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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 ofa 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. Sometimes

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 aI.) (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 straight.

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; 0) 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 3 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 0F

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 21 C 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 pole 21 and is

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 10'5 in/in/°F, more preferably less than 1.5 x 10‘5 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 10'5 in/in/°F and about 1.2 x 10‘5 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 0.5 0.8 (x10‘5 in/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 x10'5in/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‘5 in/in/°F in the X direction and 1.26x10'5 in/in/°F in both

the Y and Z directions, and a CLTE in the range of 100 to 240°C of 1.28x10'5

in/in/°F in the X direction and 3.16x10‘5 in/in/°F in both the Y and Z directions.

(Hence, the relevant CLTEs for purposes of defining the invention are

1.09 x 10'5 in/in/°F and 1.28 x 10'5 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

1.1x10-5 in/in/°F in the x direction and 1.46x10'5 in/in/°F in both the Y and 2

directions, and a CLTE in the range of 100 to 240°C of 1.16x10‘5 in/in/°F in

the X direction and 3.4x10‘5 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 (1.05X10'5in/in/°F in the X

direction and 1.33x10‘5 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 .94x10'5 in/in/°F in the X direction

and 4.17x10'5 in/in/°F in both the Y and 2 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 polyphenyl 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,

polyethylene, 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 US 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 encapsulated 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 magnetic 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 spindle 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
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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

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

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

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

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.

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 10'5 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 10‘5 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.
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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;

0) 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 assembly 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 one 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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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office.
Address: COMMISSIONER OF PATENTS AND TRADEMARKSRC. Box 1450

Alexandria, Vilguua 22313-1450www.myluguv

APPLICATION NUMBER FILING/RECEIPT DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

10/383,219 03/05/2003 Griffith D. Neal 8864/33

 

CONFIRMATION NO. 9248
BRINKS HOFER GILSON & LIONE

FORMALITIES LETTER
A PROFESSIONAL CORPORATION INTL. PROP. ATTORNEYS
NBC TOWER _ SUITE 3600 IIIIII|III|II|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
455 N. CITYFRONT PLAZA DRIVE ’°C°°°°°°°°9982°‘4'
CHICAGO, IL 60611-5599

  

Date Mailed: 05/07/2003

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

o The statutory basic filing fee is missing.

Applicant must submit $ 750 to complete the basic filing fee for a non-small entity. If appropriate, applicant
may make a written assertion of entitlement to small entity status and pay the small entity filing fee (37
CFR 1.27).

o The oath or declaration is missing.

A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the
above Application Number and Filing Date, is required.

0 To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(e) of
$130 for a non—small entity, must be submitted with the missing items identified in this letter.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.

The required item(s) identified below must be timely submitted to avoid abandonment:

0 Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121 are required. The drawings
submitted are not acceptable because:

I The drawings must be reasonably free from erasures and must be free from

alterations, overwriting, interlineations, folds, and copy marks. See Figure(s) Fig 8A,
8B and 9.

I The drawings have a line quality that is too light to be reproduced (weight of all lines
and letters must be heavy enough to permit adequate reproduction) or text that is
illegible (reference characters, sheet numbers, and view numbers must be plain and
legible) see 37 CFR 1.840) and (p)(1)); See Figure(s) Fig 6 and 7.
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Items Required To Avoid Processing DelaJLs:

further processing delays.

0 Additional claim fees of $468 as a non
are required. Applicant must submit th
are due.

-sma|| entity, including any required multiple dependent claim fee,
e additional claim fees or cancel the additional claims for which fees

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $1348 for a Large Entity

a $750 Statutory basic filing fee.

0 $130 Late oath or declaration Surcharge.
c Total additional claim fee(s) for this application is $468

- $216 for 12 total claims over 20 .

I $252 for 3 independent claims over 3 .

llllll
 

A copy ofthis notice MUST be returned with the reply.

(12 ‘ QEQa/Zéé
Customer Service Center

Initial Patent Examination Division (703) 308—1202
PART 3 - OFFICE COPY
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Patent Application for: STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS ><AND MOTOR USING SAME

|nventor(s): Griffith D. Neal
Attorney Docket No. and Serial No.8864/33, 10/383,219

 
Am. Honda V. IV 11 - IPR2018-00619

PET_HONDA_1003—0041



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0042

lnventor(s): Griffith D. Neal
Attorney Docket No. and Serial No.8864/33, 10/383,219

‘ Patent Application for: STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS
"- AND MOTOR USING SAME
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‘ Case No. M

CLA 0N FOR ATEN PLIC N 
» y residence, post office address and citizenship are as stated below next to my name.

believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if
«lural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled
, tor Ass 3‘ 0, Made Fr 0. a Molded Web of C - Se_eme : and Mot sin- Luxthe specification ofwhich:

I] is attached hereto.

El was filed on March 5, 2003 as Application Serial No. 198133.219.

[j and was amended on (if applicable).

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

acknowledge the duty to disclose information which is material to the patentability as defined in Title 37, Code of Federal
' gulations, § 156(3).

hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or §365(b) of any foreign application(s) for patent or
ven'mr‘s certificate or § 365(a) of any PCT International application which designated at least one country other than the

1 nited States, listed below and have also identified below, by checking the box, any foreign application for patent or inventor’s
ertificate, or PCT International application having a filing date before that of the application on which priority is claimed:

 

|‘ _'. u-‘hA-ulication. Prio' ' ed

None I] [:1

(Number) (Country) (Day/Mondr/Year Filed) Yes No

I hereby claim the benefit under 35 U.S.C. § 1 19(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 ending

(Application Serial No.) (Filing Date) (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, or 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 % j M Date: 95 /3/0 3

 

 

 

 

Full name of sole or first inventor ffith D. Neal

Residence Alameda, California

Citizenship United States of America
Post Office Address 1334 Bay Streetz AlamedalCalifor-nia 94501

BRINKS HOFER GILSON & LIONE
PO. Box 10395

Chicago, IL 60610
(312) 321-4200

rev. Dec-99

\\Bbglmain3\common\sns\8864 — Erica!) Motors\8864-33\8864-33 Declarationdoc
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Caste No.m

lnven r(s): GRIFFIII E! D. NEAL,

Title: TATOR EMBLY E FRO OLD WEB O B A TOR
QSING §AM_E

POWER OF ATTORNEY

The specification of the above—identified patent application:
is attached hereto

E was filed on March 5, 2003 as application Serial No. iQ/383,212
I hereby revoke all previously granted powers of attomey in the above-identified patent application and appoint the foIIOWing

atto eye 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 fiteven P. §hgrt_z in care of:
Brinks Hofer Gilson & Lione

PO, Box 10395

Chicago, IL 60610

(312)321-4200

The undersigned hereby authorizes the U.S. attorneys named herein to accept and follow instructions from QRlFFflfl Q.
m as to any action to be taken in the Patent and Trademark Office regarding this application without direct communication
betwmpen the US. attorney and the undersigned. In the event ofa change in the persons from whom instructions may be taken, the U.S.atto eys named herein will be so notified by the undersigned.

ENSQAP MOTOR SEQQEORATION, a QQRPORAI ISZN. certifies that it is the assignee of the entire right, title and interest in
the tent application identified above by virtue of either:

'11 An assignment from the inventor-(s) of the patent application identified above, a copy ofwhich is attached hereto.
OR

I] An assignment from the inventor(s) of the patent application identified above. The assignment was recorded in the Patent
and Trademark Office at Reel , frame .
OR

B 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 , flame , or a copy thereof is attached.

  

  

[3 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
abo e 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 are true, and that all statements made on information

and lief 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
will 1 false statements may jeopardize the validity of the application or any patent issuing thereon. -

3 M’ Date: W/J/O'}
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be {37
A .g;hereby certify that this correspondence is beingeposited with the United States Postal Service,

with sufficient postage, as first class mail in an
envelope addressed to:

Commissioner for Patents
PO. 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
, ignature ,
I0 0.3
Date of ignature

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

PO. 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 71 2003 for a period of 3 month(s).

K4 Applicant:

IE claims small entity status. See 37 C.F.R. §1.27.

10/16/2003 HBELETEI 00000114 10383219

01 “3:22.53 475. 00 DP

Am. Honda V. IV 11 - IPR2018-00619
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Case No. 8864/33

E] is other than small entity

 
Extension Other Than Small Entity

Months Small Entity

B One Month $110.00 $55.00
[I Two Months $420.00 $210.00

Three Months $950.00 $475.00

[:1 Four Months $1,480.00 $740.00
[I Five Months $2,010.00 $1,005.00

Fee Payment

Attached is a check for $ 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.

E]

IX Attached is a credit card authorization form for $41§ for the Petition fee.

El

X

Respectfully submitted,

Dated: October 7, 2003  
Registration No. 31,424

Attorney for Applicant

BRINKS HOFER GILSON & LIONE

PO. BOX 10395

CHICAGO, IL 60610

(312)321—4200

Rev. Oct-01
Document3
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PATENT APPLICATION FEE DETEPMINATION RECORD
Effective January 1, 2003 '

CLAIMS AS FILED - PART-l

TOTALCHARGEABLE CLAIMS 3;) minus 20:

 
 

 
 

 

  
 

 

 
 

 
  

, SMALL ENTITY . OTHER THAN
TYPE 3 OR SMALL ENTITY

= ASIC FEE 750.00

 

'OFI

 
 

 

  
on- ow

MULTIPLE DEPENDENT CLAIM PRESENT ‘ '_ OR- 990
" If the difference in column 1 is less than zero; enter “0" in column 2‘

- C
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LAIMS ASAMENDED-PARTII- I I ‘ ' . , y ‘ . OTHERTHAN
_. Column1 ~ .. Column 2 ' SMALL ENTITY on SMALL ENTITY

. CLAIMS

 

  

 
  

  
  

 

 

 
 

 

 

 
 

  

 
5 ”5333.2”6‘ . #:355st .TIONAL .
"2; AMENDMENT . PAIDFOR " ' ' FEE - FEE

5 on--

anI-
. ‘ADDIT. FEE OR ADDITFJEE‘E- 

 
 

 

 
 

   
 
 

 

CLAIMS ' AUDI
“3 REMAININe NUMBER ‘ . '
E AFTER PREVIOUSLY RATE TIONAL
“J AMENDMENT PAID FOR . - FEE
E. 4 - .

3 m — tun--
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM . I _

. - TOTAL

QR ADDIT. FEE_

 CLAIMS

   
- REMAININGv NUMBER ‘ . _ ADDI-

'AFTER ~ w PREVIOUSLY RATE TIONAL
AMENDMENT PAID FOR , FEE

CR X$18=AMENDMENTC
OR X84:

 
OFI - +280:

" It the entry in column 1 is less than the entry in column 2. write ‘0' In column 3. ‘ _. ;. -0 TOTAL“ It the ‘Highest Number Previously Paid For“ IN THIS SPACE us less than 20. enter 20. R ADDITI FEE
“‘II the “Highest Number Previously Paid For" IN THIS SPACE is less than 3. enter '3." , . .

The ”Highest Number Previously Paid For' (Total or Independent) is the highest number Iound in the appropriate box in column 1. 
   

FOFIM PTO-375 (Rev. 12/02) Patent and Trademark Office. US. DEPARTMENT OF COMMERCE
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10/21/2004 10.: 40 FAX 7033082840 USPTO PATENTS EBC‘ .002‘ . w ' ' J L!

0C" mass/122 room;
Approved for use through 115012005. 0MB 035141035

U.s. Patent and Treoomm Omoe: u.s. DEPARTMENT OF COMMERCE- to a collection at Wormetion ones; it d‘u- e = . valid OMB control number.
  erwork Reduction 'Actot 1995 no emails are united to res- -

. CHANCE OF
  
 
 

 

 
 
 
 

Undeftne P

A- dication Number
 
  

 

 
 

CORRESPONDENCE ADDRESS 3 ls/o 3
WWW _mm-
 

 

  

  
 
 

, I
Address to:
Commissioner for Patents
PO. Box 1450

Alexandria, VA 22313-1450.

Art Unit ‘5’ '7 J.

Exam-Mame m~

 
 

  
 Please change the Correspondence Address forthe above-identified patent application to:

' [:2 Customer Number:  

 
Tele - one
 

  
 
  
    

This term cannot be used to change the data assoa'eted with a Customer Number. To change the
data associated with an existing Customer Number use “Request for Customer Number Data
Change' (PTO/86’1“).

I am the:

D Applicant/inventor

Assignee 0! record at the entire Interest.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTOISBIQS).

E Attorney orngent of record. Registration Number 3 ’ I ‘4} ‘1’ _
[:1 Registered practitioner named in the application transmittal letter In an application without anexeouled oath or declaration. See 37 CFR 1.33(a)(1). Registration Number

 

 

   
 

  

   

 

   
  

 
  
   

T P‘ntd ' =
.333? " e own fl Sim r7.I

Date 19;}00'4 T°'°"”°“° 3n 3;; 4130
NOTE: Signntums of all the Inventors or mignees at record at the entire interest or their representative“) are required. Submit multiple
tomsitmorcmanoncs stints ~ trod soobelow'.

D ‘Totel of forms are submitted.
TM! cdleetion 0! information Is required by 37 CFR 1.33. The information is required to obtain or retain e benefit by the pubic which '5 to file (and by the USPTO
to process) an application. Comaeetiatity ls governed by 35 U.S.C. $22 and 37 CPR 1.14. This collection to estimated to take : numb: to corridor. Indudinu

‘gstheatrlg. preparing. and mixing the oanplebed eradication term In the USPTO. Time will vary depending upon the individual use. Any cements on the
iith at time you require to complete this form andlor suggestions tor reducing this burden. guild be sent to the Chief Information Officer. us. Patent and
Trademark onice. U.S. Dapartmtmt of Comment, P.O. Box 1450. Alexandria. VA 22313-“50. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents. P.O. Box 1450, Atexandrle, VA 22313-1450.

 
 

 

 

  

I!you need assistance In completing the form, can 1-BOO-PTO-9199 and select option 2

p N n -
AGE 2/4 RCVD AT 10!2112004 10.40.23 AM [Eastern Daylight Tlme] " SVRIUSPTO-EFXRF-flo " DNIS:8729306 " CSID:70330828¢0 ‘ DURATION tmm-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 .

Defectiveimages within this document are accmate representations of the original

documents submitted by the applicant. ~ ‘ .

Defects in the images include but are not limited to the items checked:

D BLACK BORDERS

CUT OFF AT TOP, BOTTOM OR smEs

07“; TEXT OR DRAWING
LURREn OR ELEGIHLE TEXT OR DRAWING ' _ .

- D SKEWEo/SLANTED IMAGES

Cl COLOR OR BLACK AND WHITE PHOTOGRAPHS

Cl aRiY SCALE DOCUMENTS V

El LINES OR MARKS 0N ORIGINAL DOCUMENT

CI REFERENCHS) OR EXHIBTKSi SUBMITTED ARE POOR QUALITY ‘
Cl OTHER: 

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

~ problems checked, please do not report these problems to
g the IFW Image Problem Mailbox.
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E» , Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addms: COMMISSIONER FUR PATENTSI10. Box I450

Almandrix,‘lusinia 22313-1450www.mplo gov

*BIBDATASHEET* CONFIRMATION No. 9248
Bib Data Sheet

 

FILING OR 371(c)

SER'AL NUMBER DATE GROUP ART UNIT
10/383,219 03/05/2003 3729

RULE

ATTORNEY

DOCKET NO.

8864/33

. PPLICANTS

Griffith D. Neal, Alameda, CA;

, * CONTINUING DATA ***t*********************

This application is a CIP of 09/798,511 03/02/2001

, * FOREIGN APPLICATIONS ********************

IF REQUIRED, FOREIGN FILING LICENSE GRANTED
* 05/06/2003

Foreign Priority claimed D yes D no

** SMALL ENTITY **

STATE OR SHEETS INDEPENDEN

‘5 ”SC 119‘“) °°”‘““°”s D yes D “0 D Metafler COUNTRY DRAWING CLAIMS
met. Allowance CA 5 6

Examiner's Si-nature

to charge/credit DEPOSIT ACCOUNT
for following:
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UNITED STATES PATENT AND TRADEMARK OFFICE A
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark OII'Ice
Addrm: COMMISSIONER FOR PATENTS -

PO. Box I450
Alexandxia. Virginia 223 I 34450www.usptc.g0v

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

lO/383,2 I 9 03/05/2003 Griffith D. Neal 8864/33 9248

  

757 7590 03/29/2005 EXAMINER

BRINKS HOFER GILSON & LIONE PHAN,THIEM D
P.O. BOX 10395

CHICAGO, IL 60610 mm NUMBER
3729

DATE MAILED: 03/29/2005

Please find below and/or attached an Office communication concerning this application or proceeding.
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Application No. Applicant(s)

10/383,219 NEAL, GRIFFITH D. 67
Office Action Summary Examine, A“ Unit

3729 -
- The MAILING DA TE 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(3). In no event. however. may a reply be timelyIfiled
after SIX (6) MONTHS from the mailing date of this communiwtion.
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

HIE Responsive to communication(s) filed on 05 March 2003.

2a)lj This action is FINAL. 2b)lZ This action is non-final.

3)E] 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 CD. 11, 453 0.6. 213.

Disposition of Claims

4)IZI Claim(s) 1-_32 is/are pending in the application.
4a) Of the above Claim(s) __ is/are withdrawn from consideration.

5)l:] Claim(s)_ is/are allowed.

6”] Claim(s) __ is/are rejected.

7)[:] Claim(s) __ is/are objected to.

8)IZ Claim(s) 1-_32 are subject to restriction and/or election requirement.

Application Papers

9):] The specification'Is objected to by the Examiner

10)E] The drawing(s) filed on___ is/are: a)[] accepted or b)EI objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be heldIn 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)lj 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)E] All b)[:l Some * c)E] None of:

Certified copies of the priority documents have been received.

Certified copies of the priority documents have been received in Application No._

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) D Notice of Draflsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mai| Date. __ -
3) [3 Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) I:I Notice of Informal Patent Application (PTO-152)

Paper No(s)/Mail Date . 6) [:1 Other:_
US. Patent and Trademrk Office

‘ PTOL-326 (Rev. 1-04) Office Action Summary P a .l ' D e 0 50322
Am. Honda V. NTlP- @1356?g-66621
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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 354U.S.C. 121:

1. Claims 1-10, 25 and 28-32, drawn to a stator assembly, classified in class 310,

subclass 254;

II. 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

Am. Honda V. IV 11 - IPR2018-00619
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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 III 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 has 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 assembly as recited in Group 11 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.

Am. Honda V. IV II - IPR2018-00619
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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

is 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 this 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

Am. Honda V. IV 11 - IPR2018-00619
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system, see http://pair-direct.uspto.gov. Should you have questions on accessto the Private PAIR

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

A.DEXTERTUG 6

Tim Phan PRIMARY EXAMINER

Examiner

A11 Unit 3729

tp

March 22, 2005
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sificent postage, in an envelope addressed to: Mail Stop Amendment, Commissioner for Patents P. O. Box 1450, w
Alexandria. VA 22313-1450 on the below date: G I L S 0 NDate. Agril29,2m5 Name: Steven P. Shurtz, Reg No 31,424 Signature: /Steven P Shunz/

' t & L | 0 N E
' IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ——

In re Appln. of: Griffith D. Neal

Appln. No.: 10/383,219 ~ Examiner: Thiem D. Phan

Filed: March 5, 2003 Group Art Unit: 3729

For: STATOR ASSEMBLY MADE FROM A

MOLDED WEB OF CORE SEGMENTS AND

MOTOR USING SAME

 Attorne Docket No: 8864-33

Mail Stop Amendment
Commissioner for Patents

P. 0. Box 1450 TRANSMITTALAlexandria, VA 22313-1450

, Sir:
Attached is/are:

E Transmittal Letter (in duplicate); Amendment

[Z Return Receipt Postcard
Fee calculation:

El No additional fee is required.

[:I An extension fee in an amount of $_ for a ___-month extension of time under 37 C.F.R. § 1.136(a).

[I A petition or processing fee in an amount of $___ under 37 C.F.R. § 1 .17(_).

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

m.- Not a Small am:

First Presentation of Multiole De. Claim 
Fee payment:

IZI A credit card authorization in the amount of $ 50.00 to cover the above-identified fee(s) is enclosed.

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

IXI 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,

April 29, 2005 /Steven P. Shurtz/
Date Steven P. Shurtz

(Registration No. 31,424)
Brinks Hofer Gilson Lione
PO. Box 10395

Chicago, IL. 60610
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‘ neing 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 April 29, 2005
Date of Deposit

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

Name of applicant, assignee or
Registered Representative

/Steven P. Shurtz/

Signature

April 29, 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 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 1 65/64/2005 3112mm {70606680 10333213 M n
Commissioner for Patents ‘ at mazes JUAN up
PO. 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 relativeto 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/meterQK 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 [[torodialjj 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‘5 in/in/°F throughout the range of O-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 10'5 in/in/°F throughout the range of O-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/meterQK 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.
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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 _

Am. Honda V. IV 11 - IPR2018-00619

PET_HONDA_1003-0067



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0068

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 I,

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 II 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 11.7 Thus the

claims of Group II should be prosecuted with the claims of Group I.

The restriction between Group I and Group Ill 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 “I should be prosecuted with

the claims of Group I.
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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. Shurtfl

Steven P. Shurtz

Registration No. 31,424

Attorney for Applicant

Dated: April 29, 2005
BRlNKS HOFER GILSON & LIONE

PO. Box 10395

Chicago, IL 60610

(312) 321 -4200

Direct Dial: (801) 444-3933
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSPO. Box 1450

Alexandria. Virginia 22313-1450
www.uspto.g0v
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Application No. . Applicantls)

10/383,219 . NEAL, GRIFFITH D.

Office Action Summary Examine, Art Unit

Burton S. Mullins 2834 -
-- The MAILING DA TE 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 timelyifiled
after SIX (6) MONTHS from the mailing date of this communication.

- If the period for reply specified abovets 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 afler the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b). .

Status

DIE Responsive to communication(s) filed on 03 May 2005.

23)EI This action is FINAL. 2b)IZ This action is non-final.

3)I: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 CD. 11, 453 O.G. 213.

Disposition of Claims

ME Claim(s) fl is/are pending in the application. ‘

43) Of the above claim(s) 11-24 26 and 27 is/are withdrawn from consideration.

5)IZ Claim(s) 1-10 25 and 33 is/are allowed.

6)IZ Claim(s) 28,31 and 32 is/are rejected.

DIX Claim(s) 29,30 and 34 is/are objected to. '

8)|:I Claim(s) are subject to restriction and/or election requirement.

Application Papers

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

10)IX| The drawing(s) filed on 10 October 2003 is/are: a)® accepted or b)L__I 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)I:I 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)l:] All b)[:] Some * c)El None of:

1.I:I Certified copies of the priority documents have been received.

