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

REFERENCE TO EARLIER FILED APPLICATION 

The present application is a continuation-in-part of Application Serial 

No. 09/798,511, filed March 2, 2001, and entitled Stator Assembly Made From 

A Plurality Of Toroidal Core Arc Segments And Motor Using Same, which is 

hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to a stator assembly used in a 

dynamoelectric machine such as a motor or a generator. It relates particularly 

to a spindle motor such as used in a hard disc drive, and to the construction 

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

BACKGROUND OF THE INVENTION 

Computers commonly use disc drives for memory storage purposes. 

Disc drives include a stack of one or more magnetic discs that rotate and are 

accessed using a head or read-write transducer. Typically, a high speed 

motor such as a spindle motor is used to rotate the discs. 

In conventional spindle motors, stators have been made by laminating 

together stamped pieces of steel. These stamped pieces of steel are 

generally circular in nature, but also have "poles" extending either inwardly or 

outwardly, depending on whether the rotor is on the inside or surrounds the 

stator. The stamped pieces are laminated together and then coated with 

insulation. Wire is then wound around the poles to form stator windings. 

An example of a conventional spindle motor 1 is shown in FIG. 1. The 

motor 1 includes a base 2 which is usually made from die cast aluminum, a 

stator 4, a shaft 6, bearings 7 and a disc support member 8, also referred to 

as a hub. A magnet 3 and flux return ring 5 are attached to the disc support 

member 8. The stator 4 is separated from the base 2 using an insulator (not 

shown) and attached to the base 2 using a glue. Distinct structures are 
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formed in the base 2 and the disc support member 8 to accommodate the 

bearings 7. One end of the shaft 6 is inserted into the bearing 7 positioned in 

the base 2 and the other end of the shaft 6 is placed in the bearing 7 located 

in the hub 8. A separate electrical connector 9 may also be inserted into the 

base 2. 

Each of these parts must be fixed at predefined tolerances with respect 

to one another. Accuracy in these tolerances can significantly enhance motor 

performance. 

In operation, the disc stack is placed upon the hub. The stator 

windings are selectively energized and interact with the permanent magnet to 

cause a defined rotation of the hub. As hub 8 rotates, the head engages in 

reading or writing activities based upon instructions from the CPU in the 

computer. 

Manufacturers of disc drives are constantly seeking to improve the 

speed with which data can be accessed. To an extent, this speed depends 

upon the efficiency of the spindle motor, as existing magneto-resistive head 

technology is capable of accessing data at a rate greater than the speed 

offered by the highest speed spindle motor currently in production. The 

efficiency of the spindle motor is dependent upon the dimensional consistency 

or tolerances between the various components of the motor. Greater 

dimensional consistency between components leads to a smaller gap 

between the stator 4 and the magnet 3, producing more force, which provides 

more torque and enables faster acceleration and higher rotational speeds. 

The conventional method of forming stators has a number of 

drawbacks. First, most steel is manufactured in rolled sheets and thus has a 

grain orientation. The grain orientation has an effect on the magnetic flux 

properties of the steel. In circular stamped pieces of steel, the grain 

orientation differs at different points around the circle. Compared from the 

radius line of the circle, the grain orientation is sometimes aligned along the 

radius, sometimes transverse to it, and mostly at a varying angle to the radius. 

The un-aligned grain structure of conventional stators causes the magnetic 
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flux values to differ in parts of the stator, and thus the motor does not have 

consistent and uniform torque properties as it rotates. 

Another drawback with using circular steel pieces is that, especially for 

inward facing poles, it has been difficult to wind the wire windings tightly 

because of the cramped space to work inside of the laminated stator core. 

The cramped working space creates a lower limit on the size of the stator and 

thus the motor. The limited working space also results in a low packing 

density of wire. The packing density of wire coiled around the poles affects 

the amount of power generated by the motor. Increasing packing density 

increases the power and thus the efficiency of the spindle motor. 

An important factor in motor design is to reduce stack up tolerances in 

the motor. Stack up tolerances reduce the overall dimensional consistency 

between the components. Stack up tolerances refer to the sum of the 

variation of all the tolerances of all the parts, as well as the overall tolerance 

that relates to the alignment of the parts relative to one another. One source 

of stack up tolerances is from the circular stator body. Generally, the 

thickness of rolled steel is not uniform across the width of the roll. 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 al.) (incorporated herein by reference). Referring to FIG. 5 of this 

patent, a stator of the spindle motor is encapsulated with an overmold 42. 

The overmolded stator 40 contains openings through which mounting pins 44 

may be inserted for attaching the stator 200 to a base. U.S. Patent 

No. 5,672,972 (Viskochil) (incorporated herein by reference) also discloses a 

spindle motor having an overmolded stator. One drawback with the stators 

described in these patents is this difficulty in winding wire on the poles. 

Another drawback is the height of the lamination stacks. Further, the 

overmolds shown in these patents are not effective in dissipating heat or 

dampening some vibrations generated by energizing the stator windings. 

U.S. Patent No. 5,806,169 (Trago) (incorporated herein by reference) 

discloses a method of fabricating an injection molded motor assembly. 

However, neither the Trago design nor the other prior art designs address the 

problems of winding wire, variation in the thickness of steel used to make the 
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stator cores and the non-uniform grain structure in the steel compared to the 

magnetic flux in the stator during operation of the motor. 

Some of these problems have been addressed by motor manufacturing 

methods in which individual stator arc segments are made and wound with 

wire to form poles, and these segments are then assembled to form a 

complete stator. While this process allows for higher packing density, it has 

several drawbacks. Somehow the individual segments have to be assembled 

and held in place to form the stator. In addition, the individual wires of the 

different poles have to be connected together for the poles that are of the 

same phase. These numerous wires tend to get in the way during the 

assembly process, slowing down the manufacturing process. 

U.S. Patent No. 6,049,153 to Nishiyama describes the use of crimping 

or welding to attach segments together. This process deforms the steel and 

reduces the level of magnetic flux produced by the laminations. The process 

also requires numerous wire interconnections when the poles are wound as 

discrete components, and it does not offer improvements in wire routing. 

U.S. Patent No. 5,729,072 to Hirano describes the use of welding or an 

adhesive to hold the segments together. A disadvantage of this approach is 

that the stator poles must be handled as separate elements during stator 

construction. This requires complicated assembly equipment and a slow 

manufacturing process. 

U.S. Patent No. 6,265,804 to Nitta describes the use of plastic 

insulation in combination with segmented stators. This approach does not 

improve on the problem of how to assemble and hold the individual segments 

in place, nor does it aid in connecting the various wires. 

U.S. Patent No. 6,167,610 to Nakahara describes a method of making 

a rotary motor where a length of steel strip has thin portions between blocks 

of pole teeth. Wire is wound on the pole teeth while the steel strip is 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 



Mitsuba - 1009 
Page 9 of 422

5 

10 

15 

20 

25 

30 

-7-

first side surface and a second side surface; b) winding wire on each pole of 

each arc segment; c) aligning said stator arc segments to form a toroidal core, 

wherein each said side surface of one segment is in contact with an opposing 

side surface of another segment; and d) placing a retaining member on the 

exterior of the toroidal core to unitize the structure. 

In yet another aspect, the invention is a series of discrete stator 

segments each substantially encapsulated with, and linked together by 

bridges made from, an injection molded thermoplastic material. 

With the unique linked but discrete segment assemblies, wire can be 

wound around the poles with a high packing density, yet at the same time the -

segments can be maintained in their proper order so that one continuous piece 

of wire can be used to wind all poles in the same series or phase, making it 

unnecessary to later connect wires from individual windings to one another. The 

invention provides the foregoing and other features, and the advantages of the 

invention will become further apparent from the following detailed description of 

the presently preferred embodiments, read in conjunction with the 

accompanying drawings. The detailed description and drawings are merely 

illustrative of the invention and do not limit the scope of the invention, which is 

defined by the appended claims and equivalents thereof. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

FIG. 1 is an exploded, partial cross-sectional and perspective view of a 

conventional prior art high speed motor. 

FIG. 2 is perspective view of a stator arc segment being loaded into an 

injection mold prior to injecting a phase change material to make a limited 

series of stator arc segments of the present invention. 

FIG. 3 is a perspective, partial cross-sectional view of an encapsulated 

stator arc segment of FIG. 2. 

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

FIG. 2. 

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

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

FIG. 5 during wire winding. 

FIG. 7 is a perspective view of an injection molded stator assembly 

using the linked serial of webbed stator arc segments of FIG. 6. 

FIG. Ba 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. Ba in an 

injection mold assembly after injecting a phase change material, resulting in 

the stator assembly of FIG. 7. 

FIG. 9 is an exploded, partial cross-sectional and perspective view of a 

motor using the encapsulated webbed stator of FIG. 7. 

FIG. 10 is a perspective view of a stator assembly of a second 

embodiment of the present invention using a steel band to unitize the webbed 

stator arc segments. 

DETAILED DESCRIPTION OF THE DRAWINGS AND PREFERRED 
EMBODIMENTS OF THE INVENTION 

A preferred embodiment of a motor of the present invention and 

portions of the motor at different stages of manufacture are shown in FIGS. 2-

7 and 9. The spindle motor 100 (FIG. 9) is designed for rotating a disc or 

stack of discs in a computer hard drive. Motor 100 is formed by using an 

injection molded stator assembly 40, that is formed by injection molding a 

plurality of stator arc segments 20 (FIG. 2) aligned to form a toroidal core 17 

(FIG. 7). Although the embodiment described here uses individual arc 

segments, one of ordinary skill in the art will understand that groups of two, 

three or any greater number of arc segments may be used. The preferred 

motor of the present invention may be smaller, has a grain structure that is 

more uniformly aligned, and allows for greater packing density of wire and 

reduces waste of steel in the manufacturing process, as compared with 

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

discussed below. 

Referring to FIG. 2, a stator arc segment 20 is first constructed, using 

steel laminations 11. The stator arc segment 20 is made of steel pieces that 

are stamped out of rolled steel. The stamped steel pieces are arc segments, 

but also have a pole 21 extending inwardly or outwardly depending on 

whether the rotor is inside or surrounds the stator. In the embodiment shown 

in FIG. 2, the pole 21 is shown extending inwardly. The stamped pieces are 

then coated with encapsulating material 22 which provides electrical insulation 

and laminates the pieces together to form a stator arc segment 20, and links 

other arc segments into a continuous strip via webbing 23. 

The encapsulating material 22 is preferably formed of a phase change 

material, meaning a material that can be used in a liquid phase to envelope 

the stator, but which later changes to a solid phase. There are two types of 

phase change materials that will be most useful in practicing the invention: 

temperature activated and chemically activated. A temperature activated 

phase change material will become molten at a higher temperature, and then 

solidify at a lower temperature. However, in order to be practical, the phase 

change material must be molten at a temperature that is low enough that it 

can be used to encapsulate a toroidal core. Preferred phase change 

materials will be changed from a liquid to a solid in the range of about 200 °F 

to about 700 °F, more preferably in the range of about 550 °F to about 650 °F. 

The most preferred temperature activated phase change materials are 

thermoplastics. The preferred thermoplastic will become molten at a 

temperature at which it is injection-moldable, and then will be solid at normal 

operating temperatures for the motor. An example of a phase change 

material that changes phases due to a chemical reaction, and which could be 

used to form the body, is an epoxy. Other suitable phase change materials 

may be classified as thermosetting materials. 

As shown in FIG. 2 the segments 20 can be placed in a multi-cavity 

mold 28 to increase productivity. In the preferred embodiment the individual 

laminations 11 making up the segments are not interconnected but loosely 
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stacked together before insertion into the mold 28. After the thermoplastic 

solidifies, the overmolded segments are ejected from their cavities. New 

laminations are inserted into the cavities and the process repeats. In the 

preferred embodiment, a continuous strip of segments is formed by linking the 

webbing from successive molding operation. This is done by designing the 

tool to insert a section of the plastic webbing of the outermost segment 

molded in the prior cycle with the new laminations to be molded. When the 

plastic encapsulates the new segments it can mechanically lock with or, 

depending upon design, re-melt, the webbing from the prior cycle, thus 

making a continuous strip, as shown in FIG. 5. The series has segments 20 

with poles 21A, 21 Band 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 CL TE of 

between 70% and 130% of the CL TE of the core of the stator. The phase 



Mitsuba - 1009 
Page 14 of 422

5 

10 

15 

20 

25 

30 

-12-

change material should have a CL TE that is intermediate the maximum and 

minimum CL TE 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 CL TE'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 CL TE of the body matches the CL TE 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 CL TE. Some 

thermoplastic materials may have a CL TE at low temperatures that is similar 

to the CL TE of metal. However, at higher temperatures the CL TE does not 

match that of the metal. A preferred thermoplastic material will have a CL TE 

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 CL TE 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 CL TE of a material depends on the direction 

of measurement, the relevant CL TE for purposes of defining the present 

invention is the CL TE in the direction in which the CL TE 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 

CL TE for purposes of defining the present invention is average of the CL TEs 

in each of the three X, Y and Z directions. 

The CL TE 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 CL TE of the phase change 

material would preferably be one that was intermediate the maximum CL TE 

and the minimum CL TE of the different solids, such as 0.65 in/in/°F at room 

temperature and 1. 1 x10-5 in/in/°F at 250°F. 

One preferred thermoplastic material, Konduit OTF-212-11, which 

includes aluminum oxide as a filler at level of about 55%, was made into a 

thermoplastic body and tested for its coefficient of linear thermal expansion by 

a standard ASTM test method. It was found to have a CL TE 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 CL TE 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 CL TEs 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 

POX -0-988, was found to have a CL TE 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 Z 

directions, and a CL TE 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, (Fortran 4665) was likewise tested. While it 

had a low CL TE in the range of-30 to 30°C (1.05x10-5 in/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 CL TE 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 Z directions). 

In addition to having a desirable CL TE, 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 1 02. The inner surfaces 52 of the bearings 46 and 48 contact the 

shaft 106. The bearings are preferably annular shaped. The inner 

surfaces 52 of the bearings 107 may be press fit onto the shaft 106. A glue 

may also be used. The outer surface 50 of the bearings 107 may be press fit 

into the interior portion of the base 102. A glue may also be used. The 

bearings in the embodiment shown in FIG. 9 are ball bearings. Alternatively 

other types of bearings, such as hydrodynamic or combinations of 

hydrodynamic and magnetic bearings, may be used. The bearings are 

typically made of stainless steel. 

The shaft 106 is concentrically disposed within the interior portion of 

the stator assembly 40 and the base 102. The bearings 107 surround 
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portions of the shaft 106. As described above, the inner surfaces 52 of the 

bearings are in contact with the shaft 106. The shaft 106 includes a top 

portion and a bottom portion. The top portion of the shaft 106 is fixed to the 

hub 108. The bottom portion of the shaft 106 is free to rotate inside the lower 

bearing. Thus, in this embodiment, the shaft 106 is freely rotatable relative to 

the base 102. The shaft 106 is preferably cylindrical shaped. The shaft 106 

may be made of stainless steel. 

Referring to FIG. 9, the hub 108 is concentrically disposed around the 

stator assembly 40 and the base 102. The hub 108 is fixed to the shaft 106 

and is spaced apart from the stator assembly 40 and the base 102. The 

hub 108 includes a flux return ring 105 and the magnet 103. The flux return 

ring 105 and magnet 103 are glued to the hub 108. As shown in FIG. 9, the 

magnet 103 concentrically surrounds the stator assembly 40. In this 

embodiment the magnet 103 and stator assembly 40 are generally coplanar 

when the motor 100 is assembled. 

The magnet 103 is preferably a sintered part and is one solid piece. 

The magnet 103 is placed in a magnetizer which puts a plurality of discrete 

North and South poles onto the magnet 103, dependant on the number of 

poles 21 on the toroidal core 17. The flux return ring 105 is preferably made 

of a magnetic steel. The hub is preferably made of aluminum. Also, the hub 

may be made of a magnetic material to replace the flux return ring. Other 

motor designs using an encapsulated stator that can be made by the present 

invention are disclosed in U.S. Patent Application Serial No. 09/470,434, filed 

December 22, 1999, and U.S. Patent No. 6,501,616, both of which are 

incorporated herein by reference. 

Although the embodiment described here uses encapsulation of the 

segments 20 used to form a stator assembly, one of ordinary skill in the art 

will understand that other methods of unitizing the structure may be used. 

One example, as shown in Fig. 10, is the use of a steel collar 200 to fixture 

the discrete stator segments 220, six of which are used in this embodiment. 

This process, commonly referred to as "hot banding," requires heating the 

steel collar 200 to a temperature above the stator temperature. Via thermal 
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expansion the collar grows larger than the toroidal core diameter so that it can 

be placed around the circumference of the core. As the collar cools, its 

diameter reduces, creating an interference force on the segments effectively 

unitizing the structure. The segments 220 are similar to stator segments 20, 

each encapsulated in a thermoplastic material 222 and having retaining 

flanges 224 and winding posts 225 for holding wire. 

Advantages of the Present invention 

An advantageous feature of the preferred embodiment is provided by 

the fact that the stator assembly 40 is formed from stator arc segments 20 

t~at 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 CL TE 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 CL TE 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; 

c) aligning said stator arc segments to form a toroidal core, 

wherein each said side surface of one segment is in contact with an opposing 

side surface of another segment; and 

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

core to unitize the structure. 

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

are at least partially encapsulated in the phase charge material. 

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

a metal band. 

24. The method of claim 21 wherein each of said stator arc 

segments comprise a plurality of discrete steel laminations held together by 

the phase change material. 

25. A motor made from the stator 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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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). 

• 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). 

• 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 Fifing Date, is required. 

• 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: 

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

• 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, 
88 and 9. 

• 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 1.84(1) and (p)(1)); See Figure(s) Fig 6 and 7. 
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Items Required To Avoid Processing Delays: 

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid 
further processing delays. 

• Additional claim fees of $468 as a non-small entity, including any required multiple dependent claim fee, 
are required. Applicant must submit the additional claim fees or cancel the additional claims for which fees 
are due. 

SUMMARY OF FEES DUE: 

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

• $750 Statutory basic filing fee. 
• $130 Late oath or declaration Surcharge. 
• Total additional claim fee(s) for this application is $468 

• $216 for 12 total claims over 20 . 
• $252 for 3 independent claims over 3 . 

,,,H.·-•.•,.•.•vun, .. nnn,,n,nnnnn :,nnnnnnn,n, ..... ~nnn ... n •n .n ... n,nn. nnnnn,n •n,n.•.•.,nn,n .nnnn,.nnnnn .. ,.•.•.•nnn.-,..•.•.•n.•.•.•;,•nnnn,.•,nnnn,.nnnnn. ·, .• , .•.• ,,,,nun•.•, .•,n' ,,,n,nn, .. •nnnnnnnn,·, n,u,,,., .• ,,,, .. ,,,,n,,, .• ., .• ,n ····""···'·'""····"·"'· .... ,;. · 

A copy of this notice MUST be returned with the reply. 

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 

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

FIG. I 
PRIOR ART 

FIG.2 21 
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Patent Application tor: STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS 
, ~ E .ic~. . AND MOTOR USING SAME 

O ~· ·. lnventor{s): Griffith D. Neal 
-«>. 12· Attorney Docket No. and Serial No.8864/33, 10/383,219 
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Patent Application for: STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS 
AND MOTOR USING SAME 

lnventor{s): Griffith D. Neal 
Attorney Docket No. and Serial No.8864/33, 10/383,219 
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Patent Application for: STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS 
AND MOTOR USING SAME 

lnventor(s): Griffith D. Neal 
Attorney Docket No. and Serial No.8864/33, 10/383,219 
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Patent Application for: STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS 
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/rp· E '-6 AND MOTOR USING SAME 
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~ lnventor(s): Griffith D. Neal 

Attorney Docket No. and Serial No.8864/33, 10/383,219 
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OCT 1 0 2003 t 
-0 5· 
~~,,. 'f."<{- DECLARATION FOR PATENT APPLICATIQN 

& TRAt,t.\t-/ 
a belo a inventor, I hereby declare that: 

Case No. 8864/33 

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 Made Fr a Molded Web of C Se eme and Mot sin , the specification of which: 

D is attached hereto. 

l:gJ was filed on March 5. 2003 as Application Serial No. 10/383.219. 

0 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, § l.56(a). 

hereby claim foreign priority benefits under 35 U.S.C. § l l9(aHd) or § 365(b) of any foreign application(s) for patent or 
v'-ntor•s certificate or § 365(a) of any PCT International application which designated at least one country othet than the 
nitcd 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: 

· n A Priority Clajmed 
None D D 

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

hereby claim the benefit under 35 U.S.C. § l 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 infonnation 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: 

09n9s,s11 March 2, 2001 pending 
(Application Serial No.) (Filing Date) (Status-patented, pending, abandoned) 

l hereby declare that all statements made herein ofmy 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'sSignature ~ ~. Date: S(;J/03 
Full name of sole or first inventor ~eal __::.:.:...;~--~~--=------~------~--------Residence Alameda, California 

.............. '-'--<----,-............... --------------------Citizenship United States of America -------------..,..,.-----------------Post Office Address 1334 Bay Street, Alameda.Califontia 94501 

rcv.DecA9 

BRINKS HOFER GILSON & LIONE 
P.O. Box 10395 

Chicago, U.. 6061 O 
(312) 321-4200 

\\Bh~lmain3\common\si,s\8864 - Encar, Motors\8864-33\8864-33 Decimation.doc 
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lnven l'(s): 

Caso No. 8864/3J 
GRIFFITH D. NEAL 

Title: 

atto 

STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS AND MOTOR 
T)SINGSAME 

POWER OF ATIORNEY 

The specification of the above-identified patent application: 

is attached hereto 
was filed on March 5. 2003 as application Serial No. 10/383.219 

l hereby revoke all previously gmtted powers of attorney in the above-identified patent application and appoint the following 
eys to prosecute said patent application and to transact alt business in the Patent and Trademark Office connected therewith: 

Steven P. Shurtz- 31,424 
Jeffery M. Dlmcan • 31,609 

Please address all correspondence and telephone calls to Steven F. Shurtz in care of: 

Brinks Hofer Gilson & Lione 
P.O. Box 10395 

Chicago, IL 60610 
(312)321-4200 

The undersigned hereby authorizes the U.S. attorneys named herein to accept and follow instructions from ORIFFITI;I D. 
as to any action to be taken in the Patent and Trademark Office regarding this application without direct communication 

en the U.S. attorney and the undersigned. In the event of a change in the persons from whom instructions may be taken, the U.S. 
eys named herein will be so notified by the undersigned. 

ENCAP MOTOR CORPORATION. a Q)Rl'ORATION, certifies that it is the assignee of the entire right, title and interest in 
tent application identified above by virtue of either: · 

l8J An assignment from the inventor(s) of the patent application identified above, a copy of which is attached hereto. 
OR 

D An assignment from the in-ventor(s) of the patent application identified above. The assignment was recorded in the Patent 
and Trademark Office at Reel -.-..--1 frame _. 
OR 

D 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 Trademarlc. Office at 
Reel _. frame __. or a copy thereof is attached. 

2. From_ To:_ 
The document was recorded in the Patent md Trademarlc. Office at 
Reel ___. frame _, or a copy thereof is attached. 

D 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 be(eby 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 ma.de, 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. · 

Si ature ~J. ~. Date: 6//.3/0) 
N e: ~Neal 
Titt : c~o _;::.=-------------------
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~~ hereby certify that this correspondence is being 
'if(tlir & 1?,._tY deposited with the United States Postal Service, 

'--=._:..;..,-- with sufficient postage, as first class mail in an 
envelope addressed to: 

Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313 
on October 7, 2003 

Date of Deposit 

Steven P. Shurtz, Reg. No. 31,424 
Name of applicant, assignee or !Ci R'J>rnsentative .. e.~ 

Date odignature 

. rgnature . .J 
/0 ·1 I o-3 

Case No. 8864/33 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Serial No: 

Filed: 

Griffith D. Neal 

10/383,219 

March 5, 2003 

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

Examiner: Unassigned 

Group Art Unit: Unassigned 

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

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

Dear Sir: 

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

IZJ Applicant: 

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

10/16/2003 MBELETE10000011410383219 

01 FC:2253 475.00 OP 
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Case No. 8864/33 

D is other than small entity 

Extension Other Than Small Entitv 
Months Small Entity 

D One Month $110.00 $55.00 

D Two Months $420.00 $210.00 

~ Three Months $950.00 $475.00 

D Four Months $1,480.00 $740.00 

D Five Months $2,010.00 $1,005.00 

Fee Payment 

D Attached is a check for~ ___ for the Petition fee. 

~ Attached is a credit card authorization form for $475 for the Petition fee. 

D 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 ofthis Petition is attached. 

Dated: ___ O~c_to_b_e_r _7_, 2_0_0_3 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, IL 60610 
(312)321-4200 

Rev. Oct.-01 
Document3 

- 2 -

Respectfully submitted, 

~P.it. ~ 
tevenP.Shurtz ~(4,----

Registration No. 31,424 
Attorney for Applicant 
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PATENT APPLICATION FEE DETERMINATION RECORD 
·Effective January 1, 2003 

CLAIMS AS FILED • PART-I 

TOTAL CLAIMS 

FOR NUMBER FILED NUMBER EXTRA 

TOTAL CHARGEABLE CLAIMS q ~ minus 20= * 

INDEPENDENT CLAIMS 6· * minus 3 = 

MULTIPLE QEPENOENT CLAIM PRESENT D 
* If the difference in column 1 is less than zero; enter •o• in column 2 · 

CLAIMS AS AMENDED - PART II · 

SMALL ENTITY 
TYPE t:::J 

RATE FEE 

BASIC FEE 375.00 

X$.9= 

X42= 

+140= 

TOTAL 

OTHER THAN 
OR SMALL ENTITY 

RATE FEE 

OR ASIC FEE 750.00 

OR X$18= oJl(p 

OR 
· X84= J?~ 

OR 
.___--11--~T""'I 

+280= JftJ 

OR TOTAL 1,,,,,,;....,i-.111 

OTHER THAN 
Column 1 .. Column 2 Column 3 . SMALL ENTITY OR SMALL ENTITY 

Total . * 
Independent • 

CLAIMS 
REMAINING. 
. AFTER 

AMENDMENT 

Minus 

Minus 

FIRST PRESENTATION OF MULTIPLE DE 

Total 

lndependept * 

Column 1 
CLAIMS 

REMAINING 
AFTER . 

AMENDMENT 

Minus: 

Minus 

. HIGHEST 
. NUMBER 
PREVIOUSLY 

PAIDFOR. 

** 

*** . 

ENT CLAIM 

PRESENt 
EXTRA 

Column 2 Column 3 
HIGHEST 
NUMBER PRESENT 

PREVIOUSLY EXTRA 
PAID FOR 

** 

·"'** 
FIRST PRESENTATION OF MULTIPLE DEPENDEN"J: CLAIM 

Column 1 .. Column 2 Column 3 
CLAIMS HIGHEST 

REMAINING· NUMBER PRESENT 
·AFTER PREVIOUSLY EXTRA 

AMENDMENT PAID FOR 

Total * Minus .... 
Independent * f.1inus *** = 

FIRST PRE TATION OF MULTIPLE DEPENDENT CLAIM 

ADDI-

RATE . TIONAL 

FEE 

X$9= 

X42= 

+140= 

TOTAL 
· ADDIT. FEE 

ADDI-

RATE TIONAL 

FEE 

X$9= 

X42= 

+140= 

TOTAL 
ADDIT. FEE 

ADDI-

RATE· TIONAL 
FEE 

X$9= 

X42=. 

+140= 

ADDI-
RATE TIONAL 

FEE 

OR X$1_8= 

X84= 
OR1----+----c 
OR +280=;; 

TOTAL 
OR AOD1T. Fee._ __ .. 

ADDI-
RATE TIONAL 

FEE 

OR X$18= 

OR ....... x_a_4_=-+---. 

OR ·+280= 

. · TOTAL 
OR ADDIT. FEE ___ _. 

ADDI-

RATE TIONAL 
FEE 

OR X$18= 

OR X84= 

OR · +280= 

• If the entry in column 1 is less than the enlry in column 2. write ·o· In column 3. . . TOTAL TOTAL 
.. If the "Highest Number Previously Paid For" IN THIS SPACE iS less than 20. enter "20." OR ADDIT. FEE L.----1 
-11 the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3." 

ADDIT. FEE 

The "Highest Number Previously Paid For· (1otal or Independent) is the highest number found in the appropriate box in column i. 

FORM PT0-875 (Rev. 12/02) Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE 
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.. -
10/21/2004 10:40 FAX 7033082840 USPTO J>ATE:NTS EBc· rai 002 

f\€.CE~~r~~~ 
E.~~\.f . 

C :'i 'l. \ 1.\)\\1\ oc PTOISB/1.32 (118-43) 
Apprcwed for u ... fllrough 11/30/2005. oMB 0851-0036 

U.S. Palenl and Tradamatle Olllce; U.S. DEPARTMENT OF COMMERCE 
erson& are NI u~ed to ras to a coDection of lnformatlon onleaa ii .r,.. e valid 0MB conlrol number. 

. CHANGE OF 
CORRESPONDiNCEADDRESS 

Appl/cation 

Address to: 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313 .. 1450. 

A lication Number 

Filin Date 

First Named Inventor 

Art Unit 

Examiner Name 

Please cnange the Correspomlence Address for the aoow-ldentlfled patent application to: 

. [)ij Customer Number : I 00757 I 
OR 

D Finn or 
Individual Name 

Addreaa 

Address 

Citu I State l 
Countrv 

Tel11Dhon11 I Fax. I 

! Zin 

This lorm coonot be used to change ll"le data associated wilh a Customer Number. To change the 
dala essoclated with an existing Customer Number use "Request for Customer Number Data 
Change• (PTOJS8/124). 

I am lhe: 

D AppDcant/lrn/entor 

0 Assignee of record of tna entire Interest. · 
Statement under 37 CFR 3.73(b) is enclosed. (Form PT0/58196). 

Dd Attorney or ,tr.gent of record. Registration Number 3114)-1/ 

·r 

I 

D Registered practttloner named In the appllcaHon transminal lelter In en appllcetlon wllhool an 
executed oaHl or dederatlol'I. See 37 CFR 1.33(a)(1). Registration Number 

Typed or Printed c:. j., ..Q; i./ th f. Shi..<r-t2 Name 

SIQnah.ae -.I h, .. ) -- {J. ,~~k 

I cl ,-i• I t)t/ 
"' I Telephone '3 j). 3;,.' Date t.J:2.30 

NOTE: Sign-• of all the Inventors or aulgnees. of roc:o<el of lhe enll"' inlereSt or their represenlaM(s) are required. Submrt multipkt 
rom,s 11 mO<B than one slonahJrA is -·Ired see below". 

.J./'1 

,, 

LI ..!D=....;·T~o::,:ta::_I ~or=======fl>r,:. ::,:m,:s:.,:a:re:.s:;u:b::m::;:•t:;:ted:.::.· -----------------------------11 . 
Thb collection cf jnr«mation Is reql/ired by 37 CFR 1.33. T"8 information ia required to obtain or rdaln a banafil by lhe l)IJbllc which A lo file (and by Iha US PTO 
to proc:an) an appllcB!ion. Conftde!di&fily Is govemed by 35 U.S.C. 122 and 37 CFR 1.14. Thi& callec1lon Is eallmalad to lake:, minule1 IO compl-. lnduding 
gathenng, preparing. and IIUDfflltllng the ccmpleted appicatlon form ID the USPTO. Time will.,..., depending upon lhe iildlvidual case. Any c:ommenl!I on the 
amount of time you requb'e to compcete lhls form and/or augges11ons for reducing lhla bllroen. should ba &ant to Ille Chief Information Officer, U.S. Palenl and 
Ttadel'tlark Office. U.S. Depa~ of ComrM,ce, P.O. Box 1450, Alexandria. VA 22313-1450. 00 HOT Sl!:ND FEES OR COMPLETED FORMS TO Tl11S 
ADDRESS. SEND TO: Cornmls$1oner for Patents. P.O. Box 14SO, Alexandria, VA 22313-14110. 

ff you ne9d asslstBnce l'1 complti,tlng Ille fonn. csa 1-BOO-PT0-9199 and selscl option 2. 

PAGE 2/4 • RCVD AT 10121/2004 10:40:23 AM [Eastern Dayll ht Tim ] • · · g e SVR.USPTO-EFXRF-110 • DNIS:8729306 • CSID:7033082840 • DURATION (mm-$S):02.()4 

BEST AVAILABLE COPY 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BESTAVAILABLE IMAGES .. 

Defective images within this document are accmate representations pf the original 
documents submitted by the applicant. . : 
Defects in the images include but are not limited to the items checked: 

CJ BLACK BORDERS 

CJ ~G CUTOFF.ATTOP,B01TOMORSmES 

o/,A,DED TEXT OR DRAWING 

LURRED OR ILLEGIBLE TEXT OR DRAWING 

CJ SKEWED/SLANTED IMAGES 

CJ COLOR OR BLACK AND WBI IE PHOTOGRAPHS 

CJ t'";R_\ Y SCALE DOCmfENTS 

CJ LINES OR MARKS ON ORIGINAL DOCUMENT 

CJ REFERENCE(S) OR EXBIBIT(S) SUBMII IED ARE POOR QUALITY 

CJ OTHER: _____________________ _ 

IMAGES ARE BEST AV AlLABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to· 

. the IFW Image Problem Mailbox. 
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*BIBDATASHEET* 
Bib Data Sheet 

FILING OR 371(c) 

SERIAL NUMBER 
DATE CLASS 

10/383,219 03/05/2003 029 
RULE 

APPLICANTS 
Griffith D. Neal, Alameda, CA; 

i,. .. CONTINUING DATA"""""""'""""""""""'"'"'"""""""'""""'""""' 
This application is a CIP of 09/798,511 03/02/2001 

~"' FOREIGN APPLICATIONS "'"""""""'"'""""'"'"'"""""""""""" 

Page 1 of 1 

UNITED STATE<;; DEPARTMENT OF COMMERCE 
United Sta~, Patent and Trade...ma:rk Office 
Add,.,., COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Vu:ginia 22313-1450 
www.uspto gov 

CONFIRMATION NO. 9248 

ATTORNEY GROUP ART UNIT DOCKET NO. 
3729 8864/33 

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

Foreign Priority claimed [:J yes [:J no 

35 USC 119 (a-d) conditions [:J yes [:J no [:J Met after 
STATE OR SHEETS TOTAL INDEPENDENl 
COUNTRY DRAWING CLAIMS CLAIMS 

met Allowance 
CA 5 32 6 Verified and 

11.cknowledaed Examiner's Sianature Initials 

ADDRESS 
00757 

TITLE 
I 

Stator assembly made from a molded web of core segments and motor using same 

I 

!CJ All Fees I 
ID 1.16 Fees (Filing) I 

FILING FEE FEES: Authority has been given in Paper D 1.17 Fees ( Processing Ext. of 
RECEIVED No. to charge/credit DEPOSIT ACCOUNT time) 

687 No. for following: ID 1.18 Fees ( Issue ) I 
ID Other I 
ID Credit I 
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UNITED ST ATES PA TENT AND TRADEMARK OFFICE 

APPLICATION NO. 

10/383,219 

757 7590 

FILING DATE 

03/05/2003 

03/29/2005 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, IL 60610 

FIRST NAMED INVENTOR 

Griffith D. Neal 

fl 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Offite 
Add=s: COMMISSIONER FOR PA TENTS• 

P.O. Box 14SO 
Alexandria. Vi,ginia 22JIJ.J4S0 
www .uspto.gov 

I ATTORNEY DOCKET NO. I CONFIRMATION NO. 

8864/33 9248 

EXAMINER 

PHAN, THIEM D 

ART UNIT PAPER NUMBER 

3729 

DA TE MAILED: 03/29/2005 

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

PT0-90C (Rev. 10/03) 



Mitsuba - 1009 
Page 55 of 422

Application No. Appllcant{s) 

10/383,219 NEAL, GRIFFITH D. 

Office Action Summary Examiner Art Unit 

Tim Phan 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(a}. In no event. however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
• If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

87 

• 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 dale of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

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

2a)0 This action is FINAL. 2b)~ This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11,453 O.G. 213. 

Disposition of Claims 

4)~ Claim(s) 1-~2 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)0 Claim(s) __ is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

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

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 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)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1 ) 0 Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) 0 Information Disclosure Statement(s) (PT0-1449 or PTO/SB/OB) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademar1< Office 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application (PT0-152) 
6) 0 Other: __ . 

· PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20050322 
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Art Unit: 3729 

DETAILED ACTION 

Election/Restrictions 

1. Restriction to one of the following inventions is required under 35 U.S.C. 121: 

Page 2 

I. 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: (I) 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: (I) that the process as claimed can be 
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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 § 806.0S(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 § 806.0S(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 II does not require 

the retaining member thereof, as required by Group III. The subcombination, Invention III, has 

separate utility such as unitize the toroidal structure by placing a retaining member on the 

exterior of the toroidal core . 

Because these inventions are distinct for the reasons given above and have acquired a 

separate status in the art as shown by their different classification, restriction for examination 

purposes as indicated is proper. 

Because these inventions are distinct for the reasons given above and have acquired a 

separate status in the art because of their recognized divergent subject matter, restriction for 

examination purposes as indicated is proper. 
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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 (312-321-423.0 & 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 caribe 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 PAJR 
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system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

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

Tim Phan 
Examiner 
Art Unit 3729 

tp 
March 22, 2005 

/&. 
A. DEXTER TUG G 
PRIMARY EXAMINER 
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sufficient postage, in an envelope addressed to: Mail Stop Amendment, Commissioner for Patents, P. 0. Box 1450, 
Alexandria, VA 22313-1450, on the below date: ' 
Date: April 29 2005 Name: Steven P. Shurtz Reg No. 31 424 Signa~re: /Steven P. Shurtz/ 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Appln. of: Griffith D. Neal 

BRINKS 

HOFER 

GILSON 

&LION E 

Appln. No.: 10/383,219 

Filed: March 5, 2003 

Examiner: Thiem D. Phan 

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 
Alexandria, VA 22313-1450 'flRANSM ~IT Al 

Sir: 
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181 Return Receipt Postcard 
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A credit card authorization in the amount of$ 50.00 to cover the above-identified fee(s) is enclosed. 

Please charge Deposit Account No. 23-1925 in the amount of $ 
for this purpose. 

. A copy of this Transmittal is enclosed 

181 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, 

/Steven P. Shurtz/ 
Steven P. Shurtz 
(Registration No. 31,424) 

Brinks Hofer Gilson Liane 
P.O. Box 10395 
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Steven P. Shurtz, Reg. No. 31,424 
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/Steven P. Shurtz/ 
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Case No. 8864/33 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Griffith D. Neal 

Serial No.: 10/383,219 

Filed: March 5, 2003 

For: ST ATOR ASS EMBLY 
MADE FROM A 
MOLDED WEB OF 
CORE SEGMENTS AND 
MOTOR USING SAME 

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

Dear Sir: 

AMENDMENT 

Examiner: Thiem D. Phan 
Group Art Unit: 3729 

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. 

I 
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Amendments to the Claims 

Please amend claim 8 and add new claims 33-34 as follows. A complete 

listing of the claims with proper claim identifiers follows. 

Listing of Claims 

1 . (Original} A stator assembly, comprising: 

a) a plurality of discrete stator segments each at least partially 

encased with a phase change material, wherein the phase change material also 

comprises a bridge between adjacent segments to link adjacent segments into a 

continuous strip; and 

b) the linked stator segments being arranged and secured 

together to form the stator assembly. 

2. (Original) The stator assembly of claim 1 wherein the bridges produce 

such a continuous linkage between segments that the bridges may be used to 

orient and manipulate the segments during wire winding. 

3. (Original) The stator assembly of claim 1 wherein wire having a 

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

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

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

5. (Original) The stator assembly of claim 1 wherein the phase change 

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

6. (Original) The stator assembly of claim 1 wherein the discrete stator 

segments are each made from a plurality of steel laminations. 

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

material comprises polyamide. 

8. (Currently amended) The stator assembly of claim 1 wherein the stator 

segments are held in a [[torodial]] toroidal shape by a retaining member. 

- 2 -
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9. (Original) The stator assembly of claim 8 wherein the retaining 

member comprises a metal band. 

