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STATOR ASSEMBLY MADE FROM A MOLDED WEBOF 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, whichis

hereby incorporated by reference.

FIELD OF THE INVENTION

The presentinvention relates generally to a stator assembly usedin a

dynamoelectric machine such as a motoror a generator. It relates particularly

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

and arrangementof a stator assembly madefrom a plurality of arc segments.

BACKGROUNDOF 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 motoris used to rotate the discs.

in conventional spindle motors, stators have been madeby laminating

together stamped piecesof steel. These stamped pieces of steel are

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

outwardly, depending on whetherthe rotoris on the inside or surrounds the

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

insulation. Wire is then wound aroundthe 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 whichis usually made from die cast aluminum, a

stator 4, a shaft 6, bearings 7 and a disc support member8,also referred to

as a hub. A magnet3 andflux return ring 5 are attached to the disc support

member8. 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 member8 to accommodatethe

bearings 7. One endof the shaft 6 is inserted into the bearing 7 positioned in
the base 2 and the other endofthe shaft 6 is placed in the bearing 7 located

in the hub 8. A separate electrical connector 9 mayalso beinserted into the

base 2.

Eachof these parts must befixed at predefined tolerances with respect

to one another. Accuracyin 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 magnetto
cause a defined rotation of the hub. As hub 8 rotates, the head engagesin

reading or writing activities based uponinstructions from the CPUin 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

uponthe 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 uponthe dimensional consistency

or tolerances between the various componentsof the motor. Greater

dimensional consistency between componentsleads to a smaller gap

betweenthe stator 4 and the magnet3, producing more force, which provides

more torque and enables faster acceleration and higherrotational speeds.

The conventional method of forming stators has a numberof

drawbacks. First, most steel is manufacturedin 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 piecesofsteel, the grain

orientation differs at different points around thecircle. Compared from the

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

radius, sometimes transverseto 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 drawbackwith using circular steel piecesis that, especially for

inward facing poles, it has beendifficult to wind the wire windingstightly

because of the cramped spaceto 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 powerand thus theefficiency of the spindle motor.

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

the motor. Stack up tolerances reduce the overall dimensional consistency

between the components. Stack up tolerancesrefer to the sum of the

variation of all the tolerances ofall 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

thicknessof rolled steel is not uniform across the width of the roll. Sometimes

the edgesare thicker or thinner than the center. In a stator made from

circular stamped pieces, the thicknessesof individual laminations are thus

different from oneside 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.

Anotherimportant 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 maydeflect,

causing non-uniform rotation, reducing bearing life. This non-uniform rotation

causesa further problem oflimiting the ability of the servo system controlling
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the read/write headsto follow data tracks on the magnetic media. One

drawbackwith existing motor designsis 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 motoris 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 usedto 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 andairfilters 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 ofthis

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

The overmolded stator 40 contains openings through which mounting pins 44

maybeinserted 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 drawbackwith the stators

described in these patentsis this difficulty in winding wire on the poles.

Another drawbackis the height of the lamination stacks. Further, the

overmolds shownin these patents are noteffective in dissipating heat or

dampening somevibrations 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 northe otherprior 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 comparedto the

magnetic flux in the stator during operation of the motor.

Someof these problems have been addressed by motor manufacturing

methodsin 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. Somehowtheindividual 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 togetherfor the poles that are of the

same phase. These numerouswirestendto 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 deformsthe steel and .

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

also requires numerouswire interconnections whenthe poles are wound as

discrete components, andit 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 approachis

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 doesit aid in connecting the various wires. o

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

a rotary motor wherea length ofsteel strip has thin portions between blocks

of pole teeth. Wire is wound onthe pole teeth while the steelstrip is straight.
Later the thin sections are bentto 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 SUMMARYOF THE INVENTION

A method of making stator assemblies has been invented which

overcomes manyof 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

segmentsto link adjacent segments into a continuousstrip; 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 whichlinks 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 segmentslinked

together by a phase change material and each constituting a pole and having

a first side surface and a secondside 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 segmentis 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 segmentslinked

together by a phase change material and each providing a pole and having a
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first side surface and a second side surface; b) winding wire on each pole of

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

wherein eachsaid side surface of one segmentis 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 madefrom, an injection molded thermoplastic material.

With the uniquelinked 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 windall poles in the sameseries or phase, makingit

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

invention provides the foregoing and other features, and the advantagesofthe

invention will becomefurther 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 notlimit the scope of the invention, whichis

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 makealimited

series of stator arc segments of the presentinvention.

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

stator arc segmentof FIG.2.

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

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 seqments of FIG.6.

FIG. 8a is a cross-sectional view of a toroidal core made from the

linked series of stator arc segmentsafter the wire winding shownin FIG.5 in

an injection mold assembly, prior to injecting a phase change material.

FIG. 8b is a cross-sectional view of the toroidal core of FIG. 8a in an

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

the stator assembly of FIG.7.

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

motor using the encapsulated webbedstatorof FIG.7.

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

embodimentof 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 motorat different stages of manufacture are shownin 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 byinjection molding a

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

(FIG. 7). Although the embodiment described here usesindividual arc

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

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

motorof the present invention may be smailer, has a grain structure thatis

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 20is first constructed, using

steel laminations 11. The stator arc segment20 is madeofsteel pieces that

are stampedoutof 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 surroundsthe 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 segment20, and links

other arc segments into a continuousstrip 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 enoughthatit

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 mostpreferred temperature activated phase change materials are

thermoplastics. The preferred thermoplastic will become molten at a

temperature at whichit 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 shownin FIG. 2 the segments 20 can be placed in a multi-cavity

mold 28 to increase productivity. In the preferred embodimentthe 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 continuousstrip 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. Whenthe

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 continuousstrip, as shown in FIG. 5. The series has segments 20

with poles 21A, 21B and 21C arranged next to one anotheras theywill be in

the finished stator assembly.

The stator arc segments 20 are preferably molded into a continuous

strip where the webbing acts as a carrierto 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 commonphasepoles,thus

eliminating the need for interconnections commonly used on segmented

stator motors. This greatly enhancesthe efficiency for winding wire 15 around

the poles 21 and significantly reduces the cost.

The webbing can bedeflected to allow the gap betweenadjoining

poles to be increased as is shownin 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 needies 35. The wire 15 is wound around one pole 21 and is
then wound around anotherpole 21 in its phase until all poles 21 in the same

phase are wound with the same wire 15. Poles 21 in other phasesare also

similarly wound. Having only arc segments,rather than a full toroidal core,

and spreading the spacing betweenthe 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 motorare cut from the continuousstrip.

Thestrip 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 byusing 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 betweenthe poles 21 of different stator

arc segments 20is also alignedin 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 shownin FIG.7, the toroidal core 17 is then encapsulated in a body

42. Togetherthe toroidal core 17 and the body 42 make up aninjection

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 almostall of it except for minor areas of the

toroidal core 17 that may be exposed. However, substantial encapsulation

meansthat the body 42 and toroidal core 17 arerigidly 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 suchthat the phase change material contracts and expandsat

approximately the same rate as the metal laminations of the toroidal core 17.

For example, the preferred phase change material should have a CLTEof

between 70% and 130% of the CLTE of the core of the stator. The phase
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change material should have a CLTEthat is intermediate the maximum and

minimum CLTEofthe toroidal core and other motor components where the

bodyis in contact with those other components and they are madeof a

different material than the core. Also, the CLTE’s of the body andtoroidal

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 componentsof the toroidal core

because the CLTEof the body matches the CLTEof the toroidal core

components more closely. Most often the toroidal core componentswill be

metal, and most frequently steel and copper. Other motor parts are often

made of aluminum andsteel.

Most thermoplastic materials have a relatively high CLTE. Some

thermoplastic materials may have a CLTEat low temperaturesthat is similar

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

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

of less than 2 x 10°in/in/°F, more preferably less than 1.5 x 10°in/in/°F,

throughout the expected operating temperature of the motor, and preferably

throughout the range of 0-250°F. Most preferably, the CLTE will be between

about 0.8 x 10°in/in/°F and about 1.2 x 10°in/in/°F throughout the range of
0-250°F. (When the measured CLTEof a material dependson the direction

of measurement, the relevant CLTE for purposes of defining the present

invention is the CLTEin the direction in which the CLTE is lowest. However,

if a material has a rate of expansion in one direction that is more thanfive

times greater than the expansionrate in one of the other directions, then the

CLTEfor purposesof defining the present invention is average of the CLTEs

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

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

23°C 250°F

Steel 0.5 0.8  (x10°in/in/°F)
Aluminum 0.8 1.4

Ceramic 0.3 0.4

Am. Hondav. IV II - IPR2018-00619

PETHONDA.1003-0014

 



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0015

10

15

20

25

30

  

-13-

Of course,if the motor is designed with two or moredifferent solids,

such as steel and aluminum components, the CLTEof the phase change
material would preferably be one that was intermediate the maximum CLTE

and the minimum CLTEofthe different solids, such as 0.65 in/in/°F at room

temperature and 1.1 x10° 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 madeinto a

thermoplastic body and testedfor its coefficient of linear thermal expansion by
a standard ASTM test method. It was found to have a CLTEin the range of —
30 to 30°C of 1.09x10°in/in/°F in the X direction and 1.26x10°in/in/°F in both

the Y and Z directions, and a CLTEin the range of 100 to 240°C of 1.28x10°

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

(Hence, the relevant CLTEsfor purposesof defining the invention are

1.09 x 10° in/in/°F and 1.28 x 10° in/in/°F.) Another similar material, Konduit
PDX —0-988, was found to have a CLTEin the range of —30 to 30°C of
1.1x10°in/in/°F in the X direction and 1.46x10°in/in/°F in both the Y and Z

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

the X direction and 3.4x10°in/in/°F in both the Y and Z directions. By
contrast, a PPS type polymer, (Fortron 4665) waslikewise tested. While it

had a low CLTEin the range of —30 to 30°C (1.05x10°in/in/°F in the X

direction and 1.33x10°in/in/°F in both the Y and Z directions), it had a much
higher CLTEin the range of 100 to 240°C (1.94x10°in/in/°F in the X direction

and 4.17x10°in/in/°F in both the Y and Z directions).
In addition to having a desirable CLTE, the preferred phase change

material will also have a high thermal conductivity. A preferred thermoplastic

material will have a thermal conductivity of at least 0.4 watts/meter°K using
ASTMtest procedure 0149 and tested at room temperature (23°C).

In the present embodiment, the phase change material used to make

the body 42is preferably a thermally conductive but non-electrically
conductive plastic. In addition, the plastic preferably includes ceramicfiller

particles such as aluminum oxide or boron nitride that enhance the thermal

conductivity, while reducing the coefficient oflinear thermal expansion of the
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plastic. Thefiller 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 ofplastic is polyohenyl 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 polyamideblends,

and polycarbonate and polybutylene terephthalate, may also be usedinthis
invention.

Of course, two different phase change materials can be usedfor the

encapsulating material 22 and the body 42. The encapsulating material 22
will normally beareally stiff, high temperature thermoplastic, whereas, the

body 42 will normally be made of a more compliant thermoplastic.

As shownin FIG. 8a, to encapsulate the toroidal core 17 and form body
42, the series of stator arc segments with windings already appliedisfirst

clamped andheld 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

shownin FIG. 8a will be needed to do this. Molten phase-change materialis

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 shownin FIG. 8b, and the phase change materialfills 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

aspectratio 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 shownin 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 103is fixed to the inside of the

hub 108 on a flange so asto be in operable proximity to the stator assembly.
The magnet 103 is preferably a permanent magnet, as described below.

Referring to FIG. 9, the bearings 107 include an upper bearing 46 and

a lower bearing 48. Also, each bearing 107 has an outer surface 50 and an

inner surface 52. The outer surface 50 of the upper bearing 46 contacts the

hub 108 and the outer surface 50 of the lower bearing 48 contacts the support
base 102. The inner surfaces 52 of the bearings 46 and 48 contact the

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

surfaces 52 of the bearings 107 may bepressfit onto the shaft 106. A glue

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

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

bearings in the embodiment shownin 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 madeofstainless 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 106is 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 106is freely rotatable relative to

the base 102. The shaft 106 is preferably cylindrical shaped. The shaft 106
may be madeofstainless steel.

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

stator assembly 40 and the base 102. The hub 108is 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. Theflux return

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

magnet 103 concentrically surrounds the stator assembly 40. In this

embodiment the magnet 103 and stator assembly 40 are generally coplanar
whenthe 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 numberof

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
December22, 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 ordinaryskill in the art

will understand that other methods of unitizing the structure may be used.
One example, as shownin 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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expansionthe collar growslarger 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.

Advantagesof the Present invention

An advantageousfeature of the preferred embodimentis provided by
the fact that the stator assembly 40 is formed from stator arc segments 20

that are aligned to form a toroidal core 17 and substantially encapsulated with
a monolithic body 42 to form a stator assembly 40. Using stator arc segments
20 provides a more uniform grain structure to the toroidal core 17. The grain
orientation of prior art circular stampings varies a great dealat different points
around thecircle. 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 comparedto 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 asit rotates. This also leads to

greater motorefficiency and performance.

The ability to manipulate the webbing to separate the pole faces allows

for a smaller slot gap than can betraditionally 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 phasewith a continuousstrip of wire, as opposed to winding
distinct poles and then connecting terminal ends of the windingsasis
presently done with other segmentedstators, offers a compelling cost
savings.

The preferred motor also has greater packing density of wire 15. In the
disclosed embodimentof 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 numberof stator arc segments 20 greater than at least

two. With prior art circular stampedstators, thereis 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 smal! motors (less than 1.5

inches outer diameter),it is difficult to wind three phases of wire concurrently.

Furthermore,this geometry makesthe process of applying uniform, evenly

spacedturnsdifficult 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 moretightly. The

webbing 23 allows easier packaging and transportation of the poles and also”
allows for the winding to be done moreefficiently. Increasing the packing

density of wire 15 increases the magnetic field, thereby providing more

electromotive force and increased powerto the motor 100.

The limited working space for winding wire 15 around the poles 271 in

circular stampedstators limits the size of motors as well. Since the disclosed

method allows for increased working room, smaller motors may be madewith

the present method comparedto prior art methods. The useofflanges 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 embodimentonly single poles are being used, the laminations

can be stamped from portionsof the steel roll that has a more consistent

thickness. Thus, the resulting stacked stator arc segment20 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 moreclosely laid out when being

stamped, reducing the amount of resulting scrap.

Further, in the prior art, to prevent a motor from seizing whenit gets

hot, larger than desired gaps between the magnet3 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 damagethe read/write heads

in a hard disc drive incorporating the motor, and interfere with their ability to

read or record data on the discs. Also,if the body has a CLTE greater than

that of the steel laminations in the stator, the gap has to be large enough so

that the expansion of the body as the motor heats up does not cause the body
to contact the rotating magnet (even thoughthe steel laminations are not

close to contacting the magnet). With the preferred embodiment of the

presentinvention, with the CLTE of the body matching that of the steel

laminations, much smaller gaps, as low as 0.005 inches, and more preferably

as low as 0.003 inches,can beutilized. As the body 42 expands,it only

expands at the samerate as the laminations, and does not grow to the point

that the body 42 diminishes the gapsize to zero. Thus, the only gap thatis

neededis one sufficient for expansion of the steel laminations. These smaller

gaps make the motor 100 moreefficient, 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 embodimentof the invention has numerous advantages

comparedto the prior art. The length of the connected segmentsof the

present invention can be any length desired, and in fact can be hundreds of

feet long and supplied from largerolls 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 polesthat 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 henceto the external portion of the motor, so that it can be

dissipated easily.

It is contemplated that numerous modifications may be madeto the

motor and method for making the motorof 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 shownin 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

numbergreater than two. While the segments 20 are encapsulated by

injection molding the phase change material around the laminations 11, the

segments 20 could be encasedin other ways with a bridging material.

Additional components such as enhancement magnetsorflux 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 presentinventionis 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 eachatleast

partially encased with a phase change material, wherein the phase change
material also comprises a bridge between adjacent segmentsto link adjacent

segments into a continuousstrip; and

b) the linked stator segments being arranged and secured

togetherto form the stator assembly.

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

such a continuous linkage between segmentsthat 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 aroundthe poles.

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

adjoining segments can be usedto 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. Thestator assembly of claim 1 wherein the discrete stator

segments are each madefrom 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.

141.|Amethod of making a stator assembly comprising:

a) providing at least two stator arc segmentslinked together

by a phase change material and each constituting a pole and having a first
side surface and a secondside surface;

b) winding wire on the poles;

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

wherein each said side surface of one segmentis 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 expansionof less

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

143. |The method of claim 11 wherein the phase change material

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

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

14. |The method of claim 11 wherein the phase change material

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

watts/meterK at 23°C.

145.|The method of claim 11 wherein the phase change materialis

filled with about 30% or more boron nitride.

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

filled with about 30% or more aluminum oxide.

17.|The methodof 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 materialis

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 byinjection molding said phase change
material around said toroidal core.

21. Amethod of making a stator assembly comprising:

a) providing at least two stator arc segmentslinked together

by a phase change material and each providing a pole and havinga first side
surface and a secondside surface;

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

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

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

side surface of another segment; and

d) placing a retaining memberon 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. Amotor madefrom the stator assembly of claim 1.
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26. Amotor made using a stator assembly made from the method of

claim 11.

27. Amotor made using a stator assembly made by the method of

claim 21.

28. A combination of stator arc segments andaflexible 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 whichlinks 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 monclithically 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 higherslot fill. Once
wound this continuous structure can be formedinto 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 otherin

the toroidal core 17. Hard disc drives using the motor 100, and methodsof

constructing the motor 100 are also disclosed.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS‘vrareswePC. Box 1450

Aleaandria, Viginia 22313-1450ww w.usplo.gov

APPLICATION NUMBER FILING/RECEPT DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER
10/383,219 03/05/2003 Gniffith D. Neal 8864/33

 

CONFIRMATIONNO.9248
BRINKS HOFER GILSON & LIONE FORMALITIES LETTER
A PROFESSIONAL CORPORATION INTL. PROP. ATTORNEY
NBC TOWER - SUITE 3600 s HI HACAOAEAAA
455 N. CITYFRONTPLAZA DRIVE ©¢00000000998201 4"
CHICAGO,IL 60611-5599

Date Mailed: 05/07/2003

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER37 CFR 1.53(b)

Filing Date Granted

Items Required To Avoid Abandonment: 

An application numberandfiling date have been accordedto this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHSfrom the date ofthis Notice within whichtofile all
required items and pay any fees required below to avoid abandonment. Extensionsof time may be obtained by
filing a petition accompanied by the extension fee underthe provisions of 37 CFR 1.136(a).

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

e 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 NumberandFiling Date, is required.

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

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:

e 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 mustbe reasonably free from erasures and mustbe free from
alterations, overwriting, interlineations, folds, and copy marks. See Figure(s) Fig 8A,
8B and 9.

= The drawings havea line quality thatis too light to be reproduced (weightofall lines
andletters must be heavy enough to permit adequate reproduction) ortext thatis
illegible (reference characters, sheet numbers, and view numbers must be plain and
legible) see 37 CFR 1.84(I) 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.

e 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 cancelthe additional claims for which feesare due.

SUMMARYOF FEES DUE: 

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

e $750 Statutory basicfiling fee.
e $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 over3 .

 

A copy ofthis notice MUSTbe returned with the reply.

: LHL
Customer Service Center

Initial Patent Examination Division (703) 308-1202
PART3 - OFFICE COPY
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Patent Application for: STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS
AND MOTOR USING SAME

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

__ Patent Application for: STATOR ASSEMBLY MADE FROM A MOLDED WEB OF CORE SEGMENTS
A AND MOTOR USING SAME
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Ss g Case No. 8864/33
%,. gt DECLARATION FOR PATENT APPLICAT ION

€ raped
As a belo ‘d inventor, I hereby declare that:

My 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
blural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled
btator Assembly Made From a Molded Web of Core Segements and Motos Using ame, the specification ofwhich:

Cj is attached hereto.

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

hereby state that I have revicwed and understand the contents of the above-identified specification, including the claims, as
amended by any amendmentreferred to above.

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

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

United States, listed below and have also identified below, by checking the box, any foreign application for patent or inventor's
ertificate, ot PCT International application havinga filing date before that of the application on which priority is claimed:

 

Prior Foreign Application(s Priori jmed
None 0 CO

(Number) (Country) (Day/Month/Year Filed) Yes No
It hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional application(s)listed below:

None

{Application Serial No.) (Filing Date)

I hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or § 365(c) of any PCT International
application designating the United States, listed below and, insofar as the subject matter of each of the claims ofthis application
is not disclosed in the prior United States or PCT International application in the manner provided bythefirst paragraph of 35
U.S.C. § 142, I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56
which became available between the filing date of the prior application and the national or PCT International filing date ofthis
application:

09/798,511 March 2, 2001 ending
(Application Serial No.) (Filing Date) (Status-patented, pending, abandoned)

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

Inventor's Signature Lae 2. Pr Date: $y (2/038 
 

Full nameofsole or first inventor ffith D. Neal
Residence Alameda, California

Citizenship United States of America
Post Office Address 1334 Bay Street, Alameda,California 94501

BRINKS HOFER GILSON & LIONE
P.O. Box 10395

Chicago, IL 60610
(312) 321-4200

rev. Dec.-99

\\Bhglmain3\common\sps\8864 - Encap Motors\8864-33\8864-33 Declaration.doc
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Case No. 8864/33

Inventor(s): GRIFFITH D. NEAL
Title: TATOR EMBLY E FRO OLDED WEB O EB A TOR

USING SAME

POWER OF ATTORNEY

The specification of the above-identified patent application:
OC) is attached hereto
4 was filed on March 5, 2003 as application Serial No, 10/383,219

I hereby revoke all previously granted powers of attorney in the above-identified patent application and appointthe following
attortleys to prosecute said patent application and to transact all business in the Patent and Trademark Office connected therewith:

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

Please address all correspondence and telephonecalls to Steven P, Shurtz in care of:
Brinks Hofer Gilson & Lione

P.O. Box 10395

Chicago, IL 60610
(312)321-4200

The undersigned hereby authorizes the U.S. attorneys named herein to accept and follow instructions from GRIFFITELD.
NEAL as to any action to be taken in the Patent and Trademark Office regarding this application without direct communication
betwpen the U.S. attomey and the undersigned. In the event ofa change in the persons from whom instructions may be taken, the U.S.attorheys namedherein will be so notified by the undersigned.

P MOTOR ORATION, a CORPORATION,certifies that it is the assignee ofthe entire right, title and interest in
the patent application identified above by virtue ofeither:
YY An assignmentfrom the inventor(s) of the patent application identified above, a copy of whichis attached hereto.

OR

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

CO A chain oftitle from the inventor(s), of the patent application identified above, to the current assignee as shown below:

 

1. From To:
The document was recorded in the Patent and Trademark Office at
Reel , frame , or a copy thereofis attached.

2. From To:
The document was recorded in the Patent and Trademark Office at
Reel___, frame , or a copy thereofis attached.

 

 

Cj Additional documents in the chain oftitle are listed on a supplementalsheet.
The undersigned has reviewed the assignmentorall the docutnents in the chain oftitle of the patent application identified

above and, to the best of undersigned’s knowledge and belief, title is in the assignee identified above.

 
The undersigned (whosetitle is supplied below)is empowered to act on behalfofthe assignee.
I hereby declare that all statements made herein of my own knowledge are true, and that all statements made on information

and belief are believed to be true; and further, that these statements are made with the knowledgethatwillful false statements, and the
like|so made, are punishable by fine or imprisonment, or both, under Section 1001, Title 18 of the United States Code, and that such
willful false statements may jeopardize the validity of the application or any patent issuing thereon.

Signature OD Fo..X— Date; 8/3/03
: iffith D. Neal

CEO
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Gee a
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5 i hereby certify that this correspondenceis being
Preys &wedeposited with the United States Postal Service,

eas with sufficient postage, as first class mail in an
envelope addressedto:

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313
on October 7, 2003

Date of Deposit

Steven P. Shurtz, Reg. No. 31,424
Nameofapplicant, assignee or

Registered Representative

Keven)wc
__ gignature :

/O 7 |! 03
Date of Signature

Case No. 8864/33

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Griffith D. Neal

Serial No: —-10/383,219 Examiner: Unassigned

Filed: March 5, 2003 Group Art Unit: Unassigned

For: STATOR ASSEMBLY MADE
FROM A MOLDED WEBOF

CORE SEGMENTS AND
MOTOR USING SAME

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

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

DearSir:

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

X<] Applicant:

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

10/16/2003 ABELETEL 00000114 10383219

Q1 FCs2e253 475.00 OP
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Case No. 8864/33

[_] is other than small entity

Extension Other Than Small Entity
Months Small Entity

[| One Month $110.00 $55.00
[| Two Months $420.00 $210.00

Three Months $950.00 $475.00
[|] Four Months $1,480.00 $740.00
| Five Months $2,010.00 $1,005.00

Fee Payment

Attached is a check for $ for the Petition fee.

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

Charge Petition fee to Deposit Account No. 23-1925. A duplicate copy ofthis
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.

XOWwWO
Respectfully submitted,

p
teven P. Shurtz

Registration No. 31,424
Attorney for Applicant

 
 

 
 

Dated: October 7, 2003

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395

CHICAGO,IL 60610
(312)321-4200

Rev.Oct.-01
Document3
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Application or Docket Number

 

  
 
 
 
 

  
PATENT APPLICATION FEE DETERMINATION RECORD

‘Effective January 1, 2003 ,
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a AMENDMENT PAID FOR f FEE
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G [rene[ine Dm= Minus|an on} Xe
 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM | : .

Ss OR |. +280=

* Ifthe entry in column1is tess than the entry in column 2, write "0" in column 3. | TOTAL
if the “Highest Number Previously Paid For" IN THIS SPACEis tess than 20, enter “20.” AODDIT. FEE

***If the "Highest Number Previously Paid For" IN THIS SPACEis less than 3, enter "3." ; 7 0
The "Highest Number Previously Paid For” (Total or independent) is the highest number foundin the appropriate box in column 1.
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 FORM PTO-875 (Rev. 12/02) Patent and Trademark Otfice, U.S. DEPARTMENT OF COMMERCE
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10/21/2904 10: 40 FAX 7033082840 USPTO PATENTS EBC’ (gq) 002~ t . vo “ 4

RAL

CENT x vA anhQc PTO/SB/122 (06-03)
Approved for use through 11/30/2005, OMB 0851-0035

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
perwork Reduction Act of 1985, no persons aro raquited to respond to a collection of information aniessil displays a valid OMB control number.  

 
 

Under the Pa

 
 

 
 

CHANGE OF  
  
 

  
  

CORRESPONDENCE ADDRESS
Application

 Art Unit

 

Addressto:

P.O. Box 1450 Examiner Name

 

 
 

 

Alexandria, VA 22313-1450.

 Please change the Correspordence Addrassfor the above-Kentified patent application to:

: (x) Customer Number: 
 
 

  
 
 

  

OR

Individual Name

“fin
ae

This form cannot be used fo change the data associated wih a Customer Number. To change the
data associated with an existing Customer Number use "Requast for Customer Number Data
Change" (PTO/SB/124).

 
lam the:

CL) Appiicant/inventor

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

wd Attomey or Agent of record. Registration Number 3 / 1 4p. Y :
Cl Registered practitioner named in the application transminal letter in an application without anexecuted oath or declaration. See 37 CFR 1.33(a}(1). Registration Number.

T Printed :eee even ¥. Shuytzib

 

  

  
  

 

  
  

 

 

 
 

 

 
 

  

Telephone 3 i> 3 > Ud 3 a
ire intesest of thels representative(s) are required. Submit mulupte

 
 C) “Total of forms are submitted.

This collection of information Is required by 37 CFR 1,33. The information is required to obtain or retain a benefit by the public which is lo file (and by the USPTOto process) an appfication. Confidentiatity is govemed by 35 U.S.C. 122 and 37 CFR 1.14. This collection Is estimated to take 3 minutes to complete, Induding‘gathering, preparing. and submining the completed application form to the USPTO. Time wil vary depending upon the individual case. Any comments on theamount of Eme you requise to comptete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.8. Patent andTrademark Office. U.S. Oapartment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SENO TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22373-1480.

 

Hyou need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

Pp, a ., 2AGE 2/4*RCVD AT 10/21/2004 10:40:23 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/0 * DNIS:8729306 * CSID:7033082840 * DURATION (mm-ss):02-04
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ou one!

This Page is Inserted by IFW Indexing and Scanning
Operationsandis not part of the Official Record

BESTAVAILABLE IMAGES|

Defective images within this documentare accurate representations of the original
documents submitted by the applicant. ,
Defects in the images include but are not limited to the items checked:

() BLACK BORDERS

“hg CUT OFF AT TOP, BOTTOM ORSIDES
ED TEXT OR DRAWING

LURRED OR ILLEGIBLE TEXT OR DRAWING -

- ( SKEWED/SLANTED IMAGES

QC) COLOR OR BLACK AND WHITE PHOTOGRAPHS

O GRiY SCALE DOCUMENTS

CJ LINES OR MARKS ON ORIGINAL DOCUMENT

CO) REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

C) OTHER: 

IMAGES ARE BEST AVAILABLECOPY. :
As rescanning these documents will notcorrectthe iimage

- problemschecked,please do notreport these problems to
_ the IFW Image Problem Mailbox.
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UNITED STATES PATENT AND TRADEMARK OFFIGE 
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address. COMMISSIONER FOR PATENTSPO. Box 1450

Alexandcia, Virginia 22313-1450wwwaspio.20V

*BIBDATASHEET* CONFIRMATION NO. 9248
Bib Data Sheet

 
FILING OR 371(c)

DATE ATTORNEY
SERIAL NUMBER GROUP ART UNIT DOCKETNO.

10/383,219 03/05/2003 3729 8864/23
RULE

APPLICANTS

Griffith D. Neal, Alameda, CA;

Pie ae CONTINUING DATA RRKAKEKEREERKRKKKREREERKKKEK

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

‘kal FOREIGN APPLICATIONS RRRKEKEEREKKKRKEREKKIKK

IF REQUIRED, FOREIGN FILING LICENSE GRANTED. SMALL ENTITY **

Foreign Priority claimed LJ yes CL) no
“4 STATE OR|SHEETS

35 USC 119 (a-d) conditions CJ) yes LJ no LJ Metafter COUNTRY|DRAWING
met Allowance CA 5

Examiner's Signature Initials

Cd all Fees

C) 1.16 Fees(Filing )

CL) 1.17 Fees ( Processing Ext. of
to charge/credit DEPOSIT ACCOUNT time )
for following: ,

—_____ g Cl 1.18 Fees(Issue )
LJ Other

Q) credit
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UNITED STATES PATENT AND TRADEMARK OFFICE A
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS-

  P.O. Box 1450
Alexandria, Virginia 22313-1450www.uspto.gov

10/383,219 03/05/2003 Griffith D. Neal 8864/33 9248

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

CHICAGO,IL 60610
3729

DATE MAILED:03/29/2005

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

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

3729 pe
-- The MAILING DATEof this communication appears on the cover sheet with the correspondenceaddress--

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 7 MONTH(S) FROM

THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available underthe provisions of 37 CFR 1.136(a). In no event, however, maya reply betimely filed
after StX (6) MONTHSfrom the mailing date of this communication.
If the period for reply specified aboveis less than thirty (30) days, a reply within the statutory minimum ofthirty (30) days will be considered timely.
If NO period for reply is specified above, the maximumstatutory period will apply and will expire SIX (6) MONTHSfrom 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).
Anyreply received by the Office later than three months after the mailing date of this communication, evenif timely filed, may reduce any
earned patentterm adjustment. See 37 CFR 1.704(b).

Status

1)X] Responsive to communication(s)filed on 05 March 2003.
2a)L] This action is FINAL. 2b)X] This action is non-final.
3)L) Since this application is in condition for allowance exceptfor formal matters, prosecution as to the merits is

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

Disposition of Claims

4)X] Claim(s) 1-32 is/are pendingin the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5)L Claim(s)___ is/are allowed.
6)L] Claim(s)___ is/are rejected.

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

Application Papers
9)C The specification is objected to by the Examiner.

10)L The drawing(s) filed on is/are: a)(_] accepted or b)[) objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

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

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

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis madeofa claim for foreign priority under 35 U.S.C. § 119(a)-(d)or(f).
a)LJA! b)L) Some * c)L] Noneof:

1:0] Certified copies of the priority documents have beenreceived.