2:] Certified copies of the priority documents have been received in Application No._

3.|:I Copies of the certified copiesof 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) IXI Notice of References Cited (PTO-892) 4) El Interview Summary (PTO—413)
2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) Paper N°(S)/Ma" Date._
3) El Information Disclosure Statement(s) (PTO-1449 or PTO/$8108) 5) I:I Notice of Informal Patent Application (PTO-152)

Paper No(s)/Mail Date . 6) C] Other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 1-04) Office Action Summary Am Honda V. Iffit offmUT.W6b%af©0605
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Application/Control Number: 10/383,219 Page 2

Art Unit: 2834

DETAILED ACTION

Election/Restrictions

1. Applicant's election 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. The US patent references submitted in the information disclosure statement filed on July

11, 2001 in the parent case (SN. 09/798,511) have been considered. However, the foreign

references and non—patent literature have n___ot 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 a_11 the references on

a form PTO-1449 for the examiner to initial.

Am. Honda V. IV 11 - IPR2018-006l9
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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 USC. 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 USC. 102(b) as being 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 constituting a ring 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 c0nsidered a “web” since

it connects the arc segments 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 USC. 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 USC. 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

Am. Honda V. IV 11 - IPR2018-006l9
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Application/Control Number: 10/383,219 I 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—05, line 2). However, Hallerback does not specify that his

molding compound is injection molded thermoplastic material.

Tanaka teaches injection molding ofa stator core with plural teeth 14 using a

thermosetting and thermoplastic resin mixture, the latter ofwhich can be polystyrene (c.4, lines

64-66) and provides high accuracy molding” 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 prior art does not teach the

claimed stator assembly 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 particular, 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 by phase change material 40

while in the mold. Kazama teaches connection of stator core segments by means of concavities

Am. Honda v. 1v H - IPR2018-006l9

PET_HONDA_lOO3-0076
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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 comprise 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 and‘not 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 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.

Am. Honda v. IV 11 - IPR2018-006l9
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For more information about the PAIR 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

W

Burton S. Mullins

Primary Examiner
Art Unit 2834

866-217-9197 (toll—free).

bsm

13 June 2005
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Application/Control No. Applicant(s)/Patent Under
Reexamination

10/383,219 NEAL, GRIFFITH D.
Notice of References Cited Examiner Art Unit

Burton 3. Mullins 2834 Page 1 of 1

U.S. PATENT DOCUMENTS .

Document Number Date C . .
Country Code-Number-Kind Code MM-YYYY _ IaSSIficatlon

   
  

   

A US-3,827,141 A 08-1974 Hallerback, Stig Lennart 29/596

fl us-4,818,911 A 04 1989 Taguchi et aI. ‘ 310/259
US-2,607,816 A 08-1952 RYDER FRANK A; et. al. 310/42

fl us-4,015,154 A 03 1977 Tanaka et al. 310/42
3 W82

us-6,111,334 A 08-2000 Horski et al. ' 310/254

 

 
  FOREIGN PATENT DOCUMENTS

Document Number Date ' . .

—-_—“
04295256 A 101992 Kieda et al. H02K 15/02

 

 

 
     

NON-PATENT DOCUMENTS

Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

 
'A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM—YYYY format are publication dates. Classifications may be US or foreign.
U.S. Patent and Trademark Office
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TAT—NO: JP401138937A

DOCUMENT—IDENTIFIER: JP 01138937 A

TITLE: MANUFACTURE OF INDUCTION MOTOR STATOR

PUBN-DATE: - May 31, 1989

INVENTOR-INFORMATION:

NAME

NISHIYAMA, HIROAKI

IRIE, SHINICHIRO

ASSIGNEE-INFORMATION:

NAME COUNTRY

SHIBAURA ENG WORKS CO LTD _ N/A

APPL-NO: JP63213278

APPL—DATE: August 27, 1988

INT—CL (IPC): H02K001/06, H02K001/16 , HOZKOOl/l8

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 11a, 11b. After that, a
molded

material 18 composed of synthetic resin material is injected to the

Am. Honda V. IV 11 - IPR2018-00619
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putside 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.

possible to

obtain a stator having the reduced whole thickness including a

winding. '

In this manner, it is

COPYRIGHT: (C)l989,JPO&Japio
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‘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 . I

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 molding
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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/Steven P. Shurtz/
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

 

In re Application of:

Griffith D. Neal

Serial No.: 10/383,219 Examiner: Burton 8. Mullins

Group Art Unit: 2834

Filed: March 5, 2003

For: STATOR ASSEMBLY

MADE FROM A

MOLDED WEB OF
CORE SEGMENTS AND

MOTOR USING SAME

AMENDMENT

Mail Stop Amendment
Commissioner for Patents

PO. 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 lurali of stator arc se ments 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 lurali of stator arc se mentS' 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 US. 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/I
Steven P. Shurtz

Registration No. 31,424

Attorney for Applicant

' Dated: September 15, 2005
BRINKS HOFER GlLSON & LlONE

PO. Box 10395

Chicago, IL 60610

(312) 321-4200

Direct Dial: (801) 444-3933
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(54)

(57) Procédé de tabrication de boitiers semi—con-
ducteurs comprenant respectivement un substrat, une
pastille formant un circuit intégré et fixée sur une zone
du substrat, des moyens de connexion électrique reliant
la pastille a un groupe de zones de connexion électrique
extérieure situe’es sur une face du substrat. ainsi qu'un
enrobage d'encapsulisation. Le procédé consiste a réa-
liser de facon matricielle une multiplicité de groupes de
zones-de connexion (104a) sur une plaque commune
de substrat (102). correspondent a autant de zones

(109) de fixation de pastilles. a fixer une pastille (103)
sur chaque zone (109) de fixation de la plaque comm u~

FIG.6 
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20155 Milan (IT)

  

 
 

 
 

Mandataire: Casalonga, Axel
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Morasslstrasse 8

80469 Munchen (DE)

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

ne de substrat. ‘a relier électriquement chaque pastille
(103) aux zones (1043) de connexion électrique asso-
ciées, de facon a obtenir un assemblage (111) plaque
de substrat-pastilles connectés. Le procédé consiste.
dans une seconde étape a disposer cet assemblage
(111)dans un moule (112) et a injecter une mati‘ere d'en-
robage (106) dans le moule de lacon ‘a obtenir. en une
seule operation de moulage, un bloc parallélépipédique
(I17), puis, dans une étape ultérieure. a découper ledit
bloc parallélépipédique (117) an travers de son épais-
seur en unités constituant chacune un boitier semi-con—
ducteur.

 
112
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Description

La pre’sente invention concerne un procédé de la-
brication de boitiers semi-conducteurs comprenant res»
pectivement un substrat. une pastille formant un circuit

intégré et fixe sur une zone du substrat. des moyens de
connexion éfectrique reliant Ia pastille a 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 facon habituelle, les zones de con-

nexion électrique extérieure et la pastille sont disposées
de part et d'autre du substrat et I'enrobage enveloppe.
d'un cote' du substrat, Ia pastille et les moyens de con-
nexion électrique.

Dans la technique de fabrication actuellement utili-
see. on realise 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.
Cette solution nécessite la fabrication, l‘utifisation et le
stockage d'autant de moules différents d'injection d‘en-
robage que I'on a de boitiers différents présentant des
dimensions de pastilles différentes et des dispositions
différentes de ces pastilles sur une plaque de substrat.
De meme. if faut disposer d'un outil de découpe parti-
culier attribué a chaque dimension de pastille et a cha-
que dimension de plaque de substrat.

Le but de la pre’sente invention est de proposer un
procédé de fabrication. de boitiers semi-conducteurs
susceptibles de permettre des economies de fabrication
et d'obtenir une plus grands flexibilité de production.

Le procéde selon I'invention est destiné a la 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'a un groupe
de zones de connexion électrique extérieure situées sur

une face du substrat. ainsi qu'un enrobage d'encapsu~lisation.

Selon I'invention. le procédé consiste a réaliser de

facon 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 éfectriquement cha-
que pastille aux zones de connexion électrique asso-
ciées. de facon a obtenir un assemblage plaque de
substrat-pastilles connectés. Selon I'invention. Ie proce-
dé consiste. dans une seconde étape. a disposer cet
assemblage dans un moufe et a injecter une matiere
d'enrobage dans le moule de facon a obtenir. en une

seuie operation de moulage. un bloc paraliélépipédique.
et. dans une étape ultérieure. a découper ledit bloc pa-
rallélépipédique au travers de son épaisseur en unifés
constituent chacune un boitier semi—conducteur.

Selon une variante préférée de l'invention, le pro-
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cédé consiste a réaliser la découpe du bloc parallélépi~
pedique par sciage. \

Selon l'invention, Ie proce’dé consiste de préfe’rence
a coller le bloc parallélépipédique sur une bande auto-

collante pelable et a réaliser l'opération de sciage en
engageant la scie au travers du bloc au-dela de sa face
collée sur cette bande.

Selon l'invention, le proce'dé consiste. de préfe’ren-
as, a coller la face du bloc parallélépipe’dique exempte
de zones de connexion sur la bande autocollante.

Selon l'invention, le proce'dé consiste de preference
:3 déposer des billes ou boules en matériau de soudagesur les zones de connexion.

La pre’sente invention sera mieux comprise a I'étu-
de d'un procedé de fabrication de boitiers semi-conduc-

teurs décrit a titre d'exemple non limitatif et illustré par
Ie dessin sur quuel:

la figure 1 représente schématiquement'une coupe
transversale d'un boitier semi-conducteur obtenu
par le procédé sefon l'invention :

- la figure 2 représente une vue frontale dudit boitier:
- Ia figure 3 montre schématiquement une premiere

étape du procédé selon I'inveniton et représente en
coupe transversale une plaque de substrat munie
de pastilles ;

- la figure 4 représente une vue frontale de la face de
ladite plaque de substrat apposée aux pastilles .

- la figure 5 montre schématiquement une étape sui~
vante du procéde' selon I'invention et représente la—
dite plaque de substrat munie de pastilles connec-
tées électriquement par des fils ;

- la figure 6 montre schématiquement une étape sui-
vante de I'invention consistant en I'encapsulisation
dans un mouie repre‘senté en coupe desdites pas-
tilles et desdits fils ;

- Ia figure 7 représente une vue arriere du bloc sor-
tant dudit moule ;

- la figure 8 montre schématiquement une étape sui-
vante du proce'dé selon l'invention et représente
une coupe transversale dudit bloc ;

‘- et la figure 9 montre schématiquement une étape
suivante du procédé selon l'invention et repre’sente
une coupe transversale dudit bloc 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
maniere générale par la reference 1, obtenu par le pro—
cédé de fabrication qui va maintenant étre decrit. com-
prend un substrat plat 2 par exempfe de contour carré.
une pastille 3 fixée a une face 2a du substrat 2 grace ‘a
une couche mince de colle 3a. une multiplicité de zones
4 de connexion electrique exterieures réparties sur la

face 2b du substrat 2 opposée a sa face 2a. des moyens
de connexion électn‘que reliant sélectivement la pastille
3 et les zones (is connexion électrique 4 et comprenant
des fils de connexion électrique 5 aboutissant au subs-
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trat 2 et des connexions internes a ce substrat non re.

présentées, ainsi qu'un enrobage en résine 6 d'encap-
sulisation de la pastille 3 et des fils de connexion 5, cat
enrobage 6 étant situé du cote de la lace 2a du substrat
2. En outre. le boitier semiconducteur 1 est muni de
gouttes ou boules de connexion 7 sur chacune des zo-
nes de connexion électrique 4. en we de la soudure et
de la connexion électrique du boitier semiconducteur

1 par exemple 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 a réaliser, sur une lace

102a d'une plaque commune de substrat 102 rectangu-
laire. une multiplicité de groupes 104 de zones de con-
nexion électrique 104a et de moyens de connexion élec-
trique traversant la plaque commune de substrats 102
et relies aux zones 104a.

Dans l'exemple représenté, les groupes 104 sont
disposés sous une présentation en lorme de matrice sur
la tace 1023 et sont au nombre de cinq dans le sens de
la largeur de la plaque commune de substrat 102 et en

nombre de vingt dans le sens de sa longueur. l'espace
séparant les groupes des cinquieme et sixieme ran-
ge'es. dixieme et onzieme rangées et quinzieme et sei-

zi‘eme rangées dans le sens de la longueur de la plaque
commune de substrat 102 etant plus large de maniere

a former quatre ensembles 108 de vingt cinq groupes
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 a fixer
une multiplicité de pastilles 103 respectivement sur des
zones de fixation 109 de la face 102b de la plaque com-
mune de substrat 102 opposée a sa lace 102a. a l'aide
de minces couches de colle 1033. Les pastilles 103 se
trouvent alors disposées sous une presentation en lor-

me de matrice correspondent au travers de la plaque
commune de substrat 102 aux groupes 104 de zones
de connexion électrique 104a.

En se reportant a la figure 5, on voit que l'étape sui-
vante du proce’dé de fabrication décrit consiste a relier

sélectivement les plots de connexion 110 des pastilles
103 aux moyens de connexion de la plaque commune
de substrat 102 an leur connectant les extrémités de fils
de connexion électrique 105 qui se trouvent alors en
l'air. de facon a relier les plots de chaque pastille 103
sélectivement aux zones de connexion électrique 104
des groupes 104 qui leur sont respectivement asso-
ciées. On obtient alors an assemblage connecté repe‘re‘
d'une maniere 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. l'étape suivante du
proce’de de fabrication décrit consiste a disposer l'as~
semblage 111 a l'inte’rieur 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'e'tendent respectivement. a
distance de ses parois, les pastilles 103 et les fils de
connexion 105 correspondant des ensembles 108.

Cette étape consiste ensuite a injecter a l'intérieur
de la cavité 116 une résine d'encapsulisation des pas-
tilles 103 et des fils de connexion 105 de fagon a obtenir
en une seule operation 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 maniere générale par la reterence117,
a multipastilles 103 associe'es dans les enrobages 106
a la plaque commune de substrat 102.

En se reportant a la figure 5, on volt que dans une
étape ultérieure le proce'dé de fabrication décrit peut
consister a déposer une goutte ou boule de connexion
107 sur chaque zone de connexion 104 de la face 102a
de la plaque de substrat 102.

En se reportant a la figure 9, on voit que I'étape sui‘
vante du procéde’ de labrication décrit consiste a fixer

la face 106a de l'enrobage 106 du bloc parallélépipédi-
que 107, opposée a la lace 102a de la plaque commune
de substrat 102 incluse dans ce bloc. sur un support
plan 118 par l‘inten‘nédiaire d'une bande pelable 119 a
deux laces autocollantes. '

, Puis. Ie procedé de fabrication décrit consiste a
couper longitudinalement et transversalement le bloc

parallélipipédique 107. dans le sens de son épaisseur.
a I'aide d'une scie 120, le long des lignes de separation
longitudinales et transversales 121 st 122 s'étendant
entre lesdits diflérents groupes 104 de zones de con-

nexion électrique 104a auxquelles sont respectivement
associées les pastilles 103. Au cours de cette operation.
la scie 120 est engagée au travers du bloc parallélipi-
pédique107 au-dela de sa lace 106a collée sur la bande

119 de maniére a effectuer l‘opération de découpe com-
pletement.

Lorsque I'operation de découpe par sciage cides-
sus est eflectuée. on peut alors décoller de la bande 119
les ditlerents morceaux du bloc paralllépipédique 117.
chacun de ces morceaux correspondant a un boitier
semi-conducteur 1 tel que décrit précédemment en ré-
lérence aux figures 1 et 2.

Le procédé de fabrication qui vient d'étre décrit pré~
sente l'avantage de pouvoir fabriquer dans un meme
moule adapte pour recevoir une plaque commune de
substrat102 déterminée, des boitiers semi-conducteurs
1 de dimensions diflérentes.

En effet, sur diflérentes plaques communes de
substrat 102. on peut prévoir des nombres differents de
groupes 104 de zones de connexion électrique 104a
couvranl des surfaces dittérents, adaptées en corres-
pondence aux dimensions des pastilles 103 associées.
en les disposant comme dans l’exemple décrit précé-
demment. selon des matrices adaptées aux sunaces
que lesdits groupes de zones de connexion et Iesdites
pastilles occupant.

ll conviendra alors d'adapter uniquement les distan—
ces entre les differentes lignes 121 at 122 de découpe
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aux surfaces afin d'obtenir des boitiers semi-conduc-
teurs dont le pourtour présente des dimensions souhai-
tées.

Revendications

1.
Procéde de fabrication de boitiers semiconduc-
teurs (1) comprenant respectivement un substrat.
une pastille formant un circuit intégré et fixée sur
une zone du substrat, des moyens de connexion
électrique reliant Ia pastille a un groupe de zones
de connexion électrique extérieure situées sur une

face du substrat. ainsi qu'un enrobage d'encapsu-
Iisation, caracte’risé par la fait qu'il consiste :

- 'a réaliser de facon matricielle une multiplicité
de groupes (104) de zones de connexion
(104a) sur une plaque commune de substrat

(102). correspondent a autant de zones (109)
de fixation de pastilles.

- a fixer une pastille (103) sur chaque zone (109)
de fixation de la plaque commune de substrat,

- a relier électriquement chaque pastille (103)
aux zones (104a) de connexion electrique as-
sociées. de facon a obtenir un assemblage
(111) plaque de substrat-pastilles connectés,

et qu'il consists. dans une seconds étape :

- a disposer cet assemblage (1 1 1 ) dans un moule

(112) eta injecter une matiére d'enrobage (106)
dans le moule de facon a obtenir, en une seule

operation de moulage. un bloc parallélépipe‘di-
que (117) presentant d'un cOté ledit substrat.

- a déposer des billes ou boules (107) en maté-
riau de soudage sur les zones de connexion
(104a) du substrat (102) opposées a la matiere
d'enrobage moulée (106),

- et ‘a découper ledit bloc parallélépipédique
(117) au travers de l'epaisseur dudit substrat

(102) at de la matiére d'enrobage (106) en uni-
tés constituent chacune un boitier semi-con-
ducteur (1).

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

Procédé selon l'une des revendications 1 et 2. ca-
racte‘rise‘ par le fait qu'il consists a collar la face

(106a) dudit bloc parallélépipédique (117) exempte
de zones de connexion et opposée auxdites billes

de connexion (107) sur une bande autocollante pe-
lable (119) et a réaliser l'opération de sciage en en-
gageant ta scie (120) au travers du bloc (117) au-
dela de sa face collée sur Iadite bande (119).
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FIG.3
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FIG.4
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EUROPEAN PATENT OFFICE

"Patent Abstracts of Japan

PUBLICATION NUMBER : 10070870

PUBLICATION DATE : 10-03-98

APPLICATION DATE : 27-08-96

APPLICATION NUMBER : 08225387

. 11

APPLICANT : MITSUBISHI ELECTRIC CORP; /

  
  
 

  
 

INVENTOR : AKUTSU SATORU; 6 8 4 _ 3
’ 4' .. 1 TTINT.CL. : H02K 21/14 H02K 1/18 H02K 9/00 %ML., “Ill,"

H 02K 29/00 1111:1111 . I I”.

9 I
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.
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station. The plunger is applied using variable speed and .
pressure to control the rate the mold compound fills the

cavities in the top and bottom mold chases. thereby
avoiding voidsIn the completed packages and minimiz-
ing wire sweep ol the bond wires of the integrated circuitassemblies.
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Descri ption

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 techniques.

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 there is
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 controller, 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 pct 32 and into the rows
of cavities. Each cavity is coupled to the runners by a
secondary runner 35 which ends in a gate 37. a small
opening that lets the mold compound into the cavity.
The size and shape of the gate is critical to the speed
and control of the transfer and filling stages of the 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 cava 33. Runner 31 is coupled to the pct32.

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 Fl/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. wim the lead frames extending
outside the cavity and a space formed around each die.

Several leadframe strips each having a row of dies 53
which are bonded to their respective lead frames 51 are
placed over the cavities 33in the bottom mold chase 21.

A pellet of resin or similar material mold compound is
placed in the mold pot within the top mold chase 17.
After an initial heating stage to put the mold compound
into its low viscosity state. the plunger or ram 13 is used
to begin the transfer phase of the operation. The
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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
should fill each cavity 33. preferably at the same time
and before the mold compound begins to cure. The rate
of the downward force brought by the plunger 13 is 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 to 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 be areas where the compound fails to flow or
where air or other materials are trapped and muse 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 requirernem 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 corn-

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
specilication. 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.

Although the wire s/veep defect rate which is
observed in the single plunger molding presses is ade-
quate for producing low to moderate pin count DlP 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 mold
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
observed that steps taken to reduce wire sweep defects
typically increase the void rate. and vice versa. In other
words. if the wire sweep defect rate is lowered, the void
rate tends to increase. The wire sweep rate can be 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 slveep 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 Nonun'rform 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 once in a
molding operation. so the excess material must be dis
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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 results in
rapid wear of the mold pot and the runners. and the
plunger or ram itself. This results in expensive rework or
replacement of the mold chases on a frequent basis.

An alternative 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 mold 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 be 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 pct 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
long runners and nonuniform fill times associated with a
single plunger press. The pellets used are smaller and

therefore do not require preheating. as the mold platens
can provide sufficient heat to transition the mini-pellets
into the low viscosity state. The wire sweep defect rate
can be lowered by providing exact control of the plunger
or ram insertion rate. so that the fill is done at a speed
which prevents voids while minimizing wire sweep prob-
lems. An automated multiplunger 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 theshorter runners.

The disadvantages of the multiplunger molding
process are primarily that it requires the use of the miniv

pellets. The mini-pellet form of the molding compound is
far more expensive per kilogram than the single large
pellets used by the single transfer mold. Also, the multi-
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 multiple plunger molding sys-
tem requires complex control and loading and unload-
ing mechanisms. The result is that each station has
lower overall throughput than a single plunger mold sta-
tion. although 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 mold by having multiple plungers ganged
together and using multiple pots in the mold chase.
each feeding two to four cavities with mold compound.
By reducing the transfer distance it is hoped wire sweep
and void rate problems can be improved. However, tight
process control is not available because the plungers all
travel at the same speed and pressure unless an exter-
nal controller is installed. 80 this alternative has the dis-
advantages of requiring the mini—pellets of mold
compound. while not providing the highly automated
process control of a mufti-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 periodicallyas 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
minipellet 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 pellets 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.

US. Patent No. 5.098.626. issued March 24. 1992.
and entitled "Method for Packing a Measured Quantity
of Thermosetting Resin And Operating a Mold for
Enapsulating 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 the comaining 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
multiple plungers.

The '626 patent approach is similar to a multi-
plunger mold system in that small quantities of mold
compound. each of which are individually loaded. are
provided. The patent provides a moisture and contami-
nation tree 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 teed loading. However.
this particular feature of the sprouted bag containers
means that the bags and the tape or spool must be cus-
tom designed lor each particular mold, and if the mold
design is changed. a different bag design must be used.
Also. the complexity of loading a bag for each cavity or
each pair of cavities adds to the precision and cost of

the loading 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 problems 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 ot 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
ditterent 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 mold runners
during the transfer molding process. The protective
packaging ensures that the mold compound is free from
moisture and air contamination and is easily produced,
stored and shipped.

