by a retaining member.

25 9. The stator assembly of claim 8 wherein the retaining member

comprises a metal band.
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10.  The stator assembly of claim 1 wherein the stator segments are

held in a toroidal shape by an overmolded thermoplastic material.

11. A method of making a stator assembly comprising:

a) providing at least two stator arc segments linked together
by a phase change material and each constituting a pole and having a first
side surface and a second side surface;

b) winding wire on the poles;

c) aligning said stator arc segments to form a toroidal core,
wherein each said side surface of one segment is in contact with an opposing
side surface of another segment; and

d) substantially encapsulating said toroidal core with a

monolithic body of phase change material to form said stator assembly.

12.  The method of claim 11 wherein the phase change material
forming the monolithic body has a coefficient of thermal expansion of less

than 2 x 10 in/in/°F throughout the range of 0-250°F.

13.  The method of claim 11 wherein the phase change material
forming the monolithic body has a coefficient of thermal expansion of less

than 1.5 x 107 in/in/°F throughout the range of 0-250°F .

14, The method of claim 11 wherein the phase change material
forming the monolithic body has a thermal conductivity of at least 0.4

watts/meter°K at 23°C.

15.  The method of claim 11 wherein the phase change material is

filled with about 30% or more boron nitride.

16.  The method of claim 11 wherein the phase change material is

filled with about 30% or more aluminum oxide.

17.  The method of claim 11 wherein the phase change material
linking adjoining segments has a length X, wherein X is the length of uncoiled

wire necessary to align said stator arc segments to form said toroidal core.

Mitsuba - 1009
Page 24 of 422



23

18.  The method of claim 11 wherein said phase change material is
selected from the group consisting of thermoplastics and thermosetting

materials.

19.  The method of claim 11 wherein prior to said substantially
encapsulating, said toroidal core is clamped in an injection mold cavity to

maintain the toroidal shape.

20. The method of claim 11 wherein said step of substantially
encapsulating the core is performed by injection molding said phase change

material around said toroidal core.

21. A method of making a stator assembly comprising:

a) providing at least two stator arc segments linked together
by a phase change material and each providing a pole and having a first side
surface and a second side surface;

b) winding wire on each pole of each arc segment;

c) aligning said stator arc segments to form a toroidal core,
wherein each said side surface of one segment is in contact with an opposing
side surface of another segment; and

d) placing a retaining member on the exterior of the toroidal

core to unitize the structure.

22. The stator assembly of claim 1 where the stator arc segments

are at least partially encapsulated in the phase charge material.

23. The method of claim 21 where the retaining member comprises

a metal band.

24. The method of claim 21 wherein each of said stator arc
segments comprise a plurality of discrete steel laminations held together by

the phase change material.

25. A motor made from the stator assembily of claim 1.
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26. A motor made using a stator assembly made from the method of

claim 11.

27. A motor made using a stator assembly made by the method of

claim 21.

28. A combination of stator arc segments and a flexible carrier used
to link said stator arc segments during a winding operation comprising:
a) a plurality of stator arc segments; and
b) a phase change material constituting said flexible carrier
adhered to the stator arc segments which links said segments in a

uniform and predetermined position with respect to cne another.

29.  The combination of claim 28 wherein the stator arc segments
each comprise a plurality of steel laminations and wherein the steel
laminations are electrically insulated from the wire applied during winding by a
portion of the phase change material formed monolithically with the flexible

carrier.

30. The combination of claim 29 where the phase change material
has a dielectric strength of at least 250 volts per one thousandth of an inch of

thickness.

31. A plurality of arc segments for a stator assembly, the arc
segments connected to one another by a web of phase change material at

least partially encapsulating the stator arc segments.

32. A series of discrete stator segments each substantially
encapsulated with, and linked together by bridges made from, an injection

molded thermoplastic material.
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ABSTRACT OF THE DISCLOSURE

A plurality of stator arc segments 20 are linked together by a phase
change material 22 enabling simplified winding and higher slot fill. Once
wound this continuous structure can be formed into a toroidal core 17 for a
stator assembly 40 used to make a motor 100. In a preferred embodiment, a
monolithic body 42 of phase change material substantially encapsulates the
conductors and holds the stator arc segments 20 in contact with each other in
the toroidal core 17. Hard disc drives using the motor 100, and methods of

constructing the motor 100 are also disclosed.
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' Case No. 8864/33
CLA ON FOR PATEN PLIC N

My residence, post office address and citizenship are as stated below next to my name.

1 believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled

$tator Assembly Made From a Molded Web of Core Segements and Motoy Using Same, the specification of which:
O is attached hereto.

2 was filed on March 5. 2003 as Application Serial No. 10/383,219,
O and was amended on (if applicable).

| hereby state that I have revicwed and understand the contents of the above-identified specification, including the claims, as
pmended by any amendment referred to above.

| acknowledge the duty to disclose information which is matenal to the patentability as defined in Title 37, Code of Federal
Regulations, § 1.56(a).

I hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or § 365(b) of any foreign application(s) for patent or
inventor's certificate or § 365(a) of any PCT Intemational application which designated at least one country other than the
United States, listed below and have also identified below, by checking the box, any foreign application for patent or inventor's
certificate, or PCT International application having a filing date before that of the application on which priority is ¢laimed:

Prior Foreign Application(s) Prionty Clajmed
None D O
(Number) (Country) (Day/Month/Year Filed) Yes No
I hereby claum the benefit under 35 U.S.C. § 119(e) of any United States provisional application(s) listed below:
None
(Application Serial No.) (Filing Date)

I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or § 365(c) of any PCT International
application designating the United States, listed below and, insofar as the subject matter of each of the claims of this application
is not disclosed in the prior United States or PCT International application in the manner provided by the first paragraph of 35
U.S.C. § 112, I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56
which became available between the filing date of the prior application and the national or PCT International filing date of this
application:
09/798,511 March 2, 2001 pending

(Application Serial No.) (Filing Datc) (Status-patented, pending, abandoned)
I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and

the like so made are punishable by fine or imprisonment, orx both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

Inventor's Signature m W’Q—’ Date: 9/ /3/0%

Full name of sole or first inventor @hffith D. Neal

Residence Alameds, California

Citizenship United States of America

Post Office Address 1334 Bay Street, Alameda,California 94501

BRINKS HOFER GILSON & LIONE
P.O. Box 10395
Chicago, IL 60610
(312) 321-4200
rev. Dec.-99

\Bbglmain3\common\sps\8864 - Encap Motors\8864-33\8864-33 Declaration.doc
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Case No. 8864/33

lnvenfor(s): GRIFFITH D. NEAL
Title: TATOR EMBLY E FRO OLDED WEB O B A TOR
USING SAME

POWER OF ATTORNEY

The specification of the above-identified patent application:

O is attached hereto
X was filed on March 5, 2003 as application Serial No, 10/383,219

1 hereby revoke all previously granted powers of attomey in the above-identified patent application and appoint the following
attortieys to prosecute said patent application and to transact all business in the Patent and Trademark Office connected therewith:

Steven P. Shurtz - 31,424
Jeffery M. Duncan - 31,609

Please address all correspondence and telephone calls to Steven P, Shurtz in care of:

Brinks Hofer Gilson & Lione
P.O. Box 10395
Chicago, IL 60610
(312)321-4200

The undersigned hereby authorizes the U.S. attorneys named herein to accept and follow instructions from GRIFFITH D.
NEAL as to any action to be taken in the Patent and Trademark Office regarding this application without direct communication
betwpen the U.S. attorney and the undersigned. In the event of a change in the persons from whom instructions may be taken, the U.S.
attorficys named berein will be 5o notified by the undersigned.

ENCAP MOTOR CORPORATION, a CORPORATION, certifies that it is the assignes of the entire right, title and interest in
the patent application identified above by virtue of either:

An assignment from the inventor(s) of the patent application identified above, a copy of which is attached hereto.

OR
O An assignment from the inventor(s) of the patent application identified above. The asgignment was recorded in the Patent
and Trademark Office at Ree) , frame .
OR
O A chain of title from the inventor(s), of the patent application identified above, to the current assignee as shown below:
1. From To:
The document was recorded in the Patent and Trademark Office at
Reel , frame , or a copy thereof is attached.
2. From To:
The document was recorded in the Patent and Trademark Office at
Reel , frame , Or & copy thereof is attached.

a Additional documents in the chain of title are listed on a supplemental sheet.

The undersigned has reviewed the assignment or all the documents in the chain of title of the patent application identified
above and, to the best of undersigned's knowledge and belief, title is in the assignee identified above.

The undersigned (whose title is supplied below) is empowered to act on behalf of the assignee.

I hereby declare that all statements made herein of my own knowledge ate true, and that all statements made on information
and belief are believed to be true; and further, that these statements are made with the knowledge that willful false statements, and the
like|so made, are punishable by fine or imprisonment, or both, under Section 1001, Title 18 of the United States Code, and that such
willful false statements may jeopardize the validity of the application or any patent issuing thereon. -

Signature Mj %J/Q"’ Date: EY/3/07%
Nanpe: efriffith D, Neal

Title: CEQ

Rev, Nov. 98

Mitsuba - 1009
Page 47 of 422



—— . .
% B Jcy, . : |
TSN
V8¢
A\
) 5
V{ hereby certify that this correspondence is being
"’fg-r 'ﬂ"& / deposited with the United States Postal Service,
with sufficient postage, as first class mail in an
envelope addressed to:
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313
on October 7, 2003
Date of Deposit

Steven P. Shurtz, Reg. No. 31,424
Name of applicant, assignee or

Registered Representative
M Mo,
' jlgnarure I

10]2 /03
Date of élgnature

Case No. 8864/33
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of:

Griffith D. Neal

Serial No:  10/383,219 Examiner: Unassigned
Filed: March 5, 2003 Group Art Unit: Unassigned
For: STATOR ASSEMBLY MADE

FROM A MOLDED WEB OF

CORE SEGMENTS AND

MOTOR USING SAME

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR § 1.136(a))

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

This is a petition for an extension of the time to respond to Notice to File
Missing Parts dated May 7, 2003 for a period of 3 month(s).

X Applicant:

[X]  claims small entity status. See 37 C.F.R. §1.27.

10716/2003 HBELETE1 00000114 10383219
01 FC:2253 475.00 0P
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Case No. 8864/33

[} is other than small entity

Fee Payment

n

Y
[
X

Dated:

Extension Other Than Small Entity
Months Small Entity
[]  OneMonth $110.00 $55.00
[] Two Months $420.00 $210.00
Three Months $950.00 $475.00
[[]  Four Months $1,480.00 $740.00
[]  Five Months $2,010.00 $1,005.00
Attached is a check for $ for the Petition fee.

Attached is a credit card authorization form for $475 for the Petition fee.
Charge Petition fee to Deposit Account No. 23-1925. A duplicate copy of this
Petition is attached.

Charge any additional fee required or credit for any excess fee paid to Deposit
Account No. 23-1925. A duplicate copy of this Petition is attached.

Respectfully submitted,

October 7. 2003 %: p &M
ﬁ""""/

Steven P. Shurtz
Registration No. 31,424
Attorney for Applicant

BRINKS HOFER GILSON & LIONE
P.0O. BOX 10395

CHICAGO, IL 60610

(312)321-4200

Rev. Oct.-01
Document3
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’ ) ' Application or Docket Number
PATENT APPLICATION FEE DETERMINATION RECORD | /) 3532 /9
‘Effective January 1, 2003 ' _ L8604
CLAIMSAS FILED - PARTI . SMALL ENTITY . OTHER THAN
(Column 1)- Column 2) TYPE [ OR SMALL ENTITY
l TOTAL CLAIMS A 37 RATE | FEE RATE | FEE
EOR . NUMBER FILED NUMBER EXTRA BASIC FEE] 375.00 QR [BASIC FEE| 750.00
TOTAL CHARGEABLE CLAMS | 332 minus 20= |* Y3/ X$ 9= or| xs18= | /0
- . * ' .
INDEPENDENT CLAIMS .6 minus 3 = 3 xa2= | orl x8s= | R
MULTIPLE DEPENDENT CLAIM PRESENT ‘
, . — _0 +140= orl +280= | 250
*Iifthe differeqce in column 1 is less than zero, enter “0” in column 2° TOTAL OR TOTAL M
CLAIMS AS AMENDED - PART II- " . . . OTHERTHAN
Column 1 . (Column2) (Coumn3) -SMALLENTITY OR SMALLENTITY
CLAIMS HIGHEST
<« REMAINING " NUMBER ' ADDI- ADDI-
£ M AFTER . pREVIOGSLY | et Rrate ‘|mionaL] | rate |TiONAL
o] AMENDMENT . _PAIDFOR : - FEE : FEE
g Total . * : . Minus . R <= X$ 9= oR| X%18=
E Independent |« Minus W = X42= ) OR XB 4=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM i _
| w1a0= | lor| +280=
S 1770 —TOTAL
. . " ADDIT. FEE OR apoiT. FEE
Column 1) . - - (Column 2) (Column 3) ’
CLAIMS HIGHEST ~ '
o REMAINING NUMBER | PRESENT 5 ADDI- . ADD!-
e AFTER PREVIOUSLY EXTRA RATE JTIONAL RATE ] TIONAL
Y AMENDMENT PAID FOR . FEE : FEE
E' - . . : ) - . . ' :
g Total i P Minus n . = ‘ X$ 9= " Jor| X$18=
3 Independent |« . Minus . e N ) X42= _ oR X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT. CLAIM 0 = —1
; A +140= ‘ or| +280=
JOTAL) - - TOTAL
o . ApoiT.FEE L OR ADDIT. FEE
(Coumn2) (Column3) - ‘ ' '
HIGHEST
0 ~ REMAINING - NUMBER _ | PRESENT ADDI- .} ADDI-
= -AFTER N PREVIOUSLY EXTRA RATE - | TIONAL RATE | TIONAL
S AMENDMENT PAID FOR . 1 . FEE . » FEE
s — . , . , » '
% Total v * . Minus . > ) = X$ 9= ' . QR X$18=
5 Independent |« _ Mmus o ‘ = X2 . . oR X84~
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM | | : , ,
I ' ' ~ .} #140= " lor | +280=
* If the entry in column 1 is less than the entry in column 2, write “0" in column 3. . TOTAL T TOTAL
** if the “Highest Number Previously Paid For” IN THIS SPACE i$ less than 20, enter 20" ADDIT. FEE OR ADDIT. FEE
*f the "Highest Number Previously Paid For" IN THIS SPACE is tess than 3, enter “3."
The “Highest Number Previously Paid For” {Total or independent) is the highest number found in the appropriate box in column 1.

FORM PTO-875 (Rev. 12/02) Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE
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10/21/2004 10_: 40 FAX 7033082840 USPTO PATENTS EBC’ @oo2

gED
E@&ﬁwoﬁ“ﬁ“

Qc' PTO/SB/122 (06-03)
Approved for usa through 11/30/2005, OMB 0851-0035
U.S. Patenl and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under |haj@&ucﬁhcl of 1965, no persons qui’u’ 1o raspond to a collection of iInformation uniess il diapls valid OMB control number.
r ) . . CHANGE OF ' Application Number /3 31’;-2 19 \'
CORRESPONDENCE ADDRESS | Filing Date 3/5/03
Appiication First Named Inventor 4 £t Neal
Addrass to: Art Unit ' 3724
Gommasire e P — Thign D Phan_
¥ Alexandria, VA 22313-1450. j Attor ? g. 4 ‘{ / 33

Please change the Comespondence Addrass for the above-kientified patent application to:

: EE 0ust.omer Number' : [ 0075 > 1

OR

Firm or
Individual Name
Address

Address

SR B P B P

Country

Telephone - l Fax I

This lorm cannot be used to change the data assodated with @ Customer Number. To change the
dala essoclated with an existing Customer Number use "Requast for Customer Number Data
Change" (PTO/SB/124).
| am the:

D Applicant/inventor

Assignee of record of the entire interest.  ~
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

& Attorney or Agent of record. Registration Number 3 ’L"/)‘ ‘/

[:' Registered practitioner named in the application transminal letter in an application without an
executed oath or declaration. See 37 CFR 1.33(a)(1). Registralipn Numbar

T or Printed - .
Neme Syeiin ¥ Shurvz
Signature %%{-_’A )3 ‘%4
f Telephone . . -
Date !"‘l}i" (,’L’ J— P 31> 321 Y2330
NOTE: Sig! of all the i tors of assignees of record of the entire i or their rep talive(s) are raquired. Submit multipte
forms if move than one s_lggaune is wwd, 569 below”.
[E0 “Totalof forms gre submitted. ) 7.

This callection of information Is required by 37 CFR 1.33. The informstian is required to obtain or retain a benefit by the public which is to filo (and by the USPTO
10 pi ) an apphication. Confideptiatity is govemed by 35 U.S.C. 122 and 37 CFR 1.14. This coilection I3 estimatad to take 3 minutes 16 complete, Inchuding
‘gathering, preparing. and submiting the completed applicalion form (o the USPTO. Time will vary depanding upon the individual case. Any camments on the
amount of ime you requise to complete this form and/or suggsstions for reducing this burden. should ba ssnt to the Chief Information Ofiicer, U.8. Patent and
Teademark Office. U.S. Dapartment of Commerca, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Hf you need a ce in completing the form, can 1-800-PTO-9199 and selsct option 2.

PAGE 2/4 * RCVD AT 10/21/2004 10:40:23 AM [Eastern Daylight Time] * SVR:USPTO-EF XRF-1/0 * DNIS:8729306 * CSID:7033082840 * DURATION (mm-ssi:OZ-M
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This Page is Inserted by IFW Indexing and Scanning
Operations and is not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate represémations of the original
documents submitted by the applxcant

0 !

Defects in the 1mages include but are not hmlted to the items checked:

() BLACK BORDERS
O IMAGE CUT OFF AT TOP, BOTTOM OR SIDES
07‘::1) TEXT OR DRAWING
LURRED OR ILLEGIBLE TEXT OR DRAWING |
- (] SKEWED/SLANTED IMAGES
0 coLor OR BLACK AND WHITE PHOTOGRAPHS
O GR)Y SCALE DOCUMENTS |
Q) LINES OR MARKS ON ORIGINAL DOCUMENT
0 REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

Q) OTHER:

IMAGES ARE BEST AVAILABLE COPY. ,
As rescanning these documents will not correct the image

- - problems checked, please do not report these problems to
_ the IFW Image Problem Mailbox.
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UNITED STATES PATENT aAND TRADEMARK OFFICE

Page 1 of 1

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: CgMMISSIONER FOR PATENTS

P.O. Box 1450

A!mandria,‘ftgbxia 22313-1450

Www.aspto.gov

x
*BIBDATASHEET CONFIRMATION NO. 9248
Bib Data Sheet
FILING OR 371(c)
SERIAL NUMBER DATE CLASS GROUP ART UNIT DAOET}‘(’ET'\'EE
RULE :
APPLICANTS
Griffith D. Neal, Alameda, CA,;
bk & CONTINUING DATA [ 1333333333333 3223121233
This application is a CIP of 09/798,511 03/02/2001

b & FOREIGN APPLICATIONS ARRAARKERRRAR AR Ak AKX
IF REQUIRED, FOREIGN FILING LICENSE GRANTED,, ”
Foreign Prorty dlaimed L yeq L o STATE OR | SHEETS TOTAL |INDEPENDENT
o0 SC 119 (a-d) condions ﬂwvv:iceu no L met ater COUNTRY | DRAWING | CLAIMS CLAIMS
[Verified and CA S 32 6
Acknowledged Examiner's Si&nature Initials
ADDRESS
00757
TITLE
Stator assembly made from a molded web of core segments and motor using same l

. #

Q All Fees

U 1.16 Fees (Filing)

U 1.17 Fees ( Processing Ext. of

FILING FEE [FEES: Authority has been given in Paper -
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT time )
687 No. for following: O
1.18 Fees (Issue)
| Other
O credit
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UNITED STATES PATENT AND TRADEMARK OFFICE A

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS »

P.0. Box 1450

Alexandria, Virginia 22313.1450

WWW.USPIO.EOV

r APPLICATION NO. | FILING DATE [ FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. J
10/383,219 03/05/2003 Griffith D. Neal 8864/33 9248
757 7590 0312912005 r EXAMINER |
BRINKS HOFER GILSON & LIONE PHAN, THIEM D
P.0. BOX 10395
CHICAGO, IL 60610 F ART UNIT L PAPER NUMBER ]

37129

DATE MAILED: 03/29/2005

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03) Mitsuba - 1009

Page 54 of 422



Application No. Applicant(s)

10/383,219 NEAL, GRIFFITH D. @?
Office Action Summary Examiner Art Unit

Tim Phan : 3729

- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after StX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 05 March 2003.
2a)[] This action is FINAL. 2b) This action is non-final.
3)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-32 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5)(] Claim(s) _____is/are allowed.
6)[_] Claim(s) ___is/are rejected.
7] Claim(s) is/are objected to.

8)X Claim(s) 1-32 are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJ Al b)[J Some * c)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[J cCertified copies of the priority documents have been received in Application No. ___
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s) t

1) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _ .

3) [J information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) L] Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date 6) [:] Other: _____

U.S, Patent and Trademark Ofiice
- PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20050322
Mitsuba - 1009
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Application/Control Number: 10/383,219 Page 2
Art Unit: 3729

DETAILED ACTION
Election/Restrictions
1. Restriction to one of the following inventions is required under 35.U.S.C. 121:
L Claims 1-10, 25 and 28-32, draWn to a stator assembly, classified in class 310,

subclass 254;

IL. Claims 11-20 and 26, drawn to a method of making a stator assembly, classified
in class 29, subclass 596;

III. Claims 21-24 and 27, drawn to another method of making a stator assembly,

classified in class 29, subclass 606.

Inventions II and I are related as process of making and product made. The inventions
are distinct if either or both of the following can be shown: (1) that the process as claimed can be
used to make other and materially different product or (2) that the product as claimed can be

made by another and materially different process (MPEP § 806.05(f)). In the instant case the
process as claimed can be used to make other and materially different product, such as forming a

stator assembly by substantially encapsulating the toroidal core.

Inventions III and I are related as process of making and product made. The inventions

are distinct if either or both of the following can be shown: (1) that the process as claimed can be

Mitsuba - 1009
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Application/Control Number: 10/383,219 Page 3
Art Unit: 3729

used to make other and materially different product or (2) that the product as claimed can be
made by another and materially different process (MPEP § 806.05(f)). In the instant case the
process as claimed can be used to make other and materially different product, such as unitize

the stator structure by placing a retaining member on the exterior of the toroidal core.

Inventions II and IIT are related as combination and subcombination. Inventions in this
relationship are distinct if it can be shown that (1) the combination as claimed does not require
the particulars of the subcombination as claimed for patentability, and (2) that the
subcombination ha;% utility by itself or in other combinations (MPEP § 806.05(c)). In the instant
case, the combination as claimed does not require the particulars of the subcombination as
claimed because the method of making a stator aésembly as recited in Group II does not require
the retaining member thereof, as required by Group III. The subcombination, Invention III, has
separate utility such as unitize the toroidal structure by placing a retaining member on the

exterior of the toroidal core .

Because these inventions are distinct for the reasons given above and have acquired a
separate status in the art as shown by their different classification, restriction for examination
purposes as indicated is proper.

Because these inventions are distinct for the reasons given above and have acquired a
separate status in the art because of their recognized divergent subject matter, restriction for

examination purposes as indicated is proper.
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Application/Control Number: 10/383,219 Page 4
Art Unit: 3729

Because these inventions are distinct for the reasons given above and the search required
for each Group is not required for other Groups, restriction for examination purposes as indicated

1s proper.

2. A telephone call was made to the office of Steven P. Shurtz (312-321-4230 & 801-444-
3933) on March 21, 2005 to request an oral election to the above restriction requirement, but did
not result in an election being made.

Applicant is advised that the reply to fhis requirement to be complete must include an
election of the invention to be examined even though the requirement be traversed (37 CFR

1.143).

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Tim Phan whose telephone number is 571-272-4568. The
examiner can normally be reached on M - F, 9AM - 5PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Peter Vo can be reached on 571-272-4690. The fax phone number for the
organization where this application or proceeding is assigned is 703-872-9306.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR
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Application/Control Number: 10/383,219 Page 5
Art Unit: 3729

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR

system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

A.DEXTER TUGBAKG
Tim Phan PRIMARY EXAMINER

Examiner
Art Unit 3729

tp
March 22, 2005
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Steven P. Shurtz, Reg. No. 31,424
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Registered Representative

/Steven P. Shurtz/
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Case No. 8864/33
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Griffith D. Neal

Serial No.: 10/383,219 Examiner: Thiem D. Phan
Group Art Unit: 3729
Filed: March 5, 2003

For: STATOR ASSEMBLY
MADE FROM A
MOLDED WEB OF
CORE SEGMENTS AND
MOTOR USING SAME

AMENDMENT
Mail Stop Amendment | 05/U4/2005 SDERBOBL 50000020 iGSGEEﬁ -
Commissioner for Patents  §i Fra2e0e 50.00 P
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Sir:

In response to the Office Action mailed March 29, 2005, please enter the
following amendment and consider the following remarks.

Amendments to the claims are reflected in the listing of claims which
begins on page 2 of this paper.

Remarks begin on page 7 of the paper.
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Amendments to the Claims

Please amend claim 8 and add new claims 33-34 as follows. A complete
listing of the claims with proper claim identifiers follows.
Listing of Claims

1. (Original) A stator assembly, comprising:

a) a plurality of discrete stator segments each at least partially
encased with a phase change material, wherein the phase change material also
comprises a bridge between adjacent segments to link adjacent segments into a
continuous strip; and

b) the linked stator segments being arranged and secured
together to form the stator assembly.

2. (Original) The stator assembly of claim 1 wherein the bridges produce
such a continuous linkage between segments that the bridges may be used to
orient and manipulate the segments during wire winding.

3. (Original) The stator assembly of claim 1 wherein wire having a
packing density of greater than 80 percent is wound around the poles.

4. (Original) The stator assembly of claim 1 wherein the bridges between
adjoining segments can be used to orient and position wire relative to the poles.

5. (Original) The stator assembly of claim 1 wherein the phase change
material has a thermal conductivity of at least 0.4 watts/meter°K at 23°C.

6. (Original) The stator assembly of claim 1 wherein the discrete stator
segments are each made from a plurality of steel laminations.

7. (Original) The stator assembly of claim 1 wherein the phase change
material comprises polyamide.

8. (Currently amended) The stator assembly of claim 1 wherein the stator
segments are held in a [[torodial]] toroidal shape by a retaining member.
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9. (Original) The stator assembly of claim 8 wherein the retaining

member comprises a metal band.

10. (Original) The stator assembly of claim 1 wherein the stator segments
are held in a toroidal shape by an overmolded thermoplastic material.

11. (Original) A method of making a stator assembly comprising:

a) providing at least two stator arc segments linked together by
a phase change material and each constituting a pole and having a first side
surface and a second side surface;

b) winding wire on the poles;

C) aligning said stator arc segments to form a toroidal core,
wherein each said side surface of one segment is in contact with an opposing
side surface of another segment; and

d) substantially encapsulating said toroidal core with a
monolithic body of phase change material to form said stator assembly.

12. (Original) The method of claim 11 wherein the phase change material
forming the monolithic body has a coefficient of thermal expansion of less than
2 x 10”° in/in/°F throughout the range of 0-250°F.

13. (Original) The method of claim 11 wherein the phase change material
forming the monolithic body has a coefficient of thermal expansion of less than
1.5 x 10 in/in/°F throughout the range of 0-250°F.

14. (Original) The method of claim 11 wherein the phase change material
forming the monolithic body has a thermal conductivity of at least 0.4
watts/meter?K at 23°C.

15. (Original) The method of claim 11 wherein the phase change material
is filled with about 30% or more boron nitride.

16. (Original) The method of claim 11 wherein the phase change material
is filled with about 30% or more aluminum oxide.

-3-
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17. (Original) The method of claim 11 wherein the phase change material
linking adjoining segments has a length X, wherein X is the length of uncoiled
wire necessary to align said stator arc segments to form said toroidal core.

18. (Original) The method of claim 11 wherein said phase change material
is selected from the group consisting of thermoplastics and thermosetting

materials.

19. (Original) The method of claim 11 wherein prior to said substantially
encapsulating, said toroidal core is clamped in an injection mold cavity to

maintain the toroidal shape.

20. (Original) The method of claim 11 wherein said step of substantially
encapsulating the core is performed by injection molding said phase change
material around said toroidal core.

21. (Original) A method of making a stator assembly comprising:

a) providing at least two stator arc segments linked together by
a phase change material and each providing a pole and having a first side
surface and a second side surface;

b) winding wire on each pole of each arc segment;

c) aligning said stator arc segments to form a toroidal core,
wherein each said side surface of one segment is in contact with an opposing
side surface of another segment; and

d) placing a retaining member on the exterior of the toroidal

core to unitize the structure.

22. (Original) The stator assembly of claim 1 where the stator arc

segments are at least partially encapsulated in the phase charge material.

23. (Original) The method of claim 21 where the retaining member
comprises a metal band.
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24. (Original) The method of claim 21 wherein each of said stator arc
segments comprise a plurality of discrete steel laminations held together by the

phase change material.
25. (Original) A motor made from the stator assembly of claim 1.

26. (Original) A motor made using a stator assembly made from the
method of claim 11.

27. (Original) A motor made using a stator assembly made by the method
of claim 21.

28. (Original) A combination of stator arc segments and a flexible carrier
used to link said stator arc segments during a winding operation comprising:
a) a plurality of stator arc segments; and
b) a phase change material constituting said flexible carrier
adhered to the stator arc segments which links said segments in a uniform
and predetermined position with respect to one another.

29. (Original) The combination of claim 28 wherein the stator arc
segments each comprise a plurality of steel laminations and wherein the steel
laminations are electrically insulated from the wire applied during winding by a
portion of the phase change material formed monolithically with the flexible

carrier.

30. (Original) The combination of claim 29 where the phase change
material has a dielectric strength of at least 250 volts per one thousandth of an

inch of thickness.

31. (Original) A plurality of arc segments for a stator assembly, the arc
segments connected to one another by a web of phase change material at least

partially encapsulating the stator arc segments.

32. (Original) A series of discrete stator segments each substantially
encapsulated with, and linked together by bridges made from, an injection

molded thermoplastic material.
-5.
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33. (New) The stator assembly of claim 1 wherein the bridge is formed by
interconnecting two mating sections formed from the phase change material.
34. (New) The combination of claim 28 wherein the flexible carrier links

said segments by connecting two mating sections formed in said carrier.
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Remarks

In the outstanding Office Action, claims 1-32 were subject to a three way
restriction requirement. Applicant elects to prosecute the claims in Group |,
claims 1-10, 25 and 28-32, and new claims 33-34 dependent on claims 1 and 28
respectively. This election is made with traverse.

The restriction between Group | and Group |l is predicated on the basis
that the claimed process of claims 11-20 and 26 can be used to make a
materially different product than the product of claims 1-10, 25 and 28-32 in that
the process can be used to form a stator assembly by substantially encapsulating
the toroidal core. However, claim 10 calls for the stator segments to be held in a
toroidal shape by an overmolded thermoplastic material. As explained in the
specification, substantial encapsulation is achieved by overmolding with a
thermoplastic material. Hence, the product of claim 10 is not a materially
different product than the product formed by the process of claim 11.  Thus the
claims of Group |l should be prosecuted with the claims of Group .

The restriction between Group | and Group Il is predicated on the basis
that the claimed process of claims 21-24 and 27 can be used to make a
materially different product than the product of claims 1-10, 25 and 28-32 in that
the process can be used to unitize a stator structure by placing a retaining
member on the exterior of the toroidal core. However, claim 8 calls for the stator
segments to be held in a toroidal shape by a retaining member. Hence, the
product of claim 8 is not a materially different product than the product formed by
the process of claim 21. Thus the claims of Group Ili should be prosecuted with

the claims of Group |.
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Since all of the claims should be prosecuted in the present case, the
forgoing listing of claims does not shown any of the claims as being withdrawn.

Respectfully submitted,

/Steven P. Shurtz/

Steven P. Shurtz
Registration No. 31,424
Attorney for Applicant

Dated: April 29, 2005

BRINKS HOFER GILSON & LIONE
P.O. Box 10395

Chicago, IL. 60610

(312) 321-4200

Direct Dial: (801) 444-3933
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Application No. , Applicant(s)
10/383,219 . NEAL, GRIFFITH D. ‘
Office Action Summary Examiner ArtUnit ;

Burton S. Mullins 2834

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply :

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- Ifthe period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire S1X (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 03 May 2005.
2a)J This action is FINAL. 2b)[X This action is non-final.
3)] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-34 is/are pending in the application. '
4a) Of the above claim(s) 11-24.26 and 27 is/are withdrawn from consideration.
50X Claim(s) 1-10.25 and 33 is/are allowed.
6)X] Claim(s) 28,31 and 32 is/are rejected.
7)X Claim(s) 29,30 and 34 is/are objected to. -
8)] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.

10)X] The drawing(s) filed on 10 October 2003 is/are: a)X] accepted or b)[] objected to by the Examiner. -
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAN  b)[] Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2[] Certified copies of the priority documents have been received in Application No. ____
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
- * See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) E Notice of References Cited (PTO-892) 4) E] Interview Summary (PTO-413)

2) [[] Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __.

3) (] Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [ Notice of Informal Patent Application (PTO-152)

Paper No(s)/Mail Date 6) D Other:
U.S. Patent and Trademark Office i
PTOL-326 (Rev. 1-04 Office Action Summai Part cf Paper No./ ate 0605
‘ ) i itsuba - 1009
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Application/Control Number: 10/383,219 Page 2
Art Unit: 2834

DETAILED ACTION
Election/Restrictions

1. Applicant's electioﬁ with traverse of Group I (claims 1-10, 25, 28-32 and new claims 33-
34) in the reply filed on May 3, 2005 is acknowledged. The traversal is on the ground that the
product of claim 10 is not materially different from the process of claim 11. This is not found
persuasive because the product claim includes a “strip” which is not included in the process
claim.

The requirement is still deemed proper and is therefore made FINAL. Claims 11-24 and

26-27 are withdrawn.

Information Disclosure Statement
2. Thé US patent references submitted in the information disclosure statement filed on July
11, 2001 in the parent case (S.N. 09/798,511) have been considered. However, the foreign
references and non-patent literature have not been considered because copies are not readily
available nor are they in the parent electronic file. If applicant wishes to have the references of
record in the parent considered and printed on the face of the patent of the child, he should
submit copies of the foreign and non-patent literature together with a list of all the references on

a form PTO-1449 for the examiner to initial.
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Application/Control Number: 10/383,219 Page 3
Art Unit: 2834

Claim Rejections - 35 USC § 102
3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States.

4. Claims 28 and 31are rejected under 35 U.S.C. 102(b) as beihg anticipated by Ryder et al.
(US 2,607,816). Ryder teaches a combination of stator arc segments and a flexible carrier used
to link said stator arc segments during a winding operation comprising: a) a plurality of stator arc
segments (cell dividers/pole pieces) 12; and b) a phase change material constituﬁng aring 24 of
plastic material (c.3, lines 55-66) which comprises a flexible carrier adhered to the stator arc
segments 12 and linking the segments in a uniform and predetermined position with respect to
one another. Regarding claim 31, the ring 24 of plastic material can be considered a “web” since
it connects the arc s&gments 12 in a pattern and partially encapsulates them by extending into

spaces between adjacent segments (c.3, lines 66-69).

Claim Rejections - 35 USC § 103
5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

6. Claim 32 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hallerback (US

3,827,141) in view of Tanaka et al. (US 4,015,154). Hallerback teaches a series of discrete stator
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Application/Control Number: 10/383,219 | ~ Page 4
Art Unit: 2834 '

segments (teeth) 1 each substantially encapsulated with, and linked together by bridges made
from a plastic molding 5 (c.4, lines 64-67) during winding and thereafter definitively molded
together into a unit (c.4, line 68-c.5, line 2). However, Hallerback does not specify that his
molding compound is injection molded thermoplastic material.