2.L] Certified copies of the priority documents have been received in Application No.
3.L] Copies of the certified copies of the priority documents have beenreceivedin 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.
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3) [] information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) L_] Notice of informa! Patent Application (PTO-152)

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

- PTOL-326 (Rev. 1-04) Office Action Summary P. ‘a ./Mail Date 20050322Am. Hondav. wor: APROFNae
PETHONDA.1003-0055



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0056

Application/Contro! Number: 10/383,219 Page 2
Art Unit: 3729

DETAILED ACTION

Election/Restrictions

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

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

subclass 254;

Il. Claims 11-20 and 26, drawn to a method of making a stator assembly,classified

in class 29, subclass 596;

Ill.|Claims 21-24 and 27, drawn to another method of makinga stator assembly,

classified in class 29, subclass 606.

InventionsII and I are related as process of making and product made, The inventions

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

used to make other and materially different product or (2) that the product as claimed can be

madebyanother and materially different process (MPEP § 806.05(f)). In the instant case the

process as claimed can be used to makeother and materially different product, such as forming a

stator assembly bysubstantially encapsulating the toroidalcore.

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

are distinct if either or both of the following can be shown:(1) that the process as claimed can be
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Art Unit: 3729

used to make other and materially different product or (2) that the product as claimed can be

made by another and materially different process (MPEP § 806.05(f)). In the instant case the

process as claimed can be used to makeother and materially different product, such as unitize

the stator structure by placing a retaining memberonthe exteriorofthe toroidal core.

InventionsII and III are related as combination and subcombination. Inventionsin this

relationship are distinct if it can be shown that(1) the combination as claimed does not require

the particulars of the subcombination as claimed for patentability, and (2) that the

subcombination has utility by itself or in other combinations (MPEP § 806.05(c)). In the instant
case, the combination as claimed doesnot require the particulars of the subcombination as

claimed because the method of makinga stator assembly as recited in Group II does not require

the retaining memberthereof, as required by Group III. The subcombination, InventionIII, has

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

exterior of the toroidal core .

Because these inventionsaredistinct for the reasons given above and have acquired a

separate status in the art as shown bytheir differentclassification, restriction for examination

purposesas indicated is proper.

Becausethese inventionsare 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 purposesas indicated is proper.
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Becausetheseinventionsare distinct for the reasons given above andthe search required

for each Groupis not required for other Groups,restriction for examination purposesas indicated

is proper.

2. A telephonecall was madeto the office of Steven P. Shurtz (312-321-4230 & 801-444-

3933) on March 21, 2005 to request an oral election to the aboverestriction requirement, but did

notresult 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 requirementbe traversed (37 CFR

1.143).

Any inquiry concerning this communicationorearlier communications from the

examiner should be directed to Tim Phan whose telephone numberis 571-272-4568. The

examiner can normally be reached on M - F, 9AM - SPM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Peter Vo canbe reached on 571-272-4690. The fax phone numberfor the

organization wherethis application or proceedingis assigned is 703-872-9306.

Information regardingthe status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

maybe obtained from either Private PAIR or Public PAIR. Status information for unpublished

applicationsis available through Private PAIR only. For more information about the PAIR
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system,see http://pair-direct.uspto.gov. Should you have questions on accessto the Private PAIR

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

A.DEXTER TUGBANG

Tim Phan PRIMARY EXAMINER
Examiner

Art Unit 3729

tp
March 22, 2005
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4 99H /ado of BRINKS

soepostage, in an envelope addressed to: Mail Stop.Amendment, Commissioner for Patents, P. O. Box 4450, HOFER
Alexandria, VA 22313-1450, on the below date: GILSONDate: _April 29, 2005 Name:_Steven P. Shurtz, Req. No, 31,424 Signature: /Steven P. Shurtz/

, . &LIONE
- IN THE UNITED STATES PATENT AND TRADEMARK OFFICE#——————

in re Appin. of: Griffith D. Neal

Appin. No.: 10/383,219 - Examiner: Thiem D. Phan

Filed: March 5, 2003 Group Art Unit: 3729

For: STATOR ASSEMBLY MADE FROM A

MOLDED WEB OF CORE SEGMENTS AND

MOTOR USING SAME

 Attorney Docket No: 8864-33

Mail Stop Amendment
Commissioner for Patents

Rioxandria, VA 22313-1480 TRANSMITTAL
Sir:
Attachedis/are:

X Transmittal Letter (in duplicate); Amendment

&} Return Receipt Postcard
Fee calculation:

Oo No additional fee is required.

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

[1]_Apetition or processing fee in an amountof $ under 37 C.F.R. § 1.17( ).

—] An additionalfiling fee has been calculated as shownee
 

   
(eer[ielwPenaaleeme,After Amendment Previously Paid For|Extra Add'l Fee

|xs25-|—s0o|_—|_x$s0-|indenlsYie||xsao0-|
|| +sseo=|
|so

|
[FirstPresentationofMultipleDep.Ciaim|Sfa8t80=]
|total——_g50|Total

Fee payment:

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

oO Please charge Deposit Account No. 23-1925 in the amountof $ . Acopy of this Transmittal is enclosed
for this purpose.

(J ‘The Director is hereby authorized to charge paymentof any additionalfiling fees required under 37 CFR § 1.16
and any patent application processing fees under 37 CFR § 1.17 associated with this paper(including any
extension fee required to ensure that this paper is timely filed), or to credit any overpayment, to Deposit

  
      

Account No. 23-1925. Respectfully submitted,

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

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

Chicago,IL. 60610
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: Weing deposited with the United States

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

Commissionerfor Patents
P.O. Box 1450

Alexandria, VA 22313

on April 29, 2005
Date of Deposit

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

Registered Representative

/Steven P. Shurtz/

Signature
April 29, 2005

Date of Signature

Case No. 8864/33

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Griffith D. Neal

Serial No.: 10/383,219 Examiner: Thiem D. Phan
GroupArt Unit: 3729

Filed: March 5, 2003

For: STATOR ASSEMBLY

MADE FROM A

MOLDED WEB OF

CORE SEGMENTS AND

MOTOR USING SAME

AMENDMENT

Mail Stop Amendment GRENBOBL GOOGOOED 1038384
Commissionerfor Patents «OL FCs2202
P.O. Box 1450

Alexandria, VA 22313-1450

DearSir:

In response to the Office Action mailed March 29, 2005, please enter the

following amendment and considerthe following remarks.

Amendmentsto the claimsare reflected inthe listing of claims which
begins on page 2 of this paper.

Remarks begin on page 7 of the paper.
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Amendmentsto the Claims

Please amendclaim 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 eachat least partially

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

comprises a bridge between adjacent segmentsto link adjacent segments into a

continuousstrip; 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 segmentsthat 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 aroundthe poles.

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

adjoining segments can be usedto 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 madefromaplurality 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

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

member comprises a metal band.

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

are heid 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 havingafirst 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 segmentis 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 methodof claim 11 wherein the phase change material

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

2 x 10° in/in/°F throughoutthe range of 0-250°F.

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

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

1.5 x 10°in/in/°F throughoutthe 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/meterK at 23°C.

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

is filled with about 30% or more boronnitride.

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

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

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

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

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

is selected from the group consisting of thermoplastics and thermosetting

materials.

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

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

maintain the toroidal shape.

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

encapsulating the core is performed byinjection 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 eachproviding a pole and havinga first side

surface and a secondside surface;

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

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

wherein eachsaid side surface of one segmentis in contact with an opposing

side surface of another segment; and

d) placing a retaining memberon the exterior of the toroidal

core to unitize the structure.

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

segmentsare atleast partially encapsulated in the phase charge material.

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

comprises a metal band.

Am. Hondav. IV II - IPR2018-00619

PETHONDA_1003-0066



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0067

24. (Original) The method of claim 21 wherein eachof 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 madeusing a stator assembly made by the method

of claim 21.

28. (Original) A combination of stator arc segments andaflexible carrier

usedto 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 predeterminedposition 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 madefrom, aninjection

molded thermoplastic material.
-5-
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33. (New) The stator’assemblyof 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 formedin said carrier.
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Remarks

In the outstanding Office Action, claims 1-32 were subject to a three way

restriction requirement. Applicant elects to prosecute the claims in Group |,

claims 1-10, 25 and 28-32, and newclaims 33-34 dependent on claims 1 and 28

respectively. This election is made with traverse.

The restriction between Group | and GroupIl 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 productof 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 ina

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 bythe process of claim 11.. Thus the

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

The restriction between Group | and GroupIII 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 usedto unitize a stator structure by placing a retaining

memberon 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 GroupIII should be prosecuted with

the claims of GroupI.
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Sinceall of the claims should be prosecuted in the present case, the

forgoinglisting of claims does not shownanyof the claims as being withdrawn.

Respectfully submitted,

/Steven P. Shurtz/

Steven P. Shurtz

Registration No. 31,424
Attorney for Applicant

Dated: April 29, 2005
BRINKS HOFER GILSON & LIONE

P.O. Box 10395

Chicago, IL 60610
(312) 321-4200
Direct Dial: (801) 444-3933
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Application No. Applicant(s)

10/383,219 NEAL, GRIFFITH D.

Office Action Summary Examiner Art Unit

Burton S. Mullins 2834 So
-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORYPERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) FROM

THE MAILING DATE OF THIS COMMUNICATION.Extensionsof time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply betimelyfiled
after SIX (6) MONTHSfrom the mailing date of this communication.

- Ifthe period for reply specified aboveis less than thirty (30) days, a reply within the statutory minimum ofthirty (30) days will be considered timely.
- ifNO period for reply is specified above, the maximumstatutory period will apply and will expire SIX (6) MONTHSfrom the mailing date of this communication.
- Failure to reply within the set or extended periodfor 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,evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 03 May 2005.
2a)L] This action is FINAL. 2b) This action is non-final.
3)L] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

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

Disposition of Claims

4)X Claim(s) 1-34 is/are pending in the application.
4a) Of the above claim(s) 71-24,26 and 27is/are withdrawn from consideration.

5) Claim(s) 1-10,25 and 33 is/are allowed.
6)X] Claim(s) 28,31 and 32 is/are rejected.
7)X Claim(s) 29,30 and 34 is/are objected to. |
8)L] Claim(s)____ are subject to restriction and/or election requirement.

Application Papers

9)LJ Thespecification is objected to by the Examiner.
10)X] The drawing(s) filed on 10 October 2003 is/are: a)>X] accepted or b)L_] 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)L] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)L] Acknowledgmentis madeofa claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).
a)LIAN  b)L] Some*c)L] Noneof:

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

3.0] Copiesofthe certified copiesofthe 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) XX] Notice of References Cited (PTO-892) 4) LJ interview Summary (PTO-413)
2) C] Noticeof Draftsperson's Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.__
3) LJ information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) L] Notice of Informal Patent Application (PTO-152)

Paper No(s)/Mail Date . 6)C] other:
U.S. Patent and Trademark Office . .
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Art Unit: 2834

DETAILED ACTION

Election/Restrictions

1. Applicant's election with traverse of Group I (claims 1-10, 25, 28-32 and new claims 33-

34)in the reply filed on May 3, 2005 is acknowledged. Thetraversal is on the groundthat the

product of claim 10 is not materiallydifferent from the process of claim 11. This is not found

persuasive because the product claim includesa “strip” which is not included in the process

claim.

The requirementis still deemed properand is therefore made FINAL. Claims 11-24 and

26-27 are withdrawn.

Information Disclosure Statement

2. The USpatent references submitted in the information disclosure statementfiled on july
11, 2001 in the parent case (S.N. 09/798,511) have been considered. However,the foreign

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

available nor are they in the parentelectronicfile. If applicant wishes to havethe references of

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

submit copies of the foreign and non-patentliterature together witha list ofall the references on

a form PTO-1449 for the examinerto initial.

Am. Hondav. IV II - IPR2018-00619
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Claim Rejections - 35 USC § 102

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections underthis section madein this Office action: —

A person shall be entitled to a patent unless —

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

4. Claims 28 and 3lare rejected under 35 U.S.C. 102(b) as being anticipated by Ryderetal.

(US 2,607,816). Ryder teaches a combination of stator arc segments andaflexible carrier used

to link said stator arc segments during a winding operation comprising: a) a plurality of stator arc

segments (cell dividers/pole pieces) 12; and b) a phase change material constituting aring 24 of

plastic material(c.3, lines 55-66) which comprisesa 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 themby extending into

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

Claim Rejections - 35 USC § 103

5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis forall

obviousnessrejections set forth in this Office action:

(a) A patent maynot be obtained though the inventionis not identically disclosed or described as set forth in
section 102 ofthistitle, if the differences between the subject matter sought to be patented and thepriorart are
such that the subject matter as a whole would have been obviousat 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 Tanakaet al. (US 4,015,154). Hallerback teaches a series of discrete stator

Am. Hondav. IV II - IPR2018-00619
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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 compoundis injection molded thermoplastic material.

Tanaka teaches injection molding ofstator core with plural teeth 14 using a

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

64-66) and provides high accuracy molding due to its fluidity (c.4, lines 30-55).

It would have been obviousto one having ordinary skill to modify Hallerback and

provide a molding compound comprising injection molded thermoplastic per Tanakasincethis

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

claimedstator assembly including plural discrete stator segments eachatleast partially encased

with a phase change material, wherein the phase change material also comprises a bridge

between adjacent segmentsto link adjacent segments into a continuousstrip, 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

continuousstrip 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

continuousstrip, but instead the segments appear to be overmolded by phase change material 40
while in the mold. Kazamateaches connection of stator core segments by meansofconcavities

Am. Hondav.IV II - IPR2018-00619
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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.

8. Claims 29-30 and 34 are objected to as being dependent upona rejected base claim, but

would be allowable if rewritten in independent form includingall of the limitations of the base

claim and any intervening claims. Theprior art does not teach or suggest that the stator arc

segments comprise steel laminations electrically insulated from the wire by a portion ofthe

phase change material formed monolithically with the flexible carrier (claim 29); or that the

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

34).

Conclusion

9. The prior art made of record andnotrelied uponis 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 numberis 571-272-2029.

The examiner can normally be reached on Monday-Friday, 9 am to 5 pm. If attempts to reach

the examiner by telephone are unsuccessful, the examiner’s supervisor, Darren Schuberg can be

reached on 571-272-2044. The fax phone number for the organization where this application or

proceeding is assigned is 703-872-9306. Information regarding the status of an application may

be obtained from the Patent Application Information Retrieval (PAIR) system. Status

information for published applications may be obtained from either Private PAIR or Public

PAIR. Status information for unpublished applications is available through Private PAIR only.

Am. Hondav. IV II - IPR2018-00619
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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

Ean?
Burton S. Mullins

Primary Examiner
Art Unit 2834

866-217-9197(toll-free).

bsm

13 June 2005
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‘PAT-NO: JP401138937A

DOCUMENT-IDENTIFIER: JP 01138937 A

TITLE: MANUFACTURE OF INDUCTION MOTOR STATOR

PUBN-DATE: May 31, 1989

INVENTOR - INFORMATION:

NAME

NISHIYAMA, HIROAKI

IRIE, SHINICHIRO

ASSIGNEE- INFORMATION:

NAME COUNTRY

SHIBAURA ENG WORKS CO LTD . N/A

APPL-NO: JP63213278

APPL-DATE: August 27, 1988:

INT-CL (IPC): H0O2K001/06, HO2K001/16 , HO2K001/18

US-CL-CURRENT: 29/596

ABSTRACT:

PURPOSE: To facilitate a winding work of a toroidal winding by
resin mold

forming from the outside of a stator core at the time of constituting
said

stator core by joining of split cores.

CONSTITUTION: A toroidal winding 15, which winds a yoke part 41
via an

insulating means, is applied to every slot 12 of each divisionally
formed split
core 11. Then, respective split cores 11, to which said winding 15
has been

applied, are butt-joined into an annular stator core 10 by welding in
the butt

part outer periphery side of split end faces lla, 11b. After that, a
molded , ,

material 18 composed of synthetic resin material is injected to the

Am. Hondav.IV II - IPR2018-00619
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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
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PAT-NO: JP404295256A

DOCUMENT- IDENTIFIER: JP 04295256 A

TITLE: STATOR FOR MOTOR

PUBN-DATE: October 20, 1992

INVENTOR- INFORMATION:

NAME

KIEDA, KOUKI

UZAWA, KEN

MIYAGAWA, HIDEAKI

ASSIGNEE - INFORMATION:

NAME COUNTRY

MITSUBISHI ELECTRIC CORP N/A

APPL-NO: JP03056724

APPL-DATE: March 20, 1991

INT-CL (IPC): HO2K015/02, HO2K001/18

- ABSTRACT:

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

CONSTITUTION: Predetermined number of pole coupling boards 14
comprising
pole pieces 12 coupled through coupling pieces 13 and the pole pieces
12 are

laminated and then the coupling pieces 13 are removed through press
thus a pole
piece 11 is formed. The pole piece 11 is then placed in a molding
die and

integrally molded of insulating resin 16 through which respective
pole pieces
11 are coupled each other to form an inner ring pole section 10
around which a
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¥

coil is wound. Finally, the inner ring pole section 10 is coupled
with an

outer ring yoke section 7 thus a stator 8 is made.
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/Steven P. Shurtz/
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Case No. 8864/33

IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

In re Application of:

Griffith D. Neal

Serial No.: 10/383,219 Examiner: Burton S. Mullins
Group Art Unit: 2834

Filed: March 5, 2003

For: STATOR ASSEMBLY

MADE FROM A

MOLDED WEB OF
CORE SEGMENTS AND

MOTOR USING SAME

AMENDMENT

Mail Stop Amendment
Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

DearSir.

In responseto the Office Action mailed June 15, 2005, please enter the

following amendmentand considerthe following remarks.

Amendmentsto the claims are reflected in thelisting of claims which

begins on page 2 ofthis 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 unamendedclaimsin 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 eachatleast partially

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

comprises a bridge between adjacent segmentsto link adjacent segments into a

continuousstrip; and

b) the linked stator segments being arranged and secured

togetherto form the stator assembly.

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

such a continuouslinkage 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 usedto 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/meterK at 23°C.

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

segments are each made fromaplurality of steel laminations.

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

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

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

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

member comprises a metal band.

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

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

11-24. (Canceled)

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

26-28. (Canceled)

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

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

during a winding operation comprising:

a a plurality of stator arc segments; and

b) a phase change material constituting said flexible carrier

adhered to the stator arc seqments whichlinks said segments in a uniform

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

arc segments each comprise a plurality of steel laminations and wherein

the steel laminations are electrically insulated from the wire applied during

winding by a portion of the phase change material formed monolithically

with the flexible carrier.

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

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

inch of thickness.

31-32. (Canceled)

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

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

change material.
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34. (Currently amended)[[The combination of claim 28]] A combination of

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

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 whichlinks said segments in a uniform

and predetermined position with respect to one another; wherein the

flexible carrier links said segments by connecting two mating sections

formed in said carrier.
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Remarks

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

claims 29, 30 and 34 wereindicated as allowableif 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 beenindicated as being allowable,

the case is believed to be in condition for allowance.

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

the Information Disclosure Statementfiled on July 21, 2001 in the parent case,

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

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

references, Applicant’s attorney will put together sucha filing.

Respectfully submitted,

/Steven P. Shurtz/

Steven P. Shurtz .

Registration No. 31,424
Attorney for Applicant

' Dated: September 15, 2005
BRINKS HOFER GILSON & LIONE

P.O. Box 10395

Chicago, IL 60610
(312) 321-4200
Direct Dial: (801) 444-3933
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Attorney Docket No: 8864-33  

INFORMATION DISCLOSURE STATEMENT

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

form.

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

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

references not in English, an English language Abstract has been provided for the
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(54)

(57)  Procédé de fabrication de boitiers semi-con-
ducteurs comprenant respectivement un substrat, une
pastille formant un circuit intégré et fixée sur une zone
du substrat, des moyensde connexion électriquereliant
la pastille a un groupe de zones de connexion électrique
extérieure situées sur une face du substrat, ainsi qu'un
enrobage d'encapsulisation. Le procédé consiste a réa-
liser de fagon matricielle une muitiplicité de groupes de
zones: de connexion (104a) sur une plaque commune
de substrat (102), correspondant a autant de zones
(109) defixation de pastilles, a fixer une pastille (103)
sur chaque Zone(109)de fixation de la plaque commu-

Procédé de fabrication de boitiers semi-conducteurs comprenantuncircuit intégré

ne de substrat, a relier électriquement chaque pastille
(103) aux zones (104a) de connexion électrique asso-
ciées, de fagon A obtenir un assemblage (111) plaque
de substrat-pastilles connectés. Le procédé consiste,
dans une seconde étape 4 disposer cet assemblage
(111) dans un moule (112)et a injecter une matiére d'en-
robage (106) dans le moule de fagon a obtenir, en une
seule opération de moulage, un bloc parallélépipédique
(I17), puis, dans une étape ultérieure, & découperledit
bloc parallélépipédique (117) au travers de son épais-
seur en unités constituant chacune un boitier semi-con-
ducteur.

FIG.6

117 116 105 417 «4 

ji2

fa\¥eS,‘— 
Printed by Jouve. 75001 PARIS (FR)
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Description

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

Enprincipe et de fagon habituelle, les zones de con-
nexion électrique extérieureetla pastille sont disposées
de part et d'autre du substrat et l'enrobage enveloppe,
d'un cété du substrat, la pastille et les moyens de con-
nexion électrique.

Dansla technique de fabrication actueilementutili-
S68, On réalise individuellement l'enrobage de chacune
des pastilles fixées et connectées sur une plaque de
substrat en disposantcette plaque dans un moule qui
présente autant de cavités individuelles Que de pas-'
tiles. Puis on coupele substrat entre chaque enrobage.
Cette solution nécessite la fabrication, l'utilisation et le
stockage d'autant de moulesdifférents d'injection d'en-
robage quel'on a da boitiers différents présentant des
dimensions de pastilles différentes et des dispositions
différentes de ces pastilles sur une plaque de substrat.
De méme,il faut disposer d'un outit de découpeparti-
culier attribué & chaque dimension de pastille et a cha-
que dimension de plaque de substrat.

Le but de ja présente invention est de Proposer un
Procédé de fabrication de boitiers semi-conducteurs
Susceptibles de permettre des économiesde fabrication
et d'obtenir une plus grandeflexibilité de production.

Le procédé selon l'invention est destingé a ta fabri-
cation de boitiers semi-conducteurs comprenant res-
pectivementun substrat, une pastille formant uncircuit
intégré et fixée sur une zone du substrat, des moyens
de connexion électrique reliantla pastille & un groupe
de zones de connexionélectrique extérieure situées sur
une face du substrat, ainsi qu'un enrobage d'encapsu-lisation.

Selon l'invention, le procédé consiste a réaliser de
fagon matricielle une multiplicité de groupes de zones
de connexion sur une plaque commune de substrat, cor-
respondanta autant de zonesdefixation de pastilles, a
fixer une pastilla sur chaque zonede fixation de la pla-
que commune Ge substrat, a relier électriquement cha-
Que pastille aux zones de connexion électrique asso-
ciées, de fagon a obtenir un assemblage plaque de
substrat-pastilles connectés. Selon l'invention, le proceé-
dé consiste, dans une seconde 6lape, a disposer cet
assemblage dans un moule et a injecter une matidra
d'enrobage dans le moule de fagon a obtenir, en une
seule operation de moulage, un bloc parallélépipddique,
et, dans une étape ultérieure, A découperledit bloc pa-
rallélépipédique au travers de son épaisseur en unités
constituant chacuns un boitier semi-conducteur.

Selon une variante préférée de invention, le pro-

10

20

2s

30

35

40

50

cédé consiste a réaliser la découpedu bloc paralléltépi-
pédique par sciage. .

Selon linvantion, le procédé consiste de préférence
a collier le bloc parallélépipédique sur une bande auto-
collante pelable et & réaliser l'opération de sciage en
engageantla scie au travers du bloc au-dela de sa lace
collée sur cette bande.

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

Selon l'invention, ie procédé consiste de préférence
a déposerdesbilles ou boules en matériau de soudage
sur les zones de connexion.

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

- lafigure 1 représente schématiquementune coupe
transversale d'un boitier semi-conducteur obtenu
par le procédé selon I'invention :

-  lafigure 2 représente une vue frontale dudit boitier :
+ la figure 3 montre schématiquement une premiére

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

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

- la figure 5 montre schématiquement une 6tape sui-
vante du procédé selon l'invention et représente la-
dite plaque de substrat munie de pastilles connec-
tées électriquementpardesfils ;

-  lafigure 6 montre schématiquement une étape sui-
vante de l'invention consistant en "encapsulisation
dans un moule représenté en coupe desdites pas-
tilles et descitsfils :

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

-  lafigure 8 montre schématiquement une 6tape sui-
vante du procédé selon I'invention et représente
une coupe transversale dudit bloc :

‘- et la figure 9 montre schématiquement une étape
suivante du procédé selon invention et représente
une coupetransversale dudit bloc lors d'une opéra-
tion de sciage de ce bloc.

En se reportant aux figures 1 et 2, on voit qu'un boi-
lier semi-conducteur parallélépipédique, repéré d'une
maniére générale par la référence 1, obtenu parle pro-
cédé de fabrication qui va maintenant étre décrit, com-
prend un substrat plat 2 par exemple de contour carré,
une pastille 3 fixée 4 une face 2a du substrat 2 grace a
une couche mincedecolle 3a, une multiplicité de zones
4 de connexion électrique extérieures réparties sur la
face 2b du substrat 2 opposée a sa face 2a, des moyens
de connexion électrique reliant sélectivement ta pastille
3 at les zones de connexion Slectrique 4 et comprenant
desfils de connexion électrique 5 aboutissant au subs-
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trat 2 et des connexions internes A ce substrat non re-
présentées, ainsi qu'un enrobage en résine 6 d'encap-
sulisation de la pastille 3 et des fils de connexion 5, cet
enrobage6 étantsitué du cété de la face 2a du substrat
2. En outre, le boitier semi-conducteur 1 est muni de
gouttes ou boules de connexion 7 sur chacune des zo-
nes de connexion électrique 4, en vue de la soudureet
de la connexion électrique du boitier semi-conducteur
1 par exemple aux pistes d'une plaque dacircuit impri-mé. :

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

Dans I'exemple représenté, les groupes 104 sont
disposés sous une présentation en forme de matrice sur
la face 102a et sont au nombre de cing dans le sens de
la largeur de la plaque communede substrat 102 et au
nombre de vingt dans le sens de sa longueur, l'espace
séparant les groupes des cinquiéme et sixigme ran-
gées, dixiéme et onziame rangées et quinziémeet sei-
ziéme rangées dansle sensdela longueurde la plaque
commune de substrat 102 étant plus large de maniére
@ former quatre ensembles 108 de vingt cing groupes
104 espacésde la longueur de ta plaque commune de
substrat 102.

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

En se reportanta la figure 5, on voit queI'étape sui-
vante du procédé de fabrication décrit consiste a relier
sélectivementles plots de connexion 110 des pastilles
103 aux moyens de connexion dela plaque commune
de substrat 102 en leur connectantles axtrémités defils
de connexion électrique 105 qui se trouvent alors en
"air, de fagon a relier tes plots de chaque pastille 103
sélectivement aux zones de connexion électrique 104
des groupes 104 qui leur sont respectivement asso-
ciées. Onobtient alors un assemblage connecté repéeré
d'une maniére générale par la référence 111: compre-
nant la plaque commune desubstrat 102 et les pastilles
103 connectées commedécrit ci-dassus.

Comme le montre fa figure 6, 'é6tape suivante du
procédé de fabrication décrit consiste a disposerI'as-
semblago 111 a l'intérieur d'un moule d'injection 112
comprenantune partie 113 qui présente une cavité 114
recevant dans son épaissaur la plaque commune de
substrat 102 et une partie 115 qui présente quatre cavi-
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tés 116 dans lesquelles s'étendent respectivement, a
distance de ses parois, les pastilles 103 et les fils de
connexion 105 corraspondant des ensembles 108.

Catte étape consiste ensuite a injecter a lintérieur
de fa cavité 116 une résine d'encapsulisation des pas-
tilles 103 at desfils da connexion 105 de fagon a obtenir
en une seule opération de moulage quatre enrobagse
106 contre la face 102a de la plaque de substrat 102.
Onobtient alors un bloc sensiblement parallélépipédi-
que repéré d'une maniére générale par la référence 11 7,
& multipastilles 103 associées dans les enrobages 106
@ la plaque communede substrat 102.

En se reportant a {a figure 5, on voit que dans une
6tape ultérieure le procédé de fabrication décrit peut
consister a déposer une goutte ou boule de connexion
107 sur chaque zone de connexion 104 de Ia face 102a
de la plaque de substrat 102.

En se reportanta ta figure 9, on voit queI'étape sui-
vante du procédé de fabrication décrit consiste a fixer
la face 106a de I'enrobage 106 du bloc parallélépipédi-
que 107, opposéeala face 102a de la plaque commune
de substrat 102 incluse dans ce bloc, sur un support
plan 118 par lintermédiaire d'une bande pelable 119 a
deux faces autocollantes. ,

Puis, le procédé de fabrication décrit consiste a
couper longitudinalement et transversalement te bloc
parallélipipédique 107, dans le sens de son épaisseur,
a l'aide d'une scie 120, le tong des lignes de séparation
fongitudinales et transversales 121 et 122 s'étendant
entre lesdits différents groupes 104 de zones de con-
nexion électrique 104a auxquelles sont respectivement
associéesles pastilles 103. Aucours de cette opération,
la scie 120 est engagéeau travers du bloc parallélipi-
pédique 107 au-deia de sa face 106a coliée surla bande
119 de maniére a effectuer l'opérationde découpe com-
plétement.

Lorsque l'opération de découpe par sciage ci-des-
susest effectuée, on peut alors décoller de la bande 119
les différents morceaux du bloc paralltépipédique 117,
chacun de ces morceaux correspondant a un boitier
semi-conducteur 1 tel que décrit précédemment en ré-
férence aux figures 1 et 2.

Le procédé de fabrication qui vient d'étre décrit pré-
sente l'avantage de pouvoir fabriquer dans un méme
moule adapté pour recevoir une plaque commune de
substrat 102 déterminée, des boitiars semi-conducteurs
1 de dimensionsdifférentes.

En effet, sur différentes plaques communes de
substrat 102, on peut prévoir des nombresdifférents de
groupes 104 de zones de connexion électrique 104a
couvrant des surfaces différents, adaptées en corres-
pondanceaux dimensionsdespastilles 103 associées,
en les disposant commedans l'exemple décrit précé-
demment, selon des matrices adaptées aux surfaces
que lesdits groupes de zones de connexion et lesdites
pastilles occupent.

Il conviendra ators d'acapter uniquementles distan-
ces entre les différentes lignes 121 et 122 de découpe
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aux surfaces afin d'obtenir des boitiers semi-conduc-
teurs dontle pourtour présente des dimensions souhai-
tées.

Revendications

1.
Procédé de fabrication de boitiers semi-conduc-
teurs (1) comprenant respectivement un substrat,
une pastille formant un circuit intégré et fixée sur
une zone du substrat, des moyens de connexion
électrique reliant la pastille 4 un groupe de zones
de connexion électrique extérieure situées sur une
face du substrat, ainsi qu'un enrobage d'encapsu-
lisation, caractérisé par le fait qu'il consiste:

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

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

- a relier électriquement chaquepastille (103)
aux zones (104a) de connexion électrique as-
sociées, de fagon A obtenir un assemblage
(111) plaque de substrat-pastilles connectés,

et qu'il consiste, dans une seconde 6tape-

-  adisposer cet assemblage (111) dans un moule
(112) eta injecter une matiére d'enrobage (106)
dans le moule de fagon a obtenir, en une seule
opération de moulage, un bloc paraliélépipédi-
que (117) présentant d'un cété ledit substrat,

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

- et & découper ledit bloc parallélépipédique
(117) au travers de I'épaisseur dudit substrat
(102) et de la matiére d'enrobage (106) en uni-
tés constituant chacune un boitier semi-con-
ducteur(1).