An improved mold design is used in combination
with the packaged sproutless mold compound inserts.
The mold chases include rectangular receptacles for
receiving the packets of prepackaged mold compound.
A plunger is provided for each of the receptacles. Each
package cavity is preferably equidistant from the 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 per run is
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 mold
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 sproutless mold compound system is
easily combined with a process controller to achieve

tight process control. The use of the sproutless pre-
packaged mold system with a process controller results
in a mold process with balanced cavity till. reduced wire
weep and low void detect 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 conventional 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 (it the bottom mold chase
of FIG. 3 in more detail;
FIG. 5 depicts a cross section of the runner of the
bottom mold chase shown in FIG. 4;
FIG. 6 depicts a bottom mold chase and runner of a
conventional multiplunger mold:
FIG. 7 depicts a sproutless mold compound pack-
age of the invention; -
FIG. 8 depicts a bottom mold and chase of the mold
system of the invention;

FIG. 9 depicts a top mold and chase of the mold
system of the invention:

FIG. 10 depicts the plunger used with the top and
bottom mold and the prepackaged mold compound
of the invention; and

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 othenivise indi-
cated in the text.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

FIG. 7 depicts a prepackaged sproutless 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
conventional resin or resin filler mold compound in a
solid form. Alternative molding compounds may be
used. such as liquids, epoxies, adhesives. resins in liq-
uid form. powdered mold compound. as examples. The
mold compound material may be made from powdered
mold compound or from extruded mold corrpound
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

corresponding bottom piece is likewise provided. Top
and bottom pieces 74 and 75 are sealed together at the
edges 77 and the top and bottom are also sealed at the
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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 seats or crimped seals
can be used.

Atternatives 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 top 74 may be opaque and may carry
labeling information in text and machine readable forms.
such as bar codes or so called UPC labels. This labeling
on the mold compound package 71 provides an easy
mechanism for checking that the correct type of mold
compound is being used for a particular packaging
operation. Also, the packaging affords the opportunity to
use alternative mold compounds 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 molding 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 receptacle.
The material used in the packaging should not add to
ionic contamination of the resulting packages. that is the
material should not have an ionic content higher than
that of the molding 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 titan
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 allow the
molding compound to exit the package at selected
points adjacent to the runners. and it should not open
prematurely during the preheat phase of the molding
operation. So the seals should not open and emit 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 fear 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 capable 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 polymerfilms. elastomers. synthetic rubber. toils
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. Plastic 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 MYLAFt'“ 40 XM sea-AT, a polyester film for
packaging available from DuPont. DuPont de Nemours

Int. S.A.. Geneva. Switzerland; or DuPom (UK) Ltd.
Maylands Avenue. GB-Hemel Hempstead. England.
Another preferred film is lCl'“ 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 fol~
lows. An extruded piece of mold compound is placed
over the bottom piece of film. The bottom piece is wider
and longer than the mold. compound. Top piece 74 is
placed over the bottom piece of film. Top piece 74 is
also longer and wider than the bottom piece. Heating
blocle or other sealing means can be applied to those
areas where the fflm exceeds the size of the mold com.

pound 73. After the seal is formed. the top 74 is cut out-
side ot the seals to form the package as shown in FIG.
7. The size of this lip is again determined by the mold
design. If other support means is provided. this lip is not
required at all. The lip can then be eliminated altogether.

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

‘lhe key feature of the package 71 of FIG.7 is that
'there is no need for a nozzle. 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 sproutless mold compound
package is required.

Alternative 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 liq-
uid molding compound. The tube can be plastic fflm 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 \acuum. 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 normal handling, the package should be
impervious to air. water. ionic contamination. and
should not burst or leak out the packaged molding com-
pound.

FIG. 8 depicts a portion of a bottom mold 82. com-
prising a mold chase 81 for transfer molding 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 89. 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 ftp of receptacle 91. to force the mold 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 tour receptacles 91.
and cavities along both sides of each receptacle. In
some cases. more chases can be used. such as 6 or 8

chases in a single mold. The number of chases
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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 receptacle 91.

FIG. 10 depicts the plunger 101 which is used with
the top mold 92 of FIG. 9 and the bottom mold 82 of
FIG. 8. The top of plunger 101 is sized so as to fit within
the receptacle 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 105 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. all in cross section
during the transfer operation.

In operation, the prepackaged molding system
including the mold compound package shown in FIG. 7.
the bottom mold chase of FIGS. thetop mold chase of
FIG. 9. and the plunger of FIG. 10. operates as follows.
The mold is opened so that the top mold and top mold
chase is separated from the bottom mold and bottom

chase and the bottom mold cavity rows 83 may be
accessed from above. Lead frame and die assemblies
are placed over the bottom mold chases 81 such that a
single Ieadframe 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 first loaded inserts.

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

pound 73 into the transfer phase without preheating, so
the preheating step required with the prior art single pct
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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 Ieadframe and

die assemblies and the mold compound packages.
Delivery runners 97 in the top mold cavity bars

93 are now positioned so that the inside ends of these
runners are over the top edges of the mold compound
packages.

The mold compound may be heated for a short time
to reach the low viscosity state. When molding smaller
packages, this heating is not required as the heat
already in the mold will rapidly make the low volume of
mold compound in the insert transition to the low viscos-
ity state. When the mold is closed, if the mold 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 seal so it is penetra-
ble. This relaxing of the seal should occur after the mold

is closed. and should be fairly complete. If a sealing
method other than a heat seal is used. it should provide
a seal that opens in response to either heat. pressure.
or both. The mold is typically heated to a temperature of
175 degrees Celsius when resin or resin filler molding
compound is used in either powdered solid or liquidstates.

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 enmodimenf. the plunger travels
101 through the bottom mold platen and into the bottom
mold receptacles 91. compressing the mold compound
packages from underneath. Alternatively, the mold com-
pound could be compressed from above. with the

receptacles 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 bottom 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 sproutiess 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
at the edges of the receptacle 91. As the only exits avail—
able to the mold cormsund 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 filling 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 mold

runners from the prepackaged packaging without
spr0uts or nozzles or bulges. No cutting or opening
means is required to direct or force the mold compound
out of the packaging. The packaging and mold system
has all the advantages of the sprouted bags of the prior
art. but additionally is simpler 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 correct places. no align-
mentor 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 sproutless mold compound insert of the inven-
tion provides many advantages in addition to the ones

mentioned above in enabling flexible mold design. The
mold cavities of FIGS. 8 and 9 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 seal the mold compound insert can be mini-

mized or reduced to nearly zero width. and it a seam-
less tube is provided it can be eliminated: depending on
the materials and sealing process chosen.

FIG. 1 1 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 corrpound package 71 is new
empty and resting in the receptacle 91. and it too is
removed. The need to clean the receptacle 91 and the
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plunger 101 is greatly reduced because the packaging
of the invention serves to isolate 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 source of the mold compound. and
the transfer speed can be controlled to eliminate voids
while minimizing pad tilt and wire sweep defects. The
transfer speed and transfer pressure can be controlled
by fitting an independent process controller circuit to the
mold system to allow multi-step. variable speed and var-
iable pressure capability. 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 fill
capability. It can be seen that each primary runner 97
and secondary runner 87 is the same length. Also.
because the cavities are all equidistant from the source
of mold compound. receptacle 91. the problems of 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 some extent the primary- run-
ners 97 are protected from the abrasive mold com—

pound. so that the wear rate is greatty reduced. This
results in longer mold life and reduced repair and
replacement costs over the life of the mold surfaces.
thus lowering 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 amoum 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 autoloading systems for
transfer molds. so that the prepackaged molding system
may be retrofitted into an existing automated transfer

mold assembly line for a reasonable cost. The plunger
design and mold design results in a need for two to four
plungers per mold. which is cheaper to build and 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. It is
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 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 mold compound insert;

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

providing an upper cavity region corresponding
to a lower cavity region in said lower mold
chase:

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

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

10

I5

20

25

30

40

50

10

8.

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 insert
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 sproutless mold 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 sproufless
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 ocupled to said runner by a gate
region. said gate region restricting the flow of said
mold corrpound 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
receptacles is substantially equidistam.
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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.

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 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 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 av-

ity regions coupling said at least one mold
receptacle to said lower cavity regions;
gates associated with each one oi 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 leadtrame assemblies are encapsu-
lated in mold compound responsive to pres-
sure applied by said at least one plunger.

The apparatus of claim 10. wherein said mold com-

pound insert is a sproutless mold compound insert

The apparatus of Claim to or Claim 11. wherein

said mold compound insert is packaged in a plasticfilm.

The apparatus of Claims 10 to 12. wherein said

mold compound insert is packaged in a plastic lilm
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 (£5-
tance from the lower cavity regions to said mold
receptacles is equidistant.

A sprout! ass 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 oornpound 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 sproutless mold compound
insert contains a vacuum. and said mold com-

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

The sproutless mold compound insert of Claim 19.
wherein at least one of said upper and lower piece
01 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 sproutless mold compound insert of Claim 19
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or Claim 20. wherein said plastic films comprises
an lClm 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 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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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 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.

Clalms

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 mold compound insert:

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

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

placing a leadtrame 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 receptacle;

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 ard 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 insert
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 sproutless mold compound
insert which is packaged in a plastic film.

The method of Claim 2. wherein said step of provid-
ing a sprouttess 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 sproutless
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
receptacles 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
film comprises providing an abrasive material. said
plastic film isolating said abrasive material from
said plunger and said receptacle.

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 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 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 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 leadirame assemblies are encapsu-
lated in mold compound responsive to pres-
sure applied by said at least one plunger.

The apparatus of claim 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 plasticfilm.

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 sproutless 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 irom said sproutless mold
compound insert when said sproutless 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
Mylarm film.

The sproutless mold compound insert of Claim 19
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or Claim 20. wherein said plastic films comprises
an lCl‘" 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 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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An injection molding appara-
tus having a plurality of molding
presses (IO), such as transfer mold-

ing presses for encapsulating inte-
grated circuits. are mounted on an
indexable rotary table (70). Sta-
tionary loading and unloading sla—
tions (60. 62. 64) are arranged at
spaced angular locations around the
table for loading an insert into the
mold cavities. for loading a mold-
ing material pallet. and for unloading
a molded product when the mold-
ing presses are successively aligned
with each station. A controller (80)
is provided to rotate with the mold-
ing presses (I0) for individually con-
trolling functions thereof sueh as
opening and closing of the presses
and temperature and pressure in the
molds. Another controller is pro-
vided in a stationary control panel
for controlling. for example. func-
tions of the stations and receiving in-
put from a user. and communication
is provided between the two con-
trollers.
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INJECTION MOLDING APPARATUS AND METHOD

This invention relates to an apparatus and method for injection molding, for

example for encapsulating integrated circuits.

5 Injection molding apparatus. such as a transfer molding installation for

encapsulating integrated circuits. typically involves 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

10 the molds and remove the encapsulated integrated circuits after molding. However.

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

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

accessing one of the plurality of molding presses.

Accordingly, the present invention provides an injection molding apparatus

15 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 common axis with

respect to a plurality of stations arranged around the plurality of molding presses, the

molding apparatus being adapted to sequentially align ones of said plurality of molding

20 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 comprising 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

25 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 one of the stations, said stations including an insert loading station for

loading an integrated circuit die and attached Ieadl'rame into a 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 an

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 respect to 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 communieating by way of a

rotating electrical connection. A similar rotating electrical connection may be provided

to power the molding presses in the event that they are 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/pneumatic circuits of the molding presses and their counterparts.

In accordance with the present invention there is also provided a method for

encapsulating integrated circuits. wherein at least one injection 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 aligning the press with a second said station and thth loading the

press with an encapsulation material;

performing a transfer molding operation wherein said integrated circuit die is

encapsulated with said material in said mold; and

rotationally aligring the press with a third said station and thereat 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.

5 The invention is described in gentler detail herein below by way of example only,

with reference to the accompany drawings. wherein:

Figure l is a schematic block diagram illustrating a prior art injection molding

arrangement;

Figures 2A, 23 and 2C show an exemplary transfer molding press illustrating the

[0 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

l5 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 arranged in a row, all facing the same direction. An area indieated 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

20 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 l0. A clmning robot

is arranged to move in an area 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

25 an encapsulating material pellet to the loading robot l2, respectively. Also, unloading

mechanisms are arranged at 22 and 24 for receiving the encapsulated integrated circuits

from the unloading robot, degating the leadframe. and passing the encapsulated

integrated circuit to a storage area.

Figures 2A. 28 and 2C are cross-sectional views of an exemplary transfer

Am. Honda V. IV 11 - IPR2018-00619

PET_HONDA_1003-0159



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0160

IO

15

20

25

WO 97/39870 PCT/SG97/00017

-4-

molding press 30 adapted to receive two molds 32. Each mold 32 is arranged within the

molding press 30. and comprises upper and lower mold parts 3221.32!) 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 achieved 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 28). Afler allowing the encapsulating material to solidify again, the

molding press 30 is opened (Figure 2C), wherein the mold parts 32a,3 2b 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

leadfiame inserts 36 and encapsulating material pellet 40 to repeat the encapsulating

process.

The operation of the prior molding system shown in Figure l for encapsulating

integrated circuit leadframes is described below.

First, one or more pre-heated integrated circuit leadfiames are loaded into a

molding press 10, which has a temperature of about 160°C to 200°C, by the loading

robot armwhieh services all of the molding presses l0. The same loading robot is used

to insert a pre-fonned epoxy 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 cavities by pressing the resin pellet against

the hot mold surface using the transfer plunger (Figure 28). The resin is cured in the

mold for about 20 to 90 seconds, after which the molding press is opened and the

encapsulated integrated circuit is ejected from the mold cavities (Figure 2C). in order to

remove the encapsulated integrated circuits from the molding press. the unloading robot

must wait until the loading robot is out or 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 [6 arranged to the tear 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 one form of the invention,

and Figure 4 is a cross-sectional view through the molding apparatus ofFigure 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 table 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 so as to align with a molding press 10 when

in one of the angular positions 101 to NS. In this case. an unloading station 60, such as

a pick and place robot arm is positioned so as to align with a molding press when in the

angular position represented by reference numeral l08. An insert loading station 62 is

positioned so as to align with a molding press at angular position 101, and an

encapsulation material pellet loading station 64 is arranged so as to align with a molding

press at angular position l02. For anti-clockwise rotation of index table 70, the insert

loading station 62 is arranged in the anti—clockwise direction around the table axis in

comparison to unloading station 60. and pellet loading station 64 arranged to the anti»

clockwise side ofinsert loading station 62.

Operation of the molding apparatus can be best understood by considering 2:
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single molding press [0 on the indexed rotatory table lo, 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 1% in Figure 4, to allow a pre-heated integrated

circuit die and attached leadfrarne to be placed within the one or more molds of the

molding press using a pick and place robot arm of the loading station 62. Following

loading of the leadframe, the index table 70 is rotated so as to align the molding press

withthe pellet loading station 64, where a pellet of encapsulation material is loaded into

the gangpot of the molding press. Afier 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 through 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 unloading 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 magan'ne 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 preferred embodiment of the present

invention can result in an increase in production time savings as compared with the prior

art system described hereinabove.

it will be reeoyiiscd by those skilled in the art that any suitable number of

molding presses can be arranged around the index table. with four, six or eight molding
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presses being preferred. Further, more than a single set of the loading and unloading

‘ stations 60.62 and 64 can be arranged 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 l06 respectively. The desirability of that type of

arrangement may depend upon the number ofmolding presses on the index table and the

curing time reqiiired 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 each molding operation 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 programmed 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 facilities 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 electrical motor

moving armature windings could be used. Also. if the molding presses l0 operate using

hydraulic or pneumatic power. then a connection is required between the hydraulic or

pneumatic circuits ofthe presses and a source of pressurised hydraulic or pncumallc
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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

connection to a pipe connecting with the hydrauliclpneurnatic circuits of the presses
mounted on the index table.

5 As an alternative to the rotatable electrical connector for passing signals between

the fixed and rotatable controller circuits, 3 wireless infrared or radio signai transmission

and reception system for passing signals bean the controllers could also be

employed.

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

10 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 injection 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 common 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 ofmolding material and unloading of a molded product.

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

presses are mounted on a rotatable platter, the rotational movement of which is

indexablc 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

receive an insert comprising an integrated circuits and leadfmme 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

operates to independently control mold temperature and pressure of each of the
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plurality of molding presses.

8. A molding apparatus as claimed in claim 7. including a pivotable electrical

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

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

9. A molding apparatus as claimed in claim 8, including a pivotable hydraulic

connection between a pressurised hydraulic fluid source and hydraulic circuits of said

molding presses.

IO

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

stations are controlled by said central controller.

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

15 statiom 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 plurality of transfer

molding presses mounted on a rotatable index table. each molding press being adapted to

20 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 die and attached leadframe into a mold of a mold

25 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.

I} An integrated circuit encapsulation apparatus according to claim l2. further
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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 lC packages

with leads for mounting to electronic circuitry.

Background of the Invention

In general. the plastic encapsulation of ICS to form packages

le 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 lC 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 le 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.

Am. Honda V. IV 11 - IPR2018-00619
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Atypical 1C may have over one hundred or more external
terminationsand 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 1C. 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 1C 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 more

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 polymer 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, including 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 [C 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. a method is provided 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

Am. Honda V. IV 11 - IPR2018-00619
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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 portion,

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 stn'p.

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. l is an isometric view of a Quad IC package in the prior

art.

Am. Honda V. IV 11 - IPR2018-00619
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Fig. 2 is a somewhat idealized plan view of a portion of a lead

frame in the prior art. g

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 art,

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 "5A" 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 68-68 of Fig. 6A.

Fig. 7 is a section view of a lower half of a mold in an

embodiment of the present invention, showing arretractable support

element. and an apparatus for extending and retracting the support

element.

Description of the Preferred'Embodiments

Fig. l is an isometric view of a conventional QFP IC package

11. Typically. body 13 of IC package ll 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 1C, and the

circuitry of the IC is connected to the outside environment through
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individual conductive leads IS. 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 before the process of die attach and encapsulation.
Strip 21 comprises several lead frames identical to frame 22 whereon

individual lC packages are constructed. The layout of Fig. 2 is

intentionally simplified to illustrate the principles involved. As is

well-known in the an, 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 2], 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 darn 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

Am. Honda v. IV 11 — IPR2018-00619
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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 darn

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 1C package from the

circuitry 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 1C 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 413. 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 comers 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

Am. Honda V. IV 11 - IPR2018-00619
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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.

V Molds 41A and 41B are positioned and centered on each die

43, and liquidrvphase 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 418 are removed and lead

frame strip 21, with the encapsulated and bonded die 43, is ready for

trimming to produce individual lC packages.

In Fig. 3', dimensions D] 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 ofposition, 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 support 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 5] in the encapsulation process. The tapered

Am. Honda V. IV 11 - IPR2018-00619
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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. ‘

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. SB is a plan view

similar to Fig. 5A, 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 418. 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,

8]. 83. and 85 have been provided.

Fig. 68 is a cross-section of frame 73 along the section line
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68-68 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.

ln_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 pointed 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 6] 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 skill 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 between 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 support

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:

l. 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 1 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 support 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.

ll. The method of claim 10 wherein the pins each are tapered on the

extended portion.

12. The method of claim 1 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

adj acent mold cavity.

Am. Honda V. IV 11 - IPR2018-00619

PET_HONDA_1003—0191 '



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0192

WO 96/33533 PCT/U596/05363

-18-

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

head of material bonded to the die attach pad.
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5 By Inventor

Peter M. Weiler

fiackground of the Invention

10

The present invention relates 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 strength

15 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.

20 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

25 chip on the support member. The bonding 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 l, which diagrammatically

illustrates an intermediate step in the production of a prior art 1C

package of the type described immediately above. An intermediate 1C

assembly, which is generally indicated bythe reference numeral 10. is

shown prepared for overall encapsulation. Intermediate 1C 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 encapsulating

intermediate IC assembly 10 is generally indicated by the reference

numeral 20. Mold 20 includes a runner 22 which leads from 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 runner 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

aeparation 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 molding material is injected into the cavity it flows

around the intermediate IC assembly including 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. which is not shown. runner portion 32 must be broken away from

package portion 30.

While the method of 'producing a prior art integrated circuit

package, as depicted in Figure l, doesproduce 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 1C. 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 materials 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 unattainable

characteristics with regard to strength and thermal properties.
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um a 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

5 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

10 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

15 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

20 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 wires electrically interconnect the

conductive leads with respective ones of the chip input/output

25 terminals. The intermediate assembly is encapsulated by providing a

mold assembly which defines a mold cavity, supporting the

intermediate assembly including the 1C chip and the bonding wires in

the mold cavity. injecting a fiber or other such particle laden molding
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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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figief Description 9; the‘ Dzawings

The present invention may be understood by reference to the

following detailed description taken in conjunction with the drawings. in
which:

FIGURE 1 is 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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Having described Figure l 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 plastic 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 US.

Patent Application Serial No. 08/225,900, filed April ll, 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 thepresent invention, which follows hereinafter.

Continuing to refer to Figure l and in accordance with the present

invention. intermediate assembly 42 is encapsulated by a molding

material 54. Molding material 54 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

-3-
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packages based upon the characteristics of the components present in
molding material 54. In the present example. molding material 54 is
laden with a plurality of fibers 56 which may include, for example. glass
fibers or aluminum nitride fibers. The addition of these fibers provides

5 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

10 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.

15

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

20 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,

25 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.

5 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

10 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

15 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 adjoins 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

20 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 position. as showu. This

unique gate. unlike the prior art fixed gate shown and described above.

25 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 chipinputloutput terminals by an array of bonding wires 88.

A hardened plentic 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

-11-
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has been a significant concern in the manufacture of prior art 1C

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 passage 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 5, 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

-12-
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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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1. 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;

b) supporting said intermediateassembly 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

(1) 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 fibers are glass

fibers.

10. A method according to Claim 8 wherein 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

[C 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

input/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 accordance 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 SURROUNDING A PIEZOELECTRIC

SOLID STATE MOTOR STACK

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.

On 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-cf the ceramic disks. separation between
disks/electrodes is also a frequent problem.

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. In a

first embodiment, O'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

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 O'Neill embodiment maintains contact

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 preload the

coating to prevent separation of the coating from the

stack. The winding of the tape is spaced to allow for

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,

endurance, output, and lifetime, are achieved by the
present invention.

SUMMARY OF THE INVENTION

The present 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
used for encapsulating the stack to prevent arc-over.

A second elastomer is used for encasing the

combination of the encapsulating elastomer and the

stack. An elastomer grease is sandwiched between the

encapsulating elastomer and the encasing elastomer for

reducing friction between the combination and the

Am. Honda V. IV 11 - IPR2018-00619

PET_HONDA_1003-0240



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0241

W0 92/06532 PCT/US90/06539

-5-

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.

5 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

10 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

15 with electrodes. The method includes the step of

encapsulating the stack with a first material,

followed by encasing the combination of the first

material and the stack within a protective housing,

and then sandwiching a lubricant between the

20 combination and the protective housing for reducing

friction between the combination and the protective

housing.