Tanaka teaches injection molding of a stator core with plural teeth 14 using a
thermosetting and thermoplastic resin mixture, the latter of which can be polystyrene (c.4, lines
64-66) and provides high accuracy moldingﬂ due to its fluidity (c.4, lines 30-55).

It would have been obvious to one having ordinary skill to modify Hallerback and
provide a molding compound comprising injection molded thermoplastic per Tanaka since this

would have provided high accuracy, fluid molding.

Allowable Subject Matter
7. Claims 1-10, 25 and 33 are allowed. Regarding claim 1, the pﬁor art does not teach the
claimed stator aésembly including plural discrete stator segments each at least partially encased
with a phase change material, wherein the phase change material also comprises a bridge

between adjacent segments to link adjacent segments into a continuous strip, as shown in Fig.5

of applicant’s drawings and described on p.10, lines 13-14. In panicﬁlar, neither Ryder,
Hallerback nor Tanaka teaches stator segments linked by phase change material into a
continuous strip but instead have their respective segments arranged in a circular fashion in a
mold. In Horski (US ‘334), stator segments 38 are not linked to adjacent segments to form a
continuous strip, but instead the segments appear to be overmolded b)} phase change material 40

while in the mold. Kazama teaches connection of stator core segments by means of concavities
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Application/Control Number: 10/383,219 ‘ Page 5
Art Unit: 2834

& convexities 8a/8b which are part of the magnetic core. The resin molded onto the core
segments in embodiments 11 and 12 (Figs.14-16) does not co£nprise a bridge portion.

8. Claims 29-30 and 34 are objected to as being dependent upon a rejected base claim, but
would be allowable if rewritten in independent form including all of the limitations of the base
claim and any intervening claims. The prior art does not teach or suggest that the stator arc
segments comprise steel laminations electrically insulated from the wire by a portion of the
phase change material formed monolithically with the flexible carrier (claim 29); or that the

flexible carrier links segments by connecting two mating sections formed in the carrier (claim

34).

Conclusion
9. The prior art made of record andAnot relied upon is considered pertinent to applicant's
disclosure.

10.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Burton S. Mullins whose telephone number is 571-272-2029.
The examiner can normally be reached on Monday-Friday, 9 am to 5 pm. If attempts to reach
the examiner by telephone are unsuccessful, the examiner’s supervisor, Darren Schuberg can be
reached on 571-272-2044. The fax phone numbgr for the organization where this application or
proceeding is assigned is 703-872-9306. Information regarding the status of an application may
be obtained from the Patent Application Information Retrieval (PAIR) system. Status
information for published applications may be obtained from either Private PAIR or Public
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DOCUMENT-IDENTIFIER: JP 01138937 A

TITLE: MANUFACTURE OF INDUCTION MOTOR STATOR

PUBN-DATE: : May 31, 1989
INVENTOR- INFORMATION:
NAME

NISHIYAMA, HIROAKI
IRIE, SHINICHIRO
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NAME COUNTRY
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APPL-NO: JP63213278

APPL-DATE: August 27, 1988

INT-CL (IPC): HO2K001/06, HO2K001/16 , H02K001/18

US-CL-CURRENT: 29/596

ABSTRACT:

PURPOSE: To facilitate a winding work of a toroidal winding by
resin mold
~forming from the outside of a stator core at the time of constituting
said
stator core by joining of split cores.

CONSTITUTION: A toroidal winding 15, which winds a yoke part 41
via an
insulating means, is applied to every slot 12 of each divisionally
formed split
core 11. Then, respective split cores 11, to which said winding 15
has been
applied, are butt-joined into an annular stator core 10 by welding in
the butt
part outer periphery side of split end faces 1la, 1llb. After that, a
molded ' ‘
material 18 composed of synthetic resin material is injected to the
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outside of

said stator core 10 to cover said outside in the manner of embedding
said

‘winding 15 while leaving the tooth part 13 inner peripheral end face
of the '

stator core 10 forming an opposed face at least to a rotor so that
the ‘'whole _

stator core is molded into an integral body. In this mannexr, it is
possible to

obtain a stator having the reduced whole thickness including a
winding. '
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PAT-NO: JP404295256A

DOCUMENT - IDENTIFIER: JP 04295256 A

TITLE: STATOR FOR MOTOR

PUBN-DATE: October 20, 1992

INVENTOR- INFORMATION :
NAME

KIEDA, KOUKI

UZAWA, KEN

MIYAGAWA, HIDEAKI )

ASSIGNEE-INFORMATION:

NAME COUNTRY
MITSUBISHI ELECTRIC CORP N/A
APPL-NO: JP03056724

APPL-DATE: March 20, 1991

INT-CL (IPC): HO02K015/02, H02K001/18

- ABSTRACT:

PURPOSE: To provide a stator for motor split into an outer ring
yoke and an ‘ '
inner ring pole part in which machining and assembling of the inner
ring pole . ‘
part are facilitated and fabrication cost is lowered.

CONSTITUTION: Predetermined number of pole coupling boards 14
comprising
pole pieces 12 coupled through coupling pieces 13 and the pole pieces
12 are ‘
laminated and then the coupling pieces 13 are removed through press
thus a pole
piece 11 is formed. The pole piece 11 is then placed in a moldiag
die and
integrally molded of insulating resin 16 through which respective
pole pieces
11 are coupled each other to form an inner ring pole section 10
around which a -
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¥

coil is wound. Finally, the inner ring pole section 10 is coupled
with an
outer ring yoke section 7 thus a stator 8 is made.
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. Application/Control No. Applicant(s)/Patent under
Search Notes (continued) PP Rzzxamin(at)ion
10/383,219 | NEAL, GRIFFITH D.
Examiner Art Unit
Burton S. Mullins 2834
SEARCH NOTES'
SEARCHED (INCLUDING SEARCH STRATEGY)
Class Subclass Date Examiner DATE EXMR
42-43, 45,
310. 216-218, 6/12/2005 BM IPC (EPO, JPO)
254, 259 HO2K 1/14, 1/48 15/10, 15/02 6/12/2005 BM
“plastic” or "mold$"
244 432, 433 6/12/2005 BM
- 244 4334 6/12/2005 BM
29 596 6/12/2005 BM
INTERFERENCE SEARCHED
Class Subclass Date Examiner
U.S. Patent and Trademark Office Part of Paper No. 0605
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SEP 19 2005 | CERTIFICATE OF MAILING UNDER 37 CF R §1.8 BRINKS

| ({ certify that this ggetéspondence is being deposited with the United States Postal Service as first class mail, with HOF ER

suffi ¢ agf‘gfvelope addressed to: Mail Stop Amendment, Commissioner for Patents, P. O. Box 1450, —_—

AlexanR@ R QM"’ 0, on the below date: GILSON
Date: plombsiato#005 Name: _Steven P. Shurtz, Reg. No. 31,424  Signature:  /Steven P. Shurtz/

&LIONE

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE | —

In re Appin. of: Griffith D. Neal

Appln. No.: 10/383,219 Examiner. Burton S. Mullins
Filed: March 5, 2003 Group Art Unit: 2834
For: STATOR ASSEMBLY MADE FROM A

MOLDED WEB OF CORE SEGMENTS AND
MOTOR USING SAME

Attorney Docket No:  8864-33

Mail Stop Amendment
Commissioner for Patents
P. O. Box 1450

Alexandria, VA 22313-1450

TRANSMITTAL

Sir:

Attached is/are:

2 Transmittal Letter (in duplicate); Amendment.
X  Return Receipt Postcard

Fee calculation:

X No additional fee is required.

0  Anextension fee in an amount of $___ for a __-month extension of time under 37 C.F.R. § 1.136(a).

[0 A petition or processing fee in an amount of $ under 37 C.F.R. § 1.17( ).

[0  An additional filing fee has been calculated as shown below:

Small Entity Not a Small Entity
Claims Remaining Highest No. Present
After Amendment Previously Paid For | Extra Rate Add'lEea | OF |Rate Add'l Fee

Total 15 Minus | 34 0 x $25= x $50= 0

Indep. 3 Minus |6 0 x 100= x $200= 0

First Presentation of Multiple Dep. Claim +$180= + $360=

Total Total $0

Fee payment:

[0 A credit card authorization in the amount of $ to cover the above-identified fee(s) is enclosed.

O Please charge Deposit Account No. 23-1925 in the amount of $ A copy of this Transmittal is enclosed
for this purpose.

Bd  The Director is hereby authorized to charge payment of any additional filing fees required under 37 CFR § 1.16
and any patent application processing fees under 37 CFR § 1.17 associated with this paper (including any
extension fee required to ensure that this paper is timely filed), or to credit any overpayment, to Deposit
Account No. 23-1925. Respectfully submitted,

September 15, 2005 /Steven P. Shurtz/
Date Steven P. Shurtz

(Registration No. 31,424)

Brinks Hofer Gilson Lione
P.O. Box 10395
Chicago, IL. 60610
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SEP 1.9 2005

reby certify that this correspondence is
ing deposited with the United States
Postal Service, with sufficient postage, as
first class mail in an envelope addressed to:
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313
on September 15, 2005

Date of Deposit

Steven P. Shurtz, Reg. No. 31,424

Name of applicant, assignee or
Registered Representative

/Steven P. Shurtz/
Signature
September 15, 2005

Date of Signature

Case No. 8864/33

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Griffith D. Neal

Serial No.:  10/383,219

Filed: March 5, 2003

For: STATOR ASSEMBLY
MADE FROM A
MOLDED WEB OF

CORE SEGMENTS AND
MOTOR USING SAME

Examiner: Burton S. Mullins
Group Art Unit: 2834

AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir;

In response to the Office Action mailed June 15, 2005, please enter the

following amendment and consider the following remarks.

Amendments to the claims are reflected in the listing of claims which

begins on page 2 of this paper.

Remarks begin on page 5 of the paper.
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Amendments to the Claims

Please cancel claims 11-24, 26-28 and 31-32 without prejudice to filing the
claims in a continuing application. Please amend claims 22, 29 and 34 as
follows, again without prejudice to presenting the unamended claims in a
continuing application. A complete listing of the claims with proper claim
identifiers follows.

Listing of Claims

1. (Original) A stator assembly, comprising:

a) a plurality of discrete stator segments each at least partially
encased with a phase change material, wherein the phase change material also
comprises a bridge between adjacent segments to link adjacent segments into a
continuous strip; and

b) the linked stator segments being arranged and secured
together to form the stator assembly.

2. (Original) The stator assembly of claim 1 wherein the bridges produce
such a continuous linkage between segments that the bridges may be used to
orient and manipulate the segments during wire winding.

3. (Original) The stator assembly of claim 1 wherein wire having a
packing density of greater than 80 percent is wound around the poles.

4. (Original) The stator assembly of claim 1 wherein the bridges between

adjoining segments can be used to orient and position wire relative to the poles.

5. (Original) The stator assembly of claim 1 wherein the phase change
material has a thermal conductivity of at least 0.4 watts/meter®K at 23°C.

6. (Original) The stator assembly of claim 1 wherein the discrete stator
segments are each made from a plurality of steel laminations.

7. (Original) The stator assembly of claim 1 wherein the phase change
material comprises polyamide.
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8. (Previously presented) The stator assembly of claim 1 wherein the

stator segments are held in a toroidal shape by a retaining member.

9. (Original) The stator assembly of claim 8 wherein the retaining

member comprises a metal band.

10. (Original) The stator assembly of claim 1 wherein the stator segments
are held in a toroidal shape by an overmolded thermoplastic material.
11-24. (Canceled)

25. (Original) A motor made from the stator assembly of claim 1.
26-28. (Canceled)

.29. (Currently amended) [[The combination of claim 28]] A combination of

stator arc segments and a flexible carrier used to link said stator arc segments

during a winding operation comprising:

a) a plurality of stator arc segments: and

b) a phase change material constituting said flexible carrier

adhered to the stator arc segments which links said segments in a uniform

and predetermined position with respect to one another; wherein the stator

arc segments each comprise a plurality of steel laminations and wherein
the steel laminations are electrically insulated from the wire applied during
winding by a portion of the phase change material formed monolithically
with the flexible carrier.

30. (Original) The combination of claim 29 where the phase change
material has a dielectric strength of at least 250 volts per one thousandth of an
inch of thickness.

31-32. (Canceled)

33. (Previously presented) The stator assembly of claim 1 wherein the
bridge is formed by interconnecting two mating sections formed from the phase
change material.
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34. (Currently amended) [[The combination of claim 28]] A combination of

stator arc segments and a flexible carrier used to link said stator arc segments

during a winding operation comprising:

a) a plurality of stator arc segments; and

b) a phase change material constituting said flexible carrier

adhered to the stator arc segments which links said segments in a uniform

and predetermined position with respect to one another: wherein the

flexible carrier links said segments by connecting two mating sections

formed in said carrier.
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Remarks

In the Outstanding Office action claims 1-10, 25 and 33 were allowed, and
claims 29, 30 and 34 were indicated as allowable if rewritten in independent
form. Claims 29 and 34 have been rewritten. Claim 30 is dependent on claim
29. Since claim 29 is now allowable, it is believed that the objection to claim 30
should be withdrawn.

The rejections of claims 28, 31 and 32 in the outstanding Office Action is
traversed. However, since those claims are canceled, the rejection is moot.

Since all of the remaining claims have been indicated as being allowable,
the case is believed to be in condition for allowance.

The Examiner noted that he had considered the U.S. references cited in
the Information Disclosure Statement filed on July 21, 2001 in the parent case,
and invited Applicant to submit copies of the non-U.S. references, and a form
PTO 1449 listing the same. While Applicant is unsure of the relevance of the
references, Applicant’s attorney will put together such a filing.

Respectfully submitted,

/Steven P. Shurtz/
Steven P. Shurtz '
Registration No. 31,424
Attorney for Applicant

“Dated: September 15, 2005
BRINKS HOFER GILSON & LIONE
P.O. Box 10395

Chicago, IL. 60610

(312) 321-4200

Direct Dial: (801) 444-3933
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Application No. ficant(s
. Index of Claims Appilcant(s)
¢ 10/383,219 NEAL, GRIFFITH D.
frovaan
Examiner Art Unit
Tim Phan 3729
hrough numerat
J | Rejacted Y '%a?m““m) n| Non-Etected Appeal
=| Allowed + Restricted 1] Interference Objected
Claim Date Claim Date Claim Date
| ® 5|2 5|8
5= S “168
[ JE 51 101
2 52 102
3 53 103
4 54 104
5 55 105
6 56 106
7 57 107
8 58 108
9 59 109
19 60 110
1é: 61 111
62 112
1 63 113
14 B4 114
1 65 115
16 66 116
1 87 117
1 68 118
1 69 119
g 70 120
71 121
72 22
73 1231
74 124
25 75 125
76 126
77 127
78 128
79 129
80 130
81 131
- 82 132
83 133
84 134
- 85 135
36 86 136
37 87 137
38 88 138
39 89 139
40 80 140
41 91 141
42 92 143
43 93 142
44 94 144
45 95 145
46 96 146
a7 97 47
48 98 148
49 a8 149
50 100 150

g

U.S. Patent and Trademark Office

Part of Paper No. 20050322
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PTO/SB6 (08-03)

- Approved for use through 7/31/2006. OMB 06510032
U.S, Patent and Trademark Office; U.S. DERPARTMENT OF COMMERCE
Under the Paperwork Reduction Act ol 1995, no persans are required (0 respond 10 a collection of information unless it displays a valid OMB controt nunber .

* I the enlry in column 1 is less than the entry i column 2, write "0” in cotumn 3.
** If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20°.
“* f the "Highest Number Previousty Paid For™ IN THIS SPACE is fess than 3, enter °J°,
The "Highest Number Previously Paid Foc” (Total or Independent] is the highest number found in the appropriate box in column 1.

PATENT APPLICATION FEE DETERMINATION RECORD Application ¢r Docket Number
Substitute for Form PTO-875 10)3%2.219
CLAIMS AS FILED ~ PART | - OTHER THAN
(Cotumn 1) (Column 2) SMALL ENTITY OR SMALL ENT(TY
FOR NUMBER FILED NUMBER EXTRA RATE FEE RATE FEE
BASIC FEE
(37 CFR 1.16(a)} S OR S
TOTAL CLAIMS ;
(37 CFR 1.16(c)} minus 20 = . xX$ = OR X $° =
(NDEPENDENT CLAIMS
(37 CFR 1.16(b)) minus 3 = | * X's = OR XS =
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(d)) + ¢ = oRr 4+ =
“ Af the difference in column 1is less than zero, enter “0” in column 2. TOTAL ORrR TOTAL
CLAIMS AS AMENDED - PART )
: OR OTHER THAN
(Column 1) (Column 2)  (Cotuma 3} SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST N
<] q ( REMAINING NUMBER. | PRESENT RATE ADDI- RATE ADDH-
= q 05_ AFTER PREVIOUSLY | EXTRA TIONAL TIONAL
5 AMENOMENT PAID FOR : FEE FEE
Total ) Minus | ** 9 = 25
g (37 CFR 1.16(e)) '5—~ 34' / XS = OR X sﬂ) =
2 | tndependent Minus wae ; =
(| arerrisa) é- {e / xS ‘00= OR X Sm
=
L | FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(d)) + .
. S OR +
TOTAL TQTAL
ADO'L FEE OR ADO'L FEE
(Column 1) (Column 2)  (Calumn 3)
CLAIMS HIGHEST
[aa] REMAINING NUMBER PRESENT RATE ADOI- RATE ADDE
= AFTER PREVIQUSLY EXTRA TIONAL TIONAL
uz.! AMENDMENT PAID FOR FEE FEE
Total ‘< Minus | ** =
g (37 OFR $.16(c)) xS 25._. = OR X 55D._=
2 § \ndependeat .. , M e = .
| ercemtienn s x s $00- or | x5 200-
=
<L | FIRST PRESENTATION OF HULTIPLE DEPENDENT CLAIM (37 CFR 1.16(d)) +s lgO= OR + éUQ
TOTAL TOTAL
ADD'L FEE OR ADD'L FEE,
(Column 1) (Column 2) (Column 3)
CLAIMS * HIGHEST .
© REMAINING NUMBER PRESENT RATE ADOL- RATE ADDI-
= AFTER PREVIOUSLY EXTRA TIONAL TIONAL
LZU AMENDMENT PAID FOR 5 FEE FEE
Total * Minus e =
% (31 CFR 1.16{cH) : XS 2 = OR X 550=
Independent . i [ =
% (greap?gi.'&un Minus XS |CD: OR X SQ-OQ
E ]
<L ] FRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(d)) +s \SO: OR + ,3‘00;
TOTAL TOTAL
ADD'LFEE OR ADDL FEE

This collection of information is required by 37 CFR 1.16. The infocmation is reqyired to obtain or relain a benelit by the public which is to Gle (and by the
USPTO lo process) an application. Confidentiality is govemed by 35 U.8.C. 122 and 37 CFR 1.14. This collection is estimaled to take 12 minutes to complete,
“including gathering, preparing. and submitling the completed application form to he USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you requice to complete this form and/or suggestions for reducing this burden, should be sent 10 the Chiefl information Officer, U.S. Pateal
and Trademark QOffice. U.S. Department of Commerce, P.O. Box 1450, Alexandra, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissloner for Pateats, P.O. Box 1450, Alexandrla, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2
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CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8

I hereby certify that this correspondence is being deposited with the United States Postal Service as first class mail, with sufficient postage, in
an envelope addressed to: Mail Stop Amendment, Commissioner for Patents, P. O. Box 1450, Alexandria, VA 22313-1450, on the below date:
Date: _September 22, 2005 Name: _Steven P. Shuriz Signature: [Steven P. Shurtz/

IN THE UNITED STATESRRTENI AND TRADEMARK OFFICE

In re Applin. of:  Griffith D. Neal

‘ e
SEP 2 6 7104
&

Appln. No.: 10/383,219 Examiner: Burton S. Mullins
Filed: March 5, 2003 Rapp Art Unit: 2834
For: STATOR ASSEMBLY MADE

FROM A MOLDED WEB OF
CORE SEGMENTS AND
MOTOR USING SAME

Attorney Docket No: 8864-33

INFORMATION DISCLOSURE STATEMENT

Applicant hereby cites references A1-A137 identified on the attached PTO 1449

form.

Applicant is enclosing Form PTO-1449 (four pages), along with a copy of each
listed reference for which a copy is required under 37 C.F.R. §1.98(a)(2). For those
references not in English, an English language Abstract has been provided for the
convenience of the Examiner. The Examiner indicated that he previously reviewed the
U.S. documents listed on the Information Disclosure Statement filed in the parent case.
The attached PTO 1449 form lists those references, as well as references otherwise
made of record in the parent case. Applicant respectfully requests the Examiner's
- considerétion of the references on the attached PTO 1449 form that he has not already
considered, and entry into the record of this application all of the documents listed on
the attached PTO 1448 form .

By submitting this Statement, Applicant is attempting to fully comply with the duty
of candor and good faith mandated by 37 C.F.R. §1.56. As such, this Statement is not
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Appin. No. 10/383,219 Attorney Docket No. 8864-33

intended to constitute an admission that any of the enclosed references, or other
information referred to therein, constitutes “prior art” or is otherwise "material to

patentability,”" as that phrase is defined in 37 C.F.R. §1.56(a).

Applicant has calculated a processing fee in the amount of $180.00 to be due
under 37 C.F.R. §1.17(p) in connection with the filing of this Statement. Applicant has

enclosed a credit card charge authorization covering this fee as indicated in the

Transmittal accompanying this Statement.

Respectfully submitted,

September 22, 2005 /Steven P. Shurtz/
Date Steven P. Shurtz, Reg. No. 31,424
BRINKS
HOFER -2-
GILSON
&LIONE
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/ CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8 B_RM

réby certify that this correspondence is being deposited with the United States Postal Service as first class mail, with HOFER
sufficient postage, in an envelope addressed to: Commissioner for Patents, P. O. Box 1450, Alexandria, VA 22313-1450, ———
on the below date: GILSON

Date: _September 22, 20086 Name: _Steven P, Shurtz Signature: {Steven P. Shurtz/

&LIONE
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE —_—

In re Applin. of: Griffith D. Neal

Appin. No.: 10/383,219 Examiner: Burton S. Mullins

Filed: March 5, 2003 Art Unit: 2834

For: STATOR ASSEMBLY MADE FROM A

MOLDED WEB OF CORE SEGMENTS
AND MOTOR USING SAME

Attorney Docket No: 8864-33

Mail Stop Amendment

gogwrrgziic;r;%ro for Patents

Alexandria, VA 22313-1450 TRANSMITTAL

Sir:

Attached is/are:

& Information Disclosure Statement; Form PTO 1449; cited references A116-A137.

X  Return Receipt Postcard

Fee calculation:

(O  No additional fee is required.

[0  Small Entity.

il An extension fee in an amount of § fora -month extension of time under 37 C F.R. § 1.136(a).

O A petition or processing fee in an amount of $ under 37 C.F.R. § 1.17( ).

] An additional filing fee has been calculated as shown below:

Small Entity Not a Small Entity
Claims Remaining Highest No. Present ’
After Amendment Previously Paid For | Extra Rate Add'l Fee or { Rate Add'l Fee

Total Minus x $25= x $50=

indep. Minus x 100= x $200=

First Presentation of Multiple Dep. Claim +$180= + $360=

Total $ Total $

Fee payment:

0 A check in the amount of $ is enclosed.

O Please charge Deposit Account No. 23-1925 in the amount of $ . A copy of this Transmittal is enclosed
for this purpose.

X Payment by credit card in the amount of $180.00 (Form PTO-2038 is attached).

X The Director is hereby authorized to charge payment of any additional filing fees required under 37 CFR § 1.16
and any patent application processing fees under 37 CFR § 1.17 associated with this paper (including any
extension fee required to ensure that this paper is timely filed), or to credit any overpayment, to Deposit
Account No. 23-1925.

Respectfully submitted,

September 22, 2005 /Steven P. Shurtz/

Date Steven P. Shurtz (Reg. No. 31,424)
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FORM PT}O.-1449

%\ SERIAL NO. CASE NO.
TRADEDE 10/383,21% 8864/33
LIST OF PATENTS AND PUBLICATIONS FOR FILING DATE GROUP ART UNIT
APPLICANT’S INFORMATION DISCLOSURE March 5, 2003 2834
STATEMENT
(use several sheets if necessary) APPLICANT: Griffith D. Neal
REFERENCE DESIGNATION U.S. PATENT DOCUMENTS
EXAMINER DOCUMENT CLASS/ FILING
INITIAL NUMBER DATE NAME SUBCLASS DATE
Number-Kind Code {if known}
A1 3,690,328 06/29/1971 | Bert L. Frescura
A2 3,638,055 01/25/1972 | Zimmermann
A3 3,802,066 4/09/1974 Barrett
Ad 3,874,073 04/01/1975 | Dochterman et al.
A5 3,908,138 9/23/1975 Shieh
AB 3,942,054 03/02/1976 | Kristen et al.
A7 3,979,530 09/07/1976 | Schwider et al.
A8 4,128,527 12/05/1978 | Kinjo et al.
A9 4,173,822 11/13/1979 | Futterer et al.
A10 4,352,897 10/05/1982 | Ogata et al.
A1l1 4,365,180 12/21/1982 | Licata et al.
A12 4,372,035 2/08/1983 McMillen
A13 4,387,311 06/07/1983 | Kobayashi et al.
Al4 4,492 889 01/08/1985 | Fukushi et al.
A15 4,572,979 02/25/1986 | Haar et al.
A16 4,643,346 2/17/1987 Gotoh
A17 4,679,313 07/14/1987 | Schultz et al.
A18 4,712,035 12/08/1987 | Forbes et al.
A19 4,760,299 07/26/1988 | Dickie et al.
A20 4,801,833 01/31/1989 | Dye
A21 4,853,576 08/01/1989 | Mayumi et al.
A22 4,858,073 08/15/1989 | Gregory
A23 4,868,970 09/26/1989 | Schultz et al.
A24 4,954,739 09/04/1990 | Schultz et al.
A25 4,990,808 2/05/1991 Artus et al.
A26 5,008,572 04/16/1991 | Marshall et al.
A27 5,036,580 08/06/1991 | Fox etal.
A28 5,073,735 12/17/1991 | Takagi
A29 5,075,585 12/24/1991 | Teruyama et al.
A30 5,121,021 06/09/1992 | Ward
A31 5,134,327 07/28/1992 | Sumi et al.
A32 5,142,103 08/25/1992 | Stine
A33 5,147,982 09/15/1992 | Steffen
A34 5,191,698 03/09/1003 | Sumi et al.
A35 5,206,554 04/27/1993 | Perrot
A36 5,268,607 12/07/1993 | McManus
EXAMINER DATE CONSIDERED

EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609;
Draw line through citation if not in conformance and not considered. Include copy of this form with next
communication to applicant.

Rev. Dec.-99

C:\Documents and Settings\mdolinsk\Local Settings\Temporary Internet Files\OLK843\8864-33 PTO 1449 SPS.doc
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FORM PTO-1449 SEP2 677008 J SERIAL NO. CASE NO.
y 8/ 09/798,511 8864/20
LIST OF PATENTS AND PUBLICA :v: FILING DATE GROUP ART UNIT

APPLICANT’S INFORMATION DISGY

STATEMENT

March 2, 2001

(use several sheets if necessary)

APPLICANT(S): Griffith D. Neal

REFERENCE DESIGNATION

U.S. PATENT DOCUMENTS

EXAMINER DOCUMENT CLASS/ FILING
INITIAL NUMBER DATE NAME SUBCLASS DATE
Number-Kind Cede (if known}

A37 5,334,897 08/02/1994 | Ineson et al.
A38 5,345,129 09/06/1994 | Molnar
A39 5,382,852 01/17/1995 | Yuhiet al.
A40 5,396,210 03/07/1995 | Purohit et al.
Ad1 5,400,218 03/21/1995 | Val
Ad42 5,414,317 05/09/1995 | Reid et al.
A43 5,459,190 10/17/1995 | Nakamura et al.
Ad4 5,461,772 10/31/1995 | Puri
A45 5,500,780 03/19/1996 | Boutaghou et al.
A46 5,506,458 04/09/1996 | Pace et al.
A47 5,541,787 07/30/1996 | Jabbari et al.
A48 5,548,458 08/20/1996 | Pelstring et al.
A49 5,558,445 09/24/1996 | Chen et al.
A50 5,579,188 11/26/1996 | Dunfield et al.
A51 5,687,617 12/24/1996 | Dunfield et al.
A52 5,592,731 1/14/1997 Huang et al.
A53 5,598,048 01/28/1997 | Dunfield et al.
A54 5,610,463 03/11/1997 | Dunfield et al.
A55 5,619,083 04/08/1997 | Dunfield et al.
A56 5,619,389 04/08/1997 | Dunfield et al.
A57 5,621,372 04/15/1997 | Purohit
A58 5,633,545 05/27/1997 | Albrecht et al.
A59 5,666,242 09/09/1997 | Edwards et al.
A60 5,668,427 09/16/1997 | Morita
AB1 5,672,827 09/30/1997 | Viskochil
AB2 5,675,196 10/07/1997 | Huang et al.
AB3 5,694,268 12/02/1997 | Dunfield et al.
AB4 5,698,919 12/16/1998 | Obara
AGS 5,728,600 03/17/1998 | Saxelby, Jr. et al.
A66 5,729,072 3/17/1998 Hirano et al.
AB7 5,729,404 03/17/1998 | Dunfield et al.
ABS8 5,742,450 04/21/1998 | Moser
A69 5,751,085 05/12/1998 | Hayashi
A70 5,751,514 05/12/1998 | Hyde et al.
A71 5,766,535 06/16/1998 | Ong
A72 5,783,888 07/21/1998 | Yamano
A73 5,806,169 09/15/1998 | Trago et al.
A74 5,814,412 09/29/1998 | Terada et al.
A75 5,850,318 12/15/1998 | Dunfield
A76 5,859,486 1/12/1999 Nakahara et al.”

EXAMINER DATE CONSIDERED
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{87) Procédé de tabrication de boitiers semi-con-
ducteurs comprenant respectivement un substrat, une
pastilie formant un circuit intégré et fixée sur une zone
du substrat, des moyens de connexion électrique reliant
la pastille & un groupe de zones de connexion électrique
extérieure situées sur une face du substrat, ainsi qu'un
enrobage d'encapsulisation. Le procédé consiste a réa-
liser de fagon matricislle une muitiplicité de groupes de
zones' de connexion (104a) sur une plagque commune
de substrat (102), correspondant & autant de zones
{109) de fixation de pastilles, a fixer une pastilie (103}
sur chaque zone (109) de fixation de la plague commu-

Procédé de fabrication de boitiers semi-conducteurs comprenant un circuit intégré

ne de substrat, a relier électriquement chaque pastille
{103) aux zones {104a) de connexion électrique asso-
ciées, de fagon & obtenir un assemblage (i11) plaque
de substrat-pastilles connectés. Le procéds consiste,
dans une seconde étape & disposer cet assemblage
(111) dans un moule (112) et a injecter une matiére d'en-
robage (106) dans le moule de fagon a obtenir, en une
seule opération de moulage, un bloc parallélépipédique
(117), puis, dans une étape ultérieure, a découper ledit
bloc parailélépipédique (117) au travers de son épais-
seur en unités constituant chacune un boitier semi-con-
ducteur.
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Description

La présente invention concerne un procédé de fa-
brication de boitiers semi-conducteurs comprenant res-
pectivement un substrat, une pastille formant un circuit
intégré et fixé sur une zone du substrat, des moyens de
connexion électrique reliant la pastille & des zones de
connexion électrique extérieure situées sur une face du
substrat, ainsi qu'un enrobage d'encapsulisation en ré-
sine.

En principe et de fagon habituells, les zones de con-
nexion électrique extérieure et la pastille sont disposées
de part et d'autre du substrat et 'enrobage enveloppe,
d'un coté du substrat, la pastille et les moyens de con-
nexion électrique.

Dans la technique de fabrication actueilement utili-
sés, on réalise individuellement I'enrobage de chacune
des pastilles fixées et connectées sur une plaque de
substrat en disposant cette plaque dans un moule qui

présente autant de cavités individuelles que de pas-’

tilles. Puis on coupe le substrat entre chaque enrobage.
Cestte solution nécessite la fabrication, f'utilisation et le
stockage d'autant de moules diflérents d'injection d'en-
robage que l'on a de boitiers différents présentant des
dimensions de pastilles différentes st des dispositions
différentes de ces pastilles sur une plaque de substrat.
De méme, il faut disposer d'un outil de découpe parti-
culier attribué a chaque dimension de pastille et & cha-
que dimension de plaque de substral.

Le but de la présente invention est de proposer un
procédé de fabrication de boitiers semi-conducteurs
susceptibles de permettre des économies de fabrication
et d'obtenir une plus grande flexibilité de production.

Le procédé selon linvention est destiné & ia fabri-
cation de boitiers semi-conducteurs comprenant res-
pectivement un substrat, une pastille formant un circuit
intégré et fixée sur une zone du substrat, des moyens
de connexion électrique reliant la pastille & un groupe
de zones de connexion électrique extérieure situées sur
une face du substrat, ainsi qu'un enrcbage d'encapsu-
lisation.

Selon l'invention, le procédé consiste & réaliser de
{agon matricielle une multiplicité de groupes de zones
de connexion sur une plaque commune de substrat, cor-
respondant a autant de zones de fixation de pastilles, a
fixer une pastille sur chaque zone de fixation de la pla-
que commune de substrat, a relier électriquement cha-
que pastille aux zones de connexion électrique asso-
ciées, de fagon a obtenir un assemblage plaque de
substrat-pastilles connectés. Seion I'invention, le procé-
dé consiste, dans une seconde élape, & disposer cet
assemblage dans un moule et & injecter une matiére
d'enrobage dans le moule de fagon a obtenir, en une
seule opération de moulagse. un bloc parallélépipédique,
et, dans unse étape ultérisure, & découper ledit bloc pa-
railélépipédique au travers de son épaisseur en unités
constituant chacune un boitier semi-conducteur.

Selon une variante préférée de l'invention, le pro-
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cédé consists a réaliser la découps du bloc parallétépi-
pédique par sciage. :

Selon l'invention, le procédsé consiste de préférence
a coller le bloc parallélépipédique sur une bande auto-
collante pelable et & réaliser I'opération de sciage en
engagsant la scie au travers du bloc au-dela de sa face
collée sur cette bande.

Selon l'invention, le procédé consiste, de préféren-
ce, & coller la face du bloc parallélépipédique exempts
de zones de connexion sur ia bande autocollante.

Selon I'invention, le procédé consiste de prélérence
a déposer des billes ou boules en matériau de soudage
sur les zones de connexion.

La présente invention sera mieux comprise a I'étu-
de d'un procédé de fabrication de boitiers semi-conduc-
teurs décrit a titre d'exemple non limitatif et illustré par
le dessin sur lequel :

la figure 1 représente schématiquement une coupe

transversale d'un boitier semi-conducteur obtenu

par le procédé selon llinvention ;

- lafigure 2 représente uns vue frontale dudit boitier ;

- la figure 3 montre schématiquement une premiére
étape du procédé selon l'inveniton et représente en
coupse transversale une plaque de substral munie
de pastilies ;

- lafigure 4 représente une vue frontale de la face de
ladite plaque de substrat apposée aux pastilles ,

- lafigure 5 montre schématiquement une étape sui-
vante du procédé selon l'invention et représente la-
dite plaque de substrat munie de pastilles connec-
tées électriquement par des fils ;

- lafigure & montre schématiquement une étape sui-
vante de l'invention consistant en I'encapsulisation
dans un moule représenté en coupe desdites pas-
tilles et desdits fils ;

- lafigure 7 représente une vue arriére du bloc sor-
tant dudit moule ;

- lafigure 8 montre schématiquement une étape sui-

vante du procédé selon linvention el représente

une coupe transversale dudit bloc ;

-- et la figure 9 montre schématiquement une étape

suivante du procédé selon f'invention et représente
une coupe transvarsale dudit bioc lors d’'une opéra-
tion de sciage de ce bloc.