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

Procédé selon l'une des revendications 1 et 2, Ca-
ractéris6 par le fait qu'il consiste A coller la face
(106a) dudit bloc parallélépipédique (117) exempte
de zones de connexion et opposée auxcites billes
de connexion (407) sur une bande autocollante pe-
lable (119) et a réaliser 'opération de sciage en en-
gageantla scie (120) au travers du bloc (117) au-
dela de sa face collée sur ladite bande (119).
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TITLE : SPINDLE MOTOR

ABSTRACT : PROBLEM TO BE SOLVED:Toprevent 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 betweenthem andstator coils wound rounda plurality of tooth poles,
thereby constituting a stator, and byfixing 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.
Andthe stator is included in a base 9 madeof 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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(54)

(57) A method and apparatus for encapsulating an
integrated circuit die and leadframe assembly. A pre-
packaged sproutless mold compound insert 71 is
placed in a rectangular receptacle 91 in a bottom moid
chase 81. The receptacle is coupled toa plurality of die
cavities 85 by runners 87. Leadframestrip assemblies
containing leadframes, integrated circuit dies, and bond
wires coupling the leadframes and dies are placed over
the bottom mold chase 81 suchthat the integrated cir-
cuit dies are each centered over a bottom moid 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 hasdie cavities 95 correspond-
ing to those in the bottom mold chase 81. The mold
compoundinsert 71 is preferably packaged in a plastic
film 75 which has heat sealed edges 77. The mold com-
poundis forced through the package 75 and heat seals
77 during the molding process by the pressure applied
by a rectangular plunger 101. The sproutless mold com-
pound insert is packaged so that the mold compound
will exit the packaging only where runners intersect the
receptacle. The sproutless mold compound insert
requires no alignment or cutting tools within the mold

(51)

(74) 

Station. The plunger is applied using variable speed and ;
pressure to contro! the rate the mold compound fills the
cavities in the top and bottom mold chases, thereby
avoiding voids in the completed packages and minimiz-
ing wire sweepof the bond wires of the integrated circuit
assemblies.
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Description

FIELD OF THE INVENTION

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

BACKGROUNDOFTHE INVENTION

In producing integrated circuits, it is desirable to
provide packaged integrated circuits having plastic or
resin packages which encapsulate the die and a portion
of the lead frame and leads. These packages have been
produced in a variety of ways, a few of which will be
described here.

Conventional molding techniques take advantage
of the physical characteristics of the mold compounds.
For integrated circuit package molding applications,
these compoundsaretypically thermoset compounds.
These compoundsconsist of an epoxy novolac resin or
similar material combined withafiller, such as alumina,
and other materials to make the compoundsuitable for
molding, such as accelerators, curing agents,fillers,
and mold release agents.

The transfer moiding process as knownin the prior
art takes advantage of the viscosity characteristics of
the molding compoundtofill cavity molds containing the
die and leadframe assemblies with the mold compound,
which then cures around the die and leadframe assem-
blies to form a hermetic package which is relatively inex-
pensive and durable, and a good protective packagefor
the integrated circuit.

FIG. 1 depicts the viscosity characteristic curve of a
typical mold compound. The Y axis depicts the viscosity
of the compound. The X axis represents the time
elapsed from a starting point where heatis applied. The
mold compoundtransitions from a high viscosity or hard
State to a state whereit has very lowviscosity after an
initial time lapse. The low viscosity stage lasts only a
limited time period, typically 20 to 30 seconds, then the
compound becomeshigher in viscosity and begins to
set, or cure. For the entire period the mold compound is
heated. The mold compound is thermoset material, so
that after being heated for a time period longer than the
low viscosity time period it will cure or set.

Transfer molding operations have three stages
which correspond to the three phases of viscosity
shownin FIG.1. First there is a preheat stage required
to move the mold compound fromits hard initial state to
the low viscosity state. Second is a transfer Stage,
where the compound is tow in viscosity and easily trans-
ported and directed into cavities and runners. This
transfer process should be rapid and be completed
before the mold compoundbegins to set. Finally there is
a cure stage that occursfollowing thetransfer stage.

FIG. 2 depicts a conventional single plungertrans-
fer mold press 11. The press consists of a plunger or
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ram 13 that is operated under hydraulic pressure, a top
platen 15, a top mold chase 17, a bottom platen 19, and
a bottom mold chase 21. A tixed head 23 supports the
plunger and a movable head 18 support the top platen,
and allows the top platen to be removed for toading 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
usuaily coupled to the press. The top and bottom plat-
ens are steel and receive the stresses of the pressing
operation, both are heated to provide the temperature
needed to perform the transfer molding operation.

FIG. 3 depicts a typical bottom mold chase. In FIG.
3, a top view of bottom mold chase 21 is shown. There
are six.primary runners 31, each will support a pair of
leadframe strips holding wire bonded dies and lead
assemblies over each cavity 33. The cavities are formed
along the runners 31, which are cylindrical shaped
paths that extend from the mold pot 32 and into the rows
of cavities. Each cavity is coupled to the runners bya
secondary runner 35 which ends in a gate 37, a small
opening that lets the mold compound into the Cavity.
The size and shapeof thegateiscritical to the speed
and controlof the transfer andfilling 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 pot32.

FIG. 5 depicts a cross section BB from FIG. 4. This
cross section is taken across the primary runner 31 and
along secondary runner 35, and depicts the sloped
shape of secondary runner 35 up to the gate 37. The
lead frame S1 of a typical bonded part is shown overthe
bottom mold chasecavity and under the top mold chase
Cavity 34. Die 53 is shown with the bond wires 55 cau-
pling it to leadframe 51.

The operation of the conventional single pot trans-
fer mold will now be described with reference to FIGS.

2-5. To begin a new molding operation, the mold press
is opened and the top and bottom mold chases 17 and
21 are separated. The leadframe and die assemblies
are ioaded into the bottom mold chases. The mold com-
pound is preheated using an R/F heater or other heater
before being placed into the heated mold.

Thetop and bottom platensare 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 eachdie, with the lead frames extending
outside the cavity and a space formed around each die.
Several leadframestrips each having a row of dies 53
which are bonded to their respective lead frames 51 are
placed overthe cavities 33 in the bottom mold chase 21.

A pellet of resin or similar material mold compoundis
placed in the mold pot within the top mold chase 17.
After an initial heating stage to put the mold compound
into its low viscosity state, the plunger or ram 13 is used
to begin the transfer phase of the operation. The
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plunger 13 is brought down through the top mold chase
17 onto the mold compound pellet at a predetermined
rate, forcing the mold compound into the primary run-
ners 31. As the runnersfill with mold compound the
compoundwill beginfilling the secondary runners 35,
entering the gates 37 beneath the leadframe and die
assemblies 51 andfilling the cavities 33.

At the end of the transfer stage the mold compound
should fill each cavity 33, preferably at tha same time
and before the mold compound beginsto cure. The rate
of the downward force brought by the plunger13 is var-
ied during the transfer phaseto help controlthe transfer
process. Experimentaluseof the press 11 with a partic-
ular mold and compound combinationwill provide the
best combination of pressure and transfer speed which
can then be programmed into the automatic press con-
trols to uniformly repeat the process.

After the transfer stage, the packaged parts are
cured. Curing the molded parts typically takes 1 to 3
minutes of sitting in the heated mold without distur-
bance. The compoundcureis fairly rapid and may be
enhanced by adding curing agents to the compound. At
the endof the curing cycle the press is opened and the
molded parts and the mold compoundsprueor flash in
the runners andpot are ejected. This is done by having
ejection pins extending through the bottom mold chase
21 and bottom platen 19 push upward under pressure at
the sameinstant, popping the molded parts and sprue
out of the bottom mold chase 21. The packaged parts
are then removed to other areas where they are sepa-
rated and trim and form operations performed on the
parts.

There are several critical requirements that are to
be met in a commercially successful package molding
operation. The cavities should be completely and uni-
formlyfilled. Using the single plunger mold of FIGS. 2-5
the cavity fill stage is difficult to perform uniformly
across such a large mold using the single pot and the
long primary runners to transport the mold compound.
A problem commonly observed in a single plungersin-
gle pot mold operation using a mold such as shownin
FIG. 2 is an unacceptable void rate. Voids are areas
within the mold cavity that are notfilled with compound.
These can be areas where the compound fails to flow or
where air or other materials are trapped and cause hol-
low spaces in the packaged part. Voids can be pro-
duced if the transfer rate of the mold compound is too
slow during the molding processorif air or moisture is
trapped in one-or more the cavities during the transfer
stage.

Asecond 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 compoundis dense
andpulls at the fine wires that couple the bond padsof
the die to the leads of the lead frame. These wireswill
bend under the pressure dueto the flow of mold com-
pound. As an example, supposethatin a typical lead
frame and die assembly, an average wire sweepof less
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than 6% is specified. A straight line from the lead frame
lead to the bond pad has a sweep of 0%. So if after
assembly and mold any wires on a packaged unit are
found to have more than 6% sweep, the unit is out of
specification, and is considered to be a bad unit. Wire
sweepis specified as a maximum allowable parameter
and is a big concernin production of integrated circuits,
becauseif the bond wires are moved too much, a wire
short between two or more adjacent bond wires often
occurs. Alternatively, bond wires sometimes break
away. Either condition results in a faulty unit.

Although the wire sweep defect rate which is
observed in the single plunger molding pressesis ade-
quate for producing low to moderate pin count DIP and
flat quad packaged devices, as the device pin counts
continue to increase and lead frames becomefiner in

lead to lead pitch, the wire sweep parameter becomes
increasingly critical. While it is possible to build 200 pin
flat quad devices using these techniques, as the pin
count goes towards 400 pinsthe 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
sweepdefect 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 eachother. Thatis, 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
meld compoundinto the cavities. However, doing this
tendsto increase the voidrate. 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 manycavities. The cavity closest to the
pot will have a fasterfill rate than the others. The cavity
farthest from the pot will tend tofill at the end of the
transfer period, and the rate will be lower because much
of the compound has beendiverted 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
whichwill fill all of the cavities at an acceptablerate, dur-
ing the low viscosity period, without increasing wire
sweep defects to an unacceptable level, particularly for
the near and farcavities.

Further, the use of the thermoset molding com-
pound results in a process where the sprue, flash or
waste thatis left in the pot, the runners and between the
devices themselves cannot be reused.

Thermoset materials can only be used oncein a
molding operation, so the excess material must be dis-
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carded. Thus the sprue and wasteleft in the tong run-
ners and in the mold pot cannotbe recycled.

Also, the conventional molding compound acts as a
strong abrasive. During molding, the mold compoundis
forced out of the mold pot and into the primary runners.
The abrasive nature of the mold compound results in
rapid wear of the mold pot and the runners, and the
plungerorramitself. This results in expensive rework or
replacementof the mold chases on a frequent basis.

An alternative approach for reducing the problems
known to the single plunger molding pressesofthe prior
art is to construct a multipellet, multiplunger mold sta-
tion to replace the single plunger system. A portion of
the bottom mold chaseof a typicalprior art multiplunger
mold is shownin FIG. 6. Mold chase 61 has several die
cavities 63, grouped in pairs. Runners 67 couple each
pair of die cavities to a mold pot 69. Gates 65 enable the
mold compoundto be transferred into and fill the cavi-
ties.

In operation, each of the mold pots 69 receives a so
called "mini-pellet" of mold compound. The press is a
more complex press than that shownin FIG. 2, and has
a plunger for each of the mold pots. The plungers may
operate from the top or from underneath the mold. Each
mold pot 69 and the short runners 67 act exactly as the
single plunger mold of FIG. 2 in operation. The individ-
ual plungers are used to start the transfer process, the
cavities fill with mold compound as the plunger is
pushed into the mold pot, and the transfer phase is
completed in a few seconds.

The multiplunger mold process has some advan-
tages over the single pot molding process. The use of
the smaller pellets and the shorter runs eliminate the
long runners and nonuniform fill times associated with a
single plunger press. The pellets used are smaller and
therefore do not require preheating, as the mold platens
can provide sufficient heat to transition the mini-pellets
into the low viscosity state. The wire sweep defect rate
can belowered by providing exact control of the plunger
or ram insertion rate, so that thefill is done at a speed
whichprevents voids while minimizing wire sweep prob-
lems. An automated multiplunger press can vary the
operation of the plungers during the transfer stage to
obtain optimal results.

The nonuniform fill and wire sweep problems asso-
ciated with the cavities nearest and farthest from the
single centerpot of the single plunger mold presses are
eliminated. Mold compound waste is reduced by the
shorter runners.

The disadvantages of the multiplunger molding
processare primarily that it requires the use of the mini-
pellets. The mini-pellet form of the molding compoundis
far more expensive per kilogram than the single large
pellets used by the single transfer mold. Also, the multi-
plunger molding station is extremely expensive to man-
ufacture, operate and maintain. The automation cf a
press with so many plungers is more complex and
expensive than the single mold press.

In addition to the added costs, the need tor many
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Plungers results in a molding station that has a lower
parts per hour throughput than for a conventional single
pot mold press. Also the multiple ptunger molding sys-
tem requires complex contro! and loading and untoad-
ing mechanisms. The result is that each station has
loweroverall throughput than a single plunger mold sta-
tion, aithough tighter process control can be achieved.
Because the throughput is lowered, additional stations
are needed to maintain the same relative level of pro-
ductivity. High productivity is required to keep the per
unit costs low. The need for additional expensive and
complex molding stations increases the cost disadvan-
tages for the multiplunger molding systems.

An alternative is a multigang, multipot mold system.
This arrangement borrews 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 reducingthe transfer distanceit is hoped wire sweep
and void rate problems can be improved. However, tight
processcontrolis not available because the plungersall
travel at the same speed and pressure unless an exter-
nal controlleris installed. So this alternative has the dis-
advantages of requiring the mini-pellets of mold
compound, while not providing the highly automated
process contolof a multi-plunger mold system.

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

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

Both pellets and mini-pellets are subject to contam-
ination by moisture and air. It is necessary to perform
the molding process under pressure to eliminate
trapped air and prevent the formation of voids. Moisture
can becometrapped 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 afterwardsto early failure of devices.

U.S. Patent No. 5,098,626, issued March 24, 1992,
and entitled "Method for Packing a Measured Quantity
of Thermosetting Resin And Operating a Mold for
Encapsulating a Component’, provides anotheralterna-
tive wherein the mold compoundis 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
theseunits is a bag or tube containing mold compound
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and ending in a bulge or sprout. During molding the
bulge or sprout is placed at the end of a runner which
feeds a cavity. The sprout is cut and the mold compound
is pressed out of the bag into the cavity by individual ar
multiple plungers.

The ‘626 patent approach is similar to a multi-
plunger mold system in that small quantities of mold
compound, each of which are individually loaded, are
provided. The patent provides a moisture and contami-
nation free packaging system which can be used with
an automated loading system. However,like the mini-
pellets, many of these bags are required for each run.
The abrasion problems are reduced, because the pots
and plungers are protected by the packaging. Also,
improved uniform fill and reduced wire sweep are possi-
bie. But the throughput problems and increased
expensefor each molding station remain, and the costs
for each press are increased further by the added com-
plexity. Also, the packaging of the mold compound in
small quantities each in an individual package maylead
to an expensive raw material for molding.

Further, the spouted bags ofthe '636 arefitted into
the runner openings. The bags are supplied attached to
a tape or spoo! for continuous feed loading. However,
this particular feature of the sprouted bag containers
meansthat the bags andthe tape or spoo! must be cus-
tom designed for each particular mold, and if the mold
designis changed,a different bag design must be used.
Also, the complexity of loading a bag for each cavity or
eachpair of cavities adds to the precision and cost of
the loading equipment used. Further, the moiding
equipment must include a cutter device for each cavity
that cuts the sproutof the bag prior to the transfer stage
of molding.

Accordingly, a need thusexists for a transfer mold-
ing system which eliminates the problems of the prior
art transfer molding systems while retaining a high part
throughput rate, !ow raw material costs, and which is
simple to operate, maintain, and uses molding stations
that are relatively inexpensiveto build.

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

SUMMARYOF THE INVENTION

A system for transter molding the packages ofinte-
grated circuits using mold compound prepackaged ina
sproutless protective package is provided. The mold
compound is packaged in a thin packaging that is
sealed at the edges, or is made as a seamless bag or
tube. The packaging will protect the mold compound
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and contain it during normal handling and storage, but
under the heat, pressure, or the combination of heat
and pressure of particular molding processes the pack-
age will become penetrable and the mold compound
can be expelled through it. The packageis placed in a
simple mold pot or receptacle, and when the packaged
compoundis compressed the compound emerges from
the package onlyat places adjacent to the mold runners
during the transfer molding process. The protective
packaging ensures that the mold compoundis free from
moisture and air contamination and is easily produced,
stored and shipped.

An improved mold design is used in combination
with the packaged sproutless mold compound inserts.
The mold chases include rectangular receptacles for
receiving thé packets of prepackaged mold compound.
A plungeris provided for each of the receptacles. Each
packagecavity is preferably equidistant from the recep-
tacle containing mold compound, Providing improved
uniformity of fill and allowing for completefill of the cav-
ities with reduced wire sweep as compared to the trans-
fer moldsofthe prior art. The plungeris inserted and the
mold compoundis forced through the protective Pack-
aging into short runners coupling the mold receptacle to
the cavities. The number of devices packaged per runis
increased because the mold pots of the single or multi-
ple plunger molds ofthe 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 whichis flash or sprue for
each runis reduced, thus reducing waste and lowering
production costs. The improved mold design is compat-
ible with automated loading, molding and unloading
systems for increased automation and improved
throughput. The molding station requires only a few
plungers and is inexpensiveto build and maintain. Exist-
ing molding equipment mayberetrofitted to use the new
system. The mald compound package may be automat-
ically loaded into the mold chases by using existing
autoloading equipment. Since the mold compound will
automatically be delivered to the runners regardless of
the position of the sproutless mold compound insert, no
alignment or precise loading equipment is required.
Also, since the mold compoundis pushed through the
packaging, no cutters or opening tooling are required.
The prepackaged sproutiess mald compound system is
easily combined with a process controller to achieve
tight process contro!. The use of the sproutless pre-
packaged mold system with a process controller results
in a mold process with balanced cavityfill, reduced wire
sweep and low void defect rates.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1 depicts the viscosity characteristic curve for
conventional mold compound:
FIG. 2 depicts a conventional single plunger mold
press;

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

FIG. 4 depicts a section 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 runnerof a
conventional multiplunger mold;
FIG. 7 depicts a sproutless mold compound pack-
age of the invention; .
FIG. 8 depicts a bottom mold and chaseof the mold
system of the invention;
FIG. 9 depicts a top mold and chase of the mold
system of the invention;

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

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

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

FIG. 7 depicts a prepackaged sproutless mold com-
pound insert 71 in a first preferred embodiment of the
mold compoundofthe invention.In a first embodiment,
a prepackaged moid compound insert is composed of
conventional resin or resin filler mold compound in a
solid form. Alternative molding compounds may be
used, such asliquids, epoxies, adhesives,resins in liq-
uid form, powdered mold compound, as examples. The
mo!d compound material may be made from powdered
mold compound or from extruded mold compound
directly, eliminating the need for the expensive pelletiz-
ing steps required for the pellets of the prior art mold
compounds. The shapeof the prepackaged mold com-
pound is determined be the design of the mold being
used, here a rectangularpillow-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-
videsalip on either side of the mold compound 73. A
corresponding bottom piece is likewise Provided. Top
and bottom pieces 74 and 75 are sealed together at the
edges 77 and the top and bottom are also sealed at the
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ends 76. Ends 76 and edges 77 are seals that couple
the bottom (not shown)to the top 74 using, for example,
conventional heat sealing techniquesfor plastic packag-
ing. Alternative sealing techniques such as ultrasonic
seals, adhesives, and pressure seals or crimped seals
can be used.

Alternatives to the packageof FIG. 7 include tubes
and bags of various shapes. For example, the shapes
can include ovoid, circular, oval, and others may be
imagined. The mold design and runner placement will
determine the shape of the mold compoundinsert 71.
The insert can be packaged suchthatprecision place-
ment of the insert into the mold is not necessary: the
insert can be sized so that as the mold closestheinsert

falls into the properplace, providing a self aligning fea-
ture not available in the sprouted bagsof the prior art. In
contrast, the sprouted bags or packets of the prior art
require that the runners and mold compound inserts be
carefully aligned.

The sproutless mold compound packageof FIG. 7
provides the advantages of making the mold compound
impervious to contaminants such as water that could

interfere with the molding process. Since the prepack-
aged mold compound pieces 73 are self packaged,
storage and shipping packing materials may be inex-
pensive and no additional protective layers are needed.
The protection of the mold compound from moisture
prevents many of the package cracking problems and
voids associated with moisture contaminated mold

compound. The top 74 may be opaque and may carry
labeling information in text and machine readable forms,
such as bar codesor so called UPC labels. This labeling
on the mold compound package 71 provides an easy
mechanism for checking that the correct type of mold
compound is being used for a particular packaging
operation. Also, the packaging affords the opportunity to
use alternative mold compounds because the mold
plunger and mold receptacle or pot are not in direct con-
tact with the compound.

A critical element to the operation of the molding
process using the prepackaged molding compound is
the packaging material. The requirements for the pack-
aging of the mold compound have beenestablished for
an integrated circuit assembly process using industrial
standard requirements for molding compounds andfor
the resulting integrated circuit packages. The package
should not create residue or glue like substancesin the
mold during molding. The mold compound packaging
should not contaminate the mold runners or receptacle.
The material used in the packaging should not add to
ionic contamination of the resulting packages,that is the
material should not have an ionic content higher than
that of the molding compoundsin usein the integrated
circuit packaging art. The material should not melt dur-
ing the molding process, so it should have a melting
temperature at least ten degrees Celsius greater than
the molding temperatures. Typically, the material needs
to have a melting point greater than 200 degrees Cel-sius.
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Also, the packaging materia! should only allow the
molding compound to exit the package at selected
points adjacent to the runners, and it should not open
prematurely during the preheat phase of the molding
operation. So the seals should not open and emit mold-
ing compound prematurely. However, once the edge
seals are permeable the mold compound should flow
out of the package with a minimum ofresistanceto flow.
The material should not tear in normal handling or ship-
ping, but should have the capacity to stretch into the
runners when compressed during the molding process
as described above. The material should 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 polymerfilms, elastomers, synthetic rubber, foils
and metalfilms, and the like. Although many materials
may exist that could meet these requirements, it is now
knownthatcertain 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 packagingare all met by
suchfilms. The films are inexpensive and easy to pur-
chase and usein a production environment. One pre-
ferred film is MYLAR™polyester film, such as for
example MYLAR™ 40 XM 963-AT, a polyester film for
packaging available from DuPont, DuPont de Nemours
Int. S.A., Geneva, Switzerland; or DuPont (U.K.) Ltd,
Maylands Avenue, GB-Hemel Hempstead, England.
Another preferred film is [CI™ polyester film. Similar
films are commercially available from a variety of ven-
dors.

Once the appropriate material is selected, the film
should be applied to the mold compound to create the
necessary packaged mold compound insert. The mold
compound can be packaged in solid or liquid form. The
package can be madea variety of ways, but one proc-
ess that has been shown to be advantageousis asfo!-
lows. An extruded piece of mold compound is placed
over the bottom pieceof film. The bottom piece is wider
and jonger than the mold. compound. Top piece 74 is
placed over the bottom piece of film. Top piece 74 is
also longer and wider than the bottom piece. Heating
blocks or other sealing means can be applied to those
areas wherethefilm exceeds the size of the mold com-

pound73. 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 meansis provided,thislip is not
required atall. 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
suchthat in normal use the mold compound is protected
and a vacuum is maintained, and that the molding can
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be done with the packagestill on the mold compound,
that is the mold compound is automatically dispensed
from the package.

The key feature of the package 71 of FIG.7 is that
‘there is no need for a nozzie, top or sprout. The mold
compound is packaged suchthatit will leave the pack-
age under compression during the molding process. As
will be shown below, the mold compound will automati-
cally exit the package at the runners, so no alignment or
precise positioning of the sproutiess mold compound
packageis required.

Alternative means of packaging the mold com-
pound are feasible. A tube of the plastic packaging
material of the preferred embodiment can be sealed at
one end andfilled with a piece of extrusion, solid ortiq-
uid molding compound. The tube can beplastic film as
described above, or any alternative material which
meets the requirements for the packaging materials.

Preferably, the package 71 is sealed in thefinal
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
chamberwhere the seals can be completed.

The advantage of vacuum sealing is that it elimi-
nates voids caused byair 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 theair
will also be pushed out of the package and into the die
cavities, where voids can be formed as a result. Also,
moisture is removed under the vacuum. Moisture con-

tamination in molding compound leads to package
cracking and early devicefailure.

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

FIG. 8 depicts a portion of a bottom mold 82, com-
prising a mold chase 81 for transfer molding integrated
circuit packages, such as for example DIP or flat quad
type high pin count integrated circuit packages, using
the mold compound packageof FIG. 7. Bottom mold 81
holds two cavity bars 83, each of which has several die
cavities 85 coupled to primary runners 87 and each cav-
ity having a gate 89. A rectangular mold compound
receptacle 91 is provided through the mold chase 81.
This receptacle 91 is open at the bottom for allowing a
plunger or ram to enter the mold chase and to apply
pressure to a prepackaged mold compoundinsert rest-

’ ing at the top of receptacle 91, to force the maid com-
pound into the runners and the cavities. A typical mold
system would include two to four of these mold chase
pairs 83, so it would have two to four receptacles 91,
and cavities along both sides of each receptacle. in
some cases, more chases can be used, such as 6 or 8

chases in a single mold. The number of chases
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depends on the mold press.

FIG. 9 depicts a portion of a top mold 92 for use
with the bottom mold of FIG. 8 and the prepackaged
mold compound of FIG.7. In FIG. 9, top mold chase 91
carries top mold cavity bars 93, each of which is pro-
vided with a row of cavities 95 which are positioned to
be placed over the bottom mold chase cavities 87.
Delivery runners 97 are positioned with an outer end
which will meet an associated primary runner 87 in the
bottom mold chase, and an inner end whichwill lie over
the receptacle 91.

FIG. 10 depicts the plunger 101 which is used with
the top mold 92 of FIG. 9 and the bottom mold 82 of
FIG. 8. The top of plunger 101 is sized so astofit within
the receptacle 91 in the bottom mold 82. Thetop of the
plungerwill compressthe 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 twoslots at the sides so that a small area at
the edge of the top and sides are spaced beneath the
top surface a short distance. This area will compress
against the sidesofthe plastic package 71. As the plas-
tic package 71 is compressed with the plunger 101, the
plastic can deform into this spacing and compressfur-
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,
dié pad 105 and leadframe 107 assembly located in a
cavity of the mold during the transfer stage, and the
operation of the mold compound and plunger. The cav-
ity is formed by the top and bottom mold chasecavities
95 and 85. Also shownis the mold compound package
71, and the plunger 101 and tip 103,all in cross section
during the transfer operation.

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

The bottom and top molds may be heated as in the
conventional transfer molding stations, and the heat in
the mold itself is sufficient to transition the mold com-
pound 73 into the transfer phasewithout preheating, so
the preheating step required with the prior art single pot
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molding press is eliminated.

After the bottom mold chases are loaded and the
molding compound packagesare in place in the bottom
mold receptacles, the mold is closed and the top mold
chases are broughtinto contact with the leadframe and
die assemblies and the mofd 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 maybe 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 tow volume of
mold compound in the insert transition to the low viscos-
ity state. When the mold is closed, if the mold com-
pound packageis heat sealed as described above, the
seal in edges 77 of the molding compound packages
opens,that is, the heat relaxes the sealsoit is penetra-
ble. This relaxing of the seal should occur after the mold
is closed, and should be fairly complete. tf a sealing
method other than a heatseal is used, it should provide
a seal that opensin responseto either heat, pressure,
or both. The mold is typically heated to a temperature of
175 degrees Celsius when resin or resin filler molding
compound is used in either powdered solid or liquid
states.

After the heat seals are relaxed and the mold com-

pound enters the low viscosity state, the plunger 101 of
FIG. 10 is applied.

In a preferred embodiment, the plungertravels
101 through the bottom mold platen and into the bottam
mold receptacles 91, compressing the mold compound
packagesfrom underneath.Alternatively, the mold com-
pound could be compressed from above, with the
receptacles formed in the top mold platen. In this case,
the insert would be loaded with the top plastic layer 74
down, that is, adjacent to the bottom mold chases.
Either arrangementwill work to transfer the mold com-
poundinto the primary runners.If the material used for
the packageis not heat sealed, the pressure will cause
the material to burst and openin the only places where
the mold compound can escape,that is, where the run-
ners meet the receptacte. 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 packageis com-
pressed by the action of the plunger and asit is com-
pressed the mold compound packagewill begin to push
at the edgesof the receptacle 91. As the onlyexits avail-
able to the mold compoundare the runners 97in the top
mold cavity bars 93, the compoundwill pass through the
now penetabie heat seal at the edge of the plastic
package 71 andinto the primary runners 97. The deliv-
ery runners each feed a primary runner87 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 compoundis trans-
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ferred to the secondary runners 87. The mold com-
pound thenenters the cavities 85 over the gates 89, and
beginsfilling the individual packagecavities 85. Alterna-
tive mold designs could compress the compound insert
with mechanisms other than plungers, such as com-
pressed air, liquid, rams, screws,etc., and still obtain all
the advantagesof the useof the invention.

The advantage of the sproutless mold compound
packaging and mold design of the invention is now
apparent. The mold compoundis delivered to the mold
runners from the prepackaged packaging without
sprouts or nozzles or bulges. No cutting or opening
meansis required to direct or force the mold compound
out of the packaging. The packaging and mold system
has all the advantages of the sprouted bagsof the prior
art, but additionally is simpler for loading and molding.
Also, the mold compoundinserts can be madein uni-
versal sizes, since the mold compoundis automatically
delivered to the runners in the correct places, no align-
mentor precise loading equipment is needed, andasin-
gle size and shaped mold compound insert of the
invention can be used with manydifferent mold designs —
without modification.

The sproutless mold compoundinsert of the inven-
tion provides many advantages in addition to the ones
mentioned above in enabling flexible maid design. The
mold cavities of FIGS. 8 and 9 depict runners intersect-
ing the mold receptacle from a perpendicular direction.
Alternatively, the ends of the mold receptacle could also
supply runners from the sproutless package. The
sproutless package could be made rectangular, round,
oval, Or serpentine as required by a particular mold
design. The width to length aspect ratio of the com-
pound packaged is totally flexible. The cross section is
also widely adaptable. Additionally, the seam that is
used to seal the mold compound insert can be mini-
mized or reduced to nearly zero width, and if a seam-
less tube is provided it can be eliminated: depending on
the materials and sealing process chosen.

FIG. 11 shows a crosssectional view ofthe transfer
Stage cf 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 withoutinterference.
The compoundtravels 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 chasecav-
ities 95 and 85.

After the cavities arefilled with the compound,the
molding process continues as a conventional transter
molding process. A curing time may be required to com-
plete the packages. After the packagesare cured, the
top mold is moved awayfrom the bottom mold. Small
release plungers, not shown, are activated to push
upwards and release the packaged devices from the
cavities 85, and the sprueorflash is released from the
runners 87. The mold compound package 71 is now
empty and resting in the receptacle 91, and it too is
removed. The need to clean the receptacle 91 and the
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plunger 101 is greatly reduced because the Packaging
of the invention serves to isolate the plunger and the
receptacle from the mold compound.

The plungers 101 are easily controlled with a varia-
ble rate of compression to achieve a tight process con-
trol parameter during the transfer phase. This leads to
uniform fill of the cavities, which are evenly spaced and
equidistant from the source of the mold compound, and
the transfer speed can be controlled to eliminate voids
while minimizing pad tilt and wire sweep defects. The
transfer speed and transfer pressure can be controlled
byfitting an independent process controller circuit to the
mold system to allow multi-step, variable speed and var-
iable pressure capability. This equipment canberetrofit-
ted to an existing mold press.

An advantage of the prepackaged sproutless mold
system of the inventionis that is provides balanced fill
capability. [t can be seen that each primary runner 97
and secondary runner 87 is the same length. Also,
becausethe cavities are all equidistant from the source
of mold compound, receptacle 91, the problemsof non-
uniform fill and wire sweep associated with the single
pot moid systems of the prior art are eliminated using
the molding system of the invention. The design allows
balanced cavity filling to be achieved.

' Further, because the mold compound is prepack-
aged in a protective package, the mold receptacle 91,
the plunger 101, and to some extent the primary. run-
ners 97 are protected from the abrasive mold com-
pound, so that the wear rate is greatly reduced. This
results in longer mold life and reduced repair and
replacement costs overthe life of the mold surfaces,
thus lowering the unit cost.