1 O. (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 0-250°F. 

13. (Original) The method of claim 11 wherein the phase change material 

forming the monolithic body has a coefficient of thermal expansion of less than 

1.5 x 10-5 in/in/°F throughout the range of 0-250°F. 

14. (Original) The method of claim 11 wherein the phase change material 

forming the monolithic body has a thermal conductivity of at least 0.4 

watts/meter-?K at 23°C. 

15. (Original) The method of claim 11 wherein the phase change material 

is filled with about 30% or more boron nitride. 

16. (Original} The method of claim 11 wherein the phase change material 

is filled with about 30% or more aluminum oxide. 

3-
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17. (Original) The method of claim 11 wherein the phase change material 

linking adjoining segments has a length X, wherein X is the length of uncoiled 

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

18. (Original) The method of claim 11 wherein said phase change material 

is selected from the group consisting of thermoplastics and thermosetting 

materials. 

19. (Original) The method of claim 11 wherein prior to said substantially 

encapsulating, said toroidal core is clamped in an injection mold cavity to 

maintain the toroidal shape. 

20. (Original) The method of claim 11 wherein said step of substantially 

encapsulating the core is performed by injection molding said phase change 

material around said toroidal core. 

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

a) providing at least two stator arc segments linked together by 

a phase change material and each providing a pole and having a first side 

surface and a second side surface; 

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

c) aligning said stator arc segments to form a toroidal core, 

wherein each said side surface of one segment is in contact with an opposing 

side surface of another segment; and 

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

core to unitize the structure. 

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

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

23. (Original) The method of claim 21 where the retaining member 

comprises a metal band. 

- 4 -
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24. (Original) The method of claim 21 wherein each of said stator arc 

segments comprise a plurality of discrete steel laminations held together by the 

phase change material. 

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

26. (Original) A motor made using a stator assembly made from the 

method of claim 11 . 

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

of claim 21. 

28. (Original) A combination of stator arc segments and a flexible carrier 

used to link said stator arc segments during a winding operation comprising: 

a) a plurality of stator arc segments; and 

b) a phase change material constituting said flexible carrier 

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

and predetermined position with respect to one another. 

29. (Original) The combination of claim 28 wherein the stator arc 

segments each comprise a plurality of steel laminations and wherein the steel 

laminations are electrically insulated from the wire applied during winding by a 

portion of the phase change material formed monolithically with the flexible 

carrier. 

30. (Original) The combination of claim 29 where the phase change 

material has a dielectric strength of at least 250 volts per one thousandth of an 

inch of thickness. 

31. (Original) A plurality of arc segments for a stator assembly, the arc 

segments connected to one another by a web of phase change material at least 

partially encapsulating the stator arc segments. 

32. (Original) A series of discrete stator segments each substantially 

encapsulated with, and linked together by bridges made from, an injection 

molded thermoplastic material. 
- 5 -
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33. (New) The stator ·assembly of claim 1 wherein the bridge is formed by 

interconnecting two mating sections formed from the phase change material. 

34. (New) The combination of claim 28 wherein the flexible carrier links 

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

- 6 -
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I • 

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 I 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. 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 Ill should be prosecuted with 

the claims of Group I. 

- 7 -
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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. 

Dated: April 29, 2005 
BRINKS HOFER GILSON & LIONE 
P.O. Box 10395 
Chicago, IL 6061 O 
(312) 321-4200 
Direct Dial: (801) 444-3933 

- 8 -

Respectfully submitted, 

/Steven P. Shurtz/ 
Steven P. Shurtz 
Registration No. 31 ,424 
Attorney for Applicant 
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Application No. Applicant(s) 

(~ 10/383,219 NEAL, GRIFFITH D. 

Office Action Summary Examiner 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~ MONTH{S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
• If the period far 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 far reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure ta 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 patentterm adjustment. See 37 CFR 1.704(b). 

Status 

1 )r2l Responsive to communication{s) filed on 03 May 2005. 

2a)O This action is FINAL. 2b)121 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[21 Claim(s) 1-34 is/are pending in the application. 

4a) Of the above claim(s) 11-24,26 and 27 is/are withdrawn from consideration. 

5)121 Claim(s) 1-10,25 and 33 is/are allowed. 

6)[21 Claim(s) 28,31 and 32 is/are rejected. 

7)121 Claim(s) 29,30 and 34 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)[21 The drawing(s) filed on 10 October 2003 is/are: a)121 accepted or b)O objected to by the Examiner .. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 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) r2J Notice of References Cited (PT0-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

3) 0 Information Disclosure Statement(s) (PT0-1449 or PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application (PT0-152) 
6) 0 Other: __ . 

PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 0605 
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DETAILED ACTION 

Election!R.estrictions 

Page2 

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 (S.N. 09/798,511) have been considered. However, the foreign 

references and non-patent literature have not been considered because copies are not readily 

available nor are they in the parent electronic file. If applicant wishes to have the references of 

record in the parent considered and printed on the face of the patent of the child, he should 

submit copies of the foreign and non-patent literature together with a list of all the references on 

a form PT0-1449 for the examiner to initial. 
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Claim Rejections- 35 USC§ 102 

Page 3 

3. The following is a quotation of the appropriate paragraphs of35 U.S.C. 102 that form the 

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

A person shall be entitled to a patent unless -

(b) the invention was patented pr 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 3 lare rejected under 35 U.S.C. 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 d,uring 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 considered 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 of35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

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

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

3,827,141) in view of Tanaka et al. (US 4,015,154). Hallerback teaches a series of discrete stator 



Mitsuba - 1009 
Page 76 of 422

Application/Control Number: 10/383,219 

Art Unit: 2834 

Page4 

segments (teeth) 1 each substantially encapsulated with, and linked together by bridges made 

from a plastic molding 5 ( c.4, lines 64-67) during winding and thereafter definitively molded 

together into a unit (c.4, line 68-c.5, line 2). However, Hallerback does not specify that his 

molding compound is injection molded thermoplastic material. 

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

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

64-66) and provides high accuracy 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 
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& 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. 

Page 5 

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 ofrecord 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. 
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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 

866-217-9197 (toll-free). 

bsm 
13 June 2005 

Burton S. Mullins 
Primary Examiner 
Art Unit 2834 
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PAT-NO: 

DOCUMENT-IDENTIFIER: 

JP401138937A 

JP 01138937 A 

TITLE: 

PUBN-DATE: 

MANUFACTURE OF INDUCTION MOTOR STATOR 

May 31, 1989 

INVENTOR-INFORMATION: 
NAME 
NISHIYAMA, HIROAKI 
IRIE, SHINICHIRO 

ASSIGNEE-INFORMATION: 
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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 lla, llb. After that, a 
molded 
material 18 composed of synthetic resin material is injected to the 

6/12/05, EAST Version: 2.0.1.4 
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,outside of 
said stator core 10 to cover said outside in the manner of embedding 
said 
winding 15 while leaving the tooth part 13 inner peripheral end face 
of the 
stator core 10 forming an.opposed face at least to a rotor so that 
the-whole 
stator core is molded into an integral body. In this manner, it is 
possible to 
obtain a stator having the reduced whole thickness including a 
winding. 

COPYRIGHT: (C)1989,JPO&Japio 

6/12/05, EAST Version: 2.0.1.4 
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ABSTRACT: 

COUNTRY 
N/A 

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

CONSTITUTION: Predetermined number of pole coupling boards 14 
comprising 
pole pieces 12 coupled through coupling pieces 13 and the pole pieces 
12 are 
laminated and then the coupling pieces 13 are removed through press 
thus a pole 
piece 11 is formed. The pole piece 11 is then placed in a 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 

6/12/05, EAST Version: 2.0.1.4 



Mitsuba - 1009 
Page 88 of 422

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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CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8 

spondence is being deposited with the United States Postal Service as first class mail, with 
velope addressed to: Mail Stop Amendment, Commissioner for Patents, P. 0. Box 1450, 

0, on the below date: 
5 Name: Steven P. Shurtz Reg. No 31 424 Signature: /Steven P. Shurtz/ 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Appln. of: Griffith D. Neal 

BRINKS 

HOFER 

GILSON 

&LIONE 

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

Filed: March 5, 2003 Group Art Unit: 2834 

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

Attorne Docket No: 

Mail Stop Amendment 
Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313-1450 

Sir: 
Attached is/are: 

8864-33 

[2J Transmittal Letter (in duplicate); Amendment. 

[2J Return Receipt Postcard 

Fee calculation: 

[2J No additional fee is required. 

TRANSMITTAL 

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

D A petition or processing fee in an amount of$ __ under 37 C.F.R. § 1.17L__J. 

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

Small Entity Not a Small Entity 

Claims Remaining Highest No. Present 
After Amendment Previously Paid For Extra Rate A.J...1 11 ~-- or Rate Add'I Fee 

Total 15 Minus 34 0 X $25= X $50= 

lndep. 3 Minus 6 0 X 100= X $200= 

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

0 

0 

Total Total $0 

Fee payment: 

D 
D 

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

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

[2J 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 

Date 

Account No. 23-1925. Respectfully submitted, 

September 15, 2005 /Steven P. Shurtz/ 
Steven P. Shurtz 
(Registration No. 31,424) 

Brinks Hofer Gilson Lione 
P.O. Box 10395 
Chicago, IL. 60610 
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\., r~by certify that this correspondence is 
~ADE't-'~ ing deposited with the United States 

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

Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313 
on September 15, 2005 

Date of Deposit 

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

Registered Representative 

/Steven P. Shurtz/ 
Signature 

September 15, 2005 
Date of Signature 

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

In re Application of: 

Griffith D. Neal 

Serial No.: 10/383,219 

Filed: March 5, 2003 

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

Examiner: Burton S. Mullins 
Group Art Unit: 2834 

AMENDMENT 

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

Dear Sir: 

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

following amendment and consider the following remarks. 

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

begins on page 2 of this paper. 

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

Please cancel claims 11-24, 26-28 and 31-32 without prejudice to filing the 

claims in a continuing application. Please amend claims 22, 29 and 34 as 

follows, again without prejudice to presenting the unamended claims in a 

continuing application. A complete listing of the claims with proper claim 

identifiers follows. 

Listing of Claims 

1. (Original) A stator assembly, comprising: 

a) a plurality of discrete stator segments each at least partially 

encased with a phase change material, wherein the phase change material also 

comprises a bridge between adjacent segments to link adjacent segments into a 

continuous strip; and 

b) the linked stator segments being arranged and secured 

together to form the stator assembly. 

2. (Original) The stator assembly of claim 1 wherein the bridges produce 

such a continuous linkage between segments that the bridges may be used to 

orient and manipulate the segments during wire winding. 

3. (Original) The stator assembly of claim 1 wherein wire having a 

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

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

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

5. (Original) The stator assembly of claim 1 wherein the phase change 

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

6. (Original) The stator assembly of claim 1 wherein the discrete stator 

segments are each made from a plurality of steel laminations. 

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

material comprises polyamide. 

- 2 -
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8. (Previously presented) The stator assembly of claim 1 wherein the 

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

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

member comprises a metal band. 

10. (Original) The stator assembly of claim 1 wherein the stator segments 

are held in a toroidal shape by an overmolded thermoplastic material. 

11-24. (Canceled) 

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

26-28. (Canceled) 

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

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

during a winding operation comprising: 

a) a plurality of stator arc segments: and 

b) a phase change material constituting said flexible carrier 

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

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

arc segments each comprise a plurality of steel laminations and wherein 

the steel laminations are electrically insulated from the wire applied during 

winding by a portion of the phase change material formed monolithically 

with the flexible carrier. 

30. (Original) The combination of claim 29 where the phase change 

material has a dielectric strength of at least 250 volts per one thousandth of an 

inch of thickness. 

31-32. (Canceled) 

33. (Previously presented) The stator assembly of claim 1 wherein the 

bridge is formed by interconnecting two mating sections formed from the phase 

change material. 

- 3 -
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34. (Currently amended) [[The combination of claim 28]] A combination of 

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

during a winding operation comprising: 

a) a plurality of stator arc segments: and 

b) a phase change material constituting said flexible carrier 

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

and predetermined position with respect to one another: wherein the 

flexible carrier links said segments by connecting two mating sections 

formed in said carrier. 

- 4 -
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Remarks 

In the Outstanding Office action claims 1-10, 25 and 33 were allowed, and 

claims 29, 30 and 34 were indicated as allowable if rewritten in independent 

form. Claims 29 and 34 have been rewritten. Claim 30 is dependent on claim 

29. Since claim 29 is now allowable, it is believed that the objection to claim 30 

should be withdrawn. 

The rejections of claims 28, 31 and 32 in the outstanding Office Action is 

traversed. However, since those claims are canceled, the rejection is moot. 

Since all of the remaining claims have been indicated as being allowable, 

the case is believed to be in condition for allowance. 

The Examiner noted that he had considered the U.S. references cited in 

the Information Disclosure Statement filed on July 21, 2001 in the parent case, 

and invited Applicant to submit copies of the non-U.S. references, and a form 

PTO 1449 listing the same. While Applicant is unsure of the relevance of the 

references, Applicant's attorney will put together such a filing. 

· Dated: September 15, 2005 
BRINKS HOFER GILSON & LIONE 
P.O. Box 10395 
Chicago, IL 60610 
(312) 321-4200 
Direct Dial: (801) 444-3933 

- 5 -

Respectfully submitted, 

/Steven P. Shurtz/ 
Steven P. Shurtz 
Registration No. 31,424 
Attorney for Applicant 
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CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8 

I hereby certify that this correspondence is being deposited with the United States Postal Service as first class mail, with sufficient postage, in 
an envelope addressed to: Mail Stop Amendment, Commissioner for Patents, P. 0. Box 1450, Alexandria, VA 22313-1450, on the below date: 
Date: Sentember 22 2005 Name; Steven P. Shurtz Signature: /Steven P. Shurtz/ 

IN THE UNITED STAT 

In re Appln. of: Griffith D. Neal 

le~ AND TRADEMARK OFFICE 

' ~ 
SEP 2 6 700~ 

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

Filed: 

For: 

March 5, 2003 

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

Art Unit: 2834 

Attorne Docket No: 8864-33 

INFORMATION DISCLOSURE STATEMENT 

Applicant hereby cites references A 1-A 137 identified on the attached PTO 1449 

form. 

Applicant is enclosing Form PT0-1449 (four pages), along with a copy of each 

listed reference for which a copy is required under 37 C.F.R. §1.98(a)(2). For those 

references not in English, an English language Abstract has been provided for the 

convenience of the Examiner. The Examiner indicated that he previously reviewed the 

U.S. documents listed on the Information Disclosure Statement filed in the parent case, 

The attached PTO 1449 form lists those references, as well as references otherwise 

made of record in the parent case. Applicant respectfully requests the Examiner's 

-· consideration of the references on the attached PTO 1449 form that he has not already 

considered, and entry into the record of this application all of the documents listed on 

the attached PTO 1449 form . 

By submitting this Statem,ent, Applicant is attempting to fully comply with the duty 

of candor and good faith mandated by 37 C.F.R. §1.56. As such, this Statement is not 

-1-

& LI ON E QOOOOOJ4 10363219 
0912112005 timmR1 . 1so.oo oP 

01 fC:180b 
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BRINKS 

HOFER 

GILSON 

&LIONE 

• 
Appln. No. 10/383 219 Attorney Docket No. 8864-33 

intended to constitute an admission that any of the enclosed references, or other 

information referred to therein, constitutes "prior art" or is otherwise "material to 

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

Applicant has calculated a processing fee in the amount of $180.00 to be due 

under 37 C.F.R. §1.17(p) in connection with the filing of this Statement. Applicant has 

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

Transmittal accompanying this Statement. 

September 22, 2005 
Date 

Respectfully submitted, 

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

-2-
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(22) Date de depot: 02.06.1998 

(84) Etats contractants designes: 
AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PTSE 
Etats d'extension designes: 
AL LT LV MK RO SI 

(30) Priorite: 03.06.1997 FR 9706808 

(71) Demandeur: SGS-THOMSON 
MICROELECTRONICS S.A. 
94250 Gentilly (FR) 

(51) Int c1.s: H01 l 21/56 

{72) lnventeurs: 
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(54) Procede de fabrication de boitiers semi-conducteurs comprenant un circuit integre 

(57) Precede de fabrication de bo_itiers semi-con­
ducteurs comprenant respectivement un substrat, une 
pastille formant un circuit integre et fixee sur une zone 
du substrat. des moyens de connexion electrique reliant 
la pastille a un groupe de zones de connexion electrique 
exterieure situees sur une face du substrat. ainsi qu'un 
enrobage d'encapsulisation. le precede consiste a rea­
liser de fac;:on matricielle une multiplicita de groupes de 
zones· de connexion (104a) sur une plaque commune 
de substrat (102), correspondant a autant de zones 
(109) de fixation de pastilles, a fixer une pastille (103) 
sur chaque zone (109) de fixation de la plaque commu-

FIG.6 

ne de substrat. a relier electriquement chaque pastille 
(103) aux zones (104a) de connexion electrique asso­
ciees, de fac;:on a obtenir un assemblage (111) plaque 
de substrat-pastilles connectes. Le precede consiste, 
dans une seconde etape a disposer cet assemblage 
(111) dans un moule (112) et a injecter une matiere d'en­
robage (106) dans re moule de fac;:on a obtenir, en une 
seute operation de moulage, un bloc parallelepipedique 
(117), puis, dans une etape ulterieure, a decouper ledit 
bloc parallelepipedique (117) au travers de son epais­
seur en unites constituanl chacune un boitier semi-con­
ducteur. 

112 

102 104 
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Description 

la presente invention concerne un procede de fa­
brication de boitiers semi-conducteurs comprenant res­
pectivement un substrat, une pastille lormant un circuit 
integre et fixe sur une zone du substrat. des moyens de 
connexion electrique reliant la pastille a des zones de 
connexion electrique exterieure situees sur une face du 
substrat. ainsi qu'un enrobage d'encapsulisation en re­
sine. 

En principe et de fac;on habiluelle, les zones de con­
nexion electrique exterieure et ta pastille sont disposees 
de part et d'autre du substrat et l'enrobage enveloppe. 
d'un cote du substrat, la pastille et les moyens de con­
nexion electrique. 

Dans ta technique de fabrication actueltement utili­
see, on realise individuellement l'enrobage de chacune 
des pastilles fixees et connectees sur une plaque de 
substrat en disposant cette plaque dans un moule qui 
presente autant de cavites individuelles que de pas­
tilles. Puis on coupe le substrat entre chaque enrobage. 
Cetta solution necessite la fabrication. !'utilisation et le 
stockage d'autant de moules differents d'injection d'en­
robage que ron a de boitiers differents presentant des 
dimensions de pastilles differentes et des dispositions 
differentes de ces pastilles sur une plaque de substrat. 
De meme, ii faut disposer d'un outil de decoupe parti­
culier attribue a chaque dimension de pastille et a cha­
que dimension de plaque de substrat. 

le but de la presents invention est de proposer un 
procede de fabrication· de boitiers semi-conducteurs 
susceptibles de permettre des economies de fabrication 
et d'obtenir une plus grande flexibilite de production. 

le procede salon !'invention est destine a la fabri­
cation de boitiers semi-conducteurs comprenant res­
pectivement un substrat, une pastille formant un circuit 
integre et fixee sur une zone du substrat, des moyens 
de connexion electrique reliant la pastille· a un groupe 
de zones de connexion electrique exterieure situees sur 
une face du substrat, ainsi qu'un enrobage d'encapsu­
lisation. 

Salon !'invention, le procede consiste a realiser de 
fac;on matricielle une multiplicite 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 electriquement cha­
que pastille aux zones de connexion electrique asso­
ciees, de fac;on a obtenir un assemblage plaque de 
substrat-pastilles connectes. Salon rinvention, le proce­
de consiste, dans une seconde etape, a disposer cet 
assemblage dans un moule et a injecter une matiere 
d'enrobage dans le moule de fac;on a obtenir, en une 
seule operation de moulage. un bloc parallelepipedique. 
et, dans une etape uherieure, a decouper ledit bloc pa­
rallelepipedique au travers de son epaisseur en unites 
constituant chacune un boitier semi-conducteur. 

Selon une variante preferee de !'invention, le pro-

cede consiste a realiser la decoupe du bloc parallelepi-
pedique par sciage. ' 

Se Ion !'invention, le precede consiste de prelerence 
a caller le bloc parartelepipedique sur une bande auto­

s collante pelable et a realiser !'operation de sciage en 
engageant la scie au travers du bloc au-dela de sa face 
callee sur cette bande. 

Seton !'invention, le procede consiste, de preferen­
ce, a collar la face du bloc parallelepipedique exempte 

10 de zones de connexion sur la bande autocollante. 
Se Ion !'invention. le procede consiste de preference 

a deposer des billes ou boules en materiau de soudage 
sur les zones de connexion. 

La presente invention sera mieux comprise a l'etu­
,s de d'un procede de fabrication de boitiers semi-conduc­

teurs decrit a titre d'exemple non limitalif et illustre par 
le dessin sur lequel : 

la figure 1 represente schematiquement une coupe 
20 transversale d'un boitier semi-conducteur obtenu 

par le procede selon !'invention : 
la figure 2 represente une vue frontale dudit boilier: 
la figure 3 montre schematiquement une premiere 
etape du procede salon l'inveniton et represente en 

2s coupe transversale une plaque de substrat munie 
de pastilles: 
la figure 4 represente une vue frontale de la face de 
ladite plaque de substrat apposee aux pastilles • 
la figure 5 montre schematiquement une etape sui-

30 vante du procede salon !'invention et represente la­
dite plaque de substrat munie de pastilles connec­
tees electriquement par des fits ; 
la figure 6 montre schematiquement une etape sui­
vante de !'invention consistant en l'encapsulisation 

35 dans un moule represente en coupe desdites pas­
tilles et desdits fils ; 
la figure 7 represente une vue arriere du bloc sor­
tant dudit moule ; 
la figure 8 montre schematiquement une etape sui-

40 vante du procede selon !'invention et represente 
une coupe transversale dudit bloc ; 
et la figure 9 montre schematiquement une etape 
suivante du procede salon !'invention et represente 
une coupe transversale dudit bloc lors d'une opera-

45 lion de sciage de ce bloc. 

En se reportant aux figures 1 et 2, on voit qu'un boi­
tier semi-conducteur paralletepipedique, repere d'une 
maniere generale par la reference 1, obtenu par le pro-

so cede de fabrication qui va maintenant etre decrit, com­
prend un substrat plat 2 par example de contour carre, 
une pastille 3 fixee a une face 2a du substrat 2 grace a 
une couche mince de colle 3a, une multiplicite de zones 
4 de connexion electrique exterieures reparties sur la 

ss face 2b du substrat 2 opposee a sa face 2a. des moyens 
de connexion electrique reliant selectivement la pastille 
3 et !es zones de connexion electrique 4 et comprenant 
des fits de connexion electrique 5 aboutissant au subs-

2 
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trat 2 et des connexions internes a ce substrat non re­
presentees, ainsi qu'un enrobage en resine 6 d'encap­
sulisation de la pastille 3 et des fils de connexion 5, eel 
enrobage 6 etant situe du cote de la face 2a du substrat 
2. En outre, le boitier semi-conducteur 1 est muni de 
gounes ou boules de connexion 7 sur chacune des zo­
nes de connexion electrique 4, en vue de la soudure et 
de la connexion electrique du boitier semi-conducteur 
1 par example aux pistes d'une plaque de circuit impri-
me. · 

En se reportant a la figure 4, on voit que le precede 
de fabrication decrit consiste a realiser, sur une face 
102a d'une plaque commune de substrat 102 rectangu­
laire, une multiplicite de groupes 104 de zones de con­
nexion electrique 104a et de moyens de connexion elec­
trique traversant la plaque commune de substrats 102 
et relies aux zones 104a. 

Dans l'exemple represente, les groupes 104 sont 
disposes sous une presentation en forme de matrice sur 
la lace 102a et sent au nombre de cinq dans le sens de 
la largeur de la plaque commune de substrat 102 et au 
nombre de vingt dans le sens de sa longueur. l'espace 
separant les groupes des cinquieme et sixieme ran­
gees, dixieme et onzieme rangees et quinzieme et sei­
zieme range es 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 espaces de la longueur de la plaque commune de 
substrat 102. 

En se reportant a la figure 5, on voit que l'etape sui­
vante du precede de fabrication decrit consiste a fixer 
une multiplicite de pastilles 103 respectivement sur des 
zones de fixation 109 de la face 102b de la plaque com­
:-r:une de substrat 102 opposee a sa face 102a, a !'aide 
de minces couches de colle 103a. Les pastilles 103 se 
trouvent alors disposees sous une presentation en for­
me de matrice correspondant au !ravers de la plaque 
commune de substrat 102 aux groupes 104 de zones 
de connexion electrique 104a. 

En se reportant a la figure 5, on voit que l'etape sui­
vante du precede de fabrication decrit consiste a relier 
setectivement les plots de connexion 110 des pastilles 
103 aux moyens de connexion de la plaque commune 
de substrat 102 en leur connectant les extremites de fils 
de connexion electrique 105 qui se trouvent alors en 
l'air, de fai;on a relier les plots de chaque pastille 103 
selectivement aux zones de connexion electrique 104 
des groupes 104 qui leur sont respectivement asso­
ciees. On obtient alors un assemblage connecte repere 
d'une maniere generale par la reference 111; compre­
nanl la plaque commune de substrat 102 et res pastilles 
103 connectees comma decrit ci-dessus. 

Comma le montre la figure 6, l'etape suivante du 
procede de fabrication decrit consiste a disposer !'as­
semblage 111 a l'interieur d'un moufe d'injection 112 
comprenant une partie 113 qui presente une cavite 114 
recevant dans son epaisseur la plaque commune de 
substrat 1 02 et une partie 115 qui presente quatre cavi-

tes 116 dans lesquefles s'etendent respectivement, a 
distance de ses parois, les pastilles 103 et les fils de 
connexion 105 correspondant des ensembles 108. 

Cetta etape consiste ensuite a injecter a l'interieur 
5 de la cavite 116 une resine d'encapsulisalion des pas­

tilles 103 et des fils de connexion 105 de fai;on a obtenir 
en une seure operation de moulage quatre enrobagse 
106 conlre la face 102a de la plaque de substrat 102. 
On obtient alors un bloc sensiblement parallelepipedi-

10 que repere d'une maniere generale par la reference 117, 
a multipastilles 103 associees dans les enrobages 106 
a la plaque commune de substrat 102. 

En se reportant a la figure 5, on voit que dans une 
etape ulterieure le precede de fabrication decrit peut 

15 consister a deposer 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 l'etape sui­
vante du procede de fabrication decril consiste a fixer 

20 la face 106a de l'enrobage 106 du bloc parallelepipedi­
que 107, opposee a la face 102a de la plaque commune 
de substrat 102 incluse dans ce bloc, sur un support 
plan 118 par rintermediaire d'une bande pelable 119 a 
deux faces autocollantes. · 

25 Puis, le precede de fabrication decrit consiste a 
couper longitudinalement et lransversalement le bloc 
parallelipipedique 107. dans le sens de son epaisseur, 
a l'aide d'une scie 120, le long des lignes de separation 
longitudinales et transversales 121 et 122 s'etendant 

30 entre lesdits differents groupes 104 de zones de con­
nexion electrique 104a auxquelles sent respectivemenl 
associees les pastilles 103. Au cours de cette opera lion, 
la scie 120 est engagee au travers du bloc parallelipi­
pedique 107 au-dela de sa face 106a callee sur la bande 

35 119 de maniere a effectuer !'operation de decoupe com­
pletement. 

Lorsque !'operation de decoupe par sciage ci-des­
sus est effectuee, on peut alors decoller de la bande 119 
les differents morceaux du 'bloc paralllepipedique 117, 

40 chacun de ces morceaux correspondant a un boitier 
semi-conducteur 1 tel que decrit precedemment en re­
ference aux figures 1 et 2. 

Le precede de fabrication qui vient d'etre decrit pre­
sente l'avantage de pouvoir fabriquer dans un meme 

45 moule adapte pour recevoir une plaque commune de 
substrat 102 determinee, des boitiers semi-conducleurs 
1 de dimensions differentes. 

En effet, sur differentes plaques communes de 
substrat 102, on peut prevoir des nombres differents de 

50 groupes 104 de zones de connexion electrique 104a 
couvrant des surfaces differents, adaptees en corres­
pondance aux dimensions des pastilles 103 associees, 
en les disposant comme dans l'exemple decrit prece­
demment, salon des matrices adaptees aux surtaces 

55 que lesdits groupes de zones de connexion et lesdites 
pastilles occupant. 

3 

II conviendra alors d'adapter uniquement les distan­
ces entre res differentes lignes 121 et 122 de decoupe 
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aux surfaces afin d'obtenir des boitiers semi-conduc­
teurs dont le pourtour presents des dimensions souhai­
tees. 

Revendicationa 

1. Procede de fabrication de boitiers semi-conduc­
teurs ( 1) comprenant respective men I un substrat. 

5 

une pastille formant un circuit integre et fixee sur 10 

une zone du substrat, des moyens de connexion 
electrique reliant la pastille a un groups de zones 
de connexion erectrique exterieure situees sur une 
face du substrat, ainsi qu'un enrobage d'encapsu-
lisation, caracterise par le fail qu'il consists: 15 

a realiser de fai;on matricielle une multiplicite 
de groupes (104) de zones de connexion 
(104a) sur une plaque commune de substrat 
(102), correspondant a autant de zones (109) 20 

de fixation de pastilles, 
a fixer une pastille (103) sur chaque zone (109) 
de fixation de la plaque commune de substrat, 
a relier electriquement chaque pastille (103) 
aux zones (104a) de connexion electrique as- 25 

sociees. de f~on a obtenir un assemblage 
(111) plaque de substrat-pastilles connectes, 

et qu'il consists, dans une seconds etape: 

a disposer eel assemblage (111) dans un moule 
(112) et a injecter une matiere d'enrobage (106) 
dans le moule de fai;on a obtenir, en une seule 
operation de moulage, un bloc parallelepipedi-

30 

que (117) presentant d'un cote ledit substrat, 35 

a deposer des billes ou boules (107) en mate-
riau de soudage sur las zones de connexion 
(104a) du substrat (102) opposees a la matiere 
d'enrobage moulee (106), 
et a decouper !edit bloc parallelepipedique 40 

(117) au travers de l'epaisseur dudit substrat 
(102) et de la matiere d'enrobage (106) en uni-
tes constituant chacune un boitier semi-con­
ducteur (1). 

2. Procede selon la revendication 1. caracterise par le 
fait qu'il consiste a realiser la decoupe dudit bloc 
parallelapipedique (117) par sciage (120). 

45 

3. Precede selon rune des revendications 1 et 2. ca- 50 

racterise par le fail qu'il consiste a caller la face 
( 106a) dudit bloc parallelepipedique (117) exempte 
de zones de connexion et opposee auxdites billes 
de connexion (107) sur une bande autocollante pe­
lable ( 119) et a realiser rope ration de sciage en en- 55 

gageant la scie (120) au travers du bloc (117) au­
dela de sa face callee sur ladite bande (119). 

4 

6 
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FIG.1 
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SPINDLE MOTOR 

3 

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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(57) A method and apparatus for encapsulating an 
integrated circuit die and leadframe assembly. A pre­
packaged sproutless mold compound insert 71 is 
placed in a rectangular receptacle 91 in a bottom mold 
chase 81. The receptacle is coupled to a plurality of die 
cavities 85 by runners 87. Leadframe strip assemblies 
containing leadframes, integrated circuit dies, and bond 
wires coupling the leadframes and dies are placed over 
the bottom mold chase 81 such that the integrated cir­
cuit dies are each centered over a bottom mold die cav­
ity 85. A top mold chase 90 is placed over the bottom 
mold chase 81 and the mold compound package 71. 
The top mold chase 90 has die cavities 95 correspond­
ing to those in the botto~ mold chase 81. The mold 
compound insert 71 is preferably packaged in a plastic 
film 75 which has heat sealed edges 77. The mold com­
pou.nd is forced through the package 75 and heat seals 
77 during the molding process by the pressure applied 
by a rectangular plunger 1 O 1. The sproutless mold com­
pound insert is packaged so that the mold compound 
will exit the packaging only where runners intersect the 
receptacle. The sproutless mold compound insert 
requires no alignment or cutting tools within the mold 
station. The plunger is applied using variable speed and 
pressure to control the rate the mold corrpound fills the 
cavities in the top and bottom mold chases, thereby 
avoiding voids in the completed packages and minimiz­
ing wire sweep of the bond wires of the integrated circuit 
assemblies. 

·.-.............. ~ 

PnntBO Dy Rank Xeta, (UKI Business Setvia!s 
2139/34 

1o:; 106 

FIG. 11 .llU 

91 



Mitsuba - 1009 
Page 132 of 422

EP O 747 943 A2 2 

Description 

FIELD OF THE INVENTION 

This invention relates generally to the field of inte- 5 

grated circuits, and more particularly to the encapsula­
tion packaging of integrated cirCtJits using transfer 
molding techniques. 

BACKGROUND OF THE INVENTION 10 

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 th~ 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 shovm. There 

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, 

15 are six.primary runners 31, each will support a pair of 
leadframe strips holding wire bonded dies and lead 
assemblies over each cavity 33. The cavities are formed 
along the runners 31, which are cylindrical shaped 
paths that extend from the mold pot 32 and into the rows 

20 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 other materials to make the compound suitable for 
molding, such as accelerators, curing agents, fillers, 2s 

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, 30 

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. 

and control of the transfer and filling stages of the mold­
ing process. 

FIG. 4 is a detailed drawing of a single runner 31 
with a single die cavity 33 shown. The secondary runner 
35 is shown coupling the primary runner to the gate 37 
and to the die cavity 33. Runner 31 is coupled to the pot 
32. 

FIG. 5 depicts a cross section BB from FIG. 4. This 
cross section is taken across the primary runner 31 and 
along secondary runner 35, and depicts the sloped 
shape of secondary runner 35 up to the gate 37. The 

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 

35 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-
40 fer mold will now be described with reference to FIGS. 

2·5. To begin a new molding operation, the mold press 
is opened aoo 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-set. or cure. For the entire period the mold compound is 

heated. The mold compound is thermoset material, so 45 

that after being heated for a time period longer than the 
low viscosity time period it will CtJre 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 50 

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 ss 
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 

2 

pound is preheated using an R/F heater or other heater 
before being placed into the heated mold. 

The top and bottom platens are closed, bringing the 
top and bottom mold chases together. The top and bot­
tom mold chases 17 and 21 are patterned to define a 
cavity around each die, with the lead frames extending 
outside the cavity and a space formed around each die. 
Several leadframe strips each having a row of dies 53 
which are bonded to their respective lead frames 51 are 
placed wer the cavities 33 in the bottom mold chase 21. 
A pellet of resin or similar material mold compound is 
placed in the mold pot within the top mold c_hase 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 rumers fill with mold compound the 
compound will begin filling the secondary runners 35, 5 
entering the gates 37 beneath the leadframe and die 
assemblies 51 and fming the cavities 33. 

than 6% is specified. A straight line from the lead frame 
lead to the bond pad has a sweep of 0%. So if after 
assembly and mold any wires on a packaged unit are 
found to have more than 6% sweep, the unit is out of 
specification. and is considered to be a bad unit. Wire 
sweep is specified as a maximum allowable parameter 
and is a big concern in production of integrated circuits, 
because if the bond wires are moved too much. a wire 
short between two or more adjacent bond wires often 

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-

10 occurs. Alternatively, bond wires sometimes break 
away. Either condition results in a faulty unit. 

Although the wire sweep defect rate which is 
observed in the single plunger molding presses is ade· 
quate for producing low to moderate pin count DIP and 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. 

15 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 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- 20 

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 25 

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 SE:pa· 30 

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· 35 

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. 

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 sweep defect rate. 

It has been further observed that the wire sweep 
and void problems tend to be more severe as the 
number of cavities and the distance of runners 
increases. Nonuniform fill can occur along a lengthy 
runner having many cavities. The cavity closest to the 
pot will have a faster fill rate than the others. The cavity 
farthest from the pot will tend to fill at the end of the 
transfer period, and the rate will be lower because much 
of the compound has been diverted to other cavities and 
because the compound is starting to harden. As a 
result, difficult and time consuming fine tuning of each 
mold press is required to establish an operation mode 

A problem commonly observed in a single plunger sin· 40 

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 cause hot- 45 

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·a more the cavities during the transfer 
stage. 5o 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. 

A second critical requirement is that the wire sweep 
defect rate be minimized below an acceptable level. 
Wire sweep occurs as the mold compound enters the 
cavity through the gates. The mold compound is dense 
and pulls at the fine wires that couple the bond pads of 55 

the die to the leads of the lead frame. These wires will 
bend under the pressure due to the flow of mold com­
pound. As an example, suppose that in a typical lead 
frame and die assembly, an average wire sweep of less 

3 

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. 5 

The abrasive nature of the mold compound resuits in 
rapid wear of the mold pot and the runners, and the 
plunger or ram itself. This results in expensive rework or 
replacement of the mold chases on a frequent basis. 

An alternative approach for reducing the problems 10 

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 15 

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 20 

called "mini-pellet" of mold compound. The press is a 
more complex press than that shown in FIG. 2, and has 
a plunger for each of the mold pots. The plungers may 
operate from the top or from underneath the mold. Each 
mold pot 69 and the short runners 67 act exactly as the 2s 

single plunger mold of FIG. 2 in operation. The individ-

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. So this alternative has the dis-
advantages of requiring the mini-pellets of mold 
compound. while not providing the highly automated 
process control of a multi-plunger mold system. 

Both single plunger and multiplunger mold presses 
have other disadvantages that are common. The mold 

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 

30 compound is an abrasive material. The mold pot and 
the primary runners receive an abrasive force each time 
the press is operated. These areas wear quickly and the 
expensive mold chases must be replaced periodically 
as a result. 

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 35 

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 40 

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- 45 

ciated with the cavities nearest and farthest from the 
single center pot of the single plunger mold presses are 
eliminated. Mold compound waste is reduced by the 
shorter runners. 

The disadvantages of the multiplunger molding 5o 

process are primarily that it requires the use of the mini­
pellets. The mini-pellet form of the molding compound is 
far more expensive per kilogram than the single large 
pellets used by the single transfer mold. Also, the multi­
plunger molding station is extremely expensive to man- 55 

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 

4 

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 palletized. 
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. 

U.S. Patent No. 5,098,626, issued March 24, 1992, 
and entitted "Method for Packing a Measured Quantity 
of Thermosetting Resin And Operating a Mold for 
Encapsulating a Component·. provides another alterna­
tive wherein the mold compound is packaged in individ­
ually sealed units. These units each contain mold 
compound in a quantity needed for a single cavity or 
pair of cavities for integrated circuit packages. Each of 
these units is a bag or tt.be containing mold compound 
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and ending in a bulge or sprout. During molding the 
bulge or sprout is placed at the end of a runner which 
feeds a cavity. The sprout is cut and the mold compound 
is pressed out of the bag into the cavity by individual or 
multiple plungers. 5 

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 

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 free packaging system which can be used with 
an automated loading system. However, like the mini­
pellets, many of these bags are required for each run. 

,o packaging ensures that the mold compound is free from 
moisture and air contamination and is easily produced, 
stored and shipped. 

The abrasion problems are reduced, because the pots An improved mold design is used in combination 
with the packaged sproutless mold compound inserts. 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 

15 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-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 20 

to an expensive raw material for molding. 
Further, the spouted bags of the '636 are fitted into 

the runner openings. The bags are supplied attached to 
a tape or spool for continuous feed loading. However, 
this particular feature of the sprouted bag containers 2s 

means that the bags and the tape or spool must be cus-
tom designed for 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 30 

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- 35 

ing system which eliminates the problems of the prior 

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 

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-

40 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 ting of existing integrated circuit assembly lines. The 

system should reduce waste of mold compound and 
reduce the abrasive impact of the mold compound on 45 

the equipment used. The new molding system should 
provide uniform cavity fill and reduced wire sweep 
defect rates. The system should be general, such that 
different mold designs can be used with a common 
mold compound package. 