En se reportant aux figures 1 et 2, on voit qu'un boi-
tier semi-conducteur parallélépipédique, repéré d'une
maniére générale par la référence 1, obtenu par le pro-
cédé de fabrication qui va maintenant étre décrit, com-
prend un substrat plat 2 par exemnple de contour carré,
une pastille 3 fixée & une face 2a du substrat 2 grace &
une couche mince de colle 3a, une muitiplicité de zones
4 de connexion électrique extérieures réparties sur la
face 2b du substrat 2 opposée a saface 2a, des moysns
de connexion électrique reliant sélectivement [a pastille
3 et les zones de connexion électrique 4 et comprenant
des fils de connexion électrique 5 aboutissant au subs-
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trat 2 et das connexions intermnes a ce substrat non re-
présentées, ainsi qu'un enrobage en résine 6 d'encap-
sulisation de la pastille 3 el dss fils de connexion 5, cet
enrobage 6 étant situé du cbté de la face 2a du substrat
2. En outre, le boitier semi-conducteur 1 est muni de
gouttes ou boules de connexion 7 sur chacune des zo-
nes de connexion électrique 4, en vue de la soudure et
de la connexion électrique du boitier semiconducteur
1 par exsmple aux pistes d'une plaque de circuit impri-
mé. ’

En se reportant a la figure 4, on voit que le procédé
de fabrication décrit consiste & réaliser, sur une face
102a d'une plaque commune de substrat 102 rectangu-
laire, une multiplicité de groupes 104 de zonses de con-
nexion électrique 104a et de moyens de connexion élec-
trique traversant la plague commune de substrats 102
et reliés aux zones 104a.

Dans l'exemple représenté, les groupes 104 sont
disposés sous une présentation en forme de matrice sur
la face 102a et sont au nombre de cing dans le sens de
la largeur de la plaque commune de substrat 102 et au
nombre de vingt dans le sens de sa longueur, 'espace
séparant les groupes des cinquiéme et sixiéme ran-
gées, dixiéme et onziéme rangées et quinziéme et sei-
ziéme rangées dans le sens de fa longueur de la plaque
commune de substrat 102 étant plus large de manigre
a former quatre ensembles 108 de vingt cing groupss
104 espacés de la longueur de la plaque commune de
substrat 102.

En se reportant a la figure 5, on voit que I'étape sui-
vante du procédé de fabrication décrit consiste & fixer
une mulliplicité de paslilles 103 respectivement sur des
zones de fixation 109 de la face 102b ds la plaquse com-
mune de substrat 102 opposée a sa face 102a, a l'aide
de minces couches de colle 103a. Les pastilles 103 se
trouvent alors disposées sous une présentation en for-
me de matrice correspondant au travers de la plaque
commune de substrat 102 aux groupes 104 de zones
de connexion électrique 104a.

En se reporilant a la figure 5, on voil que I'étape sui-
vante du procédé de fabrication décril consiste a relier
sélectivement les plols de connexion 110 des pastilles
103 aux moyens de connexion de la plaque commune
de substrat 102 en leur connectant les extrémités de fils
de connexion électrique 105 qui se trouvent alors en
t'air, de fagon a relier les plots de chaque pastille 103
sélectivement aux zones de connexion électrique 104
des groupes 104 qui leur son! respectivement asso-
ciées. On obtient alors un assemblage connecté repéré
d'une maniére générale par la rélérence 111; compre-
nant la plaque commune de substrat 102 et les pastilles
103 connectées comme décrit ci-dessus.

Comme le montre la figure 6, I'étape suivante du
procédé de fabrication décrit consiste & disposer I'as-
semblage 111 & lintérieur d'un moule d'injection 112
comprenant une partie 113 qui présente une cavité 114
recevant dans son épaisseur la plaque commune de
substrat 102 et une partie 115 qui présente quatre cavi-
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tés 116 dans lesquelles s'étendent respectivement, a
distance de ses parois, les pastilles 103 et ies fils de
connexion 10S correspondant des ensembles 108.

Cette étape consiste ensuite 3 injecter & l'intérieur
de la cavité 116 une résine d'encapsulisation des pas-
tilles 103 et des fils de connexion 105 de tagon & obtenir
en une seule opération de moulage quatre enrobagse
106 contre la face 102a de la plaque de substrat 102.
On obtient alors un bloc sensiblement parallélépipédi-
que repéré d'une maniére générale parlaréiérence 117,
& multipastilles 103 associées dans les enrobages 106
a la plaque commune de substrat 102,

En se reportant 4 ia figure 5, on voit que dans une
étape ultérieure le procédé de fabrication décrit peut
consister & déposer une goutte ou boule de connexion
107 sur chaque zone de connexion 104 de ia face 102a
de la plaque de substrat 102.

En se reportant 4 la figure 9, on voit que f'étape sui-
vante du procédé de fabrication décrit consiste a fixer
la face 106a de I'enrobage 106 du bloc parallélépipédi-
que 107, opposée A la face 102a de la plaque commune
de substrat 102 incluse dans ce bloc, sur un support
plan 118 par fintermédiaire d'une bande pelable 119 &
deux faces autocollantes. )

Puis, le procédé de fabrication décrit consiste a
couper iongitudinalement et transversalement le bloc
parallélipipédique 107, dans le sens de son épaisseur,
a l'aide d'une scie 120, le long des lignes de séparation
longitudinales et transversales 121 et 122 s'étendant
entre lesdits différents groupes 104 de zones de con-
nexion électrique 104a auxquelles sont respectivement
associées les pastilles 103. Au cours de cette opération,
la scie 120 est engagée au travers du bioc parallélipi-
pédique 107 au-dela de sa face 106a coliée sur la bande
119 de maniére a effectuer {'opération de découpe com-
pletement.

Lorsque l'opération de découpe par sciage ci-des-
sus est effectuée, on peut alors décoller de labande 119
les différents morceaux du bloc paralllépipédique 117,
chacun de ces morceaux correspondant & un boitier
semi-conducteur 1 tel que décrit précédemment en ré-
férence aux figures 1 et 2,

Le procédé de fabrication qui vient d'@tre décrit pré-
sente |'avantage de pouvoir fabriquer dans un méme
moule adapté pour recevoir une plaque commune de
substrat 102 déterminse, des boitiers semi-conducteurs
1 de dimensions difiérentes.

En effet, sur difiérentes plaques communes de
substrat 102, on peut prévoir des nombres différents de
groupes 104 de zones de connexion électrique 104a
couvrani des surfaces difiérents, adaptées en corres-
pondance aux dimensions des pastilles 103 associéss,
en les disposant comme dans exemple décrit précé-
demment, selon des matrices adaptéss aux surfaces
que lesdits groupes de zones de connexion et lesdites
pastilles occupent.

Il conviendra ators d'adapter uniquement ies distan-
ces entre les diftérentes lignes 121 et 122 de découpe
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aux surfacses afin d'obtenir des boitiers semi-conduc-
teurs dont le pourtour présente des dimensions souhai-
1éss.

Revendications

Procédé de fabrication de boitiers semi-conduc-
teurs {1) comprenant respectivement un substrat,
une pastiile formant un circuit intégré et fixée sur
une zone du substrat, des moyens de connexion
électrique reliant la pastille & un groupe de zones
de connexion électrique extérieure situées sur une
face du substrat, ainsi qu'un enrcbage d'encapsu-
lisation, caractérisé par le fait qu'il consiste :

- a réaliser de fagon matricielle une multiplicité
de groupes (104) de zones de connexion
{104a) sur une plaque commune de substrat
(102), correspondant a autant de zones (109)
de fixation de pastilles,

- afixer une pastille (103) sur chague zone (109)
de fixation de la plaque commune de substrat,

- & relier électriquement chaque pastille (103)
aux zones {104a) de connexion électrique as-
sociées, de fagon & obtenir un assemblage
(111) pltaque de substrat-pastilles connectés,

et qu'il consiste, dans une saconde étape :

- adisposercetassemblage {111)dans un moule
(112) eta injecter une matiére d'enrobage {106)
dans le moule de tagon & obtenir, en une seuie
opération dg moulage, un bloc paraliélépipédi-
que (117) présentant d'un cété ledit substrat,

- & déposer des billes ou boules (107) en maté-
riau de soudage sur les zones de connexion
{104a) du substrat {(102) opposées a ia matiére
d'enrobage moulée (108),

- et & découper ledit bloc parallélépipédique
(117) au travers de ['épaisseur dudit substrat
(102) ot de la matidre d'snrobage (106} en uni-
tés constituant chacuns un boitier semi-con-
ducteur (1).

Procédé selon la revendication 1, caractérisé par le
fait qu'il consiste a réaliser la découpe dudit bloc
parallélépipédique (117) par sciage (120).

Procédé selon Fune des revendications 1 et 2, ca-
ractérisé par le fait qu'il consiste a coller i1a face
{106a) dudit bioc parallélépipédique (117) exempte
de zones de connexion et opposée auxdites billes
de connexion (107) sur une bande autocollante pse-
table (119) et & réaliser l'opération de sciage en en-
gageant la scie (120) au travers du bloc (117) au-
dela de sa face collée sur ladite bands (118).
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FIG.3
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Motor structure - has elastic body layer provided using synthetic
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Abstract (Basic): JP 10271719 A
The structure includes a stator core (2) having a number of

slots

in which winding wire is wound. Elastic body layer (5) is provided
by

layering synthetic resin on the outer circumference of stator and
the

winding wire except the inner circumference of the stator opposing
a

rotor. Stator winding wire (1) is wound in the slots of the stator
core

through the elastic body layer.

ADVANTAGE - Reduces noise due to vibration during operation.
Enables easy manufacture of stator.
Dwg.1/4

Title Terms: MOTOR; STRUCTURE; ELASTIC; BODY; LAYER; SYNTHETIC:; RESIN;
OUTER; SURFACE; STATOR; WIND; WIRE; INNER; CIRCUMFERENCE; STATOR
Derwent Class: A85; V06; X1li1
International Patent Class (Main): HO2K-001/18
International Patent Class (Additional): HO02K-003/34; HQ02K-015/12
File Segment: CPI; EPI
Manual Codes (CPI/A-N): Al12-EO8B
Manual Codes (EPI/S-X): V06-MO7A; V06-MO8B; V06-M11C; X11-J01Aa; X1l1-
JO2B;
X11-J08C
Polymer Indexing (PS):
<01>
*001* 018; P00O0OO
*002* 018; NDO1; Q99939 Q7443 Q7421 Q7330; B9999 B3%930-R B3838 B3747;
K9%416; K9676-R; K9483-R; B9993% B3985 B3974 B3963 B3930 B3838
B3747;

Q9999 Q6622 Q6611
?

Mitsuba - 1009
Page 119 of 422



(19) BARGFIT (J P) XS FISIH W UDBHHBEARESS
RFBEE10—271719

(43)ABRE SERR104E(1998)105 9 8

GDInt.CL® G FI
HO2K 1/18 HO 2K 1/18 E
3/34 3/34 C
15/12 15/12 D

FEWR KR #AREO%6 OL (£ 4 H)

CHHERS REIT9—67674 D HEA 000005821
RTEBERGSSHT
(22) iR MEE94E(1997) 3 A21H RERFIEHKFIIE 10068

TORFE M £4£
REFFRTEAFIRI0060S8E MTEHR
2 2o Saws ]

() FEHE REF #BK
AKRFFIRHEAFIIEIGE] ATES
BEREGARHN

(T)RHAE KE BX
REMFIRHEATFRI00688E HTRS
ERHALHMN

THREA #H#EL BE g2 18

G4 [E¥OEK] EINRE-FEEFRUTORESTE
(67 [EW]

[BE) SEESEBCERSKIT—LFE—Fi -ty
BOT, BEERGERBCT 5 L BHET5, 3 At
(ERFE] BEETFHL2ONEET LR 2 TOR i
Hic, MEBRMEOIMEEE S 2BLELOTHS, = > huwm
RCXY, E— N FE—FEERVTE-NVFE—F 2% 7--KRE
MBI I RIBT, (BB - ERM2E—

NWVEE—F ﬁiﬁ‘ﬁtifﬁg& 72 60 | 6 2 5 3

’

Mitsuba - 1009
Page 120 of 422



[#eraiROMEE)

[6RE1] BEORo Y bEFTIEETFE&TFL. A
EERFE&LOBETEMMTINAELHRRELE
BT 3BEKBRRMEOHEKRE & . BIRBRERIEOHME
EEEZMLTCHREEETFSLORA Ty MRIZIRMBEINT
BEIhIEEFERL . SIEBEETFSRLONEEZER
WTHIRRESESECRIEABRURIRREE FERL X
KEELT—@HIERELEERBIEE» b2 oM
®ETBE—NFE—FEET,

[FRE2] BREREOHREEBN LY ar TAER
BBV LY UBIETRRENRNTWAZ LE/RLETS
BRE1IBBOE—N FE—FEETF.

[RE3] kDR v M EFTIEEFHLOEKR
FinmTrANREER XD L EHEL TERERED
BEEBY RTS8 1 0IR L. FTEERERE
DEMEEE LI L CHIREEFSRLORA T v MRICIM
Eh3EBRTFERLERETIHE20IRL, BIREET
S LOREE ZERV- TR R UHIEEE 75K
FRIZBABLTERHBBICL Y —EERETIHE3IDT
BRI LEaHEETIE—NVIFE—FEHETD
BRI,

[FRE41] EREZEOBEEEN VY s ThER
BREY) Ly UBIETHERENTVWAZ L 2HRETE
HREIEROE—N FE—FEAEFOMGEHIE,
[GIRES] BEFERLPEBETAE 20ILROE T,
FRREEFEREZ VX TEEFL. LID2RIEHETFS
LOREE2RVCCRIEABRUBEFERLECTHE
LTERBIIIL Y —RICRETAE3IOIR~BITT
B EREETIBREIELITABROE—NVFE
—F HEFOMEFE,

[6:RA6] BEFERNECHEERP LR, BE
FERETBETIE2OIROE T, WEBHEETFERE
BERMEEE. LISRICEEFSHLONATERNT
BEGEERUEEFERZ BB L TEMRBIEIZLY
— R TEIEIOIR~BITTAIL2/HHMETS
BRE3IELRARBEOET— N FE—FEETOREF
.,

[RHOHEM2FHA]

{c001]

(RAOBET S HISEF] ARBHIX, BHIREBEOCET—L
FE—YEEFRCEOREFERIZET 5,
[o002]

[PERDOENT] BREPBE L -AEFEOCEEGET 2
BL, BRIEETHEOABRICEET2XHT 28
BARNT O 7L —beERBERETAELE
WhwaE— NV FE—FiX, =7 aEXRBR2 YOS
TERENTETWS,

[0003] HKDE—AFE—FDOHEZTTLR4AD
Eric. BEFERI2EBRLABERTFSL2IZTL—
LIBRUNU DT 4 2 SRBERIC T—&EE LT

TR, BRI EFEBRLELBEFEL2IIZ7Lv—A3
RNV 7 a2 BRT 280608 L EEERL T,
2.

[c004]
[REASBELL D & T58E] E—LVFE—ZIZBW
Tk, FOFL2EABNNENBOESABLLETH
b RERMIZ DTz > TADIEL TE—/NV FE—FiTEEHE
AN, T—A FE—FDOHEERTE /N FE—
FEEIATR R POBBICEY T RET, FICE
BE, BRYTHIZENEREIND, LOLEXLEE
ROEFRTIX. BEFER 1 ZBELLEEFSHL 2T
ZU—AL3I RN T4 LEBERLTWSRD,
BEEFER 1 2E2E L EEEFSL 2 DEREN T L—A
BRUNY VT4 LEERESh, TV FE—%0D
FEEICIRBRCBRENEETI LW IBERL -,
[0005]

[BREZERTIOOFE] CORBEEMETID
AR, BEFHLONBEEZBR2TORE:L2D
HLTESERECH 2BEEBE2ER LI LD TS
5, ZOHEERBIZLY, TN RE—FHERUE~
A RE—F FETRMBE OBBRCEY T RIE T,
BB, EEPRE—NVFE—F ETHILNTREER
Do

[000686]

[BRAOKKEOHE] ZARACHERE L RC2LERD
BRI, EoRoy b EAETHIEAETFSLL . AIER
EFHLOEGRT AT I2NAELR XREL2SET
VY ardrgEiziaRy vy UREBOBRERED
HiEEB L, MRESKEREOBEEBE N L CArEE
EBFHLOATy MRS TEEINIEETE
Re . MEEETSLONPEZ2RBRV THIREERREE
OBEFEGRUCAEEEFERE HICAE L T—&ICR
BLEAERBEL»GR22bOTHY, EXERIERF
THIREEBNEEFSEORBETHIRDZERESES
EVWIREEXR TS,

[0007) HRAIRVAICHEHOBHIL., HEKOR
oy FEETIREFS&LOEET T A2NE@EE
B<ERBELFABLTYYarIoxicildR®y vry o#
BoBSEREOREEBE2 —ERETIE10IR
& ATREESEKMEORIEER 2 L THRREE &L
DRy FRIZMENRIBEFERLERTIHE 20
ITRé. FMIEREFSLORNEAREZRV-CHIREE LR
RUHIEEEFERLEICOBL TSRy —&
IKRETHAEIOIREIORBIIEZHEETHE—
NFE—SEEFOMEFETHY., BREL E/E2
RBROE—NVFE—FEHEFEMUETILNTES,
[0008] #RESKERORAIX, BEFERLE
EI3B20IBO% T, BIRBEEFERZ V=Y
THEHEL. L3R ICEETFSLONBEYEBRVTHE
HEEERVEHEFERL QB L TARBEIC LY —&

Mitsuba - 1009
Page 121 of 422



KRETIH30ITR~BITTDI I LEHMETHHR
FHIBROE—N FE—FEAEFOMEFETHY . B
EFERVEFENTVWBLED., LY —BOERBERG
EERFOT—NVFE—YEABTHRYETE S,
[0009] #RkE6 ICRKORAIL, BEFERNA
CERSER L2 BETEREERTIE20IR
DET. FIRBETERZECAREEE. Lr2%RIKEH
EFELONARZRVW TREEABRCEHEFEREZ I
KOELUTEREEBICL Y —&ICRBET 283 0IE~
BT3B LTABRREIRROE—ALFE—
SEETFOREFETHY, BETERLZECEBSER
PEATIZLICLVESL, HRESTROEBHLRE
ZOEREHECEERTOET—N FE—FEEFREHIZ
fMETE D,

[0010]

[=Hf] AT, FRAOEBHNICOVTRIL 5K 3
EBRBLTRAT S, 2k, MALTFTERDE—LAF
FT—F LRIUHERESIZ VT, B4 KRR LAEARS
LELFEEOITBILET S,

[0011] M1WBEBHOET-N FE—FEETFEME
ALlEE—AV FE—FOHHEETHD, H1iIZBWTE
SHFEOBEERR S 1T, BETFER1 2EELEEE
FEHL2RBAELERIIVB 7 L—AS KNI 74
WHBEEINWDZ L2015, LBHMEERE 5 O
BLLTRIV I ILENEY LT VBIEREDE
KMeRiET, L2 L BAHOSLIWEN LV, TLTH
EFER1IIERAZOERBDEPLETIDIZIV=RA
FTRZFTD LIV, ORVRUATHEETFSR1
HERHCRENOLIHBEERAELTWVWTH I,
[0012) RIZEBBHOEKEFMIBE 3E—N FE—
FOREFHEISEZHIAT S, 9 H2ITFTEHETF
Gi2%, F1OIBCHIITRT LI, BEEF6 &
AT DIREE 7 ERVTHOLTORE 2 EREKE
DOEMERE 5 CERET S, TLT, #44E s CBDbh
FEEF&L2IC, MIERTESKEEZOIRTHEE
FERIZELT, V=oX28Y, BEFERLZ2ED
3, BT, BETERL. BEFSHL 2 RUHLGERE
5L, »oOEET 6 XK+ WMTHARONY
T AL T VL3 EERTILICEIOL
BCARBIEMIC LY —&FICERT 5.

[0013] D XS KEXRBAOREFEICBWTIX
BEEFHL2IES I OTRTHMESRES 2RITF. L1d
#®. BoOIRCEARBTSHL2KEETER 1 2557
5, LREETERI 2BEETEL2II5ER, 30
IR CEERBECIVE—A FLTE—NVFE—F 2%
RT32bDT, FRBEIERBHOE—AVFE—ZE2BEL
/HLOTH B,

[0014]

[ZAOSHE] ERFHEILHALIARZE DI, FHREL
FhR 2EROBHICLINE, BEFELONAREER

K ETORBLPHBETIVavTrELGHYI LY
URIBOBSEREOBMEEG L . AIRREERBEZML
THETHLIIBEINCEARTFERL. REEETS
LRUHEERZ VCREEFEREMERET&HLO
RAEZBRVCTARBEBICL Y —ERE L. SRiED
NEBOEETHIE—NVFE—FEETFTHY, T—1
FE—& BER UCER R Y OoBBICIY (T 2R
BT, ERTRVERBRE—AVFE—F 332 LM
T& Do

[0015) #WREIEHIT4BROBHERR., B
0y bEETHIHEHEFSELOEBERFEFHMTINAEESL
B XL Al L TESERMEDOBIERB Y — iRk
HHEI10ITRE, ARESEBREORMEERE 2/ L Tal
EERBFHLOZRT Yy PRI ENW 3BT FERLE
BT3B 20IRL. MEEETFHRLONBRERVT
AR EBRUNREE TSR+ CEBHE UTERs
BBIELVARES 2 —RICRETIEIOIREALR
BLEEFRETEE—NFE—FAEFORESET
Hy, BEEBRGERSOE—N FE—YEETLES
CRIETAHZERNTE S,

[0016]) BRESTHROTEHIZ., HREIEit4
TBROT—ANFE—FEHETFOREFET, BEFER
FUZABRETEHBELABRICERBIBICLA2ARE S %
—ERETIMEFETHY, BETEROEBENES
ENAZERIVFHENBZOTL Y EET»ERD
BRE—NVIFE—VEEFERBIIBETIZ LN TE
2,

[0017] #BREeR|OBHAIZ, WREIF-124
REBOET—NVIFE—FARBTFORMEFETH- T, BFE
FERLE L THCREEFERZEALLELOTHY, BE
FERELESL TRBLIMEI L L Y EEE»OERSE
DE—NWFE—FEBFICRET I LN TES,
[HEoME 23]

[B1] FBAO—FHAIBITI DTN FE—F DY
R E

[X2] (a) AEEFHLOFEH

(b) AEEFSLOR/EFEEER

(B3] (a) AEAEFSUICERERED D > BiEE
BEELEBEFE&LOFER

(b) FEETFSHLOFREER

[B4] #RDOE—/ FE—ZOERETER

[ 5 DHHA]

1 BEETFES

BET &L

F— A

NN T

AR

EET

NAEE

SNOOR W

Mitsuba - 1009
Page 122 of 422



(b}

e

{=4]

=2]

{0)

[(®1]

(1.

=7

(b}

e s

[H3]

(a)

Mitsuba - 1009
Page 123 of 422

_4_



EUROPEAN PATENT OFFICE

“Patent Abstracts of Japan

PUBLICATION NUMBER : 10070870
PUBLICATION DATE : 10-03-98
APPLICATION DATE : 27-08-96
APPLICATION NUMBER : 08225387
_ b
APPLICANT : MITSUBISHI ELECTRIC CORP; /)

INVENTOR : AKUTSU SATORU;

4 £X Yo W11}
INT.CL. - HO2K 21/14 HO2K 1/18 HO2K 9/00 %L‘é'b'}ll
HO2K 29/00 vrorxrs B}
9 1
TITLE . SPINDLE MOTOR

ABSTRACT : PROBLEM TO BE SOLVED: To prevent deformation of optical disc due to heat occurred
in a spindle motor, by providing a stator core arranged oppositely to a rotor magnet with a
predetermined gap between them and stator coils wound round a plurality of tooth poles,
thereby constituting a stator, and by fixing the bearing of a rotation shaft by including the
stator in a base.

SOLUTION: Rotor magnets 4 are fixed along the outer face of circumference of a rotor 3
rotating around a rotation shaft as a center. And a stator is formed by a stator core 6
consisting of a plurality of tooth poles 7 made of a magnetic material arranged opposite to
the rotor magnets 4 in radial direction with a predetermined gap provided between them.
And the stator is included in a base 9 made of a resin and a bearing 2 of a rotation shaft 1
is fixed. By doing this, expansion or deformation of an optical disc due to heat generated
by a spindle motor 11 can be prevented.

COPYRIGHT: (C)1998,JPO
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(57) A method and apparatus for encapsulating an
integrated circuit die and leadframe assembly. A pre-
packaged sproutless mold compound insert 71 is
placed in a rectangular receptacle 91 in a bottom moid
chase 81. The receptacle is coupled to a plurality of dig
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 cir-
cuit dies are each centered over a bottom molid die cav-
ity 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 correspond-
ing 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 com-
pound 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 com-
pound 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

Improvements in or relating to integrated circuits
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station. The plunger is applied using variable speedand

pressure to controf the rate the mold compound tills the
cavities in the top and bottom mold chases, thereby
avoiding voids in the completed packages and minimiz-
ing wire sweep of the bond wires of the integrated circuit
assemblies.
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Description
FIELD OF THE INVENTION

This invention relates generally to the field of inte-
grated circuits, and more particularly to the encapsula-
tion packaging of integrated circuits using transfer
molding technigques.

BACKGROUND OF THE INVENTION

In producing integrated circuits, it is desirable to
provide packaged integrated circuits having plastic or
resin packages which encapsulate the die and a portion
of the lead frame and leads. These packages have been
produced in 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 compounds.
These compounds 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 die and leadframe assem-
blies to form a hermetic package which is relatively inex-
pensive and durable, and a good protective package for
the integrated circuit.

FIG. 1 depicts the viscosity characteristic curve of a
typical mold compound. The Y axis depicts the viscosity
of the compound. The X axis represents the time
elapsed from a starting point where heat is applied. The
mold compound transitions from a high viscosity or hard
state to a state where it has 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 after being 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 preheat 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 trans-
ported and directed into cavities and runners. This
transfer process should be rapid and be completed
before the mold compound begins to set. Finally thereis
a cure stage that occurs following the transfer stage.

FIG. 2 depicts a conventional single plunger trans-
fer mold press 11. The press consists of a plunger or
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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 pro-
vide heat to the mold in both the top and bottom platens.
An automated mold controlier, although not shown, is
usually coupled to the press. The top and bottom plat-
ens are steel and receive the stresses of the pressing
operation, both are heated to provide the temperature
needed to perform the transfer molding operation.

FIG. 3 depicts a typical bottom mold chase. In FiG.
3, a top view of bottom mold chase 21 is shown. There
are six.primary runners 31, each will support a pair of
leadframe strips holding wire 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 moid 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 mold-
ing 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 runner 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 mold chase cavity and under the top mold chase
cavity 34. Die 53 is shown with the bond wires 55 cou-
pling it to leadframe 51.

The operation of the conventional single pot trans-
fer mold will now be described with reference to FIGS.
2-5. To begin a new molding operation, 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 chases. The mold com-
pound is preheated using an R/F heater or other heater
before being placed into the heated mold.

The top and bottom platens are closed, bringing the
top and bottom mold chases together. The top and bot-
tom 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 §3
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 inttial 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
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plunger 13 is brought down through the top mold chase
17 onto the mold compound pellet at a predetermined
rate, forcing the mold compound into the primary run-
ners 31. As the runners fill with mold compound 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
shouid 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 var-
ied during the transfer phase to help control the transfer
process. Experimental use of the press 11 with a partic-
ular mold and compound combination will provide the
best combination of pressure and transfer speed which
can then be programmed into the automatic press con-
trols to uniformly repeat the process.

After the transfer stage, the packaged parts are
cured. Curing the molded parts typically takes 1 10 3
minutes of sitting in the heated mold without distur-
bance. 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 press is opened and the
molded parts and the mold compound sprue or flash in
the runners and pot are ejected. This is done by having
ejection pins extending through the bottom mold chase
21 and bottom platen 19 push upward under pressure at
the same instant, popping the molded parts and sprue
out of the bottom mold chase 21. The packaged parts
are then removed to other areas where they are sepa-
rated and trim and form operations performed 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 uni-
formly 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 pot and the
long primary runners to transport the mold compound.
A problem commonly observed in a single plunger sin-
gle 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 bs areas where the compound fails to flow or
where air or other materials are trapped and cause hol-
low spaces in the packaged part. Voids can be pro-
duced 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 com-
pound. As an example, suppose that in a typical lead
frame and die assembly, an average wire sweep of less
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than 6% is specified. A straight line from the lead frame
lead to the bond pad has a sweep of 0%. So if after
assembly and mold any wires on a packaged unit are
found to have more than 6% sweep, the unit is out of
specification, and is considered to be a bad unit. Wire
sweep is specified as a maximum allowable parameter
and is a big concern in production of integrated circuits,
because if the bond wires are moved too much, a wire
short between two or more adjacent bond wires often
occurs. Alternatively, bond wires sometimes break
away. Either condition results in a faulty unit.

Alhough the wire sweep defect rate which is
observed in the single plunger molding presses is ade-
quate 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 mold-
ing 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 disadvantage with a single plunger moid
and pellet compound arrangement is that the perform-
ance in the two critical areas are inversely dependent
on each other. That is, in attempting to perfect the mold-
ing process using a single plunger mold, it has been
cobserved 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 low-
ered, 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.

it has been further observed that the wire sweep
and void problems tend to be more severe as the
number of cavities and the distance of runners
increases. Nonuniform fill can occur along a lengthy
runner having many cavities. The cavity closest to the
pot will have a faster fill rate than the others. The cavity
farthest from the pot will tend to fill at the end of the
transfer period, and the rate will be lower because much
of the compound has 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 fill all of the cavities at an acceptable rate, dur-
ing 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 com-
pound 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 oncein a
molding operation, so the excess material must be dis-

Mitsuba - 1009
Page 133 of 422



5 ' EP 0 747 943 A2 6

carded. Thus the sprue and waste left in the long run-
ners and in the mold pot cannot be recycled.

Also, the conventional molding compound acts as a
strong abrasive. During molding, the mold compound is
forced out of the mold pot and into the primary runners.
The abrasive nature of the mold compound resuits 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 approach for reducing the problems
known to the single plunger molding presses of the prior
art is to construct a multipellet, multiplunger mold sta-
tion to replace the single plunger system. A portion of
the bottom mgld chase of a typical prior art multiplunger
mold is shown in FIG. 6. Mold chase 61 has several die
cavities 63, grouped in pairs. Runners 67 couple each
pair of die cavities to a mold pot 69. Gates 65 enable the
mold compound to bs transferred into and fill the cavi-
ties.

In operation, each of the mold pots 69 receives a so
called "mini-pellet” of mold compound. The press is a
more complex press than that shown in 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 individ-
ual 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 advan-
tages over the single pot molding process. The use of
the smaller pellets and the shorter runs eliminate the
tong 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 prob-
lems. An automated muitiplunger press can vary the
operation of the plungers during the transfer stage to
obtain optimal results.

The nonuniform fill and wire sweep problems asso-
ciated 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.

The disadvantages of the multiplunger molding
process are primarily that it requires the use of the mini-
pellets. The mini-pellet form of the molding compound is
far more expensive per kilogram than the single large
peliets used by the single transfer mold. Also, the muiti-
plunger molding station is extremely expensive to man-
ufacture, 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
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plungers results in a molding station that has a lower
parts per hour throughput than for a conventional single
pot mold press. Also the mutltiple plunger molding sys-
tem requires complex contro! and loading and unload-
ing mechanisms. The result is that each station has
lower overall throughput than a single plunger mold sta-
tion, aithough tighter process control can be achieved.
Because the throughput is lowered, additional stations
are needed to maintain the same relative level of pro-
ductivity. High productivity is required to keep the per
unit costs low. The need for additional expensive and
complex molding stations increases the cost disadvan-
tages 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 moid 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. However, tight
process control is not available because the plungers all
travel at the same speed and pressure unless an exter-
nal controller is instafled. So this alternative has the dis-
advantages of requiring the mini-pellets of mold
compound, while not providing the highly automated
process control of a multi-plunger mold system.

Both single plunger and multiplunger mold presses
have other disadvantages that are common. The mold
compound is an abrasive material. The mold pot and
the primary runners receive an abrasive force each time
the press is operated. These areas wear quickly and the
expensive mold chases must be replaced periodically
as a result.

Also, both processes require pelletized mold com-
pound. This material is fairly difficult to produce in the
large form, and even more expensive to produce in the
minipeliet form. The compound is extruded into a rod,
which is powdered, and the powder is then pelletized.
This is an expensive and complex manufacturing proc-
ess.

Both peliets and mini-pellets are subject to contam-
ination 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 con-
tamination 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 entited “"Method for Packing a Measured Quantity
of Thermosetting Resin And Operating a Mold for
Encapsulating a Component”, provides another alterna-
tive wherein the mold compound is packaged in individ-
ually 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
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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 compound
is pressed out of the bag into the cavity by individual or
mulftiple plungers.

The '626 patent approach is similar to a multi-
plunger mold system in that small quantities of molid
compound, each of which are individually loaded, are
provided. The patent provides a moisture and contami-
nation 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 possi-
ble. But the throughput problems and increased
expense for each molding station remain, and the costs
for each press are increased further by the added com-
plexity. 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 cus-
tom designed for each particular mold, and if the moid
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 equipment 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 mold-
ing system which eliminates the probiems of the prior
art transfer molding systems while retaining a high part
throughput rate, low raw material costs, and which is
simple to operate, maintain, and uses molding stations
that are relatively inexpensive to build.

The new system should be compatible with exist-
ing single pot transfer mold presses to allow a retrofit-
ting of existing integrated circuit assembly lines. The
system should reduce waste of mold compound and
reduce the abrasive impact of the mold compound on
the equipment used. The new molding system should
provide uniform cavity fill and reduced wire sweep
defect rates. The system should be general, such that
different mold designs can be used with a common
mold compound package. -

SUMMARY OF THE INVENTION

A system for transfer molding the packages of inte-
grated 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
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and contain it during normal handling and storage, but
under the heat, pressure, or the combination of heat
and pressure of particular molding processes the pack-
age will become penetrable and the mold compound
can be expelled through it. The package is placed in a
simple mold pot or receptacle, and when the packaged
compound is compressed the compound emerges from
the package only at places adjacent to the moid 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 sproutiess mold compaund 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 recep-
tacle containing mold compound, providing improved
uniformity of fill and allowing for complete fill of the cav-
ities with reduced wire sweep as compared to the trans-
fer molds of the prior art. The plunger is inserted and the
mold compound is forced through the protective pack-
aging into short runners coupling the mold receptacle to
the cavities. The number of devices packaged perrunis
increased because the mold pots of the single or multi-
ple plunger molds of the prior art are eliminated, provid-
ing additional area for die cavities.