It can further be seen that as another advantageof
the useof the invention, the mold receptacle 91 takes a
small amount of area compared to the large single pot
and primary runnersofthe single pot transfer moldsof
the prior art. This is an advantage in that additional
spaceis available for cavities and additional units may
be molded during each run. The density for the system
is improved overthepriorart.

The mold design and mold compound packageis
also compatible with existing autoloading systems for
transter molds, so that the prepackaged molding system
may beretrofitted 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 cheaperto build and main-
tain than the multiple plungers needed for a mini-pellet
multiple plunger system.

Further advantages are that the mold compound
Packages are reasonablein cost and may be produced
in volumefor a lowerprice per kilogram than the mini-
pellets required by the prior art or the multiple packets
required by the sprouted bag encapsulation system.Itis
believed that as the volumeincreases 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 ofthe prior art.
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Because the throughput rate of the prepackaged
insert mold system is high, the number of stations
required for a particular throughput rate is lower than
the multiple plunger stations used with either the mini-
pellet of the sprouted bag encapsulation systemsof the
prior art. Accordingly, the capital costs required to
achieve a particular productivity level are less than
either of these approaches.

Another advantageis that the mold compound sys-
tem of the invention provides an efficient use of the
molding compound. The runners are short from the
receptacle 91 to the cavities 85. The amount of mold
compound left in the pencil package can be minimized
by careful design of the plunger so that almostall of the
compound is transferred from the plastic package to the
runners. The amountof sprueorflash 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-

enceto illustrative embodiments,this description is not
intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative
embodiments, as well as other embodiments of the
invention, will be apparent to persons skilled in the art
upon reference to the description.

Claims

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

Providing a lower cavity region within a lower
mold chase;

providing a mold compound receptacle spaced
apart from said lower cavity region, for receiv-
ing a mold compoundinsert;
providing at least one runner coupling said
mold compound receptacle to said lower cavity
region;

Providing an uppercavity 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
region receives and supports an integrated cir-
cuit die coupled to a lead frame by bond wires:
placing a mold compoundinsert in said mold
compound receptacie;
placing said upper mold cavity region over said
lower cavity region such that the upper and
lower cavity regions are brought into contact,
the leadframe and die assemblies lying
between and within the upper and lower cavity
regions;

compressing said mold compound insert such
that said mold compound exits the mold com-
pound insert and begins to moveinto said run-
ner; and
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continuing to compress said mold compound
insert until said mold compound transfers into
said runner andfills 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 runnerinter-
sects the mold compound receptacle by the
pressure caused when the mold compound
insert is compressed.

The method of Claim 1, wherein said step of provid-
ing a mold compoundinsert further comprises the
step of providing a sproutless mofd compound
insert which is packaged inaplasticfilm.

The method of Claim 2, wherein said step of provid-
ing a sproutiess mold compoundinsert 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 sea! becoming pen-
etrable during the molding process, such that the
mold compoundexits the plastic package through
said heat seal in response to said compressing
step.

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

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

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

The method of Claims 1 to 6, wherein said lower

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

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

An apparatus for encapsulating integrated circuit
devices, comprising:

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

at least one upper cavity region within said at
least one upper mold chase;
a lower mold platen supporting at least one
lower mold chase, said upper and lower mold
chases being engageable with one another;
at least one lower cavity region within said at
least one lower mold chase, the or each lower
cavity regions corresponding to one of said
upper cavity regions;
at least one integrated circuit die and tead-
frame assemblies positioned within said upper
and lowercavity regions such that each die is
centered over one of said lower cavity regions
and covered by a space defined by the corre-
sponding one of said uppercavity regions;
at least one mold receptacie containing a
sproutless mold compoundinsert;
runners associated with each of said lower cav-
ity regions coupling said at least one mold
receptacle to said lowercavity regions:
gates associated with each one of said lower

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

The apparatus of claim 10, wherein said mold com-

pound insert is a sproutiess mold compound insert.

The apparatus of Claim 10 or Claim 11, wherein
said mold compoundinsertis packaged in a plasticfilm.

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

The apparatus of Claims 10 to 13 wherein said
mold compoundinsert comprises a thermoset resin
mold compoundin a package.

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

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

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

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

A sproutiess mold compoundinsert 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 lowerpiece of material wider and longer than
said piece of extruded mold compound and
placed undersaid extruded mold compound:
a seal between said upper and lowerpiece of
material at the areas wider and longer than
said piece of extruded mold compound;

wherein said sealis formed undera vac-

uum such that said sproutless mold compound
insert contains a vacuum, and said mold com-

poundis released from said sproutless mold
compound insert when said sproutiess mold
compoundis compressed during molding.

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

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

The sproutless mold compound insert of Claim 19
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or Claim 20, wherein said piastic films comprises
an ICi™film.

The sproutiess mold compoundinsert of Claims 19
to 22, wherein said seal is a heat seal that opensin
responseto the heatof a transfer mold.

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

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

‘pieces of material is a polyesterfilm.
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Because the throughput rate of the prepackaged
insert mold system is high, the number of stations
required for a particular throughput rate is lower than
the multiple plunger stations used with either the mini-
Pellet of the sprouted bag encapsulation systems of the
prior art. Accordingly, the capital costs required to
achieve a particular productivity level are less than
either of these approaches.

Another advantageis that the mold compound sys-
tem of the invention provides an efficient use of the
molding compound. The runners are short from the
receptacle 91 to the cavities 85. The amount of mold
compound teft in the pencil package can be minimized
by careful design of the plunger so that almostall of the
compound is transferred from the plastic package to the
runners. The amountof sprueorflash 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 multiptunger system.

While this invention has been described with refer-

enceto 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 personsskilled in the art
upon reference to the description.

Claims

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

providing a lower cavity region within a lower
mold chase;

providing a mold compound receptacle spaced
apart from said lower cavity region, for receiv-
ing a mold compoundinsert;
providing at least one runner coupling said
mold compound receptacle to said tower cavity
region;

providing an uppercavity 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
region receives and supports an integrated cir-
cuit die coupled to a lead frame by bond wires;
placing a mold compoundinsert in said mold
compound receptacte;
placing said upper mold cavity region over said
lower cavity region such that the upper and
tower cavity regions are brought into contact,
the leadframe and die assemblies lying
between and within the upper and lower cavity
regions;

compressing said mold compound insert such
that said mold compound exits the mold com-
pound insert and begins to moveinto said run-
ner; and
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continuing to compress said mold compound
insert until said mold compoundtransfers into
said runner andfills 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 runnerinter-
sects the mold compound receptacle by the
pressure caused when the mold compound
insert is compressed.

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

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

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

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

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

The method of Claims 1 to 6, wherein said lower

cavity region is coupled to said runner by a gate
region, said gate region restricting the flow of said
mold compound into said upper and lower cavity
regions such that the fill rate of said upper and
lowercavity regions with said mold compoundis a
predetermined rate.

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

An apparatus for encapsulating integrated circuit
devices, comprising:

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

at least one upper cavity region within said at
least one upper mold chase;
a lower mold platen supporting at least one
lower mold chase, said upper and lower mold
chases being engageable with one another;
at least one lower cavity region within said at
least one lower mold chase, the or each lower
cavity regions corresponding to one of said
uppercavity regions;
at least one integrated circuit die and tead-
frame assemblies positioned within said upper
and lowercavity regions such that each die is
centered over one of said lower cavity regions
and covered by a space defined by the corre-
sponding one of said uppercavity regions;
at least one mold receptacle containing a
sproutless mold compoundinsert;
runners associated with eachof said lower cav-

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

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

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

The apparatus of Claim 10 or Claim 11, wherein
said mold compoundinsert is packaged in a plasticfilm.

The apparatus of Claims 10 to 12, wherein said
mold compound insert is packaged in a plastic fim
that has a heat sea! which becomespenetrable dur-
ing the molding process such that the mold com-
pound exits the plastic package through said heat
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seal in response to the application of said plunger.

The apparatus of Claims 10 to 13 wherein said
mold compoundinsert comprises a thermoset resin
mold compoundin a package.

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

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

The apparatus of Claims 10 to 16, wherein said
lower cavity regions are coupled to said runners by
gate regions which restrict the flow of said mold

compoundinto said cavity regions suchthatthefill
rate of said cavities with said mold compound is a
predetermined rate.

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

A sproutless mold compoundinsert for encapsulat-
ing componentsin 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 lowerpiece of material wider and longer than
said piece of extruded mold compound and
placed undersaid 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 suchthat said sproutiess mold compound
insert contains a vacuum, and said mold com-
pound is released from said sproutless mold
compound insert when said sproutless mold
compoundis compressed during molding.

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

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

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

The sproutless mold compoundinsert of Claims 19
to 22, wherein said seal is a heat seal that opensin
responseto the heatof a transfer mold.

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

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

‘pieces of material is a polyesterfilm.
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An injection molding appara-
tus having a plurality of molding
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
mold cavities. for loading a mold-
ing material pallet, and for unloading
a molded product when the mold-
ing presses are successively aligned
with eachstation. A controller (80)
is provided to rotate with the mold-
ing presses (10) for individually con-
trolling functions thereof such as
opening and closing of the presses
and temperature and pressure in the
molds. Another controller is pro-
vided in a stationary control panel
for controlling, for example, func-
tions ofthe stations and receiving in-
pul from a user, and communication
is provided between the two con-
trollers.
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INJECTION MOLDING APPARATUS AND METHOD

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

example for encapsulating integrated circuits.

Injection molding apparatus, such ss a transfer molding installation for
encapsulating integrated circuits, typically involves a plurality of molding presses
associated with a plurality of movable robots for loading and unloading the molding

presses. For example, a row of molding presses may be arranged with a loading robot

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

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

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

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

i5

20

25

accessing one ofthe plurality of molding presses.

Accordingly, the present invention provides an injection molding apparatus

comprising a plurality of molding presses cach adapted to receive at least one mold, each
mold defining a cavity shaped for the formation of a molded product, the plurality of

malding presses being mounted for rotational movement about a common axis with

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

molding apparatus being adapted to sequentially align ones of said plurality of molding
presses with one of said stations for loading of molding material and unloading of a
molded product.

The present invention also provides an integrated circuit encapsulation

apparatus comprising a plurality of transfer molding presses mounted on a rotatable

index table, each molding press being adapted to receive at least one mold defining a

cavity adapted to receive an integrated circuit dic 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 leadframe into a mold of a mold press
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aligned therewith, a molding compound loading station for loading an encapsulation

materialinto a potofan aligned molding press, and an unloading station for removing an
encapsulated integrated circuit from a moidofan aligned moldingpress.

In a preferred form of the invention, the molding presses and stations are

arranged on a rotating index table, such that whenafirst molding pressis aligned with

the unloadingstation, 2 second molding press is aligned with the mold cleaning station,
and a third molding press aligned with the loading and compound molding compound
loading stations. Align all stations with respectto each other.

Preferably, the apparatus includes a first controller circuit mounted for

movement with the molding presses, for independently controlling the opening and
closing thereof. A second controllercircuit 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.

Altematively, if the molding presses are hydraulic or pneumatic, then a rotatable

hydraulic or pneumatic connection may be provided between a pressurised fluid source

and hydraulic/pneumatic circuits of the molding presses and their counterparts.

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

encapsulating integrated circuits, wherein at least one injection molding press and
associated encapsulation mold is mounted for rotational movement into successive

alignment with a plurality of respective stations arranged aroundthe at least one molding

press, comprising the stepsof:

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

encapsulated with said material in said mold; and

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

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 an one

press, anotherofthe steps is being performed on anotherpress.

Theinvention is described in greater detail herein below by way of exampleonly,

with reference to the accompany drawings, wherein:

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

arrangement; ,

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

operation thereof for encapsulation of an integrated circuit and leadframe;

Figure 3 is a plan view of an injection molding arrangementaccording to one form

ofthe invention; and

Figure 4 is a cross-sectional view of the injection molding arrangementof. Figure

Referring firstly to Figure 1, there is shown a schematic layout of an injection

molding arrangementofthe 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 numeral 12 represents a region of movement along the front of the molding

presses 10 of a loading robot, which requires access to the front of cach of the molding

presses. Similarly, reference numeral 14 indicates a region for movement of an unloading

robot which also requires accessto the front of each molding press 10. A cleaning robot

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

mechanisms are arranged at 18 and 20 for passing an integrated circuit and attached

leadframe from a magazine storage (not shown)to the loading robot 12, and for passing

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, degating the leadframe, and passing the encapsulated

integrated circuit to a storage arca.

Figures 2A, 2B and 2C are cross-sectional views of an exemplary transfer
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molding press 30 adapted to receive two molds 32. Each mold 32 is arranged within the

molding press 30, and comprises upper and lower mold parts 32a,32b whichfit together
to define a mold cavity 34.

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

loaded with integrated circuit lcadframes 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 gangpotusing a transfer plunger 38, which causes the pellet 40 to liquefy and

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

cavities (see Figure 2B). After allowing the encapsulating material to solidify again, the

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

The encapsulated integrated circuits 50 are lifted from the mold cavity by way of ejector

pins 42, so as to expose them for removal from the molding press. After removal of the

encapsulated integrated circuits 50, the open molding press is ready to receive new

Icadframe inserts 36 and encapsulating material pellet 40 to repeat the encapsulating
process.

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

integrated circuit leadframes is described below.

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

molding press 10, which has a temperature of about 160°C to 200°C, by the loading
robot armwhichservices 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 gangpottofill the mold cavities by pressing the resin pellet against
the hot mold surface using the transfer plunger (Figure 2B). The resin is cured in the

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

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

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

must wait until the loading robot is out of the way, and vice versa, which can waste
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significant time depending onthe relevantpositions of the loading and unloading robots
and the molds to which they require access at a given time. Also, with the cleaning
robot16 arranged to therear of the molding presses, there are robot arms on both sides

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

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

A plurality of molding presses 10 (Figure 3) are arranged equally spaced and
mounted aroundthe circumferential perimeter ofa circular rotatable index table 70. The

molding presses 10 are mounted to face outwardly with respect to the index table axis,
such that the mold cavities within the molds of the molding presses are accessible when

the molding presses are open. The index table 70 is rotatable in this case in an anti-

clockwise direction, and is indexable so that each of the molding presses 10 can be
aligned to each of a plurality of equally spaced angular positions 101 to 108. Stations

60,62 and 64 shown in Figure 3 are positioned around the molding presses mounted on
the index table, with each station positioned so as to align with a molding press 10 when
in one of the angular positions 101 to 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. Aninsert loading station 62 is
positioned so as to align with a molding press at angular position 101, and an

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

press at angular position 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 ofinsert loading station 62.

Operation of the molding apparatus can be best understood by considernng a

Am. Hondav. IV II - IPR2018-00619

PETHONDA_1003-0161



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0162

10

15

20

25

WO 97/39870 PCT/SG97/00017

-6-

single molding press 10 on the indexed rotatory table 10, beginning at angular position

101 whichis aligned with the insert loading station 62. At this position, the molding

press 10 is open, such as illustrated at 10b in Figure 4, to allow a pre-heated integrated

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

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

loading of the leadframe, 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

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

successively passes through angular positions 104, 105 and 106, the encapsulation
material within the mold cavities is allowed to set, and at angular position 107 the

molding press is opened for access to the encapsulated integrated circuits. Finally, the

molding press rotates to angular position 108 where it is aligned with unloading station

60 which operates to removethe encapsulated integrated circuits from the molding press

using, for example, a pick and place unit. After unloading, the encapsulated integrated

circuit is passed to a degating station and storage magazine and mold cleaning (not

shown). Following the unloading operation at angular position 108, the molding press

then returns to position 101 to repeat the encapsulation process.

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

simultaneously perform the operations described above, the stage within the

encapsulation process for a given molding press being determined byits angular position

with respect to the stations 60,62,64.

Since no interference can occur between the loading and unloading operations, the

injection molding apparatus and method of the preferred embodiment of the present

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

art system described hereinabove.

it will be 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
arrangement may depend upon the numberofmolding presses onthe 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.

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 knownin the

art. In the preferred embodiment, the controller 80 mounted on the table is also

programmed to individually control the mold temperature and mold pressure of each

molding press. A second controller may be providedin order to control the functions of

the stations 60,62,64, which may also comprise, for example, a computer or

microprocessorcircuit. The second controller is preferably contained in a control panel
(not shown) which is stationary with respect to the stations 60,62,64. The control

panel would include facilities for a user to input desired mold temperatures and
pressures and the like. To facilitate coordination and communication between the two

controller circuits, an electrical connection is required for communication between the

controllers which atlows the controller mounted on the index table 70 to rotate.

Accordingly, a rotatable electrical connection can be employed, for example having
annular electrical contacts coaxial with the index table axis, with brush-type contacts
arranged to bear against the annular contacts for electrical connection therewith. For

example, a similar contact technique as employed for connection to electrical motor

moving armature windings could be used. Also, if the molding presses 10 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 pneumatic
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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 onthe index table.

As an alternative to the rotatable electrical connector for passing signals between
the fixed and rotatable controllercircuits, a wireless infrared or radio Signal transmission

and reception system for passing signals between the controllers could also be
employed.

The foregoing detailed description of the invention has been put forward by way
of exampleonly, 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 comprisinga plurality of molding presses each
adapted to receive at least one mold, each mold defining a cavity shaped for the
formation of a molded product, the plurality of molding presses being mounted for
rotational movement about a common axis with respect to a plurality of stations
arranged around the plurality of molding presses, the molding apparatus being adapted
to sequentially align one of said plurality of molding presses with one of said stations

for loading ofmolding material and unloading of a molded product.

2. Molding apparatus according to claim 1, wherein said plurality of molding
presses arc mounted on a rotatable platter, the rotational movement of which is

indexable so as to align said molding presses andsaid stations.

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

4. Molding apparatus according to claim 3, wherein each mold cavity is adapted to
receive an insert comprising an integrated circuits and leadframe for encapsulation.

5. Molding apparatus according to claim 2, further comprising a controlling means
including a controller circuit mounted for movement with said molding presses for
controlling operation of said molding presses.

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

individually controls opening and closing of said molding presses,in use.

7.
A molding apparatus as claimed in claim 6, wherein said controlling means

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

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

connection between said controller circuit and a central controller of said controlling
means which is not mounted for movementwith said rotatable platter.

9. A molding apparatus as claimed in claim 8, including a pivotable hydraulic
connection between a pressurised hydraulic fluid source and hydraulic circuits of said

molding presses.

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

stations are controlled by said central controller.

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

stations include an insert loading station for loading an integrated circuit die and attached

leadframe into a mold of a mold press aligned therewith.

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

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

receive at least one mold defining a cavity adapted to receive an integrated circuit die and

attached leadframefor encapsulation thereof, and a plurality of stations arranged around

the rotatable index table wherein indexed rotation of the table is effective to align ones of

the molding presses with ones of the stations, said stations including an insert loading

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

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

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

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

13 An integrated circuit encapsulation apparatus according to claim 12, further
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comprising a first controller circuit, mounted for movement with said table, for
controlling functions of said plurality ofpresses, 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
oricatation ofsaid table.

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

first controller circuit, in use, individually controls mold temperature and pressure of
cachofthe 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 aroundthe at
least one molding press, comprising the stepsof:

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

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, whercina plurality of injection molding presses

arc used to repeatedly cycle through the steps, such that when oneof the steps is being
performed on one press, another of the stcps is bcing performed on anotherpress.
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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 (JC)

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 ofa 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 numberof 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 numberand 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 numberof

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 moldsare placed on each side of the
lead frame and liquid-phase polymeris injected to encapsulate IC dies
attached to the die attach pads in each frame. The lead frame is

designed to dam the flow ofliquid-phase polymeras it moves to the
outer edges of each individual mold, stopping at the points where each
mold contacts surfaces of the lead frame. To stop the flow of

liquid-phase polymer between leads the lead frame has a pattern of
dam bars between individual leads, so a contiguous band of material is

formed around the periphery of the island. This contiguous band
prevents the polymer from flooding the entire leadframe. and also
allows the lead frame to be one contiguouspiece of material until

subsequent trimming operations are performed.
After the polymersolidifies 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-dammingis 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 barsin 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

packagesare trimmed from the lead framestrip. Finally, the leads are
formed, such as for Surface Mount Technology (SMT) applications.

In state-of-the-art manufacturing, automated machines are used

to perform the encapsulation process. Automated machines are

marketed by a number of manufacturers, including several Japanese
manufacturers, and include molds made to close over one or more

lead frames, as described above, whereinafter an encapsulation
material is injected and caused to solidify. The encapsulation material
is typically a liquid-phase polymer material.

In the encapsulation process, the molds are typically designed
to minimize the amount of material that must be injected. As a result,
typical dimensions from the inside surface of a formation cavity of an
upper half of a mold to the top of a die attached to a die attach pad,
and from the inside surface of a formation cavity of a lower half of a

mold to the underside of a die attach pad during injection of the
liquid-phase polymer while the halves of the mold are closed, are

relatively small. A typical dimension for these planned clearancesis

about .010 inches, which is about a quarter of a millimeter.

For a numberof 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 dic 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 ofliquid phase material when
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filling the molds. The moving material flows against the lead frame

and tendsto alter the position of the die attach pads, and, of course

the dies attached to them.

- This defect is particularly problematic in encapsulation of

relatively thin packages, such as those with a package thickness 1.4

mm thick and below, and those packages, including these thin

packages, wherethe ratio of the horizontal area of the package to the
thickness of the packageis 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 anda 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 polymeris

injected and the time the polymeris solidified, such that liquid

polymer can be always expected to fill the space so formed, and to

solidify leaving an even thickness of solid polymer material between

the die attach pad and attached die and nearby mold surfaces, so a

finished package does not have any exposed surface of the die or the

die attach pad.

Summarv_of the Invention 

In a preferred embodiment. a method is provided for molding

an integrated circuit (IC) package, comprising steps of(a) attaching an

IC die to a die attach pad ofa 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 moldcavities
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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 thecenter 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 embodimentthe 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 framestrip.

In other embodiments there are plural support elements, and

elements may be madeto beretractable, 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. | is an isometric view of a Quad IC package in the prior
art.

Am. Hondav. IV II - IPR2018-00619

PETHONDA1003-0179 ,



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0180

WO 96/33533 PCT/US96/05363

-6-

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 art,

taken generally along the line 3-3 of Fig.2.

Fig. 4A is an elevation cross section similar to Fig. 3, showing

a mold closed on a lead frame in an embodimentof the present

invention.

Fig. 4B is an enlargement of the area of Fig. 4 enclosed in a

dotted circle and labeled "4B", showing the support extension

according to an embodimentofthe present invention.

Fig. 5A is a plan view of the lower portion of a mold as seen

in the direction of arrow "5A" of Fig. 4A.

Fig. 6A is plan view of a lead framestrip similar to Fig. 2, but

illustrating a strip in an embodimentof the present invention.

Fig. 6B is a section view ofthe lead framestrip of Fig. 6A

taken along line 6B-6B of Fig. 6A.

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

embodimentof the present invention, showing a retractable support

element. and an apparatus for extending and retracting the support

element.

Description of the Preferred Embodiments

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

11. Typically. body 13 of IC package 11 is formed ofplastic 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 formedinto 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 framestrip 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. Asis

well-known in the art, different lead frames for differently-designed

dies typically have a different number ofdie attach pads in a strip.

The lead frames are madeof a conductive material, typically a
malleable metal material, and formed in thin sheets. The sheet

thickness of lead frame strip 21 provides the thickness of the resulting
leads from a finished IC package.

In the example of lead frame 22, a plurality of leads 15 are

provided approaching, but not contacting, die attach pad 23. Gap 34

serves to electrically isolate die attach pad 23 from each lead. Die

attach pad 23 is supported in this example by legs 25 that are

contiguous to lead framestrip 21, typically formed to attach at the

corners of the island. Lead frame 22 also defines the outer edges of

the plastic encapsulation by meansof 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 meansthatat this stage all leads
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15 surrounding island 23 are electrically connected to one another.

The dam bars are subsequently removed (after encapsulation) by
trimming punches in a separate process. The later removal of the dam

bars provideselectrical 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 frameareparallel 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 ofthe 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 moldin place and filled with

polymer 50. IC die 43 is shown attached to die attach pad 23 and

wires 45 are bonded between each contact padin the die andits

corresponding lead. Wires 45 span gap 34 between each mounting

pad on the IC die and its respective lead.

After die attach and wire bonding, lead frame strip 21 is

positioned between two opposing,typically symmetrical molds

portions 41A and 41B. Within the body ofeach ofthe 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 movein
the molding process.

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

43, and liquid-phase polymeris injected and flows until it (hopefully)
fills all of the volume around the die and the die attach pad. When
the polymer hassolidified, molds 41A and 41B are removed and lead

frame strip 21, with the encapsulated and bonded die 43, is ready for
trimming to produce individual IC packages.

In Fig. 3, dimensions D1 and D3 represent the clearances

between the die attach pad or the IC die, and adjacent, nearby mold
surfaces, whichare, 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 movedto

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 materialsolidifies with the die attach pad
thus out ofposition, the resulting package has an exposed die attach
pad ordie, andis 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 embodimentof the inventionis

intended for those situations in which the failure mode is exposure of

the die attach pad at whatis considered the bottom ofthe resulting
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package.

In this embodiment, the lower half of the mold, on the inside

bottom surface 47 of each of the cavities of the mold, has at least one

extended support element 49 having protrusion distance D2 equal to

D1. In one embodiment, there is a single support element 49,

centrally located in the mold cavity, and die attach pad 51 is

supported by being urged against this element during injection of the
liquid-phase polymer. In other preferred embodiments there are more

such support elements, arranged in a typically regular pattern, ,

extending from surface 47. More than one, for example, four, support

elements have been found to be advantageous for use with many

wide-area, thin packages.

Fig. 4B is an enlargement of the area in the dotted circle

labeled 4B in Fig. 4A, showing the shape of support element 49,

which is a cylindrical pin having a diameter of about .010 inch, with

one end engagedin a cylindrical hole 53 formed substantially

perpendicular to surface 47 of the mold cavity, for the purpose of

engaging andretaining 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 damagein

forced insertion. It will be apparent to those with skill in the art that

there are a number of other ways the support pin might beinstalled,

and a numberof ways the pin may be bondedin 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 foundin practice that there is essentially no
exposure after removal, because some small amount of polymer
material intrudes into the area between the support and the die attach
pad. ,

Fig. 5A is a plan view of one lower mold cavity for a mold
according to the present invention, in the direction of arrow 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 processat

‘ approximately the center of the die attach pad. Fig. 5B is a plan view
similar to Fig. SA, showing four support pins 65, 67. 69, and 7]

arranged in a rectangular array extending from surface 47 of the mold

cavity of mold portion 41B. The four-pin approach has been found in

practice to be preferable, especially for wide area, thin packages, but
there are situations in which one support pin will do.

In an alternative embodimentofthe 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 stip, four small dimples 79,
81. 83. and 85 have been provided.

Fig. 6B is a cross-section of frame 73 along the section line
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6B-6B of Fig. 6A, intersecting two of the four dimples in the die

attach pad. illustrating the depth of the dimples in the direction

orthogonal to the plane of the die attach pad. Dimension D4in this

case is the same as the extension distance of the support pins in other

embodiments described above. It should be remembered that some

dimensions are exaggerated in these figures to provided clear

description of certain features of the invention. It will be apparent to

those with skill in the art that there are other ways to provide a

support for the die attach pad during injection, such as by bonding

small particles of material, for example plastic beads, to adie attach

pad before use. In this method, the beads are encapsulated and

becomea part of the finished package. The bonding of such beadsto

a pad, however, is considered by the inventor to be a more

troublesome process than dimpling the lead frame. And dimpling the

lead frame is generally less desirable than using supports in the mold
cavities. because the mold cavities need by altered only once for a

large number of lead frames.

In the embodiments described thus far herein, support has been

provided in all cases between a die attach pad and a surface of a

lower mold portion, that is, on the side of an enclosed lead framestrip

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 packageis acceptable
under any circumstance,retractable pins may be used in mold cavities.

Fig. 7 is a cross section of a lower mold half 59 showinga retractable
support pin 55. In this case, support pin $5 is not pointed at the
upper end, but substantially flat, and extends into a hole with

sufficient clearance that the pin may beretracted entirely into the hole.

In this embodiment, pin 55 has a second, and larger, diameter,
with slot opening 6] through the pin at ninety degrees to the vertical

axis of the pin. A cam bar 63 extends through this slot and is guided
in another slot in lower mold half 59. Moving the cam bar in one

direction extends pin 55 to the specified height to support a die attach
pad during a molding injection operation, and moving the cam bar in
the otherdirection retracts the support pin to a position wherein the

upper endis flush with cavity surface 47. Spring 56 aids in retracting
the pin. [t 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 embodimentretracts after liquid-phase polymer
is injected and beforeit 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

numberofalterations that might be madein details of the invention

without departing from the spirit and scope of the invention. For

example, there are many different package designs in the art, and the
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nominal clearance between a die attach pad or an attached die and the

nearby surface of a mold cavity may be different for many of these .

designs. The length of a support element for the die attach pad would

be matched substantially to this nominal dimension for each design.
As another example, it was described above that one such support

seemedto 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 providedin this disclosure.

There are also many shapes and formsa support might take other than

the conical end shape described herein as a preferred embodiment.

There are similarly manyotheralteration that might be made without

departing from the spirit and scope of the invention.
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Whatis claimed is:

1. A method for molding an integrated circuit (IC) package,
comprising steps of:

(a) attaching an IC die to a die attach pad of a lead frame;
(b) bonding wires from the IC die to leads of the lead frame;
(c) placing the lead frame between an upper and a lower

portion of a mold having matching mold cavities for forming an
encapsulation volume around the lead frame and attached IC die;

(d) providing a support element in one of the mold cavities

for spacing the die attach pad and attached die from an adjacent
surface of the one of the mold cavities;

(e) closing the portions of the mold on the lead frame such that

the die attach pad and attached die is spaced from the adjacent
surface; and .

(f) injecting encapsulation material into the encapsulation
volume.

2. The method of claim 1 wherein the support elementis a single
element positioned substantially in the center of the mold cavity in the
lower mold portion when the mold portions are closed.

3. The method of claim 2 wherein the support element is a dimple
provided in the die attach padofthe 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 elementis a pin
engaged in a hole provided for the purpose in the mold cavity in the
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lower mold portion, the pin having an extended portion extending into
the mold cavity.

6. The method of claim 5 wherein the pin is tapered on the extended
portion.

7. The method of claim 1 wherein plural support elements are
provided.

8. The method of claim 7 wherein theplural 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 ofthe lead frame.

10. The method of claim 7 wherein the plural support elements are

pins engaged in holes provided for the purpose in one of the mold

cavities, the pins having each an extended portion extendinginto the
mold cavity.

1]. The method of claim 10 wherein the pins each are tapered on the
extended portion.

12. The method of claim | wherein the support elementis a

retractable support element. and further comprising a step (g) for

retracting the support elementafter the encapsulation material is
solidified.

13. A mold for use in encapsulating an IC die mounted on a die
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attach pad of a lead frame. comprising:

a first portion havinga first cavity for forminga 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 thedieis attached:

a second portion having a second cavity with a bottom surface,
the second cavity for forming a second part of the encapsulation
volumeon theside ofthe die attach pad opposite the side to which
the die is attached; and

a support element in oneofthe cavities for spacing the die
attach pad and attached die from an adjacent surface ofone of the
mold cavities.

14. A mold as in claim 13 wherein the support elementis a single
element positioned substantially in the center of the second cavity.

15. A mold as in claim 14 wherein the support elementis a pin
engagedin 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 ofthe cavities.

18. A mold as in claim 13 wherein the plural support elements are

each pins engagedin holes in the bottom surface of one of the

cavities. each pin having an extended portion extending into the
adjacent mold cavity.
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19. A mold as in claim 18 wherein the pins are each tapered on the
extended portion.

20. A mold as in claim 17 wherein theplural support elements extend

from the bottom surface of the second cavity.

21. A mold as in claim 13 wherein the support elementis 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 surfacesof cavities in a mold in a

process of encapsulating dies attached to the die attach pads to make
packagedintegrated circuits.

23. A lead frame as in claim 22 wherein the support elementis a
dimple formed in the die attach pad.

24. A lead frame as in claim 22 wherein the support elementis a

bead of material bondedto the die attach pad.
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I K D BY ER

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

enhancing particulate material.

A typical integrated circuit package is comprised of (1) an IC chip

including an array of chip input/output terminals, (2) means for

supporting the chip, for example, either a leadframe or substrate,

including an array of electrically conductive leads, (3) bonding wires

electrically connecting the chip input/output terminals with respective

ones of the electrically conductive leads, and (4) plastic material

encapsulating the IC chip. support means and bonding wires. This

overall package is typically manufactured by first supporting the IC

chip on the support member. The 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

-l-
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means and bonding wires in plastic.