SUMMARY OF THE INVENTION 

A system for transfer molding the packages of inte­
grated circuits using mold compound prepackaged in a 
sproutless protective package is provided. The mold 
compound is packaged in a thin packaging that is 
sealed at the edges, or is made as a seamless bag or 
tube. The packaging will protect the mold compound 

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. 

5o The prepackaged sproutless mold compound system is 
easily combined with a process controller to achieve 
tight process control. The use of the sproutless pre­
packaged mold system with a process controller results 
in a mold process with balanced cavity fill, reduced wire 

55 sweep and low void defect rates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be further described 

5 
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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; 5 

ends 76. Ends 76 and edges 77 are seals that couple 
the bottom (not shown) to the top 74 using, for example, 
conventional heat sealing techniques for plastic packag­
ing. Alternative sealing techniques such as ultrasonic 
seals, adhesives, and pressure seals or crimped seals 
can be used. 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 of 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-

Alternatives to the package of FIG. 7 include tubes 
and bags of various shapes. For example, the shapes 
can include ovoid, circular, oval, and others may be 

10 imagined. The mold design ~ 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 ls not necessary; the 
insert can be sized so that as the mold closes the insert 

15 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 

20 

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, 

25 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 

ing elements in the drawings, unless otherwise indi- 30 

cated in the text. 
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 

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, 

35 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-

a prepackaged mold compound insert is composed of 
conventional resin or resin filler mold compound in a 40 

solid form. Alternative molding compounds may be 
used. such as liquids, epoxies. adhesives, resins in liq-

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 

uid form. powdered mold compound, as examples. The 
mold compound material may be made from powdered 
mold compound or from extruded mold compound 
directly, eliminating the need for the expensive palletiz­
ing steps required for the pellets of the prior art mold 
compourds. 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 

45 standard requirements for molding compourds 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. 

so 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-

55 ing the molding process. so it should have a melting 
temperature at least ten degrees Celsius greater than 
the molding temperatures. Typically, the material needs 
to have a melting point greater than 200 degrees Cel-
sius. 

6 
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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· s 
ing compound prematurely. However. once the edge 
seals are permeable the mold compound should flow 

be done with the package still on the mold compound, 
that is the mold compound is automatically dispensed 
from the package. 

The key feature of the package 71 of FIG.7 is that 
· there is no need for a 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. 

out of the package with a minimum of resistance to flow. 
The material should not tear in normal handling or ship­
ping, but should have the capacity to stretch into the 10 

runners when compressed during the molding process 
as described above. The material should ba 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 polymer films, elastomers. synthetic rubber, foils 
and metal films, and the like. Although many materials 
may exist that could meet these requirements, it is now 
known that certain plastic films meet the requirements 
listed above. 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 MYLARr.. polyester film. such as for 
example MYLAR .... 40 XM 963-AT, a polyester film for 
packaging available from DuPont, DuPont de Nemours 
Int. S.A., Geneva, Switzerland; or DuPont (U.K.) Ltd, 
Maylands Avenue, GB-Hemel Hempstead, England. 
Another preferred film is ICI™ polyester film. Similar 
films are commercially available from a variety of ven­
dors. 

Once the appropriate material is selected, the film 
should be applied to the mold compound to create the 
necessary packaged mold compourd 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. compourd. Top piece 74 is 
placed over the bottom piece of film. Top piece 74 is 
also longer ard wider than the bottom piece. Heating 
blocks or other sealing means can be applied to those 
areas where the film exceeds the size of the mold com­
pound 73. After the seal is formed, the top 74 is cut out­
side of the seals to form the package as shown in FIG. 
7. The size of this lip is again determined by the mold 
design. If other support means is provided, this lip is not 
required at all. The lip can then be eliminated altogether. 

Alternative packages include 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 compourd is protected 
and a vacuum is maintained. and that the molding can 

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 

15 one end and filled with a piece of extrusion, solid or liq· 
uid molding compound. The tube can be plastic film as 
described above. or any alternative material which 
meets the requirements for the packaging materials. 

Preferably, the package 71 is sealed in the final 
20 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· 
25 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, 

30 moisture is removed under the vacuum. Moisture con· 
tamination in molding compound leads to package 
cracking and early device failure. 

Whatever means is used to package the mold com­
pound. the sealing mechanism should be provided such 

35 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 coni· 

40 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 

45 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. 

so This receptacle 91 is open at the bottom for allowing a 
plunger or ram to enter the mold chase and to apply 
pressure to a prepackaged mold compound insert rest· 

· ing at the top of receptade 91, to force the mold com· 
pound into the runners and the cavities. A typical mold 

ss system would indude two to four of these mold chase 
pairs 83, so it would have two to four receptacles 91. 
ard 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 

7 
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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- 5 

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 m,er 10 

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 15 

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 20 

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- 25 

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 3o 

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 

molding press is eliminated. 

After the bottom mold chases are loaded and the 
molding compound packages are in place in the bottom 
mold receptacles, the mold is closed and the top mold 
chases are brought into contact with the leadframe and 
die 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 
1 75 degrees Celsius when resin or resin filler molding 
compound is used in either powdered solid or liquid 
states. 

After the heat seals are relaxed and the mold com­
pound enters the low viscosity state, the plunger 101 of 
FIG. 10 is applied. 

In a preferred embodiment, the plunger travels 
101 through the bottom mold platen and into the bottom 
mold receptades 91, compressing the mold compound 
packages from underneath. Alternatively, the mold com-71, and the plunger 101 and tip 103, all in cross section 

during the transfer operation. 
In operation, the prepackaged molding system 

including the mold compound package shown in FIG. 7, 
the bottom mold chase of FIG.a. the top mold chase of 
FIG. 9, and the plunger of FIG. 10. operates as follows. 

35 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. 

The mold is opened so that the top mold and top mold 40 

chase is separated from the bottom mold and bottom 
chase and the bottom mold cavity rows 83 may be 
accessed from above. Lead frame and die assemblies 
are placed over the bottom mold chases 81 such that a 
single leadframe and die with its bond wires is centered 45 

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 50 

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 55 

conventional transfer molding stations, and the heat in 
the mold itself is sufficient to transition the mold com­
pound 73 into the transfer phase without preheating, so 
the preheating step required with the prior art single pot 

8 

Either arrangement will work to transfer the mold com­
pound into the primary runners. If the material used for 
the package is not heat sealed, the pressure will cause 
the material to burst and open in the only places where 
the mold compound can escape, that is, where the run­
ners meet the receptacle. In other areas the mold com­
pound is compressed against the receptacle walls and 
cannot escape, so the package is not burst open at 
those places. 

The sproutless mold compound package is com­
pressed by the action of the plunger and as it is com­
pressed the mold compound package will begin to push 
at the edges of the receptacle 91. As the only exits avail-
able to the mold cofl'l)ound 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-



Mitsuba - 1009 
Page 139 of 422

, 

15 EP O 747 943 A2 16 

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- 5 

pressed air, liquid, rams, screws, etc., and still obtain all 
the advantages of the use of the invention. 

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 transfer phase. This leads to 
uniform fill of the cavities, which are evenly spaced and 
equidistant from the source of the mold compound, and The advantage of the sproutless mold compound 

packaging and mold design of the invention is now 
apparent. The mold compound is delivered to the mold 10 

runners from the prepackaged packaging without 
sprouts or nozzles or bulges. No cutting or opening 
means is required to direct or force the mold compound 

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. 

out of the packaging. The packaging and mold system 
has all the advantages of the sprouted bags of the prior t5 

art, but additionally is simpler for loading and molding. 
Also, the mold compound inserts can be made in uni· 
versa! sizes, since the mold compound is automatically 
delivered to the runners in the correct places, no align­
ment or precise loading equipment is needed, and a sin· 20 

gle size and shaped mold compound insert of the 
invention can be used with many different mold designs 
without modification. 

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 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· 
lng the mold receptacle from a perpendicular direction. 
Alternatively, the ends of the mold receptade 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 if a seam-
less tube is provided it can be eliminated; depending on 
the materials and sealing process chosen. 

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

After the cavities are fated with the compound. the 
molding process continues as a conventional transfer 
molding process. A wring time may be required to com­
plete the packages. After the packages are cured, the 
top mold is moved away from the bottom mold. Sman 
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 cofl'l)Ound package 71 is now 
empty and resting in the receptade 91, and it too is 
removed. The need to clean the receptade 91 and the 

25 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 corn-

30 pound, so that the wear rate is greatly reduced. This 
results in longer mold life and reduced repair and 
replacement costs over the life of the mold surfaces, 
thus lowering the unit cost. 

It can further be seen that as another advantage of 
35 the use of the invention. the mold receptacle 91 takes a 

small amount of area compared to the large single pot 
and primary runners of the single pot transfer molds of 
the prior art. This is an advantage in that additional 
space is available for cavities and additional units may 

40 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 

45 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 

50 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 

55 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. 

9 
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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 5 
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 10 

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 1s 
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- 20 

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 2s 

upon reference to the description. 

Clalms 

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

providing a lower cavity region within a lower 
mold chase: 
providing a mold compound receptacle spaced 35 

apart from said lower cavity region, for receiv-
ing a mold cof11)ound insert; 
providing at least one runner coupling said 
mold compound receptade to said lower cavity 
region; 40 

providing an upper cavity region corresponding 
to a lower cavity region in said lower mold 
chase; 
placing a leadframe and die assembly on said 
lower mold chase such that said lower cavity 45 

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 so 
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; 55 

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 

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. 

2. 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. 

3. 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. 

4. 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. 

5. 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 sproutless 
plastic film. 

6. 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. 

7. 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 cofll)Ound 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. 

8. 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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9. The method of Claims 2 to 8, wherein said step of 
providing mold compound packaged in said plastic 
film comprises providing an abrasive material, said 
plastic film isolating said abrasive material from 
said plunger and said receptacle. 5 

10. An apparatus for encapsulating integrated circuit 
devices. comprising: 

an upper mold platen supporting at least one 10 

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 15 

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; 20 

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- 2s 

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 30 

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 35 

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 40 

pushed into said runners and eventually filling 
said upper and lower cavity regions with mold 
compound, such that said integrated circuits 
die and leadframe assemblies are encapsu­
lated in mold compound responsive to pres- 45 

sure applied by said at least one plunger. 

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

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

50 

seal in response to the application of said plunger. 

14. The apparatus of Claims 1 O to 13 wherein said 
mold compound insert comprises a thermoset resin 
mold compound in a package. 

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

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

17. 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. 

18. 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. 

19. 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 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. 

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

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

55 21. The sproutless mold compound insert of Claim 19 
or Claim 20, wherein said plastic film comprises a 
Mytarn• film. 

22. The sproutless mold compound insert of Claim 19 

11 
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or Claim 20, wherein said plastic films comprises 
an 1c1n• film. 

23. The sproutless mold compound insert of Claims 19 
to 22, wherein said seal is a heat seal that opens in 5 

response to the heat of a transfer mold. 

24. 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 10 

than about 200 degrees Celsius. 

25. 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. 15 
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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 5 
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 10 

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 15 

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- 20 

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 25 

upon reference to the description. 

Claims 

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. 

2. 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. 

3. 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. 

4. The method of Claims 1 to 3 wherein said step of 
1. A method for encapsulating integrated circuit lead 

frame and die assemblies, comprising the steps of: 
30 providing a mold compound insert comprises pro­

viding a thermoset resin packaged in a sproutless 
package. 

providing a lower cavity region within a lower 
mold chase; 
providing a mold compound receptacle spaced 35 

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; 40 

providing an upper cavity region corresponding 
to a IOW'er cavity region in said lower mold 
chase; 
placing a !eadframe and die assembly on said 
lower mold chase such that said lower cavity 45 

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 receptade; 
placing said upper mold cavity region over said 50 

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; ss 
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 

5. 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 sproutless 
plastic film. 

6. 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. 

7. 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. 

8. The method of Claim 1, wherein said step of provid­
ing a runner coupling said mold compound recepta­
cle to each of said upper and lower cavity regions 
comprises providing a plurality of runners that are 
substantially equal in length such that the distance 
from a plurality of lower cavity regions to said mold 
receptades is substantially equidistant. 
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9. The method of Claims 2 to 8, wherein said step of 
providing mold compound packaged in said plastic 
film comprises providing an abrasive material. said 
plastic film isolating said abrasive material from 
said plunger and said receptacle. 5 

10. An apparatus for encapsulating integrated circuit 
devices. comprising: 

an upper mold platen supporting at least one 10 

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 15 

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; 20 

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- 25 

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 30 

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 35 

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 40 

pushed into said runners and eventually filling 
said upper and lower cavity regions with mold 
compound. such that said integrated circuits 
die and leadframe assemblies are encapsu­
lated in mold compound responsive to pres- 45 

sure applied by said at least one plunger. 

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

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

50 

seal in response to the application of said plunger. 

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

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

16. 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. 

17. 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. 

18. 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. 

19. 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 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. 

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

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

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

22. The sproutless mold compound insert of Claim 19 

11 
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or Claim 20, wherein said plastic films comprises 
an ICI™ film. 

23. The sproutless mold compound insert of Claims 19 
to 22, wherein said seal is a heat seal that opens in 5 

response to the heat of a transfer mold. 

24. 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 10 

than about 200 degrees Celsius. 

25. 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. 15 
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(54} Improvements In or relating to Integrated circuits 

(57) A method and apparatus for encapsulating an ing wire sweep of the bond wires of the integrated circuit 
integrated circuit die and leadframe assembly. A pre- assemblies. 
packaged sproutless mold compound insert 71 is 
placed in a rectangular receptacle 91 in a bottom mold 
chase 81. The receptacle is coupled to a plurality of die 
cavities 85 by runners 87. Leadframe strip assemblies 
containing leadframes, integrated circuit dies, and bond 
wires coupling the leadframes and dies are placed over 
the bottom mold chase 81 such that the integrated cir­
cuit dies are each centered over a bottom mold die cav­
ity 85. A top mold chase 90 is placed over the bottom 
mold chase 81 and the mold compound package 71. 
The top mold chase 90 has die cavities 95 correspond­
ing to those in the bottom mold chase 81. The mold 
compound insert 71 is preferably packaged in a plastic 
film 75 which has heat sealed edges n. The mold com-
pound is forced through the package 75 and heat seals 
77 during the molding process by the pressure applied 
by a rectangular plunger 101. The sproutless mold com-
pound insert _is packaged so that the mold compound 
will exit the packaging only where runners intersect the 
receptacle. The sproutless mold COrrl)OUnd insert 
requires no alignment or cutting tools within the mold 
station. The plunger is applied using variable speed and 
pressure to control the rate the mold corrq:,ound fills the 
cavities in the top and bottom mold chases. thereby 
avoiding voids in the completed packages and minimiz-
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(54) Title: INJECTION MOLDING APPARATUS AND METHOD 

(57) Abstract 

An injection molding appara­
. lus having a plurality of molding 
1 presses (10), such as transfer mold­

ing presses for encapsulating inte­
grated circuits, are mounted on an 
indexable rotary table (70). Sta­
tionary loading and unloading sta­
tions (60, 62. 64) are arranged at 
spaced angular locations around the 
table for loading an insert into the 
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INJECTION MOLDING APPARATUS AND METHOD 

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

ex.ample for encapsulating integrated circuits. 

S 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 ananged with a loading robot 

and unloading robot movable along the row to insert integrated circuit lcadframes into 

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

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

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 

l S 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 aaanged 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 producL 

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 rc:ccivc 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 lcadframe 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 arc 

5 ammgcd 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 

l O movement with the molding presses, for independently controlling the opening and 

closing thereof. A second controller circuit may be provided to control functions of the 

stations, with the first and second controller circuits communicating by way of a 

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

to power the molding presses in the event that they are electrically operated. 

1 S 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 aocordanoe with the present invco.tion there is also provided a method for 

encapsulating integrated circuits. wherein at least one injection molding press and 

20 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; 

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

press with an encapsulation material; 

performing a transfer molding operation wherein said integrated circuit die is 

encapsulated with said material in said mold; and 

rotationally aligning the press with a third said station and thereat wuoading 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 invcntio1:1 is described in grcatcc 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. 2B and 2C show an exemplary transfer molding press illustrating the 

10 operation thereof for encapsulation of an integrated circuit and lcadframe; 

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 

3. 

15 Referring firstly to Figure l, 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 indicated by 

reference numcral 12 represents a region of movement along the front of the molding 

presses 10 of a loading robot, which rcquircs 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 10. A cleaning robot 

is arranged fo move in an area 16 along the rear of the molding presses. Further, 

mechanisms are ammged 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 

~5 an encapsulating material pellet to the loading robot 12, respectively. Also. unloading 

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

from the unloading robot, dcgating the lcadframc, and passing the encapsulated 

integrated circuit to a storage area. 

Figures 2A. 28 and 2C arc cross-sectional views of an exemplary transfer 
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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 32a.32b which fit together 

to define a mold cavity 34. 

The molding press 30 is shown in Figure 2A in a closed position. having been 

5 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 plwigcr 381 which causes the pellet 40 to liquefy and 

flow into the mold cavities 34 through small passages between the gangpot and the mold 

l O cavities (sec Figure 28). After allowing the encapsulating material to solidify again, the 

molding press 30 is opened (Figure 2C). wherein the mold parts 32a.32b arc separated. 

The encapsulated integrated circuits 50 arc 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 cm:uits 50, the open molding press is ready to receive new 

l 5 leadframe 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 lead.frames is described below. 

First. one or more pre-heated integrated circuit lcadfrarnes arc loaded into a 

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

robot ann·which services all of the molding presses 10. The same loading robot is used 

to insert a pre-formed 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 

25 the hot m.old 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). ln order to 

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

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

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

robot 16 arranged to the rear of the molding press~s. there are robot anns on both sides 

of the row of molding presses which can make inspection and maintenance quite 

5 difficult. 

The injection molding system of embodiments of the present invention provides 

rotational movement of the molding presses relative to loading and wtloading 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, 

l O and Figure 4 is a cross-sectional view through the molding apparatus of Figure 3. 

A plurality of molding presses 10 (Figure 3) are arranged equally spaced and 

mounted around the circumferential perimeter of a circular rotatable index table 70. The 

molding presses 10 are mounted to face outwardly with respect to the index table axis, 

such that the mold cavities within the molds of the molding presses are accessible when 

15 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 Figme 3 arc positioned around the molding prcss_es mounted on 

the index. table, with each station positioned so as to align with a molding press 10 when 

20 in one of the angular positions 101 to 108. In this case, an unloading station 60. such as 

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

angular position represented by reference numeral 108. An insert loading station 62 is 

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

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

25 press at angular position 102. For anti-clockwise rotation of index table 70. the insert 

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

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

clockwise side of insert loading station 62. 

Operation of the molding apparatus can be best understood by considering a 
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single molding press 10 on the indexed rotatory table 10, beginning at angular position 

101 which is aligned with the insert loading station 62. At this position, the molding 

press 10 is open, such as illustrated at lOb in Figure 4, to allow a pre-heated integrated 

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

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

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

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

the gangpot of the molding press. After loading of the pellet. the index table is again 

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

10 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 

15 60 which operates to remove the encapsulated integrated circuits from the molding press 

using, for ex.ample, a pick and place unit. After unloading, the encapsulated integrated 

circuit is passed to a degating station and storage magazine and mold cleaning (not 

shown). Following the unloading operation at angular position 108, the molding press 

then returns to position l O l to repeat the encapsulation process. 

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

simul~ncously 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 

25 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 recognised 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 106 respectively. The desirability of that type of 

5 arrangement may depend upon the number of molding presses on the index table and the 

curing time required for the molding material. Additionally, if regular cleaning of the 

molds is required. a cleaning station can be interposed between the unloading station 60 

and loading station 62 for closing of the molds following each molding operation as is 

known to those in the injection molding art. 

10 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 

15 molding press. A second controller may be provjded in order to control the functions of 

the stations 60,6.2.64, which may also comprise, for example, a computer or 

m,icroprocessor 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 tempera~ and 

20 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 

aru1ular electrical contacts coaxial with the index table axis, with brush-type contacts 

25 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 IO operate using 

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

pneumatic circuits of the presses and a source of pressurised hydraulic or pneumauc 
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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 hydraulic/pneumatic circuits of the presses 

mounted on the index table. 

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

the fixed and rotatable controller circuits, a wireless infrared or radio signal transmission 

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

employed. 

The foregoing detailed description of the invention has been put fotward 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 

5 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 of molding material and unloading of a molded product. 

10 

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

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

indexable so as to align said molding presses and said stations. 

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

20 

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 lcadframe for encapsulation. 

5. Molding apparatus accordmg to claim 2, further comprising a controlling means 

including a controller circuit mounted for movement with said molding presses for 

contrnlling operation of said molding presses. 

25 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 uf 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. 

10 

9. A molding apparatus as claimed in claim 8. inclu~g a pivotable hydraulic 

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

molding presses. 

l 0. A molding apparatus as claimed in claim 8, wherein functions 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 stations include an insert loading station for loading an integrated circuit die and attached 

lead.frame 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 lcadframe 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 lcadfmme into a mold of a mold 

2S 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 J An integrated circuit encapsulation apparatus according to claim I 2. further 
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comprising a fir..t controller circuit. mounted for movement with said table, for 

controlling functions of said plurality of presses, and a second controller circuit for 

controlling said stations, and a pivotable electrical connection for communication of 

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

5 orientation of said table. 

10 

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

first controller circuit, in use, individually controls mold temperature and pressure of 

each of the plurality of molding presses. 

15. 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: 

15 rotationally aligning the press with a first said station and thereat loading an 

integrated circuit die into the associated mold; 

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

press with an encapsulation material; 

performing a transfer molding operation wherein said integrated circuit die is 

20 encapsulated with said material in said mold; and 

rotationally aligning the press with a third said station and thereat unloading the 

encapsulated integrated circuit from the mold. 

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

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

performed on one press. another of the steps is being performed on another press. 
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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 IC packages 

with leads for mounting to electronic circuitry. 

Background of the Invention 

In general. the plastic encapsulation of ICs to form packages 

ICs with electrical leads is as follows: Typically, ICs in die form are 

attached to mounting areas called islands. or die attach pads, on strips 

called lead frames. In this specification the die attach pad 

terminology will be used. The lead frames are made of a thin, flat, 

electrically conductive material and typically have several individual 

die attach pads, each for supporting an individual IC during a molding 

operation wherein the individual dies are encapsulated in plastic 

material. leaving electrical leads protruding from the plastic 

encapsulation. 

In many cases, densely packaged ICs are manufactured to 

maximize connectivity by utilizing all four sides of the chip. Around 

the perimeter of each die attach pad a typical lead frame has a pattern 

of individual conductive leads extending toward, but not contacting, 

the die attach pad. The die attach pads and individual leads are 

formed by selective removal of material in the lead frame, such as by 

stamping. The number of the leads at a frame with a single die attach 

pad depends directly on the configuration of the particular IC die to 

be mounted. this is. the number and location of electrical terminations 

to the die. 
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A typical IC may have over one hundred or more external 

terminations.· and each frame will have a corresponding number of 

individual leads. The width of each lead and the separation between 

adjacent leads is dependant, among other things, on the package size 

of the finished IC. The thickness of each lead is the thickness of the 

lead frame and is predicated on the current carrying capacity required. 

A plastic package with external leads for connecting to, for 

example, a printed circuit board, is typically formed by an 

encapsulation process. Mating molds are placed on each side of the 

lead frame and liquid-phase polymer is injected to encapsulate IC dies 

attached to the die attach pads in each frame. The lead frame is 

designed to dam the flow of liquid-phase polymer as it moves to the 

outer edges of each individual mold, stopping at the points where each 

mold contacts surfaces of the lead frame. To stop the flow of 

liquid-phase polymer between leads the lead frame has a pattern of 

dam bars between individual leads, so a contiguous band of material is 

formed around the periphery of the island. This contiguous band 

prevents the polymer from flooding the entire leadfrarne. 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 haJf 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. 

PCf /US96/05363 

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 IC packaging operations. 

What is clearly needed is apparatus and a method to ensure 

that a positive gap is maintained from dies and die attach pads to 

nearby mold surfaces during the time that liquid-phase polymer is 

injected and the time the polymer is solidified, such that liquid 

polymer can be always expected to fill the space so formed, and to 

solidify leaving an even thickness of solid polymer material between 

the die attach pad and attached die and nearby mold surfaces. so a 

finished package does not have any exposed surface of the die or the 

die attach pad. 

Summarv of the Invention 

In a preferred embodimenL 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 
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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. 

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 strip. 

In other embodiments there are plural support elements. and 

elements may be made to be retractable, so the support elements may 

be retracted after injection. allowing encapsulation material to also fill 

the volume occupied by the support elements before retraction. 

Supporting the die attach pad during the molding operation for 

encapsulating IC packages ensures that die attach pads will not move 

during the molding operations and be exposed in finished packages. 

significantly reducing the reject rate for such operations. 

Brief Description of the Drawings 

Fig. 1 is an isometric view of a Quad IC package in the prior 

art. 
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Fig. 2 is a somewhat idealized plan view of a portion of a lead 

frame in the prior art. 

Fig. 3 is an elevation section view of a lead frame with die 

attached, and with a mold closed on the lead frame, as in the prior an, 

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. 48 is an enlargement of the area of Fig. 4 enclosed in a 

dotted circle and labeled "48", showing the support extension 

according to an embodiment of the present invention. 

Fig. SA is a plan view of the lower portion of a mold as seen 

in the direction of arrow "SA" of Fig. 4A. 

Fig. 6A is plan view of a lead frame strip similar to Fig. 2, but 

illustrating a strip in an embodiment of the present invention. 

Fig. 68 is a section view of the lead frame strip of Fig. 6A 

taken along line 68-6B of Fig. 6A. 

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

embodiment of the present invention, showing a· retractable support 

element. and an apparatus for extending and retracting the support 

element. 

Description of the Preferred Embodiments 

Fig. 1 is an isometric view of a conventional QFP IC package 

11. Typically. body 13 of IC package 11 is formed of plastic material 

by a method of transfer molding. Die 43 is inside, and completely 

encapsulated by the plastic molded body. The die contains the 

circuitry that defines the electrical functions of a particular IC, and the 

circuitry of the IC is connected to the outside environment through 
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individual conductive leads 15. The leads. as show by this example. 

are formed into J-bends for surface mount technology (SMT) 

application in another process. The leads are typically formed from a 

highly conductive material that is receptive to bending and forming 

while maintaining structural integrity. The molded package 

protects the sensitive and fragile circuitry on the IC die and fixes the 

arrangement of individual leads. 

Fig. 2 is an idealized plan view of one frame 22 of a typical 

lead frame strip 21 before the process of die attach and encapsulation. 

Strip 21 comprises several lead frames identical to frame 22 whereon 

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

intentionally simplified to illustrate the principles involved. As is 

welJ-known in the art, different lead frames for differently-designed 

dies typically have a different number of die attach pads in a strip. 

The lead frames are made of a conductive material. typically a 

malleable metal material, and formed in thin sheets. The sheet 

thickness of lead frame strip 21 provides the thickness of the resulting 

leads from a finished IC package. 

In the example of lead frame 22, a plura1ity of leads 15 are 

provided approaching, but not contacting, die attach pad 23. Gap 34 

serves to electrically isolate die attach pad 23 from each lead. Die 

attach pad 23 is supported in this example by legs 25 that are 

contiguous to lead frame strip 21, typically formed to attach at the 

comers of the island. Lead frame 22 also defines the outer edges of 

the plastic encapsulation by means of structures between leads 15 to 

stop the flow of the liquid-phase polymer in the encapsulation process. 

These structures comprise dam bars 30, and their placement between 

leads provides a contiguous strip of material around each island, 

illustrated by broken line 7. 

The necessity for dam bars 30 means that at this stage all leads 
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15 surrounding island 23 are electrically connected to one another. 

The darn bars are subsequently" removed (after encapsulation) by 

trimming punches in a separate process. The later removal of the dam 

bars provides electrical isolation from each lead to the others. 

In a die attach process, individual IC dies are affixed to each 

die attach pad, substantially centered and aligned so the four edges of 

the die at each frame are parallel to the edges of the die attach pad of 

the lead frame. In this process. conductive wires are bonded from 

each contact termination along each of the four edges of the die to the 

corresponding leads along the four edges of the die attach pad. These 

wires form the electrical connection in a finished IC package from the 

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 \\-ith 

polymer 50. IC die 43 is shown attached to die attach pad 23 and 

wires 45 are bonded between each contact pad in the die and its 

corresponding lead. Wires 45 span gap 34 between each mounting 

pad on the IC die and its respective lead. 

After die attach and wire bonding, lead frame strip 21 is 

positioned bf:tween two opposing, typically symmetrical molds 

portions 41 A and 418. Within the body of each of the portions of the 

mold. at each cavity, there is typically one or more passages into a 

cavity for entry of injected liquid-phase polymer and one or more 

passages for bleeding off displaced air. These passages are not shown 

in Fig. 3. but are typically located at the corners of the molds. 

Further. the passages may be in either or both of the portions of the 

mold. and may vary in number for molds intended for different lead 
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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 proces~. 

PCT/US96/05363 

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

43, and liquid-phase polymer is injected and flows until it (hopefully) 

fills all of the volume around the die and the die attach pad. When 

the polymer has solidified, molds 41A and 41B are removed and lead 

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

trimming to produce individual IC packages. 

In Fig. J, dimensions Dl and D3 represent the clearances 

between the die attach pad or the IC die, and adjacent. nearby mold 

surfaces, which are, in this example, the bottom surfaces of the 

cavities of each of the upper and lower mold portions. These 

dimensions, to minimize material usage, as described above, may be 

as small as .010 inch, or sometimes even less. As also described 

above, there are a number of agents of distortion, such as prestressed 

lead frame material. the forces induced by the flow of polymer 

material into the closed mold, and the force due to ever-present 

gravity. The result is that the die attach pad is sometimes moved to 

contact the inside surface of one of the cavities in one of the portions 

of the mold, such as inside surface 47 of lower mold 41B. When this 

happens, and the polymer material solidifies with the die attach pad 

thus out of _position, the resulting package has an exposed die attach 

pad or die, and is a reject. 

Fig. 4A is a cross section of a mold set closed on a lead frame, 

similar to the cross section of Fig. 3, but according to an embodiment 

of the present invention. This embodiment of the invention is 

intended for those situations in which the failure mode is exposure of 

the die attach pad at what is considered the bottom of the resulting 
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package. 
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In this embodiment, the lower half of the mold. on the inside 

bottom surface 4 7 of each of the cavities of the mold, has at least one 

extended support element 49 having protrusion distance D2 equal to 

D 1. 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 wiH be apparent to those with skill in the art that 

there are a number of other ways the support pin might be installed, 

and a number of ways the pin may be bonded in the hole. 

As seen in Fig. 4A. the exposed length of support pin 49 after 

insertion in the lower die cavity (about .010 inch in this embodiment) 

is tapered to a generally conical shape, ending in a rounded end. to 

support die attach pad 51 in the encapsulation process. The tapered 
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aspect presents a very small area for contact with the die attach pad. 

tending to minimize possible exposure of the die attach pad at the 

point of support after solidification of the injected polymer and 

removal of the encapsulated lead frame from the mold. The 

somewhat rounded end is provided because it was found in practice 

that a sharp pointed-pin tended to wear relatively more quickly than a 

rounded end, which shortens the extension (protrusion) length of the 

support pin. It has been found in practice that there is essentialJy no 

exposure after removal, because some small amount of polymer 

material intrudes into the area between the support and the die attach 

pad. 

Fig. SA is a plan view of one lower mold cavity for a mold 

according to the present invention, in the direction of arrow SA 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. 58 is a plan view 

similar to Fig. SA, 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 41 B. The four-pin approach has been found in 

practice to be preferable. especially for wide area, thin packages. but 

there are situations in which one support pin will do. 

In an alternative embodiment of the invention. support for 

positioning the die attach pad in a closed mold is provided by 

alteration of the lead frame, rather than of one or the other of the 

portions of the mold. Fig. 6A is a plan view of a lead frame 73 in a 

lead frame strip 75. having a die attach pad 77 in very much the same 

shape as pad 23 of Fig. 2. In die attach pad 77, in the stamping 

process of manufacturing the lead frame strip, four small dimples 79, 

81. 83. and 85 have been provided. 

Fig. 68 is a cross-section of frame 73 along the section line 
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6B-6B of Fig. 6A, intersecting two of the four dimples in the die 

attach pad. illustrating the depth of the dimples in the direction 

orthogonal to the plane of the die attach pad. Dimension 04 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. lt wilJ be apparent to 

those with skill in the art that there are other ways to provide a 

support for the die attach pad during injection. such as by bonding 

small particles of material, for example plastic beads, to a die attach 

pad before use. In this method, the beads are encapsulated and 

become a part of the finished package. The bonding of such beads to 

a pad, however. is considered by the inventor to be a more 

troublesome process than dimpling the lead frame. And dimpling the 

lead frame is generally less desirable than using supports in the mold 

cavities. because the mold cavities need by altered only once for a 

large number of lead frames. 

In the embodiments described thus far herein, support has been 

provided in all cases between a die attach pad and a surface of a 

lm,..er 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 61 through the pin at ninety degrees to the vertical 

axis of the pin. A cam bar 63 extends through this slot and is guided 

in another slot in lower mold half 59. Moving the cam bar in one 

direction extends pin 55 to the specified height to support a die attach 

pad during a molding injection operation, and moving the cam bar in 

the other direction retracts the support pin to a position wherein the 

upper end is flush with cavity surface 47. Spring 56 aids in retracting 

the pin. It will be apparent to those with 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 depaning 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: 

I. A method for molding an integrated circuit (IC) package, 

comprising steps of: 

PCT/US96/05363 

(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 I 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 dosed. 

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 



Mitsuba - 1009 
Page 190 of 422l 

W096/335JJ PCT/US96/0536J 

- 16 -

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. 

I 0. 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. 

I I . The method of claim IO wherein the pins each are tapered on the 

extended portion. 

12. The method of claim I 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: 

PCT/US96/05363 

a first portion having a first cavity for forming a first part of 

an encapsulation volume around the IC die and the die attach pad on 

the side of the die attach pad to which the die is attached; 

a second portion having a second cavity with a bottom surface, 

the second cavity for forming a second part of the encapsulation 

volume on the side of the die attach pad opposite the side to which 

the die is attached; and 

a support element in one of the cavities for spacing the die 

attach pad and attached die from an adjacent surface of one of the 

mold cavities. 

14. A mold as in claim 13 wherein the support element is a single 

element positioned substantially in the center of the second cavity. 

15. A mold as in claim 14 wherein the support element is a pin 

engaged in a hole provided for the purpose in the bottom surface of 

the second cavity, the pin having an extended portion extending into 

the second cavity. 

16. A mold as in claim 15 wherein the pin is tapered on the extended 

portion. 

17. A mold as in claim 13 wherein plural support elements are 

provided extending from the bottom surface of one of the cavities. 

18. A mold as in claim 13 wherein the plural support elements are 

each pins engaged in holes in the bottom surface of one of the 

cavities. each pin having an extended portion extending into the 

adjacent mold cavity. 
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19. A mold as in claim 18 wherein the pins are each tapered on the 

extended portion. 

20. A mold as in claim I 7 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 fonned in the die attach pad. 

24. A lead frame as in claim 22 wherein the support element is a 

bead of material bonded to the die attach pad. 
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W096/20!01 PCT/US95/16059 

AN INTEGRATED CIRCUIT PACKAGE ENCAPSULATED BY FIBER 

LADEN MOLDING MATERIAL AND ITS METHOD OF 

MANUFACTURING 

By Inventor 

Peter M. Weiler 

Background of the Invention 

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 

l 5 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. 

2 0 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 

onc;apsulatina tho IC chip. support means and bondina wires. This 

overall package is typically manufactured by first supporting the IC 

2 5 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 I. which diagrammatically 

illustrates an intermediate step in the production of a prior art IC 

5 package of the type described immediately above. An intermediate IC 

assembly. which is generally indicated by. the reference numeral 10, is 

shown prepared for overall encapsulation. Intermediate IC assembly 

10 includes an IC chip 12 including an array of chip input/output 

terminals 13. Chip 12 is supported on a suitable support member 14 

I O 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. 

15 Still referring to Figure l, 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 rr.old cavity 24 for 

accommodating a flow of molding material 26 into mold cavity 24. A 

2 0 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 

separation of runner 22 from the finished molded packaae and has the 

undesirable result of restricting the flow of molding material into the 

2 5 mold cavity 24 through the runner 22. Intermediate IC assembly IO 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 

5 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 

l O 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. 

I 5 While the method of ·producing a prior art integrated circuit 

package, as depicted in Figure 1, does. produce an IC package which is 

generally satisfactory for its intended purpose, certain disadvantages 

due to the method of manufacture exist which limit the final capabilities 

of the IC package thereby produced with regard to its strength and 

2 0 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 

2 5 the fact that the fixed gate. ·as discussed above, leaves runner portion 

32 of the molding material attached to package portion 30 of the 

molding material which encapsulates the actual IC. The runner portion 

must be broken away from the package portion upon removal of the IC 

-3-
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package from the mold. If the molding material is made significantly 

stronger, the runner portion will be more difficult to remove and the 

package could be damaged, in some cases, by the breaking away of the 

runner portion. 

A second and even more significant disadvantage of the fixed gate 

mold is related to the limited types of molding materials which are 

amenable to use with it. When considering thermal and strength 

properties of a representative IC package, the composition of the 

1 0 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 

1 5 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 

2 0 tp 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. 

-4-
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Summary 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 

I O 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 

1 5 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 

2 0 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 11upport mombor and tho bondina wiroa olcc:tricall)' interconnect the 

conductive leads with respective ones of the ch~p input/output 

2 5 terminals. The intermediate assembly is encapsulated by providing a 

mold assembly which defines a mold cavity. supporting the 

intermediate assembly including the IC chip and the bonding wires in 

the mold cavity, injecting a fiber or other such particle laden molding 

-5-



Mitsuba - 1009 
Page 212 of 422

W096/20501 PCT/US95/16059 

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. m 

5 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 partic1e laden molding material 

I O 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. 

1 5 
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Brief Description of the· Drawings 

The present invention may be understood by reference to the 

following detailed description taken in conjunction with the drawings, in 

5 which: 

l 0 

FIGURE I 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. 

I 5 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 

2 0 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 

2 5 similar to Figure 4, which illustrates the completion of the encapsulation 

of the IC package of the present invention. 
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Detailed Description of the Invention 

Having described Figure 1 previously. attention is immediately 

directed to Figure 2, which illustrates an integrated circuit package 

5 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 

I O one of which is connected to a respective one of a p1urality 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 

I 5 wires in a protective manner consistent with and .described in U.S. 

Patent Application Serial No. 08/225,900, filed April 11, 1994 and 

entitled Plastic Encapsulating Integrated Circuit Package Having 

Protective Barrier For Its Bonding Wires, and Method, which application 

is assigned to the assignee of the present invention and is incorporated 

2 0 herein by reference. The function of the blob will be described in detail 

herein in conjunction with a description of a method of manufacturing 

the IC package of the. present invention, which follows hereinafter. 

Continuing to refer to Figure 1 and in accordance with the present 

2 5 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 
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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 wiH now be discussed. 

A first advantage realized as a direct r~sult of the incorporation of 

fibers into the molding material is an IC package possessing a strength 

l O 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 

2 0 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 

nitrido fibora typically poaHH a hiaher thermal conductivity than the 

molding material or resin to which they would be added. Consequently, 

2 5 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 
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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 themially 

conductive particulate 1s 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 

1 0 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 

1 5 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 

2 0 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. date 70 includes a surface 72 which defines a portion of the 

packaao outlino when tho gate is in its closed po&ition. a& shown. This 

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

2 5 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-



Mitsuba - 1009 
Page 217 of 422

W096/l0501 PCT/US95/l6059 

the encapsulation of IC packages such as, for instance, those containing 

fibers. 

Many configurations of a mold including a movable gate may be 

5 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 

1 0 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 

l 5 present invention, an intermediate assembly ~m 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, 

2 0 a. leadframe or a dielectric substrate. The support member includes an 

array of electrically conductive leads 86 electrically connected to 

respective chip input/output terminals by an array of bonding wires 88. 