The mold compound is placed inside the moid
receptacle within the protective package, so that the
equipment abrasion problems associated with conven-
tional 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 compat-
ible 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. Exist-
ing molding equipment may be retrofitted to use the new
system. The mold compound package may be automat-
ically 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 sproutiess 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.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be further described
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by way of example with reference to the accompanying
drawings in which:

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

FIG. 2 depicts a conventionai single plunger mold
press;

FiG. 3 depicts the bottom mold chase and runners
of a mold used with the conventional mold press of
FIG. 2;

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

FIG. 5 depicts a cross section of the runner of the
bottorn mold chase shown in FIG. 4;

FiG. 6 depicts a bottom mold chase and runner of a
conventional multiplunger mold;

FIG. 7 depicts a sproutiess mold compound pack-
age of the invention; .

FIG. 8 depicts a bottom mold and chase of the moid
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

FIG. 11 depicts the plunger, prepackaged mold
compound and mold cavity in cross section during
the transfer stage of the molding process.
Corresponding numerals are used for correspond-
ing elements in the drawings, unless otherwise indi-
cated in the text.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

FiG. 7 depicts a prepackaged sproutiess mold com-
pound 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
conventiona! resin or resin filler mold compound in a
solid form. Alternative molding compounds may be
used, such as liquids, epoxies, adhesives, resins in lig-
uid form, powdered mold compound, as examples. The
mold compound material may be made from powdered
mold compound or from extruded mold compound
directly, eliminating the need for the expensive pelletiz-
ing steps required for the pellets of the prior art mold
compounds. The shape of the prepackaged mold com-
pound 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 pack-
aged in a pre-formed package 71. Ends 76 are sealed.
Top 74 is wider than the mold compound 73 and pro-
vides a lip on either side of the mold compound 73. A
comresponding 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
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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 packag-
ing. Alternative sealing techniques such as ultrasonic
seals, adhesives, and pressure seals or crimped seals
can be used.

Alternatives to the package of FIG. 7 include tubes
and bags of various shapes. For example, the shapes
can include ovoid, 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 place-
ment 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 fea-
ture 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 prepack-
aged mold compound pieces 73 are self packaged,
storage and shipping packing materials may be inex-
pensive 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 {op 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 because the mold
plunger and mold receptacle or pot are not in direct con-
tact with the compound.

A critical element to the operation of the molding
process using the prepackaged moliding compound is
the packaging material. The requirements for the pack-
aging 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 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 receptacte.
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 compounds in use in the integrated
circuit packaging art. The material should not melt dur-
ing 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 Cel-
sius.
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Also, the packaging material should only aliow 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 mold-
ing 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 ship-
ping, but should have the capacity to stretch into the
runners when compressed during the molding process
as described above. The material should be capabie of
vacuum sealing and of maintaining the vacuum during
storage.

Materials which meet these requirements, 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 films, and the like. Although many materials
may exist that could meet these requirements, it is now
known that certain plastic films meet the requirements
listed above. Piastic films such as those used in food
storage, freezing and preparation, are particularly well
suited to this application. The melting point, strength,
vacuum capability and moisture and air barrier require-
ments for the mold compound packaging are all met by
such films. The films are inexpensive and easy to pur-
chase and use in a production environment. One pre-
ferred 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.} Lid,
Maylands Avenue, GB-Hemel Hempstead, England.
Another preferred film is ICI™ polyester film. Similar
films are commercially available from a variety of ven-
dors.

Once the appropriate material is selected, the film
should be applied to the mold compound to create the
necessary packaged 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 proc-
ess that has been shown to be advantageous is as fof-
lows. An extruded piece of mold compound is placed
over the bottom piece of film. The botftom 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 com-
pound 73. After the seal is formed, the top 74 is cut out-
side 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 seamiess envelopes
that are filled from one end, tubes, straws, rounds,
discs. etc. The kay 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 molding can
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be done with the package still on the mold compound,
that is the mold compound is automatically dispensed
from the package.

The key feature of the package 71 of FIG.7 is that

“there is no need for a nozzie, top or sprout. The mold

compound is packaged such that it will leave the pack-
age under compression during the molding process. As
will be shown below, the mold compound will automati-
cally exit the package at the runners, so no alignment or
precise positioning of the sproutiess mold compound
package is required.

Alfternative means of packaging the mold com-
pound 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 lig-
uid 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 elimi-
nates 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 con-
tamination in molding compound leads to package
cracking and early device failure.

Whatever means is used to package the mold com-
pound, the sealing mechanism should be provided such
that under pressure, or heat and pressure, the sealed
package will allow the mold compound to escape. How-
ever, under norma!l handling, the package should be
impervious to air, water, ionic contamination, and
should not burst or leak out the packaged molding coni-
pound.

FIG. 8 depicts a portion of a bottom mold 82, com-
prising a mold chase 81 for transfer moiding integrated
circuit packages, such as for example DIP or flat quad
type high pin count integrated circuit packages, using
the mold compound package of FiG. 7. Bottom mold 81
holds two cavity bars 83, each of which has several die
cavities 85 coupled to primary runners 87 and each cav-
ity having a gate 83. A rectangular mold compound
receptacle 91 is provided through the mold chase 81.
This receptacle 91 is open at the bottom for allowing a
plunger or ram to enter the mold chase and to apply
pressure to a prepackaged mold compound insert rest-

- ing at the top of receptacie 91, to force the moid com-

pound 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 receptacies 91,
and cavities along both sides of each receptacle. In
some cases, more chases can be used, suchas6or 8
chases in a single mold. The number of chases
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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 pro-
vided 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 receptacie 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 as to fit within
the receptacie 91 in the bottom mold 82. The top of the
plunger will compress the plastic mold compound pack-
age 71 against the top mold chase 92 in an even man-
ner along the mold compound package. The top of
plunger 101 is machined 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 spaced beneath the
top surface a short distance. This area will compress
against the sides of the plastic package 71. As the plas-
tic package 71 is compressed with the plunger 101, the
plastic can deform into this spacing and compress fur-
ther without holding the top surface of the plunger away
from the top mold surface.

FIG. 11 depicts a cross-sectional view of a die 106,
die pad 10S and leadframe 107 assembly located in a
cavity of the mold during the transfer stage, and the
operation of the mold compound and plunger. The cav-
ity 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, ali 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, dperates as follows.
The mold is opened so that the top mold and top mold
chase is separated from the bottom moid 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 wires is centered
over each cavity 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 so, so that
the total amount of time they are heated is similar. This
prevents premature curing of the {irst 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 mold com-
pound 73 into the transfer phase without preheating, so
the preheating step required with the prior art single pot

10

15

25

30

35

40

45

50

14

molding press is eliminated.

After the bottom mold chases are loaded and the
molding compound packages are in place in the bottom
mold receptacles, the mold is closed and the top mold
chases are brought into contact with the leadframe and
die assembliies 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 maks the low volume of
mold compound in the insert transition to the low viscos-
ity state. When the mold is closed, if the moid com-
pound package is heat sealed as described above, the
seal in edges 77 of the molding compound packages
opens, that is, the heat relaxes the seai so it is penetra-
ble. This refaxing 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 com-
pound enters the low viscosity state, the plunger 101 of
FIG. 10 is applied.

In a preferred embodiment, the plunger travels
101 through the bottom mo!d platen and into the bottom
mold receptacies 91, compressing the mold compound
packages from underneath. Alternatively, the mold com-
pound could be compressed from above, with the
receptacies formed in the top mold platen. In this case,
the insert would be loaded with the top plastic layer 74
down, that is, adjacent to the boftom mold chases.
Either arrangement will work to transfer the mold com-
pound into the primary runners. If the material used for
the package is not heat sealed, the pressure will cause
the material to burst and open in the only places where
the mold compound can escape, that is, where the run-
ners meet the receptacle. In other areas the mold com-
pound 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 com-
pressed by the action of the plunger and as it is com-
pressed the mold compound package will begin to push
atthe edges of the receptacle 91. As the only exits avail-
able 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 plastic
package 71 and into the primary runners 97. The deliv-
ery 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 trans-
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ferred to the secondary runners 87. The mold com-
pound then enters the cavities 85 over the gates 89, and
begins tilling the individual package cavities 85. Alterna-
tive mold designs could compress the compound insert
with mechanisms other than plungers, such as com-
pressed air, liquid, rams, screws, etc., and still obtain all
the advantages of the use of the invention.

The advantage of the sproutless mold compound
packaging and mold design of the invention is now
apparent. The mold compound is delivered to the moid
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 tha prior
art, but additionally is simpler for loading and molding.
Also, the mold compound inserts can be made in uni-
versal sizes, since the mold compound is automatically
delivered to the runners in the comrect places, no align-
ment or precise loading equipment is needed, and a sin-
gle size and shaped mold compound insert of the

invention can be used with many different mold designs

without modification.

The sproutiess mold compound insert of the inven-
tion provides many advantages in addition o the ones
mentioned above in enabling flexible mold design. The
mold cavities of FIGS. 8 and 8 depict runners intersect-
ing 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 com-
pound packaged is totally flexible. The cross section is
also widely adaptable. Additionally, the seam that is
used to seaf the mold compound insert can be mini-
mized or reduced to nearly zero width, and if a seam-
less 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 com-
pressed 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 cav-
ities 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 com-
plete the packages. After the packages are cured, the
top mold is moved away from the bottom mold. Small
release plungers, not shown, are activated to push
upwards and release the packaged devices from the
cavities 85, and the sprue or flash is released from the
runners 87. The mold compound package 71 is now
empty and resting in the receptacle 91, and it too is
removed. The need to clean the receptacie 91 and the
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plunger 101 is greatly reduced because the packaging
of the invention serves to isclate the plunger and the
receptacle from the mold compound.

The plungers 101 are easily controlled with a varia-
ble rate of compression to achieve a tight process con-
trol parameter during the transter phase. This leads to
uniform fill of the cavities, which are evenly spaced and
equidistant from the scurce of the mold compound, and
the transfer speed can be controlled to eliminate voids
while minimizing pad tilt and wire sweep defects. The
fransfer 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 var-
iable pressure capabiiity. This equipment can be retrofit-
ted to an existing mold press.

An advantage of the prepackaged sproutless mold
system of the invention is that is provides balanced fili
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 non-
uniform 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 prepack-
aged in a protective package, the mold receptacle 91,
the plunger 101, and to socme extent the primary- run-
ners 97 are protected from the abrasive mold com-
pound, so that the wear rate is greatly reduced. This
results in longer mold life and reduced repair and
replacement costs over the life of the mold surfaces,
thus iowering the unit cost.

It can further be seen that as another advantage of
the use of the invention, the mold receptacle 91 takes a
small amount 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 improved over the prior art.

The mold design and mold compound package is
also compatible with existing autcloading systems for
transfer molds, so that the prepackaged molding system
may be retrofitted intc an existing automated transfer
mold assembly line for a reascnable cost. The plunger
design and mold design results in a need for two to four
plungers per mold, which is cheaper to build and main-
tain than the multiple plungers 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. ltis
believed that as the volume increases the prepackaged
mold compound inserts of the invention may be pro-
duced at a price similar to the pellets of the single pot
molding systems of the prior art.
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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 costs required to
achieve a particular productivity level are less than
either of these approaches.

Another advantage is that the moid compound sys-
tem of the invention provides an efficient use of the
molding compound. The runners are short from the
receptacle 91 to the cavities 85. The amount of mold
compound left in the pencil package can be minimized
by careful design of the plunger so that aimost all of the
compounrd 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 inventicn has been described with refer-
ence to illustrative embodiments, this description is not
intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative
embodiments, as well as other embodiments of the
invention, will be apparent to persons skilled in the art
upon reference to the description.

Claims

1. A method for encapsulating integrated circuit lead
frame and die assemblies, comprising the steps of:

providing a lower cavily region within a lower
mold chase;

providing a mold compound receptacle spaced
apart from said lower cavity region, for receiv-
ing a mold compound insert;

providing at least one runner coupling said
mold compound receptacie to said lower cavity
region;

providing an upper cavity region comrresponding
to a lower cavity region in said lower mold
chase;

placing a teadframe and die assembly on said
lower mold chase such that said lower cavity
region receives and supports an integrated cir-
cuit die coupled to a lead frame by bond wires;
placing a moid compound insert in said mold
compound receptadie;

placing said upper mold cavity region over said
lower cavity region such that the upper and
lower cavity regions are brought into contact,
the leadirame and die assemblies lying
between and within the upper and lower cavity
regions;

compressing said mold compound insert such
that said mold compound exits the mold com-
pound insert and begins to move into said run-
ner; and
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continuing to compress said moid compound
insert until said mold compound transfers into
said runner and fills each of said upper and
lower mold cavity regions with said mold com-
pound;

wherein said mold compound insert
comprises mold compound packaged in a
sproutless packaging, the sproutless packag-
ing being burst open where the runner inter-
sects the mold compound receptacie by the
pressure caused when the mold compound
insert is compressed.

The method of Claim 1, wherein said step of provid-
ing a mold compound insert further comprises the
step of providing a sproutiess moid compound
insert which is packaged in a plastic film.

The method of Claim 2, wherein said step of provid-
ing a sproutless mold compound insert packaged in
a plastic film further comprises the step of providing
a mold compound piece covered in a plastic film
that has a heat seal, said heat seal becoming pen-
etrable during the molding process, such that the
mold compound exits the plastic package through
said heat seal in response to said compressing
step.

The method of Claims 1 to 3 wherein said step of
providing a mold compound insert comprises pro-
viding a thermoset resin packaged in a sproutiess
package. :

The method of Claims 1 to 4 wherein said step of
providing a mold compound insert comprises pro-
viding a thermoset resin packaged in a sproutiess
plastic film.

The method of Claim 4 or Claim 5 wherein said step
of providing mold compound comprises providing a
thermoset resin packaged in a sproutless plastic
film that is heat sealed at the edges.

The method of Claims 1 to 6, wherein said lower
cavity region is coupled to said runner by a gate
region, said gate region restricting the flow of said
mold compound into said upper and lower cavity
regions such that the fill rate of said upper and
lower cavity regions with said mold compound is a
predetermined rate.

The method of Claim 1, wherein said step of provid-
ing a runner coupling said mold compound recepta-
cle to each of said upper and lower cavity regions
comprises providing a plurality of runners that are
substantially equal in length such that the distance
from a plurality of lower cavity regions to said mold
receptacies is substantially equidistant.
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The method of Claims 2 to 8, wherein said step of
providing mold compound packaged in said plastic
tilm comprises providing an abrasive material, said
plastic film isolating said abrasive material from
said plunger and said receptacle.

10. An apparatus for encapsulating integrated circuit

11.

12.

13.

devices, comprising:

an upper meid platen supporting at least one
upper mold chase;

at least one upper cavity region within said at
least one upper mold chase;

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

at least one lower cavity region within said at
least one lower mold chase, the or each lower
cavity regions corresponding to one of said
upper cavity regions;

at least one integrated circuit die and fead-
frame assemblies positioned within said upper
and lower cavity regions such that each die is
centered over cne of said lower cavity regions
and covered by a space defined by the corre-
sponding one of said upper cavity regions;

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

runners associated with each of said iower cav-
ity regions coupling said at least one mold
receptacie to said lower cavity regions;

gates associated with each one of said lower
cavity regions and positioned between said
lower cavity regions and said runner;

at least one plunger associated with said at
least one mold receptacle for applying pres-
sure to a mold compound insert within said
receptacle, said mold compound insert burst-
ing in response to said pressure and mold com-
pound within said mold compound insert being
pushed into said runners and eventually filling
said upper and lower cavity regions with mold
compound, such that said integrated circuits
die and leadframe assemblies are encapsu-
lated in mold compound responsive to pres-
sure applied by said at least one plunger.

The apparatus of daim 10, wherein said mold com-
pound insert is a sproutless mold compound insert.

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

The apparatus of Claims 10 to 12, wherein said
mold compound insert is packaged in a plastic film
that has a heat seal which becomes penetrable dur-
ing the molding process such that the moid com-
pound exits the plastic packags through said heat
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15.

16.
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20.

21,

22.

20
seal in response to the application of said plunger.

The apparatus of Claims 10 to 13 wherein said
mold compound insert comprises a thermoset resin
mold compound in a package.

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

The apparatus of Claims 10 to 15 wherein said
mold compound insert comprises a thermoset resin
packaged in a plastic film that is heat sealed at the
edges.

The apparatus of Claims 10 to 16, wherein said
lower cavity regions are coupled to said runners by
gate regions which restrict the flow of said mold
compound into said cavity regions such that the fill
rate of said cavities with said mold compound is a
predetermined rate.

The apparatus of Claims 10 to 17, wherein said plu-
rality of .runners coupling said mold compound
receptacle to each of said lower cavity regions are
each substantially equal in fength such that the dis-
tance from the lower cavity regions to said mold
receptacles is equidistant.

A sproutiess mold compound insert for encapsulat-
ing components in a molding process, comprising:

a piece of extruded mold compound;
an upper piece of material wider and longer
than said piece of extruded mold compound
and placed over said extruded mold com-
pound;
a lower piece of material wider and longer than
said piece of extruded mold compound and
placed under said extruded mold compound;
a seal between said upper and lower piece of
material at the areas wider and longer than
said piece of extruded mold compound;
wherein said seal is formed under a vac-
uum such that said sproutiess mold compound
insert contains a vacuum, and said mold com-
pound is released from said sproutless mold
compound insert when said sproutiess mold
compound is compressed during molding.

The sproutiess mold compound insert of Claim 19,
wherein at least one of said upper and lower piece
of material comprise a plastic film.

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

The sproutiess mold compourd insert of Claim 19
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or Claim 20, wherein said plastic films comprises
an ICI™ film.

The sproutless mold compound insert of Claims 19
to 22, wherein said seal is a heat seal that opens in
response to the heat of a transfer mold.

The sproutless mold compound insert of Claims 19
to 23, wherein at least one of said upper and lower
pieces of material has a melting point of greater
than about 200 degrees Celsius.

The sproutiess mold compound insert of Claim 24,
wherein said at least one of said upper and lower
‘pieces of material is & polyester film.
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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 piunger stations used with either the mini-
pellet of the sprouted bag encapsulation systems of the
prior art. Accordingly, the capital costs required to
achieve a particular productivity level are less than
either of ihesg approaches.

Another advantage is that the mold compound sys-
tem of the invention provides an efficient use of the
molding compound. The runners are short from the
receptacle 91 to the cavities 85. The amount of mold
compound left in the pencil package can be minimized
by careful design of the plunger so that 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 refer-
ence to illustrative embodiments, this description is not
intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative
embodiments, as well as other embodiments of the
invention, will be apparent to persons skilled in the art
upon reference to the description.

Claims

1. A method for encapsulating integrated circuit lead
frame and die assemblies, comprising the steps of:

providing a lower cavity region within a lower
mold chase;

providing a mold compound receptacle spaced
apart from said lower cavity region, for receiv-
ing a moid compound insert;

providing at least one runner coupling said
mold compound receptacie to said lower cavity
region;

providing an upper cavity region comesponding
to a lower cavity region in said lower mold
chase;

placing a leadiframe and die assembly on said
lower mold chase such that said lower cavity
region receives and supports an integrated cir-
cuit die coupled to a lead frame by bond wires;
placing a mold compound insert in said mold
compound receptadie;

placing said upper mold cavity region over said
lower cavity region such that the upper and
lower cavity regions are brought into contact,
the leadframe and die assemblies lying
between and within the upper and lower cavity
regions;

compressing said mold compound insert such
that said mold compound exits the mold com-
pound insert and begins to move into said run-
ner; and
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continuing to compress said mold compound
insert until said mold compound transfers into
said runner and fills each of said upper and
lower mold cavity regions with said mold com-
pound;

wherein said mold compound insernt
comprises mold compound packaged in a
sproutless packaging, the sproutless packag-
ing being burst open where the runner inter-
sects the mold compound receptacle by the
pressure caused when the mold compound
insert is compressed.

The method of Claim 1, wherein said step of provid-
ing a mold compound insert further comprises the
step of providing a sproutiess mold compound
insert which is packaged in a plastic film.

The method of Claim 2, wherein said step of provid-
ing a sproutiess mold compound insert packaged in
a plastic film further comprises the step of providing
a mold compound piece covered in a plastic film
that has a heat seal, said heat seal becoming pen-
etrable during the molding process, such that the
mold compound exits the plastic package through
said heat seal in response to said compressing
step.

The method of Claims 1 to 3 wherein said step of
providing a mold compound insert comprises pro-
viding a thermoset resin packaged in a sproutiess
package. :

The method of Claims 1 {o 4 wherein said step of
providing a mold compound insert comprises pro-
viding a thermoset resin packaged in a sproutiess
plastic film.

The method of Claim 4 or Claim S wherein said step
of providing mold compound comprises providing a
thermoset resin packaged in a sproutless plastic
film that is heat sealed at the edges.

The method of Claims 1 to 6, wherein said lower
cavity region is coupled to said runner by a gate
region, said gate region restricting the flow of said
mold compound into said upper and iower cavity
regions such that the fill rate of said upper and
lower cavity regions with said mold compound is a
predetermined rate.

The method of Claim 1, wherein said step of provid-
ing a runner coupling said mold compound recepta-
cle to each of said upper and lower cavity regions
comprises providing a plurality of runners that are
substantially equal in length such that the distance
from a plurality of lower cavity regions to said mold
receptades is substantially equidistant.
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9. The method of Claims 2 to 8, 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 plunger and said receptacle.

10. An apparatus for encapsulating integrated circuit

devices, comprising:

an upper mold platen supporting at least one
upper mold chase;

at least one upper cavity region within said at
least one upper mold chass;

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

at least one lower cavity region within said at
least one lower mold chase, the or each lower
cavity regions corresponding to one of said
upper cavity regions;

at least one integrated circuit die and lead-
frame assemblies positioned within said upper
and lower cavity regions such that each die is
centered over one of said lower cavity regions
and covered by a space defined by the corre-
sponding one of said upper cavity regions;

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

runners associated with each of said lower cav-
ity regions coupling said at least one mold
receptacle to said lower cavity regions;

gates associated with each one of said lower
cavity regions and positioned belween said
lower cavity regions and said runner;

at least one plunger associated with said at
least one mold receptacle for applying pres-
sure to a mold compound insert within said
receptacie, said mold compound insert burst-
ing in responss to said pressure and mold com-
pound within said mold compound insert being
pushed into said runners and eventually filling
said upper and lower cavity regions with mold
compound, such that said integrated circuits
die and leadframe assemblies are encapsu-
lated in mold compound responsive to pres-
sure applied by said at least one plunger.

11. The apparatus of claim 10, wherein said mold com-

pound insert is a sproutless mold compound insert.

12. The apparatus of Claim 10 or Claim 11, wherein

said mold compound insert is packaged in a plastic
film.

13. The apparatus of Claims 10 to 12, wherein said

mold compound insert is packaged in a plastic film
that has a heat seal which becomes penetrable dur-
ing the molding process such that the mold com-
pound exits the plastic package through said heat
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seal in response to the application of said plunger.

The apparatus of Claims 10 to 13 wherein said
mold compound insert comprises a thermoset resin
mold compound in a package.

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

The apparatus of Claims 10 to 15 wherein said
mold compound insert comprises a thermoset resin
packaged in a plastic film that is heat sealed at the
edges.

The apparatus of Claims 10 to 16, wherein said
lower cavity regions are coupled to said runners by
gate regions which restrict the flow of said mold
compound into said cavity regions such that the fill
rate of said cavities with said mold compound is a
predetermined rate.

The apparatus of Claims 10 to 17, wherein said plu-
rality of runners coupling said mold compound
receptacle to each of said lower cavity regions are
each substantially equal in length such that the dis-
tance from the lower cavity regions to said mold
receptacles is equidistant.

A sproutiess mold compound insert for encapsulat-
ing components in a molding process, comprising:

a piece of extruded mold compound;
an upper piece of material wider and longer
than said piece of extruded mold compound
and placed over said extruded mold com-
pound;
a lower piece of material wider and longer than
said piece of extruded moid compound and
placed under said extruded mold compound;
a seal between said upper and lower piece of
material at the areas wider and longer than
said piece of extruded mold compound;
wherein said seal is formed under a vac-
uum such that said sproutiess mold compound
insert contains a vacuum, and said mold com-
pound is released from said sproutless mold
compound insert when said sproutiess mold
compound is compressed during molding.

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

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

The sproutiess mold compound insert of Claim 19
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or Claim 20, wherein said plastic fims comprises
an ICI™ film.

The sproutiess mold compound insert of Claims 19
to 22, wherein said seal is a heat seal that opens in
response to the heat of a transfer mold.

The sproutless mold compound insert of Claims 19
to 23, wherein at least one of said upper and lower
pieces of material has a melting point of greater
than about 200 degrees Celsius.

The sproutless mold compound insert of Claim 24,
wherein said at least one of said upper and lower

‘pieces of material is a polyester film.
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ing presses (10) for individually con-
trolling functions thereof such as
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molds. Another controller is pro-
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for controiling, for example, func-
tions of the stations and receiving in-
put from a user, and communication
is provided betwcen the two con-
trollers.
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INJECTION MOLDING APPARATUS AND METHOD

This inveation relates to an apparatus and method for injection molding, for
example for encapsulating integrated circuits.

Injection molding apparatus, such as a transfer molding installation for
encapsulating integrated circuits, typically ﬁvolvu a plurality of molding presses
associated with a plurality of movable robots for loading and unloading the molding
presses. For example, a row of molding presses may be arranged with a loading robot
and unloading robot movable along the row to insert integrated circuit leadframes into
the molds and remove the encapsulated integrated circuits after molding. However,

several difficulties are associated with this type of amangement, one of those being

_ potential interference between the loading and unloading robots, for example, in

15

20

25

accessing one of the plurality of molding presses.

Accordingly, the present tnvention provides an injection molding apparatus
comprising a plurality of molding presses each adapted to mc;ivc at least one mold, each
mold defining a cavity shaped for the formation of a molded product, the plurality of
molding presses being mounted for rotational movement about a common axis with
respect to 2 plurality of stations arranged around the plurality of molding presses, the
moldiﬁg apparatus being adapted to sequeantiaily align ones of said plurality of molding
presses with one of said stations for loading of molding material and unloading of a
molded product.

The present invention also provides an integrated circuit encapsulation
apparatus compnsing a plurality of transfer molding presses mounted on a rotatable
index table, each molding press being adapted to receive at least one mold defining a
cavity adapted to receive an integrated circuit dic and attached leadframe for
encapsulation thereof, and a plurality of stations amranged sround the rotatable index
table wherein indexed rotation of the table is effective to align ones of the molding
presses with one of the stations, said stations including an insert loading station for

loading an integrated circuit dic and attached leadframe into 2 mold of a mold press
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aligned therewith, a molding compound loading station for loading an encapsulation
material into a pot of an aligned molding press, and an unloading station for removing an
encapsulated integrated circuit from a mold of an aligned molding press.

In a preferred form of the invention, the molding presses and stations are
arranged on a rotating index table, such that when a first molding press is aligned with
the unloading station, a second molding press is aligned with the mold cleaning station,
and a third molding press aligned with the loading and compound molding compound
loading stations. Align all stations with respectto each other.

Preferably, the apparatus includes a first controller circuit mounted for
movement with the molding presses, for independently controlling the opening and
closing thereof. A second controller circuit may be provided to control functions of the
stations, with the first and second controller circuits communicating by way of a
rotating electrical connection. A similar rotating electrical connection may be provided
to power thc molding presses in the event that they arc electrically operated.
Alternatively, if the molding presses are hydraulic or pneumatic, then a rotatable
hydraulic or pneumatic connection may be provided between a pressurised fluid source
and hydraulic/pnecumatic circuits of the molding presses and their counterparts.

In accordance with the present invention there is also provided a method for
cncapsulating integrated circuits, wherein at least one injecion molding press and
associated encapsulation mold is mounted for rotational movement into successive
alignment with 2 plurality of respective stations arranged around the at least one molding
press, comprising the steps of:

rotationally aligning the press with a first said station and thereat loading an
integrated circuit die into the associated mold;

rotationally aligning the press with a second said station and thereat loading the

press with an encapsulation material;

performing a transfer molding operation whercin said integrated circuit die is
encapsulated with said material in said mold; and

rotationally eligning the press with a third said station and thercat unloading the
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encapsulated integrated circuit from the mold cleaning station.

Preferably a plurality of injection molding presses are used to repeatedly cycle
through the method steps, such that when one of the steps is being performed on one
press, another of the steps is being performed on another press.

The invention is described in greater detail herein below by way of example only,
with reference to the accompany drawings, wherein:

Figure 1 is a schematic block diagram illustrating a prior art injection molding
arrangement;

Figures 2A, 2B and 2C show an exemplary transfer molding press illustrating the

operation thereof for encapsulation of an integrated circuit and leadframe;

Figure 3 is a plan view of an injection molding arrangement according to one form
of the invention; and

Figure 4 is a cross-sectional view of the injection molding arrangement of: Figure

Referring firstly to Figure 1, there is shown a schematic layout of an injection
molding arrangement of the prior art, comprising four molding presses 10. The molding
presses 10 are amméed in a row, all facing the same direction. An area indicated by
reference numeral 12 represents a region of movement along the front of the molding
presses 10 of a loading robot, which requires access to the front of each of the molding
presses. Similarly, reference numeral 14 indicates a region for movement of an unloading
robot which also requires access to the front of each molding press 10. A cleaning robot
is arranged to move in an arca 16 along the rear of the molding presses. Further,
mechanisms are arranged at 18 and 20 for passing an integrated circuit and attached
leadframe from a magazine storage (not shown) to the loading robot 12, and for passing
an encapsulating material pellet to the loading robot 12, rcépectivcly. Also, unloading
mechanisms are arranged at 22 and 24 for receiving the cncapsuiatcd integrated circuits
from thc unloading robot, degating thc leadframe, and passing the encapsulated

integrated circuit to a storage area.

i’igurcs 2A. 2B and 2C are cross-sectional views of an exemplary transfer
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molding press 30 adapted to receive two molds 32. Each mold 32 is aranged within the
molding press 30, and comprises upper and lower mold parts 32a,32b which fit together

to define a mold cavity 34.

The molding press 30 is shown in Figure 2A in a closed position, having been
loaded with integrated circuit leadframes 36 within the respective mold cavities 34, and a
pellet of encapsulating material 40 in a gangpot 36. Encapsulation of the integrated
circuits 36 is achicved by heating the encapsulating material pellet 40 and pressing it
within the gangpot using a transfer plunger 38, which causes the pellet 40 to liquefy and
flow into the mold cavities 34 through small passages between the gangpot and the mold
cavities (see Figure 2B). After allowing the encapsulating material to solidify again, the
molding press 30 is opened (Figure 2C), wherein the mold parts 32a,32b are separated.
The encapsulated integrated circuits 50 are lifted from the mold cavity by way of ejector
pins 42, so as to expose them for removal from the molding press. After removal of the
encapsulated integrated circuits 50, the open molding press is ready to receive new
leadframe inserts 36 and encapsulating material pellet 40 to repeat the cncapsulating

process.

The operation of the prior molding system shown in Figure | for encapsulating
integrated circuit leadframes is described below.

First, one or more pre-heated integrated circuit leadframes are loaded into a
molding press 10, which has a temperature of about 160°C to 200°C, by the loading
robot arm which services all of the molding presses 10. The same loading robot is used
to insert a pre-formed cpoxy resin pellet into the gangpot of the molding press, after
which the press is closed (such as shown in Figure 2A). The epoxy resin is then
transferred from the gangpot to fill the mold cavitiés by pressing the resin pellet against
the hot mold surface using the transfer plunger (Figure 2B). The resin is cured in the
mold for about 20 to 90 seconds, after which the molding press is opened and the
cncapsulated integrated circuit is ejected from the mold cavities (Figure 2C). In order to
remove the encapsulated integrated circuits from the molding press, the unioading robot

must wait until the loading robot is out of the way, and vice versa, which can waste
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significant time depending on the relevant positions of the loading and unloading robots

and the molds to which they require access at a given time. Also, with the cleaning

robot 16 arranged to the rear of the molding presses, there are robot arms on both sides
of the row of molding presses which can make inspection and maintenance quite
difficult.

The injection molding system of embodiments of the present invention provides
rotational movement of the molding presses relative to loading and unloading stations,
rather than movement of the loading and unloading mechanisms (robot arms). Figure 3 is
a plan view of an injection molding apparatus according to onc form of the invention,
and Figure 4 is a cross-sectional view through the molding apparatus of Figure 3.

A plurality of molding presses 10 (Figure 3) are arranged equally spaced and
mounted around the circumferential perimeter of a circular rotatable index table 70. The
molding presses 10 are mounted to face outwardly with respect to the index tablc axis,
such that the mold cavities within the molds of the molding presses are accessible when
the molding presses are open. The index table 70 is rotatable in this case in an anti-
clockwise direction, and is indexable so that each of the molding presses 10 can be
aligned to each of a plurality of equally spaced angular positions 101 to 108. Stations
60,62 and 64 shown in Figure 3 are positioned around the molding presses mounted on
the index table, with each station positioned 50 as to align with a molding press 10 when
in one of the angular positions 101 to 108. In this case, an unloading station 60, such as
a pick and place robot arm is positioned so as to align with a2 molding press when in the
angular position represented by reference numeral 108. An insert loading station 62 is
positioned so as to align with a molding press at angular position 101, and an
encapsulation maternial pellet loading station 64 is arranged so as to align with a molding
press at angular position 102. For anti-clockwise rotation of index table 70, the insert
loading station 62 is arranged in the anti-clockwise direction around the table axis n
comparison to unloading station 60, and pellet loading station 64 amranged to the anti-

clockwise side of insert loading station 62.

Opcration of the molding apparatus can be best understood by considering &
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single molding press 10 on the indexed rotatory table 10, beginning at angular position
101 which is aligned with the insert loading station 62. At this position, the molding
press 10 is open, such as illustrated at 10b in Figure 4, to allow a pre-heated integrated
circuit die and attached leadframe to be placed within the one or more molds of the
molding press using a pick and place robot amm of the loading station 62. Following
loading of the lcadframe, the index table 70 is rotated so as to align the molding press
with the pellet loading station 64, where a peliet of encapsulation material is loaded into
the gangpot of the molding press. After loading of the pellet, the index table is again

rotated so that the molding press passes to angular position 103, where the press is

closed and the transfer molding operation takes place. As the molding press

successively passes throﬁgh angular positions 104, 105 and 106, the encapsulation
material within the mold cavities is allowed to set, and at angular position 107 the
molding press is opened for access to the encapsulated integrated circuits. Finally, the
molding press rotates to angular position 108 where it is aligned with uriloading station
60 which operates to remove the encapsulated integrated circuits from the molding press
using, for example, a pick and place unit. After unloading, the encapsulated integrated
circuit is passed to a degating station and storage magazine and mold cleaning (not
shown). Following the unloading operation at angular position 108, the molding press
then returns to position 101 to repeat the encapsulation process.

Each of the molding presses 10 disposed around the index table 70 can

simultaneously perform the operations described above, the stage within the

encapsulation process for a given molding press being determined by its angular position
with respect to the stations 60,62,64.

Since no interference can occur between the loading and unloading operations, the
injection molding apparatus and method of the prefcrred embodiment of the present
invention can result in an increase in production time savings as compared with the prior
art systemn described hercinabove.

ft will be recognised by those skilled in the ant that any suitable number of

molding presses can be amanged around the index table, with four, six or cight molding
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presses being preferred. Further, more than a single sct of the loading and unloading
_stations 60,62 and 64 can be amranged around the index table. For example, another

unloading station 60 could be placed at position 104, with loading stations 62 and 64

placed at positions 105 and 106 respectively. The desirability of that type of

arrangement may depend upon the number of molding presses on the index table and the
curing time required for the molding material. Additionally, if regular cleaning of the
molds is required, a cleaning station can be interposed between the unloading station 60
and loading station 62 for closing of the molds following a;h molding opcration as is
known to those in the injection molding art.