Attention is now directed to Figure 1, which diagrammatically

illustrates an intermediate step in the production of a prior art IC

package of 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

which can be, for example, a leadframe or a dielectric substrate. The

support member includes an array of electrically conductive leads 16

electrically connected to respective chip input/output terminals by an
array of bonding wires 18.

Still referring to Figure 1, a mold for use in encapsulating

intermediate IC assembly 10 is generally indicated by the reference

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

external supply of molding material (not shown) to a mold cavity 24 for

accommodating a flow of molding material 26 into mold cavity 24. <A

fixed gate 28 is located in runner 22 at the point where the runner

enters mold cavity 26. The fixed gate 28 is in actuality formed as a

narrowed passage within the runner 22 which serves to ease the

separation of runner 22 from the finished molded package and has the

undesirable result of restricting the flow of molding material into the

mold cavity 24 through the runner 22. Intermediate IC assembly 10 is

supported within mold cavity 24 for overall encapsulation by the

molding material. Molding material 26, in order to be useful for this
application, must be quite viscous and of a consistency which will not

-2-
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clog fixed gate 28 as it passes through the latter and onward into the

mold cavity. As the molding material is injected into the cavity it flows
around the intermediate IC assembly including bonding wires 18, IC
chip 12 and at least a portion 29 of electrically conductive leads 16

which are within the mold cavity.

-Following the injection of the molding material into the mold

cavity, the mold material is allowed to harden. After hardening, the

mold material forms a monolithic structure which includes a package

portion 30 surrounding the IC assembly and a runner portion 32

formed within the runner. Upon removal of the IC package from the

mold, which is not shown, runner portion 32 must be broken away from
package portion 30.

While the method of ‘producing a prior art integrated circuit

package, as depicted in Figure 1, does produce an IC package which is

generally satisfactory for its intended purpose, certain disadvantages

due to the method of manufacture exist which limit the final capabilities

of the IC package thereby produced with regard to its strength and

thermal conductivity. These disadvantages are directly related to fixed

gate 28 in mold 20 and the plastic molding compound used to form

package portion 30, and will be described immediately hereinafter.

A first disadvantage, which may increase production costs, lies in

the fact that the fixed gate, as discussed above, leaves runner portion

32 of the molding material attached to package portion 30 of the

molding material which encapsulates the actual {C. The runner portion
must be broken away from the package portion upon removal of the IC

-3-
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package from the mold. If the molding material is made significantly

stronger, the runner portion will be more difficult to remove and the

package could be damaged, in some cases, by the breaking away of the

runner portion.

A second and even more significant disadvantage of the fixed gate

mold is related to the limited types of molding materials which are
amenable to use with it. When considering thermal and strength

properties of a representative IC package, the composition of the

molding material encapsulating the package is of primary consideration.

In the prior art method presented above, the molding material must be

quite viscous and possess a smooth consistency to allow it to pass

through fixed gate 28 in runner 22 without clogging the gate. This

restricts the available molding materials suitable for use to a rather

narrow range which excludes most types of fillers including fibers of

any type.

As will be seen hereinafter, the present invention removes the

limitations in molding materials required by a fixed gate mold thereby

to allow the use of a much broader range of molding materials and

provide IC packages which possess previously unattainable

characteristics with regard to strength and thermal properties.
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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

unique mold used by the method wherein the aforedescribed

restrictions in molding materials used to encapsulate the package are

eliminated. These packages, like the package illustrated in Figure 1,

include an IC chip having an array of chip input/output terminals, a

support member having an array of electrically conductive leads and

supporting the IC chip, and an array of bonding wires electrically

connecting the chip input/output terminals with respective ones of the

electrically conductive leads. However, in accordance with the present
invention, the overall integrated circuit package including the IC chip,

the bonding wires and portions of the electrically conductive leads are

encapsulated by a molding material laden with a fiber or other suitable

type of particulate.

In the manufacture of an integrated circuit package, a method of

encapsulating an intermediate assembly is disclosed. The intermediate

assembly includes a support member having an array of electrically

conductive leads, an IC chip having an array of chip input/output

terminals, and an array of bonding wires. The IC chip is supported on
the aupport member and the bonding wires electrically interconnect the

conductive leads with respective ones of the chip input/output

terminals. The intermediate assembly is encapsulated by providing a

mold assembly which defines a mold cavity, supporting the

intermediate assembly including the IC chip and the bonding wires in

the mold cavity, injecting a fiber or other such particle laden molding

-5-
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material into the mold cavity and around the intermediate assembly
and allowing the molding material to harden.

A mold for use in manufacturing an. integrated circuit package, in
accordance with the method described above which utilizes a fiber or

other such particle laden molding material, is also disclosed herein. The

mold defines a mold cavity and a material transfer Passage which leads

into the cavity, the material transfer passage being suitably configured
to allow a flow of the fiber or other such particle laden molding material

through the material transfer passage. In accordance with the present
invention, the mold further includes means for selectively blocking the
flow of the molding material to prevent the flow of the latter into or out

of the mold cavity through the material transfer passage once the cavity

has been filled with and prior to the hardening of the molding material.
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Brief Description of the Drawings

The present invention may be understood by reference to the

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

FIGURE 1 is a cross-sectional diagrammatic elevational view which

illustrates an intermediate step in the manufacture of a prior art
integrated circuit assembly.

FIGURE 2 is a cross-sectional diagrammatic elevational view which

illustrates an IC package manufactured in accordance with the present
invention.

FIGURE 3 is a cross-sectional diagrammatic elevational view of a

mold including a movable gate which is used in a method of the present
invention.

FIGURE 4 is a cross-sectional diagrammatic elevational view of the

mold illustrated in Figure 4 including an intermediate IC assembly in

place in the mold cavity, shown to illustrate an intermediate Step in the

method of the present invention for manufacturing an IC assembly.

FIGURE 5 is a cross-sectional diagrammatic elevational view

similar to Figure 4, which illustrates the completion of the encapsulation
of the IC package of the present invention.
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iled escriptio the vention

Having described Figure 1 previously, attention is immediately

directed to Figure 2, which illustrates an integrated circuit package

manufactured in accordance with a method of the present invention and

generally designated by reference numeral 40. Package 40 includes an

intermediate assembly 42 which itself includes an IC chip 44, a support

member 46, an array of bonding wires 48 and a hardened plastic blob
49. IC chip 44 includes an array of chip input/output terminals 50 each

one of which is connected to a respective one of a plurality of

electrically conductive leads 52, which are integral with support

member 46, by a respective one of bonding wires 48. Support member

46 may be a leadframe or a substrate, either of which are typical of the

support members used in the prior art. Blob 49 covers the bonding

wires in a protective manner consistent with and .described in U.S.

Patent Application Serial No. 08/225,900, filed April 11, 1994 and

entitled Plastic Encapsulating Integrated Circuit Package Having

Protective Barrier For Its Bonding Wires, and Method, which application

is assigned to the assignee of the present invention and is incorporated

herein by reference. The function of the blob will be described in detail

herein in conjunction with a description of a method of manufacturing

the IC package of the present invention, which follows hereinafter.

Continuing to refer to Figure 1 and in accordance with the present

invention, intermediate assembly 42 is encapsulated by a molding

material 54. Molding material 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

-8-
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packages based upon the characteristics of the components Present in
molding material 54. In the present example, molding material 54 is
laden with a plurality of fibers 56 which may include, for example, glass
fibers or aluminum nitride fibers. The addition of these fibers provides

5 Specific advantages in comparison to prior art IC packages, some of
which will now be discussed.

A first advantage realized as a direct result of the incorporation of
fibers into the molding material is an IC Package possessing a Strength

10 not seen heretofore. While the imparting of Strength to materials which
contain fibers such as these is well known in the art, they have not been
seen in materials used in the overall encapsulation of an IC package due
to the problems encountered in the method of encapsulation of the
package, which problems are solved by the present invention.

15

A second advantage resulting from inclusion of fibers in the
molding material lies in the thermal conductivity of the package.
Significant heat is Produced by IC chips of certain types such as, for
example, power amplifiers. It is therefore a continuing goal of IC

20 package designers to provide packages capable of conducting ever
increasing levels of thermal energy away from the IC chip through the
package materials themselves. The aforementioned glass and aluminum
nitride fibers typically Possess a higher thermal conductivity than the
molding material or resin to which they would be added. Consequently,

25 the thermal conductivity of the molding material, which is laden with
the fibers, will increase. The result is a package having a higher
thermal conductivity which is capable of removing an increased amount
of thermal energy from the IC chip or, for that’ matter, any device

-9.

Am. Hondav. IV II - IPR2018-00619

PETHONDA_1003-0215



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0216

10

15

20

25

WO 96/20501 PCT/US93/16059

within the package which produces heat.

While the present invention contemplates the utilization of a fiber

laden plastic encapsulant, the present invention is not limited thereto.

Any suitable and compatible strength enhancing and/or thermally

conductive particulate is contemplated by the present invention

including, for example, aluminum nitride, graphite, or fiberglass.

Reference is now made to Figure 3 which illustrates a mold for use

in encapsulating an IC package manufactured in accordance with the

present invention and generally designated by reference numeral 60.
Mold 60 includes an upper mold half 62 and a lower mold half 64.

Lower mold half 64 includes a material transfer passage 66 which leads

from an external source of molding material (not shown) to a cavity 68

defined within the mold itself. In one possible configuration, a movable

gate 70 is positioned in a gate channel 72 at a point 74 where the
material transfer passage 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

closed position (shown in phantom) which completely blocks passage 66

to prevent any further flow of molding material either into or out of

cavity 68. Gate 70 includes a surface 72 which defines a portion of the
package outline when tho gate is in its closed position, as shown. This
unique gate, unlike the prior art fixed gate shown and described above,

opens to the full width of the material transfer passage, permitting
molding materials which would clog the prior art fixed gate to flow
through the passage, past the movable gate and into the mold cavity.
Movable gate 70 allows the use of molding materials which are new in

-10-
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the encapsulation of IC packages such as, for instance, those containing

fibers.

Many configurations of a mold including a movable gate may be

provided which are useful in the method of the present invention. For

example, the gate may be positioned at a different location in the

material transfer passage, the gate may move horizontally to block the

passage or may include a shape which is altered from the preferred

embodiment which is shown and described herein. All of these

configurations and variations are considered to be within the scope of

the present invention. The use of this mold in a method of the present

invention will be described immediately hereinafter.

Turning now to Figure .4 and in accordance with a method of the

present invention, an intermediate assembly 80 is placed within mold

cavity 68 of mold 60, which was previously described in the discussion

relating to Figure 3. Intermediate assembly 80 includes an IC chip 82

having an array of chip input/output terminals 83. Chip 82 is

supported on a suitable support member 84 which can be, for example,

a. leadframe or a dielectric substrate. The support member includes an

array of electrically conductive leads 86 electrically connected to

respective chip input/output terminals by an array of bonding wires 88.

A hardened plastic blob 90 protects the bonding wires, in accordance

with previously referenced U.S. Application 08/225,900, against the

inflow of a fiber laden molding material 92 when it is injected into the

mold cavity. Without the protection offered by the plastic blob, the

bonding wires would be washed by the inflow of molding material

possibly becoming disconnected or shorting to one another. Wire wash

-1l1-

Am. Hondav. IV II - IPR2018-00619

PETHONDA.1003-0217



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0218

10

15

20

25

WO 96/20501 PCT/US95/16059

has been a significant concern in the manufacture of prior art IC

packages and, in this instance, it is vital to protect the bonding wires

against wire wash since a fiber laden molding material will place much

greater wash stresses on the bonding wires. Other means of protecting

the bonding wires against wire wash may be developed such as, for

example, a hollow plastic enclosure which surrounds the intermediate

assembly. These means are considered to be within the scope of the

invention as claimed.

Continuing to refer to Figure 4 and with movable gate 70 in its

opened position, fiber laden molding material 92 is injected into mold

cavity 68 through passage 66. Since movable gate 70 is in its opened
position, the entire width of the passage is presented to the flow of

molding material whereby to avoid clogging of the passage by the fibers

carried in the material. The molding material, in its viscous state, fills

passage 66 to surround intermediate assembly 80.

Referring to Figure 5, movable gate 70 is moved to its closed

position prior to the hardening of molding material 90, as illustrated.

The closing of the gate separates a first portion 90a of molding material

which remains in the material transfer passage from a second portion

90b which encapsulates the intermediate assembly. In this particular

configuration of movable gate 70, surface 72 of the gate actually defines

a portion of the package outline of the encapsulating molding material.

After the gate is closed the molding material is allowed to harden and

the IC package is removed from the mold (not shown). It is mentioned

here that first portion 92a of the molding material within the material

transfer passage is separated from second portion 92b of the package

-12-
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itself by closed gate 70 such that the first portion does not need to be

broken away from the IC package, thereby avoiding the risk of damage
to the package. This is particularly advantageous considering the
increased strength of the fiber laden molding material.

It should be understood that the IC package and mold of the
present invention may be embodied in many other specific forms and

produced by other methods without departing from the spirit or scope
of the present invention. Therefore, the present examples are to be
considered as illustrative and not restrictive, and the invention is not to
be limited to the details given herein, but may be modified within the
scope of the appended claims.

-13-
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1. In the manufacture of an integrated circuit package, a

method of encapsulating an intermediate assembly which includes a

support member having an array of electrically conductive leads, an IC

chip having an array of chip input/output terminals and an array of

bonding wires, said IC chip being supported on the support member and
said bonding wires electrically interconnecting the conductive leads

with respective ones of the chip input/output terminals, said method

comprising the steps of:

a) providing a mold assembly which defines a mold

cavity;

b) supporting said intermediate. assembly including the

IC chip and the bonding wires in said mold cavity;

c) injecting into the mold cavity and around the

intermediate assembly a particulate laden molding material; and

d) allowing said molding material to harden.

2. A method according to Claim 1! including the step of

providing a protective barrier over said bonding wires sufficient to

prevent said bonding wires from moving against the force of the

particulate laden molding material as the latter is injected into said

mold cavity and caused to flow over the intermediate assembly.
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3. A method according to Claim 1 wherein the step of
providing a mold assembly includes the step of providing a material
transfer passage leading into said mold cavity and wherein the Step of
injecting the molding material into the mold cavity includes the Step of
injecting the molding material through the material transfer passage.

4, A method according to Claim 3 including the step of closing
the material transfer passage after injecting the molding material into
the mold cavity and prior to its hardening.

5. A method according to Claim 4 wherein the step of closing
said material transfer passage includes the Steps of providing a gate
within said passage movable between a first position for opening the
passage and a second position for closing the passage, and moving said
gate between its first position to open the passage and allow the flow of

molding material through said material transfer passage and into said

mold cavity and a second position to block the material transfer passage
after the mold cavity has been filled with said molding material.

6. A method according to Claim 5 wherein said mold cavity
defines a package outline and said movable gate in its closed position
defines a portion of said outline.

7. A method according to Claim 1 wherein said particulate
laden molding material includes fibers.

8. A method according to Claim 7 wherein said fibers have a

-15-
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high thermal coefficient.

9. A method according to Claim 8 wherein the fibers are glass

fibers.

10. A method according to Claim 8 wherein the fibers are
aluminum nitride.

11. A method according to Claim 2 wherein the step of

providing said protective barrier includes forming a hardened plastic

blob over said bonding wires.

12. In the manufacture of an integrated circuit package, a

method of encapsulating an intermediate assembly which includes a

support member having an array of electrically conductive leads, an IC

chip having an array of chip input/output terminals and an array of

bonding wires, said IC chip being supported on the support member and

said bonding wires electrically interconnecting the conductive leads

with respective ones of the chip input/output terminals, said method

comprising the steps of:

a) providing a mold assembly which defines a mold

cavity, a material transfer passage leading into said mold cavity and a
gate movable between a first position for opening said passage and a

second position for closing said passage and defining part of said cavity;

b) supporting said intermediate assembly including the
IC chip and the bonding wires in said mold cavity;
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c) while maintaining said gate in its first, passage-opened

position, injecting a molding material through the material transfer

passage and into the mold cavity around the intermediate assembly;

d) thereafter, but before the molding material within said

cavity hardens, moving said gate to its second passage-closed position;

and

e) allowing said molding material to harden after closing

said gate.

13. A method according to the method of Claim 12 wherein a

protective barrier consisting of a hardened plastic blob is provided over

said bonding wires sufficient to prevent said bonding wires from

moving against the force of the molding material as it flows over the

intermediate assembly and the injected molding material is particle

laden.

14. A method according to the method of Claim 13 wherein the

particles are fibers.

15. An integrated circuit package comprising:

a) an IC chip including an array of chip input/output

terminals;
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b) a support member including an array of electrically

conductive leads which are provided for connection with the

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 [C chip, said bonding wires, and portions

of said support member including portions of said electrically

conductive leads.

16. An integrated circuit package in accordance with Claim 15

including a protective barrier disposed over said bonding wires

between the latter and said molding material, said protective barrier

being designed so that, during formation of the package, it prevents said

bonding wires from moving against the force of said molding material

as the latter is caused to flow in place over the IC chip, support member

and bonding wires.

17. An_ integrated circuit package in accordance with Claim 15

wherein said particle laden molding material includes fibers.

18. An integrated circuit package in accordance with Claim 17
wherein said fibers include a high thermal coefficient.

-18-
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19. An integrated circuit package in accordance with Claim 18

wherein the fibers are glass fibers.

20. An integrated circuit package in accordance with Claim 18

wherein the fiber members are aluminum nitride.

21. An integrated circuit assembly in accordance with Claim 16

wherein said protective barrier includes a hardened plastic blob formed

over said bonding wires.

22. A mold for use in manufacturing an integrated circuit
package. encapsulated in a molding material which itself includes a

plurality of fiber or other such particulate members, said mold defining

a mold cavity and a material transfer passage which leads into said

cavity, said material transfer passage being suitably configured to allow

a flow of said molding material therethrough, said mold further

including means for selectively blocking the flow of the molding

material to prevent the flow of the latter into or out of the mold cavity

through the material transfer passage once the cavity has been filled

with and prior to the hardening of the molding material.

23. A mold in accordance with Claim 22 wherein the mold
includes an upper mold half and a lower mold half.

24. A mold in accordance with Claim 23 wherein said material

transfer passage is defined within one of said mold halves.

25. A mold in accordance with Claim 22 wherein said blocking
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Am. Hondav. IV II - IPR2018-00619

PETHONDA.1003-0225



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0226

1Q

WO 96/20501 PCT/US95/16059

means includes a gate selectively movable between an open position
which allows the flow of molding material though the material transfer

passage into the mold cavity and a closed position which blocks the

material transfer passage to prevent further flow of the molding

material into or out of the mold cavity through the material transfer

passage.

26. A mold in accordance with Claim 25 wherein said mold

cavity defines a package outline and said movable gate in its closed

position defines a portion of said outline.
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COATING SURROUNDING A PIEZOELECTRIC

SOLID STATE MOTOR STACK

BACKGROUND OF THE INVENTION

2. Field of the Invention

The field of the invention relates generally to
an encapsulation structure for solid state motor
actuators, and more particularly to a process for
encapsulating piezoelectric solid state motor stacks.

2. Related Art

For decades electroexpansive materials have been
employed in stacked structures for producing actuation
used for fuel injection and valve control in diesel
engines, for example. Commercially manufactured solid
state motor stacks, or actuators, are produced using
piezoelectric disks interleaved with metal foil
electrodes. Application of high voltage, low current
power to alternately biased electrodes causes each of
the piezoelectric disks to expand or axially distort.
The additive deflection of the stacked disks is
typically amplified by hydraulics to effectuate useful
actuation.

An example of a conventional electromechanical
actuator having an active element of electroexpansive
material is found in United states Patent No.

3,501,099 to Glendon M. Benson. Benson’s 1970 patent
is directed to both an actuation amplification
structure and a method for manufacturing piezoelectric
stacks. Sheets of ceramic material are rolled,
compacted and punched into ceramic disks. After a
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compressing combined with lapping/polishing results in

low disk yield due to the time elements of the two

step process and disk breakage during the lapping

step.

Various environmental design considerations are

important in piezoelectric stack manufacturing. Device

operating temperature ranges and external mechanical
stresses are the most serious of these factors.

Conventional stacks are limited to a maximum

operating temperature of about 75° celsius, measured

at the outside of the stack housing. Heat generated

by the stack itself.is compounded by the extreme heat

generated by the engine upon which the housed stack is

typically mounted. Stack temperatures can reach

upward of 40°-50°C above the measured engine

temperature.

On the other hand, structural defects typically

lead to conventional stack failure due to shear and

torsional stresses applied to the stack during

operation and/or installation. Structural stack

failure is most commonly attributed to fatigue

cracking. of the ceramic disks. Separation between
disks/electrodes is also a frequent problen.

Piezoelectric stack insulation has been

introduced between the disk/electrode stack and the

housing in an attempt to minimize some of the above
mentioned problems.

United States Patent No. 4,011,474 to Cormac G.

O'Neill discloses several methods for improving stack

insulation to avoid operation breakdowns. Arc-over is
allegedly avoided by maintaining contact between the

piezoelectric stack and the insulating material. Ina

first embodiment, O’Neill teaches introducing a

pressurized insulating fluid such as oil, into the

housing of a piezoelectric stack. The fluid is
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pressurized so as to maintain contact between the

fluid and the stack during radial shrinkage, or axial
expansion, upon the application of an appliea voltage.

In a second embodiment, O'Neill applies a solid

polyurethane coating to the stack. The coating is
_kept in contact with the stack by a pressurized
insulating fluid to prevent separation during
operation and arc-over associated therewith.

A third O’Neill embodiment maintains contact

between the stack and a solid insulating coating by
winding a filament or tape around the coated stack.
The tape is wound around the coating to preload the
coating to prevent separation of the coating from the
stack. The winding of the tape is spaced to allow for

expansion of the polyurethane coating during operation
of the stack.

The present invention constitutes an improvement
over conventional encapsulation technology. Benefits,
such as increased stack operational temperature range,
endurance, output, and lifetime, are achieved by the
present invention.

SUMMARY OF THE INVENTION

The present invention is directed to an
encapsulated piezoelectric solid state motor stack
having a plurality of piezoelectric disks interleaved
with a plurality of electrodes. A first elastomer is
used for encapsulating the stack to prevent arc-over.
A second elastomer is used for encasing the
combination of the encapsulating elastomer and the
stack. An elastomer grease is sandwiched between the
encapsulating elastomer and the encasing elastomer for
reducing friction between the combination and the
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encasing elastomer. The friction is induced by an
axial displacement produced between first and second

end surfaces of the stack when the electrodes are

biased by a source of electrical potential.

The structure also includes a protective housing
and a diaphragm. The housing cylindrically encases
the combination of the stack, the encapsulating

elastomer, the elastomer grease and the encasing

elastomer. The housing also encases one end of the

combination. The diaphragm is attached to the housing
for encasing the other end of the combination.

The present invention is also directed to a

method for encapsulating a piezoelectric solid state

motor stack having a plurality of disks interleaved

with electrodes. The method includes the step of

encapsulating the stack with a first material,
followed by encasing the combination of the first

material and the stack within a protective housing,
and then sandwiching a lubricant between the

combination and the protective housing for reducing

friction between the combination and the protective
housing.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood if

reference is made to the accompanying drawings in
which:

FIG. 1 shows a side-sectional view of a housed,
encapsulated piezoelectric solid state motor stack in

connection with the present invention;

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

piezoelectric stack of Figure 1 taken through line
Aw~A; :
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FIG. 3 is a flow chart of the basic steps ina
method for encapsulating a piezoelectric stack in
connection with the present invention;

FIG. 4 is a flow chart of the basic steps ina
method for pre-encapsulation preparation of a

piezoelectric stack in connection with the present
invention;

FIG. 5 is a flow chart of the basic steps in a
method for preparation of a desiccator for use in the
encapsulation of a piezoelectric stack in connection
with the present invention;

FIG. 6 is a flow chart of the basic steps ina
method for applying an elastomer in the encapsulation
of a piezoelectric stack in connection with the
present invention; and

FIG. 7 is a flow chart of the basic steps ina
method for the final housing assembly of a
piezoelectric stack in connection with the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Broadly, the present method for encapsulating
piezoelectric stacks is designed for an automated
manufacturing process to yield high-quality, high-
durability solid state motor stacks in great volume.
The piezoelectric encapsulation steps of the present
process have refined the technology by employing
careful cleaning and inspection operations which
result in stacks that can displace 0.13% in fast
response times of 100 microseconds, and produce
driving forces greater than 35 MPa. Unlike

conventional piezoelectric solid state motor stacks,
which have relatively limited temperature ranges,
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stacks encapsulated according to the present invention

have an extended operational temperature range between

about -40°C and +100°C (measured externally; plus an

additional 40° to 50°C measured internally).

Encapsulated piezoelectric solid state motor

stacks of the present invention are high-force devices

that can be used to improve engine performance, reduce

emissions, and reduce engine noise. The utility of
the present invention is not, however, limited to

encapsulating stacks for engine valve and fuel

injector actuation. Encapsulated stacks of the

present invention may be used in brake or shock

absorbing systems, for example. Moreover, the

invention may be used to encapsulate a wide variety of
devices or systems which operate in high temperature,
or otherwise extreme environments.

It should be understood that the present
invention is directed to a piezoelectric solid state

motor stack encapsulation structure and the method of

encapsulating the stack structure. However, the terms

solid state motor stack and electroexpansive actuator,

for example, are synonymous. Throughout this

discussion, the piezoelectric solid state motor stacks

will be commonly referred to as "stacks."

FIG. 1 shows an encapsulated solid state motor

stack, 100, in connection with the present invention.

An electrode/ceramic disk stack 102 is centered in a

housing 104. The steel case, or housing 104, is
cylindrical in shape with a hollow cylindrical cavity
for housing the solid state stack. Throughports 106

are bored in the top end of the housing to permit bus

lead wires 108 to exit the housing. Threads 110

attach the piezoelectric solid state motor housing to

an engine head. Plateau 112 represents a hexagonal

cross section, if viewed from the top of FIG. 1. This
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hexagonal structure is not shown in the figure, but is
used for tightening and loosening the piezoelectric
solid state motor housing on the engine head.

The preferred embodiment of the assembled

piezoelectric solid state electrode/disk stack 102 is
described in the concurrently filed, commonly assigned
co-pending application Serial No. (Attorney Docket No.
1246.0100000/90-220), titled "Piezoelectric Solid
State Motor Stack", the entire disclosure of which is
incorporated herein by reference.

FIG. 2 is a cross-sectional view taken through
line A-A of the piezoelectric solid state motor stack
and housing of FIG. 1. The details of FIc. 2 will be
covered during the following discussion of the
encapsulation process.

A generalized stack encapsulation process 300 is
shown in FIG. 3. As shown at block 302, the stack
undergoes a cleaning process. In one embodiment,
excess gloss and contaminants are removed from the
exterior of the assembled stack and bus bar structure
by a conventional grit blasting technique. The stack
is ultrasonically cleaned in a methanol bath. The
cleaned stack is then heat dried at block 304.

Block 306 represents a series of pre-
encapsulation steps. This pre-encapsulation process
400 is shown in more detail at FIG. 4. The bus wires
are electrically shorted at block 402 to prevent
electrostatic charging of the stack, because of its
inherent capacitive characteristics. The stack is
then placed in a conventional vacuum desiccator
fixture to remove volatile contaminants, as shown at
block 404. The stack is then cooled before applying a
primer, as indicated at 406, and in accordance with
primer manufacturer instructions.
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A coating of primer is applied to the exterior of

the stack and bus bar structure at block 408 in

preparation for the silicone coating process. Dow

Corning SilGuard Primer No. 1200 or an equivalent may
be used. The primer is cured (at block 410) in

accordance with conventional curing techniques,

according to manufacturer specifications.

The details of the desiccator preparation step of
block 308 in FIG. 3 are shown at process 500 of FIG.

5. The stack is aligned in a modified alignment
fixture at block 502 such that a small axial

compressive load can. be applied to the stack as shown
at block 504. The alignment fixture should comprise a
-cylindrical case including a bottom/end section and a

load screw for applying an axial compression to the

stack. The bottom has two openings to permit the bus

leads to pass therethrough. In addition, the inner
diameter of the alignment fixture case should be

slightly larger than the outside diameter of the stack

in order to permit proper encapsulation. Stoppers
must then be inserted in the holes at the base of the

alignment fixture to seal around the bus bar leads.

The composition of the alignment fixture case and port
stoppers is not crucial to the invention. However,
their composition must not be such that contamination

of the stack or chemical reactions occur therewith.

The prepared alignment fixture is then positioned
in the vacuum desiccator as shown at block 508. The

axial load is released and the desiccator is then

sealed as shown at blocks $10 and 512, respectively.
A vacuum is then created in the desiccator as shown at

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

that the elastomer will fill the voids in the stack

when the vacuum is released.
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The application of an elastomer, shown in block
310 in FIG. 3 will be described in further detail with
reference to process 600 in FIG. 6. A silicone

elastomer, Dow Corning SilGuard 184, for example, is
mixed as per the manufacturer’s suggested directions.
This preparation is shown at block 602. The silicone
elastomer mix is then injected into the desiccator
through a glass tube and then into the Spaces between
the stack and the inside wall of the alignment fixture
case as shown at 606. The vacuum desiccator is then
gradually pressurized, and an axial load of at least
about 1500 psi is applied to the stack by the load
screw attached to the assembly fixture case as shown
at blocks 608 and 610, respectively.

As shown at blocks 612 and 614, respectively, the
excess silicone elastomer is drained from the
alignment fixture and the stoppers removed. The
silicone elastomer encapsulant is then cured in an
oven, as shown at block 616.

In the presently preferred embodiment, curing is
accomplished at about 65°C for approximately4 hours.
The present inventors have found that curing time is
inversely proportional to the curing temperature and
that the maximum cure temperature is approximately
100°C. More significantly, the inventors have found
that cure temperature at this stage directly affects
the minimum operating temperature of the motor stack.
They have found that the lower the cure temperature,
the lower the minimun operating temperature that they
can achieve.

The fixture is then allowed to cool as shown at
block 618 and the elastomer thickness measured as
shown at 620. A determination is made, see block 622,
whether the desired thickness of the silicone
elastomer encapsulant has been reached. This
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determination is based on whether the bus bar and tab

structures are sufficiently covered so as to prevent

arc-over. If the desired thickness is not reached as

indicated at 624, the stack is then dipped in

elastomer as shown at block 628. Steps 616, 618, 620,

622 and 628 are repeated until the desired thickness

is reached as shown at 632. The stack is then removed

from the fixture as shown at block 634.

The two end coatings of silicone elastomer

encapsulant are trimmed, as shown at 636. Once

trimmed, the layer of silicone elastomer, shown at 220

of FIG. 2, coats the cylindrical surface of the

assembled stack 202, as well as the bus bar and

electrode tab structure. Trimming exposes the end

surfaces of the assembled stack to permit direct

transfer of translational motion from the stack to a

diaphragm member during actuation. Otherwise, the

untrimmed end coating of elastomer would act as a

compliant layer. .
The sequence at 700 of FIG. 7 represents the

final assembly of the stack in the housing. Poling of

the stack, as shown at block 702, is done once the

stack is assembled, in accordance with guidelines

provided by the ceramic manufacturer. In the
presently preferred embodiment, poling is done at an

elevated temperature, for example 145°C. The poling

voltage signal is applied to the stack in three

stages. During the first stage a O-volt to 1200-volt

charge is applied linearly. This voltage is held

constant during the second stage. Finally, at the

third stage the voltage is linearly reduced to O-volts

during a five-minute period. The stack is then cooled

to room temperature. The poling technique is

conventional and is a function of the ceramic material
used.
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Referring again to FIG. 2, a thin coat of Dow
Corning silicone vacuum grease 222 is applied to the
surface of the silicone elastomer encapsulant 220.
Enough grease should be applied to prevent adhesion of
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
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).
See block 710. In addition, the potting material’s
thermoconductive characteristics shoulda 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
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
inner cylindrical surface of housing 204. Again, the
silicone elastomer encapsulant is shown at 220.
Silicone grease coating is shown at 222. Finally,
silicone potting material is shown at 224.