A hardened plaatic: blob 90 protcc:ta the bondina wires, in accordance 

with previously referenced U.S. Application 08/225,900, against the 

2 5 inflow of a fiber laden molding material 92 when it is injected into the 

mold cavity. Without the protection offered by the plastic blob, the 

bonding wires would be washed by the inflow of molding material 

possibly becoming disconnected or shorting to one another. Wire wash 
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has been a significant concern in the manufacture of prior art IC 

packages and, in this instance, it is vital to protect the bonding wires 

against wire wash since a fiber laden molding material will place much 

greater wash stresses on the bonding wires~ Other means of protecting 

5 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. 

I 0 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 

I 5 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. 

2 0 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 

confiauration of movable aate 70, surface 72 of the aate actually defines 

a portion of the package outline of the encapsulating molding material. 

2 5 After the gate is closed the molding material is allowed to harden and 

the IC package is removed from the mold (not shown). It is mentioned 

here that first portion 92a of the molding material within the material 

transfer passage is separated from second portion 92b of the package 
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itself by closed gate 70 such that the first portion does not need to be 

broken away from the IC package, thereby avoiding the risk of damage 

to the package. This is particularly advantageous considering the 

increased strength of the fiber laden molding material. 

It should be understood that the IC package and _mold of the 

present invention may be embodied in many other specific forms and 

produced by other methods without departing from the spirit or scope 

of the present invention. Therefore, the present examples are to be 

I O 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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What is claimed is: 

l. In the manufacture of an integrated circuit package, a 

5 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 

bo~ding wires, said IC chip being supported on the support member and 

said bonding wires electrically interconnecting the conductive leads 

1 0 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; 

15 

b) supporting said intermediate. assembly including the 

IC chip and the bonding wires in said mold cavity; 

c) injecting into the mold cavity and around the 

2 0 intermediate assembly a particulate laden molding material; and 

d) allowing said molding material to harden. 

2. A method according to Claim I inciuding the step of 

2 5 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 

5 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 

1 0 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 

I 5 passage and a second position for closing the passage, and moving said 

gate between its first position to open the passage and allow the flo~ 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. 

20 

25 

6. A method according to Claim 5 wherein said mold cavity 

defines a package outline and said movable gate in its closed position 

dofinea a portion of aaid outline. 

7. A method according to Claim l 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. 

I 0. A method according to Claim 8 wherein the fibers are 

aluminum nitride. 

11. A method according to Claim 2 wherein the step of 

1 0 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 

I 5 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 

2 0 comprising the steps of: 

a) providing a mold assembly which defines a mold 

c:avil)', a material tran11for paasaae leadina into said mold cavity and a 

gate movable between a first position for opening said passage and a 

2 5 second position for closing said passage and defining part of said cavity; 

b) supporting said intermediate assembly including the 

IC chip and the bonding wires in said mold cavity; 
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c) while maintaining said gate in its first, passage-opened 

position, injecting a molding material through the material transfer 

passage and into the mold cavity around the intermediate assembly; 

d) thereafter, but before the molding material within said 

cavity hardens. moving said gate to its second passage-closed position; 

and 

e) allowing said molding material to harden after closing 

said gate. 

13. A method according to the method of Claim 12 wherein a 

I 5 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. 

20 

25 

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 

2 0 as the latter is caused to flow in place over the IC chip, support member 

25 

and bonding wires. 

l 7. An intoaratod circuit packaao in accordance with Claim 1 S 

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 rn accordance with Claim 18 

wherein the fibers are glass fibers. 

20. An integrated circuit package in accordance with Claim 18 

5 wherein the fiber members are aluminum nitride. 

10 

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 

I 5 cavity, said m~terial 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 

2 0 with and prior to the hardening of the molding material. 

25 

23. A mold in accordance with Claim 22 wherein the mold 

includes an uppor 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 

5 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 

1 0 position defines a portion of said outline. 
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attached to the housing (104 and I 14) for encasing the other end of the combination. 

- See back of page 
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COATING SURROUNDING A PIEZOELECTRIC 

SOLID STATE MOTOR STACK 

5 BACXGROOND OF THE ZNVEHTION 

1. Fie1d or the Invention 

The field of the invention relates generally to 

10 an encapsulation structure for solid state motor 

actuators, and more particularly to a process for 
encapsulating piezoelectric solid state motor stacks. 

2. Re1ated Art 
15 

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 

20 state motor stacks, or actuators, are produc~d 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. 

25 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 
30 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, 

35 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. 

5 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 
10 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 

15 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 

20 operation and/or installation. Structural stack 

failure is most commonly attributed to fatigue 
cracking·of the ceramic disks. Separation between 

disks/electrodes is also a frequent problem. 

Piezoelectric stack insulation has been 
25 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 

30 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 

35 housing of a piezoelectric stack. The fluid is 
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pressurized so as to maintain contact between the 

fluid and the stack during radial shrinkage, or axial 

expansion, upon the application of' an applied voltage. 

In a second embodiment, O'Neill applies a solid 

5 polyurethane coating to the stack. The coating is 

.kept in contact with the stack by a pressurized 

insulating fluid to prevent separation during 

operation and arc-over associated therewith. 

A third O'Neill embodiment maintains contact 

10 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 

15 expansion of the polyurethane coating during operation 

of the stack. 
The present invention constitutes an improvement 

over conventional encapsulation technology. Benefits, 

such as increased stack operational temperature range, 
20 endurance, output, and lifetime, are achieved by the 

present invention. 

25 

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 
30 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 

35 reducing friction between the combination and the 
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encasing e,lastomer. 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 OP THE DRAWINGS 

30 

The invention will be better understood if 
reference is made to the accompanying drawings in 
which: 

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

encapsulated piezoelectric solid state motor stack in 

connection with the present invention; 

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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PXG. 3 is a flow chart of the basic steps in a 

method for encapsulating a piezoelectric stack in 

connection with the present invention; 

PIG. 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; 
PXG. 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; 

PIG. 6 is a flow chart of the basic steps in a 

method for applying an elastomer in the encapsulation 

of a piezoelectric stack in connection with the 

15 present invention; and 

20 

PIG. 7 is a flow chart of the basic steps in a 
method for the final housing assembly of a 
piezoelectric stack in connection with the present 

invention. 

DETAILED DESCRIPTION OP THE PREFERRED EMBODIMENTS 

Broadly, the present method for encapsulating 
25 piezoelectric stacks is designed for an automated 

manufacturing process to yield high-quality, high­
durabi1ity 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). 

5 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 

10 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 
15 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 

20 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." 

25 FIG. 1 shows an encapsulated solid state motor 

. 30 

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 

35 cross section, if viewed from the top of FIG. 1. This 
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hexagonal structure is not shown in the figure, but is 

used for tightening and loosening the piezoelectric 

solid state motor housing on the engine head. 
The preferred embodiment of the assembled 

5 piezoelectric solid state electrode/disk stack 102 is 

described in the concurrently filed, commonly assigned 

co-pending application Serial No. (Attorney Docket No. 

1246.0100000/90-220), titled "Piezoelectric Solid 

State Motor stack", the entire disclosure of which is 

10 incorporated herein by reference. 
FIG. 2 is a cross-sectional view taken through 

line A-A of the piezoelectric solid state motor stack 

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

covered during the following discussion of the 
15 encapsulation process. 

A generalized stack encapsulation process 300 is 

shown in FIG. 3. As shown at block 302, the stack 

undergoes a cleaning process. In one embodiment, 

excess gloss and contaminants are removed from the 
20 exterior of the assembled stack and bus bar structure 

by a 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-

25 encapsulation steps. This pre-encapsulation process 

400 is shown in more detail at FIG. 4. The bus wires 

are electrically shorted at block 402 to prevent 

electrostatic charging of the stack, because of its 

inherent capacitive characteristics. The stack is 

30 then placed in a conventional vacuum desiccator 

fixture to remove volatile contaminants, as shown at 
block 404. The stack is then cooled before appl.ying a 

primer, as indicated at 406, and in accordance with 

primer manufacturer instructions. 
35 
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A coating of primer is applied to the exterior of 

the stack and bus bar structure at block ,oa in 
preparation for the silicone coating process. Dow 

corning SilGuard Primer No. 1200 or an equivalent may 

5 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 soo of FIG. 

10 s. 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 so,. The alignment fixture should comprise a 

.cylindrical case including a bottom/end section and a 
15 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 

20 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, 

25 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 sos. The 

axial load is released and the desiccator is then 
30 sealed as shown at blocks 510 and 512, respectively. 

35 

A vacuum is then created in the desiccator as shown at 

block s1,, 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 e1astomer, 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 Si1Guard 184, for example, is 

5 mixed as per the manufacturer's suggested directions. 

This preparation is shown at block 602. The si1icone 

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 det~rmination is made, see block 622, 

whether the desired thickness of the silicone 
35 elastomer encapsulant bas been reached. This 



Mitsuba - 1009 
Page 247 of 422

WO 92/06532 PCT /US90/06539 

-11-

determination is based on whether the bus bar and tab 

structures are sufficiently covered so as to prevent 

arc-over. If the desired thickness is not reached as 

indicated at 624, the stack is then dipped in 
5 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 

10 encapsulant are trilllliled, 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 

15 surfaces of the assembled stack to permit direct 

transfer of translational motion from the stack to a 
diaphragm member during actuation. Otherwise, the 
untrimmed end coating of elastomer would act as a 

compliant layer. 
20 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 

25 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 

30 constant during the second stage. Finally, at the 

third stage the voltage is linearly reduced to a-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 
35 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 

s 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 bl.ock diagram 714, surface 114 of 
30 housing 104 and the exposed surface of ceramic end cap 

116 must be simultaneously ground to facilitate proper 
al.ignment 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 dis.ks 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 piezoe~ectric 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 

10 third means (222) sandwiched between said 

first and second means for reducing f~iction between 
said combination and said second means induced by an 

axial displacement produced between first and second 

end surfaces of the stack when the electrodes are 
15 biased by a source of electrical potential. 

20 

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. 

25 4. An encapsulated piezoelectric solid state 

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

second means comprises: 

an elastomer (224) surrounding said 

combination and said third means; and 

30 a protective housing (104,204) including a 
diaphragm (118), wherein said housing cylindrically 

encases said combination and said third means and one 

end thereof, said diaphragm being attached_ to said 
housing for encasing the other end of said 

35 combination. 
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5. An encapsulated piezoelectric solid state 
motor stack (200) according to claim 4, wherein said 

elastomer comprises silicone and aluminum oxide to 

enhance the thermal conductivity of said silicone. 

6. An encapsulated piezoelectric solid state 

motor stack {200) according to claim 1, wherein said 
third means (222) comprises a grease. 

7. An encapsulated piezoelectric solid state 
motor stack (200) according to claim 6, wherein said 

grease comprises si.licone. 

a. 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 s~ack (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 

35 

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 

---·- -
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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 

10 contaminants; 

applying said first material (220) to the 

stack; and 

curing said first material. 

15 11. A method for encapsulating a piezoelectric 
solid state motor stack (100,200) according to the 

method of claim 10, wherein said application step 
further comprises the steps of: 

applying a primer to the stack; 
20 curing said primer; and 

applying an elastomer (220) to said primed 
stack. 

12. A method for encapsulating a piezoelectric 

25 solid state motor stack (100,200) according to the 

method of claim 9, wherein said sandwiching step 

further comprises the steps of: 

30 

35 

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 plastiqua pour circuit integre avec grilles en quinconce sur deux nivaaux at procede de fabrication. 

@ L"invent,on concerne les boitiers d"encapsulation de cir· 
custs int~res. Pour benefic,er du faible cout de fabrication des 
boitiers de plastique moule tout en am61iorant leurs perfor· 
mances. on propose salon !'invention de preparer un boitier 
moule ! 0 avec une cavite 12 et deux grilles de connexion 21. 
23. 21 '. 23 • superposees. en quinconce. le moulage etant fait 
avant de mettre la puce. La puce est ensuite mise en place 
dans la cavite. des fits de liaison sont soudes entre la puce et 
les extremith des deux grilles. On augmente la densite de 
broch~s d'interconnexions utilisables grAce aux deux niveaux 
de grille: le ri!sistance A la penetration de l'humidite est 
renforcee car on peut utiliser une matiere plastique ti fort 
coefficient de retreint sans risquer d'endommager la puce: en 
etfet. la puce n·est plus enrobee de mat,ere ptasticiue: elle 
reste A l'air libre: protegee par un capot de fermeture 16 du 
boit•er . 
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BOITIER PLASTIQUE POUR CIRCUIT-INTEGRE 

AVEC GRILLES EN QUINCONCE SUR DEUX NIVEAUX 

ET PROCEDE DE FABRICATION 

L'tnventlon co_ncerne !'encapsulation des clrcults-lntegres. 

Deux grands types d'encapsulatlon sont utlllses 

actuellement pour les clrcu1ts-1ntegres, selon les appllcatlons 

envtsagees. 

5 Pour les applications les plus courantes, on utilise des 

boit1ers en matlere plasttque moulee realises de la manlere 

suivante: on prepare une grWe de connexion metallique qul 

servl.ra a la £els de support A une puce de clrcult-lntegre et de 

broches de connexion exterleure au boitler; on reporte la puce 

I G sur cette grille par collage ou soudage; on relie la puce par des 

flls aux di££eren tes broches de la grWe; et on en robe la puce 

et les £ils de ma tie re plastique, par moulage. 

Cette technique donne satisfaction mais presente certaines 

flllblesses, en pa.rtlculler sur les points sulvants: ll y a. risque 

I> de penetration d'humldlte dans le boit!er par Infiltration aux 

interfaces entre la grWe ~t la matlere plastique; la matiere 

plastlque est dlrectement en contact avec la puce de sll1clum et 

exerce des contralntes mecaniques sur la puce, surtout 

lorsqu'elle est de grande surface; la gamme de temperature de 

20 fonctlonnement correct est llmitee (en general de -40°C a •85°C); 

la dissipation thermlque · est limitee car la conductlvlte 

thermlque de la matiere plastlque est relatlvement mauvalse; 

enfln, le nombre de broches d'entree-sortle du boitler est llmite 

du £alt que les £1ls de liaison entre la puce et les broches 

25 dolvent re!,cer ecar;es les uns des autres d'un certain- pas 

minimum; le moulage. plastlqu~ impose ce pas mlnlmum. 

Pour evlter ces dlverses UmltaUons, on a propose, pour_ 

les applications plus delicates, d'encap11uler les 

circuits-lntegres dans des boitlers de ceramlque. Cette technique 

30 conslste A serlgraphler des conducteurs sur des feuWes de 

ceramlque crue, a cuire ensemble les feullles de ceramlque pour 
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constltuer un substrat ·de ceramlque, A coller ou souder une puce 

de c1rcult-1ntegre sur une face du substrat, A r.eller la puce aux 

conducteurs serlgraphies qui l'entourent, A fenner le substrat 

par un capot scelle hermetlquement, et A souder A l'exterJeur du 

boitier des broches de connexion venant en ·contact avec des 

extremltes affleurantes des conducteurs serigraphles. 

Dans cette technique plus sophistlquee, les Infiltrations 

d'humldite sont redultes au minimum, · car Jes feullles de 

ceramlque cocu!tes sont parfaitement etanches et la soudure du 

10 capot (en general une soudure de metal sur de la ceramlque) est 

egalement tres etanche; U n'y a pas de contralnte mecanlque sur 

la puce car elle n 'est pas enrobee de matlere plastlque mats elle 

reste A l'alr; !'absence de matiere plastlque permet un 

fonctlonnement a temperature amblante plus elevee (Jusqu'a •125°C 

15 par exemple et dans certains cas 200°C) ; le pas des conducteurs 

serlgraphles peut etre plus petlt que - les ·pas d'une grille de 

connexion et !'absence de moulage par Injection permet de 

dlminuer la distance entre flls dg connexion volslns (flls de 

connexion entre IA puce et le substrat); en fin, la dissipation 

20 thermique est amelioree car la conduction thermlque de la 

cersmique est blen mellleure que celle de la matiere plastique 

moulee. 

25 

Mais evidemment cette technique d'encapsulation en boitier 

ceramique est beaucoup plus couteuse que le moulage plastique. 

La presente Invention pour but de proposer une nouvelle 

technique d'encapsulatlon permettant de profiter du falble cout 

de la technique de moulage plastlque tout en m1nlmisant les 

lnconvenlents de cette technique. 

On propose !.t:!lon l'lnventlon un nouveau· boitler et un 

30 procede d'encapsulatlon correspondant; le procede conslste I\ : 

- prepRrer au molns deux grilles metalllques de connexion; 

- placer les grilles dans un moule de telle manlere que 

leurs extremltes arrlvent sur au molns deux nlveaux dlf!erents a 
proxlmlte d'un emplacement reserve I\ une puce de clrcult-integre, 
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· lnJecter une matlere plastlque de moulage dans le moule, 

le moule etant conforme de manlere a : empecher le recouvrement 

des extremltes des grilles a proxlmlte de !'emplacement reserve. 

menager une cavlte de reception de puce dans cet emplacement, 

5 et lalsser depasser la grille hors du moul_e. pour constituer des 

broches de connexion exterleures; 

10 

15 

20 

- placer une puce dans la cavlte; 

souder des Ells de connexion entre Ia puce et les 

extremites des grilles de connexion;. 

- fermer la cavlte par un capot hermetlqµe. 

Le boitter selon !'invention est done constitue de Ia 

manlere suivante ll comprend un corps de matiere plastlque 

moulee avec une cavJte lnterleure de reception . d 'une puce, et. 

dans cette cavlte, autour de la puce, au moJns deux series 

d'extremltes de grille de connexion non recouvertes par la 

matJere plastlque du corps et placees sur au molns deux niveaux 

dlfferents, la puce etant raccordee par des fils a ces 

extremJtes. et la cavlte etant ferrnee par un capot scelle 

her me tiquemen t. 

Les extremltes de la grille de l'un des nJveaux sont de 

preference decalees 

celles du deux!eme 

ou dlsposees en quinconce par rapport a 
nlveau, c'est-a-dlre que deux £Us voisins 

partant de la puce seront soudes respectlvement sur deux 

extremites de grille de nlveaux di££erents. 

25 La technique proposee selon l'lnvenUon presente Jes 

avanteges sulvents tout d'abord le cout est faible pulsqu'll 

falt lntervenlr essentJellement un rnoulege de matlere plasUque 

et non un substrat .de ceramlque serlgraphiee; ensulte on peut 

utlllser comme matlere plastlq• .. e de moulage une matlere. A fort 

JO coe£flclent de retrelnt au re!roldlssement, · de sorte que 

l'etanchelte aux Interfaces entre matlere plastJque et grilles 

est ameUoree; cela n 'eteit pas possible avec les moulages 

classJques dans lesquels la puce etelt dlrectement en contact · 

avec la matlere plastlque 4 cause des contralntes excessJves 

35 qu'une matlere plastlque I\ fort coefClclent de retrelnt auralt 
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impose A la puce; de man le re generale, Jes con tralntes sur la 

puce sent redultes grace A l'lnvention; enfin, la denslte de 

broches de connexion exterieures peut etre tres elevee grace a 
l'utillsation de plusleurs niveaux de grUle de connexion. 

5 II n 'aurait ete que tres dlHlcUement possible d 'utlliser 

plusleurs nlveaux de grUle avec des boitlers de matlere 

plRstlque moules classlquement par enrobage: ccm~let d'une puce 

et des ses Ells, et un aspect important de l'invent!on reside· 

dans la decouverte qu'll devlent pratlquement possible de le 

1 o faire avec un boitler moule a.vec une cavltl!, da.ns lequel la puce 

n'est mlse en place qu'apres moulage. En ef£et, 11 devlent facile 

de mettre en place la puce et ses flls alors que Jes deux nlveaux 

de grille sont fixes en plac_e dans la matlere plastlque qui les 

enrobe. 

l 5 Le capot hermetique qui ferme la cavlte ·est de preference 

realise dans la meme matlere plastlque que le corps du boitler; 

U est de preference soude par ultrasons, eventuellement avec 

adjonction d'une matlere de collage telle qu'une reslne epoxy. 

On peut de plus envisager que la cavlte contenant la puce 

2'J et ses flls soit noyee dans une reslne de protection souple (qui 

n'exerce pas de contralntes mecanlque sur la puce et ses flls); 

cette re sine seralt mise en place avant fermeture du ca pot; elle 

aura.It l'avante.ge de dimlnuer la senslbillte A l'humldite. 

On peut aussl prevoir qu'll y a plus de deux niveaux de 

25 grUles de connexion. 

Une embe.se en materle.u a forte conductivlte thermlque 

peut etre lnseree dans le moule avant lnJectlon de matlere 

plastique; cette embase Cormeralt le fond de Ia cavlte et 

servlralt de support et de drain thermlque pour la puce; le 

JO materiau peut etre du culvre ou du nltrure d'e.lumlnlum, ce 

dernter materle.u ayant l's.vantage d'avolr un coe££1clent de 

dilatation tres proche de cel~l du sllklum, permettant ains1 de 

redulre encore !es contralntes qui s'exercent sur la puce 

lorsqu·•u y a des variations de temperature au cours du 

3.5 fonctlonnement. 
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Les grilles de connexion presentent de pre£erence. Ii\ ou 

elles sont noyees dans la matlere plastlque, des £ormes· tordues 

ou matrlcees augmentan_t la longueur des chemlns d~ trajet de 

l'humldite aux Interfaces grllle/plastique et · assurant une 

5 mellleure resistance i\ l'arrachage en cas de traction des broches 

exterieures du boitler. 

D'autres caracterlstlques et avantages de l'inventlon 

apparaitront A la lecture de la description detalllee qui suit et 

10 qui est £site en reference aux desslns annexes dans lesquels : 

- la £Jgure 1 represente une coupe transversale du boitier 

selon l'lnventlon; 

- la figure 2 represente une vue de dessus de ce boitler; 

- la flgure 3 represente une vue de dessus en perspective 

' J 5 du boitier. 

Le boitier comporte un corps principal 10 en matlere 

plastique moulee, deflnlssant une cav!te 12 ouverte vers le haut, 

cette cavite servant de logement Ii une puce rnonollthlque 14 et 

20 et ant £ermee en haut par un capot de fermeture hermetlque 16. 

2.5 

JO 

3.5 

Dans l'exemple represente, mais ce n'est pas obligatoire, 

une embase 18 moulee dans le corps 10 sert · de support a la puce 

14. Cette embase est realisee dans un materiau ayant de bonnes 

proprietes de conduction thermique {culvre par exemple) ou mleux 

dans un materlau ayant i\ la fols des bonnes proprletes de 

conduction thermlque et une bonne compatlblllte avec 

notamment en ce qui concerne les coefficients de 

thermlq~e respectlfs. Le nltrure d'alumlnlum est un 

approprle i\ cet egard pour les puces de slllclum. 

la puce, 

dilatation 

materlau 

L'embase 18 a ete noyee dans la matlere plastlque lors de 

l'operaUon de moulage du corps 10, la surface superleure de 

l'embase affleurant de preference dans la cavlte 12 pour en 

constJtuer le fond et la sur£ace 1nferleure de l'embase 

afCleurant l\ l'arrlere du boiUer pour pouvolr. venlr en contact 

ulterieurement avec un radiateur d'evacuatlon de chaleur. 
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Dan~ IP. corps du boitler 10 sont moules au moins · deux 

grilles de connexion 20 et 22; ces grilles sont en · metal 

conducteur; elles font saillle A l'exterleur du boitler pour 

constituer les broches de connexion exterleures du boiUer. De 

5 preCerence, les broches de connexJon exterleures des deux grilles 

sont en quinconce, c'est-1\ dire que Jes broches d'une grille sont 

decalees lateralement par rapport aux broches de I'autre grille, 

de sorte qu'en pratlque une broche d'une grille est sltuee en 

gros entre deux broches de l'autre grille. O_n a represente sur la 

10 figure 2 les broches exterleures 21 de la grille 20 en qulnconce 

avec Jes broches exterteures 23 de la grllle 22. On volt blen 

aussl la disposition decalee des broches sur la flgure 3. Un 

decalage des broches d'un nlveau a un autre pourralt etre fall 

avec plus de deux grilles egalement pour augmenter la densite de 

15 broches du boitler. 

A l 'lnterleur de la cavlte 12, . !es extremites des 

conducteurs de la grille sont denudees superflcleUement, 

c'est-a-dlre qu'elles ne sont pas entterement enrobees par la 

matiere plastique du corps 10; elles peuvent toutefols etre 

2/J recouvertes par une resine raJoutee dans la cavlte apres mlse en 

place de la puce et de ses [lls de connexion. 

La cavlte 12 a de preference une forme de cuvette en 

gradlns, les extremites des grilles reposant sur ces gradtns, 

chaque nlves.u de grille correspondent A un gradin respectlf. 

25 Dans l'exemple represente, la cuvette a deux gradlns au dessus 

de l'embase de reception de puce et entourant <:e_tte embase : un 

gradin 24 pour les extremltes 21' de ls. grille 20 et un gradln .26 

pour les extremltes 23' de la grille 22. 

Les. extrernJtes de grllle i l'lnterleur de la cavu.:. 12 

30 sont egalement repartles en qulnconce, c'est-A-dlre · que leurs 

poslt·lons sont alternees, de manlere qu 'un £11 de Ualson en ire 

la puce 14 et une extremlte 21' falsant partle de la grille 20 

(et done reposant sur le gradln · 24) soft adjacent l un fll de 

llalson entre la puce et une extr~mite 23' faisant partJe de la 

35 grille 22 (et done reposant sur le gradin 26). 



Mitsuba - 1009 
Page 269 of 422

2647958 

7 

Les flls de liaison entre Ia puce et les extremJtes de 

grilles ont ete representes sur la fJgure 1 mals non sur les 

autres figures pour ne pas surcharger le des sin. 

Dans l'exemple represente, la cavlte en forme de cuvette a 
5 gradlns comprend un gradln supplementalre 28 servant a recevolr 

le. capot de fermeture 16 de Ia cavlte. 

Les conducteurs des grilles ont de preference, IA ou Us 

sont noyes dans la matl~re plasttque de moulage du corps 10, une 

forme tordue destlnee A allonger le chemln d!! penetration de 

IO l'humldlte aux Interfaces plastlque/grllie, et destlnee egalement 

A augmenter la reslstance a I'arrachement des grilles en cas de 

traction par rapport au boit1er. 

Le procede d 'encapsulation selon I 'Invention se deroule de 

la maniere sulvante on prepare d'abord les dlfferentes grilles 

15 de connexion, id les deux grilles 20 et 22. Elles sont faites 

class1quement par estampage d'une plaque metalUque. Les grilles 

sont planes au depart et les dlfferents conducteurs qui les 

constituent sont relies les uns aux autres pendant Ia majeure 

part1e du precede; les extremltes constituent les broches 

2~ exterleures ne seront separees les unes des autres et recourbees 

pour former des broches 1nde'pendantes qu'en fin de procede. 

L'embase de support 18 (st on en utilise) et les grilles 

sont mises en place dans un moule a Injection. La conformation du 

moule est telle que les extrem1tes lnterleures des grilles 20 et 

25 22 restent denudees a pres I'operaUon de moulage, de meme que la 

surface superleure de l'embase 18, c'est-A-dlre la surface qul 

recevra la puce 14. Les extremltes exterleures des grilles, 

destlnees a Conner les broches exterleures de connexion, 

depassent hors du moule de meme· que les barres de liaison entre 

30 ces broches (barres, non representees qu'll faudra couper pour 

separer les broches Jes unes des autres). La surface lnferleure 

de I'embasa reste egalement denudee apres )'operation de moulage.· 

Enfln, le . moule deflnlt Ia cavlte 12 qui reste lJbre de toute 

matiere plastique et qui a de preference une forme en gradlns 

35 comme expUque cl-dessus. 
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Les grilles sent maintenues en place dans le moule de 

manlere que leurs extremltes du cote lnterleur, auteur· de la 

cavlte, solent dlsposees sur deux nlveaux (ou plus s'll y a plus 

de deux grilles). En praUque les grilles sorit planes pendant le 

moulage et les grilles sont done superposees sur deux plans 

paralli\les dans le moule. C'est egalement pendant l'operatlon de 

moulage que sont dertnles et maintenues les positions relatives 

des grilles pour aboutlr A une dispos1tlqn decalee ou en 

qulnconce. 

10 Le moulage est falt par lnJectlon d'une matiere plastlque 

15 

thermoplasUque, de preference ayant un coef[lclent de retrelnt 

assez fort au re£rold1ssement, pour enserrer fortement les 

grilles 20 et 22. On cholslra de preference une matlere plastlque 

tenant I\ hau te temperature ( superieure I\ 200°C). 

Apres demoulage, on colle ou on soude une puce 14 dans 

le fond de la cavlte reservee, sur l'embase sl une embase est 

presente. On soude des £Us de Ualson entre la puce et les 

extremites denudees des grilles 20 et 22. 

On peut alors deposer dans la cavlte 12 une reslne de 

2':i protection qui vlent noyer la- puce et ses fils. On peut aussl 

lalsser la puce et ses £Us A l'alr Ubre. 

On ferme alors la cavlte avec le capot 16 qui est de 

preference constltue dans la meme matlere que le corps 10 du 

boitier. La soudure est de preference une soudur.e par ultra.sons, 

25 eventuellement aldee par une reslne de collage. 

On termlne le montage en coupant les barres de · liaison 

(non representees} entre broches exterieures et en recourbant 

ces broches pour leur donner une £orme deslree. La • £igure 3 

represente un exemple d~ fonne donnee a ces brot:hes. On y volt 

30 la disposition en qulnconce des deux nlveaux de grille, et on 

volt la cuvette en gradlns portant sur chaque gradln un nlveau 

respectlf de grille. 
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REVENDICATIONS 

l. Procede d'encapsulatlon de c1rcu1t-lntegre, 

caracterJse en ce qu'll comprend les operations sulvantes : 

- preparer au molns deux grilles metalllques de connexion 

(20, 22); 

- placer les grllles dans un moule de telle manlere que 

Jeurs extremltes (21', 23') arrlvent sur au molns deux nlveaux 

dlfferents A. proximlte d'un emplacement reserve Ii· une puce de 

clrcult-h;itegre (14), 

- inJecter une matlere plastJque de moulage dans le moule, 

le moule etant con!orme de mantere A. : _empecher le recouvrement 

des extremltes (21', 23'} des grilles A. proxlmlte de 

!'emplacement reserve, menager une cavlte (12) de reception de 

puce dans cet emplacement, et lalsser depasser la grllle hors du 

moule pour constltuer des broches de connexion exterleures · (21, 

23); 

- placer une puce ( 14) dans la cavtte ( 12); 

souder des flls de connexion entre la puce et !es 

extremites (21', 23') des grilles de connexion; 

- fermer la ca vile par un capot hermetique ( 16). 

2. Procede d 'encapsulation selon la revendlcatlon 1, 

caracterlse en ce que la matlere plastlque de moulage est une 

ma tie re plastlque A. fort coefficient de retrelnt au 

refroldlssement. 

J. Procede d'encapsulaUon selon l'un~ des revendlcatlons 

1 et 2, caracterlse en ce que !es extremltes de grilles. autour de 

l'emplacement reserve A. la puce sont dlsposees et malntenues en 

qulnconce pendant l'operatlon de moulage. 

4. Procede d'encBpsulatlon selon l'une des revendlcBt1ons· 

1 a J, caracterlse en ce que Jes grllles sont maintenues pendant 
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l'operatlon de moulage de manlere que les broches exterleures 

solent dJsposees en qulnconce. 

5. Procede d'encapsulatlon selon l'une des revendlcatlons 

5 1 a 4, caracterlse en ce que la cavlte a une £orme de cuvette A 

gradlns (24, 26) les extremltes de grllles reposant sur ces 

gradlns autour de l'emplacement reserve a la puce~ 

6. Procede d'encapsulatlon selon l'une des revend!catlons 

Io 1 a 5, caracterfse en ce qu 'une em base thermlquemen t conductrlce 

(18) est placee dans le boitier pendant !'operation de moulage, 

cette embase etan t destlnee a servir de support et de drain 

thermlque A la puce. 

l 5 

2C, 

7. Procede d'encapsulatlon selon l'une des revendkatlons 

1 a ~, caracterlse en ce qu 'une re sine de· protectlon .souple est 

deposee dans la cavlte apres mlse en place de la puce et de ses 

£Us de Balson et avant fermeture de la cav1te par le capot. 

B. Precede d'encapsulatlon selon l'une des revendlcatlons 

1 a 7, caracterlse en ce que le capot de fermeture est realise 

dans la meme matlere plastJque que celle qui a servl au moulage, 

et qu'll est soude par ultrasons au dessus de la cavlte. 

25 9. Boitler d 'encapsulation de c1rcu1t-lntegre, 

caracterise en ce qu'U comprend un corps (10) de matlere 

plastlque moulee avec une ~avlte lnterleure (12) de reception 

d'une puce (14), et, dans cette cavtte, auteur de la puce, au 

mains deux series d'extremltes (21', 23') de grllles de connexion 

JG non recouvertes par la matlere plastlque du corps et placees sur 

au mains deux nlveaux dl££erents (24, 26), la puce etant 

raccordee par des £Us A ces extremltes, et· la cavlte etant 

fermee par un capot (16) scelle hermetlquement. 

35 10. Boitler selon la revendlcatlon 9, caracterise en ce que 



Mitsuba - 1009 
Page 273 of 422

26~7958 

11 

les extremltes (21') de la grille de l'un des nJveaux sont de 

preference dJsposees en qulnconce par rapport Ii celles (23') 

d'une grille d'un deuxieme nlveau, c'est-li-dlre qu~ deux (Us 

volslns partant de la puce seront soudes respecllvement sur deux 

; extremJtes de grille de nlveaux dlfferents. 

10 

15 

11. Boitler selon . l'une des revendJcaUons 9 et 10, 

caracterlse en ce qu'U comporte une 

Corte conductlvlte thermlque servant 

thermique Ii la puce. 

embase (18) en materlau Ii 

de support et de drain 

12. Boitler selon l'une des revendications 9 ii 11, 

caracterlse en ce que le capot est reaUse dans la meme matlere 

que le corps du boitler. 

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

caracterlse en ce que la cavlte fermee par le capot est rempUe 

de reslne de protection souple. 

14. Boitler selon I'une des revendlcations 9 A 13. 

20 caracterlse en ce que les conducteurs des grilles presentent, IA 

ou Us sont noyes dans la rnattere plastique du corps (10), des 

formes tordues ou matrlcees pour allonger le chemln de 

penetration de l'hurnldlte a l'lnterface plastlque/grille, et pour 

augmenter la resistance A l'arrachage. 
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0 

cnocor; KAJICYm-f POBAHH.R OBY.OTKH 
CTATOPA norPY}IUIOro 3nEKTPOJlBHrATEn.R 
(57) ff306peTeHHe OTJIOCJITCR K 3neKT­
POTeXHHKe, B 48CTHOCTH K TeXHDnOl'HH 

KancynupoaaHHR oGMoToK_CTaTopou 3neK~ 
Tp1-1qec1rnx MaWHH. Ue.in, H3o6peTeHHR -
noBblWeHHe npo1rneo.n1t:Te.nbHOcTH H yn­
pome1rne r1pol.(ecca KancynuposaHH.R. Ha 
Top~ax ·cTaTopa 1 c Kancyn1t:pyeMoA 
o~MoTKoA 2 ycTaHaenHna~T repMeTHsH­
PY~He 3RrnymKH C Rpa~aro!IUiMHCR j H 
HenoitBHgHblMH 4 qacTRMH, e ~OTOp~x 
COOCHO co CTaTOPOM YCTaHaBnHBa~T 
repMeTJNHbftt BBOA. reJ)t,feTH:tlHf>d:i BBO~ 

CH~6~eH naTpyOKaMH ASlff B8KY)'NHpoea­
HHn 5 If I\JlR_no~at.iH KoMnayHpa. CTaTop ' lj 

/: 

-
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1 yc'TaHaOJHIBBIOT D ycTpOttCTBO 8 J1.1tR 

ep~eHIIR CTaTopa H BK1llOtlalOT 1tarpc­
BaTe1lb 9. R KaHaJibl 7 YCTallctD11HBru<>T 
ynnoTHRIOtllJle npo6KH 10 • OJ1.HOBpeHeHHO 
HatlHHaR naKYYMHponaTb no110CTb CTaTo­
pa. B1<1110tlaJOT apa~eHHe cTaTopa H no­
AaJOT KoMnayH.n. qepe3 naTpy6oK B no­
nocTb apamaiom.erocR cTaTopa. 3ammKy 
o6MOTKH CT3Topa KOMnayHAOM npOH3BO­
ART npH npam.e1mH ~: TaTopa·, He CHHMSR · 
eaKyYMa npn nqeblme1i110~ TeMnepaType. 

H3o6peTeHHe OTHOCHTCR K o6nacTH 
?neKTPOTeXHHKH,· B qaCTHOCT~ K Tex­
HOnornH Kancyn-HponaHHR o6MOTOK CTaTo­
poB 3JJeKTPHtteCKHX MUWHH. 

Uen& nso6peTeHHR - n0Bb1WeHHe npo~ 
H9BOAHTenb~IOC~H, ynpo~eHHe npo1tec­
ca KancynHpOBaHHR H -yMeHbmeHHe pac­
XOAa KOMnayHJJ.a. 

Ha.qepTe~e H3o6prukeH cTaTop 
e·npouecce ero 38f'RBKH. 

Ka:n~ynHpooanue·o6HoTKH no 
npe.nnaraeMOMY cnoco6y ocy~ecTenRIOT 
crie.nYJODtHM 06pa3·0H. 

Ha Topuax cTaTopa 1 c KancynHpy­
eMofi o6MOTKOA 2. ycTaHaBnHBalOT rep-. 
MeTH3HPYJO~e sarnymKH, B KOTOpblX . 

COOCHO· co CTaTopoH_C OAHOH HIIH ABYX 

CTOPOH YCTaHoaneHbl repMeTH'IIU>le eeo~ 
. ~1. Ha qef,Te»:e noKasan repMeTH'lm>IA · 

BBOA, YCTaHoeneHHbdi B o.nnoA H3 
CTOPOH CTaTopa B 3arny1D1Ce, .BJCnlOt(ato­

nteA epantruo~YJ()CR 3·H HeROABJatHYIO 4 
qacTH. repMeTJNHbDf ·euo~ caa(Ss:eu. 
naTpy6xaM•.- AJ'IR aaKYYMHPOBaHRR 5, 
no,naqn KoMnayHAa 6, pacnono~eHHblMH 
B HenoABHlltHOA qacTH 4 repMeTH3HPYtO-· 
nteii·sarnynncH. 

-· 
B Ka'leCTBe naTpy6Ka JJ,11R cnHea.Hs-

nRmKoB KOMnaynna HCDOllb8YJ()T BHYTPeH­
HIOIO 1.1,HJJHHJJ.PH'leCKYfO nonoCTb BO epa-. 
DtaJO~eAcR ~aCTH j repMeTH9HpYJ()DteA sa­
rnymKH, MHHHManbHbDf AHaMeTp (d) no­
noCTH no KpaAueA Mepe Ha rpanuue 
~ancynnpoeaHHR paeeH sa.n.annOMy .n"a­
HeTJ>Y sanHBKH. 3Ta nonoCTb coo6m.aeT­
c:--. c pa.n.nan&HblMH KaHanaHH 7, pacno­
nozeHKblMH non yrnoM no 90• K ocH 
CTaTopa c flepmHHo8t o6panteHHoA x no­
nocTH CTaTopa. H HHe~~HMH ~OPMY Ko­
nyca, MeHbmee ocHoeanne ~pToporo Han­

paeneno K 0cn cTaTopa. 

5 

10 

4 

nocne 3aJlHRKJI n~OH3BOART pa3repMeTH-
3aQHl'l cTaTopa ttYTeM npeKpam,eHHR ea­
KYYMHponaHIIRi npH.~TOM ·oon neACTBHeM 

u.enTpo6eJKHbtx CH1t npo61<H 1 C Bl,ITaJIKH.:.. 
Ba!OTCR H H3nHruKH KO~nayH.na BblTeKalOT 
H3 nonoCTH cTaTopa. IloehfmatoT TeMne­
paTypy Harpeea CTaTopa H TIPOH3BO/l,RT 
TepMoo6pa6oTKY, He npeKpam.aR Apm1ie1m.A 
cTaTopa no nonHoro HJTH qacTHqHoro 0T­
eep-.nemu1 KoMnaYHna. 1 s. n. 4>-m,1. 
1 H1I. 