25 BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood if

reference is made to the accompanying drawings in
which:

30 FIG. 1 shows a side-sectional view of a housed,

encapsulated piezoelectric solid state motor stack in

connection with the present invention;

FIG. 2 shows a top-sectional view of the housed

piezoelectric stack of Figure 1 taken through line
35 A-A;
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PIG. 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

5 method for pre-encapsulation preparation of a

piezoelectric stack in connection with the present
invention;

FIG. 5 is a flow chart of the basic steps in a

method for preparation of a desiccator for use in the

10 encapsulation of a piezoelectric stack in connection

with the present invention;

FIG. 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

15 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.

20

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Broadly, the present method for encapsulating
25 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
30 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,
35 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 synonymous. 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

Am. Honda V. IV 11 - IPR2018-00619
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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

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
incorporated herein by reference.

FIG. 2 is a cross-sectional view taken through
line A—A of the piezoelectric solid state motor stack

and housing of FIG. 1. The details of FIG. 2 will be

covered during the following discussion of the

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

exterior of the assembled stack and bus bar structure

by a conventional 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-

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

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.
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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 load 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

load 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 load is released and the desiccator is then

sealed as shown at blocks 510 and 512, respectively.

A vacuum is then created in the desiccator as shown at

block 514, to draw out a sufficient volume of air so

that the elastomer will fill 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
5 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

10 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.

15 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.

20 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
25 100°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

30 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

35 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 62‘, 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 and 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 O-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 716.
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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 limited

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 CLAIM 

1. An encapsulated piezoelectric solid state

motor stack (100,200) having a plurality of disks

interleaved with electrodes (102), comprising:
first means (220) for encapsulating the

stack;

second means (224,204) for encasing the

combination of said first means and the stack; and'
third means (222) sandwiched between said

first and second means for reducing friction 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

biased by a source of electrical potential.

2. An encapsulated piezoelectric solid state

motor stack (200) according to claim 1, wherein said

first means (220) comprises an elastomer.

3. An encapsulated piezoelectric solid state

motor stack (200) according to claim 2, wherein said
first elastomer comprises silicone.

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

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
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.

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 method for encapsulating a piezoelectric

solid state motor stack (100,200) having a plurality

of disks interleaved with electrodes (102), comprising

25 ‘ the steps of:.

encapsulating 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

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

contaminants;' .

applying said first material (220) to the

stack; and

curing said first material.

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;

curing said primer; and

applying an elastomer (220) to said primed
stack.

12. A method for encapsulating a piezoelectric

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; '

aligning said coated combination in said

protective housing (204);

introducing a potting material (224) between

said coated combination and said protective housing;
and

curing said potting material.
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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 clrcuits-intégrés.
Deux grands types d'encapsulation sont utilises

act'uellement pour les clrcuits-intégrés, selon les applications

envisagées.

Pour les applications les plus courantes', on utilise des

boitiers en matiére piastique mouiée réallsés de la manlére

suivante: on prepare one grille de connexion métalllque qui

servira A la fois de support a une Ipuce de circuit-lntégré 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 enrobe la puce

et les (115 de matiére piastique, par moulage.

Cette technique donne satisfaction mais présente certaines

faiblesses, en particulier sur les points suivants: ll y a risque

de penetration dfhumidité dans le boitier par infiltration aux

interfaces entre la grille et la matiére plastique; la matiére

plastique est directement en contact avec la puce de silicium et
exerce des contraintes mécaniques sur la puce, surtout

lorsqu'eile est de grande surface; in game de temperature do

fonctionnement correct est limitée (en général de -40°C a ‘85°C);

is dissipation thermique‘ est limitée car in conductivité

thermlque de la matiére plastique est relativement mauvaise;

enfin, le nombre de broches d'antre’e-sortle du boitier est limité

du fait que les fils de liaison entre la puce et les brochas

doivent remer écar’tés les uns dos autres d'un certain pas
minimum; le moulageplasiique impose ce pas minimum.

Pour éviter ces diverse: Limitations, on a propose, pour.

les applications plus délicates, d'encapsuler les

circuits-intégrés dans des boitiers de céramique. Cette technique '

consiste a sérigraphier des conducteurs sur des feuilles de

céramique crue, a cuire ensemble les fquJes de céramique pour
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constituer un substrat lqe céramique. A caller ou souder un-e puce '
de circuit-integré sur une face du substrat, a nelier in mice aux

conducteurs sérigraphiés qui l'entourent, A fermer le substrat

par un capot scellé herméiiquement, at A souder e i'extérieur du

boitier des broches do connexion venant en 'contact avec des

extrémités affleurnntes des conducteurs sérigraphiés.

Dans cette technique plus sophistiquée, les infiltration:

d'humidité sont réduites on minimum, ’car les feuilles de

céramlque cocuites sont parfaitement étanches et la soudure du

cepot (en general une soudure de métai sur de la céramique) est

également tres étanche; ll n'y a pas de contrainte mécanique sur

la puce car elle n'est pas enrobe'e de matiére piastique meis elle

reste A l'elr; l'absence de matiére plastique perrnet un

fonctionnement a temperature ambiante plus élevée (jusqu'é 425°C

par example et dans certains cas 200°C); ie pas des conducteurs

sérigraphiés peut étre plus peiit que -ies 'pas d'une grille de

connexion et i'absence de moulage par injection permet de

diminuer la distance entre (Us de connexion voisins (fils de

connexion entre la puce et le substrat); enfin, la. dissipation

thermique est améliorée car is conduction thermique de la

ce‘remique est blen meilleure que celle de la matlére plastique
moulée.

Mais évidemment cette technique d'encapsuletion en boitier

ce’remique est beaucoup plus cofiieuse que le moulage plastique.

La présente invention pour but de proposer une nouvelle

technique d'encapsulation permetiant de profiter du teible cout

de in technique de moulage plastique tout en minimiaant 'les

inconvénients de cette technique. _
0n propose salon l'invention un nouveau' boitler et un

procédé d'encapsulation correspondent; le procédé. consiste a :

' preparer au moins deux grilles métalliques de connexion;

- placer les grilles dans un moule de teile maniére que

leurs extrémités arrivent sur au moins deux niveaux different: I!

proximité d'un emplacement reserve a une puce de circuit-intégré,
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- injecter une matiére piastique de mouiage dans le mouie,
le moule étant conforme' de maniére A : empécher ie recouvrement
des extrémités des grilles A proximité de i'emplncernent réserve’,
ménager une cavlté de reception de puce dens cet emplacement,
at laisser dépasser la grille hers du moulepour constituer des
broches de connexion extérieures;

- placer une puce dans la' cavité;

- souder des fils de connexion entre la puce et les
extrémltés des grilles de connexiong . '

- former la cavité par un capot hermétique.

Le boitier seion l'invention est donc constitué de la

maniére sulvante : il comprend un corps de matiére piastique
mouiée avec une cavité inte‘rieure de réceptionfi'une puce, et,
dans cette cavité, autour de la puce, au moins deux se‘ries

d‘extrémités de grille de connexion non recouvertes par la
matiéfe plastique du corps et placées sur au moins deux nlveaux
diffe'rents, in puce étant raccordée par des fils A ces

extrémite‘s, et la cavité étant ferme‘e par un capot sceiJé

hermétiquement. .
Les extrémités de la grille de i'un des niveaux sont de

préférence décalées cu disposées en qulnconce par rapport é
celles du deuxiéme niveau, c'est~é-dire que deux flls voisins

partant de la puce seront soude‘s respectivement sur deux
extrémités de grille de niveaux diffe'rents.

La technique proposée selon l'invention présente les

avantsges suivants 2 tout d'abord le cout est faible puisqu'll
t'ait intervenlr essentiellement un moulage de matlére plastique
et non un substrat .de céramlque sérigraphiée; ensuite on peut
utiliser comme matiére piastiqv..e de moulage une matiére. A fort

coefficient de rétreint au refraidissement,‘ de sorte que
i'étanchéité aux lnterfaces entre matiére plastiquehet grilles
est améliorée; cela n'était pas possible avec les moulages
ciassiques dans lesquels la puce était directement on contact'

avec la matiére plastique A cause des contralntes excessives

qu‘une matiére piastique A fort coefficient de re'treint au'rait
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imposé a la puce; de maniére générnie, les contraintes sur le
puce sont réduites grace é l‘invention; enfin, is densité de

broches de connexion extérieures peut étre trés élevée gréce a

l'utilisetion de piusieurs niveaux de grille de connexion.

Il n'eurait été que trés difficilement possible d'utillser

plusieurs niveaux de grille avec des boitiers de matiére

plastique moulés classiquement par enrobageicomplet d'une puce
et des ses t'ils, et un aspect important de l'invention réside‘

den: 18 découverte qu'il devient pratiquement possible de le

faire evec un boitler moulé evec une cavité, dans lequel la puce

n'est mise en place qu'aprés moulage. En effet, ll devient facile
de mettre en place In puce et ses fils anrs que les deux nlveaux

de grille sont fixe‘s en place dens la mati‘ere plastique qui les
enrobe.

Le cepot hermétique qul ferme is cavité 'est de préi‘érence

réalise’ dans la meme matiére piestique que' le corps d'u boitier;

ll est de preference soudé par ultrasons, éventuellement evec

adjonction d'une metiére de collage teile qu'une résine epoxy.

On peut de plus envisager que la cavité contenant la puce

' et ses fils soit noye'e dans une résine de protection soupie (qui

n'exerce pas de contraintes mécanique sur la puce et ses fils);

cette résine serait mise en place avant fermeture du capot; elle

eureit l'aventage de diminuer la. sensibilité a i'humidité.

On peut aussi prévoir qu'il y a plus de deux niveaux de

grilles de connexion.

Une embase en matérieu A forte conductivité thermique
peut étre insérée dens ie mouie avant injection de mati‘ere

plastique; cette embese formersit le fond de la cavite’ et

servirait de support at de drain thermique pour la .puce; le

matériau peut étre du‘cuivre ou du nitrure d'eliiminium, ce

dernier matérieu eyent l'evantage d'avoir un coefficient de

dilatation trés proche de celui du siliclum, permettent einsi de

re'duire encore les, contraintes qui s'exercent sur le puce

iorsqu"|.i y a des variations de temperature eu cours du
fonctionnement.
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Les grilles de connexion presentent de preference, la ou

elles sont noyées dans la matiére plasthue, des formes‘ tordues

ou matricées augmentant la longueur des chemins de trajet de
i‘humidité aux interfaces grille/plastique et ~assurant une

meilieure resistance a l'arrachage en cas de traction des broches
extérieures du boitier.

D'autres caractéristiques et avantages de i'invention

apparaitront a in lecture de la description détaUJée qui suit et

qui est Eaite en reference aux dessins annexes dans lesquels

- la figure 1 représente une coupe transversale du boitier
selon l'invention;

- la figure 2 repre‘sente une vue de dessus de ce boitier;

- la figure 3 représente une vue de dessus en perspective
du boitier.

Le boitier comporte un corps principal 10 en matiére

plastique moulée, de’i‘inissant une cavité 12 ouverte vers le haut,

cette cavité servant de logement a une puce monolithlque 14 et

étant fermée en haut par un capot de fermeture hermétique 16.

'Dans i'exempie représenié, mais ce n'est pas obligatoire,

une embase 18 moulée dans le corps 10 sertVde support a la puce

14. Cette embase est réalisée dans un matériau ayant de bonnes

propriétés de conduction thermique (cuivre par exemple) ou mieux
dans un matériau ayant a la fois des bonnes proprie’tés de

conduction thermique et une bonne compatibilité avec la puce,
notamment en ce qui concerne Ies coefficients de dilatation

thermique respectifs. Le nitrure d'aiuminiurn est un matériau

approprié a cet égard pour les puces de silicium.

L'embase 18 a été noyée dans la matiére plastique lors de

l'ope‘ration de moulage du corps 10, la surface supérleure de

l'embase affleurant de preference dans la cavité 12‘ pour en

constituer 1e fond et la surface inférieure de l'embase‘
affleurant a l'arriére du boitier pour pouvoir‘ venir en contact

ulte‘rieurement avec un radiateur d'évacuation de chaleur.
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Dans lo. corps du boitier 10 sent moulés au moins- deux

grilles de connexion 20 et 22; ces grilles sont en 'rnétal

conducteur; eiles font saillie A l'exte‘rieur du boitier pour

constituer les broches de connexion e'xtérieures du boitier. De

preference, les broches de connexion extérieures des deux grilles

sont en quinconce, c'est-R dire que les broches d'uno grille sont
décalées latéralement 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'autre grille. On a représenté sur in

figure 2 les broches extérieures 21 de la grille 20 en quinconce
avec les broches extérieures 23 de la grille 22. On volt bien

aussi la disposition décale’e des broches sur la figure 3. Un

décalage des broches d'un niveau a un autre pourrait étre fait

avec plus de deux grilles e'galement pour aug‘menter la densité de
broches du boitier.

A l'inte’rieur de la cavité 12,. les extrémités des

conducteurs de la grille sont dénudées superficieUement,

c'est-a-dire qu'elles ne sont pas entierement enrobées par la

matiére plastique du corps 10; elles peuvent toutefois étre

recouvertes par une résine rajoutée dans la cavité apres mise en

place de la puce et de ses ills de connexion.

La cavité 12 a de préi‘érence une forme de cuvette en

gradlns, les extrémités des grilles reposant sur ces gradins,

cheque niveau de grille correspondent A un gradin respectif.

Dans l'exemple représenté, la cuvette a deux gradins au dessus

de l'embase de reception 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.

Les extrémités de grule a l'intérieur de la cavit; 12

sont également réparties en qulnconce, c'est-a-dire-que leurs

posit-ions sont alternées, de maniére qu'un til do liaison entre

la puce 14 et une extrémité 21' faisant partle de la grille 20

(et done reposant sur le gradin' 24)_ soit adjacent A un til de

liaison entre la puce et une extrémité 23' feisant par-tie de la

grille 22 (et donc reposant‘ sur le gradin 26).
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Les flls de liaison entre la puce et les extrémités de

grilles ont été représente’s sur In figure 1 mais non sur les

autres figures pour ne pas surcharger le de‘ssin.

Dans l'exemple représente’, la cavité en forme de cuvette a

grading comprend un gradln supplémentalre 28 servant a recevoir
le. capot de fermeture 16 de la cavité.

Les conducteurs des grilles ont de preference, IA of: Us

sont noyés dans la matiére plastique de moulage du corps 10, une

forme tordue destlnée a allonger 1e chemin de pénétration de

l'humldite’ aux interfaces plastique/grllle, et destinée également
a augmenter in resistance a l'arrachement des grilles en cas de
traction par rapport au boitier. V

Le procédé d'encapsuletion selon l'invention se de'roule de

la maniére suivante : on prepare d'abord les dlffe'rentes grilles
de connexion, ici les deux grilles 20 et 22. Elles sont faites

classiquement par estampage d'une plaque métallique. Les grllJes

sont planes au depart et les diffe‘rents conducteurs qul les

constituent sont relie‘s les uns aux autres pendant la majeure

partie du procédé; les extrémités constituent les broches

extérieures ne seront sépare’es les unes des autres et recourbées

pour former des broches indé‘pendantes qu'en fin de proce'dé.

L'embase de support 18 (si on en utllise) et les grilles
sont mlses en place dans un moule a Injection. La conformation du

moule.est telle que les extrémités lntérieures des grilles 20 et
22 restent dénudées aprés i’opération de mouiage, de meme que is

surface supérieure de l'embase 18, c'est-a-dire la surface qui

recevra la puce 14. Les extrémités extérieures des grilles,

destinées a former has broches extérieures de connexion,
dépassent hors du moule de méme' que les barres de liaison entre

ces broches (barresr non représentées qu'll faudrn couper .pour
séparer les broches les unes des autres). La surface lnférieure

de l'embase reste également dénudée aprés l'opération de moulage.‘
Enfln, le.moule dét'lnit la cavite‘ 12 qul reste llbre de toute

matiére plasthue et qul a de préférence une for-me en grading
comme expliqué ci-dessus.
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Les grilles sont. maintenues en place dans la moule de‘
maniére que leurs extrémlte's du cété intérieur, entour' de la

cavité, solent disposées sur deux niveaux (en plus 3‘11 3/ a plus

de deux grilles). En pratique les grilles sent planes pendant le

moulage at les grilles sont donc superposées sur deux plans

paralléies dans le moule. C'est également pendant l'opération de

moulage que sont détlnies et maintenues 193 positions relatives

des grilles pour aboutir é une disposition décalée ou en

quinconce.

Le moulage est felt par Injection d'une matlére plastique

thermoplastique, de préi‘érence ayant un coefficient de rétreint

asset fort nu refroidissement, pour enserrer fortement Ies

grilles 20 et 22. On cholslra de preference une matiére plastique

tenant g haute temperature (supérieure é 200°C).

Apr-es démoulege, on colle ou on soude une puce i4 dans

le fond de la cavité re‘servée, sur l'embese si une embase est

présente. On soude des ills de liaison entre la puce et les

extrémités dénudées des grilles 20 et 22.

On peut alors déposer dans la cavité 12 une réslne de

protection qui vient noyer lav puce et ses ills. On peut aussi

laisser la puce et ses fils A l'air Ubre.

On fer-me alors la cavlté avec le capot 16 qui est de

preference constitué clans la méme matiere clue le corps 10 du

boitier. La soudure est de préférence une soudure par ultrasons,

éventuellement aidée par une résine de collage.

On termine 1e montage en coupent les barre: de'liaison

(non représentées) entre broches extérieures et en recourbsnt

ces broches pour.leur dormer une fox-me déslrée. La figure 3'

représante un example de fox-me donnée a co: broches. On y volt
la disposition en quinconce des deux nIVeaux oe grille, at on

volt la cuvette en gradins portant sur cheque gradln un niveau

respectif de grille .
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9

REVENDICATIONS

1. Procéde‘ d'encapsplatlon de clrcuit-lntégré,
caractérlse’ en ce qu'u comprend les operations suivantes

- preparer au moms deux grilles rnétalllques de connexion
(20, 22);

- placer les grilles dans un moule de teUe manlére que
leurs extrémités (21‘, 23') arrivent sur nu molns deux nlveaux

different: a proximlté d'un emplacement réserve’ é- une puce de
cucuIt-lntégré (I4),

- injecter une mauere plasthue de moulage dans le moule.

le moule étant conformé de manlére A : empécher 1e recouvrement

des extrémltés (21', 23') des grllles A proxlmné de

l'emplacement re'servé. ménager une cavlté (12) de reception de

puce dans cet emplacement, e! lalsser de’passer la grille hots du

moule pour constituer des broches de connexion extérleures '(21,
23);

' placer une puce (14) dans la cavité (12);

- souder des “15 de connexion entre la puce et les

extre’mités (21', 23') des grilles de connexion;

- fermer la cavite’ par un capot herme’tique (16).

2. Procédé d'encapsulatlon selon Ia revendlcatlon l,

caractérlsé en ce que la matlére plasthue de moulage est une

matlére plastique A [Sort coefficient de rétrelnt au
refroldlssement.

3. Proce’dé d‘encapsulatlon selon l'une des revendlcatlons

1 et 2, caractérlsé en ce que les extrémltés de grilles-auteur de

l'emplacement réservé a la puce son! disposées et magntenues en
qulnconce pendant l'opératlon de moulage.

4. Procédé d'encapsulatlon selon l'une des revendlcatlons‘

1 A 3, caracte’rlsé en ce que les grilles'sont maintenues pendant
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l'opératlon de moulage de manlére que les- broches extérleureis
solent disposées en qulnconce.

5. Procédé d'encapsulauon selon l'une des revendlcatlons

1 é 4, catactérlsé en ce que la cavlté a une for-me de cuvette &

gradlns (24, 26) has extrémltés de grilles reposant sur » ces

gradlns sutour de l'emplacement réservé 5 la puce!

6. Procédé d'encapsulatlon selon l'une des revendlcatlons

l a S, caractérisé en ce qu'une embase thermlquement conductrlce

(18) est placée dans le biner pendant l'opératlon de moulage,

cette embase étant destlnée A servir de support et de draln

thermique a la puce.

7. Procédé d'encapsulatlon selon l'une des revendlcatlons

1 £1 6_, caractérlsé en ce qu'une résine ole-protection .souple est

déposée dans la cavlté aprés mise en place de la puce el de ses

(Us de liaison et avant fermeture de la cavlté par le capot.

8. Proce’dé d'encapsulstlon selon l'une des revendicatlons

1 A 7, caractérlsé en ce que lé capot de fer-mature est réallsé

dans la méme matlére plasthue que celle qui a servl au moulage,

et qu'll est soudé par ultrasons au dessus de la cavlié.

9. Bower d'encapsulation de circuit-lntégré,

caractérise‘ en ce qu'll comprend un corps (10) de matlére

plasthue moulée avec une gavlté lntérieure (12) de réceptlon

d'une puce (14), et, dans cette csvlté, autour de la nuca, au

moms deux sérles d'extrémltés (21', 23') de grilles de connexion

non recouvertes par la matiére plasthue du corps at placées sur-

au molns deux nlveaux dlfférents (24, 26), la puce étant
raccorde‘e par des ills A ces extrémltés, (at. In cavité étant

fermée par un capo! (16) scellé hermétiquement.

10. Boitier selon la revendlcafion 9, caractérisé en ce que
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195 extrémltés (21') de la grlue de l'nn des nlveaux sont de

préférence dlsposées en qulnconce par rapport é celies (23')
d'une grille d'un deuxiéme nlvéau, c'est-a-dlre que deux “ls
volslns partant de la puca seront soudés respectivement sur deux
extrémltés de grille de nlveaux dlfférents. .

11. Boitler selon. l'une des revendlcatlons 9 et 10,
caractérlsé en ce qu'u comporte une embase (18) en matérlau a

forte conductlvlté therrnlque servant do support et de drain
thermiqua A la puce.

12. Boitier salon l'une des revendications 9 $3 11,
caractérlsé en ce que le capot est réallsé dans la méme matlére
que le corps du boitler.

13. Boitier selon l'une des revendlcatlons 9 a 12,

caractérlsé en ce que la csvlté fermée par la capot est remplje
de réslne de protection souple.

14. Boitler selon l'une des revendlcatlons 9 ii 13.

caractérlsé en ce que les conducteurs des grilles présentent, IA

of: Us sont noyés dans la matlére plasthue du corps (10), des

fox-mes . tordues ou matricées pour allonger le chemln de

pénétration de l'humidlté é l'lnterface plasthue/grflle, et pour
augmenter la réslstance a l'arrachage.
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' Bpamemm CTQTODR

3

i yé'TaHaunuaaloT B ycrpofic'rno 8 nnfi
u BKnmuawT Harpe-

BaTenb 9. B Kananm 7 yCTanannHBAMT

ynn0THnmmne npoGKH 10, onHoapeMeHHo
naunuan naKyyMRDona'rb nOnOCTb C’TaTO—

Pa. BKIHOLIHJOT Bpameune CTaTOpa H "0"

dawr xounaynn uepea nanyfiox a no—
nocrb Bpamawmerocn CTaTODa. 3annnxy

05MOTKH craToba kOMflaYHROM npousao-

gar npu npameunn craTopa; He cunnan‘

aaxyyMé npn noammefinofi TennepaType.