As shown in block diagram 714, surface 114 of
housing 104 and the exposed surface of ceramic end cap
116 must be simultaneously ground to facilitate proper
alignment of steel diaphragm 118 to the end of the
stack housing assembly. The diaphragm 118 may then be
laser-welded to surface 114 of housing 104 as depicted
at 716.
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The diaphragm is preferably made of stainless

steel and has a thickness of about 0.25mm. The steel

diaphragm functions to protect the stack from external
contaminates. In addition, the diaphragm prevents the

5 electrode/disk stack from rotating within the housing.

Typically, a piston or spring is abutted against

the bottom of the stack when the housed stack is

installed on an engine head, for example. During

installation, the housed stack is screwed onto the

10 engine head and the diaphragm transfers stresses to

the housing. If no diaphragm were present, the

friction between the ceramic end-cap of the stack and

the piston would cause the stack to rotate. Rotation

of the stack would in turn cause disks to shear, and

15 separate, and the silicone encapsulant would rupture.

Such structural defects would detrimentally affect

stack operation.
While various embodiments of the present

invention have been described above, it should be

20 understood that they have been presented by way of

example, and not limitation. Thus the breadth and

scope of the present invention should not be limited

by any of the above-described exemplary embodinents,

but should be defined only in accordance with the

25 following claims and their equivalents.

30

35
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WECLAIM:

1. An encapsulated piezoelectric solid state
motor stack (100,200) having a Plurality of disks
interleaved with electrodes (102), comprising:

first means (220) for encapsulating the
stack;

second means (224,204) for encasing the
combination of said first means and the stack; and

third means (222) sandwiched between said

first and second means for reducing friction between
said combination and said second means induced by an
axial displacement produced between first and second
end surfaces of the stack when the electrodes are
biased by a source of electrical potential.

2. An encapsulated piezoelectric solid state
motor stack (200) according to claim 1, wherein said
first means (220) comprises an elastomer.

3. An encapsulated piezoelectric solid state
motor stack (200) according to claim 2, wherein said
first elastomer comprises silicone.

4. An encapsulated piezoelectric solid state
motor stack (200) according to claim 1, wherein said
second means comprises:

an elastomer (224) surrounding said
combination and said third means; and

a protective housing (104,204) including a
diaphragm (118), wherein said housing cylindrically
encases said combination and said third means and one
end thereof, said diaphragm being attached to said
housing for encasing the other ena of said
combination.
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5. An encapsulated piezoelectric solid state
motor stack (200) according to claim 4, wherein said

elastomer comprises silicone and aluminum oxide to

enhance the thermal conductivity of said silicone.

6. An encapsulated piezoelectric solid state

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

third means (222) comprises a grease.

7. An encapsulated piezoelectric solid state

motor stack (200) according to claim 6, wherein said

grease comprises silicone.

8. An encapsulated piezoelectric solid state

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
of said silicone.

9. A method for encapsulating a piezoelectric

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

of disks interleaved with electrodes (102), comprising

‘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

(204); and

sandwiching a lubricant (222) between said

combination and said protective housing for reducing

friction between said combination and said protective

housing, wherein said friction is caused by biasing
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the stack to produce an axial displacement between
first and second end surfaces of the stack.

10. A method for encapsulating a piezoelectric

solid state motor stack (100,200) according to the

method of claim 9, wherein said encapsulating step
further comprises the steps of:

grit blasting the stack to remove debris;

cleaning the stack to remove unwanted

contaminants;

applying said first material (220) to the

stack; and

curing said first material.

11. A method for encapsulating a piezoelectric

solid state motor stack (100,200) according to the

method of claim 10, wherein said application step

further comprises the steps of:

applying a primer to the stack;
curing said primer; and

applying an elastomer (220) to said primed
stack.

12. A method for encapsulating a piezoelectric

solid state motor stack (100,200) according to the

method of claim 9, wherein said sandwiching step

further comprises the steps of:

coating said lubricant (222) on said

combination; :

aligning said coated combination in said

protective housing (204);

introducing a potting material (224) between

said coated combination and said protective housing;
and

curing said potting material.
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FIG. 6
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BOITIER PLASTIQUE POUR CIRCUIT-INTEGRE

AVEC GRILLES EN QUINCONCE SUR DEUX NIVEAUX
ET PROCEDE DE FABRICATION

L'invention concerne l'encapsulation des circults-Intégres.
Deux grands types d'encapsulation sont utilisés

actuellement pour ies circults-intégrés, selon les applications
envisagées. ,

Pour les applications les plus courantes, on utilise des
boitlers en metiare plastique moulée réalisés de la maniére
suivante: on prepare une grille de connexion métallique qui
servira A la fols de support 4 une puce de circuit-Intégre et de
broches de connexion extérieure au boitier; on reporte la puce

sur cette grille par collage ou soudage; on relie la puce par des
flls aux différentes broches de la grille; et on enrobe la puce

et les fils de matiere plastique, par moulage.

Cette technique donne satisfaction mais présente certaines
faiblesses, en particuller sur les points suivants: U y a risque

de pénétration d'humidité dans le boitler par infiltration aux
interfaces entre la grille et la matiére plastique; la matiere

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

lorsqu'ele est de grande surface; la gamme de température de
fonctionnement correct est Himitée (en général de -40°C a +85°C);
la dissipation thermique est limitée car la conductivite
thermique de la matiere plastique est relativement mauvatse;
enfin, le nombre de broches d'entrée-sortie du boitier est limité
du fait que les fils de WUaison entre la puce et les broches
doivent rerter écartés les uns des autres d'un certain. pas
minimum; le moulage plastique impose ce pas minimum.

Pour éviter ces diverses LUmitations, on a proposé, pour

les applications plus délicates, d'encapsuler les
circuits-Intégrés dans des boitiers de céramique. Cette technique ~
consiste A sérigraphier des conducteurs sur des feuilles de
céramique crue, 4 cuire ensembie les feulles de céramique pour
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constituer un substrat de céramique, 4 coller ou souder une Puce ©
de circult-intégré sur une face du substrat, a relier la puce aux
conducteurs sérigraphiés qu! Ventourent, a fermer le substrat

par un capot scellé hermétiquement, et & souder A l’extériour du

boitier des broches de connexion venant en ‘contact avec des

extrémités affleurantes des conducteurs sérigraphiés.

Dans cette technique plus sophistiquée, les infiltrations

d'humidité sont réduites sau minimum, ‘car les feuilles de

céramique cocultes sont parfaitement étanches et la soudure du

capot (en général une soudure de métal sur de la céramique) est

également trés étanche; U n'y a pas de contrainte mécanique sur
la puce car elle n'est pas enrobée de matiére plastique mais elle
reste A lair; l'absence de_matiere plastique permet un
fonctionnement 4 température ambiante plus élevée (Jusqu'a +125°C
par exemple et dans certains cas 200°C); le pas des conducteurs

sérigraphiés peut é4tre plus petit que les pas d'une grille de

connexion et l'absence de moulage par injection permet de
diminuer la distance entre fils de connexion voisins (fils de

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

thermique est améliorée car ia conduction thermique de la

céramique est bien meilleure que celle de la matiére plastique
moulée.

Mais évidemment cette technique d'encapsulation en boitier

céramique est beaucoup plus cotteuse que le moulage plastique.
La présente invention pour but de proposer une nouvelle

technique d'encapsulation permettant de profiter du faible coat

de la technique de moulage plastique tout en minimisant ies

incenvénients de cette technique. .
On propose selon l'invention un nouveau’ boitler et un

procédé d'encapsulation correspondant; le procédé consiste A :
* préparer au moins deux grilles métalliques de connexion;

~ placer les grilles dans un moule de telle maniére que
leurs extrémités arrivent sur au moins deux niveaux différents a

proximitée d'un emplacement réservée & une puce de circult-intégré,
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- InJecter une matiére Plastique de moulage dans le moule,
le moule étant conformé de maniere a : empécher le recouvrement
des extrémités des grilles a proximite de l'emplacement réserveé,
ménager une cavité de réception de puce dans cet emplacement,
et laisser dépasser la g@rile hors du moule. pour constituer des
broches de connexion extérieures;

- placer une puce dans la cavité;
~ souder des fils de connexion entre la puce et les

extrémités des grilles de connexion; .
- fermer Is cavité par un capot hermetique.
Le boitler selon l'invention est donc constitué de la

maniére suivante : i comprend un corps de matiére plastique
moulée avec une cavité intérfeure de réception d'une puce, et,
dans cette cavité, autour de la puce, au moins deux séries
d'extrémités de grille de connexion non recouvertes par la
matiére plastique du corps et placées sur au moins deux niveaux
différents, la puce étant  raccordée par des fils A ces
extremités, et la cavité étant fermée par un capot. scellé
hermétiquement. /

Les extrémités de la grille de l'un des niveaux sont de
préférence décalées ou disposées en quinconce par rapport 4
celles du deuxiéme niveau, c'est-a-dire que deux fils voitsins
partant de la puce seront soudés respectivement sur deux
extremités de grille de niveaux différents.

La technique proposée selon invention présente les
avantages suivants : tout d'abord le coat est faible puisqu'l
fait intervenir essentiellement un moulage de matiére plastique
et non un substrat de céramique sérigraphiée; ensulte on peut
utillser comme matlére plastiq:.e de moulage une matiére. A fort
coefficient de  rétreint au refroldissement,’ de sorte que
'étanchélté aux Interfaces entre matiere plastique et grilles
est améliorée; cela n'était pas possible avec les moulages
classiques dans lesquels la puce était directement en contact:
avec la matlére plastique a cause des contraintes excessives
qu'une matiéere plastique aA fort coefficient de rétreint auralt
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imposé & la puce; de maniére générale, les contraintes sur la
puce sont rédultes grace a l'invention; enfin, la densité de

broches de connexion extérieures peut Gtre trés élevée grace a

l'utilisation de plusieurs niveaux de grille de connexion.

Il n'aurait été que trés difflcillement possible d'utiliser

plusieurs niveaux de grille avec des boitiers de matiére

plastique moulés classiquement par enrobage- camplet d'une puce
et des ses fils, et un aspect important de l'invention réside-

dans la découverte qu'il devient pratiquement possible de le

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

n'est mise en place qu'aprés moulage. En effet, tl devient facile
de mettre en place la puce et ses fils alors que les deux niveaux

de grille sont fixés en place dans la matiere plastique qui les
enrobe.

Le capot hermétique qui ferme Ia cavité est de préférence

réalisé dans la méme matiére plastique que le corps du boitier;
il est de préférence soudé par ultrasons, éventuellement avec

adjonction d'une matiere de collage telle qu'une résine époxy.

On peut de plus envisager que la cavité contenant la puce

"et ses FUs soit noyée dans une résine de protection souple (qui

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

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

aurait l'avantage de diminuer la sensibilité a l"humidite.

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

grilles de connexion.

Une embase en mateériau aA forte conductivite thermique
peut étre insérée dans le moule avant Injection de matilére

Plastique; cette embase formerait le fond de Ia cavite et

serviralt de support et de drain thermique pour la ‘puce; le
matériau peut étre du culvre ou du_nitrure d‘aluminium, ce
dernier matériau ayant l'avantage d'avoir un coefficient de

dilatation trés proche de celui! du siliclum, permettant ainsi de

réduire encore les  contraintes qui s'exercent sur lea puce
lorsqu'll y a des variations de température au cours du
fonctionnement.
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Les grilles de connexion présentent de préférence, IA ot
elles sont noyées dans la matiére plastique, des formes tordues
ou matricéees augmentant la longueur des chemins de trajet de
Vhumidité aux interfaces Grille/plastique et -assurant une
meilleure résistance 4 I'arrachage en cas de traction des broches
extérieures du boitier.

D'autres caractéristiques et avantages de l!'invention
appsraitront a la lecture de la description détaillee qui suit et
qui est faite en référence aux dessins annexés dans lesquels

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

- la figure 2 représente une vue de dessus de ce boitler;
- la flgure 3 représente une vue de dessus en perspective

du boitier. .

le boitier comporte un corps principal 10 en matiére
plastique moulée, définissant une cavitée 12 ouverte vers le haut,
cette cavité servant de logement A une puce monolithique 14 et
étant fermée en haut par un capot de fermeture hermétique 16.

’ Dans l'exemple représenté, mais ce n'est pas obligstoire,
une embase 18 moulée dans le corps 10 sert de support a la puce
14. Cette embase est réalisée dans un matériau ayant de bonnes

propriétés de conduction thermique (culvre par exemple) ou mieux
dans un matériau ayant a la foils des bonnes propriétés de
conduction thermique et une bonne compatibilité avec la puce,
notamment en ce qui concerne les coefficients de dilatation
thermique respectifs. Le nitrure d'aluminium est un matériau
approprié & cet égard pourles puces de silicium.

L'embase 18 a été noyée dans la matiére plastique lors de
l'operation de moulage du corps 10, la surface supérieure de
Fembase affleurant de préférence dans la cavité 12 pour en
constituer le fond et la surface inférieure de  l'embase .
affleurant & I'arriére du boitier pour pouvoir venir en contact
ultéerieurement avec un radiateur d'évacuation de chaleur.
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Dans le corps du boitier 10 sont moulés au moins: deux

grilles de connexion 20 et 22; ces grilles sont en -métal

conducteur; elles font saillie @& I'extérieur du_boitler pour
constituer les broches de connexion extérleures du boitier. De

préeférence, les broches de connexion extérleures des deux grilles

sont en quinconce, c'est-A dire que les broches d'une grille sont
décalées latéralement par rapport aux broches de l'autre grille,
de sorte qu'en pratique une broche d'une grille est située en

gros entre deux broches de l'autre grille. On a représenté sur la
figure 2 les broches extérieures 21 de le grille 20 en quinconce
avec les broches extérieures 23 de Ia grille 22. On voit bien

aussi la disposition décalée des broches sur la figure 3. Un

décalage des broches d'un niveau 4 un autre pourrait étre falt

avec plus de deux grilles également pour augmenter la densité de
broches du boitier.

A l'intérleur de la cavité 12,. les extrémités des

conducteurs de la grille sont dénudées_ superficlellement,
c'est-a-dire qu'elles ne sont pas entiérement enrobées par la

matiére plastique du corps 10; elles peuvent toutefols étre

recouvertes par une résine rajoutée dans la cavité aprés mise en

place de la puce et de ses fils de connexion.

La cavité 12 a de préférence une forme de cuvette en

gradins, les extrémités des grilles reposant sur ces gradins,

chaque niveau de grille correspondant A un gradin respectif.

Dans l'exemple représenté, Ia cuvette a deux gradins au dessus
de l'embase de réception de puce et entourant cette embase : un

gradin 24 pour les extrémités 21' de la grille 20 et un gradin 26

pour les extrémitées 23' de la grille 22.

Les extrémités de grille a lI'intérieur de Ia cavit: 12

sont également réparties en quinconce, c'est-A-dire -que leurs

positions sont alternées, de maniére qu'un fil de WUsison entre

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

(et done reposant sur le gradin’ 24) soit adjacent A un fil de
Uaison entre la puce et uno extrémité 23' faisant partie de la

grille 22 (et donc reposant sur le gradin 26).
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Les fills de Naison entre la puce et les extremités de
griles ont été représentés sur la figure 1 mais non sur les
autres figures pour ne pas surcharger le dessin.

Dans l'exemple représenté, la cavité en forme de cuvette a
gradins comprend un gradin supplémentaire 28 servant A recevoir
le. capot de fermeture 16 de la cavitée.

Les conducteurs des grilles ont de préférence, la ot Us
sont noyés dans la matiére plastique de moulage du corps 10, une
forme tordue destinée a allonger le chemin de pénétration de
I'humidité aux interfaces Plastique/grille, et destinée également
& augmenter la résistance a I'arrachement des grilles en cas de
traction par rapport au boitler. ,

Le procédé d'encapsulation selon I'invention se déroule de
la maniére suivante : on prépare d'‘abord tes differentes grilles
de connexion, ici les deux grilles 20 et 22. Elles sont faites

classiquement par estampage d'une plaque métallique. Les grilles
sont planes au départ et les différents conducteurs qui les
constituent sont reliés les uns aux autres pendant la majeure
partie du procédé; les extrémités constituant les broches
extérieures ne seront séparées les unes des autres et recourbées
pour former des broches Indépendantes qu'en fin de procédé.

L'embase de support 18 (sf on en utillse) et les grilles
sont mises en place dans un moule 4 Injection. La conformation du
moule est telle que les extrémités Intérieures des grilles 20 et
22 restent dénudées aprés l'opération de moulage, de méme que la
surface supérieure de l'embase 18, c'est-A4-dire la surface qui
recevra la puce 14. Les extrémités extérieures des grilles,
destingées & former les  broches extérieures de connexion,
dépassent hors du moule de méme que les barres de Liaison entre
ces broches (barrese non représentées qu'll faudra couper ‘pour
séparer les broches les unes des autres). La surface inférieure

de l'embaso reste également dénudée aprés l'opération de moulage.:
Enfin, le. moule définit la cavité 12 qui reste bre de toute
matiére plastique et qui a de préférence une forme en gradins
comme expligué ci-dessus.
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Les grilles sont maintenues en place dans le moule de ~
maniére que leurs extrémités du cété Intérieur, autour de la

cavité, solent disposées sur deux niveaux (ou plus s'll y a plus

de deux grilles). En pratique les grilles sont planes pendant le
moulage et les grilles sont donc superposées sur deux plans

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

moulage que sont définies et maintenues les positions relatives

des grilles pour aboutir & une disposition décalée ou en

quinconce.

Le moulage est fait par injection d'une matiare plastique
thermoplastique, de préférence ayant un coefficlent de rétreint

assez fort au refroidissement, pour enserrer fortement les
grilles 20 et 22. On cholsira de préférence une matiére plastique

tenant & haute température (supérieure & 200°C).

Apres démoulage, on colle ou on soude une puce 14 dans

le fond de la cavité réservée, sur l'embase si une embase est

présente. On soude des fils de Waison entre la puce et les

extremités dénudées des grilles 20 et 22.

On peut alors déposer dans la cavité 12 une résine de

protection qui vient noyer la. puce et ses fils. On peut aussi

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

On ferme alors Ja cavité avec le capot 16 qui est de

préférence constitué dans la méme matiére que le corps 10 du

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

éventueNement aidée par une résine de collage.

On termine le montage en coupant les barres de Ltalson

(mon représentées) entre broches extérieures et en recourbant

ces broches pour leur donner une forme désirée. La figure 3 -
représante un exemple de forme donnée a ces brothes. On y voit
la disposition en quinconce des deux niveaux de grille, et on
volt la cuvette en gradins portant sur chaque gradin un niveau

respectlf de grille.

Am. Hondav. IV II - IPR2018-00619

PETHONDA_1003-0270



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0271

25

30

2647958

9

REVENDICATIONS

1. Procéde d'encapsulation de circuit-intégre,
caractérisé en ce qu'il comprend les opérations suivantes

- préparer au moins deux grilles métalliques de connexion
(20, 22); .

- placer les grilles dans un moule de telle manifére que
Jeurs extremités (21', 23') arrivent sur au moins deux niveaux

différents & proximite d'un emplacement réservé & une puce de
circult-Intégré (14),

- injecter une matlére plastique de moulage dans le moule,
le moule étant conformé de maniére & : empécher le recouvrement
des extrémités (21', 23') des grilles 4 proximite de
l'emplacement reservé, ménager une cavité (12) de réception de
puce dans cet emplacement, et lalsser dépasser la grille hors du
moule pour constituer des broches de connexion extérieures (21,
23); .

~ placer une puce (14) dans la cavite (12);

- souder des fils de connexion entre la puce et les
extrémités (21', 23') des grilles de connexion;

- fermer la cavité par un capot hermétique (16).

2. Procédé di'‘encapsulation selon la revendication§ 1,
caractérisé en ce que la matiére plastique de moulage est une
matiére plastique a fort coefficient de rétreint au
refroidissement.

3. Procédé d'encapsulation selon l'une des revendications

1 et 2, caractérisé en ce que les extrémités de grilles. autour de

l'emplacement réservé A la Puce sont disposées et maintenues en
quinconce pendant l'opération de moulage.

4. Procédé d'encapsulation selon l'une des revendications

1 a 3, caractérisé en ce que les grilies sont maintenues pendant
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l‘opération de moulage de maniére que les broches exteérieures
sojient disposées en quinconce.

5. Procédé d'encapsulation selon l'une des revendications

1 & 4, caractérisé en ce que ia cavité a une forme de cuvette A

gradins (24, 26) les extrémités de grilles reposant sur ces
gradins autour de l'emplacement réserve a la puces

6. Procédé d'encapsulation selon l'une des revendications

1 a 5S, caractérisé en ce qu'une embase thermiquement conductrice

(18) est placée dans le boitier pendant l'opération de moulage,

cette embase étant destinée 4 servir de support et de drain

thermique a la puce.

7. Procédé d'encapsulation selon l'une des revendications

1 & 6, caractérisé en ce qu'une résine de- protection souple est

déposee dans ia cavité aprés mise en place de Ia puce et de ses

fils de Halson et avant fermeture de la cavité par le capot.

8. Procédé d'encapsulation selon l'une des revendications

1 4 7, caractérisé en ce que !@ capot de fermeture est réalisé

dans la méme matiére plastique que celle qui a servi au moulage,

et qu'il est soudé par ultrasons au dessus de la cavite.

9. Boitier d'encapsulation de circuit-intégre,

caractérisé en ce qu'il comprend un corps (10) de matiére

plastique moulée avec une cavité interieure (12) de réception

d'une puce (14), et, dans cette cavité, autour de la puce, au
moins deux séries d'extrémités (Z2', 23') de grilles de connexion

non recouvertes par la matiére plastique du corps et placées sur

au moins deux niveaux différents (24, 26), la puce 6étant
raccordée par des fils A ces extrémités, et la cavité étant

fermée par un capot (16) scellé hermétiquement.

10. Boitier selon la revendication 9, caractérisé en ce que
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les extrémités (21') de Ia grille de lun des niveaux sont de
préférence disposées en qutnconce par rapport a celles (23')
d'une grille d'un deuxieme niveau, c'est-A-dire que deux fls
voisins partant de la puce seront soudés respectivement sur deux
extremités de grille de niveaux différents. . ,

11. Boitier selon. l'une des revendications 9 et 10,
earactérisé en ce qu'il comporte une embase (18) en mateériasu &
forte conductivité thermique servant de support et de drain
thermique 4 la puce.

12. Boitier selon l'une des  revendications 9 a il,
caractérisé en ce que le capot est réalisé dans la méme matiere
que le corps du boitler.

13. Boitier selon l'une des revendicationg 9 a 12,
caractériseé en ce que la cavité fermée par le capot est remplie
de résine de protection souple.

14. Boitler selon l'une des revendications 9 a4 13,
caractérisé en ce que les conducteurs des grilles présentent, la
ou ils sont noyés dans Ia matiére plastique du corps (10), des
formes tordues ou matricées pour alionger le chemin de
pénétration de I'humidité a L'interface plastique/grille, et pour
augmenter la résistance A l'arrachage.

Am. Hondav. IV II - IPR2018-00619

PETHONDA_1003-0273



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0274

fr

AA
Y]

Ulli,7TULL,
NNAANALE
a

SSRTNNUU

 

 

112

 
  
 
 
  

QOTT7rhneleelnhelHRN
pn eS~ =) aeee

SS EEEE_=£__WN>}
 

 
 

  
  

  
 

AeerA
SOOEYa

WWMM,FpSan

ABELTINTSYULMMITTTTANON

ANTENA
FIG.2

2647958 ©

 
 

 
 

ANN

THAELAN
WU

TTLAS
My
 
  

 

Am. Hondav. IV II - IPR2018-00619

PETHONDA_1003-0274



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0275

2647958

2/2

16

 FIG_3

Am. Hondav. IV II - IPR2018-00619

PET HONDA_ 1003-0275



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0276

eg August 2, 2000

?S pn=su 1494148
Sl 1 PN=SU 1494148

?t s1/19/

1/19/1
DIALOG (R) File 351:DERWENT WPI
(c) 2000 Derwent Info Ltd. All rts. reserv.

008259270 **Image available**
WPI Acc No: 1990-146271/199019
XRPX Acc No: N90-113318

Immersion electric motor stator winding encapsulation - provides
air-tight entrance in plugs on stator endfaces

Patent Assignee: POTENTSIAL OIL BORE (POTE-R)
Inventor: EISTRAKH L A; ‘SHISHORIN S A; TOKAR B I
Number of Countries: 001 Number of Patents: 001
Patent Family:
Patent No Kind Date Applicat No Kind Date Week
SU 1494148 A 19890715 SU 4298293 A 19870819 199019 B

Priority Applications (No Type Date): SU 4298293 A 19870819

Abstract (Basic): SU 1494148 A

The encapsulation of stator windings includes mounting air-tight
plugs with rotating (3) and non- rotating (4) parts on the stator's (1)
end-faces carrying the encapsulated winding (2). An air-tight entrance
is provided in the plugs coaxially with the stator, the entrance being
fitted with connectors for evacuation (5) and for supply of compound.
The stator (1) is mounted on a device (8) for rotating the stator with
heater (9).

USE - Electrical engineering. Bul.26/15.7.89. (3pp Dwg.No.1/1)

S93
YY:  

 

 

 
 

7

\LAESSSSS)RD)a___—=~éRES

 

 

 
4

 
Creditedel ns

 >)
 

 
SSH)

Title Terms: IMMERSE; ELECTRIC; MOTOR; STATOR; WIND; ENCAPSULATE; AIR;
TIGHT; ENTER; PLUG; STATOR; ENDFACE

Derwent Class: VOG6; Xi1

International Patent Class (Additional): HO2K-015/12
File Segment: EPI ;
Manual Codes (EPI/S-X): VO6-M11C; X11-J08C>

Am. Hondav. IV II - IPR2018-00619

PETHONDA_1003-0276



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0277

Coos ZTCHUX
COUMASir STHYECHHX
PECNY6ENH 

FOCYAAPCTBSHHEI HOMUTET
NO MSOBPETEHUAM 4 OTHPETHAMNPA OKHT coop

SU» 1494148 A
D4 HORKe

ONMUCAHHE “USOBPETEHMA
H ABTOPCHOMYy CBUAETENSCTBYy

(21) 4298293/24-07
(22) 19.08.87

(46) 15.07.89, Bion, N26 |
(71) Cnennanbiuoe MPOeKTHO-KOHNC TpyK—
TopcKoe yn Texhonoruueckoe Gwpo no
NOrpyxnomy o71€KTPooSopynopanuw ana

-OGypenuy CKBAaAKHH 4 noGEYe HedtrH Bce-
ConsHoro Hay Ho-nponsRoncTReHHoro
oOpennHennn "Tlorenunan"
(72) JI.A.3itcrpax, C.A.Unmopun,
B.H.Toxaps, M.S. Tnapaux

uw OJILX.Haneny,
(53) 621.315 (088.8)
(56) AuropcKoe cBunetenperpno CCCP
W 1334297 At, xn. HO? K 15/12,1984,
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(54) CNOCOB KATIC YMMPOBAHHA OBMOTKH
CTATOPA NOrPYyKHOrO SIIEKT PODBHPATESIA
(57) H306perenne OTHOCHTCA K 9onexT—
POTexHuKe, B YacTHOCTH K TexHonorun
Kancynuposanna oGMoToK cTatoporn anex-
TPHYeCKHX MauHH., Henn Hso6perennn ~
Nos bleHHe nNpoussonurensuocry H oyn-
pomenne tpouecca Kancynupopanua. Ha
TOPpuaXx craTopa 1 c¢ Kancynupyemott
oGMoTKon 2 ycTanapnupawr repmetTuHan~
PynmnHe sarnyuku c RPpamawmnmuca 3
HeCnonaBUxHEIMH 4 “WaCTAMH, B KOTOpBIX
COOCHO co cTatopom ycTaHaBnnpawr
repMeTHunblli BBog. Tepmetrnunery BBOg
CHaOxeH NaTpy6xamu ona BakYYMHpOBa~
Hun 5 4 ANA nonaun komnayHna. Cratop ery
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' BpameHtta cTaTopa

3 ae
i ve‘TanannusawrT B ycTpoticrno 8 nna

MH BKNWOUaWT Karpe-

Batenb 9. BR KaHanpl 7 ycTranapnuBanT

ynnoTHAwmie nmpo6kn 10, onHoBpemMenno
WawHHaA RAKYYMHPONRATL NONOCTEL cTato-
pa. Bknwu aot BpamenHe ecTratopa H no-
naor KOMNayHm Yepe3s natpy6oK B no-
NocTb Bpamawmerocan cratopa. 3anupKy
OGMOTKH cTaTOpa KOMNayHROM npon3BO-
AAT T1pH ppawenuH <craTopa, He CHUMaR-
BaKYYMa Np nossmeinoht tTemneparype.

Has06perenne oTHOCcCHTCA kK O6nacTH

ONeKTPOTeXHHKH, B YaCTHOCTH kK Tex-
HOJOTHH KaNcyNHPpOBaHHA OGMOTOK cTaTo-
POB 39NeKTPHYeCKHX MaIHH,

Uenb ns06petTenuaz — nopsmexHe npo-
HSBONHTeNbHOCTH, ynpomenne mponec—
Ca KancynuposaHHA MH yMeHBmeHHe pac-
xofa KoMNayHna,

Ha uepreme nu306paxen
B Npowecce ero sannBKn.

Kancynupopasne o6mMoTKH no
npeanaraemomy cnoco6y ocymectBnawr
cnenywmm o6pazom.

Ha Topuax cratopa 1c Kancynupy—
‘eMOH oGmoTKON 2. ycraHaBnuBanT rep-.
METH3Hpyinie g3arnyoKH, B KOTOpDIX

¢cTatop

..COOCHO: CO CTAaTOpOM c onHOM un AByXx
CTOPOH ycTaHonneup TrepMe THYUHBIe BRO~

-me!. Ha ueprexe nokagan repMeTuya -
BBON, YCTAHOBNeHHSS B ONHOM H3
CTOpOH cTaTopa B 3arnymKe, BKNOUAD~
meh Bpamaonyocn 3-4 NenopBHxHyw 4
aactu. TepMerwunest spon cua6men=-
NatTpyOkaMH JWIA Baky yYMHpOBAaAHHA 5,
nowauy komnaynna 6, pacnonoxerHemn
B HENOABHRHOH uwactH 4 repmMeTH3Hpyn—
meft- 3arnvuKu,

B KauectTse narpy6ka anA cnupa Hs—-
JIMMKOB KOMNAayHa HCNONL3SywT BHYTpeH-
HOO WKIHROPKYeCKyW NONOCTSL BO Bpa-
Maometica uacru 3 repMerusupynomeh ga-
rnyukH, MHHHMAaNbHEM QHametp (d) no-
NOCTH NG Kpaliineh Mepe Ha rpannue

KancynHpospaHHA papen 3anaHHomy mWa-
METPY 3aNHBKH. Ira nonocT,h coo6bmaet—
Ca C PantanbupMH KaHanamn 7, pacno-
JIOKEHHEMH Non yrnom no 90° x ocn

CTaTopa Cc RepwHHOH, o6pamenHHoh x no-

NOcTH CTaTopa, H HMECNMHMH hopmy Ko-

Hyca, MeHbuee OCHOBaHHE KOTOporo Han—
Papneno kK acit cTatrepa,
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Hocne sanunkn MPOHSBOAAT pasrepmMeTH-
3aunHin CTaTopa [TyTem npekpamenHuA pa-

KYYMHPOBAHHA, MPH 3TOM Ton neftcTBHeM
uenTrpoG6Gemhpx cum npo6kun 10 seranku—
BawWTCA H H3NHUKH KOMNayHAa BeITeKAaWT

H3 nonocTH craTopa. Nossmaor temne—-

PaTypy HarpeBba cCTaTOpa Hu NPOHN3BONAT
TepmMoo6pa6oTKy, He mpexpamaan Bpanenuna
cTaTopa no NONMHOrO HANH “waCcTHUHOrO oT-

BpepanenHHA KOMMayHna. 1 3.n. be.
1 un. ,

‘Cratop 1 ycTanapnusant B ycTpon-
cTBO 8 nA spameHnna cTaTropa uH BKNW-
WaoT Harpenatenb 9 mnA npensapuTenb—
Horo Harpena cTatopa -1,

B BbIxXonHble oTBepc THA KaHanos 7 pin
CiMBa KOMNayHna ycraHaBnuBawT ynnoT—
HAimHeE mpoSkn 10, ontospemenHo nagqn—
Han BaKYYMUPOBATh nNonocTh craropa
1. Ip arom 3a cuer HapyRHoro armoc-—
depuoro pasnennaz mpo6ku 10 ynnornawr
KaHans! 7, oGecneynnaan Tpe6yemprt spa-
KYYM BHYTPH cTaTopa 1.