~TaT9p 1 YCTaHaB1tHBaJOT e YCTpoA­
CTBO s-.D)lR BPavteHHn CTaTopa H BKnto­
qaJOT HarpeBaTen& 9 JVIR npene~pnTen&-

20 Hora uarpena c~aTopa -1. 
B BbrXopHble .OTBepCTHff KaHanos 7 nnrr 

cnHBa KOMfi8YHAa YCTaHaanHBaIDT ynnoT­
HRIOIIU{e ~po6KH 10. OAHOBPeMeHHO HAtJH­

HaR BaKYYMHPOBaT& nonoCTb CTATopa 
25 1~ IlpH 3TOM 33 CtleT Hapy.Horo aTMoc­

~~pnoro ~asneHHR npo6KH 10 ynnoTHR~T 
KaHanbl 7, o6ecne'IHBaR Tpe6yeMbtA ea­
KYYM BHYTPH cTaTopa 1. 

3aTeM Haqf{HaJOT Bpa~aTb CTaTop 
30 BMeCTe C ycTaHonneHHOH repHeTH3Hp}'IO­

m.eA sarnymKoA. fipn 3TOM naTpy~KH AJJR 
BBKYYMHPOBaHHH 5 H nona'IH KOMD8YHna 
6 CBR9aHbl qepes Kp3Hbl nHOo YCTpoAcTBa 
HX SaMeH~IJO,le COOTBeTCTDeHUO C CHCTe-

35 

40 

MaHH ~aKYYMHPOBaHHR n· eMKOCTb~ C KOM­
naYJ{AOH. O.nnoepeMeHHo ua cTaTope npH 
noHolJO,I narpeeaTenR 9 no.ruJ;epllCHBaeTcR. 
TeMI1epaT}'pa-, Tpe6yeMaR AJJR o6ecneqe~ 
HHII KatteCTB_eHHOli 8anHBKH ICOMil8YffAa •.... • .. 
3TY .TeMnepaTypy Bbt«5HpaJOT HS ycnOBHJI'' .... ·. 
AOCTHJEeHHJI ~DTHMan&HoA BR3XOC'fh KOM-
nayHAB "PH 981IHBKe. 

IlpoH9BOART noAaqy KoHnaynna e ea­
KYYMHPOBaHHYIO nonoCTb BPS.lllatom.erocff 

45 CTa~opa HenocpeACTBeHHo K nasi!M 
cTaTopa ~epes naTpy6oK 6; ycTaHon­
nennlilfi e Heno,neH&noA (ueepclJllalODleAc11) 
qacTH 4 repMeTHtlHoro BBOAa H npo-

. AOJ'Cl:3.IOT BaJCYYMHJ)OBaTh BPaIZt8JOUtldtCR 

50 CTaTop. 

06NOTXY spa~l<JlllerocR CTSTOpa 3a­
ROJJHRIOT JDfAkHH kOMnaYHAOM B XOJUt­
·qecTBe9 necxonbxo npem.rmaioateM pac-

55 qeTHoe. Ilocne ~Toro npoH3BOART 
pasrepMeTH38Ullm CTaTopa ffYTeH npe­
KpanteHHR BaKYYMHPOBBHHJI nonocTH CTa­
Topa H OP,HoepeMeHHwA CJJHB H3flHDJK0B 

KOMnayt{J\a. 3Ta OAHOBpeMeHHOC'r_b_p.o~-
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THr~eT~H TeM, lfTO npH npeKpameHKH ea­
KYYMHpoeaHHR non AeHCTBHeM ~eHTpo­
OeJ!tHblX CH)l BbJTSJlKHBalOTCR npofiKH 10, 
YnnoTHRBmHe KaHSSibl MR cnHB8 H3nHm­
K0B KOMnayHna. 

Hs.mrmKH KoMnayHna noA neAcTBHeM 

" 5 

TenbHYIO TepMoo6pa6oTKY B TeqeHHC 
10 '4. 

Cnoco~ HOlKP.T 6MTh ucnon&S.OBSH MR 
KancynHPORrUIHfl oOHOTOK CTa

0

TOPOB 
3neKTpH4eCKHK MaWHH. 

QeHTpo6esm,rx cHn J:;bfTeKaJOT ·us nonocTH H3onpeTem~e no3eonJiT YMeHl>mHTb 

CTaTopa AO YPOBHR, onpenenHeMoro Mlf~ TPYnoeMKOCTb KancYJTHJ)OBaHHR BBHAY 
HHMastbHhJM AHllMeTp·o,,f UffnHHAPHlfeCKOlt 10 OTCYTCTBHJf CSIOJICHOlt ff Tpe6y1aqeA nep11-
nonoCTH nons~HOH qaCTH repMeTH3HPYJO-- OAHqecKofl OlfHCTKH (HOHKa, BbU(Jt~qe-
DteA sarnymKH'• 3aTeM JtOJ3bUll8IOT T.eMne- · HHe) CHCTeHF.l KpaHoB, noBblCHTb npons-
paTypy Harpesa CTaTopa H IlpOH3BOART BOAHTenbHOCTb ffnaronapR COKp~eQHJO 
TepMoo6pa(5oTKY cTaTopa s npo~ecce apeMeHH KancynupoeaHHR sa cqeT 
ero spameHHR no nonnoro HnH qacTHlfH~- 15 YHeH&meHHR speMeHH c.nusa KOMnaYHAa 
ro 9Teep:xmeHW1 KONnayHna. H cosMe11teHHR onepanHA c.rmea H pasrep-

n p ff Hep. 3anHBKY CT8TOPS no- MeTH3SUHH. KpoMe Toro, cnocoC, offec-
rpy,KHoro 3nekTPOABHraTenR 03.ll.ll2,5- neqnuaeT 3KOHOMH~ KOMOaYHAa, HSJtKm-
-117/4 npoH380,t\.RT 31tOKCHAHblM Hanon- KH ~OToporo He OCTa~TCR B naTpy6Ke B 
HeHHblM. KOMJJclYHAOM N8PKH 33.K8/4. tfHcno 20 npouecce .c.m-1ea. 
o6opoToe, Heo6XOl(HMOe .n.n:11 C03.QSHH.R 

naaneHWI a KoMrtayHne e npouecce epa-
11teHHR, onpeneneHHoe no pasMepaM cTa­
Topa H YAesthHOM}' eecy KOMfi8YHA8 
150 06/MHH. TeMnepaTypa cTaTopa np" 

sanHeKe, Heo6xonHMaR nna no1UJ.epgaHH.R 
KOHOaytma 9 JGmKOM COCTO.RHHH, 7o•c. 
IlOJIOCTb CTSTopa BSKYYMHPYIOT AO OCTa­
TOGHoro .naaneHHH 40 MM PT.c-. 

B KaqecTBe M8TepHana 1\11.R HSrOTOB­
neHHR npoOox Hcnon&soeana pesHHa Hap­
KH 3826 Ha OCHOBe 6yTa,nReH-HHTPHnbHO­
ro KayqyKa c nnoTHOCTh~ 1350-
1400 JCr/M'. 

nocne sanonHeHHR cTaTopa KOMnayH­
AOM s KoJIH'iecTae. npeablDJalOUleM pacqeT­
uoe Ha 0·~·3:;.o, 5 Kr ero Bb1Aepl1Gfea~T · 
e npouecce spam;eHHR npH ocTaToqHoM 

,nasneHHK He Bblllle 40 MM pT.cT. a Te­
qeune 3-5 MHH, npH 70-80°C, nocne 
qero npexpa~aJOT eaKY.YMHposauHe, qTo 
OAHOspeHeHHO Bb13MBaeT Bb1IIBAeHHe npo-
6oK H_3 KSH~OB BO epal](SIOZQ;eAcR lfSCTH 

repMeTHqHYX BBOAOB H CJ'IHB HSnHmKOB 
KOH114YHAa AO ypoBHR, onpeAeJJReMoro 
MHHHNaJlbHblM A}laMeTpOM nHllHHAPHllec-
KOA nonocTH Hcnon&syeMoro e KaqecT-
ee naTPY6Ka ASIH cnKea 46 MM. BpeMSt 
CJJHBa KOKn8Yffl(a 10-12 ,HHH. 3aTeM CTa-

~ 0 p MY n S H 9 0 ~ p e Te H H'R 

1. CnocoO KancynHJ)o~aHHR oOMoTKH 
25 cTaTopa norpy,ntoro 3neKTPOABHraTe­

n11 npH KOTOPOM npoH3BfnRT YCTaHOBKy 
HA TOp~ax CTSTOpa Dpa!J{atom;HXCR sarny­
meKi OAHa HS KOTOpbtX HMeeT repMeTH­
SHJ>y,ouurA sson, eplUl'{eHHe cTaTopa_oT-

30 HOCHTenbHO ero OCH, B8KYYMHPOB8HHe 
noJTOCTH CTSTOpa, nonaqy EHAKoro KoM­
·nayHl(S K o6MoTKaM cTaTopa, pasrep­
HeTHSSl(HJ() nonoCTH CTaTopa. cnHB Hs­
nHmKOB KOMnayHAa H TepMoo6pa6oTKY_ He 

.35 npe,cpa~a.R apa11teHHR, o T n H q a 10-

~ ff .AC H TeM, qTo, C ue.nblO ROBt,J­
meHWI 1_tPOH3B01(HTenbHOCTH H ynpo~e­
HHR npouecca KancynHpOB8HHJI O~HY HS 
sarnymex H BBO,n BblJJOIIHRIOT C pa9HoA 

40 ewcoToA .n.n11 oOpasosaHHR BHYTJ)eHHeA 
1UV1HHAPH'lec·K9A nonoCTH, B. KOTOpoA 
BblJIOnHRIOT PSAHaJtbHb!e K4H8JlbJ /11111 yc­
TSHOBKH YJUtOTHRlouil{X npo~ok, CJlHB HS­
nHDIKOB kOMDSYHAS npoHSBO.n,IT ripH.pas-

45 repMeTH34UHH nonocTH cTaTopa qepes 
UHJlHHA})JNeCKYJO. nOJIOCTb' H JCQHam.t, oc- . 
eo6o~eHHble OT npo6oK npH cHRTHH._sa­
kYYMa UOA neACTBHeM ~eHTpo!Semh,rx CHJt •. 

Top HarpeeaJOT po 120-130°c so spa- SO 2. Cnoco6 no n.1, o T n H.q a~-. 
'ui.emm ( s Te11eHHe -0 • 5-0, 7 q) H TepNo­
o6pa6aTblsaaoT • no~~ep:lkHBaH 3TY TeM11e­
paTypy s TeqeHHe 3 "· 3aTeM BpauteHHe 
rrpeKpSUUUOT. CTaTop noMeni.a~T B neqb 
C 1_50-160° C. r.ne npOH3 BO,nHT OKOHqa- 55 

IQ H A C 11 TeM • lfTO t C uenb_lO }'MeHb-· 
meHHR paCXOAa KOMnayHna. AH8.MeTp u,H­

JIHH,AplNeCkoA nonocTH Ha rpaHH~e xan­
cynffPoBaHHR BbUTOnHRIOT paBH!dM YPOBHIO 
"UlJlHBfCH • 
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1494148 

CocTaBHTen& C.KoHcees 
TexpeA A. Kpas11ywc · KoppeKTop H.BacKnhesa 

. . ------------------------------~-----------~-----------------------------
3aKas 4124/52 TRpaz 646 IlOAnHCHOe 
BHHHIJH rocyAapcTaeHHoro KOtGtTeTa no HsoOpeTeHHRM H OTJCl)Vl'HJIN npH narr CCCP 

113035. Mocxs~. M-35,.PaymcRaR Ha6 •• Ao 4/S 

--------------------------~-------------.-----------------------------------
OpoK3BOACTB'?!IHO-H3A2Ten&ckHA KOM6HHST "UaTeHT", r. Y•ropoA, yn. rarapHHa, 101 
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Submersion type electric motor stator windings encapsulation - by 
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Abstract (Basic): SU 1334297 A 

Week 
198813 

feeding 

B 

··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 ot the compound in situ .. Better quality of 
encapsulation 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 

!J 

Title Terms: SUBMERGED; TYPE; ELECTRIC; MOTOR; STATOR; WIND; ENCAPSULATE; 
FEED; LIQUID; COMPOUND; STATOR; CAVITY; PLUG; STATOR; END; FACE 

Derwent Class: Xll 
International Patent Class (Additional): H02K-015/12 
File Segment: EPI 
Manual Codes (EPI/S-X): Xll-J08C 
? 
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C0t03 COBETCH"1X 
COw,tAJll-tCT"'4ECHHX 
PEcrlY6J1"1H 

rOCYJlAPCTBEHHbllit HOM"1TET CCCP 
• no .l1E11AM "1306PETEHHH H OTHPblT~ 

.. ~ .. , . 

o9>SUuu J 334297 A1 
<SO 4 H 02 K 15 / I 2 

Onk1-CAHl-1E H306PETEHHA 
H ABTOPCHOMY CB"1AETEnbCTBY 

(21) 3833308/24-07 
(22) 30.12.84 
(46) 30.08.87. BtoJI. ~ 32 
(7l) CneUHaJlbHOe npoeKTHQ-KOHCTpyK-
TOPCKOe H TexHonorHqecKoe O~po no 
norpy,it~OMY 3neKTP0060pYA0BaHH~ .a,rTH 

(SypeHHR CKBaJlCHH H A06b1•-rn HecpTH Bce­
C0~9HOro HayqHo-npoH3BOACTBeHHoro 
o&be.A}IHeHHR ''IloTeHUHan'' 
(72) B.~. Pe3HHKOB, n.A. 3HCTpax 
H C.:S. Wara.noB 
(53) 621.· 315(088.8) · 
(56) 3aRBKa JlnOHHH N' 55-23017, 
KJI. H 02 K. 15/10, 1973. 

3aHBKa HnoHHH ~ 55-33126, 
Kil. 55A01~ 1971. 
(54) cnoco:s KAilCYnHPOBAHllil 0:SMOTKH 
CTATOPA norPYJKHoro 3flEK~POJlBHfATEnH 
(57) H306peTeHHe OTHOLHTCH K 3neKTpo­
TeXHHKe, B qaCTHOCTH K 3neKTpOMa.mH­
HOCTpoemuo. llenb H3o6peTeHHH - noeb1-

.5 

6 

7 

!J 

BEST AVAILABLE COPY 

meHHe KaqecTea KancynHpoeaHHH nyTeM 
o6ecne'l'em,rn MOHOnHTHOCTH H. T0'-1:HOCTH 
pa3~epoe 3anHBKH CTaTOPOB. CTaTOP 
nocne ycTaHoeKH e sruirnMax 8 H ycTa­
HOBKH sarnymeK 3, repMeTHSHPYlO~ero 
eeo.o:a 4, naTpy6Koe S, 6 H 7 H no.o:coe­
AHHeHHH HX K COOTBeTCTB}'lOIItHM CHCTe­
MaM nHTaHHH nPHBOAHT BO apameHHe. 
0TKPb1B.aJOT n·aTpyooK 6 H BaKYYMHPYlOT 
nOJIOCTb CTaTopa. 0TKPb1BaJOT naTpyCioK 
5 H no,o.a!OT >KHAKHA KoMnayHA K not50Bb1M 
qaCTHM o6MOTKH 2. KoMTiaYHA pacTeKaeT­
CH no na3aM o6MOTKH, 3anonH8H nyCTO­
Tbl. OTKPblllafOT naTpy6oK 7, BCne.a;c.TBHe 
qero 1-1SnHmeK KOMnayH,na Bbl,QaBnHBaeT­
cH H3 CTOJlOCTH. 0TCOe,z:J.HHHfOT naTpy6oK 
6 OT BaKyyM-CHCTeMbt H pa3repMeTH9H­
PYlOT nonOCTb CTaTopa. BKJ110qa~T Ha­
rpeeaTenH 9 H nPOH3BO,IJ.HT TePMOot5pa-
60TKY CTaTopa B npouecce ero epameHHH 
AO OTBep,tCAeHHR KOMnaYHAa. I HJI. 

' 

... 
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H3o6peTeHHe OTHOCHTCR JC 3neKTpo­
TeXHHKe,.B qaCTHOCTH K TexHonorHH 
H3rOT0BneHHR norpYJl(Hl>lX 9neKTPOABHra­
TeneA. 

Uenb H3o.6peTeHHR - nost.rmeHHe xa­
~ecTBa 1eancynHpoaaHHR nyTe~ o6ecne­
qeHHR HOHOJIHT~OCTH H TOqHOCTH pa3Me­
P0B 38J:HBKH CTaTopoB, CHa6EeHHblX" H8 

, TOPQ8X CPeACTB8MH AJIH ycTaHOBKH rep­
HeTH3HP}'IOUtHX 3neHeHTOB. 

Ha qe·pTeJl!Ce npeACTa.BneH CTaTOP 
C repMeTH3HPOB8HHOA nonoCTh~ B npo­
~ecce ero sSJtHBKH. 

-~ xopnyce cTaTop~ J 3aKpenneHa 
pacnOZf0~8HHaR B nasax o6MOTKS C no-
00Bb1MH qacTRMH 2. Ha TOpqax KOpnyca, 
Ha pesbOe, npeAH83H8'teHHOA A,nH Kpen­
neHl!R repMeTHSHPYlOUtHX nonoCTh CTSTO­
pa YI1JlOTHe~HA, HMeJOTCR ~arnymxu 3, 
B KOTOPblX C B03MOJ!OtOCTh~ BP~eHliH QT­
HOCHTenhHO 9arnym.KH 3 ycTaHoaneH rep­
HeTH3Hp~A nonoCTb .cTaTopa BBOA 
4, ua . JCOTopoM pacnonoxem,2 na Tpy6oK 
5 AJJR noAaqH XHJU(oro KOMIISYHAS K 

·no60BL1M.'l18CTRM 06MOTKH 2 .. naTpy6oK 
6 AJIR nOACOeAHHeHHR JC BaKYYM-CHCTe­
Me H naTpy(SoK 17 MR cnnsa mmHm­
xoe KOMnayHAa. CTaTop sa-:'"pennea s 
SrutGfMax 8 nPHBOAa. B01<:pyr CTaTopa 
YCTaHoeneHhl uarpeeaTe.nH 9. 

CTaTop nocne ycTaHOBKK B 9ruKHMax 
8 K YCTaHos·K~ sarnymeK 3, repMeTHsH­
pyiomero BBOAa 4, naTpy6KOB 5 - 7 H 

·fiOACOeAHHeHHR HX K COOTBeTCTB}'tOID,HM 
CHCTeMaM·nHT3HHR, npHBO,[UlT BO Bp~e­
HHe. CKopoCTb ·sp_ruqeHHR. _Bbt6HpruoT 

.HCXOAH H9 ycnoBHR o6ecneqeHHR AaBne~ 
HHR B liCH,AKOM KOMnayH,I:te He MeHee 
0,05 MIIa. 0TK;>!>tBaJOT naTpy6oK 6 H 

BaKY}'MHPYlOT nonOCTb CTaTopa. 0TKpw­
BaJ0T naTpy6oK 5 H n~ruoT :!tHAKHA KoM­
nayHA K no6o~blM qaCTHM o6MOTOK 2. 
IlOA Aet-iCTBH8M tteHTpo6e:llCH08 CWibl. 
BHyTpH aaKYYMHPOBaHHoA nonocn1 
cTaTopa KOMnaYHA pacTeKaeTCR no na­
saM 06HOT"'AH H B no60BbJX qaCTHX, 3a­
nonHHff .nycTOTbl. 0TCOeAHHRIOT naTpy- . 
6oK 6 OT BaJ<YYM-CHCTeMbt H pa3repMe­
TH3HPYJOT nonoCTb cTaTopa, He npeKpa­
uiaR Bp~eHHR CTaTopa. 0TKPWBaJ0T 
naTPY~O~ 7, acneACTBHe qero H3nHIIIeK 
KOMI13YH,tt8 DOA Ae8cTBHeM ueHTpo6e,ic-

5 

uecce ero 8pameHHff AO OTBep~eHHR 
. KOMnayHAa. 

n pH Me p. 3anHBKY CTaTopa nor-
py,icttoro 3neKTPOABHraTe.JIR Il3~ 32-· 
103BB5 nPOBOAHT HanonHeHHbD-f KOMnayn­

AOM 33K 814. lJHcno·o6opoToe, Heo6xo­
AHMOe AJln ·co3A8HHR AasneHHH B KOMnayH-

10 Ae e npouecce apameHHR, onpeAeneHHoe 
no pa3MeP&M cTaTopa H YAenbHOMy eecy 
KOMnay}{Aa, COCTaBnHeT 182 06/M.TeM­
nepaTypa CTaTopa npu sanneKe, Heo6xo­
AHMaR AJlH noAD,~p~aKHR KOMnayH.Aa B E-rA-

15 KOM COCTORHHH, paBHa. -70°C. IlonOCTb 
CTSTOpa BaKYYMHPYlOT AO OCTaToqHoro 
AaBnelfl:{R 40 MM pT.CT. TIOCJte ·3a.TIHBKH 
KOMI18YH.n:a CTaTop Bb~epJKHBaJOT npH spa­
~eHHH B Te~eHHe.J q npH IQ0-J20°C, 

20 noc.JH! Gero (!ro not.fem.aioT B nettb AJtR 

HOPMaJ"IH9aUHJ·! llPH I60-t80°C. 

cl>opMyna H9o6peTeltHH 

25 Cnoco5 KancynHpoBaHHH 06MOTKH CTa-, 
TOPS norpy,p;Horo 9fleKTPOABHraTenR, 

,BlU110Ga101ltHA epameHHe CTaTopa OTHOCH­
TeJlbHO ero OCH, TI~AaGy ,iomKoro KOM­
n:i)"H.Qa BO BffYTpeHJDOIO nonOCTb CTaTopa, 

30 C11HB H3flHIDK0B H nocneAYlODl.YlO TepMo­
o6pa60TKY KOMnayH.qa AO era OTBep~ 
AeHHR, 0 T.n H q a IO DI. H H CH TeM, 
qTo, C UeJlblO noBbtmeHHH KaGeCTBa Kan­
cynHPOBaHH~ nyTeM o6ecneGeHHH MOHo-

35 nHTHOCTH H TOqHQCTH pa3Mepos 33.JIHB­
KH CTaTOPOB, CHa6)11;eHHblX pa3Me!lleHHbt­
MH Ha Topuax cpeACTBaMH AJIR ycTa­
HoBK;-1 repMeTH3Hp}'lODJ.HX 3neMeHTOB, Ha 
TOPuax_ CTaTopa ycTaHaB11HBaJOT repMe-

40 TH3HPYIOm;He 9arnymxH, B KOTOPblX co- . 
OCHO co CT8TOPOM ycTaHaB11HBalOT rep­
MeTHGHble BBO,D,bl, CHa6,iceHHbte naTpy6Ka­

_ MH AJlff saKYYMffpOBaHHR, JJ,,JIH no.qaqH 
KOMnay}Ut~-: K no60BbfM 'l8CTRM o6MOTOK 

45 sp~aiomeroc11· cTaTopa H AJlR CJIHsa 
H9~HmK0B KOMJtayH,D.a, ycTaHosneHHblM B 

rep~eTH'lHOM ~QOAe Ha ypOBHe, COOT­
BeTCTB}'tOllteM 93.AaHHOMy yposmo 3anHBKH, 
n~cne -qerO BaKyyHJfp}'tOT BPantaiouu-fACR 

50 CTaTOP, no,o;aJOT")KHAKHH KOMTiaYHA no 
naTpy6xy noAa'lH KOMnayHAa, pasrepMe­
TH3HP.YJOT BP~aJODUfflCR CTaTop t ocy­
~eCTBnRIOT CJlHB H3J1HIDK0B KOMnayH.O,a 

HOA CHJibl BLl,ltBBJIHBaeTCR H3 nonoCTH HS nonoCTH BPpmalO!IJ.E~OCR CT8TO~? ~£-

CTaTopa ~o YPOBHR YCT3H0BKH naTpy~- 55 pe9 naTpy6oK CJIHBa H nocne ~HB8, 
Ka 7. BKJt~qaJOT HarpeBaTeJTH 9 H npoH3- H3J1HIDK0B nOABepraJOT Bpamruol!U-titcH 
B0AffT TePH006pa6oTKY CTaTopa B noo- CTaTor TepMoo6pa60TKe. 

amrnm-1 .. 3atcas 3975/53 THPaJK 659 · nonnHcHoe 
npoH3B. nonHrp. np-THe, r.-YJ«:ropo.u., yn. rlpoeKTHaR, 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 

8 

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 s·ingle 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 ~f 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: Ull 
International Patent Class (Additional): HOlL-021/68; HOlL-023/50; 

HOSK-001/06; H05K-005/06 
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ROYAUME D~ BELGIQUE BREVET D'INVENTION 

' 
N° s91.2s,s 

Claaall. tnlernat. = Ho51' 
NINISTtRE oes Af'llA!Re CCQNOIUQUD 

• 
16 -{)3- 1982 

V11 la Conven.tr"on d'Union pour la Prot«tion de la Propriltl lndustrielll!: 

Vu le.proctN,atxzI drusi u 26 novembre 1981 d 14- h. 55 

au Service de la Propriete industriel1e; 

ARRETE: 
A11Ide 1. - 1l esz dilivtt a la Ste dite : Wl:STERN ELECTRIC COMP.ANY 

INCORPORA!l:ED 

222 Broadway, New York, N.Y. (Etats-Unis d'Amerigue), 

repr. par les Bureaux 'Vander Raegben a Bruxelles, 

un brcvtt a~invenJion pour: Encapsula·i;ion pour Uil. ei:rcuit i.ntegre, 

gu'elle decl.ai•e avoir fait l'objet d'une demande de brevet 

deposee aux Eta,;s-Unis d '.Amerique le 28 novembre 1980, 

n° 210.?76 au nom de -A..J. Ingram. et I. Weingrod dont ell.e 

est l'ayant cause. 

Ar1Ic1e 2. - Ce brr.a lui ut dtlivre sans aamm prlahzble. a sa risqua et 
perils. sans ttarantie :soit de Ia realitl, de la rwuveautl au du mtrite de rirrvenrion, soit 
de fexactitwie a·e ia descripJio;;. ~, sa;;,s p;;lj..iic.: ;;;.; .£.-.,ii ~::.. :i::,-;;. 

Au prlsau amtl demeurua joinl un des doublu de la spki/ication de Tinven1ion 
(mimoire dacriptif el lvenluelkmtnl demn:s) signis paT l1iUeressi tt diposis a rappui 
de sa demande de brevet. 

Bnuellu, le 15 decembre 19 81 
PAR OSJ.GAllON SP~CIA1E : 

L. SALPETEUR 
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A.J.I:i.grsm 1-2 Be1g1um 
B. 74 846 D., 

jointo a una demande de 

. . . . . . . . 
, . . . ... .. 
: ... . ..• .. . .. . . . . . .. .. . . .... ... .. 

DESCRIPTION 

BREVET BELGE 
• 

deposee par la societe dite: 

WESTERN ELECTRIC.COMPANY, INCORPORATED 

ayant pour obj et: Encapsul.ation pour un circuit. integre 

Qua1ificatiou proposee: BRF.:""vET D'INVENTION 

Priorite d'une demande de brevet deposee aux Etats-Unis 
d'Amer~que 1e 28 novembre 1980 sous 1e n° 21Q.776 aux noms 
de. Arthur J. INGRAM et Irving WEINGROD • 

J 

519 I' 



Mitsuba - 1009 
Page 287 of 422

f 

r 
t 
r-

t 

2 

. ·--•.• ·4'·. ·•·•· • --' •.. -• . • ":• . . . . ... .. . ... .. . . . . . . . . . .. . . 
•• •• ••• •••• ••• •• 

L&pr6aente invention concern, l 1 encapaulat1on dea 
puces de circuits 1nt6gres a semiconducteura. 

On encapsule les puces de semiconducteurs a la 
fo1s pour la protection et pour la eommodite de 1'1ntercon-

5 nexion des circuits des puces avec des bornes s1tu6es sur 
des supports de montage tels que des_cartes d~ circuit 
imprim~. L1encapsu1ation facilite ~galement le ~est et le 
montage automatique de puces dans un d~sposit~f. Il existe 
une tres grande variete de bott1ers de puces de c~rcuits 

10 integres, mais les types en rnat1ere plastique post-moulee. 

... non hermeti~ue.s,tels que le bottier a doubie rangee de con­

nexions et 1e boitier du type porte-puce, presentent un 
1nter@t majeur. Des normes existent ou.sont en cours d'e1a­

boration pour les bottiers de ces types, et·ces nonnes 
15 prescrivent les dimensions generales, les types de contacts 

externes et l'ecartement entre contacts. 
L'encapsulation de dispositif's a semiconducteurs . 

constitue cependant une proportion ~Qnsiderable du coQt 
yot~ d~un d~spositif termine. Des efforts permanents sont 

20 d~nc consacres au developpement de bo!tiers et de techni­
ques d'encapsulation qui reduisent le coot. assurer.tune 
f'iab1l1·te eJ.evee et conduisent ~ une taill.e redu1 te. Les 
techniques automatisees de fabrication~ de test et de monta-

• ge eontribuer-it a diminuer l.e cout et a augmenter la f'iab:1- -
25 lite. Il est egalement souhaitable 9u 1 une structure de bo!­

tier particulier~ puisse recevoir, avec peu cu pas de ch_an­
gement, diverses puces de semiconducteurs dif£erentes. Ceci 
a pour consequence de reduire au minimum le ncmbre totai de 
tail.les de bottier necessa~res pour ~cutes les tailles de 

30 puces. 
Le brevet U.S. 4 132 856 decrit une encapsulation 

d'une puce de circuit integre a semiccnducteurs dans 
laquelie des conducteurs formes d:une s~ule piece sont con­
nectes a des electrodes du cote avant de la puce et ee ter-

35 minent par des contacts exte~au corps· d'encapsulat~on 
en matiere plastique moulee. Un element metallique separe 
est ·neeess~re·pour etablir ur. contact thermi.que avec le 

cote arriere de la puce et pour etablir un support mecanique 

-------------------------------=;.:....;....;.....--..:...-..... 
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avant 1a ~orm.at1on du corps en mat1ira plu:t;~que :DOul.••· Lea 
flbents conducteurs peuvent 8tre f'ormes l pu-Ur d'un seU.:. 
morceau de feuille metallique, comme une bande a 6-l'ments 
poutres, mais la necessite d'employdr l'&l~meDt m6tal11que 

s s6par6 compl~que l'operation d'encapsulation. 
Conformement a 1 1 1nvention. le contact therm~que 

et, s1 on le d~sire, ~lectr1que avec la fac~ arr~ere de la 

puce et le support mecanique pendant la fabrication sont ~ta­
bl~s par des elements conducteurs en une seule piece reali.-

10 ses d 'un seul tenant avec des languettes d • ai.re elevee qui. 
sent en contact avec la face arriere de la puce. 

Cette fonne d'encapsulation se pr8te particul.iere­

ment b~en a i•utilisation d 1une bande a elem~ts poutres 

passant d 1 une bob:1ne a une autre, du fait que tous les ele-
15 ments conducteurs et tcutes les languettes peuver.t ~tre for­

mes a part:ir d'une seuie feuille de metal. 
L'invention sera mieux comprise a la lecture de la 

description QUi Va SUivre dP modes de realiSat~On et en Se 

re~erant aux dessins annexes stir lesquels: 
-20 La figure 1 est une representat1or. en perspective. 

partiellement arrachee et er. coupe, d 1 une encapsulation con­
f'orme a l'invention i 

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

tage unique f'orme dans une partie d 1 une bar.de a elements 
25 poutres au cours de la fabr1.cat1or. de l 'encapsulat:Lon de 1a 

figure 1; 

La figure 3 est une vue de detai1 en perspect:Lve 
de l 'e.xtremite interieure de l 'un des elemer.ts poutres du 

cote avant de l 1 encapsulatior. de la figure 1 ; 
30 La figure 4 montre une variante du detai.1 de la 

figure 3· ; et 

La figure s est une vue en perspecti.ve, partiel1e­

ment arrachee et en coupe, montrant pl.usieurs encapsul.ations 

cor.formes a l 1 invention a l'interieur d'un magasir. du type 

35 reglette. 

La figure 1 montre, en perspective. un porte-puee 

qui cons1ste en un corps en matiere plastigue post-mouJ.ee 10 
qui maintient en association les divers elements de l'encap-

e 
·------··-------a.a;.~ 
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sulation et qui de!init un profil de boitier corivenant pour 

un equipement de manipulation du type a reglette. Le porte­

puce est represente sous une forme part1ellement arrachee et 

en coupe pour montrer la configuration des divers elements a 
5 l'interieur du corps en matiere plastique mou1ee 10. 

La puce de semiconducteur 11 est p1acee a. i•~nte­
rieu.r du corps 10. Sur le dessin, la face avant ou act:1ve de 

la puce se trouve du cote superieur et elle porte un ensemble 

d • H.ectrodes 15 consistant en zones de ·metal destinees a 
10 1 1 etablissement de connexions avec le circuit integre a semi­

conduc teur . 

L 1 interconnexicn entre les electrcdes 15 quL se 

trouvent sur la puce de semicor.ducteur 11 et les co~tacts 

extern es 13 s· 1 effectue au moyer, d • elemer.ts conducteurs 12. 
15 Sur la face avant de la puce, a l'interieur du boitier, les 

e1einents conducteurs 12 se terminent par des doigts 14 dont 

les bouts comprennent ur.e zone destinee a la ~ixation sur 

une electrode de puce 15, le terme "fixation,. etant pris 

da.ns un .sens qui englobe tous les moyens connus pour r-eali-
20 ser ·une liaison conductrice, ces moyens comprenant. de :f'ac;on 

non limitative, la fixatior. par thermocompression, la ~ixa­
t:i.on th~rmosonore et ul trasoncre, la fixation par 1..:n adhe:;:if' 
conducteur et eutectique, le soudage avec une matiere ~usi­

ble, le bras~ge, et diverses formes de soudage par fusion. 

25 Al' exterieur du corps 10, les elemer.ts cor.ducteurs 12 se 
terlllinent par des contac'ts exterr.es 13, conc;us de fa~on a 
venLr en contact avec des zones de bornes sur un circuit 
d'interconnexior., qui peut compre .. dre des elements ceramiques 

a couches epaisses et a couches minces e-t des car-tes de ci:r-

30 cuit i?llprime rigides et flexibles. De tels contacts peuven~ 

uti1iser·ia'pression d'un ressort ou uncertain mode de 

fixation, de soudage par fusion ou de soudage par une matiere 

fusible. Bien qu'ils soient representes dans ce mode de 
real.isation sous la forrne·de pieds er. L dest~nes a etre mon-

35 tes sur une surface, les condu~teur_s 12 et les contacts 13 

pourraient tout aussi bier. etre · adaptes a ur. autre type de 

connexion, comme par exemple par insertion dans des trous 

dans une piece de montage. Selor. une variante, les conduc-

p 
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teurs 12 et les contacts e,?cernes 13 peuvent etre courbes 

dans la direction opposee par rapport a l'orientat~on de la 

puce de semiconducteur. Ceci conduit a une connexion des 

electrodes 15 de la puce de semiconducteur 11 a~ zones de 

5 bornes du circuit d'interconnexion qui est l'image dans un 

miroir de la connexion precedente, sans changements pour la 

puce de semiconducteur . Il est imp·ortant de noter que cha­

que element conducteur 12 est un element continu unique 
s•etendant depuis le doigt 14 de la face avant jusqu'au con-

10 tact externe 13. 11 n' y a pas de connexions intermedia:ires 

qui tendraient a augmenter l'e coOt et a reduire la f'iabilite. 
Quatre languettes 16, relativement grandes et en 

f'orme de palettes,viennent en contact avec la face 1n:ferieure 
ou arriere de· la puce de semiconducteur 11, et ces languettes 

15 sont formees de fa~on similaire dans la bande a elements 
poutres. A son tour, ch::H;\le languette 16 est connec tee a une 

paire d 1 elements conducteurs 17 se terminant par des contacts 

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

elements .• Les elements coTiducteurs 17 sont places aux ext::re-

20 mitis des rangees d'elements conducteurs 12. Les ianguettes 
16 procurent un support mecanique d'aire elevee pour la puce 

de semi~o~ducteur 11, air.si qu 1un contact thermique et Ul'l 

contact electrique avec celle-ci, si on le desire. De fa~on 

caracteristique, les languettes 16 sor.t fixees de mar.iere 

25 conductrice a la face arriere de la puce 11 e1: assurent la 

dissipation thermique a la fois par convection et conduction, 

et par l'etalement de la chaleur a l 1 interieur de 1a puce de 
semiconducteur en silicium. 

On peut egalement concevoir d•autrss configurations 

30 de contacts de face arriere formees d'un seul tenant a pa:rtir 
du cadre·de montage. Le nombre, la forme et la disposition 

des ianguettes 16 peuvent differer de ceux representes. A 

titre a·• exemple, une autre configuration peut comporter deux 

1anguettes disposees de ·ra90~ centrale sur des cotes opposes 

35 de la puce, au lieu de se trou".er d_ar.s 1 es coins. On peut 

employer de fagon sirnilaire des con1'1guratior.s tres diverses 

d'elements conducteurs pour les languettes. 

Des caracteristiques supplemen~aires de 1a structure 
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por-te-puce de la figure 1 ressortiront de la maniere selon 

laquelle l 'encapsulation est realisee. En part:icul:1.er. l.a 
structure Wli taire de chaque conducteur de contact:"'12 pour 

les contacts de la face avant et de chaque conducteur de 

S contact 17 pour les contacts de la fa&e arriere decoule de 

la maniere selon laquelle le cadre de montage est_ fabrique 
et assemble. La figure 2 montre une partie 20 d'une bande a 
elements poutres, d'un type con9u de £agon a etre deplace 
entre deu.x bobines. avec un posi tiormement precis a des pos-

10 tes de travail. Dans ce but, la bande est munie de trous 

d'entrainement 22. Le trou triangulaire 31 est une marque 

d'identification et d'orientation. La bande 21 consiste de 

fa~on caracteristique en une feuille de cuivre doree ayar._t 
une epaisseur caracteristique d'environ 0 1 1 mm. 

15 Selon une variante, la feuille de cuivre peut 

avoir une autre epaisseur et elle peut etre revetue avec 

d'autres metaux. comrne l 1 etain, ou elle peut ne pas etre 

rev~tue. De fa9on similaire. on peut utiliser d'autres 

metaux e:onducteurs, comme l' aluminium et des alli.ages. fer-

20 reui·· appropr:ies, a la place de la feuille de cuivre. 

La figure 2 montre la partie 20 de la bande a 
laquell.e on a donne une !orme definissant le cadre de monta.­
ge. et qui a ete assemblee, par fixation, a une puce de 
semiconducte~r 23. Plusieurs etapes de fabri.cation sont 

25 intercalees entre la realisation de la bande a elements 

poutr-es et l'obter.~ion-de la structure representee sur la 
figure 2. On forme tout d' abord sur la bande un masque 

resistant a 1 'attaque pour definir une configuration parti­

culiere du cadre de montage. Le masque def~ni~ les divers 
30 elements conducteurs de contact 24 de la face avant et 2es 

elements· conducteurs de contact 26 qui sont relies aux 1an­

guettes de contact 27 de la face arriere. Les languettes de 
contact 27 de la !ace arriere sont. egalement de:fin:ies dans 

la bande, dans les vides 30 qui se trouvent car.s les coins 

35 de la configuration du cadre de montage. Ainsi, le cadre cle 
montage est defini dans la bande dans un seul plan et iJ. 

comprend le reseau d'elements conduc~eurs 24 gu1 se ~enni­

nent par les contacts de la !ace avant, les elements cc,nduc-

0 
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teur-s 25 qu~ sont inutilises et les elements conducteurs 26 

qui se terminent par- les languettes 27 de la face arr~ere. 
Comme le montre la figure 2, l' aire de contact 

entre chacune des languettes de la face arr:ie:re, 27. et la 

5 face arriere de la puce 23 represente environ 20% de 1'aire 

de la face arriere, soit 80% pour l 1 ensemble des quatre 

languettes 27. 