MaoépeTeHHe OTHOCHTCK x ofinaCTH

pnepromexnnxu,'a qaCTHocrk_x Tex-
Honornu xancynnponaunn ofiuowox cwaro-
DOB aneKTquecxnx mamun.

uenb H305peTeHHfl - noabmenue npo4

usaonnrenbuocfin, ynpomenne npouec-

ca Kancynnpoaanna H yMeHbmeHné pac-
xona xonnaynna.

Ha uepwexe usofipaxeu

a upouecce ero saauaxn.
Kanpynuponanue‘o6MoTxn no

npennaraenony cnocofiy ocymecwnnnwr

chenymmnu oGpasou. 7 ‘
Ha Topuax craropa 1 c Kancynnpy-

-eMofi o6uowxofi 2-yc7anaanunam7 rep-.
MeTuaHpimeé sarhymxu, B Koropux

cfarop

‘_coocuo~co CTaTopOM c onuofi an" nayx
CTOpOH YCTaflOBHEHbl repnemquue BRO.-

.nm. Ha qefirexe nQKasaH repHeTflqHHfi‘
anon, ycwaubnneauufi a onnofi us

cTOpOH cwaropa a sarnymxe,_axnwuam-

mefi apamammywcn 3‘“ Henonsuxnym 6
qaCTu. FepMeTnuuufi hnon caafixen '

nanyOKaMH' nnn aaKyyanoaaHun 5,
nonauu kounayuna 6, pacnonoxennunn

a Henonnuxuofi nae?" 4 repuernanpym--
mefi-sarnymxu.

B KaQECTBe narpyfixa ans anaa_Hs-

nHmKoa xounayuna ucnonbaymr Bayrpefl-
umm unnunnpnuecxyw UOHOCTb BO apa-'

mammencn Racru 3 repuerusnpywmefi sa-
rnymxu, unnuuanbnufi nHaMETD (d) no-

nocrn no Kpafiuefl Hepe Ha rpaflnue

tancynupoaauun page" saganuouy nua-
METDY sanuakn. Bra nonocrb coo6mae7-

ea c panflaanuMH xauanaun 7, pacno—
nomeunmnu non yrnou no 90' K ocn

CTaropa c nepmuuon, oOpameHuofi x no-

nocrn craropa, H HHemmHMH @opuy Ko-

Hyca, MeHbmee ocuoaauue Kproporo Han-
paaneuo x ocn craropa.
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Hocne gannnxn nqonaaonnr paarepmewu-
saunn CTaTOpa nyTeM npexpamennn Ba-

KyYMHponaHnn; n H BTOM'non neRCTBHeM
uequOGexHux can npoGKH 10 auranxu;
nachn H HanHNKH KoMnayHna auTeKawT

H3 nonocru craropa. floammamr Tenne-

paTypy Harpeaa craropa H npouaaonnr

TepuooGpaGOTKy, He npexpaman npamennn
craTopa no nonHoro an" qacwuufloro 0T—

Bepxnenux xounayuna. 1 3.n. ¢-nu.
1 Mn. '

ZCTaTQP 1 yCTaHaanHaamT a ycrpofi-
crao 8‘nnn spamennn cwaropa H aknm-
Ham? HarpeBaTenb 9 nnn upensgpurenb—
Horo Harpena ctaropa-I.

B auxonnue_oraepcrun KaHanon 7 nun
cnnaa KoMnayHna ycrauasnuaawT ynnor-
Hnwmne qpofixn 10, onuoapeMeHHo Raqu—

Han naxyyunposarb nonocrb CTaropa
1, “pk STOM sa cue? Hapyxnoro arnoc-
¢epuoro nasneuun npoéxn 10 ynnOTHan
xananm 7, ofiecneqnnax Tpefiyeumfi Ba-
xyyM anyrpn craropa 1.

3aTéM HaqHHamT Bpamarb CTaTOp
anecre c ycranoanenuofi repmeTnaxpym-
mefi sarnymxofi. Hp" STOM narpyfixu nun
aaxyyuuposaunn’s H nonaqn xonnaynna'
6 caxsauu uepes xpéHm nuéo ycrpoficraa
HX saneugmmne cooraercraeuuo c cucre-

Hana aaxyyunpoaannn u EMKOCwa c ROM-

nayunou. Onnonpenenflo Ha craTope an
nouomn Harpenarena 9 nonnepxnaaewca,
Tenneparypa, Tpefiyeuén nnn ofiecneqe‘

Hnn xaqecraefluofi aanuaxn xounayuna.m ”u
31y %eunepawypy nanpamT H3 ycnonun'"“‘
nOCTuerna annuanbflofi ansxocrfl Kon-
nayuna npu sanHBKe.

npofisaonxr nonaqy xounaynna 3 aa-
xyynuposaflnym nonocws spamammerocn
craropa nenocpencraenno x naséu

craropa qepes nanydox 6, ycwauon-

nenuufl a-kenonnnxnofi (neapamammenca)
qacrn 4 repMeanHoro anona a five.

‘IIOJIXaIOT aammpoaa-rb apamavommca
CTflTOD o

Obnorxy apamamuerocn craropa sa-
nonnnmr xgnxnn xounaYHnou a Ronn-

'qu'rne, HeCKOJ'leO npewmamen p’ac-

qe‘rnoe. flocne 3_.‘l‘.0!'0 flpOHSBOnfi‘l‘
pasrepMeTusaunn cfaropa nyreu npe-
Kpamemm HaKYYHHpOBAI-fllfl HOIIOCTH c'ra—

Topa a onuoapenennufi cm'm usmmxoa

Kaunaynna. 36a onnoapeMeHuoch poc—
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5

. Turnercx TeM, qro npu npexpamennfl aa-
~Kyynupoaamm non nencrauen ueurpo—
dexuux can amranxusawrca HDO5KH IO,
ynnorunamne Kauanu nnx cnuaa nannm‘
K08 Kounayuna.

Hannmxu xounaynna non neficraueh
ueH'l-potsamux can tiNTeKaIOT 'us nonoc‘m
CTaropa no ypoana, onpenenxeuoro MH‘
HHMaanMM nnauerpbu unnuunpnuecxofi
nonocru nonanxuofi qacrn repMeTuaupyw-‘
mefl aarnymxu; BareM noabmawr Tenne-
paTypy Harpeaa craropa H npousaonnr
TepMOOGanOTKY craropa a npouecce
ero Bpameflua no nonnoro Hnn uacrnquq- 15
ro oraepxnenun Kounayuna.

n p u M e p. Sannaxy craropa no-
rpyxuoro snexrponaurarenn n3nn2.5-
-117/4 npouaaonnr SHOKCHngN Hanan-
Heuuun'xounaynnou uapxn 33K8/4. “gene 20
ofioporon, HeoaxonHMoe nnn coanaunn
naanefiun a xoufiaynne n npouecce apa-

onpenenennoe no paSMepaM cra—
Topa H ynenbuo

150 OG/HHH. Tennepawypa craropa npn
sanuaxe, neodxdnuuan Ann nonnepxannn
xonnayuna a nunxou cocronuan, 70'C.
Honocrb craropa aaxyyunpymr no ocra-
Toqnoro nanneunn 40 MM pr.c*.

B xawecrne Harepnana nnn usroron-
nexus npooox chonbaoaana peana Hap-
xx 3826 Ha ocnoae 6yranueH-Hurpunbuo-
ro xayuyxa c nuornocrbw 1350-
1400 xr/M’.

Hocne sanonuenun crawopa xonnaya-
non b KORHQECTBE, npeaumanmeu pacqer-
Hoe Ha O;3*0,5 Kr ero amnepxnnanr

. a npouecce apamenun npk ocrarouuom
“nannehuk He-aume 40 MM pr.cr. 5 re-'
uéune 3-5 Mae, npn 70-80°C, ndcne
qero npexpamawr naxyyunponauue,
onuoapeuenuo nuauaaeT aunanenue npo-.
60x us xananoa no apamammencn wacru
repuefuquux anonda n cnna nannmkoa
Kohnaynna no ypoaua, ohpenenneuoro
nuuuuanbuun nuauerpou unnuunpnqec-
Ron nonocru ncnonbsyeuoro a xauecw-
Be narpydxa Ann anaa 46 MM. Bpena
cnnaa Kaunaynna 10-12_Mnu. SaTeM cra-
‘Top uarpeaanr no 120-130°C so apa-
meHHH (a TequHe-0,5-O,7 q) n repno-
odpafiaruaamr, nonnepxnnan 37y Tenne-
pafypy a reqeuhe 3 q. Bares npamenne
npexpamanr. CTarop nonemanr a news
c [SO-160°C, rne npousaonnw oxonqa-

"5

25

30

35

40

45

50

55

1494148

m H n c n

mennn pacxona xounaynna, nuauewp un-
nnunpuuecxofl nonocrn Ha rpaaune Kan-
cynnpoaannn abmonuxmr pasuun
aanHBKH.

.afl

Teanyw TEDMOOGDaGOTKy B Tequue
10 q. '

Cnocofi MORQT-fimTh ncnonbaoaan nnn
Kancynnponanun OOHOTOK CTaEOpo
snexrpuuecxnx namnn.

K8, auxnmqe-

noemcnrb npous-

DH coxpamemao

onuqecxofi ouHCTKH (nofi

~HHe) CHCTeMm xpauea,
Bonavenbnocrb'dnarbna
BpeMeHH Kancynnpoaauu

yMeHbmennn speMeHu cause Rounayflna
u coaMemeHun onepaunfi cnfiaa n pasrep-
Mernaaufln. Kpone TOFO, cnocoo oGec-
neuunaew axononnw xonnaynna, "enum-
xu Koropdro He ocrawrca a nannye 8
npouecce‘cnuaa. 4

1. CnocoG Kancynupopauua odMorxn
craropa.norpyzuoro anexrponahrare-
an npn xoropou nponsaonnr ycranonxy
Ha Tepuai CTaTopa spahammnxcx sarny-
mex, onfla as xoropux "weer repuern-
snpywfiufi anon, apamenne CTaTODa OT-
uocheano ero ocu, BaxyyMHpoaaHHe
flOflOCTH cwaropa, nonaqy xnnxoro Kon-
'naynna x OOMOTKaM craropa, pasrep-
METHSaun nonocru cwaropé,
HHEKOB Konnayuna u wepMood
npexpaman apamexnn, b r n n q a n-
m u.fi c a Ten, qro, c uenbm noau-
menus nponsaonurenbuocru H ynpome-
Hun npouecca Kancynnpoaanna onuy us
sarnymex a neon nunonnnmr c pasnon
aficorofi nun oopasosaflnn aHyTpeHHefi
unnnnnpuueckgfi nonocrn, a Kowopofi
aunonuam? pannanbnue xauanu nna yc-
rauonxn ydnornnmmnx npoOox, cnnn n3-
nnmxoa xounaynna npousaonar up" pus-
repueruaauuu nonocru craropa qepes
unnnnnpnqecxym.nonocrb H xdnanm, oc-~
aofioxneuuue or npoGox npu cnxruuzna-
xyyna non nefic'raueu ueH'x-pofiex'aux c1111..

paGOTKvae

o T n H'q a w---

Ten, qro, c uenem yMenb—-

2. Cnocofi no n.1,

YDOBlflo .
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Submersion type electric motor stator windings encapsulation — by feeding
liquid compound into stator cavity and plugging stator and faces
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Inventor: BISTRAKH L A; REZNIKOV V D; SHAGALOV S B
Number of Countries: 001 Number of Patents: 001
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Abstract (Basic): SU 1334297 A
Stator windings encapsulation method includes rotating the stator

about its mounting axis, and feeding a liq. compd. into the inner
cavity of the stator and draining off the residual compd. with
subsequent heat-treatment of the compound in situ.. Better quality of
encapsulatién is claimed by providing impermeability and accurate
dimensioning of the stator potting, with the stators mounting means for
positioning hermetising elements on their end faces. The stator (1) end
faces thus mount hermetising plugs (3) having internal hermetising
inlets (4) coaxial with the stator, and fitted with pipe ways for
evacuation.

USE - Mfr. of submersible type electric motors. Bul.32/ 30.8.87
Dwg.1/1 ' ‘

 
Title Terms: SUBMERGED; TYPE; ELECTRIC; MOTOR; STATOR; WIND; ENCAPSULATE;

FEED; LIQUID; COMPOUND; STATOR; CAVITY; PLUG; STATOR; END; FACE
Derwent Class: X11

International Patent Class (Additional): H02K-015/12

File Segment: EPI
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coma coeéTme
cownwcrmsouux
PecnyanH 

FOCXAAPCTBEHHUH HOMMTET'CCCP
no AEflAM HBOBPETEHMW H OTHPHTM

60‘4 H 02 K

umflm, 1334297

l5/l2

onHCAHME M3OEPETEHMFI
H ABTopci-(OMV CBVIAETEanTBV

(2|) 3833308/24-07
(22) 30.12.84

(46) 30.08.87. an. W 32 .

(7‘) CneuHaanoe nDOEKTflo—KOHCTDYK-
(Topcxoe H Texxonornuecxoe 6wpo no

norpnyOMy aneKTpoofiopynoaaHHm nnn

GypeHHa cxaamnu H nofiqu He¢TH Boe-
comsuoro HaquO'nDOHSBOnCTBeHHOPO

ofibenHHeHHa "floreHuHan"

(72) B .H. Peaunkoa, H. A. 3Hcrpax
H C. B. waranoa

(53) 621.‘ 3|5(088.8)

(56) BanBKa flUOHHH W 55—23017,
Kn. H 02 K 15/10, 1973.

Banaxa finounu m 55-33126,
Kn. 55 A 01; I971.
(54) CHOCOB KAHCYHMPOBAHHX OBMOTKH
CTATOPA HOFPYKHOFO BHEKTPOHBHFATEHH

,(57) HaofipeTeHHe OTHOLKTCR x aneKTpo-
TeXHer, B qaCTHOCTH K anexrpouamfl-
Hocrpoeflnm. Henb HSOGDeTeHHH - nonu-

  

 

 

 Vinyl”‘3;

 
SNRHRP‘H

'hm.

BEST AVAILABLE COPY

‘nnnn‘nnnannnssssssx ENEKUKSHEKBNRRNNQW

 
  
 

meHHe KaquTBa KancyanoBaHHn nYTeM
o6ecnevean MOHonHTHOCTH H,TquOCTH

pasHepoa aanHaKH CTaTODOB. CTaTOD

nocne yCTaHoakH B aamHMax 8 H yCTa-
HOBKH aarnymex 3, repueTHaprwmero

Baona 4,'nany6Koa 5, 6 H 7 H noncoe-
nHHeHHn Hx K coownercraymmnn cucre-

mam nHTaHHH anaonHT BO apameHHe.

OTKpuBémT nérpy6ox 6 H BaxyyMprmT
nonOCTb crawopa. OTKpuaawT nanyfiox
5 H nonamT KHnKHn KOMnayHn K noéoauM
HaCTnM 06M0TKH 2. KOMnayHn pacrexaeT—

cs nq nasaM 06MOTKH, sanonfian nyCTo-

Tm. OTxpmnamT nawpyfiox 7, Bcnencisne
Hero HanHmex Komnayuna BunaanHBaeT-
ca H3 HOHOCTH. OrcoenHHan narpyfiox

6 OT BaKYYM—CHCTBMM H paarepMeTHsn-
pwa UOHOCTb craropa. anmqabT Ha-

rpeBaTenH 9 H npOHSBonflT TeDMOOGpa—
60Txy craTopa B npouecce ero spamennx
no oraepxnennn xounayHna. I Hn.

 
 

  
3ill/III]

fiHKKNENRNRBEEQUSSSHII ll  

A1

”£71100!“n0‘5”
lH
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'TEXHflKe,.

u L . 1334297 ‘ 5‘ 2

HsoppereHHe OTHOCHTCH K 3nexwpo~~
B “ECTHOCTH K Texaonornn

HaroroaneHHn norpyxnux anexrponsnra-
Tenefi.

   

uecce ero HpameHHH
'KonnayHna.

no OTBEDMEHHR

H p H M e p. BanHHKy CTaTopa nor-

 

Henb HSOOpeTeHHR - noaumeHHe Ka- 5 pnyoro anexrponnurawena nan 32--
Hecraa xancynuponaHHH "YTEM oaecne‘ 103885 npoaonaw HanonHeHHuM Konnayn-
HeHHH NOHOHHTHDCTH H TouHocwH pasue- non 33K 8/4. HchooGopowoa, HeO5X0-
poa SEQMBKH CTBTOPOB. CHaGKeHHHX'Ha nHMoe Ana cosnaHHH nanneHHH a KonnayH—
ropuax cpencraaMH nnx yCTaHonH rep- 1o ne 8 npouecce apameHHH, onpeneneHHoe
Herusupywmnx SHEMeHTOB. no pasMepaM CTaTODa H yneanomy Becy

Ha Héprexe npencrannen CTaTOp KonnayHna, cocwaBnHeT 182 oGKM.TeM-
c repHeTHaHponaHHoH nonocwbb B npo- neéawypa craropa an sanHaxe, Heooxo-
HeCCe‘ero sanHBKH. _nHMaH nun nohnepmaHHH KOMnayHna 3 Run-

‘3 xopnyce craropa l aaxpenneHa 15 xon COCTOHHHH, panHa_-70°C. UOHOCTb
pacnduoerHan a nasax O6MOTK8 c no- ‘cwaropa BaKYYMHDwa no OCTaTouHoro
GOBUHH HaCTHMM 2. Ha Topuax xopnyca, naaneHHH 40 MM pT.CT. flocne~3anHBxH
Ha pessde, npennasnaquHoH ann xpen- 'KounayHna crawop smnepmusamT an apa-
"8H3" PeDN8T33prmex HOHOCTb CTHTO‘ meHHH B TequHe_3 H an [OD-120°C,

~98 ynnowHeHHH, HMemTCH BarnymxH 3, 2o'nocnn Hero uro nonemawT B neHb nnH
n xoropux c BosuoxHocrbn apameHHH ar- HopManHaauHu an 160-180°C.
Hocnwenbub sarnymKH 3 ycwaHoaneH rep- .
HerHsHpmomuH HOHOCTb c-ra-ropa anon d) o p M y n a H s o 6 p e T e H H a
4, Ha xoropon pacnonoeru nawpyfiox

5 nun nonaHH xnnxoro xounayuna x 25 Cnocofi’xancyanoaaHHH OGHOTKH cra-,
‘nodoaum.qacrxn OGMOTKH 2. narpyéox Topa norpnyoro anexrponeurarenn,
6 nnx noncoenHHeHHH x BaKYYM‘CHcTe- .anwuammHH apameHHe craropa OTHOCH—
He H narpVGox l7 nun anBa Hanm- Teano ero OCH, nonaqy manoro KOM-

x03 Hounaynna. Crarop sarpenneh 3 - nayHna BO BHyTpeHHHm HOHOCTb CTaTOpa,
'SaXHMaX 8 anBona. Boxpyr craTopa 30 cine HanmKoa H nocnenymmym TepMo-
yCTaHaneHu HarpeaarenH 9. ofipaéoTxy xomnayHna no ero oraepx-

Cyarofi noqne YCTaHOBKH a samHmax neHHH, o T,n H q a m m H H c a TEM,
8 H quaHoHKH sarnymex 3, repMeTHSH- H10, c uenbm HOBHmeHHH KaquTBa xan-
pymmero Baona 4, nawpyfixoe 5 - 7 H cyanosaHHH nyTeM oGecnequHH MOHo-
~noncoenHHeHHH Hx K COOTBBTCTBymmHM 35 flHTHOCTH H TquOCTH paaMepoa aanHE—

CHCTeMHM~nHTaHHH, RPHBOART BO Bpame- KM CTaTODOB, CHafierHux pasMemeHHu-
HHe. Cxopocrb*BpgmeangaufiupaMT MH Ha Topuax CDenCTBaMH nnH ycwa-

‘chonn H8 ycnoon odecneqeflna naBne‘ HOBKH repMeTH3prmme BHEMEHTOB, Ha
HHH a munxou KounayHne He MeHee Topuax CTaTOpa YCTaHaBnHBamT repMe-
0,05 HHa. OTKpmsawT narpyfiox 6 H , 40 Tnsnpywmne sarnymxH, B xoropmx co-'
aaxyyMpr T nonoCTb CTaTOpa.~OTKpH- OCHO co craTopom YCTaHaBnHBaDT rep—
BamT nanyéoK 5 H nonamr xnnkufl KOM- MeTHHHme 330nm, cHaGmeHHme nanyGKa-
nayHn K nodoaun HaCTHM oGMOTox 2. 'MH nnH aaxyyMHpoaaHHx, nnn nonaHH
flan AEHCTBHEM HBHTDO5EXHOR CHHH- nomnayuna f x nofioauM HaCTHM oGMOToH
BHyTpH BaxymeponaHHoH nonocfH 45 spamawmeESEn-CTaTopa H nnH anaa
craropa xounayHn pacrexaercn no na- Hanmxos KOMnayHna, ycraHoaneHHuM B
sa‘ 05HOTRH H B nofiosux HaCTHx, 3a- rebMeTHHHOM Bnone Ha ypoane, con?-
nonHHH.nycroru. OTcoenHstT narpy~ Bewcraymmem sanaHHomy yponnm aaflHBKH,
60x 6 or BaKYYM-CHCTEMH H paarepMe- _ nocne Hero naxyyMprwr apamammHch
THSprmT nOflOCTb craropa, He upexpa— so CTaTop, nonamr HHnKHH KOMnayHn no

man apameHHx crawopa. Orxpuaamr nanyéxy nonaHH xomnayHna, pasrepMe-
narpyuox 7, scnencwaue Hero HanHmex THaprmT apamammHHca CTaTop, ocy—
Hounayuna non neHcrsHeM ueHTpOGex- meCTBnHmr anB HanHmKoa KonnayHna

HoH cunu aunannneaercx Ha nOHOCTH H3 nOflOCTH Bpamammerocn craropa He"
crawopa no ypoan ycraHost narpya- 55 pea nanyGOK anaa H nocne gguaaz
K8 7. annqamr Harpeaarenu 9 H npous— HanHmKoa nonBePramT BpamammHfiCfi
abnnr TepMOOUDBGOTKy craropa a noo- CTaTop TepMoo6pa607xe.

BHHHHH .3axas 3975/53 THpax 659 ' nounucqu
flponaa. nonHrp. np—THe, r._YHropou, yn. flpoexTHan, 4
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Moulded integrated circuit encapsulation - has conductors and support
formed from single sheet adaptable to different chips with spool to spool
mfg. process
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Abstract (Basic): BE 891258 A

The encapsulation consists of a moulded body which encloses the
chip, the front face of the chip carrying the electrodes. The
conductive elements forming the external contacts and the connections

to the chip are produced from a single piece. A second single piece
conductor forms large area tongues of metal which are in contact with
the rear face of the chip and are brought out to at least one external
contact per tongue. The encapsulation is rectangular with extended
corners which protect the external contact parts of the conductors.