In order to control the opening and closing of the molding presses, an electrical
controller 80 may be placed for rotation with the presses 10 and index table 70. A
suitably programnmed microprocessor, PLC or the like can be employed, is known in the
art. In the preferred embodiment, the controller 80 mounted on the table is also
programmed to individually control the mold temperature and mold pressure of each
molding press. A second controller may be provided in order to control the functions of
the stations 60,62,64, which may also comprise, for example, a computer or
microprocessor circuit. The second controller is preferably contained in a control panel
(not shown) which is stationary with respect to the stations 60,62,64. The control
panel would include facilitiecs for a user to input desired mold temperatures and
pressures and the like. To facilitate coordination and communication between the two
controller circuits, an electrical connection is required for communication between the
controllers which allows the controller mounted on the index table 70 to rotate.
Accordingly, a rotatable electrical connection can be employed, for example having
annular electrical contacts coaxial with the index table axis, with brush-type contacts
arranged to bear against the annular contacts for electrical connection therewith. For
example, a similar contact technique as employed for connection to clectrical motor
moving armature windings could be used. Also, if the molding presses 10 operate using
hydraulic or pneumatic power, then a connection is required between the hydraulic or

pncumatic circuits of the presses and a source of pressurised hydrautic or pneumatic

Mitsuba - 1009
Page 163 of 422



10

WO 97/39870 PCT/SG97/00017

-8-

fluid. For this purpose, a hydraulic or pneumatic pressure pipe can be provided in the
base 75 of the molding apparatus and coaxial with the rotatable table, having a rotatable
connccﬁon to a pipe connecting with the hydraulic/pneumatic circuits of the presses
mounted on the index table.

As an altemative to the rotatable electrical connector for passing signals between
the fixed and rotatable controller circuits, a wireless infrared or radio signal transmission
and reception system for passing signals between the controllers could also be
employed.

The foregoing detailed description of the invention has been put forward by way

of example only, and is not intended to be considered limiting to the invention which is
defined in the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. An igjection molding apparatus comprising a plurality -of molding presses each

adapted to receive at least one mold, each mold defining a cavity shaped for the
formation of a molded product, the plurality of molding presses being mounted for
rotational movement about a éommon axis with respect to a plurality of stations
arranged around the plurality of molding presses, the molding apparatus being adapted
to sequentially align one of said plurality of molding presses with one of said stations
for loading of molding material and unloading of a molded product.

2. Molding apparatus according to claim 1, wherein said plurality of molding

presses arc mounted on a rotatable platter, the rotational movement of which is
indexable so as to align said molding presses and said stations.

3. Molding apparatus according to claim 1, wherein each said molding press

comprises a transfer molding press.

4. Molding apparatus according to claim 3, wherein each mold cavity is adapted to

reccive an insert comprising an integrated circuits and leadframe for encapsulation.
5. Molding apparatus according to claim 2, further comprising a controlling means
including a controller circuit mounted for movement with said molding presses for

controlling operation of said molding presses.

6. A molding apparatus as claimed in claim 5, wherein said controller circuit

individually controls opening and closing of said molding presses, in use.
7. A molding apparatus as claimed in claim 6, wherein said controlling means

opcrates to independently control mold temperature and pressure of ecach of the
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plurality of molding presses.

8. A méiding apparatus as claimed in claim 7, including a pivotable eclectrical

connection between said controller circuit and a central controller of said controlling

means which is not mounted for movement with said rotatable platter.

9. A molding apparatus as claimed in claim 8, including & pivotable hydrautic

connection between a pressurised hydfaulic fluid source and hydraulic circuits of said
molding presses.

10. A molding apparatus as claimed in claim 8, wherein functions of said plurality of

stations are controlled by said central controller.

1. A molding apparatus as claimed in any preceding claim, wherein said plurality of

stations include an insert loading station for loading an integrated circuit die and attached
leadframe into a mold of a mold press aligned therewith.

12. An integrated circuit encapsulation apparatus comprising a plurelity of transfer

molding presses mounted on a rotatable index table, each molding press being adapted to
receive at least one mold defining a cavity adapted to receive an integrated circuit die and
attached leadframe for encapsulation thereof, and a plurality of stations arranged around
the rotatable index table wherein indexed rotation of the table is effective to align ones of
the molding presses with ones of the stations, said stations including an insert loading

station for loading an integrated circuit di¢ and attached leadframe into a mold of a mold

press aligned therewith, a molding compound loading station for loading an

encapsulation material into a pot of an aligned molding press, and an unloading station

for removing an encapsulated integrated circuit from a mold of an aligned molding press.

13 An intcgrated circuit encapsulation apparatus according to claim 12, further
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comprising a first controller circuit, mounted for movement with said table, for
controlling functions of said plurality of presses, and a second controller circuit for
controlling said stations, and a pivotable clectrical connection for communication of

signals between said first and second controller circuits regardless of the rotational
orientation of said table.

14, An integrated circuit encapsulation apparatus according to claim 13, wherein said

first controller circuit, in use, individually controls mold temperature and pressure of
cach of the plurality of molding presses.

15. A method for encapsulating integrated circuits, wherein at least one injcction

molding press and associated encapsulation mold is mounted for rotational movement
into successive alignment with a plurality of respective stations arranged around the at

least one molding press, comprising the steps of:

rotationally aligning the press with a first said station and thereat loading an
integrated circuit die into the associated mold;

rotationally alipning the press with a second said station and thereat loading the
press with an encapsulation material;

performing a transfer molding operation wherein said integrated circuit die is
encapsulated with said matenial in said mold; and

rotationally aligning the press with a third said station and thereat unloading the
encapsulated integrated circuit from the mold.

16. A method as claimed in claim 15, whercein a plurality of injection molding presses

arc uscd to repeatedly cycle through the steps, such that when one of the steps is being

performed on one press, another of the steps is being performed on another press.

Mitsuba - 1009
Page 167 of 422



Z2v 3o 89| 9bed
6001 - eqns3iN

-20- -16- -24-
-10- -10- -10. -10-
Molding Molding Molding ‘Molding
18- System System System System .22-
" n #3 4

FIG.

l.

€/

0L86€/L6 OM

L1000/L69DS/10d



WO 97/39870 PCT/SG97/60017

2/3

j /30

~ 1
42\ J

Aot @ & ¢ Il & FIG eaA
32— 3\ [ﬂ \ |
- |_—32

32T//f/ hd T @\

.
P

32—

- - ' FIG ec
3202 \ '21 )
o Wil & |

Mitsuba - 1009
Page 169 of 422



WO 97/39870

PCT/SG97/00017
3/3
10 -
( |
i {
X7 N i " %
N ir—;—;l‘v /A N
N\ i § ,
N7 103 L //
- 104 1023
CT._—_ ‘\ — e 71
110y { i ez
i ifT\ros QE 101 1 Jl__
és‘f—-*b -70- d——_14
106 108, ¥
10 2NN N
7 ON 107 . // A
/ ) e i . N
/
N, Vs ) e f £ \\ P
N ! { N/
(D
{ {
FIG. 3
10b
10a /
80 oL LA
i ‘l 62
i

70

C — L
FIG. &

Mitsuba - 1009
Page 170 of 422



INTERNATIONAL SEARCH REPORT

{ntemational spplication No.
PCT/SG 97/00017

A. CLASSIFICATION OF SUBIECT MATTER

IpC

6.8 29 c 45/06; H 01 L 21/56, 21/00
Aocoeding to Intsmational Patent Qaificatioa (IPC) or to both natianal classification and IPC

B. FIELDS SEARCHED

H 01 L 21/00,21/56

Minimu g documeatation searched (classification sysiem followed by classification symbols)
IPC”: B 29 C 45/00,45/02,45/03,45/04,45/06,45/14,45/17,45/76,45/78,45/80;

Documcatation scarched other than minimum documentation to tho exteat that such documents are included in the fields scarched

Electronic dats base consulted duriag the isternatioas scarch (same of data base and, where practicable, search terms need)

C. DOCUMENTS CONSIDERED TQ BE RELEVANT

Category*® Citatica of document, with indication, where sppropriate, of the relevant passages Relevact to claim No.

A W0 B6/01 145 A1 (LRC) 27 February 1986 (27.02.86),
totality.

A EP 0 042 012 Al (HETTINGA) 23 December 1981 (23.12.81),
totality.

A US 4 424 015 A {BLACK) 03 January 1984 (03.01.84),
totality.

A US 4 720 253 A (KDENTGES) 19 January 1988 (19.01.88),
totality.

A DE 717 122 C (FALK) 15 January 1942 (15.01.42},
totality.

A WO 95/18 461 Al (FICO) 06 July 1995 (06.07.95},
totality.

D Further documents sre listed in the continuation of Box C.

m See patent family annex.

.

A

Special caisgories of cited documeats:

documest defieieg the genera! suto of 1bean witleh by sot coasidered

to be of particulse relevance

eariier document but publisbed op or aficr the istersationa! filing dake

document which may throw doubts on priority ciaim(s) or which is

cited o :subl::h the pub!nauon date of saother citation or other
P a {as 5p

document eaferring o as ml disclosure, usc, exhibitioa or other
means

“E
g

-g=
“P" document publisbed prior 10 the laternationa! filiog date but laser than
the priority dats cisimod

“T laterdocumest published sftertbei i Giling daieor priority
dats 20d ot in conflict with the application but cited 1o understand
tbo principie or theary uadetiying the investion

=X~ d of pa [ - the claimed § i be
coasidered movel ot cangot be cmmaard 10 mvolve 3t iovestive
step whea the Jocument is takea alone

Y- daunneat of puuculu miuvua. e cddaimed i i be
i siep whea the documest is
combined mlhonec:uonothwu:tdccuauu such combinatiea

beisg obvious 1o a persoa skilled ia theant
“&~ document member of the same patent Gamily

Date of the actual compietion of the internatioaal search

17 September 1997 (17.09.97)

Date of mailing of the international szarch report

19 September 1997 (19.09.97)

Niame uxd wmailing address of the [SAJ AT

AUSTRI PATENT OFFICE
Kol;orimar v
Faamnl_e No. 1e753424/535

Autharized officer
Mayer

TelepboseNo.  1/53424/469

Form PCT/ISA210 (secand sbeet) (July 1992)

Mitsuba - 1009
Page 171 of 422




INTERNATIONAL SEARCH REPORT

Tat - ey
Information on patent family members puemational application No.

PCT/SG 97/00017

Ia Recherchenhericht Datus der Hitalied(er) der Datus der
angefihries Patentdokusent Verdtfentlichung Patentfamilie Verafientiichung
Patent docusent cited Putriication Patent faasily Publication
tn saarch repor date sesber {s) date
Docusent de brevet cité Bate de Mesbre(s) de 1a Date de
dans le rapport de recherche publication fanille de brevets publication
WO A1 B8&01145 27-02-86 AT E 44681 15-08-89
~ ' DE Co IS71574& 2%4~-08-89
: EP Al 1202746 13-08-86
EFP Bl 190276 19-07-89
GR AC 8422508 19-09~-84
IN A 164804 O3-1&4-89
JP T2 41503015 25-12-84&
Us A 4726757 23-02-88
GR AD 8420507 19-05-84
5B A 84205046 19-09-84
GB A0 B42Q505 19-09-8B4
EP Al 42012 2T-12-81 DE COQ ZQ70704 C4-07-85
ELE il it
2 29-05-B4
_ US & 4307057 53-12-81
us A 24015 QI3=01 - CA Al 1178759 CG4hy—1 2=
S 4424013 03-a1-84 €A A2 1184719 B3-5%-8e
’ EF AZ P u ety 22-09-82
ERP AZ _EDNSS6 17-1=84
EP A2 7ol N7-01-87
EF AZ 207531 I-6H0-87F
us A 4S3T7S7C -8-85
X "ZE;E:;“‘—' O=r11~— Al TS0SiST 10—
US & 4720253 19-01-68 BE a4t “737i3s SH-a8-88
EF AT 171445 01 -714-87
DE 717122
Wa Al 18461 Q6~07-95

Form PCI/ISA210 (patent family annex) (July 1992)

Mitsuba - 1009
Page 172 of 422



PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
Intenational Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : : (11) International Publication Number: WO 96/33533
01R 43/00 Al
H (43) International Publication Date: 24 October 1996 (24.10.96)
(21) International Application Number: PCT/US96/05363 | (81) Designated States: CN, JP, KR, European patent (AT, BE, CH,
) DE. DK, ES, Fi, FR, GB, GR, [E, IT, LU, MC, NL, PT.
(22) International Filing Date: 16 April 1996 (16.04.96) SE).
(30) Priority Data: Published
08/424,151 17 April 1995 (17.04.95) us With international search report.

(71) Applicant: INTEGRATED PACKAGING ASSEMBLY COR-
PORATION [US/US]); 222] Old Oakland Road, San Jose,
CA 95131 (US).

(72) Inventor: FEHR, Gerald, K.; 10196 English Oak Way,
Cupertino, CA 95014 (US).

(74) Agent: BOYS, Donald, R.; P.O. Box 187, Aromas, CA 95004
(us).

{54) Title: ENCAPSULATED IC PACKAGE AND METHOD FOR FORMING

41,\\‘ - /73/_‘3 //.15
» o QNN NN

NN DL

: NSNS NSRS
NN\ SO
A

o’

41

(57) Abstract

A mold (41a, 41b) provided for use in encapsulating integrated circuit (IC) dies (43) attached to die attach pads (23) of lead frames
(21), and methods of production. The mold (41a, 41b) has one or more support elements (49) in cavities of the mold (412, 41b) for supporting
the die attach pad (23) portions of the lead frame (21) while the mold (413, 41b) is closed on the lead frame (21) and encapsulation material
is injected to encapsulate the IC dies (43) and die artach pads (23). The support elements (49) are, in a preferred embodiment, pins extending
from the surface of the cavities, in the mold (412, 41b), and the pins keep the die attach pads (23) from moving into contact with surfaces
of the cavities. In another embodiment, the support elements (49) are retractable. In still another embodiment, support elements (49) are
beads bonded to a lead frame stip (21) or dimples provided to a lead frame smip (21).
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WO 96/33533 PCT/US96/05363

ENCAPSULATED IC PACKAGE AND METHOD FOR FORMING

Field of the Invention

The present invention is in the area of integrated circuit (IC)
manufacturing, and pertains in particular to apparatus and methods for
encapsulating integrated circuits on lead frames to form IC packages

with leads for mounting to electronic circuitry.

Background of the Invention

In general, the plastic encapsulation of ICs to form packages
ICs with electrical leads is as follows: Typically, ICs in die form are
attached to mounting areas called islands, or die attach pads, on strips
called lead frames. In this specification the die attach pad
terminology will be used. The lead frames are made of a thin, flat,
electrically conductive material and typically have several individual
die attach pads, each for supporting an individual IC during a molding
operation wherein the individual dies are encapsulated in plastic
material. leaving electrical leads protruding from the plastic
encapsulation. ‘

In many cases, densely packaged 1Cs are manufactured to
maximize connectivity by utilizing all four sides of the chip. Around
the perimeter of each die attach pad a typical lead frame has a pattern
of individual conductive leads extending toward, but not contacting,
the die attach pad. The die attach pads and individual leads are
formed by selective removal of material in the lead frame, such as by
stamping. The number of the leads at a frame with a single die attach
pad depends directly on the configuration of the particular IC die to
be mounted. this is. the number and location of electrical terminations

to the die.
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A typical 1C may have over one hundred or more external
terminations. and each frame will have a corresponding number of
individual leads. The width of each lead and the separation between
adjacent leads is dependant, among other things, on the package size
of the finished IC. The thickness of each lead is the thickness of the
lead frame and is predicated on the current carrying capacity required.

A plastic package with external leads for connecting to, for
example, a printed circuit board, is typically formed by an
encapsulation process. Mating molds are placed on each side of the
lead frame and liquid-phase polymer is injected to encapsulate IC dies
attached to the die attach pads in each frame. The lead frame is
designed to dam the flow of liquid-phase polymer as it moves to the
outer edges of each individual mold, stopping at the points where each
mold contacts surfaces of the lead frame. To stop the flow of
liquid-phase polymer between leads the lead frame has a pattern of
dam bars between individual leads, so a contiguous band of material is
formed around the periphery of the island. This contiguous band
prevents the polymer from flooding the entire leadframe. and also
allows the lead frame to be one contiguous piece of material until
subsequent trimming operations are performed.

After the polymer solidifies and the molds are removed, a
following operation in the manufacturing process removes the excess
plastic in the region around the mold outline and the dam bars. This
is termed de-junking in the art. A de-damming process then removes
the dam bar between each lead, providing electronic integrity for each
lead. De-damming is a process of removing all or part of each dam
bar by use of a punch with a pattern of teeth conforming to the
pattern of the dam bars in the lead frame. Typically, the de-damming
and de-junking can be done in a single step.

In following processing each lead exposed from the edge of the
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plastic package is further treated such as by plating. and the individual
packages are trimmed from the lead frame strip. Finally, the leads are
formed, such as for Surface Mount Technology (SMT) applications.

In state-of-the-art manufacturing, automated machines are used
to perform the encapsulation process. Automated machines are
marketed by a number of manufacturers, including several Japanese
manufacturers, and include molds made to close over one or mox;e
lead frames, as described above, whereinafter an encapsulation
material is injected and caused to solidify. The encapsulation material
is typically a liquid-phase polymer material.

In the encapsulation process, the molds are typically designed
to minimize the amount of material that must be injected. As a result,
typical dimensions from the inside surface of a formation cavity of an
upper half of a mold to the top of a die attached to a die attach pad,
and from the inside surface of a formation cavity of a lower half of a
mold to the underside of a die attach pad during injection of the
liquid-phase polymer while the halves of the mold are closed, are
relatively small. A typical dimension for these planned clearances is
about .010 inches, which is about a quarter of a millimeter.

For a number of reasons, among them gravity, flow path of
injected polymer, and native distortion of lead frames before insertion
in a molding machine, the die attach pad to which a die is attached
sometimes contacts the inside cavity surface of one of the mold-
halves, most usually the lower half of the mold, and after
solidification of the polyrher and trimming operations, individual
packaged ICs are discovered to have exposed die attach pads in the
package. These defective packages are rejects. It is believed that the
principal villain in this failure mode is the location of points of
injection of liquid-phase encapsulation material, together with the

mold design. which determines the path of liquid phase material when
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filling the molds. The moving material flows against the lead frame
and tends to alter the position of the die attach pads, and, of course
the dies attached to them.

- This defect is particularly problematic in encapsulation of
relatively thin packages, such as those with a package thickness 1.4
mm thick and below, and those packages, inciuding these thin
packages, where the ratio of the horizontal area of the package to the
thickness of the package is relatively high. ‘ The problem is also more
noticeable for those packages that are subject to relatively high stress
during mounting to a printed circuit board.

Relatively frequent occurrence of this defect demands rigorous
inspection procedures to find the defective packages, and the net loss
is a relatively expensive proposition in IC packaging operations.

What is clearly needed is apparatus and a method to ensure
that a positive gap is maintained from dies and die attach pads to
nearby mold surfaces during the time that liquid-phase polymer is
injected and the time the polymer is solidified, such that liquid
polymer can be always expected to fill the space so formed, and to
solidify leaving an even thickness of solid polymer material between
the die attach pad and attached die and nearby mold surfaces, so a
finished package does not have any exposed surface of the die or the

die attach pad.
Summarv_of the Invention

In a preferred embodiment. a2 method is provided for molding
an integrated circuit (IC) package, comprising steps of (a) attaching an
I1C die to a die attach pad of a lead frame; (b) bonding wires from the
IC die 10 leads of the lead frame; (c) placing the lead frame berween

an upper and a lower portion of a mold having matching mold cavities

Mitsuba - 1009
Page 178 of 422



WO 96/33533 PCT/US96/05363

-5-

for forming an encapsulation volume around the lead frame and
attached 1C die; (d) providing a support element in one of the mold
cavities for spacing the die attach pad and attached die from an
adjacent surface of the one of the mold cavities; (e) closing the
portions of the mold on the lead frame such that the die attach pad
and attached die is spaced from the adjacent surface; and (f) injecting
encapsulation material into the encapsulation volume.

In one embodiment the support element is a single element
positioned substantially in the center of the mold cavity in the lower
mold portion when the mold portions are closed, and the support
element so positioned may be a dimple provided in the die attach pad
of the lead frame, or a bead of material affixed to the die attach pad.
In another embodiment the support element is a pin engaged in a hole
provided for the purpose in the mold cavity in the lower mold 'ponion,
the pin having an extended portion extending into the mold cavity.
The pin may be tapered on the extended portion to minimize contact
area with a lead frame strip.

In other embodiments there are plural support elements, and
elements may be made to be retractable, so the support elements may
be retracted after injection. allowing encapsulation material to also fill
the volume occupied by the support elements before retraction.

Supporting the die attach pad during the molding operation for
encapsulating IC packages ensures that die attach pads will not move
during the molding operations and be exposed in finished packages,

significantly reducing the reject rate for such operations.

Brief Description of the Drawings

Fig. 1 is an isometric view of a Quad IC package in the prior

art.
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Fig. 2 is a somewhat idealized plan view of a portion of a lead
frame in the prior art. ’

Fig. 3 is an elevation section view of a lead frame with die
attached, and with a mold closed on the lead frame, as in the prior ar,
taken generally along the line 3-3 of Fig. 2.

Fig. 4A is an elevation cross section similar to Fig. 3, showing
a mold closed on a lead frame in an embodiment of the present
invention.

Fig. 4B is an enlargement of the area of Fig. 4 enclosed in a
dotted circle and labeled "4B", showing the support extension
according to an embodiment of the present invention.

Fig. 5A is a plan view of the lower portion of a mold as seen
in the direction of arrow "SA" of Fig. 4A.

Fig. 6A is plan view of a lead frame strip similar to Fig. 2, but
illustrating a strip in an embodiment of the present invention.

Fig. 6B is a section view of the lead frame strip of Fig. 6A
taken along line 6B-6B of Fig. 6A.

Fig. 7 is a section view of a lower half of a mold in an
embodiment of the present invention, showing a retractable support
element. and an apparatus for extending and retracting the support

element.

Description of the Preferred Embodiments

Fig. 1 is an isometric view of a conventional QFP IC package
11. Typically. body 13 of IC package 11 is formed of plastic material
by a method of transfer molding. Die 43 is inside, and completely
encapsulated by the plastic molded body. The die contains the
circuitry that defines the electrical functions of a particular IC, and the

circuitry of the IC is connected to the outside environment through
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individual conductive leads 15. The leads. as show by this example,
are formed into J-bends for surface mount technology (SMT)
application in another process. The leads are typically formed from a
highly conductive material that is receptive to bending and forming
while maintaining structural integrity. The molded package
protects the sensitive and fragile circuitry on the IC die and fixes the
arrangement of individual leads.

Fig. 2 is an idealized plan view of one frame 22 of a typical
lead frame strip 21 ﬁefore the process of die attach and encapsulation.
Strip 21 comprises several lead frames identical to frame 22 whereon
individual IC packages are constructed. The layout of Fig. 2 is
intentionally simplified to illustrate the principles involved. As is
well-known in the art, different lead frames for differently-designed
dies typically have a different number of die attach pads in a strip.
The lead frames are made of a conductive material, typically a
malleable metal material, and formed in thin sheets. The sheet
thickness of lead frame strip 21 provides the thickness of the resulting
leads from a finished IC package.

In the example of lead frame 22, a plurality of leads 15 are
provided approaching, but not contacting, die attach pad 23. Gap 34
serves to electrically isolate die attach pad 23 from each lead. Die
attach pad 23 is supported in this example by legs 25 that are
contiguous to lead frame strip 21, typically formed to attach at the
corners of the island. Lead frame 22 also defines the outer edges of
the plastic encapsulation by means of structures between leads 15 to
stop the flow of the liquid-phase polymer in the encapsulation process.
These structures comprise dam bars 30, and their placement between
leads provides a contiguous strip of material around each island,
illustrated by broken line 7.

The necessity for dam bars 30 means that at this stage all leads
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15 surrounding island 23 are electrically connected to one another.
The dam bars are subsequently removed (after encapsulation) by
trimming punches in a separate process. The later removal of the dam
bars provides electrical isolation from each lead to the others.

In a die attach process, individual IC dies are affixed to each
die attach pad, substantially centered and aligned so the four edges of
the die at each frame are parallel to the edges of the die attach pad of
the lead frame. In this process, conductive wires are bonded from
each contact termination along each of the four edges of the die to the
corresponding leads along the four edges of the die attach pad. These
wires form the electrical connection in a finished IC package from the
circuiiry in the integrated circuit to the electrical leads that are
subsequently bonded to circuitry and other devices on a printed circuit
board.

Fig. 3 is a cross-sectional view of lead frame 21 taken along
section line 3-3 of Fig. 2 after die placement, wire bonding, and
encapsulation, with the encapsulation mold in place and filled with
polymer 50. IC die 43 is shown attached to die attach pad 23 and
wires 45 are bonded between each contact pad in the die and its
corresponding lead. Wires 45 span gap 34 between each mounting
pad on the IC die and its respective lead.

After die attach and wire bonding, lead frame strip 21 is
positioned between two opposing, typically symmetrical molds
portions 41A and 41B. Within the body of each of the portions of the
mold, at each cavity, there is typically one or more passages into a
cavity for entry of injected liquid-phase polymer and one or more
passages for bleeding off displaced air. These passages are not shown
in Fig. 3. but are typically located at the corners of the molds.
Further. the passages may be in either or both of the portions of the

mold. and may vary in number for molds intended for different lead

Mitsuba - 1009
Page 182 of 422



WO 96/33533 . PCT/US96/05363

-9 .

frames and packages. The location of the passages is an important
characteristic in the flow characteristic in mold filling, which is
believed to strongly influence the way die attach pads may move in
the molding process.

. Molds 41 A and 41B are positioned and centered on each die
43, and liquid--phase polymer is injected and flows until it (hopefully)
fills all of the volume around the die and the die attach pad. When
the polymer has solidified, molds 41A and 41B are removed and lead
frame strip 21, with the encapsulated and bonded die 43, is ready for
trimming to produce individual IC packages.

In Fig. 3, dimensions D1 and D3 represent the clearances
between the die attach pad or the IC die, and adjacent. nearby mold
surfaces, which are, in this example, the bottom surfaces of the
cavities of each of the upper and lower mold portions. These
dimensions, to minimize material usage, as described above, may be
as small as .010 inch, or sometimes even less. As also described
above, there are a number of agents of distortion, such as prestressed
lead frame material, the forces induced by the flow of polymer
material into the closed mold, and the force due to ever-present
gravity. The result is that the die attach pad is sometimes moved to
contact the inside surface of one of the cavities in one of the portions
of the mold, such as inside surface 47 of lower mold 41B. When this
happens, and the polymer material solidifies with the die attach pad
thus out of position, the resulting package has an exposed die attach
pad or die, and is a reject.

Fig. 4A is a cross section of a mold set closed on a lead frame,
similar to the cross section of Fig. 3, but according to an embodiment
of the present invention. This embodiment of the invention is
intended for those situations in which the failure mode is exposure of

the die attach pad at what is considered the bottom of the resulting
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package.

In this embodiment, the lower half of the mold, on the inside
bottom surface 47 of each of the cavities of the mold, has at least one
extended support element 49 having protrusion distance D2 equal to
D1. In one embodiment, there is a single support element 49,
centrally located in the mold cavity, and die attach pad 51 is
supported by being urged against this element during injection of the
liquid-phase polymer. In other preferred embodiments there are more
such support elements, arranged in a typically regular pattern,
extending from surface 47. More than one, for example, four, support
elements have been found to be advantageous for use with many
wide-area, thin packages.

Fig. 4B is an enlargement of the area in the dotted circle
labeled 4B in Fig. 4A, showing the shape of sﬁpport element 49,
which is a cylindrical pin having a diameter of about .010 inch, with
one end engaged in a cylindrical hole 53 formed substantially
perpendicular to surface 47 of the mold cavity, for the purpose of
engaging and retaining the support element (pin).

In this embodiment, the hole is made about .001 inch larger in
diameter than the pin, so the pin is easily engaged in the hole, and the
pin is silver-soldered into the hole. It has been found that making the
hole smaller, and forcing the pin in the hole is generally not
satisfactory, because the pin is quite small and subject to damage in
forced insertion. It will be apparent to those with skill in the art that
there are a number of other ways the support pin might be installed,
and a number of ways the pin may be bonded in the hole.

As seen in Fig. 4A. the exposed length of support pin 49 after
insertion in the lower die cavity (about .010 inch in this embodiment)
is tapered to a generally conical shape, ending in a rounded end, to

support die attach pad 51 in the encapsulation process. The tapered
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aspect presents a very small area for contact with the die attach pad,
tending to minimize possible exposure of the die attach pad at the
point of support after solidification of the injected polymer and
removal of the encapsulated lead frame from the mold. The
somewhat rounded end is provided because it was found in practice
that a sharp pointed-pin tended to wear relatively more quickly than a
rounded end, which shortens the extension {protrusion) length of the
support pin. It has been found in practice that there is essentially no
exposure after removal, because some small amount of polymer
material intrudes into the area between the support and the die attach
pad. 4
- Fig. 5A is a plan view of one lower mold cavity for a mold
according to the present invention, in the direction of arrow 5A of
Fig. 4A. Pin 49 is shown substantially in the center of the cavity,
where it will support the die attach pad in the encapsulation process at
- approximately the center of the die attach pad. Fig. 5B is a plan view
similar to Fig. S5A, showing four support pins 65, 67. 69, and 71
arranged in a rectangular array extending from surface 47 of the mold
cavity of mold portion 41B. The four-pin approach has been found in
practice to be preferable, especially for wide area, thin packages, but
there are situations in which one support pin will do.

In an alternative embodiment of the invention, support for
positioning the die attach pad in a closed mold is provided by
alteration of the lead frame, rather than of one or the other of the
portions of the mold. Fig. 6A is a plan view of a lead frame 73 in a
lead frame strip 75. having a die attach pad 77 in very much the same
shape as pad 23 of Fig. 2. In die attach pad 77, in the stamping
process of manufacturing the lead frame strip, four small dimples 79,
81. 83. and 85 have been provided.

Fig. 6B is a cross-section of frame 73 along the section line
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6B-6B of Fig. 6A, intersecting two of the four dimples in the die
attach pad. illustrating the depth of the dimples in the direction
orthogonal to the plane of the die attach pad. Dimension D4 in this
case is the same as the extension distance of the support pins in other
embodiments described above. It should be remembered that some
dimensions are exaggerated in these figures to provided clear
description of certain features of the invention. It will be apparent to
those with skill in the art that there are other ways to provide a
support for the die attach pad during injection, such as by bonding
small particles of material, for example plastic beads, to a die attach
pad before use. In this method, the beads are encapsulated and
become a part of the finished package. The bonding of such beads to
a pad, however, is considered by the inventor to be a more
troublesome process than dimpling the lead frame. And dimpling the
lead frame is generally less desirable than using supports in the mold
cavities. because the mold cavities need by altered only once for a
large number of lead frames.

In the embodiments described thus far herein, support has been
provided in all cases between a die attach pad and a surface of a
lower mold portion. that is, on the side of an enclosed lead frame strip
away from the die attached to a die attach pad. In some
embodiments, however. the die attach pad may be urged upward, that
is. toward the die contacting the surface of the cavity in the upper
mold portion. It has been contemplated by the inventors. in fact, to
alter the injection flow pattern to cause this particular distortion
pattern. and to thwart the failure mode by providing the support .
extensions on the inside surface of the upper mold portion rather than
the lower. In this case, the extensions would not necessarily contact
the die itself. but might be positioned to contact the die attach pad

outside the area to which the die is attached. Dimples. beads. or other
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support elements might be ‘provided on the die side of die attach pads
on lead frames to accomplish the same purpose, according to the
present invention.

For cases where no indention in the package is acceptable
under any circumstance, retractable pins may be used in mold cavities.
Fig. 7 is a cross section of a lower mold half 59 showing a retractable
support pin 55. In this case, support pin 55 is not poinied at the
upper end, but substantially flat, and extends into a hole with
sufficient clearance that the pin may be retracted entirely into the hole.

In this embodiment, pin 55 has a second, and larger, diameter,
with slot opening 61 through the pin at ninety degrees to the vertical
axis of the pin. A cam bar 63 extends through this slot and is guided
in another slot in lower mold half 59. Moving the cam bar in one
direction extends pin 55 to the specified height to support a die attach
pad during a molding injection operation, and moving the cam bar in
the other direction retracts the support pin to a position wherein the
upper end is flush with cavity surface 47. Spring 56 aids in retracting
the pin. It will be apparent to those with skiil in the art that there are
a number of ways known in the mechanical arts that pins may be
extended and retracted.

The pin in this embodiment retracts after liquid-phase polymer
is injected and before it solidifies. At the time of retraction the mold
is filled. and the presence of the polymer material tends to help
support the die attach pad. After retraction, the polymer material
hardens, and there is no hole of the sort left be a permanent pin. In
other embodiments multiple retractable pins may be used.

It will be apparent to those with skill in the art that there are a
number of alterations that might be made in details of the invention
without departing from the spirit and scope of the invention. For

example, there are many different package designs in the art, and the
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nominal clearance betwéen a die attach pad or an attached die and the
nearby surface of a mold cavity may be different for many of these |
designs. The length of a support element for the die attach pad would
be matched substantially to this nominal dimension for each design.
As another example, it was described above that one such éupport
seemed to be sufficient for most purposes, but more than one support
could be used in many cases. With plural supports there are also
many possibilities for the placement and spacing of the supports. Just
a few representative examples have been provided in this disclosure.
There are also many shapes and forms a support might take other than
the conical end shape described herein as a preferred embodiment.
There are similarly many other alteration that might be made without

departing from the spirit and scope of the invention.
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What is claimed is:

1. A method for molding an integrated circuit (IC) package,
comprising steps of:

(a) attaching an IC die to a die attach pad of a lead frame;

(b) bonding wires from the IC die to leads of the lead frame;

(c) placing the lead frame between an upper and a lower
portion of a mold having matching mold cavities for forming an
encapsulation volume around the lead frame and attached IC die;

(d) providing a support element in one of the mold cavities
for spacing the die attach pad and attached die from an adjacent
surface of the one of the mold cavities;

{e) closing the portions of the mold on the lead frame such that
the die attach pad and attached die is spaced from the adjacent
surface; and ‘

(f) injecting encapsulation material into the encapsulation

volume.

2. The method of claim 1 wherein the support element is a single
element positioned substantially in the center of the mold cavity in the
lower mold portion when the mold portions are closed.

3. The method of claim 2 wherein the support element is a dimple

provided in the die attach pad of the lead frame.

4. The method of claim 2 wherein the support element is a bead of

material affixed to the die attach pad.

5. The method of claim 2 wherein the support element is a pin

engaged in a hole provided for the purpose in the mold cavity in the
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lower mold portion. the pin having an extended portion extending into

the mold cavity.

6. The method of claim 5 wherein the pin is tapered on the extended

portion.

7. The method of claim | wherein plural support elements are

provided.

8. The method of claim 7 wherein the plural support elements are

dimples provided in the die attach pad of the lead frame.

9. The method of claim 7 wherein the plural Suppon elements are

beads of material affixed to the die attach pad of the lead frame.

10. The method of claim 7 wherein the plural support elements are
pins engaged in holes provided for the purpose in one of the mold
cavities, the pins having each an extended portion extending into the

mold cavity.

11. The method of claim 10 wherein the pins each are tapered on the

extended portion.

12. The method of claim | wherein the support element is a
retractable support element. and further comprising a step (g) for
retracting the support element after the encapsulation material is
solidified.

13. A mold for use in encapsulating an IC die mounted on a die
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attach pad of a lead frame. comprising:

a first portion having a first cavity for forming a first part of
an encapsulation volume around the IC die and the die attach pad on
the side of the die attach pad to which the die is attached:

a second portion having a second cavity with a bottom surface,
the second cavity for forming a second part of the encapsulation
volume on the side of the die attach pad opposite the side to which
the die is attached; and

a support element in one of the cavities for spacing the die
attach pad and attached die from an adjacent surface of one of the

mold cavities.