On va maintenant passer a la figure 3 sur laque11e 

la pa-rtie d'extremite 41 d 1 un conducteur de contact de f'ace 
10 avant, 24, de la figure 2 est representee retourr.ee pour 

montrer le plot de fixation 43 au bout du conducteur, et la 
par-tie adjacente 42 de section transversale reduite. Cette 

configuration de la zone de fixation et de la partie de 

section transversale reduite est egalement formee au moyen 

1s d'UDe operation specialisee de masquage et d'attaque. La 
partie adjacente 42 de section transversale reduite assure 

la li.beration des contraintes indui tes par voie thermi.que 

afili d' evi ter des ruptures de fixation au r.iveau du contact 
sur la puce de semiconducteur. 

20 - La.£igure 4 represente une autre ccniiguration 

pour la partie d'extremite 51 du conducteur de contact de 
face avant. Dans cette configuration,-il est avantageux de. 
former sur la puce de serniconducteur une electrode sure1evee 

sur laquelle la zone 53 du conducteur est fixee. La libera-

25 tion des contraintes est assuree par une partie 52 adjacente 

a la zone de iixation 53, avec une section transversa1e 

reduite pour 1a·partie 52 comme pour la zone de fixation 53. 

Une fois que le cadre de montage est forme dans 1.a 

bande a eleme~ts poutres, il peut e~re revetu en tcta11te ou 

30 en partie·. avec une ou plusieurs couches minces de metal. On 

positionne ensuite le cadre de montage en contact avec une 
puce de semiconducteur 23, avec les bouts des elements eon­
ducteur-s de contact de la face avan~, 24, sur les electrodes 

28 de la puce de semiconducteur. On applique ~r.sui te un 

35 outil pour fixer les plots de fixatjor, 43 aux electrodes 28 

de la puce. Le cadre de montage rep1esente sur la figure 2 

compr-end un reseau standard de quatorze elemer.ts conducteurs 
sur chacun des quatre cotes, ce qui ~ait U!"a ~otal. de S6. 
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Cec1. correspond a une cor1r1auration part1cul1ere dans une 

tsu~lle de cadres de montage de ta1lle et de rorme s1m1la.i­
r~s. Comme 11 est represente~ l~s !lements c~ducteurs 
d'ext~emit~ 26, su nombre de huit au total. sent ut1l~s~s 

S pour....:-~aliser des contacts externes pour les :languettes do 

contact de la !ace arr1ere, 27. Les ~onducteurs de contact 
restants de la f'ace avant sont disponibles pour connecter 
des electrodes de la puce de semiconducteur a des circuits 
e~ternes. Cependant, tousles conducteurs ne sont pas 

10 necessairement u~ii1ses dar.s une structure particuliere de 

puce de semiconducteur, et c'e~t par exemple 3..e cas du con­

ducteur 2S. Toutes les parties de conducteur formant les 
contacts externes sont f'abriquees et conservees a l'~nte­
rieur du corps moule afin d'~eliorer la resistance mecani-

15 que et l 1 uniformite du bo!tier. Les elements ~nutilises# 
comme le conducteur 2S.peuvent etre supprimes ulterieurement. 

en fonction de necessites particulieres de la conception. La 
1 anEUette 32 fonnee sur un conducteur 24 particuli.er assure 
l 'identi.tfication. 

20 -- On ·voi t que c' est ici que reside la soupl.esse de 
conception de cette configuration de cadre de montage. De 

simpies_ changernents de la conception du masque d • attaque pe;-­

mettent de produire une variete de configurations d'elemen~s 
~onducteurs, _ce qui permet d'accepter une grande variete de 

25 configurations d 'electrodes sur la f'ace ava.n~ de 1a puce de 

semiconducteur 23. Les elements conducteur-s 24 des contacts 
de ia f"ace avant peuvent avoir diverses con:f"igurat:ions aux 
e.xtrerni tes des conducteurs de la face avant et di.verses 

extr-emites de conducteurs,peuvent etre suppr:i.mees pour 
30 s •adapter· a dive rses configurations d 'electrodes 28 sur 1a 

surface avant de 1 a puce. Si on le desire, or. peut egal ement 
mod:ifier la !orme ou l 'emplacement des languettes de contact 

27 de la 1'ace arriere ~ ou les supprimer partj,ellement. comme 

decrit precedemment. Seloh une var:iante, on peut suppri.mer 

3S certaines des languettes de contact 27 de la £ace arriere, 
et on peut utiliser leurs conducteurs respectit's 26 pour la 
connexion a des electrodes 28 de la puce de semiconducteur. 

Une fois que les conducteurs de contact de 1a face 

. :· .· --~·. -:.__.~:. 
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1.vsnt, 24. ont 6t6 t'1x6e awe 6lectr·odea 28 sui- ~- p\1Ce de 
semiconducteur 23, on bobine la bande, en employant a.vanta­
geusement une pi.ece intercalro.re qui fa1 t _en sort~ q_ue les. 
puces de semiconducteur soient suspendues par les conduc-

5 teurs fixes et soient done disponibles pour le nettoyage cu 

un autre traiternent. Ainsi, par exemple, on peut soumettre 
la bobine complete a un traitement· d 1 ensemble cocsistant en 
Wl~ immersion dans un bain de nettcyage ou un trai tement 
dans un f'our d' etuvage. 

10 La bande est ensui te a"!lenee a un autre poste de ... 
travail et les languettes 27 de la :!ace arriere sont 

pliees a 180° pour les placer dans l I orientation indi.quee 

par des traits partiellement en poir.tilles sur l.a iigui'e 2. 

On accompli t · cette oper at1.on a l' aide d I Wl outi11age dest::Lne 

is a plier les languettes dans la zone 29. de :naniere a etabJ.i:r 
un degagement qui est de ~a9on generale ega1 a i•epa.1.sseur 
de·1a puce de semiconducteur 23. Ainsi, les languettes de 
contact 27 de la face arriere ~tablissent un con1:act prat~­

quement. pla."'l avec la surface arriere de 1a puce de semic03:l-_ .... _ -
20 ducteur. 

Les languettes de ccntact 27 de la face arriere 
peuvent etre fixees de maniere cor.ductrice par i•un quelecn­
que des divers moyens designes precedemment par 1e terme 
"fixation", l)our etabl:ir un contact electrique ou thermique 

25 entre les la.Ilguettes et l.a puce. Si on utilise de la mat~ere 

epoxyde conductrice, on l.a fai t habi tuellement durci.r da.."':.s 

un four. Comme on l'a indique precedenunent, 1'interconnex:ion 

de type thermique O':l electrique, ou des deux types, avec 1es 

languettes de contact 27 de la face arriere est realisee 

30 finalement au moyen des e~ements conducteurs 26. 
Ensui te, la putie de ban de 20 qui demeure un e1e­

ment d'u.T1e 'bobine, avec des contacts etablis sur l' avant 

comme sur l 'arriere de la puce de semiconducteUJr. de l.a 

maniere decrite ci-dessus, est ir.troduite dans un moul.e dans 

35 l.equel on forme le corps en mc1:tier~ plastique mo~ee 1.0. 

repr-esente sur la f'igure 1. Dans c~rtains cas, i.l peut etre 

avantageux d • applique:r un revetement protecteur suT l.a sur­

:fg.: = ~~":iv~ de la l:luce de semiconduct:eur. avan~ l' operation 

I 
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de moulaae. Ce revltemmt peut cona1ater en U11e aat.14\re 

~pousant la. ·:f'orme ·de son substrat, comme un caoutehouc aux 
silicones appropr1e qui se vulcanise a la temp6rature amb1an-
.te. 

s Dans un exemple partieulier, le corps 10 est moule 

par injection en utili.sant une mat1e:re thennop1astique tel.lp 

(lUe le Ryton BR06-.A. Le Ryton est u."le marque de la !'1.rme 

Phillips Petroleum Corp. Une mat1ere thermoplastique ne 

necess1to generalement pas u.ne periode de durci.ssement apres 
10 moulage, et l'operation de moulage peut !tre accompli.e en un6 · 

duree de l'ordre de quelques secondes. so1t de ~aoon car~cte­
r1stique d'environ six a vingt secondes. 

Le corps 10 moule par injection peut. ~tre ~orme 

simul tanement · a pl usie urs emplacements de la.: ban de et 1' appa-

15 re1l de mou1age peut recevoir plus d 1 une bande. Ensuite. dans 
m, autre trai tement de bobine a bobine, on eba:vure 1es bottie:rs 
pour enl.ever :ta ma.tie~ tie mou1ege en exc es e't on 1es nettoie • 

• 
E.l'lfin. dans un autre tra1tement de 'bobine a pob1.ne, on mct:i.acme 
l.a ban.de·. pour en separer chaque bo!tier moule, et on effec-

20 -cue ·ra m1Se en forme et· la finition des condueteurs externes. 
on·1nt~oduit ensuite a~tomatiquement les bottiers individuels, 

avec unE: orientation uniforme, dans un Jilagasin du type 

reglette. Une caracteristique des operations cie sect:iormement, 
. .G 

de f'in1t1on e~ de pliage consiste er. ce qu'elles sont accom-

25 p11es apres l'operaticn de moulage du bo!ti~r. Il e,o.ste done 
automatiquement un support mecanique pour la structure de 
cadre de montage pendant ces operations. On evite a1.nsi. l 'uti­

l~sation de dispos1tifs de maintien speciawc ou d'autres 

supports pour eviter le gauchissement ou la deformation de la 
30 str-ucture ae cadre de montage pendant les operations de tra­

vail du metal. 
En se reportant a la figure s. on voit une partie 

61 d'un·magas1n du type reglette qui contient p1us1eurs bo~­

tiers 62. 63 1 64. Les corps en matiere plastique de chacun 

3S des ooitiers 62, 63, 64 portent sur les rails internes 66-67. 

72-73, 74-75. Ces rails assurent la- suspension des boitiers 

dans la reglette de te1le maniere que les conducteurs exter­
nes 71 ne viennent en contact avec aucune des surfaces :1.nter-



Mitsuba - 1009 
Page 296 of 422

I 

I 
I 

11 

.. :,••• ,.j ... 1 .• .... r• ..... . ··~·-- . J .. ·-1-• •• : . .. . . :· . . _ ....... i.. ...... . 

n9a 'de la r,&1.ette. La conf1auration _c1,, s~pe_na1on par..-.ra1la 
~tabli t ,galement un d4Saa.gement tout autour du botue.r de 

ta~on que les d6br1s pr6se.nts a 1'1nt,r1eur de la r~&].ette 
ne glnent pas le mouvement des bo!tiers. Les coins 69 de~ 

5 bo!tiers moul~s s•~tendent au-del~ 4e~ conducteurs extGrnes 
71 et font en sorte que les conducteurs d'un bo!tier ne 

viennent pas en contact avec ceux d'un bottier adjacent ou 
avec 1es rails lateraux 72-73. 

Il est tres avantageux de manipuler les bo!t.:te:rs 
io 1orsqu'ils sont charges dans des reglettes a partir 

desquelles ils peuvent ~tre distribues et dans lesque1les 

ils peuvent !~re reintroduits au cours de diverses operations 
de test. de vieillissement, ou autres. 

Il va de soi que de nombreuses modif'icaU.ons 
is peuvent ~tre apportees au dispositif decrit et represer.te. 

sans sortir du cadre de 1'1nvent1on. 

... • Vy 

I __ ----···· ------ .. ---
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1. Encapsulation pour une puce de circuit integre 
a semiconducteur (11, 23), la puce comportant une £ace avant 

-= et 1.me t'ace arr-iere, la f'ace avant portant des electrodes 

5 (15, 28), et !'encapsulation comprenant un corps moule (10) 

qui enferme la puce, et des premiers elenents conducteurs en 
une seule piece (12, 24) qui sont connectes a des electrodes 
(14, 28) respectives et qui comportent des parties de con­
tact (13) d'un seui tenant, a l'exter!eur du corps (lOJ, 

10 ca.r-acterisee en ce qu'elle comporte des seconds elements 
conducteurs en u.rie seule piece (17, 26), realises d'un seu1 
tenant avec des languettes . ( 16, 27) d' aire elevee qui sent 
en contact avec la face arriere de la puce (11, 23). 

2. Encapsulation selon la .revendicati.on 1, carac-
15 ter~see en ce que les seconds elements conducteur-s en une 

seul.e piece (17) comportent au moins u.ne partte de contact 
{18) realisee d'un seul tenant a l'exterieur du corps (10), 
pour chacune des languettes (16, 23J. 

.. 3. Encapsulation selon l 'une quelconque des reven-
20 di~ations 1 ou 2, dans laquelle le corps (10) a un contour 

de forme generale rectangulaire, lorsqu 1 il est vue en plan, 

caracterisee en ce que les coins (19, 69) du corps (io) font 
saillie a partir du corps de ~a~on a proteger les parties 

25 

de contact externes (13, 18) des elements conducteurs. 
4. Encapsulation selon la revendicat:i.on 3, carac-

terisee en ce que la paire de parties de contact externes 
(18) qui est acljacente a chaque coin est f'ormee d'un seul 
tenant avec l'une respective des languettes (16, 27). 

S. Encapsulation selon 2'une quelconque des reven-
30 dications 1 a 4, caracterisee en ce que les premier et 

second elements conducteurs (12, 17, 24, 26) et les l.anguet­
tes (16, 27) sont tous formes a partir d'~ne seule feuille 
de metal ( 20) • 

6. :Encapsulation pour un circuit integre, telle 
35 que decrite ci-dessus et re:presentee aux dessj_ns annexes. 

BRUXELLES. IS 2 6 NOV 1981" 
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BREVET D'INVENTION 

No 870.878 

Classll. Intern at.: 
MINISURE DES AFFAIRES acotlOllfQUU 

Mis en lecture le: 

H o-1 L 

15-01-1979 

Le Mlnlalre des Affalree Economfques, 

Vu la loi du 21 mai 1854 sur les brevets d'im•ention; 

Vu la Convention d'Union pour la Pro~crion Je Ia Proprilrl /ndr.utriel/e: 

Vu k prods-verbal dreui It: 29 septemb:i::e 197 8 d 11 h. 30 

au Service de la Propriete industrielle; 

ARRETE: 
Article 1. - JI est tlllirn d la Ste dite : CO:l'IPAGNIE INTERNATIONALE 

POUR LI IllFORMATIQUE crr...:aoNEYWELL BULL, 

94- Avenue Gambetta a Paris (20eme) (France), 

repr. par Mr Gauthier c/o Honeywell Bull S.A., 28, 

avenue Marnix a Bruxelles 1050, 

un brevet d"invenrion pour: Circuits electriques integres proteges, 

substrata d'interconnexion protegea comportant de tels 

circuits et procede d'obtention desdits circuits et 

substrats, 

qu'elle declare avoir fait l'objet d'une demande de brevet 

deposee en France le~ octobre 1977, n° 77 29 686. 

Art!cle 2. - ·ce brt:vt:t lui t:St dllivre sans =amtn prlalablt:, d su risq~s et 
plrils, sans Kwanrit: soir dt: la rtalitl, dt: la nouveauti ou du mtrite de finvOllion, soil 
de ft:xactitudt: de la description. et sans pr~judiet:" du droit du tin,. 

Au prisl!nJ arriti dt:meurcra joinJ un du doubl.•s dt: la spicifica1ion dt: finveniion 
(mLmoire dt:scriptif et eve-Ikmt:nt dasins) signis par rintbusi et diposh a l'appui 
de sa demandt: de brevet. 

Brwct!lles. le 13 octobre 
PAR DEL.£GATION SPECIALE: 

le Oilttreur 

A. SCHURMANS 

1978. 
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. , 
La presente invention concerne, d'une maniere general9, le 

protection m~canj_~ue et/ou chimique des circuits electriques 
integr~s et des aubstrats d'interconnexJ.on equipes de te1s circui-u 

Plus speci~iquement, elle a pour objet une paat11l.e !'or.nan· 
5 ~1rcuit ~lectrique integre, protegee par une resine isolante, et 

des substrata d'interconnexion equipes d'une pastille ou d'une 
pluralite de pastilles 1'ormant chacune un circuit electriquo 
integre, CeS S?bstrats cquipes etant proteg&a et comportant 
application de la pastille precitee. 

10 En outre. l'invention e~t relative a des proc~des pour 
l'obtention·desdits substrata ou pastilles. 

Lee techniques modernes mises nctuellement en oeuvre pour 
realisex(des equipements electroniques, et plus particulierement 
des ensembles de traitement de l'in~ormation, ~ont de plus en 

15 plus appel a 1'emploi de dispositi£s sem1-conducteurs a circuits 
integres non en~ermes dans des bo1tiers. Cea d.ispositi£s sans 
bottier sont de3ignes le plus souvent sous 1e nom de pasti1les 
de circuits integ1·es { "chipsn en langue ang1o-saxonne). 

De telles pastilles £onna~t circuit8 integres et se pre-
20 sentant par excmple sous la forme de plaquettes rectt'ngu1aires 

ou carrees de quelques millimetres de ·cete et d'une epaisseur 

25 

de l'ordre du demi-millimetre, possedent une ~ac~nactive pourvue 
d'une couche isolante de support et une £ace active pourvue 
d'elcments de circuit tels quc resistances, condensateurs, tran-
sistors, diodes, relies a des bornes situees a·1a peripherie de 

ladite sur£ace active. 
On conna!t bicn par ailleurs l'emploi des substrats d'in­

terconnexion, qui se presentent communement sous la ~orme d'une 
plaquette £aite generalement d'un materiau isolant pourvu de 

30 conducteurs realises sous £orme de circuits imprimes sur la 

plaquette. Ces conductcurs se reP.artissent babituellement en 
plusieurs couches separees par des couches d 11solation et re1iees 
entre elles par des traversees, qui sont des· ouvertures pratiquees 

dans les couches isolantes et remplies d'un materiau conducteur 
35 pour realiser les connexion~ entre couches conductrices superpo­

sees. La couche conductrice exterieure du substrat d'intercon­
nexion mul t.!.couche est pou:::-vue de series de p1ots de connexion, 
chaque seri.c bore ... t un dornaine du substrat qui est reserve a 
la mise en placc,e•un composant electronique tel qu•une pastille 
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de circuits integrea. On trouvera des exemples"de montage 
de pastilles, rormant circuits integres, sur un 8Ubstrat 
d'1nterconnex1on dans 1es demandes de brevet deposees 
en France par la demanderesse le 20 Septembre 1976, sous 

5 le n-> 76-28170 intitul.ee "Procede pour 1e montage de 
microplaquettes de circuits integres sur un substrat et 
installation pour ea mise en oeuvre" et le 4 Fevrier 1971, 
n° 77-03271 intitulee : "Proc6G·~ e"t>-· appareil de montage·· 
de dispositi~s sur un substrat". 

10 Ces-paatilles sont gen6ra1ement collees our la ~ace 
active du aubstrat en des emplacements predetermines 
et cbacune d'entre elles est reliee elec~riquement au 
circuit d'interconnexion porte par la race active dud.it 
substrat par des conducteurs de li~ison joignant lea bornes 

1!, de la pastille aux plots du domaine correspond.ant dudit 
circuit d'interconnexion. 

Une structure de ce type est rappel6e trur lea .!'igures 
1 et 2 des dessins ci-joints, lesquelles .!'igures montrent 
respectivement une vue en coupe longitud.1nale et une vue 

~o de dessus d'un substrat d'interconnexion 1 equipe de pas­
tilles .!'ormant circuit.s integrea .2a, 2b, 2c·, 2d,. etc. La 
£ace active 1a de ce substrat comporte des plot8 tels que 
3 relies, par des conducteurs de liaison tels que 4, aux 
bornes telles que 5 des .!aces actives telleE que 2'a des 

25 pastilles telles que 2a ; les re~erences 1b d'une part et 
·2na, 2"b, 2 11c, 2"d, etc. d 1 ~utre part repre:sentent les 
races 1nactivcs, £ormees chacune d'une couche isolante de 
support, respectivement du substrat d'intercQnnexion et 
des d1£~erentes pastil~es. 

30 On a represen~e sur la £igure 1, pour la pastille 
2d seulement, les ~oycns.~e p~otection classiques d'une 
pastille £onnant c!rcuit integre, ces moyens etant consti­
tues par une resine isolente 6 recouvrant la pastille 2d, 
ses borncs 5, 1es plots 3, la zone avoisinante de la 

35 £ace active du substrat 1, et enrobant les conducteurs 
de liaison 4. 

Ce type de moyens de protection presente les incon­
v~nients suivants 

a) la r(.~inc isolante ut!lisl!e etant choisie parmi 
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cellea presentant une bonne resistance aux chocs thermiques 
et aux basses temperatures, n«:: presente pas une bonne 
resistance m~canique, car 11 eat pratiquement impossi~le 
de

0

d.1sposer d'une resine possednnt simultan6ment ·.un 
5 auasi. grand nombre de propritStea.distinctes; il. en 

resul.te une mauvaise protection mecruuque des past11les 
entra1nant uno mauvaise protection yis-a-vis des substances 
agreasives, des poussieres, etc. ; • 

b) l.e si.mple remplacement d'une pastil.le de~ectueuse 
10 n'eat plua possible apr~s l'application de la resine. 

!sol.ante, puisque cette denuere recouvre aussi 1es plots 
du substrat d'interconnexion et au moins les zones du 

15 

20 . 

circuit rl'lnterconnexion q~i avoisinent ces pl.o~s ; 
· c) la reparat~on des parties du circuit d'interconne,?C-1.on 

qui sont recouvertes par la resine isolante n•est paa 
possible, a moins de dissoudre au prealable la resine 
dans un agent appropr16 tel qu'un solvant organique. 

!.a presente 1nven~!on permet de rem~1er aux incon­
venients precites. 

La pastille rorma.nt circu.t.t integre selon 1'inven-
tion est~~ type comportant une ~ace active pourvue 
d'elements ~e circuit relies a des bornes situees a la 
pcriph6rie de ladite race active,· et est· caracterisee 
en ce que sa !ace active est recouverte d'Une.couche 

25 super~icielle de resine isolante, souple ou sous ~orme 
de gel so1idi!1e, cette couche s•etendant seu1ement sur 
ladite ~a~e active. 

Le substrat d 1 interconnexion equipe, eon!orme 
a l.'invention, du type comportant (a) une plaquette de 

30 !orme que1conque qui constitu~ 1ed1t substrat d'inter-
connexion ct.qui comprend une·~ace active portant un cir­
cui t · d. l interc~exion des ·dif~erentes pastill.es, (b) ·. 

·1esd1tes pastiiles q~1-sont collees, par celies de leurs 
face~ qui sont opposees a leurs. faces actives, 

35 sur ledit substrat d'interconnexion, en des emplacements 
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predete.nnineis de ceJ.ui.-ci, et {o) des conductcurs de l.iaiSO."l 

reliant le~ bornes preciteea des pastilles a des ~eries de pl~ts 

p1ot8 ontourant Ullo pastille_dete.rminee, ost caractcrise en ce 
5 que la face active de chaque pastille est rocouverto d•une cou­

che superficielle de resino isolante souple ou sous forme de gel 

ao1idifie. 
Salon un mode de realisation prefere de l•invention, J.e 

aubstrat d•iote.rconnexion precite est ·rev~u d'une couche exte.r-
10 no, do prefe.reQce continue, d'une seconde resine i_solente, 

ri.gido et resistante mecaniquement, cctte couche extorne recou­

vrant eu moina la couche superficiel.le de resine isol.anto et J.es 
plot:, precites et en%'0bant les conducteurs qui. rel.ient le!ldita 

plots aux bornes precitees. 
15 Confo.rm~~ont a la presente invention, lea resines isol.an-

tes precitees sont de preference choisies.dans le groupe des 
silicones. 

La resine isolante souple precitee utiliaee pour recouvrir 
le faco active des peati1les fonnant circuits 1.ntegres est avan-

20 tageusement eel.le connue sous· la denomination cocnnercia1e 
'"XR 9071~· (Dow Corning) qui presente unc resietance voluniquo 

15 · · 
,de l'ordre de i:10 ohm.cm et une resiBtivite sUper£1ciel.1e 

d•environ 1.10 ohms (mesurees selon la no.one americsine AS'lX-

~ 257). cotte resine resistant bien aux chocs thermi.ques et pou-
:cs vant supporter de basses temperatures pouvant allor jusqu•a 

environ -60• c. 
Au lieu d'utilisor une resine de ce type, la resine de 

silicone recouvrant les pastilles precitees peut au.ssi, se1on 

une vari8n~e conforme.a l'invention, se presentar sous la £onne 
30 d•un gel solidifie. Par !•expression •gel solidifie•, on entend 

. - - ~r.. 
un produit do~t la structure es~ celle d'un gel,.mais qui posse-
de, au moins aux tar.peratures d•utilisation, une consistence 

·suffisarnment ferrno pour assurer la protection des pastilles, 

etant bion entendu qu'une telle substance peut avoir la consi:s-
35 tanco habitucllo d•une gelee a des temperatures plus elevees quo 

la tanpcraturo d•utilisation, notaaunent a la tenq,erature ambian­

te. Ce gal se>lid:t!:ic pout eventuallcmcnt ~tre recouvert d~une 

fine capsu.1.0 metnllique pormcttant d' cvi ter l 'et."-Oul.001ent OU 1~ 

deterioration occidentelle dudit gel lors d•un eventual mainticn 
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auxdite~ temperatures plus elevees. Comno ~«Rpl.~ d•un tal g~l 

iao1ent electriquement, on peut citer le gel. de eil:iconi, ~~!! 

sou:, la denomination cocrrnercial.e "03-6527 .. (Dow Corning) qu1 

pre':'ente une consiatance eppropriee a.· basses temperatures ot 

5 qui. peut btre utilise jusqu•a des terrg>e.ratures-de l•ordre do 

-6Q•c (resistivite vol'Lraique de l,42.1015ohm.an). 
La resin• isolante rigide et mecaniquement resi.stanto for­

mant 1a couche externe precitee est avantageusement cel.1e connu" 
sous 1a denomination commerciale 11XR 6'8.. (Dow Corning) et ~le 

·10 eat avantage~ement utilisee en· asaooiation nvc,c une couches 

auperficie.lle en la resine 11XR 90714 11 precitee. L • analogie de 

structure de ces deux reaines entrat.no i.:ne bonne cc.c:patibi1ite 

e11tre le.sditea resines et une l:ame edherenco entro lesdites 

deux couches. 
15 Cette !'.'"esine •xa 648" posai,de une resiativite vol\Di'l\lo 

de 26. l0
5

ohm.cm, une tres bonne resistance mecanique et unct 
g.rande durete et el.le resiste egalement a. des tooiperatures pou­

vant aller ju.lS(1U'a -Jo•c, ce qui lui peD11et de jouer un r61e de 

pro·· ~ction efficace des pastilles ~o.z:mant circuits integres, en · 

renfor~ant con~iderablE1nent lo r6le protec:teur de ia resine 

-XR 90714". Si elle etait •.1ti1iseo seuJ.e, en recouvranent direct 
de la face active d'une pastille, cette resine "XR 648• 3erait 

t.rop rigide, insuffisanment resistante aux cl)ocs the.rrniques et 

elle ne pourr,11t pas jouor un r6le protecteur adequat • 

. 25 :n r6suite de ce qui precede que l 'inconvenient a) expose 

pl. us haut est precisement . elimine par 1a presente invention. 

D•autre part, 11 est facile de remplecer une pastille d•un 

substrat d•~nterconnoxion par une autro, den~ un but quelconque 

{.reparation ou modification de circuit electrique) ~m BJrOOavair 
30 partiel1cment protege ladite pastille par 1a cou~e superficiel­

le de resine isolante souple prec_itco., a condition que l.a coucbe 

extsrne do resine isolante, rigiae et .resistante.mecaniqusnent. 

n•ait pas oncoro ete app1iquco sur ladite co~che superficielie 

et ce, soit avant soudage des conducteurs de liaison aux p1ots 

35 du s~strat d'intarconnexion, soit aprcs un tel soudage ;il est 

en effet boaucoup plus aise et rapide de rompre les points de 

soudure, do ,:,,anr;P-r de pnstillo et d' effectuer le soudage des 

con~~ctours de linison ~e la nouvollo pastille auxdits plots quo 

de proceder a la dissolution d •·une re sine qui enroberai t 
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les conducteurs et plots. d•offectuer e.ru,Uite l,es operations 

de dessoudage. rt!mplacement. de. pastille et ressoUdage , et 
de proteger en!in la nouvelle pastille par de 1a resine. 

L' inconvenient b) expose plus haut est done ega1omeat 
s e.limine par la presente invention. 

En out.re, on peut proceder a la reparation ou ~ifi.catioi. 

event.ualle de n • importe quelle ·pertie du circuit d • i.nteroonnexic 

appartenant au sJbstrat d 'interconnexion, mflrne epres avoir muni 

les pastillea~o.rmnnt circuits integres~dc la coucbe auper~icie1l.e 
10 de resino isolante soupJ.e et dispose et/01:1 ~ixe et/ou ·roJ.J.e 

el. ectr.iquement ces past1.1les su.r le ou au auhstret d • intercoa­

nexion, cc qui eli.m~ne ! •inconvenient c) 111eotionne plus haat:. 

L 1 invention presente eussi: \Ul ~vant~e-::!nlpplecnentaire 

e.xpose ci-aprea. Par le choix judicieu.x dee doux re.sines et d•ua 
15 agent de soh.:.:;i.lisation ou d•er1lev«nent ael.octif via-a-vi.a de 

celles-ci, par exanplo un solvant organique 8gissant s~.lective­

ment vis-a-via desdites ri:sines, il est posaiblo d'el.i.mi.ncr l.a 

coucho externe sans· enlever, voire s.ana alte.rer d•aUC'Wle . . 
maniere. la couche st1perficielle aous-j accnto rocouvrant .la ~ace 

20 active de chaque pastille, de fac;on a pennettre l.o~ reparations 
selectives du circuit d•!nterconnexion, dea plota ou dea conduc­
teurs de li~ison precites. 

Bien entcndu, on peut aussi procednr a .l~enlevement even­
tual de la coucbe superficielle d•une pastille isolee proteQeo 

25 conformemant 8 ltinvention OU bien a .l•enlevernent des deUX cou­
ches do protection d'un sUbstrat d'interconnexion equipo de cea 

pastilles, soit a l•aide d•un aeul agent de solubilisation 

agissant su.r lesdites dewc couches, soit a l'aide. successive­
ment. de deux agents agi.ss.ant selectivement et successivement 

30 sur chacuno desditos couches ot ce, afin.de reparer eventuell.e­

ment certains circuits i.ntegres·~u d'en modifier ~es caracteria­

tiques electriques. 

Salon un modo de r~a11·sation _prefcre de la presente inven­
tion, la quantite de resine de la couche superfic1elle de chaque 

35 pastille est tollo quo la surfuce extorne de cette couclie fait, 

au nivcau dos bords de la xaco active de la pastille. un angle 
de l'ordre d~ 25 a 45 dcgres. ces valaurs etant liees au p.rocede 
prefcrublcment miJ en oo~v.co pour former ladite coucbe super­
ficioilo ainni qu'il appara1tra plus loin. 
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Un procede·d'obtent1on d'une pastille ~ormant circuit 
integre selon l'invention est caracterise en ce qu'il consiste 
a recouvr~r la tace active de ladite pastille d'une re~ine iso­
lante, a 1'etat 11.uide ou pateux, et·a provoque~ la prise en 

5 .masse de celle-ci par polymerisation (par exemple par chau:f~age 

et/ou sechage), de ~a~on a obtenir une resine isolante,soupla 
ou sous ~orme de gel, et a re~roidir enauite ce gel pour 
obtenir un gel sol1d1~1e. 

Selon un mode de realisation particu1ier de ce procede, 
10 permettant le garnissage, par la resine isolante de la couche 

auper~icielle, de l'espace eompris entre la ~ace active.de la 
pastille et 1es departs des conducteurs de liaison au vo1s1nage 

des bornes de la pastille, un tel e~pace 'J)ouvant .par exemple 
@tre d'une hauteur aussi ~aible qu'une d~zaine de microns, on 

15 applique tout d'abord une premiere sous-couche de.la resine iso­
lan~e precitee dans un etat su£~isamment !J.uide pour quta.le 
s' ecou1e dans l • espace prec.: te et le garn.isse, on prend cet·te 
resine en masse par polymcr.:sation, et on applique ensuite, sur 

ladite premiere sous-couche, une lleu.xieme sous-couche de la m@me 
20 resine. mais dans un etat plus visqueux, obtenu do pre~erence pa: 

pr6polymerisation, cette seconde sous-couche 6tant sous une 
epaisseur plus grande que la premiere sous-couche, A la suite de 
quoi on prend en ~,sse ladite seconde sous-couche, par poursuite 
de !a polymerisation. . 

25 Pour obtenir un substrat d'interconnexion protege, compor-
tant une pastille £ormant circuit intcgre protege, on peut 
proceder avantageusement de la £a~on suivante: on e££ectue, 
pour lcs differcntcs pastilles portees par le substrat, l'appli­

cation de la couche super~icielle dan~ les conditions indiquees 

30 ci-dessus, a la suite de quoi on realise·l'applic~tion. s~r la 
sur£ace active du substrat, de ~a resine constitutive de la ·cou­
che cxterne precitee, de telle sorte que celle-c! puisse·acquerir 
son etat £1nal isolant electriquemcnt, rigide et mecaniquement 

resistant. 
35 La resine isolante de la couche super~icielle et/ou celle 

de la couche externc peuvent ~tre appliquees, ~ous forme prepoly­
a:cri!:~e ou non-polycer;.scfo, cvcn"tuellcmeni; en l 'absence de tout 
so:'.vant ou acent de dispc!·sion, co:nrne cela est possible 

dan~ le cas de 1~ resinc ce silicone "Xll 90714". 
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La dt1n:mderesse a determine les conditiona optimales de. 

mouil.labil.ite de la resine de la couche superfici~l.e precitee, 

lors de son application sur la face scti ve d 'une pastille, via­
A-v.ia de cette face active ; .l'angle de raccordement 9 du film 

5 ou goutte de resine place sur l.adite fac~ active doit &:tre de 
preference do l 'ordrct de 22 a 45 dcgrea 1 pour une val.eur de 
1~angle e in~erieure is 22 degres, la mouill.abilite est 'trop gran­

de et la faiblease de cet engle do raccordement est te.lle que 

1 11 epaia:scsur moy~e de l.a couche supe.rfioielle est trop fai.ble 

l.O pour assurer uno protection efficace de ladito £ace activo 1 une 

epaieseur appropriee · est d' environ 2 rrsn au centre de la pastille 

fo.rmant circuit i.ntegre 1 d' eutra ~rt. J.e riaino risque de oou1er · 

au-dela. du contour de ladi te face active 1 pour uo angle de rac­
cordement e superieur a environ •s degrea, l'adherence entre la 

15 couche superficielle de resine et ladite faco active eat trop 

faibl.e et cetto couche risque do i:se decoller apont~ement ou 

d•~tre ~ccidentellanent arrachee; co ··qui deteriore la pastil.le 

ou au moins nuit a la qualite ou efficacite de aa protection. 
D•autres caracteristiques, buts ou avantaqe~ de la prescn­

te invention appara1tront au·cour:s de la description ci~prea, 

en reference aux figures 3 ii 11 ~i-a_nnexees dans lesquel.l.e.s 1 

- la figure 3 represent·e, en coupe transversaJ.e, une ~a­

tille formant circuit electrique integre protege confonne a 
la presente invention: 

25 - la figure 4 est une vue de dessus de cette rntlme pastille: 

- la figure 5 represento une vue en coupe tran:sve.rsalo 

d'un circuit d 11 1nterconnexion equipe de pastilles,· formant cir­

cuits electriques 1ntegres protcges, tant ce:s pastilles quo 

i•ensemble du substrat d•inte.rconnexi<:>n equipe dosdites pasti.l-

30 les ctant conformes a J.a prescnte invention 1 

- la figure 6 represente ~e vue en coUpe transversale du 

mtma substrat d'interconnexion que sur la figure 5~ apres reali­

sation d'uno protection comp1ementaire de ! •ensemble de la face 

active de.ca substrat, ce mode do r~alisation etant egalement 

35 con£on~o a !•invention: 

- la figure 7 represents une vue en coupe transversale 

d•une past122' ·~ formant circuit integrc protege selon l' invention, 

au cours do son procossus d•obtention; 
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1a figure 8 represents une vue e:"l coupe transversal.e 

d'un fragment de substrat d'interconnexion, d'une -pastil1e for­

mant circuit electrique 1.ntegre p.rotege sel.on la pre~ente inven­

tion et d'un film de positionneme.nt de cette pastil.l.e., cetto . . 
5 figure illustrant la localisation de 1•etape d'obtention de 1a 

pastille formant circuit integre protege,dan3 le cadre d'un 

processus connu d•adaptation d•une tel1e pastille sur-~ s_ub:,trat 

d•interconnexion 1 

- la figure 9 represente une vuci_ de dessus de 1 • ensemble 
10 represente sur la figure 8, ~ echelle redui"bprrei:port a~ ti.s.rre 8; 

- la figure 10 est une vue en coupe transversale d•une 

pastille formant circuit electrique integre protege aclon l•in­

vention, ou l'on montre l.'angle de raccordement a entre la 

resine et la couche superficielle, a l.•etat fiuide, et la face 

15 active de la pastil.1e 1 

- la figure 11 est un abacque repreaentant le cosinus de 
l 'zmgle de raccordement e en fonction de l.a- tension superficle1-

le de la resine a i•etat fluidc, en dynes.an-1 
1 et 

- la figure 12 est une vue en perspective representant 

une pastil1o fonnant circUit electrique integre protege conforme 

a l'invention ot du fra~ent du substrat d'interconnexion qui 

let porte. 

On voit.sur 1es figures 3 et 4, une pastille formant cir­

cuit elcctrique integre protege comportant un corp::. de pasti1l.o 

25 6 avoc sa face active 6a portant des element& 6e circUit {non 

reprcsentes) relies aux bornes 7 et aa face inactive 6b foxmee 

d•unc couche isolante de support, les conducteurs de liaison 8 

dont l'une des extrcmites est soudcc ~uxdites borncs 7. et la 
. . 

coucho superficiello protectrice 9 en resine 1:solante electri-

30 quemcnt et souple: cotte derniere, dans une variante confonne 

a la presente invention peut ~tre remplacee par une resine iso­
lanto sous fo.rme d'un gel sol!difie du type indique plus haut. 

On renarque que !c1 couche suporficiell.e isolante 9 ne 

s•et~ld pas au-dela du contour 10 do l.a face active 6a. 

35 Les fi9ures 5 et 6 mo~trcnt un substrat d 1 interconnexion 

designe par la reference gencrale 11, qui comporte, de maniere 

connuo en soi uno coucho isvlunte de support llb qui fonne la 

faco inactivo du~it su!:>strat et, au-dessus de cotte couche llb, 

une pluralit~ de couches isolantes comportant des traversees 
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conductrices tel.les que 12 .ains1 que, aux inter:fae:es entre ces 
couches et sur le dessua de la couche superieure, des conduc­

teurs tous designes par la reference_generale 13 et ~o:niiant, 
dans la !ace active 11a du substrat un circuJ.t ~'1nterconne~on 

•. comportant des plots tels que 14. De maniere connue en soi, 
des pastilles !ormant circuits integres ont ete collees sur la 

·tace ae~ive 11a dudit substrat d'interconnexion et les cc;,nduc-­

teurs de liaison 8 desdites pastilles ont ete soudes sur 1es 
plots 14. con.rormement a la presente ~vention, la !ace active 

0 6a des pas~illes est recouverte ~'une couche super~icie1le 
de resine iso1ante souple 9, comme indique prec,demment a 
propos des ~igµres 3 et 4. 

Dans le mode de realisation de la ~igure·5. les conducteura 
de liaison 8, les plots 1~ et le circuit d'interconnexion porte 

5 par 1a !ace active 11a du substrat d'interconnexion 11 ne 8ont 
_pas recouverts d'une resine isolante, ce qui. perme~ 1e remp1ace­
ment eventuel des pastilles £ormant circuits integres par d'au­
tres pastilles du m~me type. p::uvant !'ormer dea circu.i ts integres 
ayant une autre structure electrique, sans qu'11 soit n6cessaire 

·o de proceder a une dissolution quelconque de resine com.me dans 
les circuits electriques integres proteges par resine de.l'art 
ant~rieur. 