The two contacts either side of each corner are connected to the

metal tongues which serve as heat sinks and mechanical support. The
connectors and support can be produced from a single band of metal,
connected to the chip and then moulded with a subsequent spool to spool
trimming, cleaning, cropping and lead-forming operation and stacking in
dispensers. The connector pattern is formed by a mask and chemical

attack which can be easily changed to adapt to different chips.
Abstract (Equivalent): GB 2088635 B

An encapsulation for a semiconductor integrated circuit chip, the
chip having a front and a back side, the front side having electrodes
thereon, the encapsulation comprising a moulded body member enclosing
the chip, first unitary lead members connected to respective ones of
the said electrodes and having integral contact portions external to
the body member and second unitary lead members integral with
large—area tab members in contact with the back side of the chip.

Title Terms: MOULD; INTEGRATE; CIRCUIT; ENCAPSULATE; CONDUCTOR; SUPPORT;
FORMING; SINGLE; SHEET; ADAPT; CHIP; SPOOL; SPOOL; MANUFACTURE; PROCESS

Derwent Class: U11

International Patent Class (Additional): H01L—021/68; H01L-023/50;
H05K—001/06; H05K—005/06
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La “his“ (in Mint Economkwfl.

Vu la loi du 24 mm? 185‘ m7 1:: bums (invention:

Vu Ia Converuion d’Union pour la Pmuclion dc (a Pmpn'éré Indmicllc:

w ze.mw W I: 26 novem‘bre :9 31 a 14 h- 55

a" Service de la Propriété industrielle;

ARRETE :

Article 1. — ll a: define a la. Sté dite : WEBER ELECTRIC COMPANY

INCORPORMED

222 Broadway, New York, NJ. (Rats-Unis d'Amérique),

repr. par les Bureau): Vander Baeghen a Brmelles,

1140-0
3

"’1 I’m“ “WWW“ PO”: Encapsulation pour un circuit intégré,

qu'elle déclare avoir fait 1' objet d'une demands de brevet
déposée aux macs-Unis d'Amérique 1e 28 novembre 1980,
11" 210.776 au nom de AJ. Ingram- et I. Weingrod do'nt elle

est 1 ' ayant cause.

Male 2. -— Ce breve: lui est dfliwé sun: «amen préalable. a sa- risquz: e1
pe’riLv. 3am garauiz 501': de la réalité. d: (a muveauté ou du mérite dc l'invauion. soil
4‘: remn'ma‘e d: in description. (I sans preiua‘icc 5:.- dish .32: 5:12;.

Au pram! anvil! demeurera joint un dc: double: de la :pécilicatian dc I'invum'an
{mémaire descriptff e! éwruuzllenmu dusiru) signc': par I'iruéressé a dépasé: d fappuiu'c m demand: dc brevet.

Bundles. l: 15 décembre 1'9 8’1
PAR DELEGM‘HON SPECIALE :

Le Dimdeur

 
L. SALPETEUR
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jointo A une demande do

BREVET BELGE

déposée par la société dite:

WESTERN ELECTRIC, COMPANY , INCORPORATED

ayant pour obdet= Encapsulation pour un circuit. intégré

_______________————-————

Qualification proposée: BREVET D'mvmnou

E’riori‘té d‘une demande de breve‘t déposée aux Stats-Unis
d'Amérique 1e 28 novembre 1980 sous la n° 219.776 aux noms
de' Arthur J. INGRAM et Irving WEINGROD '
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1.; préoontc invention concerns l'encapsulation dos
pucoa do circuits intégrés a semiconducteurs.

on encapsulc les puces do semiconductéurs A la

fois pour la protection et pour la commodité do l'intercon-

S nexion dos circuits dos puces ayeo des bornes situées sur

des supports de montage tels que des_cartes dc circuit

imprimé. L'encapsulation facilite également 1e test et le

montage automatidue do puces dans un dispositif. Il existc

une trés grande variété de boItiers de puoes de circuits

10 intégrés, mais les types on matiére plastique post-moulée,

non hermétiques,tels que le boitier a double :angée de con-

nexions et le boitier du type oorte-puce, présentent un

intérét majeur. Des normes existent ou,sont on tours c'éla-

boration pour les boitiers de ces types, et‘ces normes

15 prescrivent les dimensions générales, les t§pes de contacts
externes et l'écartement entre contacts.

L'enoapsulation de dispositifs a semiconducteurs
constitue cependant une proportion considérable du coat

total diun dispositif terminé. Des efforts permanents sont
20 Egg; consacrés au développement de bottiers et de techni-

ques d'encapsulation qui réduisent 1e coat. assurent une

fiabilité élevée et conduisent a une taille réduite. Les ‘

techniques automatisées de fabrication, de test at de monta.

ge contribuent e diminuer 1e coat etaa augmenter 1a fiabi- "

25 lité. Il est également souhaitable gu'une structure de boi-

tier particuliére puisse recevoir, avec pen on pas de chan-

gement, diverses puces de semiconducteurs différentes. Ceci

a pour conséquence de réduire au minimum le nombre total de

tailles de boitier néoessaires pour toutes les tailles de

30 puces. .

‘ Le brevet U.S. 4 132 856 décrit une encapsulation
d'une puce de circuit intégré a semiconducteurs dans

laguelie des conducteurs formés d‘une scule piece sont con-

nectés a des électrodes do caté avant de la pace et se ter-

35 minent par des contacts extérflazsau corps d'encapsulation

en matiére plastique moulée. Un élément métallique séparé

est nécessaire pour établir un contact thermique avec le

caté arriére de la puce et pour établir on support mécanique
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want in tormtion du corps on motiéro plutique muldo. Lee
element: conductours peuvent atre formés a pox-1:1: d'un ecu:

merceau do reuille métallique. come unc blade A elements

poutras. Innis la necessité d'employer l'élénent métuliquo
séparé complique l'opération d'encapsulation.

Conformément A l'invention. 1e contact thermique

et, 51 on 1e desire, électrique avec la race arriere de la _
puce et le support mécanique pendant la fabrication sont eta-

blis par des éléments conducteurs en une seule piece r6311-

sés d'un seul tenant avec des languettes d'aire élevée qui
sent on contact avec la face arriére de la puce.

Cette i‘orme d‘encapsulation se préte particuliérc—

ment bien é l'utilisation d'une bande 5. elements poutres

passant d‘une‘ bcbine é une autre, du fait que tous les élé-

ments conducteurs et tcutes les languettes peuvent étr-e tor-

més é. part1: d' une seuie feuille de métal.

L'invention sera mieux comprise 51 1a lecture de la

description qui va suivre de modes de realisation et en es

réi‘érant aux dessins annexes sur lesquels :

L La figure 1 est une representation en perspective.
partiellement arrachée et en coupe. d'une encapsulation con-
forms a l'invention ;

La figure 2 est une vue en plan d'un cadre de mon-

tage unique formé dans une partie d'une bano‘e é. éléxnents

poutres au cours de la fabrication de l'encapsulation de la
figure 1 : '

La figure 3 est une vue de detail en perspective

de l‘extrémité intérieure de 1'un des éléments poutres du

caté avant de l'encapsulation de la. figure 1 ;

'La figure 4 montre une variante du détail de la.
figure 3‘ ; at

La figure 5 est une vue en perspective, partielle-
ment arrachée et en coupe, montrant plusieurs encapsulations

conformes é l'invention é' l'intérieur d'un magasin du type

réglette. ' . .

La figure 1 montre, en perspective, un ports-pace

qui consiste en un corps en matiére plastique post-moulée 10

qui maintient en association les divers éléments de l'encap-
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sulation et qui définit 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 é.

l'intérieur du corps en matiére plastique moulée 10.

La puoe de semiconducteur

rieur du corps 10. Sur la dessin,

11 est placée a l'inté-

Ia face avast on active de

la puoe se trouve du o6té supérieur et elle porte un ensemble

d'électrodes 15 consistant er. zones de'métal destinées a

l'établissement de connexions avec le circuit intégré a semi-
conduc tour .

L'interconnexion entre les électrcdes 15 qui se

trouvent sur la puce de semiconducteur 11 et les contacts

externes 13 s“effectue au moyen d'éléments conducteurs 12.

Sur la face avant de la puce, a l'intérieur du boitier, les

élétnents conducteurs 12 se terminent par des doigts 14 don‘t:

les bouts comprennent une zone destinée a la fixation sur

une électrode de puce 15, la terme "fixation" é'cant pris

dans un sens qui englobe tous les moyens commas pour r-éali-

sex 'une liaison conductrice, ces moyens comprenant. de fagon

non limitative, 1a fixation par thermocompression, 1a fixa-

tion thermosonore et ultrasoncre, 1a fixation par un adhésif

conducteur et eutectique, le soudage avec une matiére fusi-

ble, 1e brasage, et diverses formes de soudage par fusion.

A 1' extérieur du corps 10, 195 éléments conducteurs 12 se

terminent par des contacts externes 13, congus de fagon a

venir en contact avec des zones de bornes sur un circuit

d'interconnexion, qui peut comprendre des éléments céramiques

a couches épaisses et .5. couches minces et des cartes de cir-

cuit: imprimé rigides et flexibles. De tels contacts pen-vent

utiliser'la'pression d'un ressort ou un certain mode de

fixation. de soudage par fusion ou de soudage 'par une matiére

fusible. Bien qu'ils soient représentés dans ce mode de

realisation sous la forme'de pieds er. L destinés a étre mon-

tés sur une surface. les conducteurs 12 et les contacts 13

pourraient tout aussi bier. étre‘adaptés a un autre type de

connexion. eomme par exemple par insertion dans des trons

dans one piece de montage. Selon une variants, les conduc-
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teurs 12 et les contacts efcernes 13 peuvent étre courbés

dans la direction opposée par rapport ‘a l'orientation de la

puce de semiconducteur. Ceci conduit ‘a une connexion des

electrodes 15 de la puce de semiconducteur 11am: zones de
bornes du circuit d'interconnexion qui est l'image dans un

miroir de la connexion précédente. 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 1e doigt 14 de la face avant jusqu'au con-

tact externe 13. Il n‘y a pas de connexions intermédiaires

qui tendraient a augmentez l’e cofit et a réduire la fiabilité.

Quatre languettes 16, relativement grandee et en

forme de palettes,viennent en contact avec la face inférieure

ou arriére de' la puce de semiconducteur 11, et ces languettes

sont formées de facon similaire dans la bande a éléments

poutres. A son tour, chaque languette 16 est connectée a une

paire d’éléments conducteurs 17 se terminant par des contacts

externes 18, et elle est réalisée d'un seul tenant avec ces

éléments, Les éléments conducteurs 17 sent placés aux extre-

Suites des ran-gees d'éléments conducteurs 12. Les languettes
16' procurent un support mécanique d'aire élevée pour la puce
de semiconducteur 11, ainsi qu'un contact thermique et un

contact électrique avec celle-ci, si on 1e desire. De fagon

caxactéristique, les languettes 16 sont fixées de maniére

conductrice a la face arriére de la puce 11 et assurent la

dissipation thermique a. la fois par convection et conduction,

e1: par l'étalement de la chaleur a l'intérieur de la puce de
semiconducteur en silicium.

On peut également concevoir d’autres configurations

de contacts de face arriére formées d'un seul tenant a partir
du cadre‘de montager 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 centrale sur des catés opposes

de la puce, au lieu de se trouver dans les coins. On peut

employer de fagon similaire des configurations trés diverses

d'éléments conducteurs pour les languettes.

Des caractéristiques supplémentaires de la structure
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porte-puce de la figure 1 ressortiront de la. maniére selon

OI.

laquelle l'encapsulation est réalisée. En particulier, 1a

structure unitaire de chaque conducteur de contactf'lz pour
 

les contacts de la face avant et de chaque conducteur de

5 contact 17 pour les contacts de la fase arriére découle de

la maniére selon laquelle le cadre de montage est. fabriqué

at assemblé. La figure 2 montre une partie 20 d'une bande a

éléments poutres, d'un type congu de facon a ‘étre déplacé

entre deux bobines, avec un positionnement précis a des pos-
10 tes de travail. Dans ce but, la bande est munie de trons

d'entrainement 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 ayanjt

une épaisseur caractéristique d'environ 0,1 mm.

3;
s.
I:
fI

g.

I
2‘

E
!!
l.

15 Selon une variante, 1a feuille de cuivre peut

avoir une autre épaisseur et elle peut étre revétue avec

d'autr-es métaux. comme l'étain, ou elle peut ne pas ‘étre

revétue. De facon similaire, on peut utiliser d'autres

métaux conducteurs, comme l'aluminium et des alliages. fer-

20 'reu53"appropriés, a la place de la feuille de cuivre.

: A O ' La‘figure 2 montre 1a partie 20 de la bande a

laquelle on a donné une forme définissant le cadre de monta-

ge, et qui a été assemblée, par fixation, a one puce de

i, semiconductegr 23. Plusieurs étapes de fabrication sent

25 intercalées entre la réalisation de la bande a éléments

poutr-es et l'obtention.de 1a structure représentée sur la

figure 2. 0n forme tout d'abord sur la bande un masque

3. résistant a 1'attaque pour définir une configuration parti-

culiére du cadre de montage- Le masque définit les divers

-. 30 éléments conducteurs de contact 24 de la face avant et les

éléments- conducteurs de contact 26 qui so'nt 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 qui se trouvent dans les coins.“may”..-...
V 35 de la configuration du cadre de montage. Ainsi, le cadre cle
3 montage est défini dans la banoe clans un seul plan at 13.

comprend 1e zéseau d'éléments conducteurs 24 qui se termi-

nent par les contacts :16 1a face avant, les éléments conduc-
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teur-s 25 qui sont inutilisés et les elements conducteur-s 26

qui se terminent par les languettes 27 de la face arriére.
Game Is montre 1a figure 2, l'aire de contact

entre chacune des languettes de la face arriére, 27, et la
face arriére de la puce 23 représente environ 20% de l'aire
de la face arriére, soit 80% pour l'ensemble des quatre

languettes 27.

On va maintenant passer ‘a la figure 3 sur laquelle

1a partie d'extrémité 41 d‘un conducteur de contaCt de face
avant, 24, de la figure 2 est représentée retournée pour
montrer 1e 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 operation spécialisée de masquage et d‘attaque. La
partie adjacente 42 de section transversale réduite assure
1a liberation 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 configuration

pour la partie d'extrémité 51 du conducteur de contact de
face avant. Dans cette configurationyil est avantageux de ,
former sur la puce de semiconducteur une electrode surélevée
sur laquelle 12. zone 53 du conducteur est fixée. La libéra-
tion des contraintes est assurée par une partie 52 adjacente
a la zone de fixation 53. avec une section transversale
réduite pour la'paztie 52 come pour la zone de fixation 53.

bande ‘a éléments poutres, i1 peut Etre revétu en tctalité en
en partie'_avec one on plusieurs couches minces de métal- On
positionne ensuite le cadre de montage en contact avec une
puce de semiconducteur 23, avec les bouts des éléments con-
ducteur—s de contact de la face avant, 24, sur les electrodes
28 de la puce de semiconducteur. 0n applique ensu‘ite un
outil pour fixer les plots de fixation 43 aux electrodes 28
de la puce. Le cadre de montage refixésenté sur la figure 2
comprend un réseau standard de quatorze éléments conducteurs
sur chacun des quatre catés, ce qui fait u: total de 56.
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Occi correspond i uno continuation particuuéro done me
fat-£1110 dc cadres do montage do taine ct do tonne simiiai-
ros. Comma 11 est rem-esermét les elements conductours
d'extrémité 26. an nombre de huit an total. sent utilises

S pour-«realise: des contacts externes pour les languettes do
contact de la face arriére. 27. Les conducteurs do contact
rostants do 1a face event sont disponibles pour connector
dos electrodes de la puce de semiconducteur é. dos circuits
externos. Cependant, tous les conducteurs ne sont pas

10 nécessairement utiiisés dans une structure particuliére de
puce de semiconducteur. et c'est par exemple 2e cas du con~
ducteur 25. Toutes les parties do conducteur formant les
contacts externes sont fabriquées et conservées a 1'1nté-
rieur du corps moulé afin d'agnéliorer la resistance mécani~

15 one et l'uniformité du boitier. Les elements inutilisés,
come 1e conducteur 25,peuvent étre supprimés ultérieurement,
en fonction de nécessités particulieres de la conception. La
languette 32 fomée sur un conducteur 24 particulier assure
l 'identigfication . '

20 ” 1 0n ~voit que c'est ici que reside la souplesse do
conception de cette configuration 3:: cadre dc montage. De
simpieschangements de la conception du masque d'attaque per-
mettent de produire une variété de configurations d'éléments

ficnducteurs, ‘ce qui permet d'accepter une grande variété de
25 configurations d'électrodes sur la face avant de la puce dc

semiconducteur 23. Les éléments conducteur-s 24 des contacts
do its face avant peuvent avoir diverses configurations aux
extrémités des conducteurs de la face avant et diverses
extrémités de conducteurs=peuvent étre supprimées pour

30 s'adapter‘a dive'rses configurations d'électrodes ‘28 sur 121
surface avant de la puoe. $1 on 1e désir—e, on peut également
modifier la forme ou l'emplacement des languettes do contact
27 de la face arriére, ou les supprimer partiellement, come
décrit précédemment. Selon une variante, on pent supprimer

35 certaines des languettes do contact 2'! de la face arriére,
at on peut utiliser leurs condoctears respectifs 26 pour la
connexion ‘a des electrodes 28 de la puce de semiconducteur.

Une fois que les conducteurs de contact de la face
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want. 24. ont été fixéc aux electrodes 28 our 1-. pucc do
semiconductcur 23, on booing la bands. on employmt‘ avata-
geusemcnt one piece intercalaire qui fut cn sortc que les,
puces do semiconducteur soient suspendues par lcs conduc-

S tours fixés ct soient donc disponibles pour 1e nettoyage on
an autre traitcment. Ainsi, par example. on peut sonnettre
1a bobinc complete a un traitement‘ d'ensemble consistent en
une immersion dans un bain de nettcyage on on traitexnent
dans un tour d'étuvage.

10 La bande est ensuite amenée A an eutre paste de
travail et 1es languettes 27 de la face arriére sent
pliées a 180° pour les placer clans l'crientation indiquée
par des traits partiellement en pointillés en: 13 figure 2.
On accomplit'cette operation a l‘aide d'un outillage destiné

15 e plier les languettes dans la zone 29, de maniére é. établir
un dégagement qui est de recon générale égal a l'épaisseux-
de‘la puce de semiconducteur 23. Ainsi, les languettes de
contact 27 de la face arriere établissent rm contact prati-
quementplan avec la surface arriére de la puce de semicon-

20_doc’teur. -
- Les languettes de contact 27 de la face arriére

peuvent étre fixées de maniére conductrice par l'un quelcon-
que des divers moyens désignés précédemment par le terme
“fixation". pour établir ur. contact électrique ou themique

as entre les languettes et la puce. Si on utilise de 13. matiére
époxyde conductrice, on 1a fait habituallement durcir clans
on four. Come on 1'a indiqué precédemment, l'interconnexion
de type thermique on électrique, ou des deux types, avec les
languettes de contact 27 de la face arriere est Iéalisée

30 finalemefit an moyen des éléments conducteurs 26-
Ensuite,_ 1a partie de bande 20 qui demure 1m élé-

mefit d‘une bobine, avec des contacts établis qur l'avant
comme ‘sur l'arriére de la puce de semiconducteux. de la
maniére décrite ci,-dessus, est introduite dans un moule dens

35 lequel on forme le corps en matiére plastique moolée 1.0,
.r-eprésenté sur la figure 1. Dans certains cas, i1 peut ’étre

avantageux d'appliquer un rev‘étement protecteur sur la sur-
‘P-~~ active de la ouce de semiconducteur, avant l‘opération

_____——‘
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a: maniac. Co revatemmt pout consist“ on me ntiére
6pousant la tonne do son substrat. como un caoutchouc aux

silicone: approprié qui so vulcanise a la temperature ambien-
'te.

Dans un example particulier, 1e corps 10 est moulé

pa: injection on utilisant une matiére themoplastique tell}
que lo Ryton BROS-A. Le Ry'ton est une marque de 13 firms

Phillips Petroleum Corp. Une matiére thermoplastique ne
nécessito généralement pas une période de duxcissament aprés
moulage, et 1' operation de moulage peut atre aeoomplie en une
dur—ée de l'ordre de quelques secondes. soit de recon caracté-
ristique d'environ six .5 vingt secondes.

Le corps 10 moulé par injection pent, Etre formé

simultanément-é. plusieurs emplacements de laebande et l‘appa-
r-eil de moulage peut recevoir plus d'une bande. Ensuite, dans
un autre traitement de bobine a bobine. on é‘batvure les boitiez's

pour enlever la matiére 5e moulege en excés at on les net-tonic.
Darin, dans un autre traitement de bobine a bobine, on sectime
la bande. pour en sépazer chaque boitier moulé. ex: on effec-
t'ué 'i'a mise en forms et la finiti‘on des conducteurs externes.
On'introduit ensuite automatiquement les bottiers individuels.
avec une orientation uniforme, dans un magasin du type .

réglette. Une earactéristique des opérations‘ do sectionnement,
de finition e_t de pliage consiste en ce qu'eiles sent accom-

plies aprés l'opératicn de moulage du boitigr. I]. existe donc
automatiquement un support mécanique pour 12. structure de

cadre de montage pendant ces opérations. 0n évite ainsi l'uti-

lisation de dispositifs de maintien spéciaux ou d'autres

supports pour éviter 1e gauchissement ou la dérormation de la

structure 'de cadre 'de montage pendant les opérations de tra—

vail du métal. ' .
En se reportant a la figure 5, on voit tme partie

61 d'un magasin du type réglette qui contient plusieurs boi-
tiers 62, 63, 64. Les corps en matiére plastique de chacun

des bottiers 62, 63, 64 portent sur les rails internes 66-67,
72-73. 74-75. Ces rails assurent 1a; suspension des boitiers

dans la” réglette de telle maniére que les conducteurs exter-

nes 71 ne viennent en contact avee aucune des surfaces inter-
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no: 'do In rézlctto. La. contig'untionfiaflstia‘pqnaion par-:‘rula
établit également urn dégagement t‘out auteur du bottier do

recon que les débris présencs é. l'intdrieur de la. réglette

no 33mm pas 1° mouvement dos bottiers. Les coins 69 do;

bottiers moulés s'étendent au-delé des conducteurs memes

71 01: tom: en sorte que les conducteuxs d'un bottier no

Viennent pas en contact avec ceux d'un bottier adjacent on

avec les rails lateraux 72-73.

11 est trés avantageux de manipuler 1es boitiars

lorsqu'ils sont chargés dans des réglettes a partir

desquelles ils peuvent Etre distribués et dans lesquelles

ils peuvent Etre réintroduiCS au cours de diverses opérations

de test, de vieillissement, ou autres.