3aTéem HaUHHaDT Bpamatb crarop
BMecTe c ycTaHopnennon repMe TH3 Hp yn—
meA sarnymkoit., Ip orom MatTpy6xu Wa
BakKyYMHPOBaHHA 5 M NoNaUM KOMNayHAa
6 cBASaHBI Yepes KpaHb! NHGO ycrpotcrBa
HX 3aMeHAoMHe COOTBETCTBEHHIO Cc CHCTe-
MaMH BakyYYMHPOBAaAHHA HH eMKOCTEIO C KoM—-
mayHtom., OnHOBpemMeHHO Ha cratTope npu
MOMOMH HarpeBatena 9 nonnepxnBaerca.
Temleparypa, tpe6yeman una o6ecneue~
HHA KaueCTBeHHOH S3aNHBKH KOMNAayHAa,., ...
3Ty Temnepatypy BLuOHpaWT H3 ycnoRHA °“"
AOCTHRCHHA ONTHMANBHOR BASKOCTH KOM-
NayHoa MPH ganueKe,

Mpoussoganr nonauy KoMTayHoa B Ba~
KYYMHpOBaHHyw NonocTs spamawmeroca
cTatopa HenocpencTseHHo Kk nasam

cratopa wepes natpy6oKx 6, ycraHoR~-
netted! B- HenonBHRHOA (HeBpamawomefica)
uactn 4 repmetuunoro Bona Hu mpo-

“HOKaNT BaKyYYMHpoRaTb BPamannnicn
cTatTrop,.

OGmorxy spamatomeroca cratopa sa-
NONHAWT KHOKHM KOMTIAYHROM B KONH-—

“"eCTHeE, HECKONEKO Tpespmawaem pac-—
wetTHoe. Mocne 3ToOro MpoHsBORAT
PasrepMeTH3aupw CTaTOpa myTrem npe-—
KpameHHaA BakyYYMHposaHHA NONOCTH cTa—
TOpa H OFHOBPeMeHHES! CNB HanhmKosB

KoMnayHna. 3Ta omHoBpeMeHHocTEpoc-
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5

THraeTca TeM, UTO upw mpexpanenuHn pa-
. KY YMHpoBaHHaA nom neticrsuem ueHTpPOo-

Gemneix cun BIITANKHBAOTCA npobKH 10,
YNNOTHABOHE KaHanp! MIA CNHBa Hanno- o

KOB Komnayuna, 5

Hasnmxu KOMNayHna non neficrsney
ueEHTPoOGexHEK cHn EbITeKaOT 43 MonocTH
cTaTopa Ao ypopna, ompenennemMoro mnH~
HHMAaNbHEM WHAaMe Tpom UdNHNpuyeckor 10
NONOCTH NomBHxHon 4acTH repMeTu3npyo-.
meh 3arnyuku. Z3arem NOBLMAaNWT TeMNe=
PaTypy Harpesa craropa u TIpOHs BORAT
TepmMoocOpabotrky cTaTopa B npouecce
ero sppamennar 40 nNonkoro HnH WaCTHUHO= 15
rO OTBeEpmneHHA KOMNayHna,

1pume p, 3anuBxy cTratTopa no-
TPyAHOrTO anekTponsuratrensg N3AN2,5-
—117/4 MNPOHSBONAT SNOKCHIIHDM Hanon-
HeHHBM  KOMMayHnOM MapKH 93K8/4, Uucno 20
OSopoTon, HeoGxonumoe fulA co3smaHHa
Aapnevinn an KoMfayune B npouecce Bpa-
MeHHA, onpenenentoe no PasmMepam cra-
Topa 4 ynRenbHomy Becy KOMMayuna - ,
150 o6/mun, Temneparypa cTaTropa npy
SanuBKe, HeoO6xonumanr WIA nonpepxannn
KOMNayHna B xANKOM cocroannn, 70°C,
Nonocts CTaTopa Bakyymupynr HO octa-
TOUHOTO mannenun 40 any PT.c™,

B xauecrpe MaTepMana mA HsroTroB~
JIGHHA TPOSoK HcnonbsoBaHa Pesuna map-
KH 3826 Ha ocHoBe OyTanveH-HUTpHnbHO-
ro Kayuyka ¢ mnornoctaw 1350-
1400 xr/m3,

Hocne sanonnenna cTaTropa Komnayu-
OM 8B Kommuectse, npesemawnen pacuet—
Hoe Ha 0,3-0,5 xr ero BLIAe pPXHBalT
B mpouecce spanenna NMpu ocTraTouHoM
AaBnennn He seme 40 mm pr.cr. Bp Te- -
4yeHHe 3-5 MMH, MpH 70-80°C, nocne
“ero mpekpamanr BakyYMHPOBAaHHe, uTO
CAHOBPeMeHHO DUSLIBaeT BEMAneHHe Mpo- .
Gok 43 KaHanos Bo Bpamawmehca wacry
repmeruynenx BHOMOB H CNHB H3anHMKOR
KoMNayHaa no YPOBHA, onpenennemoro
MHHHMAanbHbM WHamMeTpom UWHIHHApHYec=—
KOH nonocTH ucnonssyemoro B KayvecT=
Be Marpy6xa pana cnusa 46 MM. Bpemn
Cuba KOMNayHna 10-12 man. Satem cra-
OP HarpepawT no 120-130°C po spa-
MeHuH (5 Tewenne -0,5-0,7 4) TepMo-
oSpabatuBaor, NONMNeCpKHBAA ary Tremne—-
PaTyPy B TeuenHe 3 4, 3arem Bpamenne
mpexpamawt. Cratop nomemant B neupb
¢ 150-160°C, rne NPOH3SBONAT oxonya-

25

30

35

40

45

50

55

1494148

-HHe) cucTemn KPaHoB,

we

TENbHYyW TEpMocGpaGoTK
10 q,

Cnoco6 mMoxer6uITR HCNOnNBSOBAN A
Kancynnporanuan o6mMotToK cTaTopo
3NeXTpHUeCKHK MAHA,

Y B TeveHune

H306perenve nossonur YMeHbOMTL
TPYNOeMKocTS KancysSInpoBaHHH BBUAy

onnyecKoll ouncTKH (mMofika, ppucmoye—
NOBUICHTD mpons~-

BORKTENbHOCTHSGrarogapa CoKpatie Hino
BPeMeHH KancynHpoBanna ga cuver
YMeEHBUCHHA SpeMeHH crypa komnaynna
H COBMemeHHA onepanHh cmipa Pasrep-
MeTH3auHH,. Kpome TOTO, cnoco6 oBec-
NeuHbaer aKoHomw KOMNayHaa, Hosa
KH KOTOporo He ocTawTca pB natpy6xKe Bs
Npoutecce causa, ,

Popmyna ua SoO6pereun naz

1. Cnocos KancynHpopanna OOmMoTKH
cTaTopa norpyxnoro 3nekTponpnratre—
ia MPH KOTOpOM mpoHsBonAT yCTaHosry
Ha Topuax cratopa Bpamaiomuxca garury-
mek, ofHAa M3 KOTOpEmx HMeeT repMetTnH—
SHP yomutt BBON, BparlenHe cTatopaor-
HOCHTeNBHO ero ocH, BakyYMHpoBaHHe
NONOCcTH cTaTopa, nonauy AHOKOrO KomM—
naynna «x O6MOTKaM cTatopa, pasrep~
Me THSalMO NOonocTH cTaTopa, cnup us~
JTHUKOB KOMMayHna u TepmMooGpaGorkyHe
mpekpaman spanexHaA, oT nn aa lo
muaAca TeM, 4UTO, ¢C eNbw noBER-
WekHA NMPOMSBORUTeNbHOCTH H ynpome-
HHA Nipouecca Kancynuposanna OHY Hu9
Sarsymek H BRON BEMONHAIT c pasHott
BuCOTOr WIA OSpasopanun BHYTpeHHeH
UMIHHOpHYecKon NONOCTH, B KOTOpor
BUMIONHMOT PasiKanbHne Kana MA ye-
TAaHOBKH ynnoTruawmnx MpoGok, cnHB H3a~
MOKOB KOMNayHna npousBonat MpH pas~
repMeTHIauHH NonocTH cTatopa yepes
UMNHHAPHYeCKyO. NonocT, Hu Kanasnt, ocm -
BoSomnenHie oT npoGoK MPH CHATHHRa-
KYymMa nog nefictrsnen UeHTpoSexHtamx cuy..

2. Cnoco6 no n.1, orn HU aH.”
MHAcCA TeM, “4TO, c WeIbIO YMeHE—
MeCHHA pacxona KOMNayHna, Quamerp wH-
THHApHUeC KOH nonocTH Ha rpauynue Kxan—-
CYNHPOBaHHA BEMONHADT PpaBHEm YPOBHIO~
AaANHBKH,
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menHe KaYeCTBa KanCyNHPOBaHHA nNyTeM
oG6ecnevelHA MOHONHTHOCTH HU. TOUHOCTH

Pa3MePpoOB 3anNHBKH CTaTopoB. CraTop
nocne yCTaHOBKH B 3samHMax 8 H ycTa-
HOBKH 3arnywek 3, repMeTH3upynmero
BBoma 4, natpy6kos 5, 6 u 7 wu noncoe-
HHHEHHA HX K COOTBETCTBYIONMM cHCTe-

MaM MHTAHHA NPHBOOAT BO BpameHne.
OTKppelBanT naTpy6ox 6 mM BaKyyMHpyor
NONOCTh cTaTopa, OrTxpsiBawrT natpy6oK
5S 4 noOMawT XHORHA KOMNayHo K nNOGoRLIM
4uacTHM OGmMoTKH 2. KommuyHa pactekaeT—
CAH moO ma3aM O6MOTKH, 3anonHsA nycTo—
Te. OTKPbINaWT NaTpyGok 7, BenencTBHe
uero H3NHWeK KOMNayHna BEeIaABNHBaAeT~
CA H3 MonocTH. OTcoegHHAWwT naTpy6oK.
6 oT BaKyyM-cCHCTeMmM! H pasrepMeTHaH-
PyloT nonocTh crTratopa. BrnwuawT Ha-
rpepatrenu 9 4 nNPpoHsBOAAT TepMoo6pa—
SoTrky cTaTopa B npoyecce ero BpameHHA
HO OTBepAMeHHA KOMNayHna. | Hn.
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“TeXHHKe,.

1). _ 1334297 a)
VUso6perenne OTHOCHTCA K 3S1EKTPo~ -

B UACTHOCTH K TEXHANOrHH

MSPOTOBNCHHA NOPPyXHbIX 371eKTpoOBHTa—
rene.

uecce ero BpameHna
‘“KoMnayHaa.

AO OTBeEPKRHEHHA

Tpumep, 3anupny ctTatopa nor-enn H906peTeHHaA —- mossmenHe Ka- 5 PyxHOrO snekrTrpogBuratTena 130 32--
wecTBa KancysIHpospaHHa myTtem oGecne- 1035B5 nposonat HanonHeHHem KOMNayH—
ueHHuA NOHOJIHTHOCTH H TOUHOCTH pasmMe- nom 33K 8/4, YxnenoO6o0poToB, HeEo6xo-—
POH SaMHBKH CTaTOPOB, CHaAGREHHNXHa AMMOe ANA COSMaHHA DanNneHHA B KOMMAayH-
Topuax CPeACTBAMH ANA yCTaHOBKH rep- 19 ne B npovuecce BpameHHA, onpeneneHHoe
MeETHSHPYHMHX SNeEMEHTOB, NO Pa3sMepaM CTaTOpa H yOoenbHOMy Becy

Ha ueptrexe npenctasnen cTaTop komnayHma, cocrapnnetT 182 o06/m.Tem-
Cc repMeTHSHpPOoBanHON nonocTbio B npo= nepatypa cTratTopa NPH SaTHAKe, HeEO6xo-
necce ero sanHBKH, _ GHMan ANA NonnepmaHHA KomMnNayHoa B RHO

‘3 xopnyce cratopa | saxpennena 15 KOM COCTOAHHH, paBHa -70°C, Donocts
PacnoluoxeHHaA B nasax O6MOTKAa c no- “CTaTOpa BaKYYMUPyWT BO ocTaToUHnoro
Gonsmu uactamn 2. Ha ropuax Kopnyca, mapnenna 40 wm pr.ct. Mocre sannBKu
Ha pesbO6e, mpeqguasnayvennom ana Kpen- ' KOMMayH"a CTaTOp BLIMePKHBaNWT NpH BPa-
TIGHHA PepMeTHSHPyomHx monocTh ctTato- MeHHu B TeveHHe 3 4 npn 100-120°C,

. pa YINOTHEHHA, HM@NnTCA sarnymKn 3, 20 Nocnte wero ero NoMemanwT B NeYb ONA
B KOTOPHX C BOSMORHOCTBIO BPAMeHHA aT— HOpManusauHt np 160-180°C,
HOCHTeNBHO garnymKn 3 ycrahosneH rep- .
MCTHSHPYNUHA NMONOCTh .cTraTopa BBOD PopMyna HSOGpPeTeE HHA
4, Ha KOTOpOM pacnonomeri naTrpy6orK
3 QA nomauH RMAKOrO KOoMNayHyA K 25 Cnoco6S KancynupopaHHA o6MoTKH cTa~,

“NOGOBLM. uacTAHM OGMoTKH 2, naTrpy6oK Topa norpyxHoro gneKTpogBuratrena,
6 BNA noncoenHHeHHA x HakyyM-cuctTe=- <BKOUaOMHA Bpamenune ctratropa oTHOCH—
Me HM natpy6ox 1f7 ana cnHBa usnHn— TEJIbHO ero OCH, NomMaywy ®HOKOrO KomM-
KOB RKOoMnayHAa. CraTop ga:penneH 5 - TayHfa BO BHYTpeHHO nonocTD cTatopa,

‘Saxnmax 8 npHBoma. Boxpyr cratropa 30 cnHB H3nMmKOB H nocnenywmyo TepmMo-
ycTaHoBneHH! HarpeBatenn 9, oOpasoTKy KomMnayHyoa oo ero oTBepx-

Crarop nocne ycTaHOBKH 8 saKHMax AeCHKHA, OTN HUawm HAC A Tem,
8 H ycraHOBKH sarmymeKk 3, repmeTHsH- uTO, C LeNbhO NOBDIM@HHA KauecTBa Kan-
Pymomero ppona 4, natpy6xos 5 — 7 H CYNHPOBaHHA myTtem oGecneyweHHA MOHO—
MNoncoenvHesHA UX K COOTBETCTBYIONHM 35 MHTHOCTH H TOUHOCTH pa3sMeposB 3anHB-
CHC TeMaM ‘NHTaHHA, NPHBOALT BO Bpame- KH CTaTOPOB, CHaGReHHbIX Pag3MeMeHHbI—
HHe, CxopoctTh BpaneHHA BEONDADT MH Ha Toplax cpengcTBamMH onA ycTa-

.HCXOAA HS YCNOBHA O6ecneuyeHUA TaBne- HOBKit TeEPMETH3SHPYWMHK BNEMeCHTOB, Ha
HHA B OXKHOXKOM KOMNayHmae He MeHee TOPUax CTaTOpa ycTaHaBnuBsaNnT repMe-
0,05 Mila. Orxpsmawr narpy6ox 6 u 40 THSHpyomHe sarnymKH, B KOTOpEmx com -
BakyYMHpynT ronocrh craropa. OTKpbi- OCHO CO CTATOPOM ycTaHaBNHBawT rep~
BawnT natpySox 5 un nananwT KXHOKHHN KOM Me€THUHBIG BBODM, CHAaGReHHbIe NaTpy6Ka-
MayHo K NOGOBDIM ¥4aCTAM O6MOTOK 2. MH JUIA BaKYYMHPOBaHHA, AIA mopnaun
Nog neictBHem yeHTpo6exHow cum. KOMMayHna| kK NOGOBRM 4YacTAM O6MOTOK
BHYTpH BaKYYMHPOBAHHOK nonoctiH 45 pBpamawmeroca: cratopa wu oA cnupa
cTaTopa KOMMayHo pacTrexaeTca no na- HSJIHMKOB KOMNayHoa, yCTaHOBNeHHBIM B
3am OSMOTKKH H B JOGOBSIX 4“aCTAHX, 3a- repMeTHUHOM BBone Ha ypoBHe, cooT-
NOMHAA mMyctoTH. OTcoenHHAWT naTrpy— — BeTCTByWmeM 3aNaHHOMy yPOBHMIO 3anHBKH,
Gok 6 oT Bakyys—cHCTeMB Hu PpasrepMe- nocne wero BakyyMNpywT Bpamaronmniica
THSHPYWT NONOCTh CTaTopa, He mpekpa- 560 CTaTOP, NOMawT ®HAKHH KOMNayHA no
man BpameHHA cTatTopa. OrKppsisanr matTpyOxy mogayH KomnayHaa, pasrepmMe~
naTpy6ox 7, scnegcTtsvHe vero usnnmeKk TH3HPynT BpatlawmHicn cTatrop, ocy-
KOMNayHoa Non QeHcTBsHeM veHTpobex— MECTBIAWT CIHB H3NHDIKOB KOMMayHoa
HOH CHUTE BLINaABNINBAaeTCA 13 nNOoNOCTH HS NONOCTH BPpaMahMerocA cTaTopa we-
cTaTopa JO YPOBHA ycrTraHoBKH naTpy6- 55 pes narpy6ox cnuBa u nocne cnuBa.
xa 7, Bxnwouant Harpepatenn 9 H npoHs— H3NHDKOB nNosABbeprawT BpamanmMica
BORAT TepMOooGpa6oTKy cTratTopa 8 nDo- ctaTor tTepmMoo6pasorke.

BHM. 3axas 3975/53 Tupax 659 NoanucHoe
MpotaB. monurp. ap-TtHe, c. Yeropou, yn. Mpoextuan, 4
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Le Ministre des Affaires Economiques,

Vu la loi du 24 mai 1854 sur les brevets Cinvention :

Vu ta Convention d’Union pour la Provction de la Propriété Industrielle :

Vu le.procts-verbal dressé le 26 novembre 19810 a 1h Of. 55

az Service de la Propriété industrielle;

ARRETE:
Article 1. — llesr délivré a la Sté dite : WESTERN ELECTRIC COMPANY

INCORPORATED

. 222 Broadway, New York, N.Y. (Etats-Unis d'Amérique),
repr. par les Bureaux Vander Haeghen a Bruxelles,

7.40-0 t
un brevet Ginvention pour: Encapsulacion pour un cireuit intégré,

qu'elle déclare avoir fait L'objet d'une demande de brevet
déposée aux Etacs-Unis d'Amérique le 28 novembre 1980,
n° 210.776 au nom de A.J. Ingram. et I. Weingrod deat elle
est L'ayant cause.

Article 2. — Ce brevet lui est délivé sans examen préalable, a ses risques et
périls. sans garantie soit de la rédlité, de la nouveauté ou du mérite de Pirvention, soit
de lexoctitude de ia description, et sais prejudice du dict dea Hers.

Au présent arrité demeurera joint un des doubles de la spécification de Tinvention
(mmémoire descriptif et éventuellernent dessins) signés par Tintéressé et déposés a Pappui
de sa dernande de brevet.

Bruxelles, le 15 décembre 19 81
PAR DELEGATION SPECIALE :

Le Directeur

 
L. SALPETEUR

Am. Hondav. IV II - IPR2018-00619

PETHONDA_1003-0285



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0286

e @ of @ *° Ca eeet os
eee ° oo -. ° e ve

oe ee wee coet a8e oe

taemaneaeerneare A.JaIngram1-2 Belgium DESCRIPTION
jointe A une demande de

tamereee
‘

BREVET BELGE

dévosée par la société dite:gernepemeanewy

WESTERN ELECTRIC, COMPANY, INCORPORATED

ayant pour objet: Encapsulation pour un circuit intégré

a

Qualification proposée: BREVET DtINVENTION

Priorité d'une demande de brevet déposée aux Etats-Unis
a'aAmérique le 28 novembre 4980 sous le n° 210.776 aux noms
de Arthur J. INGRAM et Irving WEINGROD .
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La présente invention concerne l'encapsulation des
puces de circuits intégrés 4 semiconducteurs.

On encapsule les puces de semiconducteurs a la

fois pour la protection et pour la commodité de l'intercon-
S nexion des circuits des puces avec des bornes situées sur

des supports de montage tels que des cartes de circuit
imprimé. L'encapsulation facilite également le test et le
montage automatique de puces dans un dispositaf. Il existe
une trés grande variété de boftiers de puces de circuits

10 intégrés, mais les types en matiére plastique pest-moulée,
non herm&tiques,tels que le boftier A double rangée de con-
nexions et le boftier du type porte-puce, présentent un
intérét majeur. Des normes existent ou sont en cours d'éla-
boration pour les boitiers de ces types, et’ ces normes

1S prescrivent les dimensions générales, les types de contacts
externes et l'écartement entre contacts.

L'encapsulation de dispositifs Aa semiconducteurs
constitue cependant une proportion considérable du cofit

total d'un dispositif terminé. Des efforts permanents sont
20 doneconsacrés au développement de boftiers et de techni-

ques d'tencapsvlation qui réduisent le cofit, assurent une

fiabilité élevée et conduisent A une taille réduite. Les .

techniques automatisées de fabrication, de test et de monta-

ge contribuent @ diminuer le cofit et& augmenter la fiabi- =
25 lité. Il est Ggalement souhaitable gu'une structure de bof-

tier particuliére puisse recevoir, avec peu cu pas de chan-
gement, diverses puces de semiconducteurs différentes. Ceci

a pour conséquence de réduire av minimum le nombre total de

tailles de boitier nécessaires pour toutes les tailles de
30 puces. :

, Le brevet U.S. 4 132 856 décrit une encapsulation
d'une puce de circuit intégré & semiccnducteurs dans

laquelle des conducteurs formés d'une sevle piéce sont con-
nectés A des 6lectrodes du cété avant de la puce et ce ter-

35 minent par des contacts extériews au corps d'encapsulation
en matiére plastique moulée. Un élément métallique séparé
est nécessaire pour établir un contact thermique avee le
c6té arriére de la puce et pour établir un support mécanique
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avant la formation du corps en matiere plastique m0ulée. Les
éléments conducteurs peuvent atre formés a partir @'um seus
morceau de feuille métallique, comme une bande a éléments

poutres, mais la nécessité d'employer 1'élément métallique
S séparé complique 1 topération d'tencapsulation.

Conformément A l‘invention, le contact thermique
et, Sion le désire, électrique avec la face arriére de la
puce et le support mécanique pendant la fabrication sont éta-
blis par des éléments conducteurs en une seule piéce réali-~

10 sés d'un seul tenant avec des languettes dtatre élevée qui
sont en contact avec la face arriére de la puce.

Cette forme d'encapsulation se préte particul iére-
ment bien & l'utilisation d'une bande a éléments poutres
passant d'une bobine A une autre, du fait que tous les é1é-

15 ments conducteurs et textes les iamguettes peuvent @tre for-
més A partir d'une seule feuille de métal.

L'invention sera mieux comprise A la lecture de la
description qui va suivre de modes de réalisation et en se
référant aux dessins annexés sur lesquels :

20 ~ La “figure 1 est une représentation en perspective,
partiellement arrachée et er coupe, d'une encapsulation ¢con-
forme a l'invention ;

La figure 2 est une vue en Plan d'um cadre de mon-

tage unique formé dans une partie d'une bande A éléments

25 poutres au cours de la fabricatior de l'encapsulation de la
figure 1; .

La figure 3 est une vue de détail en perspective
Ge l‘extrémité intérieure de l'un des éléments poutres du
esté avant de l'encapsulation de la figure 1 ;

30 “La figure 4 montre une variante du détail de la
figure 3; et

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

conformes a ‘invention @ l'intérieur d'un magasin du type
35 réglette. ; .

La figure 1 montre, en perspective, un porte-puce
qui consiste en un corps en matiére plastique post-moulée 10

qui maintient en association les divers éléments de l'encap-
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sulation et qui définit un profil de bofitier convenant pour
un €quipement de manipulation du type 4 réglette. Le porte-
puce est représenté sous une forme partiellement arrachée et

em coupe pour montrer la configuration des divers éléments a

l'intérieur du corps er matiére plastique moulée 10.

La puce de semiconducteur 11 est placée A L'inté-

riear du corps 10. Sur le dessin, Ta face avamt ou active de

la puce se trouve du cété supérieur et elle porte un ensemble
d'électrodes 15 consistant en zones de métal destinées A

l'établissement de connexions avec le circuit intégré A semi-
conducteur .

L'interconnexicn entre les électredes 15 qui se
trouvent sur la puce de semiconducteur 11 et les contacts

externes 13 s'effectue au moyen: d’élémernts comducteurs 12.

Sur la face avant de la puce, & l'intérieur du boitier, les
éléments conducteurs 12 se terminent Dar des doigts 14 dont
les bouts comprennent une zone destinée & la fixation sur

une électrode de puce 15, le terme "fixation" étant pris
dans un sens qui englobe tous les moyens connus pour réali-
ser une liaison conductrice, ces moyens comprenant, de facon
non limitative, la fixatior par thermocompression, la fixa-
tion thermosonore et ultrasoncre, la fixation par wn adhésif
conducteur et eutectique, le soudage avec une matiére fusi-

bie, le brasage, et diverses formes de soudage par fusion.

A l' extérieur du corps 10, les éléments conducteurs 12 se

terminent par des contacts exterres 13, concus de facgon a

venir em contact avec des zones de bornes sur ur, cireuit

d‘interconnexion, qui peut comprendre des éléments céramiques
& couches épaisses et & couches minces et des cartes de cir-

cuit imprimé rigides ¢t flexibles. De tels centacts peuvent
utiliser la pression d'un ressort ou un certain mode de

fixation, de soudage par fusion ou de soudage par une matiére

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

réalLisation sous la forme de pieds ern L destinés A Etre mon-

tés sur une surface, les conducteurs i2 et les contacts 13
pourraient tout aussi bier étre adaptés & un autre type de
connexion, comme var exemple par insertion dems des trous

dans une piéce de montage. Selon une variante, les conduc-
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teurs 12 et les contacts excernes 13 peuvent 6tre courbés
dans ia direction opposée par rapport 4 l'orientation de la

puce de semiconducteur. Ceci conduit a une connexion des

6lectrodes 15 de la puce de semiconducteur 11 aux zones de
bornes du circuit d'interconnexion qui est l'image dans un

miroir de la connexion précédente, sans changements pour la
puce de semiconducteur . Il est important de noter que cha-

Que €lément conducteur 12 est un élément continu unique
s'étendant depuis le doigt 14 de la face avant jusqu'au con-
tact externe 13. Il n'y a pas de connexions intermédiaires

qui tendraient a augmentez le cofit et a réduire la fiabilité.

Quatre languettes 16, relativement grandes et en

forme de palettes,viennent en contact avec la face inférieure

ou arriére de’ la puce de semiconducteur 11, et ces languettes
sont formées de facon similaire dans la bande a éléments

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

paire d'éléments conducteurs 17 se terminant par des contacts
externes 18, et elle est réalisée d'un seul tenant avee ces

éléments. Les éléments conducteurs 17 sont placés aux extré-
mitéS des rangées d'éléments conducteurs 12. Les Languettes
16 procurent un support mécanique d'aire élevée pour la puce
de semiconducteur 11, ainsi qu'un contact thermique et un

contact électrique avec celle-ci, si on le désire. De facgen
caractéristique, les languettes 16 sort fixées de maniére

conductrice & la face arriére de la puce 11 et assurent la
dissipation thermique 4 la fois par convection et conduction,

et par 1'étalement de la chaleur 4 l'intérieur de la puce de
Semiconducteur en siliciun.

On peut également concevoir d*autres configurations

de contacts de face arriére formées d'un seul tenant & partir
Gu cadre de montage. Le nombre, la forme et la disposition
des languettes 16 peuvent différer de ceux représentés. A

titre d'exemplie, une autre configuration peut comporter deux

languettes disposées de fagon centrale sur des cdtés opposés

Ge la puce, au lieu de se trouver dans les coins. On peut
employer de fagon similaire des configurations trés diverses
ad'éléments conducteurs pour les languettes.

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

laquelle l'encapsulation est réalisée. En particulier, la

structure unitaire de chaque conducteur de contact“12 pour

les contacts de la face avant et de chaque conducteur de

contact 17 pour les contacts de la fase arriére découle ae
la maniére selon laquelle le cadre de montage est fabriqué

et assemblé. La figure 2 montre une partie 20 d'une bande &

éléments poutres, d'un type congu de fagon a Etre déplacé

entre deux bobines, avec un positionnement précis a des pos-
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

fagon caractGristique en une feuille de cuivre dorée ayant

une €paisseur caractéristique d'environ 0,1 mm.

Selon une variante, la feuille de cuivre peut
avoir une autre épaisseur et elle peut tre revétue avee

d'autres métaux. comme l'étain, ou elle peut ne pas tre

revétue. De facon similaire, on peut utiliser d'autres

métaux conducteurs, comme l'aluminium et des alliagesfer-
Yeux” appropriés, @& la place de la feuille de cuivre.+

La figure 2 montre la partie 20 de la bande a

laquelle on a donné une forme définissant le cadre de monta-

ge, et qui a été assemblée, par fixation, & une puce de

semiconducteur 23. Plusieurs étapes de fabrication sont
intercalées entre la réalisatior de la bande A éléments

poutres et l'obtertion-de la structure représentée sur la

figure 2. On forme tout d'abord sur la bande un masque

résistant 4 l'attaque pour définir une configuration parti-

culiére du cadre de montage. Le masque définit lies divers

éléments Gonducteurs de contact 24 de la face avant et les
éléments conducteurs de contact 26 qui sont reliés aux lan-
guettes de contact 27 de la face arriére. Les languettes de

contact 27 de la face arriére sont également définies dans

la bande, dams lies vides 30 qui se trouvent cars les coins

de la configuration du cadre de montage. Ainsi, le cadre ce

montage est défini dans la bande dans un seul plan et 43
comprend le réseau d'éléments conducteurs 24 qui se termi-

nent par les contacts de la face avant, les éléments conduc-
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teurs 25 qui sont inutilisés et les éléments conducteurs 26
qui se terminent par les languettes 27 de la face arriére.

Comme le montre la figure 2, l'aire de contact
entre chacune des languettes de la face arriére, 27, et la
face arriére de la puce 23 représente environ 20% ae l'taire
de la face arriére, soit 80% pour l'ensemble des quatre
languettes 27.

On va maintenant passer ala figure 3 sur laquelle
la partie dtextrémité 41 d'un conducteur de contact de face
avant, 24, de la figure 2 est représentée retournée pour
montrer le plot de fixation 43 au bout du conducteur, et la
partie adjacente 42 ae section transversale réduite. Cette
configuration de la zone de fixation et de la partie de
section transversale réduite est également formée au moyen
d'une opération spécialisée de masquage et dtattaque. La
partie adjacente 42 de section transversale réduite assure
la libération des contraintes induites par voie thermique
afin d'éviter des ruptures de fixation au niveau du contact
sur la puce de semiconducteur.
~ Me La ‘figure 4 représente une autre configuration
pour la partie d'extrémité 51 du conducteur de contact de
face avant. Dans cette configuration, il est avantageux de ,
former sur la puce de semiconducteur une électrode surélevée
sur laquelle 1a zone 53 du conducteur est fixée. La 1ibéra-
tion des contraintes est assurée par une partie 52 adjacente
A la zone de fixation 53, avec une section transversale
réduite pour la partie 52 comme pour la zone de fixation 53.