Dans le mode de realisation de la iigure 6, les couches 
super£icielles 9 de resine isolante electrique~ent et souple des 

5 di~ierentes pastilies 6a sont recouvertes, de mPme que toute 1a 
iace active libre du substrat d'interconnexion 11, d'une coucbe 

externe 15 en W1e resine isolante electriquement, rigide et 

douee d'une resistance mecanique elevee ainsl que, de pre~erence, 

d'une durete elevee, ce qui permet d'accro1tre ~a protection de 
iO l'ensemb1c du circuit vis-a-vis des aecnts mecaniques et chim.i­

ques y compris les plus usue1s t~ls que l'humidite, l'action de 
l'air, les vapeurs agressives, les poussieres. etc. 

La r6sine de la couche superiicielle g·est ~otamment 1a 

resine de silicone connue sous la denomination commercia1e 
55 nXR 90714" tandis que.celle ce 1n couche externe 15 e~t notam­

rumt :!.a re sine de silicone o:nnuc so..s la oomm.inltion comme:rciale "XR 6!.B"r 

ou la resine 11 XR 90714" ou le gei de silicone 1193-6527 1~. 
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La figure 7 mone.ra convnent peut stre obtent:e \lne !)a,Stil.J.e 

fonnant circtdt e1ectrique intcgre protege, confo.rme a l.~inv~­
tion. Cette pl1St1l.1o, sur les bornes 7 de la surface active 6a 

de J.aque1l.e on .:i soude des tron'wOns de conducteurs 8 (dont le.s 

5 extrem.1.teo opposees aux borne.:s 7 restent ici provisoirement 
11hrea), est placee sur un aupport eppropri6 16, a la .suito de 

quoi on appl.ique l.a coucho superficiel.lo de resine 9, soit on 
p.rocedant en une oeule .ipplication, eoit en procedant en deux 

appl.ications de l.a maniere indiqueo ci.-epre:s dan.:s le ca:, de 

10 l.•util.i.sation do l.a re.sine de silicone •XR 90714• ,. 

On modi~ie tout d'abo.rd l.e.s caracteristiquea d•ecoule­
~ent de lo res~ne XR 90714 disponible dans l.o coame.rce en aug­

rnen.tant sa viscosite par polymerisation partiell.e ou prepolyme­
risation. sous l.•action d•un chauffago 1 cel.ui-ci est effectue 

15 pendant 2 au.nut J., a 125• c. ce qui donne un. p.roduit dont 1a 

viscosite est de 6000 cantipoises a 20•c ~taaps de cuontee a 
12s•c : 3 minutes ; temps de de.:sconto a :20•c r 2 minutes) 1 dans 

cc.:s conditions l'etal.ement de la resine aur 1a face active de 

l.a pa.stil.le, a 20• c, est regul.ier et l. • an9l.e de rac:co.rdement e 
20 est cocnpris entre 25 et 4S•C,· ce qui donne une epaisseur moyen­

ne suffinante a la couche suporficiell.e. 

I 

' I 

I 
f 

' I 
l 

Le tabl.eau ci-apres montre·1•influenca do la dureo du 
chauffage a 12s•c sur la qualite du dep6t de resine sur la ~ace 
act~ve de ~a pastille formant circuit integre. 

Temps de maintien a 125°c 

0 mn I 2 mn 3 mn 5 mn 

Viscosite a 14 000 ' 6.000 ?PS i 9.000 cps 25.000 cps cps 

I I 20°c i'luide sirop 
; l ' 

Forme du depOt I 
de resine J I depe,t 

npres I etalernent f .. 
correct polymcrisa- ; -crop impor-: 

I ta.nt , 
tion complete 

I 9< 25° :2s·0 <8(45° 

i 

pdte grai.sse 

correct irregulier 
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Pou.: 1'application proprement dite de la re~in6 XR 90714 

precitee on procede elors comme ii auit, 

- on etend tout d'abord, a l•aide d'un fin pinceau. une 

couche de resine non-prepolymcirisee sur la face active de 1a 

5 pastille 1 cette resine non-prepolymerisee est suffisanxneot 

flu:f.de pour s•etaler parfaitement sur toute la surface activ~ ot 

notanment dans 1'espace de faible epaisseur 5itue sous 1es 

departs des conducteurs de liaison, au voisinage des bornes de 

la pastille 1 on. effectue ensuite la polymerisation pendant l 

10 hcure a 12s•c (la resine ayant ete auparavant additionnee de 10% 

d•un catalyseur approprie} 1 

- on utilise ensuite la resine XR 90714 ayant ete prepoly­

merisee pendant 2 minutes a 125°C, de la maniere .indiquee ci­

dessus, et contenant egalement la proportion precitee de cataly-

15 seur, 1'applic~tion de cette aeconde sous-couche Qo resin~ 

XR 90714 a'effectue a· l'aide d'un fin pin<::eau: toutefois, en 

raison de la plus grande viscosi~e de la resine, op obt~ent une 

couche superficielle 9 d•une epaisseur suf£isante, qui n•aurait 

pu f!tro obtenue avec la seuJ.e re.sine fl uide non-prepolymerisee 

20 (l•angle do raccordement e aureit alors ete trop faible) ; on 
effectue la polymerisation de cette secondo sous-coucho par 

chau£fage a 12s•c pendant 2 heures. 

Dans le mode de realisation des figures 8 et 9, on a prece­

de a l'application ae la couche superficielle 9 des pastilles 

25 formant circuits integrcs 6 apres avoir, de maniere connue en 

soi, rendu lesdites p~stilles solidairos d•un film .de support 17 

permettant le prc-positionnement des pastilles 6 par rapport au 

substrat d'interconnexion 11. 

Ce film do support 17 est pourvu de fen&tres telle:> que 

30 17a dans lesquelles sont logees les pastilles 6, a cet effet. 

le fil.m 17 comprend des bandes conductrices, telles que 18, obte­

nues par metallisation de la surface du film 17, lesdites bandes 

se prolongeant, en l8a 1 a\.l-dessus des fenOtres telles que 17a, 

ces prolongcments ·1aa etant destines a forme.r 1es conducteurs 

35 de liais:n O'reliant les bornes 7 des 
0

pas~illes aux plots 14 de la 

face activo lla du substrat d•interconnexion 11. 

De man!i!re connue en soi, on a centre les pastilles 6 dans. 

les fenOtres tellcs que 17a, olles-mbnes ccntrees au-dessus des 

emplacements de la face active d•.1 substrat d'interconnexion 11 
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qui sont destines a recevoir iesdl~~~ ~u~~!!~~=~ 

On procede alors1 cor:iformement a la present·e invent1~1 a 
1•~ppli~~tion de la coucl1a ~~pcr.ficlell~ 9 do r~3ine !solanta at 

a s~polymeriaation (dans la position representec en tx~it~ 
5 continus sur la figure 8). 

De maniere en soi connue, on decoupe ensui.te.., sUivant ie 
contour 19, les bandos conductrices 18 et, la face i.nactive 6b 

des pastilles 6 etant rcv&tue d•une composition.adhcsive1 on 

appl.ique leooites pastilles aux emplacements correspondants de 

10 l.a face active lla du substrat d•interconnexion 11., de maniere a 
fixer lesdites pastilles sur ce substrat; on procede alors au 

se~hage de la composition adhesive et: au soudage des prol.ongo­
menta 18a, dcvenus les conducteurs de liaison 8, sur l.es pl.ots 

14 portes par la face active du substrat d•interconnexion 11. 

15 Lorsque C-"3tte operation est 'ten~11nee, et apr~s toutes les 

verifications souhaitabl.os, on procede a l•application de 1a 

couche externe 15 tle resine rigide et resistante mecaniquement, 

non representee Bur la figure 8, mais visible sur l.a figure 6. 

On retrouvo sur la figure 10 l.a pastil.le forr.·,~.nt circuit 

20 in~egrc 6, rnunie de lll couche superficiel.l·e de re!Jine !sol.ante 

nouplo 9 dont l•anglo do raccordcment avoc la face active 6a de 

la pastille 6 est designe par l'angle e. La courbe de la figure 

l! donne le cosinus de i•angle e en fonction de la tension super­

ficielle a l'etat non-polymerise de la resine (l•angle e n•est 

25 substanticl).ernent pas modifie !.ors de .la polymerisation de la 

resine sur la face active de l.a pastille). Pour les raisons 

ind:'..quecs p:'. us haut, l 'angle de raccordement €' est de preference 

compris entro 2s• ct 45•, co qui correspond_a cos e compria 
ent-a environ 0,9 et 0,7 et p«r consequent, a une tension super-

30 ficielle comprise oatre environ 30 c~ 36 dynes/an. c•est done 
cett~ tension suporficielle do la rcsine util.isee,relativement · 

a la faco nctiv~ de la p~stille, que doit possedcr la resine au 

moment do sen arpl.ication. 
Il convicnt d•ajouter quc,rour cbtenir une couche super-

35 ricielle pr~sontant los ~cillcures cur.~cteristiques possibles. 
il. corivicat de dcgil::er la rc:"•Dino, ce qui est par exempl.e obtenu 
par mainticn pertrl,mt 20 m:tnu~as !.O'.ln uno prossion de 2 mmHg. et 

de mottrc- en oeuvro un ap.:-.-ircillago c1utomatiquo pour appliquer 

l.a rcsinC'* i'.o m.inicre a O=>tcnir dC:J conditions precises ~t 
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reproductibles d'applicatioh; a titre d'exemple·non 11mitati£, 

on peut uti~i3er un di5positi! de delivrance de gouttes liquides 

~abrique par la r1rme Laurier Associu~o~ I~~., ~~d~l~ M101: les 
goutteS etant de pre.f'erC-:tCe deli VreeS 3. une distance de .. ). I Ord.re 

5 de 2 mm au-dessua de la ~ace active des pastilles. 
On retrouve sur la figure 12 le substrat d'interconnexion 

11, les plots 14, les conducteurs de linison 8, la pastille £or­
mant circuit integre 6 muniE de sa couche super£ic1elle 9 de 

res1ne isolante souple; on remarque que l'angle de raccordement 
·10 g presente ici une valeur de · 1 1 ordre de 40 a 45°. 

La viscosite de la resine~XR. 648
1
au moment de son applica­

tion doit ~tre de pre~erence comprise entre 80 et 140 centipoi­

ses ; elle est alors en melange avec une quan"ti te sensiblem·ent 
egale de xylene '49 a 52% de solides dans la resine £luidi£iee); 

15 une epaisseur de 1,5 mm de la couche externe, au-dcs3us de la 
couche super£icielle, est su££isante. La polymerisation de cette 

res~ne s•er£ectue par ~hauffa&e a 150°c pendant 2 heures. 
Au lieu d'utiliser la rcsine "XR 90714" pour .former l.a cou"'.'" 

che superficielle, on peut ~ormer un gel 4e silicone de la 
20 manicre suivante : on mclancc, au moment de constituer cette 

couche, la resir.e de silicone A et le durcisseur B du produit 
connu sous la· denomination commerciale Q3-6527 {Dow Corning) : 

on obtient un m~lange de densit~ 0,97 don~ la viscositd est de 

510 centistokes ; l'extrait sec est de 98,2% • apres application 

25 du melange d·..: melange ainsi obtenu, on polymerise la re sine 
pour obtcnir un gel, dans !es conditions suivantes: chau:!'fage 

a 65°C pendant 4 h~ures, puis a 100°c pendant 1 heure, puis 

a ~50°C pendant 15 minutes. 
La reparation c! 'un ~ubslral rcvetu de la -

30 couche super.ficiellc 1s constituc de I 1une des rcslnes isolantes precitees 

peut @tre e.ff'ectuee par_ctissolution de ladite couche dans 
divers solvants vrcaniques ; l'un de ceux qui sont l.es plus 

f'aciles 5 mettre en oeuvre et cclui connu sous la denomination 
corn:nerciale 11 W£HA-SOLVE SI" (S. c. P. C.) qui permet l'el.i-

35 mination de ladite couchc supcr.fic1elle par diges"tion a la 

suite de l'irn~crsion de laditc pastille ou de l'immersion d 1 une 

par~ie du circuit dtintcrc0nnexion pendant par exemple 6 iIUl 

a 110°c dans ce solvant; lcs part~c~ m6tal1iques et l.es couches 
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f 
de matiere isolan~e ne sont pas attaquees (aucune corrosion) 

tandis que l'adhesion de_ la past+lle au substrat n'est pas 

alt~ree a cond~tion de bien rincer le solvant apres digestion 
et d•avoir choisi une colle ou·· composition adhesive appropriee 

5 pour la ~ixation de la pastille sur le substrat. 
Bien entendu, l'invention n'est nu11ement limitee aux 

modes d'execution decrits et representcs qui n'ont et& don.,es 
qu'a titre d'exemple. En particulier~ elle co~prend tous 1e~ 
moyens constituant ces equivalents tec:miques des moyens 

1 o decri ts . ·. !1Si que leurs co?::binaisons, si cel1es-ci sont 
executees suivant son esprit et mises en oeuvre dans le cadre 
des revendications qui suivent. 

t. 
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Richard Halm, 7061 Baltmannsweiler, SilcherstraBe 54 

"Vorri.chtWlg zurn Verbinden eines Elektromotors mit einem Arbeits­
erat" 

Die Erfindung betrifft eine Vorrichtung entsprechend dem Qberbe­

griff des Anspruches 1. 

Bei einer bekannten Vorrichtung dieser Art sind die gegenseitig 

angepaBten Gehause des Elektromotors und des Arbeitsgerates Wlmittel­

bar miteinander verbunden und der Lagertrager ist innerhalb des 

Motorgehauses untergebracht. Der durch die Form des Arbeitsgerats 

bedingte AnschluBflansch des Motorgehauses hat meist einen ver­

haltnismaBig groBen Durchmesser, was einen verhaltnismafiig hohen 

Werkstoffaufwand zur Falge 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 Temperaturbest~ndigkeit 
. . . 

bei hoher Fllissigkeitstempera~ur und hoher Wicklungstemperatur 

nachteilig auswirkt. Eine mechanische Verstarkung des Flansches 

ist oft aus technischen und wirtschaftlichen Griinden nicht moglich. 

Das Motorgehause mua der jeweiligen Form des Arbeitsgerates ange­

paBt werden, was bei der Verschiedenartigkeit der Gehause der 

Arbeitsgerate auch andere Gehauseformen des Motors beding~. Hier-

-2-
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durch entstehen hohe Herstellungs- und Formkosten ftir ein Kunst­

stoffgehause. Haufig ist das Ein- und Ausformen der GieBlinge 

des Motorgehauses schwierig (DT-OS 2 135 433). 

Der Erfindung liegt die Aufgabe zugrunde, die Form des Motor­

gehauses weitgehend zu standardisieren. Diese Aufgabe wird durch 

die Merkmale im Kennzeichnungsteil des Anspruches 1 erfindungs­

.gemaB gelost. Durch die Zwischenschaltung des Lagertragers zwischen 

die Gehause des Arbeitsgerates und des Elektromotors ist es mog­

lich, die Form des Motorgehauses zu vereinheitlichen und an einer 

einzigen Art von Motorgehause bei entsprechender Ausbildung des 

jeweiligen Lagertragers jeweils eine andere Gehauseform des Arbeits­

gerates anzubringen. Hierdurch wird die Anzahl der zur Anbringung 

an unterschiedliche Gehause der Arbeitsgerate notwendigen Bauformen 

des Motorgehauses wesentlich verringert. Es muB zwar jeweils 

der Lagertrager an die Form des Gehauses des Arbeitsgerates ange­

paBt werden. Diese MaBnahme ist jedoch weniger aufwendig und 

weniger schwierig als die jeweilige Anpassung des Motorgehauses. 

Dieses laBt sich in einfacher Weise derart ausbilden, daB ein 

geringer Materialverbrauch vorhanden 1st, daB sich nur geringe 

Formkosten ergeben und daB sich der GieBling des Motorgehauses 

in einfacher Weise ein- und ausformen laBt. Der Lagertrager kann 

auBerdem in der Weise ausgebildet werden, daB er einen Tei! des 

statischen Druckes auf seiten des Motors aufnimmt und der Motor 

nur noch einen geringen ~estdruck, wenn das Arbeitsgerat eine 

Pti.rnpe, insbesondere eine Heizungsumwalzpumpe, ist~· 

Weitere Vorteile ergeben sich aus den tibrigen Ansprilchen, der 

Beschreibung und der Zeichnung. In dieser ist eine mit einem 

Motor versehene Heizungsumwalzpumpe als Ausflihrungsbeispiel des 

Gegenstandes der Erfindung im Teillangsschnitt schematisch darge­

stellt. 

-3-
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Eine Heizungsumwalzpumpe 1 hat ein Pumpengehause 2, dessen Saug­

seite mit 3 und dessen Druckseite mit 4 bezeichnet sind. Inner­

halb des Gehauses befindet sich ein Laufrad 5. Das Pumpengehause 

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 10 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 10 ein Dichtring 13. 

Der Motor 11 hat ein aus GieBharz bestehendes Mo~orgehause 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 Pumpengehause 2 

hineinragenden und den Lagertrager 7 durchsetzenden Ende das Laufrad 

s tragt. 

Das Motorgehause 14 hat auf seiner der Heizungsumwalzpumpe 1 benach­

barten Seite einen kreisformigen Ringflansch 21, der geringfligig 

iibersteht und auf seiten der Heizungsumwalzpumpe 1 eine Stlitzstelle 

fur die Anlage der Stutzstelle des Lagertragers 7 hat. Dieser. 

~gibt mit seinem Flanschteil 22 den Ringflansch 21 _mit Spiel. 

Der Flanschteil 22 weist radiale Vorsprilnge auf, von denen nur 

ein Vorsprung 23 dargestellt ist. Der Vorsprung 23 1st <lurch 

eine Befestigungsschraube 24 durchsetzt, die in eine Gewinde­

bo~rung im Pumpengehause 2 eingeschraubt ist. Zwischen dem Kopf 

-4-

709810/0208 

.... ·--------



Mitsuba - 1009 
Page 328 of 422

0 

5 -

2539492 

21. August 1975 z 
P 6294 

Patent a n-s- pr tic he 

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 Arbeitsgerat angeordnet ist, dadurch g eke n n z e i ch -

net , daB der Lagertrager (7) als zwischen den gegen-

seitig nicht angepaBten Gehausen (2, 14) angeordnetes und 

diesen jeweils angepaBtes Verbindungsstilck ausgebildet ist, 

an das auf der einen Seite das Motorgehause (14) und auf 

der anderen Seite das Gehause (2) des Arbeitsgerates ange­

schlossen sind. 

2. Vorrichtung nach Anspruch 1, dadurch g eke n n z e i ch -

net, daB der die Gehause (2, 14) voneinander trennende 

Lagertrager (7) auf der einen Seite einen in das Motor-

gehause (14) eingreifenden Vorsprung (9) und auf der anderen 

Seite einen in das Gehause (2) des Arbeitsgerates eingreifenden 

Vorsprung (8) aufweist. 

3. Vorrichtung nach Anspruch 1 oder 2,_d~durch g eke n n -

z e i ch net, daa der Lagertrager (7) einen Flansch 

aufweist, an dem auf der einen Seite der in das Gehause 

(2) des Arbeitsgerates eingreifende Vorsprung (8) und auf 

der anderen Seite ein einen Flansch (21) am Motorgehause 

(14) mit Spiel Gbergreifender Flanschteil (22) und eine 

Stiltzste11e fur den Lagertrager am Motorgehause vorgesehen 

sind. 

-6-

'709810/0208 



Mitsuba - 1009 
Page 329 of 422

- 6 -

2539492 

21. August 1975 z 
P 6294 

4. Vorrichtung nach einem der vorhergehenden Ansprilche, dadurch 

g eke n n z e i ch net, daB mindestens ein am Lager­

trager (7) angreifendes Befestigungsglied (24) zum Befestigen 

der Gehause (2, 14) von Elektromotor (11) und Arbeitsgerat 

(1) an dem Lagertrager dient. 

5. Vorrichtung nach Anspruch 4, dadurch g eke n n z e i ch -

net, 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 

Gehause (14, 2) ansteht. 

6. Vorrichtung nach einern der Ansprilche 2 bis S, dadurch g e -

ken n z e i ch net, daB der in das Motorgehause (14) ein­

greifende Vorsprung (9) in dessen Statorbohrung (10) zentriert 

ist und daB der in das Gehause (2) des Arbeitsgerates (1) ein­

greifende Vorsprung (8) ~ich am AuBenumfang des Lagertragers 

(7) im Bereich von dessen das Motorgehause Ubergreifenden 

Flanschteil (22) befindet. 

709810/0208 
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TITLE SPINDLE DEVICE, SPINDLE MOTOR, 
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SPINDLE MOTOR 

ABSTRACT PROBLEM TO BE SOLVED: To obtain a spindle device ir1 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 7 A 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 1 OA, to float a spindle 2A to a spindle 
support member 1 A, so as to be going to fit the center of the ring magnet 1 OA 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 7 A and a 
radial bearing movable member SA 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 (NARO). 
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PATENT APPLICATION FEE DETERMINATION RECORD ·,// · titr r-~I~ Sut>sittute ror fol'l'l'I PTo-875 ·. EfteC11Ve Decembtf 8. 2004 
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APPLICATION AS FtlEO - PART I . OTHER THAN 

(ColUITr'l 1) · (Colutm 2) SMAl.1. ENTITY OR SMAl.l ENTITY 

FOR NUMe.ER FILED NUliilt!ERExtRA RATE 111 FEE Al RATE ISi . FEEm 

BASIC FEE 
()7 CFA I 1111•1 f~I 1:1 fell 

NIA NIA NIA ,so.oo NIA 300.00 
· SEARCH FEE NIA NIA NIA $250. NIA $500 Cl7 CFA I IO(k). (•I. OIi (mil 

EXAMINATION FEE NIA NIA NIA $100 NIA ·$200 Cl1 CF'A 1 IO(Of. IP). o, ICU) 

TOT AL CV.IMS ... 
XS25 )($50 (37.CfR 116(1)1 m1nw20" 

. • OR • 
INDEPENDENT Ct.AIMS ... . X100 X200 (37 CfR 1 16(11)1 m1n11113 '" • • 

If lhe speei~tlon and drawtngs exceed 100 
APPllCAllON $1.Zf sheels of paper, the application ~e fee due 

: 
. FEE 1$ $250 (S12S ror small entity) for each 

(37 CfR 1 16(1)) additional SO sheets or fr.lc:tlon thereof. See · 
35 U.S.C. 41fa)t1l(G) and 37 CFR U6lsl. 

MlJt: TIPlE DEPENDENT CLAIM PRESENT (37 CfR 1 IG(JII . +180a +360w 
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l 
,, 

APPLICATION AS AMENDED - PART II 
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AFTER PREVIOUSLY EXTRA llONAL TIONAL 

~ AMENOMENT PAIOFOR FEE l'l\ FEE m 
w TOlal . 

JC, Minus - J./1. • XS.25 XS50 
t5 01 c,11t 1.11111;11 • OR .. 
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A00'1.fEE OR ADO'LFEE 
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la collectlon ol information • requited by 37 CFR 1.1cs. The '110ffl'llli0n b ,equlnd lo o.btaln o, retain • benel'd by the pubfic which Is to m, (and by tM 
PTO to pioce$g) ao.applicalion. Conrdentlality Is QOVemed by 35 U.S.C. 122 and 37 CfR 1.1'1. This c:o!laction k estimated to lake 12 minutes to ~. · 
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the amount ol llmll you require to complet!I this ronn and/or sugg•llons for reducing this burden, ~Id be cent to the Chief lnferma1ion Offioer, U.S. Patent 
f Trademarl( Off'ice, u.s, Depal'l.m8nt of Commerce, P .0. Boie 1450, Alexandtla, \/A 22313-1'150; DO NOT SEND FEES OR COMPlETED FORMS TO nus 
DRESS. ~ENO TO: Cpnvnlssfoner for Patents, P.O. Box 1460, Alexandria, VA 22313-1450. · · 

If ,w nHd 8$$1$tanc;e Ill completir/g 118 l'oml, c:aq 1·800.PT0.9199 end :select option 2. 
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3'1· . . ~ 64 ·-35 65 
36 66 
37 87 
38· \ ee 
39. 69 
40 90 
41 91 
42 92 
43 93 
44 94 
45 95 
46 96 
47 97 
48.· 98 
49. 99 
50 100 

Total 

~U )J -JJ 
Total 

JJ )J r-JJ lndep lndep 
Tolal Total 

DeP8nd Depend 
Total 

.1 I I Total I ,. I Claims Claims 

··---·---.... ---------



Mitsuba - 1009 
Page 351 of 422

Ref 
# 
t .. .,, 
:: : 

L2 

Hits Search Query DBS 

39 (("5,334,897") or ("5,345,129") or USPAT 
("5,382,852") or ("5,396,210") or 
("5,400,218") or ("5,414,317") or 
("5,459,190") or ("5,461,772") or 
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("5,587,617") or ("5,592,731") or 
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("4,868,970") or ("4,954,739") or 
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Office Action Summary 

Application No. 

10/383,219 

Examiner 

Burton S. Mullins 

Applicant(s) 

NEAL, GRIFFITH D. 

Art Unit 

2834 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE J MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )[81 Responsive to communication(s) filed on 19 September 2005. · 

2a}0 This action is FINAL. 2b)[81 This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)[81 Claim(s) 1-10.25.29,30,33 and 34 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)[81 Claim(s) 34 is/are allowed. 

6}[81 Claim(s) 1-8.10,25,29 and 30 is/are rejected. 

7)[81 Claim(s) 9 and 33 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

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

3.0 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)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [81 Notice of References Cited (PT0-892) 
2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 
3) [811nfonnation Disclosure Statement(s) (PT0-1449 or PTO/SB/08) 

Paper No(s)/Mail Date 9/05. 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of lnfonnal Patent Application (PT0-152) 
6) 0 Other: __ . 

U.S. Patent and Trademark Office 
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DETAILED ACTION 

Response to Arguments 

1. The indicated allowability of claim 1 is withdrawn in view of the newly discovered 

reference to Hsu (US 6,081,059). Rejections based on the newly cited reference follow. 

Claim Rejections-35 USC§ 102 

Page 2 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 

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

A person shall be entitled to a patent unless -

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

3. Claims 1-4, 6, 8, 25 and 29 are rejected under 35 U.S.C. 102(b) as being anticipated by 

Hsu (US 6,081,059). Hsu teaches a stator assembly, comprising: a) a plurality of discrete stator 

segments (fin arrays) 110 each at least partially encased with a phase change material (bobbin 14 

made of insulating material, i.e., plastic, c.5, lines 51-53), where,in the phase change material also 

comprises a bridge (hinge) 144 between adjacent segments to link adjacent segments into a 

continuous strip (Figs.3&4); and b) the linked stator segments being arranged and secured 

together to form the stator assembly 11 (c.4, lines 13-29; Fig.6). 

Regarding claim 2, the coil bobbins may be either pre-wound or wound after the bobbins 

engage the stator segments or fins (c.4, lines 46-50). In either case, the bridges 144 inherently 

"produce such a continuous linkage between segments that the bridges may be used to orient and 

manipulate the segments during wire winding" because the stator segments are linked by the 

bridges, thus allowing the segments to be "manipulated". 
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Regarding claim 3, the limitation that the packing density of the wire be in a range 

greater than 80 percent is inherent to Hsu since the coil windings 12, after the segments are bent 

to form the stator, completely fill the slots (Fig.6), thus fulfilling Hsu's intent of a higher 

winding capacity and output torque (c.5, lines 60-64). 

Regarding claim 4, Hsu's bridges 144 between adjoining segments 110 inherently 

" ... orient and position wire relative to the poles" since the bridges contact the coils 12 at their 

inner periphery (Fig.6). 

Regarding claim 6, the stator segments comprise discrete steel laminations 11 ( c.4, lines 

63-65). 

Regarding claim 8, the stator segments 110 are held in a toroidal shape by a retaining 

member comprising the core 100 with recesses 102 (Figs.8&14). 

Regarding claim 29, Hsu's linked bobbins 14 comprise the "flexible carrier used to link 

said stator arc segments" 110 formed by steel laminations 11, which are insulated from the wires 

12 by the bobbins 14. The limitation that the bobbins 14 are "adhered" to the segments is met 

by Hsu because it is a product-by-process limitation, and the claimed product is no different than 

Hsu's product which includes bobbins of phase-change material contacting the segments 110. 

Claim Rejections-35 USC§ 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented arid 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. 
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5. Claim 5 is rejected under 35 U.S.C. I03(a) as being unpatentable over Hsu in view of 

Nakamura (US 5,459,190). Hsu discloses the claimed invention except for phase change 

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

Nakamura discloses a polymer phase change material useful for insulating a motor and 

motor windings (Fig.I). The material has a thermal conductivity of0.188-0.7 Watts/meter°K for 

the purpose of assuring a good electrical insulation of the stator core, thus insuring high 

reliability of the machine. 

It would have been obvious to modify Hsu's phase change, insulating material and 

provide one with a thermal conductivity of at least 0.4 watts/meter°K at 23° C per Nakamura to 

assure good electrical insulation of the stator core and high machine reliability. 

6. Claims 7 and 30 are rejected under 35 U.S.C. 103(a) as being unpatentable over Hsu in 

view of Foerster (US 3,348,302). Hsu discloses the claimed invention except for a phase change 

material of polyamide ( claim 7) or a dielectric strength of at least 250 volts per one thousandth of 

an inch of thickness (claim 30). 

Foerster teaches a coil and bobbin structure wherein the bobbin comprises a cylindrical 

tube formed of an aromatic polyamide having temperature and dielectric properties that enable it 

to meet high thermal standards and maintain long periods of mechanical and electrical strength 

( c. l, lines 41-66). Further, Foerster' s bobbin meets the NEMA requirement that the bobbin be 

able to withstand an electrical stress between the winding and ground of twice the rated voltage 

plus 1000 volts meets the claimed dielectric strength. 

It would have been obvious to modify Hsu's phase change material and provide one 

made of polyamide or with a dielectric strength of at least 250 volts per one thousandth of an 
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inch of thickness per Foerster to enable it to meet high thermal standards and maintain long 

periods of mechanical and electrical strength. 

7. Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hsu in view of 

Tanaka et al. (US 4,015,154). Hsu discloses the claimed invention except for overmolding the 

toroidal stator segments in thermoplastic material. 

Tanaka teaches injecting molding of a stator core with plural teeth 14 using a 

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

64-66), which encapsulates the stator accurately due to its fluidity ( c.4, lines 30-55). 

It would have been obvious to modify Hsu and provide a thermoplastic overmolded on 

the stator per Tanaka to encapsulate the stator with a material providing accurate, fluid molding, 

thus improving manufacture. 

Allowable Subject Matter 

8. Claims 9 and 33 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. Regarding claim 9, the prior art does not teach that the retaining 

member comprises a metal band. Regarding claim 33, the prior art does not teach or suggest that 

the bridge is formed by interconnecting two mating sections formed from the phase change 

material. In particular, Hsu's bridges 144 do not comprise two mating sections interconnected. 

9. Claim 34 is allowed. The prior art does not teach, inter alia, the claimed stator arc 

segments and flexible carrier of phase change material "wherein the flexible carrier links said 

segments by connecting two mating sections formed in said carrier". 
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Conclusion 

10. Any inquiry concerning this communication or earlier communications from the 

Page 6 

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 571-273-8300. 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 system, see http://pair-direct.uspto.gov. ~hould you have 

questions on access to the Private PAIR system, contact the Electronic Business Center (EBC) at 

866-217-9197 (toll-free). 

bsm 
14 October 2005 

~ 
Burton S. Mullins 
Primary Examiner 
Art Unit 2834 
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Amendments to the Claims 

Please cancel claims 8-9 and 29-30 without prejudice to filing the claims in 

a continuing application. Please amend claims 1, 10 and 33 as follows, again 

without prejudice to presenting the unamended claims in a continuing application. 

Also, add claim 35-37 as follows. A complete listing of the claims with proper 

claim identifiers follows. 

Listing of Claims 

1. (Currently amended) 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. wherein the stator segments are held in a 

toroidal shape by a retaining member which comprises a metal band. 

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. 

- 2 -
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8-9. (Canceled) 

10. (Currently amended) The stator assembly of claim [[1]] 33 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. 

26-32. (Canceled) 

33. (Currently amended) The stator assembly of claim 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. wherein the bridge is formed by interconnecting two mating 

sections formed from the phase change material: and 

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

form the stator assembly. 

34. (Previously presented) A combination of stator arc segments and a 

flexible carrier used to link said stator arc segments during a winding operation 

comprising: 

a) a plurality of stator arc segments; and 

b) a phase change material constituting said flexible carrier 

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

and predetermined position with respect to one another; wherein the 

flexible carrier links said segments by connecting two mating sections 

formed in said carrier. 

35. (New) The stator assembly of claim 1 wherein the bridge is formed 

by interconnecting two mating sections formed from the phase change material. 

36. (New) The stator assembly of claim 33 wherein the stator segments 

are held in a toroidal shape by a retaining member. 

- 3 -
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37. (New) The stator assembly of claim 36 wherein retaining member 

comprises a metal band. 

- 4 -
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Remarks 

In the outstanding Office Action, claim 34 was allowed, and claims 9 and 

33 were indicated as allowable if rewritten in independent form. Claims 1 has 

been amended to include the limitations of claims 8 and 9. Claim 33 has been 

rewritten to include the limitations of claim 1. New claims 35-37 are based on 

former claims 33, 8 and 9 respectively. 

The rejections of claims 1-8, 10, 25, and 29-30 in the outstanding Office 

Action is traversed. However, since those claims are amended or canceled, the 

rejection is moot. 

Since all of the remaining claims have been indicated as being allowable, 

or are dependent on an allowable claim, the case is believed to be in condition 

for allowance. 

Dated: January 19, 2006 
BRINKS HOFER GILSON & LIONE 
P.O. Box 10395 
Chicago, IL 60610 
(312) 321-4200 
Direct Dial: (801) 444-3933 

- 5 -

Respectfully submitted, 

/Steven P. Shurtz/ 
Steven P. Shurtz 
Registration No. 31,424 
Attorney for Applicant 
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I 0/383,219 03/05/2003 Griffith D. Neal 8864/33 9248 

TITLE OF INVENTION: STA TOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS AND MOTOR USING SAME 

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOT AL FEE(S) DUE DATE DUE 

nonprovisional YES $700 $300 $1000 06/21/2006 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE. MERITS IS. CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. I.PIS. 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE 
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR 
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL 
BE REGARDED AS ABANDONED. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box Sb on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOT AL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box Sa on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and l/2 
the ISSUE FEE shown above. 

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with 
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be 
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be 
completed and an extra copy of the form should be submitted. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORT ANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page I of3 
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PART B • FEE(S) TRANS MITT AL 

Complete and send this form, together with applicable fee(s), to: M.!ill Mail Sto1> ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or.Ell 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Noo,: use Block I for any change of address) Note: A certificate of ma1hng can only be used for domestic matlmgs of the 
Fee(s) Transmittal. This certificate cannot be used for anx other accompanying 
pape~. Each add_itional paper,. .such as an lll!signment or formal drawing, must 
have its own certificate of ma1hng or transm1ss1on. 

00757 7590 03/21/2006 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, IL 60610 

APPLJCA TION NO. FILING DATE 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient Jk'.)Stage for first class mail in an enveloP.e 
addressed to the Mail Stop ISSUE FEE- address above, or being facsimtle 
transmitted to the USPTO (571) 273-2885, on the date indicated befow. 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

10/383,219 03/05/2003 Griffith D. Neal 8864/33 9248 

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

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOT AL FEE($) DUE DATE DUE 

nonprovisional YES $700 $300 $1000 06/21/2006 

EXAMINER ART UNIT CLASS-SUBCLASS 

MULLINS, BURTON S 2834 

I. Change of correspondence address or indication of"Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number Is required. 

310-259000 

2. For printing on the patent front page, list 
(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) the name of a single firm (having as a member a 2. ____________ _ 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 3 
listed, no name will be printed. -------------

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 3 7 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are enclosed: 
0 Issue Fee 
0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies---------

5. Change in Entity Status (from status indicated above) 
0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment of Fee(s): 
0 A check in the amount of the fee(s) is enclosed. 
0 Payment by credit card. Form PT0-2038 is attached. 
0 The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to 

Deposit Account Number (enclose an extra copy ofth1s form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR I .27(g)(2). 

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature ___________________ _ Date _________________ _ 

Typed or printed name ___________________ _ Registration No.--------------

This collection of information is required by 37 CFR 1.311. The information is reguired to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidcntialil)'. is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and 
subnutting the completed application form to the USPTO. Time will vruy depending upon the individual case. Any comments on the amount of time you reguire to complete 
this form and/or suggestions for reducing this burdcl): should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, l'.O. 
Box 1450, Alexandria, Virginia 22313-1'150. DO NvT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 2231 J-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PTOL-85 (Rev. 01/06) Approved for use through 04/30/2007. 0MB 0651--0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

10/383,219 03/05/2003 

00757 7590 03/21/2006 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, IL 60610 

FIRST NAMED INVENTOR 

Griffith D. Neal 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Addr<Ss: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

8864/33 9248 

EXAMINER 

MULLINS, BURTON S 

ART UNIT PAPER NUMBER 

2834 

DA TE MAILED: 03/21/2006 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 248 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 248 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571 )-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or 
(571 )-272-4200. 

Page 3 of3 
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Notice of Allowability 

Application No. 

10/383,219 
Examiner 

Burton S. Mullins 

Applicant(s) 

NEAL, GRIFFITH D. 
Art Unit 

2834 

•· The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. ~ This communication is responsive to amendment filed 24 January 2006. 

2. ~ The allowed claim(s) is/are 1-7. 10.25 and 33-37. 

3. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) 0 All b) 0 Some• c) 0 None of the: 

1. 0 Certified copies of the priority documents have been received. 

2. 0 Certified copies of the priority documents have been received in Application No. __ . 

3. 0 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)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

4. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

5. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) 0 including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) 0 hereto or 2) 0 to Paper No./Mail Date __ . 

(b) 0 including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of 
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d). 

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. 0 Notice of References Cited (PT0-892) 

2. 0 Notice of Draftperson's Patent Drawing Review (PT0-948) 

3. 0 Information Disclosure Statements (PT0-1449 or PTO/SB/08), 
Paper No./Mail Date __ 

4. 0 Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

5. 0 Notice of Informal Patent Application (PT0-152) 

6. 0 Interview Summary (PT0-413), 
Paper No./Mail Date __ . 

7. 0 Examiner's Amendment/Comment 

8. 0 Examiner's Statement of Reasons for Allowance 

9. 0 Other __ . 

Burton S. Mullins 
Primary Examiner 
Art Unit: 2834 

U.S. Patent and Trademark Office 
PTOL-37 .(Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 0306 
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·-~I UNITED STATES PATENT AND ThADEMARK OmcE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Potent and Trademark Office 
AddreH: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, VU}!inia 22313-1450 
W'\l"W.uspto.gov 

*BIBDATASHEET* CONFIRMATION NO. 9248 
Bib Data Sheet 

FILING OR 371(c) 
ATTORNEY 

SERIAL NUMBER 
DATE CLASS GROUP ART UNIT 

DOCKET NO. 
10/383,219 03/05/2003 310 2834 

RULE 
8864/33 

APPLICANTS 
Griffith D. Neal, Alameda, CA; 

I*• CONTINUING DATA ************************* 
This application is a GIP of 09/798,511 03/02/2001 

I*• FOREIGN APPLICATIONS ******************** 

IF REQUIRED, FOREIGN FILING LICENSE GRANTED .. SMALL ENTITY** 
fk• 05/06/2003 

Foreign Priority claimed 0 yes~ no 

~5 USC 119 (a-d) conditions O yes O no CJ Met after 
STATE OR SHEETS TOTAL INDEPENDENT 

met A~ance 
COUNTRY DRAWING CLAIMS CLAIMS 

~erified and /1 A A CA 5 32 6 
l\cknowledged Examiner's'.5ii2nature Initials 

ADDRESS V' 

00757 

il"ITLE 

Stator assembly made from a molded web of core segments and motor using same 

ICJ All Fees I 
IO 1.16 Fees (Filing) I 

FILING FEE FEES: Authority has been given in Paper 0 1.17 Fees ( Processing Ext. of 
RECEIVED No. to charge/credit DEPOSIT ACCOUNT time) 

737 No. for following: ICJ 1.18 Fees ( Issue) I 
lo Other I 
lo Credit I 
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Issue Classification 
Application/Control No. Applicant(s)/Patent under 

Reexamination 

11111111 1111111 II II 
10/383,219 NEAL, GRIFFITH D. 
Examiner Art Unit 

Burton S. Mullins 2834 

ISSUE CLASSIFICATION 
ORIGINAL: 

; ; 

CROSS REFERENCE($) : 

CLASS . · SUBCLASS CLASS SUBCLASS (ONE SUBCLA.SS f>ER BLOCK) : 

310 259: , 310 .. 42 45 21.8 .' .. ' 

INTERNATIONAL. CLASSIFICATION 

H O 2 K 1/18. · : 
: ; 

·. ·.· 
.. 