Il va de sci que de nombreuses modifications

peuvent étre apportées au dispositif décrit et représenté,
sans sortir du cadre de l'invention.
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REVENDICATIONS 

1. Encapsulation pour- une puce de circuit :Lntégré
é. semiconducteur (11, 23), 1a puce compottant one face avant

“get une face arr-iér-e, 1a face avant portant des electrodes
5 (15, 28), et l'encapsulation comprenant Lm corps moulé (10)

qui enferme 1a puce, et des premiers éléments conducteurs en

une seule piéce (12. 24) qui sont connectés a des electrodes
(14, 28) respectives et qui comportent des parties de con-

tact (13) d'un seui tenant, a 1' extérieur du corps (10),
10 caractérisée en ce qu'elle comporte des seconds éléments

conducteurs en une seule piéce (17, 26), réalisés d'un seul

tenant avec des languettes.(16, 2‘7) d'aire élevée qui sont

en contact aveo la face arriére de la puce (11, 23).

2. Encapsulation selon la revendication 1, catac-

15 térisée en ce que les seconds éléments conducteurs en une

seule piece (17) comportent au moins une partie de contact

(18) réalisée d'un seul tenant a l'extérieur du corps (10).
pour chacune des languettes (16, 23).

3. Encapsulation selon 1' une quelconque des reven—

20 dications 1 cu 2, dans laquelle 1e corps (10) a un contour

de forme générale rectangulaire, lorsqu'il est vue en plan,
caractérisée en ce que les coins (19, 69) on corps (10) font

saillie a partir du corps de facon a protéger les parties

de contact externes (13, 18) des éléments conducteurs.

25 4. Encapsulation selon 1a revendication 3, car-ac-

térisée en ce que la paire de parties do contact externes

(18) qui est adjacente a cheque coin est formée d'un seul

tenant avec l'une respective des languettes (16, 27).

_5. Encapsulation selon l'une quelconque des reven- :1Am..._...30 dications 1 a 4, caractérisée en ce que les premier et

second éléments conducteurs (12,17, 24. 26) et les languet-
tes (16, 27) sont tous formés a partir d'une seule feuille
de métal (20).

6. Encapsulation pour un circuit intégré, telle
35 que décrite ci-dessus e‘t représen‘tée aux dessins annexes.
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déposée en France 1e 5 octobre 1977, n° 77 29 686.

Arucla 2. — C: breve! hi 2:! déliwé :an: exanm: préalable, a :e: risque: e!
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La presents invention concerns, d'une fianiere générale, 12

protection mécanique et/ou chimique des circuits électriques

intégrés et des substrate d'interconnexion équipés de tels circuit

Plus spécitiquement, elle a pour objet une pastille formani

circuit electrique intégré, protégée par une résine isolante, et

des substrate d'interconnexion équipés d'uno pastille ou d'une

pluralité do pastilles formant chacune un circuit électriquo

intégré, ces substrats équipés étant protégéa et comportant

‘ application de la pastille précitée. v

En outre, 1'invention est relative A des procédés pour

l'obtention’desdits substrate on pastilles.

Lea techniques modernes miaes nctuellement en oeu§re pour

réalisevfies équipements électroniques. et plus particulierement

des ensembles de traitement de liiniormation. font de plus en
plus appel é l'amploi de dispositirs semi-conducteurs a circuits

intégrés non enfermés dans des boitiers. Ces dispositirs sans

boitier sont désignés le plus souvent sous le nom de pastilles

de circuits intégrés ("chips" en langue angle-saxonne).

De telles pastilles formant circuits intégrés et se pré—

sentant par example sous la forme de plaquettes rectangulaires

ou carrées de quelques millimetres de caté et d‘une 6paisseur

de 1'ordre du demi—millimetre, possedent une Iacednactive pourvue

d'une couche isolante de support et une race active pourvue
d'éléments do circuit tels que resistances, condensateurs, tran-

sistors, diodes, relies é des bornes situées h'la périphérie de
ladite surface active.

On connait bicn par ailleurs l'emploi des substrats d'in—

terconnexion, qui se présentent communément sous la forme d'une

plaquette faite généralement d'un matériau isolant pourvu de

conducteurs réalisés sous forme de circuits imprimés sur la

plaquette. Ces conducteurs se répartissent habituellement en

plusieurs couches séparées par des couches d'isolation et reliées

entre elles par des traversécs, qui sont des-ouvertures pratiquées

dans les couches isolantes et remplies d'un matériau conducteur

pour réaliser les connexions entre couches conductrices superpo-
sées. La couche conductrice extérieure du substrat d'intercon—

nexion multicouche est pourvue de sériesdexmfisde connexion,

cheque séric bord. t un domaine du substrat qui est réservé a

la mise en place d'un composant électronique tel qu'une pastille

‘?
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de circuits intégrés. on trouvera des exemples‘de montage

de pastillea, formant circuits intégrés, sur un substrat

d'interconnexion dens les demandes de brevet déposées

en France par la demanderesse le 20 Septembre 1976, sous

la n° 76-28170 intitulée “Procédé pour le montage de

microplaquettes de circuits intégrés sur un substrat at

installation pour ea mise en oeuvre" et le 4 Février 1977.

n° 77-03271 intitulée : "Procédé et:appareil do montage”
de dispositifs sur un substrat". .

Ces-pastilles sont généralement colléos sur la face

active du aubstrat en des emplacement: prédéterminés

et chacune d'entre elles est reliée électriquement au

circuit d'interconnexion porté par la face active dudit

substrat par.des conducteurs do liaison Joignant les bornes

de la pastille aux plots du domaine correspondent dudit

circuit d'interconnexion. ‘

Une structure de ce type est rappelée sur les figures

1 et 2 des dessins ci-joints, lesquelles figures montrent

reSpectivement une vue en coupe longitudinale et une vue

de dessus d'un substrat d'interconnexion 1 équipé de pas-

tilles formant circuits intégrés.28, 2b, 2c} 2d, etc. La

face active 18 de ce substrat comporte des plots tels que

3 reliés, par des conducteurs do liaison tels que a, aux

‘bornes telles que 5 des faces actives telles que 2'a des

pastilles telles que 2a : les références 1b d'une part at

2"a. 2"b, 2"c, 2"d, etc. d'nutre part représentent les

races inactives, formées chacune d'une couche isolante de

support, respectivement du substrat d'interconnexion et

des différentes pastilles. .

On a représenté sur la figure 1, pour la pastille
2d seulement. les moycns_oe protection classiques d'une

pastille formant circuit intégré, ces moyens étant consti-

tués par une résine isolante 6 recouvrant 1a pastille 2d.

ses borncs 5, les plots 3, la zone avoisinante de la

face active du substrat 1, et enrobant les-conducteurs

de liaison h. _ '

Ce type de moyens de protection présente les incon-
vénients suivants :

a) la rés‘ne isolante utiliséc étant choisie parmi
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cellos présentant une bonne resistance aux chock thermiques
at uni basses temperatures, ne présente pas une bonne

resistance mécanique. car 11 est pratiquement impossible
den disposer d'une résine possédant simultanément un

5 ausai grand nombre de propriétéa.distinctes ; 11 en

résulte uno mauvaiee protection mécanique de: pastillee

entrainnnt uno nauvaiee protection yis-é-vie deg substances
agreasives. do: poussieres, etc. : - .

b) 19 simple remplacement d'une pastille détectueuse

1O n'oat plus possible apres l'epplication do In réeine -

isolante, puieque cette dorniEre recouvrc ausci les plots.
du subatrat d'interconnexion et au moins lea zones du

circuit d‘ Lnterconnexion qui avoieinent ces plots ;

c) la reparati on des parties du circuit d' interconnexion
15 qui sont recouvertes par la résine isolante n'est pee

possible, a mains de dissoudre au préalahle 1e réeine

dans un agent approprié tel qu'un solvant organique.

La présonte invention permot de remedier aux incon-

vénients précitée. .' .

20 . La pastille formant circuit intégré selon l'inven—

- tion est cu type comportent uno race active bourvue
d'éléments de circuit reliés e doe borne: eituéea A la

périphérie de ledite face active,'et est ceractérisée

en ce que 36 race active est recouverte d'une.couche

25 superficielle de résine isolente, couple on sous torme

de gel eolidifié. cette couche s'étendant seulement sur

ladite race active. -

Le substrat d'interconnexion équipé. conrcrme

a llinvention, du type compcrtant (a) une plaquette de

30 Iorme quelconque qui constitue ledit substrat d'inter~

connexion et qui comprend une‘tace active portant un cir—
. .cuitLA’intercennexion des~dif£érentes pastilles, (b)

lesditee pastillés qui-eont collées, par celies de leurs

. facee qui sont opposées é leurs . faces actires,

35 sur ledit subetret d'intérconnéiion, en des emplacements
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e. on too. 0. (.2. o o '

an I. : '00. i

prédétorminéo do celui—ci, et (0) dos conductburs do liaison
reliant lea borues précitéoa dos pestilles a doe Series do plots
appartanant audit circuit d'intcrccnncxicn. cheque 55:13 :5
plots entourant uno pastille‘détarminée, est caractérisé en co

5 que in face active do cheque paatille est recouvorto d'une cou—
che superficialle do résine isolante aouplo ou sous formo do geloolidifié.

'Selon un mode do réelisation préféré do l'inVention, lo
aubgtrat d'intorconnexion précité'est~rov3tu d'une couche exter-

10 no, do preference continue, d'une aeoondo réaine isolante,
. rigido ct réaiatante mécnniduement, cetto couche extorne recou—

vrant au moina la couche superficiallo do resino isolanto at lee
plots précitéa et onrobant lea conducteurs qui reliant losdits
plots aux bornes précitéos.

15 Cbnformécent a la présente invention, los réeinos isolan-
tes précitéee sent do préférence choisies dons lo groupo doe
silicones. ~ ‘

La résine isolante eouple précitéo utilieéo pour rocouvrir
lo face active dos poatilles formant circuits intégrés est evan-

20 tegeusemont cello connue sous-la denomination commerciale

“x3 90714" (Dow Corning) qui présonte une resistance voluniquo
.do l'ordre do %g1015 ohm.cm et une résiotiVité euperficiello
d'environ 7.10 ohms (mosuréos salon la norme américeine ASTR-

p 257), cotto résino resistant bien aux choce thermiques ot pou—
25 vent supporter do basses temperatures pouvont éllor Jusqu’a

environ -60'c. .

Au lieu d'utilisor uno résino do co type, in résine do
silicone recouvrant les pastillee précitées pout ausei, aolon
une variante conformo.é l'invention, so presenter sous la formo

so d'un gel solidifie’. Par l’expression .‘gol solidifié', on entand
un produit dont la structure est cello d’un gel,.mais qui fiossé:
do, auimoins aux tompératures d’utilisation, une consistence

-suffisamment ferme pour assurer la protection dos pastillos.
étant bion entendu qu'une telle substance pent avoir la consis—

35 tanco habituallo d'une geléo é dos temperatures plus élevées quo
la tanpérature d’utilisation, notamment e la température ambian-
te. Ce gel solidifié pout éventuollomcnt etre rocouvert d’uno

fine capsule métnllique permettant d’évitor l'écoulanent ou la
détérioration accidentalle dUdit gal lors d'un éventuel maintienI
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auxditas températures plu$ élevées. Cam-to entanplo d'un tel gel
isolant électriquement, on pout cite: lo gel do ailicona count
sous la dénaninatiou conmerciale I'()3--6527“ (Dow Corning) qui
préaento una consistence appropriée A'bassos températures at
q-u1 pent btre utilise' Jusqu'a dos tarpératusos-de l’ordro do
.6o-c (réaistivité volunique do 1.42.101501m.an).

La :éaino isolanta rigide at mécaniquunont résiatante for—
mant la coucho oxterne précitéo est avantagousanent cello cormua
sous la dénomination commercials "KR 668' (Dow Corning) at $116
eat avantageuaement utilisée an association avoc una coucho
superficialle en la réaine vim 90714~ précitéa. L'analogia do
structure do can deux réaines entramo une bonus cccpatibilité
antro lesditon résines et une bcnno adhérence ontre lesditea
doux couches.

' Cette résine 'XR 648" posaéda une réaiativité voluniqua
do 26.1050hm.c:n, une tréa bonne résistanca mécanique et une
grands duroté at e119 :ésiata également a do: températuros ocu-
vant aller Jusqu'a ~30'C, ca qui lui pamct do Jofier un rela do

'XR 90714". 51 elle était utiliséo souls, on rocouvranent direct
do la face active d’une pastille, cetta résine 001 648- sex-nit
trap rigide, insuffisaunant résistante aux choca thenhiquas at
olle no pourr-xit pas jouer un rOla protocteur adéquat.

D'autro part, 11 est facile de remplacar uno pastilla d'un
aubstrat d'interconnoxion par une autro, dans un but quelconque
(réparation ou modification de circuit électrique)mém9qxésawflr
partiellement protégé ladite pastille par la couche superficial—
lo de résine iaolante souple précitée, a conditiod que la couche
externe do résina isolante, rigido at résiatanteVmécaniquament.
n'ait pas encore été appliquéo an: ladite couche superficialle
at ce, soit avant Bondage des conducteurs do liaison aux plots
du substrat d'interconnexion, soit aprés un tel soudage :il est
en effet boaucoup plus aisé et rapids do rompre lea points do
soudure, do c“angor do pnstillo at d'effectuer le soudage das
contactours do liaison de la nouvello pastille auxdits plots quo
de procéder a la dissolution d'une résine qui enroberait
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leg conducteuzs ct plots. d'effectuer enauite Les opérations
do déssoudage. rcmplaccnont da pastille ct reasoudage , at
de protéger enfin la nouvelle pastille par de la réaine.

L'inconvénient b) exposé plus haut cat done égalumant
éliminé par la présente invention.

En outta, on pout procéder A la rcparation ou modificatiOK.
éventucllc do n'importe quelle partie du circuit d'intorconncxic.
appartenant nu substrat d'intarconnaxion, memo apréa avoir muni

133 pastillcgtormant circuits intégrésde la couchc aupotticiollo
de résino isolante couple at diapoaé et/ou tixé ct/ourolié
électriquémcnt ces pastilles sur 10 on an aubstrat d’intoxcon—
naxion, co qui élimine l'inconvénient c) mantionné plus hunt.

L'invention présente auesi un avantagoHuyplémcntairo
axposé ci-apréa. Par 16 choix judicieux den deux réainoa at d'un
agent de solusilisation ou d'anlévemant céioctif via-a—via do
celles—ci, par example un solvent organique agiasant aélectivc—

meat vis—é—via desdites résines, 11 est possible d’éliminer la
couche externe Bane“ enlever, voirc sans altérer d’aucuno

maniere, 1a couche superficielie aous-jaccnto recouvrant 1a face
active de chaqua pastille, de fagon a pormattro lea réparation:
sélectives du circuit d'intarconncxion, dos plot: an den conduc-
teurs de liaison précités.

Bien entcndu, on peut aussi procédnr a 1’en1évement oven-

tuel de la couche superficialle d'une pastille isolée prctéqéo
conformément a l’invention on bien a 1’en1evancnt dos deux cou—

ches do protection d'un substrat d'interconncxion équipé do cos
pastilles, soit a 1’aide d'un seul agent de solubilisation

aqissant su: lesdites deux couches, soit a 1'aide, successive-

ment, de deux agents agissant sélectivement et successivcmcnt

aux chacune desditcs couches at ca, afin. de réparer éventnelle-

ment certains circuits intégzés- on d'en modifier 16: caractéris-
tiques électriques. .

Solon un mode de réaliéation‘préféré dc 1a présente inven—

tion, 1a quantité de résine de la couche superficialle de chaque
pastillc est telle que la surface extorne de cette couche fait,
au niveau dos bords de la face active de la pastille. un angle
de 1'ordre dc 25 a 45 degrés, ces valuurs étant liées au procédé

préférablcment mis en oeuvre pour former ladite couche super—
ficiallo ainni qu'il apparaitra plus Join.
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Un procédé-d'obtention d'une pastille formant circuit .
intégré selon l'invention est caractérisé en ce qh'il consiste

a recouvrir la race active de ladite pastille d'une resins iso-
lante, h l'état fluide ou pateux, et'a provoquep la prise en
_masse do celle-ci par polymerisation (par example par chaufiage
et/ou séchage), do recon a obtenir una résine isolante.soup1a
ou sous forms do gel, et a rerroidir ensuito ce gel pour
obtenir un gel solidirié.

Solon un mode de realisation particulier do ce procédé,
permettant 1e garnissage, par la résine isolante de la couche

superficieile. do l'eSpace compris entre la race active de la
pastille et los departs des conducteurs do liaison au voicinage

dos bornea de la pastille, un tel oopace pouvant par example
Etre d'une hauteur aussi faible qu'une dizaine do microns, on

applique tout d’abord une premiere sans—couche de la résine iso-
lante précitée dans un état surrisamment fluids pour quallo
s'écoule dans l'espace précité et le garnisse, on prend cotte

résine en masse par polymérisation, at on applique ensuito. sur
ladite premiéro sous—couche. une deuxiéme aous-couche de la meme

résine, mais dans un état plus visqueux, obtenu do prérérenco pa:
prépolymérisation, cette seconde sous-coucho étant sous une ‘
épaisseur plus grande que la premiere sous-couche, a la suite de

quoi on prend en r1sse ladite seconde sous-couche, par poursuite
de la polymerisation.

’ Pour obtenir un substrat d'interconnexion'protégé, compar—
tant une pastille formant circuit intégré protégé, on peut

procéder avantageusement de la recon suivante : on effectue,

pour les différentes pastilles portées par le substrat, l'appli-

cation de la couche superficielle dans les conditions indiquées

ci—dessus, a la suite de quoi on réalise-l'application. sur la
surface active du substrat, de la résine constitutive do la'cou-

che externe précitée. de telle Sorta que cello-oi puisse‘écquérir
son état final isolant électriquemcnt. rigide et mécadiquement
resistant.

La résine isolante de la couche superiicielle et/ou celle

de la couche externe peuvent_etre appliquées, sous forme prépoly-
mérisfie ou non-polymerisée, évcntuellemenc en l'absence de tout

solvant an agent de dispersion, comme cela est possible

dans le cas de la résine do silicone “XR 9071b".
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La demandereeee a déterminé lee conditions optimelea do.

mouillabilité de la résine de la couche superficiolle précitéo,
lore do eon application sur la face active d'une pastillo, vie-
a-vie de cotto face active ;‘1'angle de raccordement 9 du.film

ou qoutte do réeine placé our ledite face active doit etro do
préféronce do l'ordro do 22 a 45 dogrée : pour une velour do

l’anglo 6 inférioure a 22 degréa, 1a mouillabilité est trop gran-
de at In faihloaae do cot angle do raccordomont est tello que

l'époiaseur cayenne do In coucho euperficiolle est trop foiblo

. pour aseurer uno protection efficace de ladito face active : une

épaioeeur appropriée-est d'environ 2 mm au centre de la paetille
formant circuit intégré xd’outre port. 1o rosino risque do coulor‘

au—dol‘a du contour do ladite face active 1 pour un angle do rac—
cordoment 6 eupérieur a environ 4S dogrée, l'adhérenco entro 1o

couche auperficielle do résine et ladite face active est trqp
faihle et cotto couche risque do so décollor apontanémont on

d'etre accidentallenent arrachée; co qui détériore la paetille

on au moins nuit a la qualité ou officecité do so protection.

D'autree caractériatiques. buts ou aventagee do la presen—

to invention apperaitront au.coure de lo description ci-apréo,
en référencc aux figures 3 a 11 ci-ennexées dens lesquellee x

- 1a figure 3 représente, en coupe transvereale, une peo-
tille formant circuit électrique intégré protégé conforme a

la présente invention ; ‘
- 1e figure 4 est une vue de dessue do cottotnune pestille:

- la figure 5 représento une vue en coupe transvoraalo

d'un circuit d'interconnexion équipé do paetillee,'formant cir—

cuits électriques intégrés protégés, tent co: pastillee que

l'ensomble du substrat d'interconnexion éduipé desdites pestil-

les étant conformes a la préscnte invention 1 '

- in figure 6 représente une vue en coUpo trensversale du

meme substrat d'interconnexion due our 1e figure 5; eprés réali-

sation d'une protection complementaire de l'ensemble de la face
active de,ce substrat, ce mode do realisation étant également
conformo a l’invention ;

- la figure 7 représente une vue en coupe transversale
d'une pastilfln formant circuit intégré protégé eelon l’invention,

au cours do son proceseus d'obtention 3
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— is figure 8 représsnts une vus sh coups transversals

d'un fragment do substrat d'intsrconnexion, d'une-pastills for-

mant circuit électriqus intégré protégé selon la préssnte inven—

tion at d'un film de positionnement de cstte pastille, cstts ‘

figure illustrant 1n localisation de 1'étape d'obtsntion do is
pastille formant circuit intégré protégé,dans 1s cadre d'un

processus connu d'adaptation d'une tells pastillo sur-un substrat

d'interconnexion : .

— 1a figure 9 représsnte une vuq_de dessus ds 1’snsanhls _

représenté sur is figure 8, a échelle rédui‘sprragaortal'aflgire 8;

- 1e figure 10 est une vue en coupe trensversale d'une

paetille formant circuit électrique intégré protégé salon l'in—

vention, oh l'on montro l'angle de raccordsmsnt e sntrs 1a

résine et la coudhe superficialle. a l’état fluids, st in face

activo de la pastills : ‘

- is figure 11 est un abacque representent ls cosinus de
l’engle do racoordement 6 en fonction de la tension superficial-

lo de la résine a 1’état fluids, en dynes.an'1 ; st

— is figure 12 est une vue en perspective rsprésentant

une pastille formant circuit élsctriqus intégré protégé conforms

a 1’invention ot du fragment du substrat d'interconnexion qui

la ports. .

0n voit sur 1es figures 3 et 4, une pastills formant cir—

cuit électrique intégré protégé comportant un corps ds pastille

6 avsc sa face active 6a portant dos élémsnts do circuit (non

représentés) rsliés aux bornes 7 at as face inactive 6b formés

d'une couchs isolants do support, 163 conductsurs do liaison 8

dont l’une des extrémités est soudée auxditss borncs 7. et la

coucho superficiallo protectrice 9 en résins isolante électri—
quement st soupls : cstts derniére. dans uns variants conforms

a la préssnte invention psut étre rsmplacée par une résins iso-

lante sous forms d’un gel solidifié du type indiqué plus haut.

On remarque que la couche superficielis isolants 9 ns
s'étcnd pas au—dela du contour 10 do la face active 63.