14. A mold as in claim 13 wherein the support element is a single

element positioned substantially in the center of the second cavity.

15. A mold as in claim 14 wherein the support element is a pin
engaged in a hole provided for the purpose in the bottom surface of
the second cavity, the pin having an extended portion extending into

the second cavity.

16. A mold as in claim 15 wherein the pin is tapered on the extended

portion.

17. A mold as in claim 13 wherein plural support elements are

provided extending from the bottom surface of one of the cavities.

18. A mold as in claim 13 wherein the plural support elements are
each pins engaged in holes in the bottom surface of one of the
cavities. each pin having an extended portion extending into the

adjacent mold cavity.
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19. A mold as in claim 18 wherein the pins are each tapered on the

extended portion.

20. A mold as in claim 17 wherein the plural support elements extend

from the bottom surface of the second cavity.

21. A mold as in claim 13 wherein the support element is a
retractable support element, and further comprising apparatus for

extending and retracting the support element.

22. A lead frame strip comprising:

at least one lead frame having a die attach pad and leads
positioned adjacent to the die attach pad; and

a spacing element protruding from the die attach pad for
spacing the die attach pad from surfaces of cavities in a mold in a
process of encapsulating dies attached to the die attach pads to make

packaged integrated circuits.

23. A lead frame as in claim 22 wherein the support element is a

dimple formed in the die attach pad.

24. A lead frame as in claim 22 wherein the support element is a

bead of material bonded to the die attach pad.
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WO 96/20501 - PCT/US95/16059
1 K D BY ER
L ATERIA HOD_ OF
MANUFACTURING

By Inventor

Peter M. Weiler

Background of the Invention

The present invention reiates generally to an integrated circuit
package and more particularly to an integrated circuit package which is
encapsulated in a high strength and/or high thermal conductivity
molding material which includes fibers or other such strehgth

enhancing particulate material.

A typical integrated circuit package is comprised of (1) an IC chip
including an array of chip input/output terminals, (2) means for
supporting the chip, for example, either a leadframe or substrate,
including an array of electrically conductive leads, (3) bonding wires
electrically connecting the chip input/output terminals with respective
ones of the electrically conductive leads, .and (4) plastic material

encapsulating the IC chip. support means and bonding wires. This
overall package is typically manufactured by first supporting the IC

chip on the support member. The bondiﬁg wires are then attached to
electrically interconnect the input/output terminals of the IC chip to the
electrically conductive leads of the support member. This subassembly

is then placed in a ‘cooperating mold to encapsulate the IC chip, support

-1-
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means and bonding wires in plastic.

Attention is now directed to Figure 1, which diagrammatically
illustrates an intermediate step in the production of a prior art IC
package of thc type described immediately above. An intermediate IC
assembly, which is generally indicated by the reference numeral 10, is
shown prepared for overall encapsulation. Intermediate IC assembly
10 includes an IC chip 12 including an array of chip input/output
terminals 13. Chip 12 is supported on a suitable support member 14
which can be, for example, a leadframe or a dielectric substrate. The
support member includes an array of electrically conductive leads 16
electrically connected to respective chip input/output terminals by-an

array of bonding wires 18.

Still referring to Figure 1, a mold for use in encapéulating
intermediate IC assembly 10 is generally indicated by the reference
numeral 20. Mold 20 includes a runner 22 which leads frém an
external supply of molding material (not shown) to a mold cavity 24 for
accommodating a flow of molding material 26 into mold cavity 24. A
fixed gate 28 is located in runper 22 at the point where the runner
enters mold cavity 26. The fixed gate 28 is in actuality formed as a
narrowed passage within the runner 22 which serves to ease the

separation of runner 22 from the finished molded package and has the

undesirable result of restricting the flow of molding material into the
mold cavity 24 through the runner 22. Intermediate IC assembly 10 is
supported within mold cavity 24 for overall encapsulation by the
molding material. Molding material 26, in order to be useful for this

application, must be quite viscous and of a consistency which will not

-2-
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clog fixed gate 28 as it passes through the latter and onward into the
mold cavity. As the moldmg material is mjectcd into the cavity it flows
around the intermediate IC assembly mcludmg bonding wires 18, IC
chip 12 and at least a portion 29 of electrically conductive leads 16

which are within the mold cavity.

.Following the injection of the molding material into the mold
cavity, the mold material is allowed to harden. After hardening, the
mold material forms a monolithic structure which includes a package
portion 30 surrounding the IC assembly and a runner portion 32
formed within the runner. Upon removal of the IC package from the
mold, whxch is not shown, runner portion 32 must be broken away from

package port.mn 30.

While the method of ‘producing a prior art integrated circuit
package, as depicted in Figure 1, does produce an IC package which is
generally satisfactory for its intended purpose, certain disadvantages
due to the method of manufacture exist which limit the final capabilities
of the IC package thereby produced with regard to its strength and
thermal conductivity. These disadvantages are directly related to fixed
gate 28 in mold 20 and the plastic molding compound used to form

package portion 30, and will be described immediately hereinafter.

A first disadvantage, which may increase production costs, lies in
the fact that the fixed gate, as discussed above, leaves runner portion
32 of the molding material attached to package portion 30 of the
molding material which encapsulates the actual IC. The runner portion

must be broken away from the package portion upon removal of the IC

-3-
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package from the mold. If the molding material is made significantly
stronger, the runner portion will be more difficult to remove and the
package could be damaged, in some cases, by the breaking away of the

runner portion.

A second and even more significant disadvantage of the fixed gate
mold is related to the limited types of molding materi#ls which are
amenable to use with it.  When considering thermal and strength
properties of a representative IC package, the composition of the
molding material encapsulating the package is of primary consideration.
In the prior art method presented above, the molding material must be
quite viscous and possess a smooth consistency to allow it to pass
through fixed gate 28 in runner 22 without clogging the gate. This
restricts the available molding materials suitable for use to a rather

narrow range which excludes most types of fillers including fibers of

any type.

As will be seen hereinafter, the present invention removes the
limitations in molding materials required by a fixed gate mold thereby
to allow the use of a much broader range of molding materials and
provide IC packages which possess previously wunattainable

characteristics with regard to strength and thermal properties.
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umma of the Invention

As will be described in more detail hereinafter, there is disclosed
herein an integrated circuit package, its method of manufacture, and a
unique mold used by the method wherein the aforedescribed
restrictions in molding materials used to encapsulate the package are

eliminated. These packages, like the package illustrated in Figure 1,

include an IC chip having an array of chip input/output terminals, a

support member having an array of electrically conductive leads and
supporting the IC chip, and an array of bonding wires electrically
connecting the chip input/output terminals with respective ones of the
electrically conductive leads. However, in accordance with the present
invention, the overall integrated circuit package including the IC chip,
the bonding wires and portions of the electrically conductive leads are
encapsulated by a molding material laden with a fiber or other suitable

type of particulate.

In the manufacture of an integrated circuit package, a method of
encapsulating an intermediate assembly is disclosed. The intermediate
assembly includes a support member having an array of electrically
conductive leads, an IC chip having an array of chip input/output
terminals, and an array of bonding wires. The IC chip is supported on

the support member and the bonding wirea electrically interconnect the

conductive leads with respective ones of the chip input/output
terminals. The intermediate assembly is encapsulated by providing a
mold assembly which defines a mold cavity, supporting the
intermediate assembly including the IC chip and the bonding wires in

the mold cavity, injecting a fiber or other such particle laden molding

-5-
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material into the mold cavity and around the intermediate assembly

and allowing the molding material to harden.

A mold for use in manufacturing an- integrated circuit package, in
accordance with the method described above which utilizes a fiber or
other such particle laden molding material, is also disclosed herein. The
mold defines a mold cavity and a material transfer passage which leads
into the cavity, the material transfer passage being suitably configured
to allow a flow of the fiber or other such particle laden molding material
through the material transfer passage. In accordance with the present
invention, the mold further includes means for selectively blocking the
flow of the molding material to prevent the flow of the latter into or out
of the mold cavity through the material transfer passage once the cavity

has been filled with and prior to the hardening of the molding material.
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Brief Description of the Drawings

The present invention may be understood by reference to the
following detailed description taken in conjunction with the drawings, in

which:

FIGURE 1 1s a cross-sectional diagrammatic elevational view which
illustrates an intermediate step in the manufacture of a prior art

integrated circuit assembly.

FIGURE 2 is a cross-sectional diagrammatic elevational view which
illustrates an IC package manufactured in accordance with the present

invention.

FIGURE 3 is a cross-sectional diagrammatic elevational view of a
mold including a movable gate which is used in a method of the present

invention.

FIGURE 4 is a cross-sectional diagrammatic elevational view of the
mold illustrated in Figure 4 including an intermediate IC assembly in
place in the mold cavity, shown to illustrate an intermediate step in the

method of the present invention for manufacturing an IC assembly.

FIGURE 5 is a cross-sectional diagrammatic elevational view
similar to Figure 4, which illustrates the completion of the encapsulation

of the IC package of the present invention.
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Detajled Description of the Invention

Having described Figure 1 previously, attention is immediately
directed to Figure 2, which illustrates an integrated circuit package
manufactured in accordance with a method of the present invention and
generally designated by reference numeral 40. Package 40 includes an
intermediate assembly 42 which itself includes an IC chip 44, a support
member 46, an array of bonding wires 48 and a hardened plasﬁc blob
49. IC chip 44 includes an array of chip input/output terminals 50 each
one of which is connected to a respective one of a plurality of
electrically conductive leads 52, which are integral with support
member 46, by a respective one of bonding wires 48. Support member
46 may be a leadframe or a substrate, either of which are typical of the
support members used in the prior art. Blob 49 covers the bonding
wires in a protective manner consistent with and .described in U.S.
Patent Application Serial No. 08/225,900, filed April 11, 1994 and
entitled Plastic Encapsulating Integrated Circuit Package Having
Protective Barrier For Its Bonding Wires, and Method, which application
is assigned to the assignee of the present invention and is incorporated
herein by reference. The function of the blob will be described in detail
herein in conjunction with a description of a method of manufacturing

the IC package of the present invention, which follows hereinafter.

Continuing to refer to Figure 1 and in accordance with the present
invention, intermediate assembly 42 is encapsulated by a molding
material 54. Molding material 5S4 may incorporate a wide variety of
new components not previously seen in IC packages, for example, such

as fillers. These IC packages will provide advantages over prior art IC

-8-
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packages based upon the characteristics of the compoﬁcnts present in
molding material 54. In Fhe present example, molding material 54 is
laden with a plurality of fibers 56 which may inciude, for example, glass
fibers or aluminum nitride fibers. The addition of these fibers provides
specific advantages in comparison to prior art IC packages, some of

which will now be discussed.

A first advantage realized as a direct result of the incorporation of
fibers into the molding material is an IC package possessing a strength
not seen heretofore. While the imparting of strength to materials which
contain fibers such as these is well known in the art, they have not been
seen in materials used in the overall encapsulation of an IC package due
to the problems encountered in the method of encapsulation of the

package, which problems are solved by the present invention.

A second advantage resulting from inclusion of fibers in the
molding material lies in the thermal conductivity of the package.
Significant heat is produced by IC chips of certain types such as, for
example, power amplifiers. It is therefore a continuing goal of IC
package designers to provide packages capable of conducting ever
increasing levels of thermal energy away from the IC chip through the
package materials themselves. The aforementioned glass and aluminum

nitride fibers typically possess a higher thermal conductivity than the
molding material or resin to which they would be added. Consequently,

the thermal conductivity of the molding material, which is laden with
the fibers, will increase. The result is a package having a higher
thermal conductivity which is capable of removing an increased amount

of thermal energy from the IC chip or, for that matter, any device

-9-
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within the package which produces heat.

While the present invention contemplates the utilization of a fiber
laden plastic encapsulant, the present invention is not limited thereto.
Any suitable and compatible strength enhancing and/or thermally
conductive particulate is contemplated by the present invention

including, for example, aluminum nitride, graphite, or fiberglass.

Reference is now made to Figure 3 which illustrates a mold for use
in encapsulating an IC package manufactured in accordance with the
present invention and generally designated by reference numeral 60.
Mold 60 includes an upper mold half 62 and a lower mold half 64.
Lower mold half 64 includes a material transfer passage 66 which leads
from an external source of molding material (not shown) to a cavity 68
defined within the mold itself. In one possible configuration, a movable
gate 70 is positioned in a gate channel 72 at a point 74 where the
material transfer passage adjoiné the mold cavity. Gate 70 is designed
to move vertically from an open position, allowing the flow of molding
material through the full width of material transfer passage 66 to a
closed position (shown in phantom) which completely blocks passage 66
to prevent any further flow of molding material either into or out of
cavity 68. Gate 70 includes a surface 72 which defines a portion of the

package outline when the gate is in its closed pogition, as shown. This

unique gate, unlike the prior art fixed gate shown and described above,
opens to the full width of the material transfer passage, permitting
molding materials which would clog the prior art fixed gate to flow
through the passage, past the movable gate and into the mold cavity.

Movable gate 70 allows the use of molding materials which are new in

-10-
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the encapsulation of IC packages such as, for instance, those containing

fibers.

Many configurations of a mold including a movable gate may be
provided which are useful in the method of the present invention. For
example, the gate may be positioned at a different location in the
material transfer passage, the gate may move horizontally to block the
passage or may include a shape which is altered from the preferred
embodiment which is shown and described herein. All of these
configurations and variations are considered to be within the scope of
the present invention. The use of this mold in a method of the present

invention will be described immediately hereinafter.

Turning now to Figure.-4 and in accordance with a method of the
present invention, an intermediate assembly 80 is placed within mold
cavity 68 of mold 60, which was previously described in the discussion
relating to Figure 3. Intermediate assembly 80 includes an IC chip 82
having an array of chip input/output terminals 83. Chip 82 is
supported on a suitable support member 84 which can be, for example,
a- leadframe or a dielectric substrate. The support member includes an
array of electrically conductive leads 86 electrically connected to
respective chip input/output terminals by an array of bonding wires 88.

A hardened plastic blob 90 protects the bonding wires, in accordance

with previously referenced U.S. Application 08/225,900, against the
inflow of a fiber laden molding material 92 when it is injected into the
mold cavity. Without the protection offered by the plastic blob, the
bonding wires would be washed by the inflow of molding material

possibly becoming disconnected or shorting to one another. Wire wash
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has been a significant concern in the manufacture of prior art IC
packages and, in this instance, it is vital to protect the bonding wires
against wire wash since a fiber laden molding material will place much
greater wash stresses on the bonding wires. Other means of protecting
the bonding wires against wire wash may be developed such as, for
example, a hollow plastic enclosure which surrounds the intermediate
assembly. These means are considered to be within the scope of the

invention as claimed.

Continuing to refer to Figure 4 and with movable gate 70 in its
opened position, fiber laden molding material 92 is injected into mold
cavity 68 through péssagc 66. Since movable gate 70 is in its opened
position, the entire width of the passage is presented to the flow of
molding material whereby to avoid clogging of the passage by the fibers
carried in the material. The molding material, in its viscous state, fills

passage 66 to surround intermediate assembly 80.

Referring to Figure S5, movable gate 70 is moved to its closed
position prior to the hardening of molding material 90, as illustrated.
The closing of the gate separates a first portion 90a of molding material
which remains in the material transfer passage from a second portion
90b which encapsulates the intermediate assembly. In this particular

configuration of movable gate 70, surface 72 of the gate actually defines

a portion of the package outline of the encapsulating molding material.
After the gate is closed the molding material is allowed to harden and
the IC package is removed from the mold (not shown). It is mentioned
here that first portion 92a of the molding material within the material

transfer passage is separated from second portion 92b of the package
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itself by closed gate 70 such that the first portion does not need to be
broken away from the IC package, thereby avoiding the risk of damage
to the package. This is particularly advantageous considering the

increased strength of the fiber laden molding material.

It should be understood that the IC package and mold of the
present invention may be embodied in many other specific forms and
produced by other methods without departing from the spirit or scope
of the present invention. Therefore, the present examples are to be
considered as illustrative and not restrictive, and the invention is not to
be limited to the details given herein, but may be modified within the

scope of the appended claims.
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i. In the manufacture of an integrated circuit package, a
method of encapsulating an intermediate assembly which includes a
support member having an array of electrically conductive leads, an IC
chip having an array of chip input/output terminals and an array of
bonding wires, said IC chip being supported on the support mémber and
said bonding wires electrically interconnecting the conductive leads
with respective ones of the chip input/output terminals, said method

comprising the steps of:

a) providing a mold assembly which defines a mold

cavity;

b) supporting said intermediate . assembly including the

IC chip and the bonding wires in said mold cavity;

c) injecting into the mold cavity and around the

intermediate assembly a particulate laden molding material; and

d) allowing said molding material to harden.

2. A method according to Claim 1 including the step of
providing a protective barrier over said bonding wires sufficient to
prevent said bonding wires from moving against the force of the
particulate laden molding material as the latter is injected into said

mold cavity and caused to flow over the intermediate assembly.
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3. A method according to Claim 1 wherein the step of
providing a mold assembly includes the step of providing a material
transfer passage leading into said mold cavity and wherein the step of
injecting the molding material into the mold cavity includes the step of

injecting the molding material through the material transfer passage.

4, A method according to Claim 3 including the step of closing
the material transfer passage after injecting the molding material into

the mold cavity and prior to its hardening.

5. A method according to Claim 4 wherein the step of closing
said material transfer passage includes the steps of providing a gate
within said passage movable between a first position for opening the
passage and a second position for closing the passage, and moving said
gate between its first position to open the passage and allow the flow of
molding material through said material transfer passage and into said
mold cavity and a second position to block the material transfer passage

after the mold cavity has been filled with said molding material.

6. A method according to Claim 5 wherein said mold cavity
defines a package outline and said movable gate in its closed position

defines a portion of said outline.

7. A method according to Claim 1 wherein said particulate

laden molding material includes fibers.

8. A method according to Claim 7 wherein said fibers have a
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high thermal coefficient.

9. A method according to Claim 8 wherein the fibérs are glass

fibers.

10. A method according to Claim 8 wﬁerein the fibers are

aluminum nitride.

11. A method according to Claim 2 wherein the step of
providing said protective barrier includes forming a hardened plastic

blob over said bonding wires.

12. In the manufacture of an integrated circuit package, a
method of encapsulating an intermediate assembly which includes a
support member having an array of electrically conductive leads, an IC
chip having an array of chip input/output terminals and an array of
bonding wires, said IC chip being supported on the support member and
said bonding wires electrically interconnecting the conductive leads
with respective ones of the chip input/output terminals, said method

comprising the steps of:

a) providing a mold assembly which defines a mold

cavity, a material transfer passage leading into said mold cavity and =a

gate movable between a first position for opening said passage and a

second position for closing said passage and defining part of said cavity;

b) supporting said intermediate assembly including the

IC chip and the bonding wires in said mold cavity;
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c) while maintaining said gate in its first, passage-opened
position, injecting a molding material through the material transfer

passage and into the mold cavity around the intermediate assembly;

d) thereafter, but before the molding material within said
cavity hardens, moving said gate to its second passage-closed position;

and

e) allowing said molding material to harden after closing

said gate.

13. A method according to the method of Claim 12 wherein a
protective barrier consisting of a hardened plastic blob is provided over
said bonding wires sufficient to prevent said bonding wires from
moving against the force of the molding material as it flows over the
intermediate assembly and the injected molding material is particle

laden.

14. A method according to the method of Claim 13 wherein the

particles are fibers.

15. An integrated circuit package comprising:

a) an IC chip including an array of chip input/output

terminals;
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b) a support member including an array of electrically
conductive leads which are provided for connection with the
ini)uu'output terminals of said IC chip, said support member supporting

said IC chip including its array of chip input/output terminals;

c) an array of bonding wires electrically connecting said
chip input/output terminals with respective ones of said electrically

conductive leads; and

d) a particle laden molding material encapsulating the
overall package including said IC chip, said bonding wires, and portions
of said support member including portions of said electrically

conductive leads.

16. An integrated circuit package in accordance with Claim 15
including a protective barrier disposed over said bonding wires
between the latter and said molding material, said protective barrier
being designed so that, during formation of the package, it prevents said
bonding wires from moving against the force of said molding material
as the latter is caused to flow in place over the IC chip, support member

and bonding wires.

17. An integrated circuit package in sccordance with Claim 15
wherein said particle laden molding material includes fibers.

18. An integrated circuit package in accordance with Claim 17

wherein said fibers include a high thermal coefficient.
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19. An integrated circuit package in accordance with Claim 18

wherein the fibers are glass fibers.

20. An integrated circuit package in accordance with Claim 18

wherein the fiber members are aluminum nitride.

21. An integrated circuit assembly in accordance with Claim 16
wherein said protective barrier includes a hardened plastic blob formed

over said bonding wires.

22. A mold for use in manufacturing an integrated circuit
package. encapsulated in a molding material which itself includes a
plurality of fiber or other such particulate members, said mold defining
a mold cavity and a material transfer passage which leads into said
cavity, said material transfer passage being suitably configured to allow
a flow of said molding material therethrough, said mold further
including means for selectively blocking the flow of the molding
material to prevent the flow of the latter into or out of the mold cavity
through the material transfer passage once the cavity has been filled

with and prior to the hardening of the molding material.

23. A mold in accordance with Claim 22 wherein the mold

includes an upper mold half and a lower mold half.

24. A mold in accordance with Claim 23 wherein said material

transfer passage is defined within one of said mold halves.

25. A mold in accordance with Claim 22 wherein said blocking
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means includes ’a gate selectively movable between an open position
which allows the flow of molding material though the material transfer
passage into the mold cavity and a closed position which blocks the
material transfer passage to prevent further flow of the molding
material into or out of the mold cavity through the material transfer

passage.
26. A mold in accordance with Claim 25 wherein said mold

cavity defines a package outline and said movable gate in its closed

position defines a portion of said outline.
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COATING BURROUNDING A PIEZOELECTRIC
SOLID S8TATE MOTOR BTACK

BACKGROUND OF THE INVENTION
1. Field of the Invention

The field of the invention relates generally to
an encapsulation structure for solid state motor
actuators, and more particularly to a process for
encapsulating piezoelectric solid state motor stacks.

2. Related Art

For decades electroexpansive materials have been
employed in stacked structures for producing actuation
used for fuel injection and valve control in diesel
engines, for example. Commercially manufactured solid
state motor stacks, or actuators, are produced using
piezoelectric disks interleaved with metal foil
electrodes. Application of high voltage, low current
power to alternately biased electrodes causes each of
the piezoelectric disks to expand or axially distort.
The additive deflection of the stacked disks is
typically amplified by hydraulics to effectuate useful
actuation.

An example of a conventional electromechanical
actuator having an active element of electroexpansive
material is found in United States Patent No.
3,501,099 to Glendon M. Benson. Benson’s 1970 patent
is directed to both an actuation amplification
structure and a method for manufacturing piezoelectric
stacks. Sheets of ceramic material are rolled,
compacted and punched into ceramic disks. After a
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compressing combined with lapping/polishing results in
low disk yield due to the time elements of the two
step process and disk breakage during the lapping
step.

Various environmental design considerations are
important in piezoelectric stack manufacturing. Device
operating temperature ranges and external mechanical
stresses are the most serious of these factors.

Conventional stacks are limited to a maximum
operating temperature of about 75° celsius, measured
at the outside of the stack housing. Heat generated
by the stack itself is compounded by the extreme heat
generated by the engine upon which the housed stack is
typically mounted. Stack temperatures can reach
upward of 40°-50°C above -the measured engine
temperature.

Oon the other hand, structural defects typically
lead to conventional stack failure due to shear and
torsional stresses applied to the stack during
operation and/or installation. Structural stack
failure is most commonly attributed to fatigue
cracking of the ceramic disks. Separation between
disks/electrodes is also a frequént problen.

Piezoelectric stack insulation has been
introduced between the disk/electrode stack and the
housing in an attempt to minimize some of the above
mentioned problems.

United states Patent No. 4,011,474 to Cormac G.
O’Neill discloses several methods for improving stack
insulation to avoid operation breakdowns. Arc-over is
allegedly avoided by maintaining contact between the
piezoelectric stack and the insulating material. 1In a
first embodiment, 0’Neill teaches introducing a
pressurized insulating fluid such as oil, into the
housing of a piezoelectric stack. The fluid is
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pressurized so as to maintain contact between the
fluid and the stack during radial shrinkage, or axial
expansion, upon the application of an applied voltage.

In a second embodiment, O’Neill applies a solid

5 polyurethane coating to the stack. The coating is
.kept in contact with the stack by a pressurized
insulating fluid to prevent separation during
operation and arc-over associated therewith.

A third O0’Neill embodiment maintains contact

i0 between the stack and a solid insulating coating by
winding a filament or tape around the coated stack.
The tape is wound around the coating to prelocad the
coating to prevent separation of the coating from the
stack. The winding of the tape is spaced to allow for

15 expansion of the polyurethane coating during operation
of the stack.

The present invention constitutes an improvement
over conventional encapsulation technology. Benefits,
such as increased stack operational temperature range,

20 endurance, output, and lifetime, are achieved by the
present invention.

SUMMARY OF THE INVENTION
25
The pfesent invention is directed to an
encapsulated piezoelectric solid state motor stack
having a plurality of piezoelectric disks interleaved
with a plurality of electrodes. A first elastomer is
30 used for encapsulating the stack to prevent arc-over.
A second elastomer is used for eﬁcasing the
combination of the encapsulating elastomer and the "
stack. An elastomer grease is sandwiched between the
encapsulating elastomer and the encasing elastomer for *
35 reducing friction between the combination and the
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encasing elastomer. The friction is induced by an
axial displacement produced between first and second
end surfaces of the stack when the electrodes are
biased by a source of electrical potential.

The structure also includes a protective housing
and a diaphragm. The housing cylindrically encases
the combination of the stack, the encapsulating
elastomer, the elastomer grease and the encasing
elastomer. The housing also encases one end of the
combination. The diaphragm is attached to the housing
for encasing the other end of the combination.

The present invention is also directed to a
method for encapsulating a piezoelectric solid state
motor stack having a plurality of disks interleaved
with electrodes. The method includes the step of
encapsulating the stack with a first material,
followed by encasing the combination of the first
naterial and the stack within a protective housing,
and then sandwiching a lubricant between the
combination and the protective housing for reducing
friction between the combination and the protective
housing.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood if
reference is made to the accompanying drawings in
which:

FIG. 1 shows a side-sectional view of a housed,
encapsulated piezoelectric solid state motor stack in
connection with the present invention;

PIG. 2 shows a top-sectional view of the housed
piezoelectric stack of Figure 1 taken through line
A-=A; :
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FIG. 3 is a flow chart of the basic steps in a
method for encapsulating a piezoelectric stack in
connection with the present invention;

FIG. 4 is a flow chart of the basic steps in a
method for pre-encapsulation preparation of a
piezoelectric stack in connection with the present
invention;

PIG. 5 is a flow chart of the basic steps in a
method for preparation of a desiccator for use in the
encapsulation of a piezcelectric stack in connection
with the present invention;

PIG. 6 is a flow chart of the basic steps in a
method for applying an elastomer in the encapsulation
of a piezoelectric stack in connection with the
present invention; and

FIG. 7 is a flow chart of the basic steps in a
method for the final housing assembly of a

piezoelectric stack in connection with the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Broadly, the present method for encapsulating
piezoelectric stacks is designed for an automated
manufacturing process to yield high-quality, high-
durability solid state motor stacks in great volume.

The piezoelectric encapsulation steps of the present

process have refined the technology by employing

careful cleaning and inspection operations which

result in stacks that can displace 0.13% in fast

response times of 100 microseconds, and produce ’
driving forces greater than 35 MPa. Unlike

conventional piezoelectric solid state motor stacks, .
which have relatively limited temperature ranges,
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stacks encapsulated according to the present invention
have an extended operational temperature range between
about -40°C and +100°C (measured externally; plus an

additional 40° to 50°C measured internally).

Encapsulated piezoelectric solid state motor
stacks of the present invention are high-force devices
that can be used to improve engine performance, reduce
emissions, and reduce engine noise. The utility of
the present invention is not, however, limited to
encapsulating stacks for engine valve and fuel
injector actuation. Encapsulated stacks of the
present invention may be used in brake or shock
absorbing systems, for example. Moreover, the
invention may be used to encapsulate a wide variety of
devices or systems which operate in high temperature,
or otherwise extreme environments.

It should be understood that the present
invention is directed to a piezoelectric solid state
motor stack encapsulation structure and the method of
encapsulating the stack structure. However, the terms
solid state motor stack and electroexpansive actuator,
for example, are syncnymous. Throughout this
discussion, the piezoelectric solid state motor stacks
will be commonly referred to as “stacks."

FIG. 1 shows an encapsulated solid state motor
stack, 100, in connection with the present invention.
An electrode/ceramic disk stack 102 is centered in a
housing 104. The steel case, or housing 104, is
cylindrical in shape with a hollow cylindrical cavity
for housing the solid state stack. Throughports 106
are bored in the top end of the housing to permit bus
lead wires 108 to exit the housing. Threads 110
attach the piezoelectric solid state motor housing to
an engine head. Plateau 112 represents a hexagonal
cross section, if viewed from the top of FIG. 1. This
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hexagonal structure is not shown in the figure, but is
used for tightening and loosening the piezoelectric
solid state motor housing on the engine head.

The preferred embodiment of the assembled

5 piezoelectric solid state electrode/disk stack 102 is
described in the concurrently filed, commonly assigned
co-pending application Serial No. (Attorney Docket No.
1246.0100000/90-220), titled "Piezoelectric Solid
State Motor stack", the entire disclosure of which is

10 incorporated herein by reference.

FIG. 2 is a cross-sectional view taken through
line A-A of the piezoelectric soclid state motor stack
and housing of FIG. 1. The details of FIG. 2 will be
covered during the following discussion of the

15 encapsulation process.

A generalized stack encapsulation process 300 is
shown in FIG. 3. As shown at block 302, the stack
undergoes a cleaning process. In one embodiment,
excess gloss and contaminants are removed from the

20 exterior of the assembled stack and bus bar structure
by a ceonventional grit blasting technique. The stack
is ultrasonically cleaned in a methanol bath. The
cleaned stack is then heat dried at block 304.

Block 306 represents a series of pre-

25 encapsulation steps. This pre-encapsulation process
400 is shown in more detail at FIG. 4. The bus wires
are electrically shorted at block 402 to prevent
electrostatic charging of the stack, because of its
inherent capacitive characteristics. The stack is

30 then placed in a conventional vacuum desiccator
fixture to remove volatile contaminants, as shown at
block 404. The stack is then cooled before applying a *

primer, as indicated at 406, and in accordance with
primer manufacturer instructions. ’
35
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A coating of primer is applied to the exterior of
the stack and bus bar structure at block 408 in
preparation for the silicone coating process. Dow
Corning SilGuard Primer No. 1200 or an equivalent may
be used. The primer is cured (at block 410) in
accordance with conventional curing techniques,
according to manufacturer specifications.

The details of the desiccator preparation step of
block 308 in FIG. 3 are shown at process 500 of FIG.
5. The stack is aligned in a modified alignment
fixture at block 502 such that a small axial
compressive lcocad can be applied to the stack as shown
at block 504. The alignment fixture should comprise a

.cylindrical case including a bottom/end section and a

locad screw for applying an axial compression to the
stack. The bottom has two openings to permit the bus
leads to pass therethrough. In addition, the inner
diameter of the alignment fixture case should be
slightly larger than the outside diameter of the stack
in order to permit proper encapsulation. Stoppers
must then be inserted in the holes at the base of the
alignment fixture to seal around the bus bar leads. ,
The composition of the alignment fixture case and port
stoppers is not crucial to the invention. However,
their composition must not be such that contamination
of the stack or chemical reactions occur therewith.
The prepared alignment fixture is then positioned
in the vacuum desiccator as shown at block 508. The
axial locad is released and the desiccator is then
sealed as shown at blocks 510 and 512, respectively.
A vacuun is then created in the desiccator as shown at
block 514, to draw out a sufficient volume of air so
that the elastomer will £ill the voids in the stack
when the vacuum is released.
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The application of an elastomer, shown in block
310 in FIG. 3 will be described in further detail with
reference to process 600 in FIG. 6. A silicone
elastomer, Dow Corning SilGuard 184, for example, is
mixed as per the manufacturer’s suggested directions.
This preparation is shown at block 602. The silicone
elastomer mix is then injected into the desiccator
through a glass tube and then into the spaces between
the stack and the inside wall of the alignment fixture
case as shown at 606. The vacuum desiccator is then
gradually pressurized, and an axial load of at least
about 1500 psi is applied to the stack by the load
screw attached to the assembly fixture case as shown
at blocks 608 and 610, respectively.

As shown at blocks 612 and 614, respectively, the
excess silicone elastomer is drained from the :
alignment fixture and the stoppers removed. The
silicone elastomer encapsulant is then cured in an
oven, as shown at block 616. »

In the presently preferred embodiment, curing is
accomplished at about 65°C for approximately'4 hours.
The present inventors have found that curing time is
inversely proportional to the curing temperature and
that the maximum cure temperature is approximately
100°C. More significantly, the inventors have found
that cure temperature at this stage directly affects
the minimum operating temperature of the motor stack.
They have found that the lower the cure temperature,
the lower the minimum operating temperature that they
can achieve.

The fixture is then allowed to cool as shown at

block 618 and the elastomer thickness measured as *
shown at 620. A determination is made, see block 622,
whether the desired thickness of the silicone ¥

elastomer encapsulant has been reached. This
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determination is based on whether the bus bar and tab
structures are sufficiently covered so as to prevent
arc-over. If the desired thickness is not reached as
indicated at 624, the stack is then dipped in
elastomer as shown at block 628. Steps 616, 618, 620,
622 and 628 are repeated until the desired thickness
is reached as shown at 632. The stack is then removed-
from the fixture as shown at block 634.

The two end coatings of silicone elastomer
encapsulant are trimmed, as shown at 636. Once
trimmed, the layer of silicone elastomer, shown at 220
of FIG. 2, coats the cylindrical surface of the
assembled stack 202, as well as the bus bar and
electrode tab structure. Trimming exposes the end
surfaces of the assembled stack to permit direct
transfer of translational motion from the stack to a
diaphragm member during actuation. Otherwise, the
untrimmed end coating of elastomer would act as a
compliant layer. »

The sequence at 700 of FIG. 7 represents the
final assembly of the stack in the housing. Poling of
the stack, as shown at block 702, is done once the
stack is assembled, in accordance with guidelines
provided by the ceramic manufacturer. In the
presently preferred embodiment, poling is done at an
elevated temperature, for example 145°C. The poling
voltage signal is applied to the stack in three
stages. During the first stage a 0-volt to 1200-volt
charge is applied linearly. This voltage is held
constant during the second stage. Finally, at the
third stage the voltage is linearly reduced to O-volts
during a five-minute period. The stack is then cooled
to room temperature. The poling technique is
conventional and is a function of the ceramic material
used.
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Referring again to FIG. 2, a thin coat of Dow
Corning silicone vacuum grease 222 is applied to the
surface of the silicone elastomer encapsulant 220.
Enough grease should be applied to prevent adhesion of

5 the silicone encapsulant 220 to potting material 224.
The application of the grease to the stack is shown at
block 704. '

As depicted by 706, the bus wires are soldered to
the bus bars and a layer of shrink-wrap tubing is

10 applied as an insulator.

The coated, assembled stack is then inserted into
housing 104 and centered. Once in position, a potting
material is injected into the cavity between the stack
and the housing (a thickness of approximately 4-5 mm).