H O 2 K 15/02 
H ·o 2 K 15/10 

.··.· I 

.. 

·;~······.·.·,:• .. :':'.·.· · Total Claims Allowed: 14 · .. 
(Assistant Examiner) ' (Date) '. ..... :<. : .... :. :. :: ... ' . 

#~ '··. ~/lf;/tJ~ 
. (Legal lnstrumEmts Examiner) . (bdte) 

Burton Mullins '15 · March 2006 
,' ....... . 

(Primary E~aminer) : ,. (Date):. 

D Claims renumbered in the same order as presented by applicant OCPA 
·:· l;c·,· .,,, 

ca .. ca ca ca ca i ca C: .. ca C: ca C: ca C: :, ca C: 
C: '6> C: '6> 

:;, 
C: '5> C: '6> ' ,.·· C: '6> ,; 

u::: ·c u::: ·c: ', u::: ·;;: u::: ·c: . •:.- u::: ·;;: I ' 
0 0 0 0 0 I; ::' 

1 1 31 . _.; 61 91 < 121 ' ::c,., 

2 2 32 II. 62 92 122 i 

3 3 10 33 63 93 123 1, .. , 

4 4 14 34 ' 64 94 124 
5 5 9 35 -· 65 95 125 I';· . . ,. 

-.. :; 
6 6 12 36 66 96 126 ''. 
7 7 13 37 ,, ,. 67 97 127 t . ;···i 

8 38 68 98 128 1, 
9 39 69 99 129 !• .... , . 

11 10 40 70 
... 

100 130 
11 41 71 101 I 131 
12 42 72 102 132 
13 43 73 103 133 I 

14 44 74 104 134 
15 45 75 105 135 
16 46 76 106 136 
17 47 77 107 137 
18 48 78 108 138 
19 49 79 109 139 
20 50 80 110 140 
21 51 81 111 141 
22 52 82 112 142 
23 53 83 113 143 
24 54 84 114 144 

8 25 55 85 115 145 
26 56 86 116 146 
27 57 87 117 147 
28 58 88 118 148 
29 59 89 119 149 
30 60 90 120 150 

U.S. Patent and Trademark Office 

.O.G. 
. · Print Claim(s) 

;: 

OT.D. 
.. i ca ca C: 

C: ·a 
u::: ·;;: 

0 

151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 

O.G:· 
. Print Fig: 

.. 

3~5 > 
0 R.1.47 

ca ca C: 
C: '6> 

u::: ·c: 
0 

181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 

Part of Paper No. 0306 
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Search Notes (continued) 
Application/Control No. Applicant(s)/Patent under 

Reexamination 

1111 111111111111111 
10/383,219 NEAL, GRIFFITH D. 
Examiner Art Unit 

Burton S. Mullins 2834 

SEARCHED 
SEARCH NOTES 

(INCLUDING SEARCH STRATEGY) 

Class Subclass Date Examiner DATE EXMR 

Update Search 3/15/2006 BM 
see printout 

Interference Search 3/15/2006 BM 
see printout 

INTERFERENCE SEARCHED 

Class Subclass Date Examiner 

310 259,45 3/15/2006 BM 

U.S. Patent and Trademark Office Part of Paper No. 0306 
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PART B - FEE(S) TRANSMITTAL 

e~\fs~d ihl. form, together with applicable fee(s), to: M.lill Mail Stop ISSUE FEE 
~ Commissioner for Patents 
~ P.O. Box 1450 

O ?. 1006 · Alexandria, Virginia 22313-1450 
& or .Ell (571)-273-2885 

uld be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
ndcnce including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 

ow or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
sons. 

CURRENT CORRESPONDENCE ADDRESS (NOie: Use Block I for any change of oddress) 

00757 7590 03121noo6 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, IL 60610 

05/03/2006 MBERHE1 00000048 10383219 

01 FC:1501 
02 FC:1504 

APPLICATION NO. 

1400.00 OP 
300.00 OP 

FILING DATE 

Note: A certificate of ma,hng can only be used for domcsuc mallmgs of ffie 
Fce(s) Transmittal. This certificate cannot be used for any other accompanying 
pap~. Each add.itional paper, .such as an ~signment or formal drawing, must 
have its own certificate of ma1hng or transm1ss1on. 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient p<>stage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEc address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated befow. 

Steven P. Shurtz 

FIRST NAMED INVENTOR CONFIRMATION NO. 

10/383,219 03/05/2003 Griffith D. Neal 8864/33 9248 

TITLE OF INVENTION: STA TOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS AND MOTOR USING SAME 

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOT AL FEE(S) DUE DATE DUE 

nonprovisional YES $300 $1000 06/21/2006 

EXAMINER ART UNIT CLASS-SUBCLASS 

MULLINS, BURTON S 2834 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

310-259000 

2. For printing on the patent front page, list 
(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

1Steven P. Shurtz 
Brinks Hofer Gilson 

2 & Liane 
3 ___________ _ 

3. ASSIGNEE NAME AND RESIDENCE DA TA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 3 7 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Encap Motor Corporation Alameda, CA 
Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual 13Corporation or other private group entity O Government 

4a. :J;lle following fce(s) are enclosed: 
~ Issue Fee 

4b. Payment ofFee(s): 

llil Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies---------

5. Change in Entity Status (from status indicated above) 
0 a. Applicant claims SMALL ENTITY status. Sec 37 CFR 1.27. 

DA check in the amount of the fee(s) is enclosed. 
eJ:Payrnent by credit card. Form PT0-2038 is attached. 
e!I The Director is hereby au~m:IJ.bg~~e the required fce(s), or credit any overpayment, to 

Deposit Account Number (enclose an extra copy ofth1s form). 

e9 b. Applicant is no longer claiming SMALL ENTITY status. Sec 37 CFR l.27(g)(2). 

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above. 
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature Jh!Ntn {11 .~ 

Typedorprintednamc Steven P. Shurtz Registration No. _:3-=1'-'«----=4-=2=--4=---------
This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you reguire to complete 
this form and/or suggestions for reducing this burde'l? should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexan<fria, Vir_ginia 22313-1450. DO NuT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons arc required to respond to a collection of information unless it displays a valid 0MB control number. 

PTOL-85 (Rev. 01/06) Approved for use through 04/30/2007. 0MB 065 I-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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itfRA~ CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8 

I hereby ce at this correspondence is being deposited with the United States Postal Service as first class mail, with 
sufficient postage, in an envelope addressed to: Commissioner for Patents, P. 0. Box 1450, Alexandria, VA 22313-1450, 
on the below date: 
Date: April 27 2006 Name: Steven P. Shurtz Signature: /Steven P. Shurtz/ 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Appln. of: Griffith D. Neal 

BRINKS 

HOFER 

GILSON 

&LION E 

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

Filed: March 5, 2003 

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

Attorne Docket No: 8864/33 

Mail Stop Issue Fee 
Commissioner for Patents 
P. 0. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Attached is/are: 

Art Unit: 2834 

TRANSMITTAL 

[8J Issue Fee Transmittal (in dup); Request for Removal of Small Entity Status. 

[8J Return Receipt Postcard 

Fee calculation: 

0 No additional fee is required. 

0 Small Entity. 

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

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

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

Small Entity Not a Small Entity 

Claims Remaining Highest No. Present 
After Amendment Previously Paid For Extra Rate Add'I Fee or Rate Add'I Fee 

Total Minus X $25= X $50= 

lndeo. Minus X 100= X $200= 

First Presentation of Multiole Deo. Claim +$180= + $360= 

Total $ Total $ 

Fee payment: 

A check in the amount of$ __ is enclosed. D 
D Please charge Deposit Account No. 23-1925 in the amount of$ 

for this purpose. 
. A copy of this Transmittal is enclosed 

[8J Payment by credit card in the amount of $1 700.00 (Form PT0-2038 is attached). 

[8J 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. 

April 27, 2006 
Date 

Respectfully submitted, 

/Steven P. Shurtz/ 
Steven P. Shurtz (Reg. No. 31,424) 
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I hereby certify that this correspondence is 

0 
\ p E eing deposited with the United States 

~ tal Service, with sufficient postage, as 
~, class mail in an envelope addressed to: 

MAV . 0 2 1006 . Commissioner for Patents 
P.O. Box 1450 

Alexandria, VA 22313 
on A ril 27, 2006 
Date of Deposit 

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

Registered Representative 

/Steven P. Shurtz/ 
Signature 

April 27, 2006 
Date of Signature 

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

In re Application of: 

Griffith D. Neal 

Serial No.: 10/383,219 

Filed: March 5, 2003 

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

Examiner: Burton S. Mullins 
Group Art Unit: 2834 

REQUEST FOR REMOVAL OF SMALL ENTITY 
STATUS PURSUANT TO 37 C.F.R. § 1.27(g)(2) 

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

Dear Sir: 

A small entity statement or assertion of entitlement to claim small entity 

status was previously filed in this application. Such status is no longer desired. 
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BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, IL 60610 
(312)321-4200 
Direct Dial (801 )444-3933 

Respectfully submitted, 

- 2 -

/Steven P. Shurtz/ 
Steven P. Shurtz 
Registration No. 31,424 
Attorney for Applicants 
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*BIBDATASHEET* 
Bib Data Sheet 

SERIAL NUMBER 
10/383,219 

APPLICANTS 

FILING DATE 

03/05/2003 

RULE 

Griffith D. Neal, Alameda, CA; 

** CONTINUING DATA************************* 

CLASS 

310 

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

P.O. Box 14SO 
Alexandria. Vll]!inia 223l3•l4S0 
www.uspto.gov 

CONFIRMATION NO. 9248 

GROUP ART UNIT 

2834 

ATTORNEY 
DOCKET NO. 

8864/33 

This application is a CIP of 09/798,511 03/02/2001 PAT 7,036,207 

** FOREIGN APPLICATIONS******************** 

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

Foreign Priority claimed 

35 USC 119 (a-d) conditions 
met 

CJ yes CJ no 

CJ yes CJ no CJ Met after 
Allowance 

STATE OR SHEETS TOTAL INDEPENDENT 

Verified and 
Acknowledged 

ADDRESS 
00757 

Examiner's Signature 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 

CHICAGO, IL 
60610 

TITLE 

COUNTRY DRAWING CLAIMS CLAIMS 
Initials CA 5 32 6 

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

FILING FEE FEES: Authority has been given in Paper 
No. to charge/credit DEPOSIT ACCOUNT 

RECEIVED No. for following: 
1037 

!CJ All Fees 

!CJ 1.16 Fees (Filing) 

Cl 1.17 Fees ( Processing Ext. of 
time) 

!CJ 1.18 Fees (Issue) I 
!CJ Other I 
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Applicant or Patentee: 
Serial or Patent No: 8864-33 
Filed or Issued: 
For: 

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS 
(37 CFR 1.9(f) and 1.27(c)) - SMALL BUSINESS CONCERN 

I hereby declare that I am 

D the owner of the small business concern identified below: 

L8l an official of the small business concern empowered to act on behalf of the concern identified below: 

NAME OF CONCERN: ENCAP TECHNOLOGIES, INC. 
ADDRESS OF CONCERN: 1334 Bay Street, Alameda, California 94501 

I hereby declare that the above identified small business concern qualifies as a small business concern as defined in 13 crn 121.3-18, and reproduced in 37 CFR 1.9(d), for 
purposes of paying reduced fees under Section 41(a) and (b) of Title 35, United States Code, in that the number of employees of the concern, including those of its affiliates, 
does not exceed 500 persons. For purposes of this statement, (1) the number of employees of the business concern is the average over the previous fiscal year of the 
concern of the persons employed on a full-time, part-time or temporary basis during each of the pay periods of the fiscal year, and (2) concerns are affiliates of eact1 other 
when either, directly or indirectly, one concern controls or has the power lo control the other, or a third party or parties controls or has t11e power to control both. 

I hereby declare that rights under contract or law have been conveyed to and remain with the small business concern identified above with regard to the invention, entitled 
STAT0_8 ASSEMBLY MADE FROM A MOLD~D WEB OF CORE SEGMENTS AND MOTOR USING SAME by inventor(s) Griffith D. Ne.QI described in: 

D the specification filed herewith. 

D application serial no. ·--·---' filed 

l?:';J patent no. 7,067,952, issued Jun_e 27.,_lQQB.. 

If the rights held by the above identified small business concern are not exclusive, each individual, concern or organization having rights lo the invention is listed below' and no 
rights to the invention are held by any person, other than the inventor, who would not qualify as an independent inventor under 37 crn 1.9(c) if that person made the inventior1, 
or by any concern which would not qualify as a small business concern under 37 CFR 1.9(d), or a nonprofit organization under 37 CFR 1.9(e). 'NOTE: Separate verified 
statements are required from each named person, concern or organization having rights to the invention averring to their status as small entities. (37 CFR 1.27) 

NAME 
ADDRESS 

NAME 
ADDRESS 

0 INDIVIDUAL 

0 INDIVIDUAL 

0 SMALL BUSINESS CONCERN 0 NONPROFIT ORGANIZATION 

0 SMALL BUSINESS CONCERN 0 NONPROFIT ORGANIZATION 

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of entitlement to small entity status prior to paying, or at the time 
of paying, the earliest of the issue fee or any maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1.28(b)) 

I hereby declare that all statements made llerein 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 Tille 
18 of the United States Code, and that such willful false statements may jeopardize the validity of the application, any patent issuing thereon, or any patent to which this 
verified statement is directed. 

SIGNATURE 
NAME OF PERSON SIGNING 
TITLE OF PERSON OTHER THAN OWNER 
ADDRESS OF PERSON SIGNING 

~ -----·-----··-__ DAT-~---~~~-z_. _11 __________ ··-··-----------
crn 
1334 Bay Street, Alameda, California 94501 

BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 

Chicago, Illinois 60610 
(312) 321·4200 
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Electronic Acknowledgement Receipt 

EFSID: 11703255 

Application Number: 10383219 

International Application Number: 

Confirmation Number: 9248 

Title of Invention: 
STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS AND 
MOTOR USING SAME 

First Named Inventor/Applicant Name: Griffith D. Neal 

Customer Number: 757 

Filer: Steven P. Shurtz/Kristin Hooper 

Filer Authorized By: Steven P. Shurtz 

Attorney Docket Number: 8864/33 

Receipt Date: 23-DEC-2011 

Filing Date: 05-MAR-2003 

Time Stamp: 16:14:32 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

90926 

1 
Petition for review by the Office of 8864-33_ Verified_Statement_ C 

1 
Petitions. laiming_Small-Entity.pdf 

no 
2e6d 8ec0fd bf90cf7 e4e64d e 76016eee25 2c 

11e1 

Warnings: 

Information: 
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Total Files Size (in bytes) 90926 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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DECL/'-JZATION REGARDJNG /\UTHORITY TO SJGI\ 
ON BEH/\LF OF A LEG/\L ENTITY. 

Jea11t1f S uchodo1ski 

Date 
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Electronic Acknowledgement Receipt 

EFSID: 14373028 

Application Number: 10383219 

International Application Number: 

Confirmation Number: 9248 

Title of Invention: 
STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS AND 
MOTOR USING SAME 

First Named Inventor/Applicant Name: Griffith D. Neal 

Customer Number: 757 

Filer: Dean M. Munyon/Dawn Deluca 

Filer Authorized By: Dean M. Munyon 

Attorney Docket Number: 8864/33 

Receipt Date: 03-DEC-2012 

Filing Date: 05-MAR-2003 

Time Stamp: 20:37:16 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

39796 

1 
Assignee showing of ownership per 37 

373b.pdf no 3 
CFR 3.73. 

6002f64 7 dd e4 79683 724 7 c85 5 82a6855 9 7f 
20d4e 

Warnings: 

Information: 
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967342 

2 Power of Attorney POA.pdf no 2 

875449c23 023 d 37 eS d a46803aa5 5 a6ac615 
df8c8 

Warnings: 

Information: 

Total Files Size (in bytes) 1007138 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/96 (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

ApplicanUPatent owner: Intellectual Ventures Holding 88 LLC 

Application No./Patent No.: 7067952 Filed/Issue Date: 06/27/2006 ---------------- -----------------
Titled: 

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

Intellectual Ventures Holding 88 LLC _____________________ ,a LIMITED LIABILITY COMPANY 

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc. 

states that it is: 

1. ~ the assignee of the entire right, title, and interest in; 

2. D an assignee of less than the entire right, title, and interest in 
(The extent (by percentage) of its ownership interest is ____ %);or 

3. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made) 

the patent application/patent identified above, by virtue of either: 

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel , Frame , or for which a 
copy therefore is attached. 

OR 

B. ~ A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: Griffith D. Neal To: Encap Motor Corporation 

The document was recorded in the United States Patent and Trademark Office at 

Reel 014596 Frame 0432 or for which a copy thereof is attached. 

2. From: Encap Motor Corporation To: Encap Merger Co., Inc. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 018524 Frame 0001 or for which a copy thereof is attached. 

3. From: Encap Merger Co., Inc. To: Encap Technologies, Inc. 

The document was recorded in the United States Patent and Trademark Office at 

Reel 018524 Frame 0039 or for which a copy thereof is attached. 

~ Additional documents in the chain of title are listed on a supplemental sheet(s). 

~ As required by 37 CFR 3.73(b)(1 )(i), the documentary evidence of the chain of title from the original owner to the assignee was, 
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

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

/Dean M. Munyon/ 

Signature 

Dean M. Munyon 

Printed or Typed Name 

12/3/2012 

Date 

Reg. No. 42,914 

Title 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time 
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the US PTO becomes aware of a violation or potential 
violation of law or regulation. 
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Supplemental Sheet 

A chain of title from the inventor(s), of the patent application/patent identified above, to the current 
assignee continues as follows: 

Encap Technologies Inc. Intellectual Ventures Holding 88 LLC 
4. From: To: 

The document was recorded in the United States Patent and Trademark Office at 
Reel 029228 , Frame 0379 , or for which a copy thereof is attached. 

5. From: To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel , Frame , or for which a copy thereof is attached. 

6. From: To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel , Frame , or for which a copy thereof is attached. 

7. From: To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel , Frame , or for which a copy thereof is attached. 

8. From: To: 
The document was recorded in the United States Patent and Trademark Office at 
Reel , Frame , or for which a copy thereof is attached. 
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APPLICATION NUMBER FILING OR 3 71 (C) DATE 

10/383,219 03/05/2003 

35690 
MEYERTONS, HOOD, KIVLIN, KOWERT & GOETZEL, P.C. 
P.O. BOX 398 
AUSTIN, TX 78767-0398 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Griffith D. Neal 8864/33 
CONFIRMATION NO. 9248 

POA ACCEPTANCE LETTER 

I llllllll llll llll lllll ll]~!l]!~l!~l!~HI ~II ~Hll lllll 111111111111111111 

Date Mailed: 12/24/2012 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/03/2012. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/sharris/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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APPLICATION NUMBER FILING OR 3 71 (C) DATE 

10/383,219 

757 
BRINKS HOFER GILSON & LIONE 
P.O. BOX 10395 
CHICAGO, IL 60610 

03/05/2003 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Griffith D. Neal 8864/33 
CONFIRMATION NO. 9248 

POWER OF ATTORNEY NOTICE 

I llllllll llll llll lllll ll]~!l]!~l!~l!~HI ~II ~l!~ll lllll 111111111111111111 

Date Mailed: 12/24/2012 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/03/2012. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/sharris/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Atty. Dkt. No: 6757-35502 

Application No: 10/383219 

Patent No: 7,067,952 

Filing Date: 03/05/2003 

Inventor(s): Griffith D. Neal 

§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 

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

Examiner: Mullins, Burton S. 
Group/Art Unit: 2834 

STATEMENT REGARDING CHANGE FROM SMALL ENTITY STATUS 

Patentee is no longer entitled to small entity status in the above-referenced patent. 

No fees are believed necessary; however if any fees are required, the 

Commissioner is hereby authorized to immediately charge the fees or credit any 

overpayment to Meyertons, Hood, Kivlin, Kowert & Goetzel, P.C. Deposit Account No. 

501505/6757-35502/DMM. 

Date: January 7, 2013 

Meyertons, Hood, Kivlin, Kowert & Goetzel, P.C. 
P. 0. Box 398 
Austin, Texas 78767 
(512) 853-8800 

Respectfully submitted, 

By: /Dean M. Munyon/ 
Dean M. Munyon 
Reg. No. 42,914 
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Electronic Acknowledgement Receipt 

EFSID: 14628362 

Application Number: 10383219 

International Application Number: 

Confirmation Number: 9248 

Title of Invention: 
STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS AND 
MOTOR USING SAME 

First Named Inventor/Applicant Name: Griffith D. Neal 

Customer Number: 35690 

Filer: Dean M. Munyon/Danielle Kramer 

Filer Authorized By: Dean M. Munyon 

Attorney Docket Number: 6757-35502 

Receipt Date: 07-JAN-2013 

Filing Date: 05-MAR-2003 

Time Stamp: 13:05:28 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

16962 

1 Miscellaneous Incoming Letter small-entity-change-form.pdf no 1 
961 cf0e3c98350485ddb61 aa516b24913c2 

53ae5 

Warnings: 

Information: 
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Total Files Size (in bytes) 16962 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Case 1:17-cv-00294-UNA Document 3 Filed 03/20/17 Page 1 of 1 PagelD #: 555 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERJ\HNA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

[n Compliance with 35 l.LS.C § 290 and/or 15 U.S.C. § 1116 you are hereby advised tha1 a court action has been 

filed in the U.S. District Court District of Delaware on the following 

D Trademarks or ~ Patents. ( D the patent ac1ion involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
3/20/2017 District of Delaware 

PLAL.'\fTIFF DEFENDANT 

lnteliectual Ventures II LLC Honda Motor Co., Ltd., Honda North America, Inc., American 
Honda Motm Co .. Inc., Honda of America Mfg., Inc., Honda 
Manufacturing of Alabama, LLC, and Honda R&D Americas, Inc. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l US 7,067,944 B2 6/27/2006 Intellectual Ventures II LLC 

., US 7,067,952 B2 6/27/2006 Intellectual Ventures II LLC 

3 US 7,154,200 B2 12/26/2006 Intellectual Ventures II LLC 

4 US 7,683,509 B2 3/23/2010 Intellectual Ventures II LLC 

5 US 7,928,348 B2 4/19/2011 Intellectual Ventures II LLC 

In the above-entitled case, the follm-ving patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

n Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n the above ---entitled case, the following decision has been rendered or judgement issued: 

DECISIONiJUDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-----llpon initiation or action, mail this copy to Director Copy 3-----l.J13on termirnltion oi' ad.ion, m:iii this copy to Director 
Copy 2-----Upon filing document adding patent(s), mail this copy to Director Copy 4-----Case file copy 
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Case 1:17-cv-00297-LPS-CJB Document 3 Filed 03/20/17 Page 1 of 1 PagelD #: 57 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERJ\HNA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

[n Compliance with 35 l.LS.C § 290 and/or 15 U.S.C. § 1116 you are hereby advised tha1 a court action has been 

filed in the U.S. District Court District of Delaware on the following 

D Trademarks or ~ Patents. ( D the patent ac1ion involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
3/20/2017 District of Delaware 

PLAL.'\fTIFF DEFENDANT 

lnteliectual Ventures II LLC Denso Corporation and Denso International America, Inc. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l US 7,067,952 B2 6/27/2006 Intellectual Ventures II LLC 

., 

3 

4 

5 

In the above-entitled case, the follmving patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

n Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n the above ---entitled case. the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-----llpon initiation or action, mail this copy to Director Copy 3-----l.J13on termirnltion oi' ad.ion, m:iii this copy to Director 
Copy 2-----Upon filing document adding patent(s), mail this copy to Director Copy 4-----Case file copy 
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Case 1:17-cv-00298-LPS-CJB Document 3 Filed 03/20/17 Page 1 of 1 PagelD #: 125 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERJ\HNA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

[n Compliance with 35 l.LS.C § 290 and/or 15 U.S.C. § 1116 you are hereby advised tha1 a court action has been 

filed in the U.S. District Court District of Delaware on the following 

D Trademarks or ~ Patents. ( D the patent ac1ion involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
3/20/2017 District of Delaware 

PLAL.'\fTIFF DEFENDANT 

lnteliectual Ventures II LLC Mitsuba Corporation and American Mitsuba Corporation 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l US 7,067,952 B2 6/27/2006 Intellectual Ventures II LLC 

., 

3 

4 

5 

In the above-entitled case, the follmving patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

n Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n the above ---entitled case. the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-----llpon initiation or action, mail this copy to Director Copy 3-----l.J13on termirnltion oi' ad.ion, m:iii this copy to Director 
Copy 2-----Upon filing document adding patent(s), mail this copy to Director Copy 4-----Case file copy 
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Case 1:17-cv-00300-LPS-CJB Document 3 Filed 03/20/17 Page 1 of 1 PagelD #: 983 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERJ\HNA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

[n Compliance with 35 l.LS.C § 290 and/or 15 U.S.C. § 1116 you are hereby advised tha1 a court action has been 

filed in the U.S. District Court District of Delaware on the following 

D Trademarks or ~ Patents. ( D the patent ac1ion involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
3/20/2017 District of Delaware 

PLAL.'\fTIFF DEFENDANT 

lnteliectual Ventures II LLC Toyota Motor Corporation, Toyota Motor North America, inc., 
Toyota Motor Sales, U.SA, inc., Toyota Motor Engineering & 
Manufacturing North America, Inc., Toyota Motor Manufacturing, 
Indiana. Inc., and Toyota Motor Manufacturing, Kentucky, Inc. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l US 7,067,944 B2 6/27/2006 Intellectual Ventures II LLC 

., US 7,067,952 B2 6/27/2006 Intellectual Ventures II LLC 

3 US 7,154,200 B2 12/26/2006 Intellectual Ventures II LLC 

4 US 7,683,509 B2 3/23/2010 Intellectual Ventures II LLC 

5 US 7,928,348 B2 4/19/2011 Intellectual Ventures II LLC 

In the above-entitled case, the follmving patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

n Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n the above ---entitled case, the following decision has been rendered or judgement issued: 

DECISIONiJUDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-----llpon initiation or action, mail this copy to Director Copy 3-----l.J13on termirnltion oi' ad.ion, m:iii this copy to Director 
Copy 2-----Upon filing document adding patent(s), mail this copy to Director Copy 4-----Case file copy 
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Case 1:17-cv-00299-LPS-CJB Document 3 Filed 03/20/17 Page 1 of 1 PagelD #: 54 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court District of Delaware on the following 

D Trademarks or ~ Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
3/20/2017 District of Delaware 

PLAINTIFF DEFENDANT 

Intellectual Ventures II LLC Nidec Corporation and Nidec Automotive Motor 
Americas, LLC 

PATENTOR DATE OF PATENT 
HOLDER OF PA TENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I US 7,067,952 B2 6/27/2006 Intellectual Ventures II LLC 

2 

3 

4 

5 

In the above-entitled case, the following patent(s)/ lrademark(s) have been included: 

DATE INCLUDED INCLUDED BY 
D Amendment D Answer D Cross Bill 0 Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK TRADEMARK NO. OR TRADEMARK 

I 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued; 

DECISION/JUDGEMENT 

I (BY) DEPUTY CLERK 

Copy I-Upon initiation ofaction, mail this copy to Director Copy 3---Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4---(:ase file copy 
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PTO/SB/80 ( 11 ·08) 
Approved loruse through 11/30/2011. 0MB 0651-0035 

U.S. Patent anii T,aiiemark Office; U.S. DEPARTMENT OF COMMERCE 
. Under the Papeiwo* Reduc!lon Al..'t of 1995, no persons are roquirer.i to respond to a oollectloo of Information un!ilS$ Ii displays a valid 0MB oontmi number. 

POWER OF ATTORNEY TO PROSECUTE APPUCATIONS BEFORE THE USPTO 

! hereby revoke.all previous powers of attorney given in the application identified in the attached statement under 
37 CFR 3.73 b. 
I hereby appoint: 

0 Practitioners associated with the Customer Number: I 20995 
OR ....... I ______ ............... 

D Pracii!ionar(s) named below (if more ihan ten patent practitioners are !o be named, then a customer number mus! be used): 

Name 
· Registration 

Number Name 
Registration 

N1Jmber ---------------- ·--·-----
---·----------···-·+-----! 

-~,_,_. ------------+-----

-·-···---------·------+----~ 
· as aliomey(s) or aiien!(s) to represent the undersigned before !he United States Patent and Tradem:.irk Office (USPTO} in connection wilh 

any and all palerit applioalions assigned 2nJ:t to !he unc!erslgned accordln9 to !he USPTO assignment reoordi; or assignment documents 
.attaclleii !o this form in accordance wl!h 37 CFR 3.73(b). . · · 

Please change the correspondence address for the appi!cation identified in the attached ,statement under 37 CFR 3.73(b) to: 

E] The -"'' "'"'-""' c,.,,me, """''" I 20995 I 
~!0.:..------.;-----------,--~--------··-·-----··----------~ 
D Finn or 

lndivlduai Name · 

Addre,s,s 

:ci . ----·-·--···----,;;;-;=r=· ········---··--·-·-··-· Zip 
EL,._ _______ ···········-·-- 1. - -----!=--!-------~ 
Co4n_try . Telephone • Email 

Assignee Name and Address: 

intellectual Ventures ll LLC 
2711 Centerville Road 
Suite 400 
Wilmington, DE 19808 

A copy of ~is form, together ·with a statement under 37 CFR 3, 73(1.l) (Form PTO/$Bf96 or equivalent) is required to be 
flied in each appllcatlon In which this form ls useid. The statement under 37 CFR 3.73(1.l) may be completed ·by one of 
the practitioners appointed in this form if the appointed pramltii:mer is authorized to act on behalf of the assignee, 
and must identify Um appHcaUon i.n which this Power of Attorney I$ to be filed. · · 

SIGNATURE of Assignee or' Record 
The ii,dividual who,e slgna1ute Md ti!le is supplied below is authorized to .. ac1 or. behalf oft.he as~ignee 

'i'tlis collectlor, ol ll'!fOlll'la!loo is requirell l!y 37 CFR 1.31, 1·,32 am 1.~. The inforrmitior. ls requirell lo obtain r;r re!aina bene!11 t>y 1h11 p11bl!~whll:h is Ir; !iii, (erni 
by the 1./SPTO!r; ~) an app!lcrmoo. Confiaemisll!y!:. govem!id il;, 35 u.s.c.122 aoo 37 CFR 1.11 amt 1.14. Thli C<Jifection m e!ilima1etl tr; 111~e 3 rnim,ies 10 
oomplete, lncludlrl!l 9wher!119, preparing, soo slJbmlfflng lhi:t compleloo applk:ali<ln lo<m to !M US?TO. 11mll wlll 11aiy depending upon !he l!!dMdoo! c;ise. t,ny 
@mmlints on !he amount of time 11011 ;equlre·to comp!ate !hi$ form S!i!!/or :.11g11es1ions for reducing~ !lumen, slJou!d b~ senl to lhe Chief lnfomu1tlo11 Officer, 
U.S. Pijl1:m! and Trsllemark Offiae, U.S. Oepartrnenl of Comm,m:e, P.O. Elox 1450, Afexam!Jia, VA 22313-1460. DO NOT SEND H:E:S OR COMPI.ETEO FORMS 
TO THiS ADDRESS. SEND TO: Commlsaioner for Patents, P.O. Box 1450, A!exandrla, VA 22313-1450. 

ff you Fll)clr:I assistance In completing the form, call 1-000..PT0-9199 and select option 2, 
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DECLARATION REGARDING AUTHORITY TO SIGN 
ON BEHALF OF A LEGAL ENTITY 

37 C.F.R. 3.73(b)(2)(i) . 

I, Tracy Lemke (whose title is supplied below), hereby declare that I am authorized to sign 
documents on behalf of Intellectual Ventures II LLC. 

Tracy Lemke · 
Authorized Person for Intellectual Ventures TI LLC 
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DocketNo.: KM2956.003Pl Customer No. 20995 

STATEMENT UNDER 37 CFR § 3.73 

ESTABLISHMENT OF ASSIGNEE 

First Inventor 

App. No. 

Filed 

Griffith D. Neal 

10/383219 

March 5, 2003 

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

Examiner 

Group Art Unit 

ConfNo. 

Mullins, Burton S. 

2834 

9248 

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

Dear Sir: 

This document is being filed with a copy of a Power of Attorney signed by the Assignee. This 

Statement sets forth the chain of title of the above-identified application. 

Intellectual Ventures II LLC, a Limited Liability Corporation, is the Assignee of the entire right, 

title, and interest of the above-referenced application by virtue of: 

A chain of title, in reverse order, from the inventor(s) to the current Assignee as 

shown by the following recorded assignments: 

1. Assignment from Inventor to Encap Motor Corporation recorded in the 

United States Patent and Trademark Office on 12/22/1999, at Reel 010508, 

and Frame 0837. 

2. Assignment from Encap Motor Corporation to Encap Merger Co., Inc. 

recorded in the United States Patent and Trademark Office on 11/15/2006, at 

Reel 018524, and Frame 0001. 

3. Assignment from Encap Merger Co., Inc. to Encap Technologies, Inc. 

recorded in the United States Patent and Trademark Office on 11/15/2006, at 

Reel 018524, and Frame 0039. 

4. Assignment from Encap Technologies, Inc. to Intellectual Ventures Holding 

88 LLC recorded in the United States Patent and Trademark Office on 

11/01/2012, at Reel 029228, and Frame 0379. 
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Appl. No. 
Filed 

10/383219 
March 5, 2003 

Docket No. KM2956.003Pl 
Customer No. 20995 

5. Assignment from Intellectual Ventures Holding 88 LLC to Nytell Software 

LLC recorded in the United States Patent and Trademark Office on 

01/13/2016, at Reel 037482, and Frame 0814. 

6. Assignment from Nytell Software LLC to Intellectual Ventures II LLC 

recorded in the United States Patent and Trademark Office on 12/21/2016, at 

Reel 041115, and Frame 0818. 

The undersigned is an agent of Customer No. 20995 and is authorized to act on behalf of the 

Assignee. Please recognize or change the correspondence address for the above-identified application to 

Customer No. 20995. 

Dated: August 7, 2017 

STMNT373 

26449959 

Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 

By:Nladislav Z. Teplitskiy/ 
Vladislav Z. Teplitskiy 
Registration No. 68,069 
Attorney of Record 
Customer No. 20995 
(949) 760-0404 

-2-
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[ 

PTO/SB/4 7 (03-09) 
Approved for use through 05/31/2015. 0MB 0651-0016 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

"FEE ADDRESS" INDICATION FORM 

Address to: Fax to: 
Mail Stop M Correspondence 571-273-6500 
Commissioner for Patents -OR-
P .0. Box 1450 
Alexandria, VA 22313-1450 

INSTRUCTIONS: The issue fee must have been paid for application(s) listed on this form. In addition, 
only an address represented by a Customer Number can be established as the fee address for maintenance 
fee purposes (hereafter, fee address). A fee address should be established when correspondence related to 
maintenance fees should be mailed to a different address than the correspondence address for the application. 
When to check the first box below: If you have a Customer Number to represent the fee address. When 
to check the second box below: If you have no Customer Number representing the desired fee address, 
in which case a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For 
more information on Customer Numbers, see the Manual of Patent Examining Procedure (MPEP) § 403. 

For the following listed application(s), please recognize as the "Fee Address" under the provisions of 37 CFR 
1.363 the address associated with: 

0 Customer Number: 120995 I 
OR 

D The attached Request for Customer Number (PTO/SB/125) form. 

PATENT NUMBER APPLICATION NUMBER 
(if known) 

7067952 10/383219 

Completed by (check one): 

D Applicant/Inventor /Vladislav Z. Teplitskiy/ 

Signature 

0 Attorney or Agent of record 68,069 Vladislav Z. Teplitskiy 

(Reg. No.) Typed or printed name 

D Assignee of record of the entire interest. See 37 CFR 3.71. 949-760-0404 
Statement under 37 CFR 3.73(b) is enclosed. Requester's telephone number 
(Form PTO/SB/96) 

D Assignee recorded at Reel Frame 08/07/17 

Date 

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more that one 
signature is required, see below*. 

D * Total of forms are submitted. 

This collection of information 1s required by 37 CFR 1.363. The information 1s required to obtain or retain a benefit by the public which 1s to file (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1. 11 and 1.14. This collection is estimated to take 5 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313- 1450. DO NOT SEND COMPLETED FORMS TO THIS A DDRESS. 
SEND TO: Mail Stop M Correspondence, Commissioner for Patents, P .0. Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, ca/11-800-PT0-9199 and select option 2. 

] 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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Electronic Acknowledgement Receipt 

EFSID: 30009426 

Application Number: 10383219 

International Application Number: 

Confirmation Number: 9248 

Title of Invention: 
STA TOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS AND 
MOTOR USING SAME 

First Named Inventor/Applicant Name: Griffith D. Neal 

Customer Number: 35690 

Filer: Vladislav Z. Teplitskiy/Leah Ford 

Filer Authorized By: Vladislav Z. Teplitskiy 

Attorney Docket Number: 6757-35502 

Receipt Date: 07-AUG-2017 

Filing Date: 05-MAR-2003 

Time Stamp: 19:33:30 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1585333 

1 Power of Attorney 
2017-08-07 _General_POA_KM2 

no 2 
702_001 A.PDF 

4b5b5f2f7fc881 dbcccc3ef5483bb73949d4 
2e64 

Warnings: 



Mitsuba - 1009 
Page 420 of 422

Information: 

123525 

2 
Assignee showing of ownership per 37 2017-08-07 _statement_373_K 

no 2 
CFR 3.73 M2956003Pl .pdf 

14161 ee3ceb8d 1 d6e411 56ffeab0d2c4abe 
80078 

Warnings: 

Information: 

204336 

3 Maintenance Fee Address Change 
2017-08-07 _Fee_Address_lndic 

no 2 
ation_KM2956_003Pl .pdf 

Oc7a333bf022883661 Of579e3e250f82d691 
7477 

Warnings: 

Information: 

Total Files Size (in bytes) 1913194 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/E0/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 



Mitsuba - 1009 
Page 421 of 422

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

10/383,219 03/05/2003 

20995 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Griffith D. Neal KM2956.003Pl 
CONFIRMATION NO. 9248 

POA ACCEPTANCE LETTER 
KNOBBE MARTENS OLSON & BEAR LLP 
2040 MAIN STREET 111111111111111111111111]~!l]!~l!~l!~HHt~u1111111111111111111111111 
FOURTEENTH FLOOR 
IRVINE, CA 92614 

Date Mailed: 08/14/2017 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 08/07/2017. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/nrhayden/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 
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APPLICATION NUMBER FILING OR 3 71 (C) DATE 

10/383,219 03/05/2003 

35690 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Griffith D. Neal 6757-35502 
CONFIRMATION NO. 9248 

POWER OF ATTORNEY NOTICE 
MEYERTONS, HOOD, KIVLIN, KOWERT & GOETZEL, P.C. 
P.O. BOX 398 111111111111111111111111]~!l]!~l!~l!~HHt~u1111111111111111111111111 
AUSTIN, TX 78767-0398 

Date Mailed: 08/14/2017 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 08/07/2017. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/nrhayden/ 

Questions about the contents of this notice and the 
requirements it sets forth should be directed to the Office 

of Data Management, Application Assistance Unit, at 
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101. 

page 1 of 1 