Les figures 5 st 6 montrcnt un substrat d’interconnexion

désigné par la référencs générale 11, qui comparte, ds maniérs

connuo sn soi uno coucho isolante do support 11b qui forms la

face inactive audit substrat et, au-dessus do cstts couche 11b,

une pluralité ds couches isolantes comportant des traversées
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conductrices telles que 12 .ainsi que. aux interfaces entre cos
couches et sur le dessus de la couche supérieure, des conduc-
teurs tous désignés par la référence générale 13 et formant.
dans la face active 11a du substrat un circuit c'interconnexicn

.comportant des plots tels que 14. De maniere connue en sol.-
dos pastilles formant circuits intégrés ont été collées sur la

'Iace active 11a dudit substrat d'interconnexion at 103 conduc-‘
teurs.de liaison 8 desdites pastilles ont été aoudés sur lea
plots 1h. Conformément e la présente invention, 1a race active
6a des pastillea est recouverte d'une couche superiicielle
do résine isolante souple 9, comme indiqué précédemment A
propos des figures 3 et a. '

Dans le mode de realisation de la figure 5. 168 conducteurc
de iiaison 8. les plots 1h et le circuit d'interconnexion porté
per la face active 11a du substrat d'interconnexion 11 no cont
pa: recouverts d'une résine isolante, ce qui permet le remplace-
.ment éventuel des pastilles formant circuits integrés par d'au-
tres paetilles du name type,p1wunt forwardes circuits intégrés
ayant une autre structure électrique. sans qu'il soit nécessaire
de procéder A une dissolution quelconque do résine comma dans
les circuits électriques intégrés protégés par résine de.1'art
antérieur. '

Dans la mode de réalisation de la figure 6, les couches
superiiéielles 9 de résine isolante electriquenent et soufile des
différentes pastilles 6a sont recouvertes, de meme que toute la"
face active libre du substrat d'interconnexion 11, d‘une couche
externe 15 en une résine isolante électriquement, rigide et
douée d'une resistance mécanique élevée ainsi que, de prérérence,
d'une dureté élevée, ce qui permet d‘accroitre la protection de
l'ensemble du circuit viS¢é-vis des agents mécaniques at chimi-
ques y compris les plus usuels tels que l‘humidité, l'action de_
l'air , les vapeurs agressives. les poussiEres. etc.

La résine de la couche superficielle 9'est notamment la
résine de silicone connue sous la dénomination commerciale
"XR 9071b" tandis que.celle de la couche externe 15 est notam—
nent 1a résine de silicone omnuc sasla démmimtion oommemiale "XR 608",
ou la résine "XR 90714" ou Ie gei de silicone "93-6527"..

~14
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Ln figuro 1 mantra comment pout atro obtonuo une pastille
formant circuit éloctriquo intégré protégé, conformo a 1'inven-

, tion. Cotto pastillo, our 183 bornes 7 do la surfaco activa 63

do laquollo on a soudé do: trongons do conducteurs 8 (dont los

S oxtrénitéa opposéoo aux borne: 7 restont ici ptovisoiramgnt

librea), oat placée our un support approprié 16, 5-. la suite as

quoi on applique la coucho superficiallo do résine 9, soit on

procédant on uno souls application, ooit on procédant an doux

afiplications do 1a maniéro indiquéo cirapréa don: lo on: do
10 l'utilisation dé lo résino de silicone -xn 90710..

~ On modifio tout d'abord lo: caractériatiques d’écoulo-
moat do In résine XR 90714 disponihlo dans lo ounnonce on aug-

mentant 5a viscosité par polymérisation partiolle ou prépolymé—
, risation, sous 1'action d'un chauffago ’ celui-ci est offectué

15 pendant 2 minutis a 125°C, co qui donno un produit dont la

viacosité out do 6000 contipoisos A 20‘C gtanpo do montée a
125-c_: 3 minutes 7 temps do deoconto A 20°C 3 2 minutes) 2 dans

coo conditions l'étalomont de la :ésino our la face active do

in pastillo. a ZO'C, oat régulier at l'anqlo do raccordomont e

20 est compria entro 25 at 4S'c, ce qui donno uno épaiaoour mayon—
no suffisonte o lo coucho superficialle.

Lo tableau ci-aprés montro l'influonco do la duréo du
chauffago a 125°C sur la qualité du dépbt do réaine an: In face

ootivo de la pastillo formant circuit intégré.

Temps de maintien é 125°C

on 2m--
Viscosité a IA 000 ops I 6.000 cpsl 9.000 cps 25.000 cps

20°C ! fluide I sirop pate graisse
l ' .

' Forme du dépOt i I - .d

! de résine lé g éPOt .dépét déPOt
haprés létalement : 4

|_ polymérisa_ 3::01; impori Correct correct irréguliern .

i tion complé‘be I ; _
I: I 9< 25° .25°<G(195° 25°<g<45o

.3 
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Pour l'application proprement dito de la résino XR 90714

précitée on procédo alors comma ii suit 2 ~ '

_ on étend tout d'abord, a l'aido d'un fin pinceau, uno

coucho do résine non—prépolymériséo sur la face actiVe do la

pastille 3 cotto résino non-prépolymérisée est suffisamment

fluids pour s’étaler parfaitemont sur touto la surface active ot

notamment dans l'espaco do faiblo épaissour situé sous les

départs dos conducteurs de liaison, au voieinage dos bornes de
la pastillo I on offectuo ensuito la polymérisatioa pendant 1

‘ 1250c (la résino ayant été auparavant additionnée do 10x

d'un catalysour approprié) ; _ _

— on utilise onsuito la résine XR 90714 ayant été prépoly-

mérisée pendant 2 minutes ‘a 125°C, do la. maniéro indiquée ci-

dessus, et contenant égalemont 1a proportion précitée do cataly-
seur y l’applicstion do cette secondo sous-couche do résino

XR 90714 s'offoctue a l’aide d?un fin pinqoau 7 toutofois, on

raison do la plus grando viscosité do-la résino, op obtiont une
coucho superficiallo 9 d’uno épaisseur suffisante, qui n'aurait

pu étro obtenue avec la soulo résino fluido non—prépolymériséo

(l'anglo do raccordemont G auroit alors été trap faiblo) : on

offectuo la polymérisatioh do cotto seconds sous—coucho par
chauffage 5 125°C pendant 2 houros.

Dans la mode do réalisation dos figures 8 et 9, on a procé—

dé a l'application do la couche superficialle 9 dos pastilles
formant circuits intégrés 6 aprés avoir, do maniéro connuo on

801. rendu lesdites pastilles solidaires d'un film do support 17

permettant 1e pré-positionnement dos pastillos 6 par rapport an
substrat d’interconnexion 11.

Co film do support 17 est pourvu do fenotros telles quo

17a dans lesquolles sont logéos les pastillos 6 x a cot effat,

le film 17 comprend dos bandes conductrices, tolles que 18,.obto-

nues par métallisation do la surface du film 17, lesditos bandes

so prolongeant, on 183, au-dessus dos fenbtros tolles qua 17a,

ces prolongements 18a étant destinés a former les conducteurs

do liahin Giuliant les bornes 7 dos pastilles aux plots 14 do la
face active 11a du substrat d'interconnexion 11.

Do manihre connuo on 501, on a contré 1os pastilles 6 dans_

los fonbtres tellcs que 17a, olles-mbmes ccntrées au—dossus dos

emplacements do la face active du substrat d'interconnexion 11
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qui sont destinés a receVOir lesditea poetilicc-

On precede alors, conformément a la présente invention, a
l’cpplication de la couche :upczficielle 9 do :ésine isolanta at

A sa_ polymériaation (dans la position représentée en traitu

continue sur la figure 8). _

Do maniére on 801 connue, on découpe ensuite, auivant 1'5
contour l9, lee bandes conductrices 18 et. la face inactive 6b

des pastilles 6 étant revetue d'une composition adhesive. on

applique lesditea pastilles aux emplacement: corresPondanta de

la face active 11a du substrat d’interconnexion 11, de maniere a

fixer lesdites pastilles an: ce aubstrat ; on precede alors an

sédhage de la composition adhesive at an soudage des prolonga—

manta 18a, devenus lee conducteurs do liaison 8, an: lea plots
14 portés par la face active du substrat d'interconnexion 11.

Lorsque cette operation est'tehninée, at aprés toutes les
verifications souhaitabloa, on precede a l’application de la

couche externe 15 do résine rigide at résistante mécaniquement,

non representée sur la figure 8, mais visible sur la figure 6.
On retrouve sur la figure 10 la pastille formcnt circuit

intégré 6, munio de la couche superficialle de résine isolante

souplo 9 dont l’angle do raccordcment avec la face active 6a de

la pastille 6 est désigné par l'angle a. La courbe de la figure

11 donne le cosinus de l'angle 6 en fonction de la tension super-

ficielle a l'état non-polymérisé de la résine (l’angle e n'est

substantiallefient pas modifié lors de la polymerisation do la

:ésine sur la face active de la pastille). Pour les raisons

indiquées plus haut, l'angle do racoordement 9 est de preference

compris entre 25' at 45', co qui correspond_e tea 8 compria
entce environ 0,9 at 0.7 at par consequent, a une tension super-

ficialle comprise entre environ 30 ct 36 dynee/cm. C’est donc

cette tension superficialle de la résine utilisée,relativement'

a la face active do 1a pastille, que doit posséder 1a :éeine au

moment do son application. _

Il convicnt d’ajouter quo.pour obtenir une couche super-

ficielle pzésentant los mcilleures caractéristiques possibles.

il convicnt de dégazer 1a résine, ce qui est par example obtenu

par mainticn poodnnt 20 minutes sous une pression de 2 mmHg, at

de mottrc an oeuvre un appnrcillago automatiquo pour applique:

1a :ésino, do maniére a obtcnir den conditions précises at
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reproductibles d'application : a titre d'exemple‘non limitatif,

on peut utiliser un dispositif de délivrance de gouttes liquides

fabriqué par la firme Laurier Associates In:., Modele M101; les

gouttes étant do préférence délivrées a une distance defil'ordre
de 2 mm au—deasul de la face active des pastilles.

On retrouve sur In figure 12 1e substrat d'interconnexion

11, les plots 14, les conducteurs de liaison 8, la pastille tor—

mant circuit intégré 6 munie de sa couche superficielle 9 do

résine isolante souple ; on remarque que l'angle de raccordement

9 présente ici une valeur de l'ordre do no a h5°.
La viscosité de la résine“XR 6&8'au moment de son applica—

tion doit étre de préférence comprise entre 80 et 1&0 centipoi—

ses : elle est alors en mélange avec une quantité sensiblement

égale de xylene ’b9 i 52% de solides dans la résine fluidifiée);

une épaisseur de 1,5 mm de la couche externe. au-dcssus de la ‘
couche superficielle. est suffisante. La polymérisation de cette

résine s'erfectue par chauffage A 150°C pendant 2 heures.

Au lieu d'utiliser 1a résine "XR 9071b" pour former la COD?

che superficielle. on peut former un gel de silicone de la

maniére suivante : on mélange, au moment de constituer cette

couche, 1a résine de silicone A et le durcisseur B du produit

connu sous la denomination commerciale 03-6527 (Dow Corning)

on obtient un'mélange de densité 0,97 dont la viscosité est de

510 centistokes ; l'extrait sec est de 98.2% -aprés application

du mélange du mélange ainsi obtenu, on polymérise la résine

pour obtcnir un gel, dans les conditions suivantes : chauffage

a 65°C pendant a heures, puis 5 100°C pendant 1 heure. puis

a 150°C pendant 15 minutes. ,

La reparation d‘un subsuel revetu dela'

couche superficiellc 15 constilue de l'une des réslnes isolames brécitées
PEUI Eire effectuée par dissolution de ladite couche dans

divers solvants organiques : l'un de ceux qui sont les plus

faciles a mettre en oeuvre et cclui connu sous la dénomination

commerciale "WSHA-SOLVE SI" (5. c. P. c.) qui pemet l'éli—

mination de ladite couche superficielle par digestion a la

suite de l'immcrsion de laditc pastille ou de l'immersion d'une

partie du circuit d'intcrconnexion pendant par exemple 6 mn

5 110°C dans ce solvant ; 1cs parties métalliques et les couches

3’
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e ne sont pas attaquées (aucune corrosion)
sion de la pastglle au substrat n'est pas

de matiére isolant

tandis qua l'adhé

modes d'exécution décrits et représentés qui n'ont été donnés
qu'é titre d'exemple. En particulier; elle comprend tous les
moyens constituant des équivalents techniques des moyens
décrits . nsi que leurs combinaisons,
exécutées suivant son esprit et mises
des revendications qui suivent.

si celles—ci sent

en oeuvre dans le cadre
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Richard Halm, 7061 Baltmannsweiler, Silcherstrafie S4

'"Vorrithtung zum Verbinden eines Elektromotors mit einem Arbeits—
gerét"

Die Erfindung betrifft eine Vorrichtung entsprechehd dem Qberbe-
griff des Anspruches 1.

Bei einer bekannten Vorrichtung dieser Art sind die gegenseitig
angepafiten Gehause des Elektromotors und des Arbeitsgerates unmittel—

bar miteinander verbunden und der Lagertrager ist innerhalb des

Motorgehéuses untergebracht. Der durch die Form des Arbeitsgerats
bedingte AnschluBflansch deé Motorgehauses hat meist einen ver-

haltnisméflig groBen Durchmesser, was einen verhéltnismafiig hohen
Werkstoffaufwand zur Folge hat. Bei der Ausbildung des Arbeits—

gerates als Pumpe ist die Verbindung zwischen den Gehausen einem

hohen Druck unterworfen, der sich insbesondere bei Motorgehausen
aus Kunststoff wegen dessen begrenzter Temperaturbestandigkeit

bei hoher Flussigkeitstemperatur und hoher Wicklungstemperatur
nachteilig auswirkt. Eine mechanische Verstarkung des Flansches

ist oft aus technischen und wirtschaftlichen Grunden nicht mbgliéh.
Das Motorgehfiuse muB der jeweiligen Form des Arbeitsgerétes ange-
paBt werden, was bei der Verschiedenartigkeit Ber Gehause der

Arbeitsgerate auch andere Gehauseformen des Motors bedingt. Hier-

-2-
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durch entstehen hohe Herstellungs— und Formkosten ffir ein Kunst—

stoffgehause. Haufig ist das Ein— und Ausformen der GieBlinge
des Motorgehfiuses schwierig (DT-OS 2 135 433).

Der Erfindung liegt die Aufgabe zugrunde, die Form des Motor—

gehauses weitgehend zu standardisieren. Diese Afifgabe wird durch

die Merkmale 1m Kennzeichnungsteil des Anspruches 1 erfindungs-
lgemEB gelost. Durch die Zwischenschaltuné des Lagertragers zwischen
die Gehéuse des Arbeitsgerétes und des Elektromotors ist es mog—
lich, die Form des Motorgehauses zu vereinheitlichen und an einer

einzigeh Art von Motorgehause bei entsPrechender Ausbildung des
jeweiligen Lagertragers jeweils eine andere Gehéuseform des Arbeits—

gerétes anzubringen. Hierdurch wird die Anzahl der zur Anbringung
an unterschiedliche Gehause der Arbeitsgerfite notwendigen Bauformen

des Motorgehauses wesentlich verringert. Es muB zwar jeweils

der Lagertrager an die Form des Gehauses des Arbeitsgerfites ange-
paBt werden. Diese MaBnahme ist jedoch weniger aufwendig und

weniger schwierig als die jeweilige Anpassung des Motorgehéuses.

Dieses last sich in einfacher Weise defart ausbilden, daB ein

geringer Materialverbrauch vorhanden ist, daB sich nur geringe

Formkosten ergeben und daB sich der GieBling des Motorgehéuses

in einfacher Weise ein— und ausformen last. Der Lagertréger kann

auBerdem in der Weise ausgebildet werden, daB er einen Teil des

statischen Druckes auf seiten des Motors aufnimmt und der Motor

nur noch einen geringen Bestdruck, wenn das Arbeitsgerat eine

Pumpe, insbesondere eine Heizufigsumwélzpumpe, ist;

Weitere Vorteile ergeben sich ads den fibrigen Ansprfichen, der

Beschreibung und der Zeichnung. In dieser ist eine mit einem

Motor versehene Heizungsumwélzpumpe als Ausffihrungsbeispiel dés

Gegenstandes der Erfindung 1m Teillangsschnitt schematisch darge—
stellt.

70981010208
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Eine HeizungsumwfilzPumpe 1 hat ein Pumpengehfiuse 2, dessen Saug-

seite mit 3 und dessen Druckseite mit 4 beéeichnet sind. Inner-

halb des Geniuses befindet sich ein Laufrad 5. Das Pumpengehéuse

2 sitzt mit seinem Pumpenflansch 6 in einer Ringnut eines Lager-

tragers 7, der mit seinem pumpenseitigen zylindrischen Vorsprung

8 in das Pumpengehause 2 hineinragt. Der Lagertrager 7 hat auf der

andern Seite einen motorseitigen zylindrischen Vorsprung 9 kleine-

ren Durchmessers, der in eine Statorbohrung 1O eines Elektromotors

11 hineinragtund dort zentriert ist. Zwischen dem Pumpenflansch 6

einerseits und dem Vorsprung 8 andererseits ist ein Dichtring 12

vorgesehen und zwischen dem AuBenumfang des Vorsprungs 9 und dem

Innenumfang.der Statorbohrung 1O ein Dichtring 13.

Der Motor 11 hat ein aus GieBharz bestehendes Motorgehause 14, in

dem die von einer Isolierkappe 15 teilweise umgebenen Wicklungen

16 eingebettet sind. Das Motorgehause 14 umgibt auch ein Stator-

paket 17. An dem Motorgehause 14 ist ein AnschluBkasten 18 befestigt.

In dem Motorgehause 14 ist eine einen Rotor 19 tragende Motor—

welle 20 drehbar gelagert, die auf ihrem in das Pumpengehéuse 2

hineinragenden und den Lagertrager 7 durchsetzenden Ende das Laufrad

5 trégt.

Das Motorgehause 14 hat auf seiner der Heizungsumwélzpumpe 1 benach-

batten Seite eihen kreisffirmigen Ringflansch 21, der geringffigig

fibersteht und auf seiten der Heizungsumwalzpumpe 1 eine Stfitzstelle

ffir die Anlage der Stfitzstelle des Lagertragers 7 hat. Dieser.

umgibt mit seinem Flanschteil 22 den Ringflansch 21 mit Spiel.

Der Flanschteil 22 waist radiele Vbrsprfinge auf, von denen nur

ein Vorsprung 23 dargestellt ist. Der Vorsprung 23 ist durch

eine Befestigungsschraube 24 durchsetzt, die in eine Gewinde—

bohrung 1m Pumpéngehause 2 eingeschraubt ist. Zwischen dem Kopf

-4-x
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P a t e n t a n-s E r H c h e

Vorrichtung zum Verbinden eines ein Gehause und einen Lager-
trager aufweisenden Elektromotors und eines ein Gehause aufwei-
senden Arbeitsgerates, insbesondere einer Pumpe, wobei
der Lagertrager zwischen dem Rotor des Elektromotors und

dem Arbeitsgerfit angeordnet ist, dadurch g e k e n n z e i c h -

n e t , daB der Lagertréger (7) als zwischen den gegen—
seitig nicht angepaBten Gehéusen (2; 14) angeordnetes und

diesen jeweils angepaBtes-Verb1ndungsstfick ausgebildet ist,
an das auf der einen Seite das Motorgehause (14) und auf

der anderen Seite das Gehause (2) des Arbeitsgerates ange—
schlossen sind.

Vbrrichtung nach Anspruch 1, dadurch g e k e n n z e i c h —

n e t , daB der die Gehause (2, 14) voneinander trennende

Lagertréger (7) auf der einen Seite einen in das Motor-

gehause (14) eingreifenden Vbrsprung (9) und auf der anderen

Seite einen in das Gehause (2) des Arbeitsgerétes eingreifenden
Vorsprung (8) aufweist.

Vorrichtung nach Anspruch 1 odér 2,_dadurch g e k e n n ~

2 e i c h n e t , daB der Lagertrfiger (7) einen Flansch

aufweist, an dem auf der einen Seite der in das Gehause

(2) des Arbeitsgerates eingreifende Vbrsprung (8) und auf

der anderen Seite ein einen Flansch (21) am Motorgehause
(14) mit Spiel fibergreifender Flanschteil (22) und eine

Stfitgstelle ffir den Lagertraget am Motorgehause vorgesehen
sind.
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4. VOrrichtung mach einem der vorhergehenden Ansprfiche, dadurch

g e k e n n z e i c h n e t , daB mindestens ein am Lager-

trager (7) angreifendes Befestigungsglied (24) zum Befestigen
der Gehause (2, 14) von Elektromotor (11) und Arbeitsgerfit
(1) an dem Lagertrager dient.

5. Vorrichtung nach Anspruch 4, dadurch g e k e n n z e i'c h —

n e t , daB dem im Lagertrager (7) und in einem der Gehause

(2, 14) angebrachten Befestigungsglied (24) eine Lasche
(26) zugeordnet ist, die an einem VOrsprung (21) am andern
Gehéuse (14, 2) ansteht.

6. Vorrichtung nach einem der Ansprfiche 2 bis 5, dadurch g e -

k e n n z e 1 c h n e t )-daB der in das Motorgehause (14) ein-

greifende Vorsprung (9) in dessen Statorbohrung (10) zentriért

ist und daB der in das Gehause (2) des Arbeitsgerétes (1) ein—

greifende Vbrsprung (8) sich am AuBenumfang des Lagertragers

(7) im Bereich von dessen das Motorgehfiuse.fibergreifenden
Flanschteil (22) befindet.
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ABSTRACT : PURPOSE: To suppress noise by lessening at least one side of a stator and a rotor.

CONSTITUTION: The vibration and the noise mainly in a stator are suppressed while

lessening the influence of dust by injection-molding or cast-molding a stator core 9 and its

winding 8, or the stator core 9, its winding 8 and a printed board 10 for letting a current to

this winding 8 each integrally, with plastic resin 15, and similarly the vibration on rotor side

can be suppressed by paying attention to the structure, too, on rotor side 3, and further the.
vibration of both the stator and the rotor can be suppressed.
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  . ., 1:2 ‘ ; H ’
TITLE . SPINDLE DEVICE, SPINDLE MOTOR. ““‘ ““““.ml9.AND ROTARY DEVICE ADOPTING

SPINDLE MOTOR

ABSTRACT : PROBLEM TO BE SOLVED: To obtain a spiridle de'vicein'whiCh a gas thrust bearing is
unnecessary, and a spindle can prevent the deflecting rotation of a shaft by rotating,

decentrizing in the scope of a gap size of a gas radial bearing; a spindle motor furnishing a

motor to the above spindle device; and a rotary body device applying the above spindle
motor.

SOLUTION: When a radial bearing fixing member 7A is decenterized in a minute size, and

an automatic core regulating operation to react the magnetic forces of ring magnets 9A1

and 9A2, and the magnetic force of a ring magnet 10A, to float a spindle 2A to a spindle

support member 1A, so as to be going to fit the center of the ring magnet 10A to the

center of the magnets 9A1 and 9A2, is generated, and the device is rotated, an air

dynamic pressure is generated in a gap between the radial bearing member 7A and a

radial bearing movable member 8A so as to release one side bearing, but the core

deflecting condition is secured continuously, and the deflecting rotation of the spindle can

be avoided, so as to reduce a nonrepeating rotation deflection (NERO).
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