15 See block 710. In addition, the potting material’s
thermoconductive characteristics should be sufficient
to conduct heat generated by the stack to the inside
of the housing wall. Emerson Cummings Eccosil Model
5954 is preferred for the potting material, because it

20 includes aluminum oxide for enhanced thermal
conductivity. The potting material is cured according
to conventional techniques, as shown at block 712.

In FIG. 2, the potting material is shown at
numeral 224, sandwiched between the grease 222 and the

25 inner cylindrical surface of housing 204. Again, the
silicone elastomer encapsulant is shown at 220.

Silicone grease coating is shown at 222. Finally,
silicone potting material is shown at 224.

As shown in block diagram 714, surface 114 of

30 housing 104 and the exposed surface of ceramic end cap
116 must be simultaneously ground to facilitate proper
alignment of steel diaphragm 118 to the end of the *
stack housing assembly. The diaphragm 118 may then be

laser-welded to surface 114 of housing 104 as depicted
35 at 71e6.

1
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The diaphragm is preferably made of stainless
steel and has a thickness of about 0.25mm. The steel
diaphragm functions to protect the stack from external
contaminates. In addition, the diaphragm prevents the

5 electrode/disk stack from rotating within the housing.

Typically, a piston or spring is abutted against
the bottom of the stack when the housed stack is
installed on an engine head, for example. During
installation, the housed stack is screwed onto the

10 engine head and the diaphragm transfers stresses to
the housing. If no diaphragm were present, the
friction between the ceramic end-cap of the stack and
the piston would cause the stack to rotate. Rotation
of the stack would in turn cause disks to shear, and

15 separate, and the silicone encapsulant would rupture.
Such structural defects would detrimentally affect
stack operation.'

While various embodiments of the present
invention have been described above, it should be

20 understood that they have been presented by way of
example, and not limitation. Thus the breadth and
scope of the present invention should not be linited
by any of the above-described exemplary embodiments,
but should be defined only in accordance with the

25 following claims and their equivalents.

30

35
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WE CLATIM:

1. An encapsulated piezoelectric solid state
motor stack (100,200) having a plurality of disks
5 interleaved with electrodes (102), comprising:
first means (220) for encapsulating the
stack;
second means (224,204) for encasing the
combination of said first ﬁeans and the stack; and
10 third means (222) sandwiched between said
first and second means for reducing f;iction between
said combination and said second means induced by an
axial displacement produced between first and second
end surfaces of the stack when the electrodes are
is biased by a source of electrical potential.

2. An encapsulated piezoelectric solid state
notor stack (200) according to claim 1, wherein said
first means (220) comprises an elastomer.

20

3. An encapsulated piezoelectric solid state
motor stack (200) according to claim 2, wherein said
first elastomer comprises silicone.

25 4. An encapsulated piezoelectric solid state
motor stack {200) according to claim 1, wherein said
second means comprises:

an elastomer (224) surrounding said
combination and said third means; and

30 a protective housing (104,204) including a
diaphragm (118), wherein said housing cylindrically
encases said combination and said third means and one
end thereof, said diaphragm being attached to said

housing for encasing the other end of said ®
35 combination.
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5. An encapsulated piezoelectric solid state
motor stack (200) according to claim 4, wherein said
elastomer comprises silicone and aluminum oxide to
enhance the thermal conductivity of said silicone.

5
6. An encapsulated piezoelectric solid state
motor stack (200) according to claim 1, wherein said
third means (222) comprises a grease.
10 7. An encapsulated piezoelectric solid state

motor stack (200) according to claim 6, wherein said
grease comprises silicone.

8. An encapsulated piezoelectric solid state
15 motor stack according to claim 2, wherein said second
means comprises:
a metal housing (204); and
a second elastomer (224) comprising silicone
and aluminum oxide to enhance the thermal conductivity
20 of said silicone.

9. A methed for encapsulating a piezoelectric
solid state motor stack (100,200) having a plurality
of disks interleaved with electrodes (102), comprising

25 ' the steps of:
encafsulating the stack with a first
material (220);
encasing the combination of said first
material and the stack within a protective housing
30 (204); and
sandwiching a lubricant (222) between said
combination and said protective housing for reducing
friction between said combination and said protective
housing, wherein said friction is caused by biasing
35
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the stack to produce an axial displacement between
first and second end surfaces of the stack.

10. A method for encapsulating a piezoelectric
5 solid state motor stack (100,200) according to the
: method of claim 9, wherein said encapsulating step
further comprises the steps of:
grit blasting the stack to remove debris;
cleaning the stack to remove unwanted
10 contaminants;

applying said first material (220) to the
stack; and

curing said first material.

15 11. A method for encapsulating a piezoelectric
solid state motor stack (100,200) according to the
method of claim 10, wherein said application step
further comprises the steps of:

applying a primer to the stack;
20 curing said primer; and

applying an elastomer (220) to said primed
stack.

12. A method for encapsulating a piezoelectric
25 solid state motor stack (100,200) according to the
method of claim 9, wherein said sandwiching step
further comprises the steps of:

coating said lubricant (222) on said

combination; .
30 aligning said coated combination in said
protective housing (204);
introducing a potting material (224) between *
said coated combination and said protective housing;
and 3
35

curing said potting material.
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Boitier plastique pour circuit intégré avec grilles en quinconce sur daux niveaux et procédé de fabrication.

Linvention concerne les boitiers d'encapsulation de cir-
cuits intégrés. Pour bénéficier du faible codt de fabrication des
boitiers de plastique moulé tout en améliorant leurs perfor-
msnces. on propose selon linvention de préparer un boitier
moulé 10 avec une cavité 12 et deux grilles de connexion 21,
23, 217, 23’ superposées. en quinconce, e moulsge &tant fait
avant de mettre {8 puce. L8 puce est ensuite mise en place
dans (8 cavité, des fils de lisison sont soudés entre la puce et
les extrémités des deux grilles. On sugmente Is densité de
broches d'interconnexions utiiisables grice sux deux niveaux
de grilie: fa résistance 3 la pénétration de Vhumidité est
renforcée car on peut utiliser une matidre plastique 3 fort
coefficient de rétreint sans risquer d’endommager fa puce: en

eHet la puce n'est plus enrobée de matére plastique: efle
reste & Vair libre; protégée par un capot de fermeture 16 du
boitier.

o
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BOITIER PLASTIQUE POUR CIRCUIT-INTEGRE
AVEC GRILLES EN QUINCONCE SUR DEUX NIVEAUX
ET PROCEDE DE FABRICATION

L'invention concerne l'encapsulation des circults-intégreés.

Deux grands types d'encapsulation sont utilisés
actuellement pour les circuits-intégrés, selon les applications
envisagées. .

Pour les applications les plus courantes, on utilise des
boitiers en matiére plastique moulée réalisés de la maniére
suivante: on prépare une grille de connexion métallique qul
servira 4 la fols de support & une -puce de clrcuit-intégré et de
broches de connexion extérieure au boitier; on reporte la puce
sur cette grille par collage ou soudage; on relie la puce par des
fils aux différentes broches de la grille; et on enrcbe la puce
et les fils de matiére plastique, par moulage.

Cette technique donne satisfaction mais présente certaines
faiblesses, en particuller sur les points suivants: 1l y & risque
de pénétration d'humidité dans le boitler par infiltration aux
interfaces entre la grille ¢t la matiére plastique; la matiére
plastique est directement en contact avec la puce de siliclum et
exerce des contraintes mécaniques sur la puce, surtout
lorsqu'elle est de grande surface; la gamme de température de
fonctionnement correct est limitée (en général de -40°C a +85°C);
s  dissipation thermique est limjtée «car la conductivité
thermique de la matiére piastique est relstivement mauvalise;
enfin, le nombre de broches d'entrée-sortle du boitier est limité
du fait que les flls de lalson entre la puce et les broches
doivent retster écar'tés les uns des autres d'un certain. pas
minimum; le moulage plastique impose ce pas minimum.

Pour éviter ces dive;'ses limitations, on a proposé, pour

les applications plus deélicates, d'encapsuler les

circuits-Intégrés dans des boitiers de céramique. Cette technique -

consiste A sérigraphler des conducteurs sur des feullles de

céramique crue, & cuire ensemble les feullles de céramique pour
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constituer un substrat 'tje céramique, & coller ou souder une puce

de circult-intégré sur une face du substrat, 4 relier ia p\ice sux
conducteurs sérigraphiés qui l'entourent, & fermer le substrat
par un capot scellé hermétiquement, et & souder A& l'extérieur du
boitier des broches de connexion venant en 'contact avec des
extrémités affleurantes des conducteurs sérigraphiés.

Dans cette technique plus sophistiquée, les Infiltrations
d'humidité sont réduites au minlmum, car les feullles de
céramique cocultes sont parfaitement étanches et la soudure du
capot (en général une socudure de métal sur de la céramique) est
également trés étanche; U n'y a pas de contrainte mécanique sur
la puce car elle n'est pas enrobée de msatlére plastique mais elle
reste a4 l'air; 1'absence de matiéere plastique permet un
fonctionnement & température amblante plus élevée (jusqu'a +125°C
par exemple et dans certains cas 200°C); le pas des conducteurs
sérigraphlés peut &tre plus petit que -les ‘pas d'une grille de
connexfon et l'absence de moulage par injection permet de
diminuer la distance entre fills de connexion volsins (fils de
connexfon entre la puce et le substrat); enfin, la diss{pation
thermigque est améliorée car la conduction thermique de Ia
céramique est blen meilleure que celle de ias mstiére plastique
moulée.

Mais évidemment cette technique d'encapsulation en boitier
céramique est beaucoup plus couteuse que le moulage plastique.

La présente invention pour but de proposer une nouvelle
technique d’encspsulation permettant de profiter du faible codat
de la technique de moulage plastique tout en minimisant les
inconvénients de cette technique. .

On propose selon ['invention un nouveau' boitier et un
procédé d'encapsulation correspéndant; le ;‘)rocédé‘ consiste A :

- prépArer au moins deux grilles métalliques de connexlon;

- placer les grilles dans un moule de telle manlére que
leurs extrémités arrivent sur au moins deux niveaux différents a

proximité d'un emplacement réservé & une puce de circult-intégré,
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- Injecter une matiére plastique de moulage dans le moule,
le moule étant conformé de manlére & : empécher le recouvrement
des extrémités des grilles 4 proximité de l'emplacement réserveé,
ménager une cavité de réception de puce dans cet emplacement,
et laisser deépasser la grille hors du moule. pour constituer des
broches de connexion extérieures;

- placer une puce dans 1a cavité;

- souder des fils de connexion entre la puce et les
extrémités des grilles de connexion; -

- fermer la cavité par un capot hermétique.

Le boitler selon I'invention est donc constitué de la
maniéere suivante : i comprend un corps de matiére plastique
moulée avec une cavité Intérieure de réceptiontd'une puce, et,
dans cette cavité, autour de lsa puce, au moins deux séries
d'extrémités de grille de connexion non recouvertes par la
msatiére plastique du corps et placées sur au molns deux niveaux
différents, la puce étant raccordée par des fils & ces
extrémités, et la cavité étant fermée par un capot scellé
hermétiquement. )

Les extrémités de la grille de l'un des niveaux sont de
préférence décalées ou disposées en gquinconce par rappoert a
celles du deuxiéme niveau, c'est-ad-dire que deux fils voisins
partant de la puce seront soudés respectivement sur deux
extrémités de grille de niveaux différents.

Ls technique proposée selon l'invention présente les
avantages suivants : tout d'abord le coGt est faible puisqu'll
fait Intervenir essentjellement un moulage de matiére plastique
et non un substrat de cérasmique .sérigrephiée; ensuite on peut
utiliser comme matiére plastigr.e de moulage une matiére. & fort
coefflcient de rétreint au refroldissement,” de sorte que
1'étanchéité aux Interfaces entre matiére p!asthue‘et grilies

est améliorée; cela n'était pas possible avec les moulages

47958 .

classiques dans lesquels la puce était directement en contact:

avec la matiére plastique & cause des contraintes excessives

qu'une matiére plastique & fort coefficient de rétreint aurait
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imposé 4 la puce; de maniére générale, les contraintes suf la
puce sont réduites gridce & l'iInvention; enfin, la densité de
broches de connexion extérieures peut é&tre trés élevée grice &
I'utilisation de plusieurs niveaux de grille de connexion.

I1 n'aurait été que trés difficllement possible d'utiliser
plusieurs niveaux de grille avec des boitlers de matiére

plastique moulés classiquement par enrobage. complet d'une puce

et des ses flls, et un aspect important de l'invention réside-

dans la découverte qu'll devient pratiquement possible de le
falre avec un boitler moulé avec une cavité, dans lequel la puce
n'est mise en place qu'aprés moulage. En effet, U1 devient facile
de mettre en place Ia puce et ses flls asiors que les deux niveaux
de grille sont fixés en place dans la matiére plastique quil les
enrobe.

Le capot hermétique qui ferme la cavité est de préférence
réalisé dans la méme matlére plastique que' le corps du boitler;
i1 est de préférence soudé par ultrasons, éventuellement avec
adjonction d'une matiére de collage telle qu'une résine époxy.

On peut de plus envisager que la cavité contenant la puce

- et ses flls soit noyée dans une résine de protection souple (qui

n'exerce pas de contraintes mécsnique sur la puce et ses flls);
cette résine serait mise en place avant fermeture du capot; elle
aurajt I'avantage de diminuer la sensibilité & 'humiditeé.

On peut aussi prévoir qu'il y a plus de deux niveaux de
grilles de connexion.

Une embsse en matériau & forte conductivité thermique
peut étre insérée dans le moule avant Injectlon de matlére
plastique; cette embase formersit le fond de la cavité et
servirait de support et de drain thermique pour la 'puce; le
matériau peut é&tre du culvre ou du nitrure d’al\iminlum, ce
dernier matériau ayant l'avantage d'svoir un coefflclent de
dilatation trés proche de celui du silictum, permettant ainsi de
réduire encore les contraintes qul s'exercent sur la puce
lorsqu'l y a des wvariations de température au cours du

fonctionnement.
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Les grilles de connexlon présentént de préférence, l& ou
elles sont noyeées dans la matlére plastique, dés formes tordues
ou matricées augmentant la longueur des chemins de trajet de
'humidité aux interfaces grille/plastique et - assurant une
meilloure résistance & l'arrachage en cas de traction des broches

extérieures du boitjer.

D'autres caractéristiques et avantages de Il'invention
apparaitront 4 la lecture de la description détalllée qui suit et
qui est faite en référence sux dessins annexés dans lesquels

- la figure 1 représente une coupe transversale du boitier
selon l'invention;

- la figure 2 représente une vue de dessus de ce boitler;

- la flgure 3 représente une vue de dessus en perspective
du boitier. .

Le boitier comporte un corps principal 10 en métiére
plastique moulée, définissant une cavité 12 ocuverte vers le haut,
cette cavité servant de logement & une puce monolithique 14 et
étant fermée en haut par un capot de fermeture hermétique 16.

" Dans l'exemple représenté, mais ce n'est pas obligatoire,
une embase 18 moulée dans le corps 10 sert de support a la puce
14. Cette embase est réalisée dans un meatériau ayant de bonnes
propriétés de conduction thermique (cuilvre par exemple) ou mieux
dans un matériau ayant 3 la fois des bonnes propriétés de
conduction thermique et une bonne compatibllité avec la puce,
notamment en ce qul concerne les coefficients de dilatation
thermique respectifs. Le nitrure d'asluminium est un matériau
approprié & cet égard pour les puces de silicium.

L'embase 18 & été noyée dans la matiére plastique lors de
l'opération de moulage du corps 10, la surface supérieure de

I'embase affleurant de préférence dans la cavité 12 pour en

4?958'

constituer le fond et 1la surface {(nférieure de l'embase .

affleurant 4 l'arriére du boitfer pour pouvoir venir en contact

ultérieurement avec un radiateur d'évacuation de chaleur.
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Dans le corps du boitier 10 sont moulés au moins - deux
grilles de connexion 20 et 22; ces grilles sont en -métal
conducteur; elles font ssillle & l'extérieur du boitler pour
constituer les broches de connexion extérleures du boitier. De
préférence, les broches de connexion extérieures des deux grilles
sont en quinconce, c'est-a& dire que les broches d'une grille sont
décalées latérslement par rapport aux broches de l'autre grille,
de sorte qu'en pratique une broche d'une grille est située en
gros entre deux broches de l'sutre grille. On a représenté sur la
figure 2 les broches extérieures 21 de la grille 20 en quinconce
avec les broches extérieures 23 de la grille 22. On voit bien
sussl la disposition décalée des broches sur la figure 3. Un
décalage des broches d'un niveau & un autre pourrait étre fait
avec plus de deux grilles également pour aug’metiter’ la densité de
broches du boitier.

A l'intérleur de la cavité 12,. les extrémités des
conducteurs de la grille sont dénudées superficiellement,
c'est-a-dire qu'elles ne sont pas entiérement enrocbées par la
matiére plastique du corps 10; elles peuvent toutefols étre
recouvertes par une résine rajoutée dans ls cavité aprés mise en
place de la puce et de ses fils de connexion.

La cavité 12 a de préférence une forme de cuvette en
gradins, les extrémités des grilles reposant sur ces gradins,
chaque niveau de grille correspondant 84 un gradin respectif.
Dans ['exemple représenié, Ia cuvette a deux gradins au dessus
de l'embase de réception de puce et entourant cette embase : un
gradin 24 pour les extrémités 21' de la grille 20 et un gradin .26
pour les extrémités 23' de la grille 22.

Las extrémités de grille 4 I'lntérieur de la cavit: 12
sont égslement réparties en quinconce, c'est-A-dire -que leurs
positions sont alternées, de maniére qu'un fll de lalson entre
Ia puce 14 et une extrémité 21' faijsant partle de la grille 20
(et donc reposant sur le gradin’ 24) soft adjacent 4 un fil de
lisison entre la puce et une extrémité 23' faisant partie de la
grille 22 (et donc reposant sur le gradin 26).
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Les flls de lisison entre la puce et les extrémités de
grilles ont été représentés sur la figure 1 mafs non sur les
autres figures pour ne pas surcharger le dessin.

Dans l'exemple représenté, la cavité en forme de cuvette a
gradins comprend un gradin suppiémentaire 28 servant a4 recevoir
le. capot de fermeture 16 de la cavité.

) Les conducteurs des grilles ont de préférence, la ou Ms
sont noyés dans la matidre plastique de moulage du corps 10, une
forme tordue destinée & allonger le chemin de pénétration de
1'humidité aux Interfaces plastique/grille, et destinée également
4 augmenter la résistance & I'arrachement des griles en cas de
traction par rapport au boitier. '

Le procédé d'encapsulstion selon l'invention se déroule de
i1a manjére suivante : on prépare d'abord les différentes grilles
de connexion, fci les deux grilles 20 et 22. Elles sont faites
classiquement par estampage d'une plaque métallique. Les grilles
sont planes au départ et les différents conducteurs qui les
constituent sont reliés les uns aux sutres pendant la majeure
partie du procédé; les extrémités constituant les broches
extérieures ne seront séparées les unes des autres et recourbées
pour former des broches Indépendantes qu'en fin de procédé.

L'embase de support 18 (si on en utilise) et les grilles
sont mises en place dans un moule & Injection. La conformatjon du
moule'est telle que les extrémités Intérleures des grilles 20 et
22 restent dénudées aprés l'opération de moulage, de méme que la
surface supérieure de l'embase 18, c'est-a-dire la surface qui
recevra la puce 14. Les extrémités extérleures des grilles,
destinées 4 former les broches extérieures de connexlion,
dépassent hors du moule de méme que les barres de liaison entre
ces broches (barress non représentées qu'ill faudra couper 'pour
séparer les broches les unes des sutres). La surface inférieure
de l'embase reste également dénudée aprés l'opération de moulage.
Enfin, le moule définit la cavité 12 quil reste libre de toute
matiére plastique et qul a de préférence une forme en gradins

comme expliqué ci-dessus.
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Les grilles sont maintenues en place dans le moﬂe de

maniére que leurs extrémités du co6té Intérieur, autour de la
cavité, solent disposées sur deux nlveaux (ou plus s'll y a plus
de deux grilles). En pratique les grilles sont planes pendant le
moulage et les grilles sont donc superposées sur deux plans
paralléles dans le moule. C'est également pendant l'opération de
moulage gque sont définies et maintenues les positions relatives
des grilles pour aboutir & une disposition décalée ou en
quinconce.

Le moulage est fait par Injection d'une matlére plastique
thermoplastique, de préférence ayant un coefficient de rétreint
asgez fort au refroidissemeﬁt, pour enserrer fortement les
grilles 20 et 22. On cholsira de préférence une matiére plastique
tenant & haute température (supérieure & 200°C).

Aprés démoulage, on colle ou on soude une puce 14 dans
le fond de la cavité réservée, sur l'embase s! une embase est
présente. On soude des flls de liaison entre la puce et les
extrémités dénudées des grilles 20 et 22.

On peut alors déposer dans la cavité 12 une résine de
protection qui vient noyer la. puce et ses fils. On peut aussi
lalsser la puce et ses fils 3 l'air Ubre.

On ferme alors la cavité avec le capot 16 qui est de
préférence constitué dans la méme matlére que le corps 10 du
boitier. La soudure est de préférence une soudure par ultrasons,
éventuellement aidée par une résine de collage.

On termine le montage en coupant les barres de Laison

(non représentées) entre broches extérieures et en recourbant

ces broches pour leur donner une forme désirée. La figure 3

représente un exemple de forme donnée & ces brothes. On y voit
la disposition en quinconce des deux niveaux de grille, et on
voit la cuvette en gradins portant sur chaque gradin un nivesu

respectif de grille.
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REVENDICATIONS
1. Procédé d’encapsulation de circuit-intégre,

caractérisé en ce qu'll comprend les opérations suivantes

- préparer au moins deux grilles métalliques de connexion
(20, 22);

- placer les grilles dans un moule de telle maniére que
leurs extrémités (21', 23') sarrivent sur au moins deux niveaux
différents 4 proximité d'un emplacement réserveé a une puce de
circuit-intégre (14),

- injecter une matlére plastique de moulage dans le moule,
le moule étant conformé de maniére &4 : empécher le recouvrement
des extrémités (21', 23') des grllles A proximité de
i'emplacement réservé, ménager une cavité (12) de réception de
puce dans cet emplacement, et lalsser dépasser la grille hors du
moule pour constituer des broches de connexion extérleures (21,
23); .

- placer une puce (14) dans la cavité (12);

- souder des fils de connexion entre la puce et les
extrémités (21, 23') des grilles de connexion;

- fermer la cavité par un capot hermétique (16).

2. Procédé d'‘encapsulation selon la revendication 1,
caractérisé en ce que ls matiére plastique de moulage est une
matiéx;e plastique a fort coefficient de rétreint au
refroidissement.

3. Procédé d'encapsulation selon l'uné des revendications
1 et 2, caractérisé en ce que les extrémités de grilles. autour de
l'emplacement réservé & la puce sont dlsposées. et malntenues en

quinconce pendant l'opération de moulage.

4. Procédé d'encapsulation selon l'une des revendications

1 &4 3, caractérisé en ce que les grmesﬂsont maintenues pendant
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l'opération de moulage de maniére que les- broches extérieures
solent disposées en quinconce.

5. Procédé d'encapsulation selon l'une des revendications
1 8 4, carsctérisé en ce que la cavité a une forme de cuvette A
gradins (24, 26) les extrémités de grilles reposant sur ces

gradins autour de l'emplacement réservé a la puces

6. Procédé d'encapsulastion selen l'une des revendications

1 4 5, caractérisé en ce qu'une embase thermiquement conductrice
{(18) est placée dans le boitler pendant l'opération de moulage,
cette embase étant destinée 3 servir de support et de drain

thermique 4 ls puce.

7. Procédé d'encapsulation selon l'une des revendications
1 & 6, caractérisé en ce qu'une résine de. protection souple est
déposée dans ia cavité aprés mise en place de la puce et de ses

fils de liaison et avant fermeture de la cavité par le capot.

8. Procédé d'encapsulation selon l'une des revendications
1 &4 7, caractérisé en ce que [& capot de fermeture est résalisé
dans la méme matiére plastique que celle qui 8 servi su moulage,
et qu'll est soudé par ultrasons au dessus de la cavite.

9. Boitjer d'encapsulation de circuit-intégreé,
caractérisé en ce qu'll comprend un corps (10) de matiére
plastique moulée avec une cavité Intérieure (12) de réception
d'une puce (14), et, dans cette cavité, sutour de la ;::huce, su
moins deux séries d'extrémités (21', 23') de grilles de connexion
non recouvertes par la matiére plastique du corps et placées sur
au moins deux nlveadx différents (24, 26), la puce étant
raccordée par des flls A ces extrémités, et la cavité étant
fermée par un capot {16) scellé hermétiquement.

10. Boitier selon la revendication 9, caractérisé en ce que
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les extrémités (21') de la grille de l'\.;n des nlvesux sont de
préférence disposées en quinconce par rappof( a ce!ies (23"
d'une grille d'un deuxiéme niveau, c'est-d-dire que deux fils
voisins partant de la puce seront soudés respectivement sur deux

extrémités de grille de niveaux différents. .

11. Boitler selon. l'une des revendications 9 et 10,
caractérisé en ce gu'il comporte une embase (18) en matérisu a
forte conductivité thermique servant de support et de drain

thermigque 4 la puce.

12. Boitier selon l'une des revendications 9 & i1,
caractérisé en ce que le capot est réalisé dans la méme matiére
que le corps du boitler.

13. Boitier selon Il'une des revendlcstlons 8 a 12,
caractérisé en ce que la cavité fermée par le capot est remplie

de résine de protection souple.

14. Boitier selon l'une des revendications 9 a 13,
caractérisé en ce que les conducteurs des grilles présentent, la
ou ils sont noyés dans la matiére plastique du corps (10), des
formes tordues ou matricées pour allonger le chemin de
pénétration de I1'humidité & l'interface plastique/grille, et pour

sugmenter la résistance & l'arrachage.
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-8ypenna ckpaxHH M foGuiue HebTH Bce- noBblleHyte NMDOWABOMUTENBHOCTH H yh-—
COM3HOTO HAYYHO-NPOMSBOMCTREHHOrO pomelHe Mpouecca kancyniuposaHus. Ha
o6benunenun "'Mortenuyuan' Topuax ‘craropa | c kancynupyemoit
(72) n.A.3ncrpax, C.A.llimopun, OGMOTKO# 2 yCTAHABIMBAWOT TIepMeTHSH—
B.H.Tokapn, M.M.Mnasuux PYWRHE 3ArNTYNIKM C RPAMAIUMMHCH 3 H
# JI.X.Hapeny HeNOABHAHbBIMH 4 YacTAMH, B KOTOPMX
(53) 621.315 (088.8) ’ COOCHO CO CTATOPOM VCTaHaBIHBaWT
(56) Aurtopckoe cmunerenscTro CCCP repMeTHuHblT BBoO. ['epMeTHUHBH! BBOX
E- 1334297 Al, kn. H 02 K 15/12, cHabxeH narpy6xaMH Oan BaxKyyMHpoB&a~
1984, . HHA 5 M nnA nomauH koMmnayHpa. CraTop §
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' BpameHHa cTaTtTopa H BKlilouawT

3 1494 148" 4

1 yé%auannuaamr B YCTPOICTRO 8 nan
uarpe-
BaTensy 9. R xaunanm 7 yCTanAapnHUBAKT
ynnoTHAwmie npobku 10, onuompeMenno
HAYHHAA BaKYYMHPOBATH NONOCTH c"ra'ro—
pa. Bxknwualor BpameHue crartopa H no-
ﬁawr KOMNAayHIa 4epes3 nartpyfok B no-
IOCTH BpamawmerocA craTtopa. 3aniMBKY
06MOTKH CTATOPa KOMNAYHAOM NPON3IBO-
OART TNPpH DpamielHH craTopa, He CHUMag:
BaKyyMa npH nossmeHnoR TeMreparype.

10

Mocne 3anNUPKH NPOU3BOOAT pasrepMeTH-—
3auim CTaTopa NyTeM nNpexpameHHs Ba-—
KYYMHPDOBAaHHMA, MPH BTOM pon melc TBHeM
HenTpobexrHbx cun npobku 1C BHTANKH—
BawTCA M HIJHOKH KOMNAyHOA BHTEKAT
H3 nonoCcTH crartopa. [loBbmasnT Temne-—
paTypy Harpeea cTaTopa H NPOH3IBONAT
TepMoO6paboTKy, He rpexkpamasa BpameHus
cratTopa RO MOMKOrc HWIH 4YaCTHYHOro oT-
BepXneHHus xounayﬂna. 1 3.n. ¢-nel,

t un,

H3ob6peTeHHe OTHOCHMTCA K o6nacTtH
JNeKTPOTEeXHHKH, B uacrnocrk_x Tex-
HOJIO'HH KancynHpoBaHHWA OOMOTOK CTAaTO-
POB 3NeKTPHYECKHX MamiHH,

llenb H3O6peTEeHHN — MNOBbmEHHE UPO-—
HIBOMAHTENBHOCTH, YNpOmMEHHe rpolec—
Ca KancynHpoOBaHHA H YMEeHLmeHHe pac—
XOQ/a XKoMnayHna.

Ha .ueprexe usobBpamen crarop
B npouecce ero 3aIHBKH,

Kancynuponnuue O6MOTKH 1o
npennaraeMoMy cnocoby OCYymeCTBIALT
cnenyiomHM o6pasoM.

Ha Topuax ctatopa 1 c kKancynupy-
-eMoft o6MOTKOH 2- yCTaHABNMMBAWOT rep-.
METHIHD YioIHE sarnymxkH, B KOTOPLIX

. .COOCHO CO CTAaTOpPOM C ONHOMN HAH RBYX

CTOPOH YCTARHOBJMIEHHM I'epMeTHYHbLIe BBO—~

-Jpl. Ha ueprexe nokasau repmeTHuHsll -

BBOM, YCTAaHOBNeHHbOl B OffHOI M3
CTOPOH CcTaTopa B 3Jarfymke, BXIOWaio-
mefl ppamalomyloca 3 U HeMopBHXHYIO 4
wacTH. lepMeTHuHbli BBOST cHabOxeH -
naTpyGKaMH JUIA BaKYYMHPOBaHMA 5,

© noriauyH KoMnayHma 6, pacnonomeHHbIMMH

B HenomeBHxHOfi wacTH 4 repMeTH3IHpYIo—
meil- SarJayviikU .,

B kavyecTBe naTpy6kKa mns CAHB3 H3—
NMOKOB KOMMAYHA3Z MCHONB3YIOT BHYTDEH-
HIOI HHIHHAPHYECKYW NONOCTh BO Bpa- -’
maomeficn yacTH 3 repMerTnsHpyomell sa-
rayukH, smHHuMansusth nuamerp (d) no-
JIOCTH Nno KpaltHefi Mepe Ha rpaHHUe
KancyJHpoBaHHA paBeH 3afjaHHOMY nwa-—
METPY 3anHBKH. 3Ta nonocts coobmaer—
ca C pagHanbHbLIMH KaHanamit 7, pacno-—
noxeHHsMH non yraoM no 90° x ocu
cTaropa C RepwHHOH, oOpameHHoi x Tio—
JOCTH cTaTtopa, H HMEImHMH hopMy KO-
Hyca, MeHbwee OCHOB3aHHE KOTOpOro Han-
paBileHO K QCii cTarepa,
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:CTaTQp 1 ycraHaBmuBawT B ycTpoil-
cTBO 8 ONA BpameHHsa cTaTOpa H BKMio—
yawT Harpesartenes 9 fsUIA npenBapUTeENb-
HOr'O Harpema craropa -1,

B BuiXopHele oTBepcTHR KaHamos 7 pas
CJIHBA KOMOaysa YCTAaHaBJHBAaKOT YNINOT-
HawpmHe npobxu 10, onHospemeHHo Hayu-
Hast BaKYYMMPOBATE NOMOCTH CTATOPA
1, lpy 3ToM 3a cueT HApYXHOro aTMoc-
depHoro nasneHus npobku 10 ynaoTHawLT
KaHans 7, ofGecneunras TpebGyemsdt Ba-
KYYM BHYTDH cTaTopa 1. :

3aTeéM HAYHHAOT BpamaTb CTATOP
BMECTEe C YCTAHOBJIeHHOH repMeTH3IHpYIo-
mefti sarnymkoit., IIpu arTom naTpy6kH nnas
BaKYYMHPOBAaHHA 5 # nonayu kKoMmayHpa
6 cBasaHbl wepes KpaHu NHGO ycrpo#icTBa
HX 3aMeHAINEe COOTBETCTHEHlO C CHCTe~
MaMB BaKYYMHPDOBAaHMA H E€MKOCTBI C KOM—
nayigoM. OnHOBpEeMEeHHO HA cTAaTOpPE NpH
nmoMomH Harpesartena 9 nonmepxHuBaeTcs.
TemnepaTrypa, TpebyeMan nna obecheue-
HHA KayeCcTBEeHHON SanUBKH KOMNAyHAA....
3Ty TeMneparypy BHOHPAIT H3 VCHOBHN'
OOCTHREHHA ONTHMAaNbLHOR BA3KOCTH KOM—
nayHna npH S&THEKe .

MpoussonAaT momauy kxommayHpma B Ba--
KYYMUPOB3HHYK MOMIOCTL BPamMawmerocs
CTATOPA HEeNOCPEefCTBEHHO K nasam
craropa uyepes narpyb6ok 6; ycrawos-
neunui B -Henonsmxuo#t (Hespamawomefica)
yactH 4 repMeTHUYHoro BBOja H PO—

Leba

AR

" goJDxaiT BaKYYMHMPOBATDH BpamanmEHiCcs

CTAaTOP .

O0MOTKY Bpamawmerocs cTarTopa s3a-
MONTHAKNT XHAKHM KOMNAYHAOM B KOJH-
9eCTBe, HECKONLKO NpeBLmaxsieM pac-—
getnoe. Mocne artoro npoussonsaT ’
PasrepMeTH3IaUHK CTATOPa NMyTeM npe-
KPAamMeHHA BAKYYMHMPOBAHHMA NOMOCTH CTa-
TOpa H OffHOBPEMEHHsSt CJTHB MITHIIKOB
KOMMayHna., 3Ta ONHOBPEeMEeHHOCTL foc-
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THraeTCcA TeM, YTO NpH npexpaueHuun Ba-

. KYyMMpOBAaHHA noj pneitcTBueM LHEeHTpO—

OexubiX CHJI BMTANKHBawTCA npobku 10,
YNMNOoTHABOHE KaHalb! [UIA CHHBa HANHm-~
KOB KoMnayHpa.,

HammkH# xoMnayuna nog fnefictTBHeM
UeHTPOGEXHNX CHJI EbITEKalT M3 MONOCTH
cCTaTopa /10 YPOBHA, olpefensieMoro Mu<
HUMASNTbHLIM AHAME TPOM MSIHHOpHYecKkolt

NONOCTH MNONBMXHON YaCTH repMeTH3IHDYIO—.

melt saraywku. 3aTem noBLmMAKT TEeMme-
PATYPY Harpespa CTaTopa H NPOHSBOOAT
TepmMooBpaBoTKy cTaropa B Nnpolecce

ero BpameHHA [0 MOJIHOTO HWIH WaCTHYHO~
ro OTBEPEXOEHUA KOMIIayHza.

Il puMe p. B3anusky craropa no-
rpyxHoro snexrtponsurartens [3[412,5~
-117/4 NPOHSBOMAT 3MOKCHIHLM Hamon-
HeHHbM KoMriayHnoM mapku 33K8/4. Yucno
o6opoTroB, HeoOXonMMOE ANA CO3JAaHHA
maBneHuA B koMiayHNe B npouecce ppa-—
meHHsA, onpeneneHHoe MO pasMepaM cTa-—
TOpPa M YAEGSLHOMY Becy KoMnayHaa - )
150 o6/mun., TemnepaTypa crTaropa npy
sanuBKe, HeoOXoOmUMaR NJIA nofRpepxaHHs
KOMNayHna B XMAKOM cocToANHH, 70°C,
NonocTh CcTaTopa BaKYYMADYWOT OO oOCTA—
ToyHoro namneuun 40 mM pr.c™.

B kawecTme maTepHana NNIA HITOTOB-
JIeHHA NPOGOK HCNonNb3IOoBAHA pesHMHa Map-
xu 3826 Ha ocHoBe 6YTafHEH~HHTPHILHO-
ro Kayuyvka ¢ nnorHocTteio 1350-

1400 xr/m?.,

Mlocne sanonHenua cTaropa XoMnayH-
AOM B KONWUecCTBe, HpeBwmacmeM pacueT—
Hoe wa 0,3-0,5 kr ero BhaepxHBawT
B fnipouecce BpameHHs MNPH OCTATOUHOM
nasnehnﬁ He -Bbme 40 MM pT.cCT. B Te-
yenne 3-5 yuu, npu 70-80°C, nocne
yero NpeKpamawT BaKyyMHpPOBaHHe, YTO
OHOBPEMEHHO BLHI3MBAET BHMAalleHHe npo- .
60K H3 KaHanos BO BpamammeficR HacTH
repMeTHYHNX BBOAGB H CJHB H3NHIDKOB
KOMNayHaa N0 YPOBHS, ONpenenaeMoro
MHHUMANbHLEIM OH3MEeTDPOM IWIHHIPHYEC—
KOl nMoJIoCTH HMCHONBIYEMOro B KaudecT—
Be naTpy6ka apna cnusa 46 mm. Bpems
cmuBa koMnayHna 10-12 mun. 3atem cra-
TOp HarpesanoT no 120-130°C Bo spa-
meHun (B TeweHue -0,5-0,7 u) u Tepmo—
o6paSaTuBawT, NONNEpXHBAR 3Ty TeMre-—
PaTypy B TeueHue 3 4. 3arTem BpameHHe
npexpamawT. CTatTop noMemawoT B fieyb
¢ 150-160°C, rpe npoussonaT oxowwa-

1494 148
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TellbHYIO TepnooﬁpaﬁoTky B TeuyeHuc
10 4,

Crniocof MoxeT OlTh HCNONBIOBAH IR
KancyaHuporauua oOMOTOK craropon
3TeKTPHUECKHX MamuH,

Hao6peTeHie MO3IBONHT YMEHBUUTH
TPYNOEMKOCTDH KancysSHpoBaHHA BBHARY
OTCYTCTBHA cJioxHOff H Tpelyiomelt nepu~
oguueckoft ounctku (Moitka, BeKMoOYe-—

- HHe) CHCTeMH xpauoa, NMOBLICHTD HPOHS~—

BOAHTeNbHOCTL Onaropaps COKpameHno
BpeMeHH KancyJlHpoOBaHHA sa cueT
yMeHbIIEHHST 3peMeHH CAuBa KoMnayHoa
H COBMEemMEeHHA onepauufi crisa pasrep-
mMerTHsauHH. Kpome Toro, croco6 oBec-
neuHBaeT 3KOHOMHMK KOMNayHma, MSJHEom-
KH KOTOPOro He ocTawTcs B narpybke B
npolecce .cAuBA., ‘
bbopMyna HusobperTeHHSA
1. Cnnoco8 kancynupoBaHHR OOMOTKH
CTATOPA NOrPYXHOrO 3MeKTpPOoBHraTe-—
Jif NPH KOTOPOM MPOHSBOMAT YCTaHOBKY
HA TOpHAX CTaTopa BPAMAKEHXCSH sarmy-
meK, oxHAa HI KOTODHX HMeeT repMeTH—
Sup yommit BBOJ, BpAarleHHe cTaTopa OT-
HOCHTENIBHO eroc OCH, BaKYYMHPOBaHHe
MOJIOCTH CTaTOpPa, MNONavYy XHMOKOI'C KoM=-

‘nmaysna Kk o6MoOTKaM craropa, pasrep-

METHIAUHI NOJIOCTH CTAaTOpa, CINHB H3~
JIHOKOB KOMITAayHAa H TepMooGpaboTKy He
npeKkpaman BPalleHHA, O T J1 H W a8 lo—
muACaAa TeM, UTO, C Hensw TOBLI
meHHA NPOHSBONMHTENBHOCTH H yrnpome-
HHA npoilecca KanucyaHpoBaHHMR OQOHY HS
3araymex M BBOM BHITOSIHAIOT ¢ pasHolt
BHCOTOH” JUIA 06pasoBaHHA BHYTpPeHHeN
IMIIHHOPHYECKOR MOJIOCTH, B KOTOopo#
BLIITONHAIOT panuanbHble KAHANN IR yC—
TaHOBKH YIUIOTHAIOMHUX NPOGOK, CHKB HS~
JIHWKOB KOMMAYHOA NPOHSBORAT MPH pas=~
repMeTH3IaUHH MOJNIOCTH cTaTopa Yepes
IMAKHAPHYECKYIo. MOJIOCTh H KaHA&MW, oc—~ -
BoGoxnexnbie or MpoBoK NpH CHATHWU Ba~
KyyMa non nefcTeHeM UeHTpOoOeXHuIX CHIsl.

2, Cnoco6 no n.1, o TN H ¥ a o—.
m i csAa TeM, uTO, C UENIBI0 YMEeHb—

meHHA pacxoma KoMnaysuna, OHAMETP UH-
mMHAPHYEeCKOAi nMonocTH Ha rpaHpme xam—
CYNUPOBAKHA BHUIONHAKNT PaBHMM YPDOBHIO

TASTHBKH .
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COO3 COBETCHMX
COLBAA TMCTUHECHMX
PECTIYB/TH

fOCYAAPCTBERHbLIA HOMUTET CCCP
NO AENAM U3OBPETEHMI N OTHPHITHA

wUw 1334297

64 _H 02 K 15/12

A1l

ONMUCAHUE U30BPETEHUA

K ABTOPCHOMY CBUAETENLCTBY

(21) 3833308/24-07
(22) 30.12.84
(46) 30,08.87. Bion. ¥ 32
{(7%) CnenHannbHoe NPOEKTHO—KOHCTPYK=
TOpCKOE M TEeXHOJIOrHYecKoe 6wpoO no
NMOTPYXHOMY 3J1eKTpooGopynoBaHHIO AMA
OypeHHMA CKBaxHMH H A06biuu HedTH Bee—
CONSHOTO HayyHO-I DOHSBOHCTBEHHOFO
o6benuHenua ''Morexnumnan'
(72) B.A. Peanuxkon, JI A, 3ucrpax
¥ C.B. llaranos
(53) 621, 315(088.8)
(56) 3aaBxa Slnouuu ¥ 55-23017,
xn., H 02 K 15/10, 1973,

3aaBka finowun N 55-33126,

meHHe KauecTBa KancyJIHPOBAHHA NyTeM
o6ecneveHHss MOHOJIMTHOCTH H, TOYHOCTH
pasMepoB 3aJMBKH cTaTopoB. CraTop
flocne YCTAHOBKH B saxuMax 8 u ycTa-
HOBKH 3arnymex 3, repMeTH3upywmero
pBoxa 4, natpy6koB 5, 6 m 7 u noncoe-
IHMHEHHA HX K COOTBeTCTBYIOI}IM CHCTe-
MaM NHTAHHA NPHBOLAT BO BpameHHe.
OTKpPLIBawT nNaTpy6ok 6 H BaKYYMHPYWT
nonocThs cTaTopa. OTKpHBaKT NaTpyGok

5 u nomawT XMAKHN KOMNayHa K JNoGOBbLIM
yacTaM o6MoTKku 2. KoMnayHp pacTekaeT—
cA o nasaM OOGMOTKM, 3aNOJIHEA MNyCTO—
Toi. OTKpHBAWT nNaTpy6ok 7, BClEACTBHe
Yero HanHmeKk KOMnayHaa BbliaBlIHBaeT—

xkn. S5 A 01, 1971. ca M3 nosocTH, OTCOenMHAT NaTtpyObokK. =
(54) CIGCOB KAINCYNUPOBAHWA OBMOTKH 6 OT BakyyM—CHCTEeMbl H pa3repMeTHIH— L
CTATOPA TNOrPYKHOI'O J3JIEKTPOOBUIATENA PYWOT TNOMOCTb CTAaTOPa. BrrwuyawT Ha- (ﬁ
(57) HUsob6peTeHHE OTHOLHTCA K 3JeKTpo— rpesaTten 9 H npoussomsaT TepMmoobpa-—
TeXHHKe, B YaCTHOCTH K 3MeKTPOMailm-— 60TKY cTaTopa B npouecce ero BpameHHA c:
HocTpoeHHw. llens H3O06peTeHHA - MOBHI— OO OTBEDXOEHHA KoMnayHma. | wum. =
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Z
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‘TeXHHKe, .

1 1334297 2

Hsoppereuue OTHOCHTCA K 3JIeXTpo— -
B YaCTHOCTH K TEXHANMOI'HH
H3TOTOBNEHHMA NOTIPYyXHLIX 3JIeXTpoABHra~
Teneft.

ecce ero BpameHHA
‘'KOMMayHga.

AO OTBepXROEeHHusA

Opuw™Mmep. 3anu§xy cTaTopa nor-

) Henn quﬁpereung = noBbLMEHHEe Ka=- 5 PYXHOrO 3NneKTpPORBHIraTens HBH 32--
YecTBa KancyJHpoBaHMa nyTeM ofecne— 103BB5 npoBOAAT HanogHEHHBIM KoMnayu—
YeHMsI MOHOJIHTHOCTH H TOWHOCTH pasMe- mom 33K 8/4, Yucno oGopoTom, HeoBXo-—
POB SANMHBKH CTATOpPOB, CHaGXEHHHX Ha AMMOe A COSHAaHHA [NOABJI@EHHA B KOMMAYyH—
Topuax CpenCTBaMH INA YCTAHOBKH rep~ {0 Qe B npoilecce BpameHHA, OnpelneneHHoe
METHSHDYIOMHX 93JIEMEeHTOB, o pa3MepaM CTaTopa M YAENLHOMYy BecCy
Ha vyeprexe npencrasieH cTraTtop komnayspa, cocrasnaet 182 o6/m.Tem-
€ repMETHIHPOBAHHON MNMOJIOCCTHIO B MpO— nepatypa craTtopa npH sanmMBKke, HeoO6Xo-
riecce ero sSanHBKH, . pMMan [UIA NOONEPXAHHA KoOMnayHaa B XHAO~
‘2 xopnyce cratopa | sakperuiena 15 KOM COCTORHHH, paBHa -70°C. DonocTs
pacnolioxeHHas B nasax o6MoTKa ¢ Jio- ‘cTaTopa BAKYYMHPYT JO OCTAaTOUYHOIO
GoBuMH vacTAaMH 2. Ha Topunax xopnyca, naenenua 40 mv pr.cT. Tlocne 3anuBKH
Ha pesble, npegHasHauveHHoON Ans Kpen- " KOMII2YHNa CTAaTOp BLIAEPXHBAWT MNpH Bpa-—
NleHHA TepMEeTHSHDPYWmHX NOJIOCTh CTATO- meHud B TevenHe 3 u npu 100-120°C,
. pa ynnowuenuﬁ, HMewTCA sarnmeH 3, 20 nOCJI¢ 4Yero «ro noMenawT B neys Ons
B XOTOPWX C BOSMOXHOCTBLIO BPamEHHA QT— HopManusauux npu 160-180°C
HOCHTENILHO SariymKH 3 YCTaHOBIEH rep- .
METHIHDPYIOMHA noNocThL .CTaTopa BBOA dopmMyna HsoGpeTeHHSR
4, Ha XOTOPOM PACNONIOXEHE MNMaTpyGOK
5 oA nomauH RuUOKOIro KoMmayHua X 25 Crnoco6 kancy/nHpoBaHHMA O6MOTKH CTa-,
‘NOoGOBLIM. YACTAM OBGMOTKH 2, nartTpy6ox TOpPAa MMOrPYXRHOI'O 3NeKTPOABHIaTesd,
6 oA nOogcoeAHMHEeHHA X BaKYyM—cHCTe- _BKIIOUan@H BpameHHe CTaTopa OTHOCH—
Me ® narpySoxk 7 gana cnusa HSnHm- TEJILHO ero OCH, NoAady XHOKOTO KoM=
XoBp xoMnayHpa, CraTop sarperuieH B - nayHpga BO BHYTDEHHIOK NMOJIOCTL cTaTopa,
"saxuMax 8 npusoma. Boxpyr craTtopa 30 cnMB H3NMHNKOB H NOCHeaywllylo TepMo-—
YCTaHOBNIeHH Harpesarenu 9. o0paboTKyY KOMIayHOa Ao ero oTBepx—
CTaTop nocfle YCTAHOBKH B saXuMax OesHd, O TN H Y a0 mHUNKCSA TeM,
8 u ycraHoBKM sarsymex 3, repMeTHsSH~ 4yTO, C UEIbi0 NOBLMEHHsA KayecTBa Kamn-
pyiomero BBoaa 4, naTtpyG6koB S5 - 7 u CYJIHPOBaHHMA NyTeM obecneveHHd MOHO—
-NMopCcoeAHHEeHA HX K COOTBETCTEYIONMHM 35 JO{THOCTH M TOYHOCTH Pa3MepoB 3anuB-—
CHCTeMaM ‘MHTAHHA, RPHBOART BO Bpame-— KH CTaTOPOB, CHabGXeHHbIX pa3MemeHHbi—
e, CKOPOCTL BpAmMEHHA BHOSHpAKT MH Ha TopLaxX CpencTBaMM UIA ycTa-
. HCXOOA HS YCIIOBHR ofecnedeHHAa QaBjie- HOBK:! repMeTH3HpYWIHX 3JIeMeHTOB, Ha
HHA B XHOKOM KOMnayHOe He MeHee TOpPHaX CTaTOPa YCTAHawBNUBawT repme-=
0,05 MIa. OTkpsBawT nNaTpyGok 6 H 40 TH3UDYLmHE SariaymKkH, B KOTOPBIX CcO-—
BaKYYMHPYIOT IOJIOCTH cTaropa. OTKpbi~ OCHO CO CTATOpPOM YCTAHaBNIHBAWT Trep-
PalT nNaTpySox 5 H noAawnT XHOKHI KoM-— METHUYHble BBOIN, CHaGxXeHHble naTtpy6ka-
payHag K J1000BBIM HacTAM OGMOTOK 2. MH [UIA BaKYYMHPOBaHHUf, OMNA nopauu
TMlon nelicTBHeM HeHTpPOGEXHON CHMLL. KoMnayHna | X To60BBM YACTAM O6GMOTOK
BHYTDH BaKyyMHPOBaHHONl NOJIOCTH 45 ppamawmerocsa’ CTaTopa H ONA CJIHMBa
cTaTopa KOMIIAYHA pacTexaeTcs no na- HSIHMKOB KOMIayHAa, YCT3HOBJIEHHHM B
22 OOMOTKH H B JIOGOBLIX YacTHAX, 3a— repneruqaou BBOfE Ha YPOBHe, COOT—
fIONHAR .NYCTOTH. OTCOEAHHAKWT NaTpy-— BETCTBYylomeM 3afJaHHOMY YPOBHIO 3alHBKH,
6ok 6 oT BakyyM-cHCTeMH H pasrepde— nocne wero BaKyyMHDYIOT Bpamasomuiics
THSHPY®WT NOJIOCTH CTaropa, He npexKpa— 60 CTaTop, NOoAawT RMAKHH KOMNayHn no
masg BpameHHA cTartopa. OTKpHBawT natpy6xy noRavH KoMnayHza, pasrepse-
naTpy6oK 7, BClIeRCTBHe Hero H3NMHmeK TH3HPYIT Bpamawmuics CTaTop, OoCcy-
KOMITayHnOa non OeficTBHeM UeHTpobex— mMecCTBAAINT CJIHB H3NMHOKOB KoMnayHOa
HOt CHJTH BbLOABJIMBaeTCA H3 MNONOCTH HS MONIOCTH BPAMEKMETOCA CTaTOopa He~
CTaTopa N0 YPOBHA YCTAHOBKH NaTpy6-— 55 pe3 natpyb6OK CiMBa M nocjie CAMBa.
xa 7. BxmoualoT HarpesaTtesu 9 M npoua- M3JIMDKOB NMOABeprapT Bpamaomgics
BOOAT TepMoOOpaBoTKY cTaTopa B noo— cTator TepMoobGpaboTke.
BHHHUMK . = 3axas 3975/53  Twupax 659 MonnucHoe
flponas. nonurp. np-tue, r. Yxropoa, yn. [lpoexTHan, 4
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ROYAUME Dt BELGIQUE BREVETT B’]NVENTION

No 891.258
Classit, internat.: HOS"

Mis en lecture te: . 16 _03_ 19&

MINISTERE DES AFFAIRES SCONOMMUES

Le Ministre des Affaires Economiques,
Vu la lof du 24 mai 1856 sur les brevets dinvention ;
Vi la Convention d"Uniont pour la Protwection de la Propriété Industricile ;
Vu le.procis-verbal dre.saé le 26 novembre 19 81 a 14 A 55

au  Service de la Propriété industrielle;

ARRETE :

Arlicle 3. — ll est déliveé ¢ 1a Sté dite : WESTERN ELECTRIC COMPANY
INCORPORATED
. 222 Broadway, New York, N.Y. (Etats-Unis 4'Amérique),

repr. par les Bureaux Vander Haseghen a Bruxelles,

7.40.0
&

un brevet dinvention powr: Epcapsulstion pour un circuit intégré,

qu'elle déclare avoir fait 1l'objet d'une demande de brevet
déposée aux Etars-Unis d'Amérique le 28 movembres 1980,

n°® 210.776 au nom de ‘A.J. Togram. et I. Weingrod deat elle
est l'ayant cause.

Arlicle 2, — Ce brever lui est déliwé sans examen préalable, 8 ses risques et
périls, sans garantie soit de la rédité, de la é ou du mérite de Tinvention, soit
de lexactitude de ie descripiion, et sais piréjidice du croit Jes lvis.

Au préserst arrété demeurera joint un des doubles de la spécification de linvention

(mémoire descriptif et éventuellernent dessins) signés par linuéressé et déposés & Pappui
de sa dernande de brevet.

Bruxelles. le 15 décembre 19 81

PAR DELEGATION SPECIALE :
Le Directeur

L. SALPETEUR
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A.J.Tagran 1-2 Belgiun DESCRIPTION

Jointe A une demande de

BREVET BELGE

déposée par la société dite:

WESTERN ELECTRIC COMPANY, INCORPORATED

ayant pour objet: Encapsulation pour un circuit intégré

Qualification proposée: BREVET D'INVENTION
Priorité d'une demande de brevet déposée aux Etats~Unis

d'Amérique le 28 novembre 1980 sous le n°® 210. 776 aux noms
de’ Arthur J. INGRAM et Irving WEINGROD

519 7
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La présente invention concerne 1'encapsulation des
puces de circuits intégrés 3 semiconducteurs.

0 encapsule les puces de semiconducteurs & la
fois pour la protection et pour la commodité de 1l'intercon-
nexion des circuits des puces avec des bornes situées sur
des supports de montage tels que des cartes de circuit
imprimé. L'encapsulation facilite également le test et le
montage automatique de puces dans un dispositif. Il existe
une trés grande variété de boltiers de puces de circuits
intégrés, mais les types en matiére plastique pcst-moulée,
non hermsStiques,tels que le boltier & double rangée de con-
nexions et le boftier du type borte-puce, présentent un
intéré&t majeur. Des normes existent ou.sont =n cours d'éla-
boration pouf les boltiers de ces types, et ces normes
prescrivent les dimensions générales, les t}pes de contacts
externes et 1'écartement entre contacts.

L'encapsulation de dispos{;ifs a semiconducteurs
constitue cependant une proportion considérable du coflt
fotal d'un dispositif terminé. Des efforts permanents sont
donc consacrés au développement de boftiers et de techni-
ques d'encapsvlation qui réduisent le coilt, assurent une
fizbilité élevée et conduisent ¥ une taille réduite. Les :
techniques auvtomatisées de fabrication, de test et de monta-
ge contribuent 2 diminuer le cofit et 3 augmenter la fiabi- =%
1ité. Il est également souhaitable gu'une structure de tol-
tier particuliére puisse recevoir, avec peu cu pas de chan-
gement, diverses puces de semiconducteurs différentes. Ceci
a pour conséquence de réduire au minimum le nombre total de
tailles de boftier nécessaires pour toutes les tailles de
puces. )

Le brevet U.S. 4 132 856 décrit une encapsulation
d'une puce de circuit intégré & semiccnducteurs dans
laquelle des conducteurs formés d'une scule piéce sont con-
nectés a des €lectrodes du c5té avant de la puce €t se ter-
minent par des contacts extériewsau corps d'encapsulation
en matiére plastique moulée. Un élément métallique séparé
est nécessaire pour établir un contact thermique avec le
cdté arriére de la puce et pour établir un support mécanique
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avant la formation du corps en matiéra plastiqun :aoul&e. Les
&€l&mants conducteurs peuvent ¥tre formés A partixr d'un seul
morceau de feuille métallique, comme une bande & é&léments
poutres, mais la nécessité d'employer l'élément métallique

S séparé complique l'opération d'encapsulation.

Conformément A 1l'invention, le contact thermique
et, si on le désire, électrique avec la face arxridre de la )
puce st le support mécanique pendant la fabrication sont éta-
blis par des éléments conducteurs en une seule piéce réali-

10 sés d'un seul tenant avec des languettes d'aire &levée qui
sont en contact avec la face arriére de la puce.

Cette forme d'encapsulation se pr&te particuliédre-
ment bien & l'utilisation d'une bande & &léments poutres g
passant d'une bobine A une autre, du fait que tous les élé- s

15 ments conducteurs et teoutes les languettes peuvent &€tre for-
més 2 partir d'une seule feuille de métal. _

Ltinvention sera mieux comprise a la lecture de la
desi:ription qui va suivre de modes de réalisation et en se ;

b L hrad b i

DR S el

ARRIE

rei‘erant aux dessins annexés sur lesquels :
20 - La flgure 1 est une représentation en perspective,

pértiellement arrachée et en coupe, d'une encapsulatiorn con-

TETIC RIRT T N

forme & l'invention ;
La figure 2 est une vue en plan d'un cadre de mon-

tage unique formé dans une partie d'une bande & é€léments
25 poutres au cours de la fabricatior. de l'encapsulation de la

figure 1 3

Y A R I T

La figure 3 est une vue de détail en perspective
de l'extrémité intérieure de l'un des élémerts poutres du
cdté avant de l'encapsulation de la figure 1 ; :
30 "La figure 4 montre une variante du détail de 1la
figure 3 ; et
La figure 5 est une vue en perspective, partielle-
ment arrachée et en coupe, montrarnt plusieurs encapsulations
conformes a l'inventior 4 l'intérieur d'un magasin du type
35 réglette. ) )
La figure 1 montre, en perspective, un porte-puce
qui consiste en un corps en matiére plastique post-moulée 10
qui maintient en association les divers éléments de 1l'encap-
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sulation et qui 4éfinit un profil de boitier convenant pour
un équipement de manipulation du type a réglette. Le porte-
puce est représenté sous une forme partiellement arrachée et
en coupe pour montrer la configuration des divers éléments &
l'intérieur du corps er matiére plastique moulée 10.

La puce de semiconducteur 11 est placée & l'inté-
riear du corps 10. Sur le dessin, la face avant ou active de
la puce se trouve du cBté supérieur et elle porte un ensemble
d'électrodes 15 consistant en zones de métal destinées 2
l'établissement de connexions avec le circuit intégré 2 semi-~
conduc teur .

Ltinterconnexicn entre les électrcdes 15 qui se
trouavent sur la puce de semiconnducteur 11 et les contacts
externes 13 s'effectue au moyen d'éléments conducteurs 12.
Sur la face avant de la puce, & l'intérieur du bbitier, les
éléments conducteurs 12 se terminent par des doigts 14 dont
les bouts comprennent une zone destinée & la fixatiom sur
une €électrode de puce 15, le terme "fixation™ étant pris
dans un sens qui englobe tous les moyens connus pouxr réali-
ser une liaison conductrice, ces moyens comprenant, de facon
non limitative, la fixation par thermocompression, la fixa-
tion thermosoriore et ulirasoncre, la fixation par un adhésif
conduc teur et eutectique, le soudage avec une matiére fuéi—
ble, le brasage, et diverses formes de scudage par fusion.

A 1' extérieur du corps 10, les éléments conducteurs 12 se
terminent par des contacts exterres 13, congus de fagon a3
venir en contact avec des =zones de bornes sur un circuit
d'interconnexion, qui peut comprendre des éléments céramigues
2 couches épaisses et & couches minces et des cartes de cix-
cuit imprimé rigides st flexibles. De tels contactis peuvent
utiliser la pression d'un ressort ou un certain mode de
fixation, de soudage par fusion ou de soudage par uvne matiere
fusible. Bien qu'ils soient représentés dans ce mode de

réal isation sous la forme de pieds er L destinés a tre mon-
tés sur une surface, les conducteurs 12 et les contacts 13
pourraient tout aussi bier &tre adaptés & ur autre type de
connexion, comme par exemple par insertion dans des trous
dans une piéce de montage. Selon une variante, les conduc-
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teurs 12 et les contacts exXcernes 13 peuvent etre courbés
dans l1a direction opposée par rapport 4 l'orientation de la
puce de semiconducteur. Ceci conduit & une conmnexion des
€lectrodes 15 de la puce de semiconducteur 11 aux zones de
bornes du circuit d'interconnexion qui est l'image dans un
miroir de la connexion prdécédente, sans changements pour la
puce de semiconducteur . Il est important de noter que cha-
que élément conducteur 12 est un élément continu unique

s'étendant depuis le doigt 14 de la face avant jusqu'au con-

tact externe 13. Il n'y a pas de connexions intermédiaires
Qui tendraient & augmenter le colt et a réduire la fiabilité.

Quatre languettes 16, relativement grandes et en
forme de palettes,vienrnent en contact avec la face inférieure
ou arriére de la puce de semiconducteur 11, et ces languettes
sont formées de fagon similaire dans la bande & éléments
poutres. A son tour, chaque languette 16 est connectée & une
paire d’éléments conducteurs 17 se terminant par des contacts
externes 18, et elle est réalisée d'urn seul tenant avec ces
€léments. Les éléments conducteurs 17 sont placés aux extré-
mités des rangées d'éléments conducteurs 12. Les languettes
16 procurent un support mécanique d'zaire élevée pour la puce
de semiconducteur 11, ainsi qu'un contact thermique et un .
contact électrique avec celle-ci, si on le désire. De fagcn
caractéristique, les langueites 16 sorit fixées de maniére
conductrice & la face arriére de la puce 11 et assurent la
dissipation thermique a la fois par convection et conduction,
et par l'étalement de la chaleur a l'intérieur de la puce de
semiconducteur en silicium.

On peut également concevoir dtautres configurations
de contacts de face arriére formées d'un seul tenant & partir
du cadre’'de montage. Le nombre, la forme et la disposition
des languettes 16 peuvent différer de ceux représentés. A
titre d'exemple, une autre configuration peut comporter deux
languettes disposées de fagon cenirale sur des cdté&s opposés
de la puce, au lieu de se trouver dans les coins. On peut
employer de fagon similaire deé corfigurations trés diverses
d'*éléments conducteurs pour les langusttes.

Des caractéristiques supplémenzaires de la structure
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porte-puce de la figure 1 ressortiront de la maniére selon
laquelle l'encapsulation est réalisée. En particulier, 1la
structure unitaire de chaque conducteur de contact~12 pour
les contacts de la face avant et de chaque conducteur de
contact 17 pour les contacts de la fase arriére décdule de
Ja maniére selon laquelle le cadre de montage est fabriqué
et assemblé. La figure 2 montre une partie 20 d'une bande &
éléments poutres, d'un type congu de fagon a €tre déplacé
entre deux bobines, avec un positicnnement précis a cies pos-
tes de travail. Dans ce but, la bande est murie de trous
d'entratnement 22. Le trou triangulaire 31 est une marque
d'identification et d'orientation. La bande 21 consiste de
fagon caractéristique en une feuille de cuivre dorée ayant
une épaisseur caractéristique d'environ 0,1 mm.

Selon une vafiante, la feuille de cuivre peut
avoir une autre épaisseur et elle peut €tre revétue avec
d*autres métaux, comme l'étain, ou elle peut ne pas €tre
revétue. De fagon similaire, on peut utiliser d'autres
métaux conducteurs, comme l'aluminium et des alliages fer-

YTeux appropriés, & la place de la feuille de cuivre.

-

La figﬁre 2 montre la partie 20 de 1la bande a
laguelle on a donné une forme définissant le cadre de monta-
ge, et qui a été assemblée, par fixation, & une puce de
semiconducteur 23. Plusieurs étapes de fabrication sont
intercalées entre la réalisation de l1a bande z éléments
poutres et l'obtention.de la structure représentée sur la
figure 2. On forme tout d'abord sur la bande un masque
résistant & l'attaque pour définir une configuration parti-
culiére du cadre de montage. Le masgue définitc les divers
éléments éonducteurs de contact 24 de lz face avant et les
éléments conducteurs de coﬁtact 26 qui sont reliés aux lan-
guettes de contact 27 de la face arriére. Les languettes de
contact 27 de la face arriére sont également définies dans
la bande, dans les vides 30 gui se trouvent cans les coins
de lz configuration du cadre de montage. Ainsi, le cadre ce
montage est défini dans la ban;ie déns un seul plan et 13
comprend le réseau d'éléments conducteurs 24 gui se termi-
nent par les contacts de la face avant, les éléments canduc-
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teurs 25 qui sont inutilisés et les éléments conducteurs 26
qui se terminent par les languettes 27 de la face arriére.

Comme le montre la figure 2, 1l'aire de contact
entre chacune des languettes de la face arriére, 27, et la
face a:fiér-e de la puce 23 représente environ 20% de l'aire
de 1la face arriére, soit 80% pour l'ensemble des quatre
languettes 27.

On va maintenant passer a la figure 3 sur laquelle
la partie d'extrémité 41 d'un conducteur de contact de face
avant, 24, de la figure 2 est représentée retourrnée pour
montrer le plot de fixation 43 au bout du conducteur, et la
partie adjacente 42 de section transversale réduite. Cette
configuration de la zone de fixation et de la partie de
section transversale réduite est également formée au moyen
d*une opération spécialisée de masquage et d‘'attaque. La
partie adjacente 42 de section transversale réduite assure
la libération des contraintes induites par voie thermique
afin d'éviter des ruptures de fixation au niveau du contact
sur la puce de semiconducteur.

-  La 'figure 4 représente une autre cenfiguration
pour la partie dfextrémité 51 du conducteur de contact de
face avant. Dans cette configuration, il est avantageux de
former Sur la puce de semiconducteur une électrode surélevée

sur laquelle la2 zone 33 du conducteur est fixée. lLa libérz-
tion des con‘i:raintes est assurée par une partie 52 adjacente
a4 la zone de fixation 53, avec une section transversale
réduite pour la partie 52 comme pour la zone de fixation S53.

Une fois que le cadre de montage est fcrmé dans la
bande 2 éléments poutres, il peut Etre revétu en tctalité ocu
en partie’ avec une ou plusieurs couches minces de métal. On
positionne ensuite le cadre de mohtage en contact avec une
puce de semiconducteur 23, avec les bouts des éléments con-
ducteurs de conitact de la face avan+t, 24, suxr les électircdes
28 de la puce de semiconducteur. On applique ensuite un
outil pour fixer les plots de fixation 43 aux €lectrodes 28
de la puce. Le cadre de montagé re;;;résenté sur la figure 2
comprend un réseau standard de guatorze élémerts conducteurs
sur chacun des quatre cdtés, ce gui 7Fait un <Total de 56.
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Ceci correspond & une configuration particuli&re dans une
fsmille de cadres de montage de taille et de forme similal-
res. Comme i1 es? représenté, les &léments comducteurs
dlextrémité 26, au nombre de huit au total, sant utilisés
pour«-réaliser des contacts externes pour les YXangusttes de
contact de la face arrieére, 27. Les conducteurs de contact
restants ds la face avant sont disponibles pour connecter
des é&lectrodes de la puce de semiconducteur & des circuits
externes. Cependant, tous les conducteurs ne sont psas
nécessairement utilisés dans une structure particuliére de
puce de semiconducteur, et c'est par exemple e cas du con-
ducteur 25. Toutes les parties de conducteur formant les
contacts externes sdnt fabriquées et conservées a 1'inté-
rieur du corps moulé afin d'améliorer la résistance mécani-
que et l'uniformité du boftier. Les éléments inutilisés,
comme le conducteur 25,peuvent etre supprimés ultérieurement,
en fonction de nécessités particuliéres de la conception. La
languette 32 formée sur un conducteur 24 particulier assure
1 *identification. '
- On voit que c'est ici que réside la souplesse de
conception de cette configuration de cadre de montage. De
simpiesphangements de la conception du masque d'attaque per-
mettent de produire une variété de configurations d'éléments
"‘?:'onducteurs, ce qui permet d'accepter une grande variété de
configurations d'électrodes sur la face avant de la puce de
semiconducteur 23. Les éléments conducteurs 24 des contacts
de la face avant peuvent avoir diverses configurations aux
extrémités des conducteurs de la face avant et diverses
extrémités de conducteurs:peuvent €tre supprimées pour
s ‘adapter & diverses configurations d'@lectrodes 28 sur 1la
surface avant de la puce. Si on le désire, or. peut également
modifier la forme ou l'emplacement des languettes de contact
27 de la face arriére, ou les supprimer partiellement, comme
décrit précédemment. Selon une variante, on peut supprimer
certaines des languettes de contact 27 de la face arriére,
et on peut utiliser leurs cond{.\ctedrs respectifs 26 pour la
connexion & des électrodes 28 de la puce de semiconducteur.
Une fois que les conducteurs de contact de la face
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avant, 24, ont &té& fixés aux électrodes 28 sur ia puce de
semiconducteur 23, on bodbine la dbande, en employant avanta-
geusement une pidce intercalaire qui fait en sorte que les,
puces de semiconducteur soient suspendues par les conduc-—
teurs fixés et soient donc disponibles pour le nettoyage ou
un asutre traitement. Ainsi, par exemple, on peut soumettre
la bodbine complete & un traitement d'ensemdle consistant en
una immersion dans un bain de nettcyage ou un traitement
dans un four d'étuvage.

La bande est ensuite amenée & un autre poste de
travail et les languettes 27 de la face arriére s;nt
pliées & 180° pour les placer dans l'crientation indiquée
par des traits partiellement en poirntillés sur la figure 2.
On accomplit cette opération & 1'aide d'un cutillage destiné
& plier les languettes dans la zone 29, de maniére a établir
un dégagement qui est de fagon générale égal a l'épaisseur
de ‘'la puce de semiconducteur 23. Ainsi, les languettes de
contact 27 de la face arriére établissent un conktact prati-
que_ment‘plan avec la surface arriére de la puce de semicom-

20 ducteur.

25

30

35

Les languettes de ccntact 27 de la face arriére
peuverit tre fixées de maniére conductrice par I'un quelcon-
que des divers moyens désignés précédemment par le terme
"fixation", pour établir un ccntact éiectrigue ot thermigue
entre les languettes et la puce. Si on uvtilise de 1a matiére
époxyde conducirice, om la fait habituellement durcir damcs
un four. Comme on l'a indiqué précédemment, 1'interconnexion
de type thermique ou électrique, ou des deux types, avec les
l