Une fois que le cadre de montage est fermé dans ia
pande & éléments poutres, il peut &tre revétu en tcotalité ou
en partie’avec une ou plusieurs couches minces de métal. On
positionne ensuite le cadre de montage en contact avec une
puce de semiconducteur 23, avec les bouts des éléments con-
ducteurs de contact de la face avant, 24, sur les électrodes
28 de La puce de semiconducteur. On applique ensuite un
outil pour fixer les plots de fixation 43 aux électrodes 28
de la puce. Le cacre de montage représenté sur la figure 2
comprend un réseau standard de quatorze élémerts conducteurs
sur chacun des quatre cdtés, ce gui fait um total de 56.
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Ceci correspond a une configuration particuli@re dans une
femille de cadres de montage de taille et de forme similai-
res. Comme il est représenté, les éléments comducteurs
dtextrémité 26, au nombre de huit au total, sant utilisés
poursréaliser des contacts externes pour les Zanguettes de
contact de la face arriére, 27. Les conducteurs de contact
restants de la face avant sont disponibles pour connecter
des électrodes de la puce de Semiconducteur & des circuits
externes. Cependant, tous les conducteurs ne sont pas
nécessairement utilisés dans une Structure particuliére de
puce de semiconducteur, et c'est par exemple Ze cas du con-
ducteur 25. Toutes les parties de conducteur formant les
contacts externes sont fabriquées et conservées & l'inté-
rieur du corps moulé afin d'améliorer la résistance méc ani-
que et ltuniformité du boftier. Les éléments Anutilisés,
comme le conducteur 25,peuvent étre supprimés ultérieurement,
en fonction de nécessités particuliéres de la conception. La
languette 32 formée sur un conducteur 24 particulier assure
i ‘identification. ,

~ On voit que c'est ici que réside la souplesse ce
conception de cette configuration de cadre de montage. De
simples changements de la conception du masque d'attaque per-
mettent de produire une variété de configurations d'éléments

“Gonducteurs, ce qui permet d'accepter une &rande variété de
configurations d'électrodes sur la face avant de la Puce de
semiconducteur 23. Les éléments conducteurs 24 des contacts
de la face avant peuvent avoir diverses configurations aux
extrémités des conducteurs de la face avant et diverses
extrémiteés de conducteurs peuvent Stre supprimées pour
S'adapter’& diverses configurations d'électrodes 28 sur la
Surface avant de la puce. Si on le désire, or peut également
modifier la forme ou l'emplacement des languettes de contact
27 de la face arriére, ou les supprimer partiellement, comme
décrit précédemment. Selon une variante, on peut supprimer
certaines des languettes de contact 27 de la face arriére,
et on peut utiliser leurs conducteurs respectifs 26 pour la
connexion & des électrodes 28 de la puce de semiconducteur.

Une fois que les conducteurs de contact de la face
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avant. 24, ont &té fixés aux électrodes 28 sur Ja puce de
semiconducteur 23, on bobine la bande, 6n employant avanta-
geusement une piece intercalaire qui fait em sorte que les,
puces dé semiconducteur soient suspendues par les conduc—
teurs fixés et soient donc disponibles pour le nettoyage ou
un autre traitement. Ainsi, par exemple, on peut soumettre
la bodDine compléte A un traitementd'ensemble consistant en
une immersion dans un bain de nettcyage ou un traitement
aans un four d' étuvage.

La bande est ensuite amenée A un autre poste ade
travail et les languettes 27 de la face arriére sont
pliées & 180° pour les placer dans l'erientation indiquée
par des traits partiellement en pointillés sur la figure 2.
On accompilit’ cette opération @ l'aide d'un outillage destiné
A plier les lamguettes dans la zone 29, de maniére a étabiir
un dégagement qui est de fagon générale égal A 1*épaisseur
de‘la puce de semiconducteur 23. Ainsi, les languettes de
contact 27 de la face arrieére établissent un contact prati-
quement. pian avec la surface arriére de la puce de semicone-

20 ducteur.

25

30

35

Les languettes de contact 27 de la face arriére
peuvent étre fixées de maniére conductrice par E'un quelcon-
que des divers moyens désignés précédemment par le terme
fixation", pour établir un contact électrique ou thermique
entre les languettes et la puce. Si on utilise de 1a matiére
époxyde conauctrice, om la fait habituellement Gureir dams
un four. Comme on l'a indiqué précédemment, 1 ‘interconnexion
ae type thermique ou électrique, ou des deux types, avec tes
languettes de contact 27 de la face arriére est réalisée
finalement au moyen des éléments conducteurs 26.

Ensuite, la partie de bande 20 qui demeure un @1é-
ment d'une bobine, avec des contacts établis sur ltavant
comme Sur l'arriére Ge la puce de semiconducteumz ,» de la
maniére décrite ci-dessus, est introduite dans unm moule dans
lequel on forme le corps er matiére plastique moulée 10,

_représenté sur la figure 1. Dans certains cas, il peut étre
avantageux d'appliquer m revétement protecteur sur la sur-
faces aetive de la puce de semiconducteur, avant l'opération
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ae moulage. ‘Ce rev8tement peut conaister en une natiére
Gpousant la forme de son substrat, comme un caoutchoucaux
silicones approprié qui se vulcanise a la température ambian-

e
@ 6006 eee” "ee

te.

Dans un exemple particulier, le corps 10 est moulé

par injection en utilisant une matiére thermoplastique telle
que le Ryton BRO6-A. Le Ryton est une marque de la firme
Phillips Petroleum Corp. Une matiére thermoplastique ne
nécessits générslement pas une période de dureissement apres
moulage, et l'opération de moulage peut atre accomplie en une
durée de l'oradre de quelques secondes, soit de facon caracté~
ristique d'tenviron six a vingt secondes.

Le Corps 10 moulé par injection peut, €tre formé
Simultanément:& plusieurs emplacements de la:bande et l'tappa-
reil de moulage peut recevoir pilus d'une bande. Ensuite, dans
un autre traitement de bodine & bobine, on ébayre les poitiers

pour enlever le matiére de movlege en excés et on les nettoie.
Enfin, dans um autre traitement de bobine a “pobine, on sectiame
la bande: pour en séparer chaque bofitier moulé, et on effec-
tue Ia mise en forme et la finition des conducteurs externes.
On “introduit ensuite automatiquement les boftiers individuels,
avec une orientation uniforme, dans un magasin du type .
réglette. Une caractéristique des opérations de sectionnement,
de finition et de pliage consiste en ce quielles sont accom-
plies aprés l'opératicn de moulage du boitier. Il existe donc
antomatiquement un support mécanique pour la structure de
cadre de montage pendant ces opérations. 0n évite ainsi l'tuti-
lisation de dispositifs de maintien spéciaux ou d'autres
Supports pour éviter le gauchissement ou la défermation de la
structure de cadre de montage pendant les opératioms de tra-
vail du métal. ;

En se reportant a la figure 5, on voit ume partie
61 d'un-magasin du type réglette qui contient plusieurs bof-
tiers 62, 63, 64. Les corps en matiére plastique de chacun
des boitiers 62, 63, 64 portent sur les Tails internes 66-67,
72-73, 74-75. Ces rails assurent la. suspension des boftiers
dans la réglette de telle maniére que les conducteurs exter-
nes 71 ne viennent en contact avec aucune des surfaces inter-
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nea de la réglette. La configuration desuspension par..ratls
établit également um dégagement tout autour du bottier de
fagon que les débris présents a l‘tintérieur de la réglette
ne génent pas le mouvemsnt des vofitiers. Les coins 69 des
voftiers movlés s'étendent au-dela des conducteurs externes

71 et font en sorte que les conducteurs d'un boftier ne

viennent pas en contact avec ceux d'un boitier adjacent ou
avec les rails latéraux 72-73.

Il est trés avantageux de manipuler les boftiers

lorsqu'ils sont chargés dans des réglettes A partir

desquelles ils peuvent @tre distribués et dans lesquelles

ils peuvent @tre réintroduits au cours de diverses opérations

de test, de vieillissement, ou autres.

Il va de sci que de nombreuses modifications

peuvent @tre apportées au dispositif décrit et représenté,
sans sortir du cadre de l'invention.

2 te
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REVENDICATIONS 

1. Encapsulation pour une puce de circuit intégré
a semiconducteur (11, 23), la puce comportant une face avant
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et une face arriére, la face avant portant des électrodes
(15, 28), et L'encapsulation comprenant un corps moulé (10)

qui enferme la puce, et des premiers G1énents conducteurs en
une seule piéce (12, 24) qui sont connectés A des électrodes
(14, 28) respectives et qui comportent des parties de con-
tact (13) d'un seul tenant, a l'extérieur du corps (10),
caractérisée en ce qu'elle comporte des seconds éléments
conducteurs en une seule piéce (17, 26), réalisés d'un seul
tenant avec des languettes.(16, 27) d'aire élevée qui sont
en contact avec la face arriére de la puce (11, 23).

2. Encapsulation selon la revendication 1, carac-
térisée en ce que les seconds éléments conducteurs en une
seule piéce (17) comportent au moins une Partie de contact
(18) réaiisée d'un seul tenant A l'extérieur du corps (10),
pour chacune des languettes (16, 23).

3. Encapsulation selon l'une quelconque des reven-
dications 1 ou 2, dans laquelle le corps (10) a wm contour
de forme générale rectangulaire, lorsqu'il est vue en plar,
caractérisée en ce que les coins (18, 69) du corps (10) font
Saillie 4 partir du corps de facon 2 protéger les parties
de contact externes (13, 18) des éléments conducteurs.

4. Encapsulation selon la revendication 3, Carace
térisée en ce que la paire de parties de contact externes
(18) qui est adjacente a chaque coin est formée d'un seul
tenant avec l'une respective des languettes (16, 27).

_o+ Encapsulation selon 1'une queliconque des reven-
dications 14 4, caractérisée en ce que les premier et THnekees6
second éléments conducteurs (12, 17, 24, 26) et les languet-
tes (16, 27) sont tous formés a partir d'une seule feuille
de métal (20).

6. Encapsulation nour un circuit intégré, telle
que décrite ci-dessus et représentée aux dessins amnexés.
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MINISTERE DES AFFAIRES £CONOMIQUES

 

Le Ministre des Affalres Economiques,

Vu la loi du 24 mai 1854 sur les brevets d'invention ;

Vu ta Convention d'Union pour la Protection de la Propriété Industrielle ;

Vu le proces-verbal dressé le 29 septembre 197 8 a 11 A. 50
eau Service de la Propriété industrielle;

ARRETE:
Article 1. — Jl est délivré a2 la Sté dite : COMPAGNIE INTERNATIONALE

POUR L'INFORMATIQUE CII-HONEYWELL BULL,
94 Avenue Gambetta A Paris (20éme) (France),

repr. par Mr Gauthier c/o Honeywell Bull S.A., 28,
avenue Marnix 4 Bruxelles 1050,

un brevet Pinvention pour: Circuits électriques intégrés protégés,
substrats d'interconnexion protégés comportant de tels
circuits et procédé d'obtention desdits circuits et
substrats,

qu'elle déclare avoir fait l'objet d'une demande de brevet
déposée en France le 3 octobre 1977, n° 77 29 686.

Article 2. — Ce brevet lui_est déliwé sans examen préalable, a ses risques et
perils, sans garantie soit de la réalité, de la nouveauté ou du mérite de Cinvension, soit
de Texactitude de la description. et sans Préjudice’ du droit des tiers.

Au présens arrété demeurera joint un des doubles de la spécification de Pinvention
(mémoire descriptif et Eventuellement dessins) signés par Pintéressé et déposés 2 Vappuide sa demande de brevet,

Bruxelles. le 1% octobre 1978.
PAR DELEGATION SPECIALE :

Le Directeur

—
A. SCHURMANS
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"Circuits électriques intégrés protégés, substrats

dlinterconnexion protégés comportant de tels circuits

et procédé diobtention desdits circuits et substrats"

Invention de: Patrick COURANT
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La présente invention concerne, d'une maniére générales, le
protection mécanique et/ou chimique des circuits électriques
intégrés et des substrats d'interconnexion équipés de tels circuit:

Plus spécifiquement, elle a pour objet une pastille forman-
circuit électrique intégré, protégée par une résine isolante, et
des substrats d'interconnexion équipés d'une pastille ou d'une
pluralité de pastilles formant chacune un circuit électrique

intégré, ces substrats équipés étant protégés et comportant
, application de la pastille précitée. -
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En outre, l‘'invention est relative & des procédés pour
l'obtentiondesdits substrats ou pastilles.

Les techniques modernes mises nctuellement en oeuvre pour
réaliseydes équipements électroniques, et plus particuliérement
des ensembles de traitement de l'information, font de plus en
plus appel A l'emploi de dispositifs semi-conducteurs a circuits

intégrés non enfermés dans des boftiers. Ces dispositifs sans
voftier sont désignés le plus souvent sous le nom de pastilles
de circuits intégrés ("chips" en langue anglo-saxonne).

De telles pastilles formant circuits intégrés et se pré-

sentant par exemple sous la forme de plaquettes rectengulaires

ou carrées de quelques millimetres de cété et d'une épaisseur
de ltordre du demi-millimétre, possdédent une facednactive pourvue
d'une couche fsolante de support et une face active pourvue
d'éicments de circuit tels que résistances, condensateurs, tran-

sistors, diodes, reliés Aa des bornes situées A la périphérie de
Ladite surface active. , .

On connait bien par ailleurs l'emploi des substrats d'in-—

terconnexion, qui se présentent communément sous la forme dtune

plaquette faite généralement d'un matériau isolant pourvn de
conducteurs réalisés sous forme de circuits imprimés sur la
plaquette. Ces conducteurs se répartissent habituellement en

plusieurs couches séparées par des couches d'isolation et reliées
entre elles par des traversées, qui sont des: ouvertures pratiquées

dans les couches isolantes et remplies d'un matériau conducteur

pour réaliser les connexions entre couches conductrices superpo-
sées. La couche conductrice extérieure du substrat d'intercon-

nexion multiceuche est pourvue de séries de plots de connexion,

chaque série bore. ..t un domaine du substrat qui est réservé a

la mise en place etun composant électronique tel qu'une pastille

?
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de circuits intégrés. On trouvera des exemples de montage
de pastilles, formant circuits intégrés, sur un substrat

d'interconmexion dans les demandes de brevet déposées

en Prance par la demanderesse le 20 Septembre 1976, sous

le n° 76-28170 intitulée "Procédé pour le montage de
microplaquettes de circuits intégrés sur un substrat et

installation pour sa mise en oeuvre" et le 4 Février 1977,

n° 77-03271 intitulée : "Procéd! et’ appareil de montage’
de dispositifs sur un substrat",

Ces-pastilles sont généralement collées sur la face
active du substrat en des emplacements prédéterminés

et chacune d‘entre elles est relide électriquement au -
circuit d'interconnexion porté par la face active dudit

substrat par. des conducteurs de liaison joignant les bornes

de la pastille aux plots du domaine correspondant duditcircuit dtinterconnexion.

Une structure de ce type est rappelée sur les figures
1 et 2 des dessins ci-joints, lesquelles figures montrent

respectivement une vue en coupe longitudinale et une vue
de dessus d'un substrat d‘interconnexion 1 équipé de pas—

tilles formant circuits intégrés 2a, 2b, 2c, 2d, etc. La
face active la de ce substrat comporte des plots tels que

3 reliés, par des conducteurs de liaison tels que 4, aux
bornes telles que 5 des faces actives telles que 2'a des

pastilles telles que 2a ; les références 1b d'une part et
2"a, 2"b, 2"c, 2d, etc. d'sutre part représentent les
faces inactives, formées chacune d'une cauche isolante de
support, respectivement du substrat d'intercqnnexion et

des différentes pastilies. .

On a représenté sur la figure 1, pour la pastille
2d seulement, les royensde protection classiques d'une
pastille formant circuit intégré, ces moyens étant consti-=-

tués par une résine isolante 6 recouvrant la pastille 2d,
ses bornes 5, les plots 3, la zone avoisinante de la

face active du substrat 1, et enrobant les: conducteurs

de liaison 4. . :

Ce type de moyens de protection présente les incon-
vénients suivants :

a) la réstne isolante utilisdée étant choisie parmi ¥
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celles présentant une bonne résistance aux chocs thermiques
et aux basses températures, ne présente pas une bonne
résistance mécanique, car il est pratiquement impossible
de disposer d'une résine possédant simultanément -un
aussi grand nombre de propriétés distinctes ; 11 en
résulte une mauvaise protection mécanique des pastilles
entrainant une mauvaise protection vis-a-vis des substances
agressives, des poussiéres, etc. ; ~- .

b) le simple remplacement d'une pastille défectueuse
n'est plus possible aprés l'application de la résine .

isolante, puisque cette derniére recouvre aussi les plots)
du substrat d'interconnexion et au moins les zones du

circuit a* {nterconnexion qui avoisinent ces plots ;
“c) la réparation des parties du circuit ad? interconnexion

qui sont recouvertes par la résine isolante n'est pas
possible, & moins de dissoudre au préalable la résine
dans un agent approprié tel qu'un solvant organique.

La présente invention permet de remédier aux incon—
vénients précités. -

La pastille formant circuit intégré selon 1‘tinven—
tion est du type comportant une face active pourvue
d'éléments de circuit reliés & des bornes situées A la
périphérie de ladite face active, et est caractérisée
en ce que sa face active est recouverte d'une.couche
superficielle de résine isolante, souple ou sous forme
de gel solidifié, cette couche s'étendant seulement sur

ladite face active. : ;
Le substrat d'interconnexion équipé, conforme

4 l!invention, du type comportant (a) une plaquette de
forme quelconque qui constitue ledit substrat d@'inter~

connexion et qui comprend une face active portant un cir~-
cultd'interctnsexion des différentes pastilles, (Bb)
lesdites pastillés qui- sont collées, par celles de leurs
faces qui sont opposées & leurs . faces actives,
sur ledit substrat d'intérconnexion, en des emplacements
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prédéterminégs de celui-ci, et (oc) des conducteurs de liaison
reliant les bornes précitées des pastilles & des séries de plots
appartaiant auasit clrenit @Q?’intercennexson, chaque séris 25
Plots entourant une pastille déterminégs, est caractérisé an ce
que la face active de chaque pastille est recouverte d’une cou-
che superficielle de résine isolante souple ou sous forme de gel
solidifié.

‘Salon un mode de réalisation préféré de l*invention, le
mubstrat d*interconnexion précité est -revatu d’une couche exter.
ne, de préférence continue, dune seconde résine isolante,
rigide et résistante mécaniquement, cette couche externe recou-
vrant au moins la couche superficialle de résine isolante et les
Plots précités et enrobant les conducteurs qui relieat lesdits
plots aux bornes précitées.

Conforms-ent a la présente invention, les résines isolan-—
tes précitées sont de préférance choisiesdans le groupe des
silicones. , . ,

La résine isolante souple précitée utilisée pour recouvrir
la face active des pastilles formant circuita intégrés est avan-
tageusement celle connue sous-la dénomination commerciale
“XR 90714" (Dow Corning) qui présente une résistance volumique

Ge ltordre de 1075 ohm.ecm et une résistivité superficiellie
da*’environ 7.10 ohms (mesurées selon la nome américaine ASTN-
D 257), cette résine résistant bien aux chocs thexrmiques et pou-
vant supporter de basses températures pouvant aller jusqur’a
environ -60°C, .

Au lieu d*utiliser une résine de ce type, la résine de
silicone recouvrant les pastilles précitées peut aussi, selon
une variante conforme.& 1*invention, se présenter sous la forme
d’un gel solidifid. Par 1’expression “gel solidifié", on entend
un produit dont la structure est celle d’un gel, mais qui possa-~
de, au moins aux températures d*utilisation, une consistance

‘suffisamment ferme pour assurer la protection des pastilles,
étant bien entendu qu’une telle substance peut avoir la consis-—
tance habituello d*une gelée A des toempératures plus élevées que
la tanpérature d*utilisation, notamment a la température ambian-
te. Ce gel solidi fié peut éventuellement atre recouvert d*une
fine capsul.a métallique permettant @’*éviter 1*ésoulenent ou la
détérioration accidentelle dudit gel lors d*un éventuel maintien

WE
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auxdites températures plus élevées, Comme exempla a*un tel gal
idsolant électriquement, on peut citer le gel de sificona conan
sous la dénomination commerciale “Q3-6527* (Dow Corning) qui
présente une consistance appropriée a basses températures et
qui peut Stre utilisé jusqu’d des températures de l’ordre aa
60°C (résistivité volumique de 1,42. 107 ohm.cm).

La résine isolante rigide et mécaniquement résistante for-—
mant la couche externe précitée est avantageusement calle connus
sous la dénomination commerciale "KR 668" (Dow Corning) et alle
est avantageusement utilisée an assooliation avec une couche
superficielle en la résine “XR 90714" précitée. L*analogie de
structure de ces deux résines entrafne tne bonne compatibilité
entre lesdites résines et une bmnre adhérence entre lesditeg
deux couches.

Cette résine “XR 648" posséde une résistiviteé voluniqua
ade 26. 10°ohm. cm, une trés bonne résistance mécanicue et une
grande dureté et elle résiste également A des temperatures pouv-
vant aller jusqu’éA —30°C, ce qui lui permet de jouer un réle de
pro* sction efficace des pastilles formant circuits intégrés, en-
renforgant considérablement le role protecteur de la résine
"XR 90714". Si elle était utilisée seule, en recouvrement direct
de la face active d@*une pastille, cette résine “XR 648" serait
trop rigide, insuffisamment résistante aux chocs thermiques ot
elle ne pourrait pas jouer un role protecteur adéquat,

Il résulte de ce qui précéde que l’inconvénient a) exposé
pilus haut est précisément . éliminé par la présente invention.

D’autre part, il est facile da remplacer une pastille d’un
substrat d’interconnoxion par une autre, dans un but quelconque
(réparation ou modification de cirevit électrique) méme apres avair
partiellement protégé ladite pastille par la couche superficiel-—
le de résine isolante souple précitée, a condition que la couche
eaxterne de résine isolante, rigide et résistante.mécaniquement,
n’ait pas encore été appliquéo sur ladite couche superficielle
et ce, soit avant soudage des conducteurs da liaison aux plots
du substrat d*interconnexion, soit apres wn tel soudage ;il est
en effet beaucoup plus aisé et rapide de rompre les points de
soudure, do csancer de pastille et a’effectuer le soudage das
con <cteurs de liaison de la nouvello pastille auxdits plots que
de procéder 4 la dissolution d'une résine qui enroberait
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les conducteurs et plots, a’ affectuer ensuite les opérations
de déssoudage, remplacement. de.pastille et ressoudage » et
de protéger enfin la nouvelle pastille par de la résine.

L?’inconvénient b) exposé plus haut est donc égalemenot
éliminé par la présente invention.

En outra, on peut procéder A la réparation ou modificatiox
éventualle de n*importe quelle ‘partie du cirevit a *interconnexcdc
appartenant au substrat @’interconnexion, mame oprés avoir muni

les pastilleég formant circuits intégrésde la couche superficielle
de résine isolante souple et disposé et/ou f£ixé et/ou'relié
électriquement ces pastilles sur le ou au substrat da’ intercon
nexion, ce qui élimine l*inconvénient c) meationné plus ‘haut.

L*invention présente aussi wun avantage”*‘Mupplémentaire
exposé ci-aprés. Par le choix judicieux des deux résines et dun
agent de soluvilisation ou d’enlavement sélecti£ vis-a-vis de
celles-ci, par exemple un solvant organique agissant sdlective-
ment vis-a-vis desdites résines, il est possible d*éliminer la
couche externe  S&sans-° enlever, voire sans altérer d?aucune
maniere, la couche superficielle so0us~Jacente reconvrant la face
active de chaque pastille, de facon & permettre les réparations
sélectives dau circuit d*interconnexion, des Plots ou das conduc-—
teurs de liaison précités.

Bien entendu, on peut aussi procéder A l*enlévement éven-
tuel de la couche superficislle @’une pastille isolée protégée
conformémont & 1*invention ou bien A l*’enlévement des deux cou-
ches de protection d’un substrat d*interconnexion éequipé de ces
pastilles, soit a l’aide d’?un seul agent de solubilisation
agissant sur lesdites deux couches, soit a& l’aide, successive-
ment, de deux agents agissant sélectivement et successivement
sur chacune desditas couches ct ce, afin.de réparer éventuelle-
ment certains circuits intégrés: ou @*en modifier les caractéris—
tiques électriques, . .

Selon un mode de réalisation préféré da la présente inven—
tion, la quantité de résine de la couche superficlelle de chaque
pastille est telle que la surface externe dea cette couche fait,
au niveau des bords de la faco active de la pastille, un angle
de l’ordre cu 25 a 45 degqrés, ces valuurs ctant liées au procédé
préfcrablement mis en ceuvvro pour former ladite couche super-—
ficiolle ainad qu’il apparattra plus loin,
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Un procédé -d'obtention d'une pastille formant circuit |
intégré selon l'invention est caractérisé en ce qu'il consiste
a recouvrir la face active de ladite pastille d'une résine iso-
lante, & l'état fluide ou pateux, eta provoquer la prise en
masse de celie-ci par polymérisation (par exemple par chauffage
et/ou séchage), de facon A obtenir une résine isolante, souple
ou sous forme de gel, et A refroidir ensuite ce gel pour
obtenir un gel solidifié. .

Selon un mode de réalisation particulier de ce procédé,
permettant le garnissage, par la résine isolante de la couche

superficielle, de l'espace compris entre la face activede la
pastille et les départs des conducteurs de liaison au voisinage
des bornes de la pastille, un tel espace pouvant par exemple
étre d'une hauteur aussi faible qu'une dizaine de microns, on
applique tout d'abord une premiére sous—couche de la résine iso-
lante précitée dans un état suffisamment fluide pour qublle
s'écoule dans l'espace précité et le garnisse, on prend cette
résine en masse par polymér:isation, et on applique ensuite, sur
ladite premitre sous-couche, une deuxiame sous-couche de la méme
résine, mais dans un état plus visqueux, obtenu de préférence pa:
prépolymérisation, cette seconde sous-couche étant sous une
épaisseur plus grande que la premiére Sous-couche, A la suite de
quoi on prend en risse ladite seconde sous-couche, par poursuite
de la polymérisation. :

Pour obtenir un substrat d'interconnexionprotégé, compor-
tant une pastille formant circuit intégré protégé, on peut
procéder avantageusement de la facon suivante : on effectue,
pour les cifférentes pastilles portées par le substrat, l'appli-
cation de la couche superficielle dans les conditions indiquées
ci-dessus, a la suite de quoi on réalise-l'application, sur la
surface active du substrat, de la résine constitutive de la cou-
che externe précitée, de telle Sorte que celle-ci puisseacquérir
son état final isolant électriquement, rigide et mécaniquement
résistant.

La résine isolante de la couche superficielle et/ou celle
de la couche externe peuvent &tre appliquées, sous forme prépoly-
mérisée ou non-polynérisée, éventuellemenc en l'absence de tout

solvant ou agent de dispersion, comme cela est possible
dans le cas de la résine ce silicone "XR 90714",
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La demsnderesse a déterminé les conditions optimeles de.
moulllabilité de la résine de la couche superficielle précitéa,
lors de son application sur la face active @’une pastille, vis-
a-vis de cette face active 7 d*angle de raccordement @ au film
ou goutte de rdésine placé sur ladite face active doit &tre da
préférence de l’ordre de 22 & 45 degrés ; pour une valeur de
l*angle @ inférieure & 22 degrés, la mouillabilité est trop gran-
do et la faiblesase de cet angle de raccordement est telle que
1’épaissour moyenne de la couche superficielle est trop faible

. pour assurer une protection efficace de ladite face active 7 une
épaisseur sppropriée est d’environ 2 mm au centre de ia pastille
formant circuit intégre ;d*autre part, la résine risque de couler
au-dela du contour de ladite face active ; pour un angle de rac-
cordement © supérieur & environ 45 degrés, i'adhérence entre la

couche superficielle de résine et ladite face active est trop
faible et cette couche risque de se décoller spontandément ou
d’étre accidentellement arrachée, ce qui détériore la pastille
ou au moins nuit a la qualité ou officacité de sa protection.

Deautres caractéristiques, buts ou avantages de la présen-—
te invention apparaitront au cours de la description ci-apreés,
en référence aux figures 3 4 11 ci-annexées dans lesqualles t

- la figure 3 représente, en coupe transversale, une pas—-
tille formant circuit électrique intégré protégé conforme a

la présente invention ; :
~ la figure 4 est une vue de dessus de cette mime pastille;
- la £lgure 5 représento une vue en coupe transversale

a*’un circuit d’interconnexion équipé de pastilles,’ formant cir-

cuits électriques intégrés protéegés, tant ces pastilles que
l*ensemble du substrat d'interconnexion équipé desdites pastil-
les étant conformes 4 la présente invention } :

- la figure 6 représente une vue en coupe transversale du
mime substrat @’interconnexion que sur la figure 5, apres réali~
sation @’une protection complémentaire de l*ensemble de la face
active de ce substrat, ce mode do réalisation étant également
confomne a l*invention ; .

- la figure 7 représente une vue en coupe transversale
@’une pastil).: formant circuit intégré protégé selon 1*invention,
au cours de son processus d’obtention ;
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- la figure 8 représente une vue en coupe transversale
dun fragment de substrat d’interconnexion, dune pastille for-
mant circuit électrique intégré protégé selon la présente inven-
tion et d*°un film de positionnement de cette pastille, cette .
figure illustrant la localisation de l*étupe d’obtention de la
pastille formant circuit intégré protégé ,dans le cadre @’un

processus connu d’adaptation d*une telle pastille sur.un substrat

a*interconnexion ? .
- la figure 9 représente une vue de dessus de 1* ensemhle

représenté sur la figure 8, a échelle réduleprremortalafigre 8;

~ la figure 10 est une vue en coupe tranaversale d’une

pastille formant circuit électrique intégré protégé selon 1*in-

vention, ou 1’on montre l’angle de raccordement 9 entre la

résine et la couche superficieslle, a 1*état fluide, et la face

active de 1a pastille ; .

- la figure 11 est un abacque représentant le cosinus de
l’angle de raccordement © en fonction dea la tension superficiel—
le de la résine & l’état fluide, en dynes.cm™ 3 et

- la figure 12 est une vue en perspective représentant

une pastille formant circuit électrique intégre protégé conforme
a l*invention ct du fragment du substrat dinterconnexion qui

la porte. .

On voit sur les figures 3 et 4, une pastille formant cir-

cuit élactrique intégré protégé comportant un corps de pastille

6 avec sa face active 6a portant des éléments Ge circuit (non

représentés) reliés aux bornes 7 et sa face inactive 6b formée

d’une couche isolante de support, les conducteurs dea liaison 8

Cont 1%une des extrémités est soudée auxdites bornes 7, et la
couche superficielle protectrice 9 en résine isolante électri-
quement et souple : cette derniére, dans une variante conforme

& la présente invention peut @tre renplacée par une résine iso-
lante sous forme d?un gel solidifieé du type indiqué plus haut.

On remarque que la couche superficielle isolante 9 ne
s’étond pas au-dela du contour 10 de la face active 6a.

Les fioures 5 et 6 montrent un substrat d'interconnexion

aésigné par la référence générele 11, qui comporte, de maniere
connue en soi wne couche isolante de support 1lb qui forme la
face inactive duit substrat et, au-dessus de cette couche 11ib,

une pluraiité de couches isolantes comportant des traversées
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conductrices telles que 12 .ainsi que, aux interfaces entre ces
couches et sur le dessus de la couche supérieure, des conduc~
teurs tous désignés par la référence générale 13 et formant,
dans la face active 11a du substrat un circuit d'interconnexion

_comportant des plots tels que 14. De maniére connue en sol, .
des pastilles formant circuits intégrés ont été collées sur 1a

‘face active 11a dudit substrat d'interconnexion et les conduc~~
teurs de liaison 8 desdites pastilles ont été soudés sur les
plots 14. Conformément 4 la présente invention, la face active
6a des pastilles est recouverte d'une couche superficielle
de résine isolante souple 9, comme indiqué précédemment &
propos des figures 5 et 4, ,

Dans le mode de réalisation de la figure 5, les conducteurs
de liaison 8, les plots 14 et le circuit d'interconnexion porté
par la face active 44a dusubstrat d’interconnexion 11 ne sont
pas recouverts d'une résine isolante, ce qui permet le remplace-
‘ment éventuel des pastilles formant circuits intégrés par dtau-
tres pastilles du méme type, parvant former des circuits intégrés
ayant une autre structure électrique, sans qu'il soit nécessaire
de procéder A une dissolution quelconque de résine comme dans
les circuits électriques intégrés protégés par résine de.ltart
ant‘rieur.

Dans le mode de réalisation de la figure 6, les couches
superficielles 9 de résine isolante électriquement et souple des
aifférentes pastilles 6a sont recouvertes, de m@éme que toute la
face active libre du substrat d'interconnexion 11, d'une couche
externe 15 en une résine isolante électriquement, rigide et
douée dtune résistance mécanique élevée ainsi que, de préférence,
d'une dureté élevée, ce qui permet dtaccrofitre la protection de
l'ensemble du circuit vis-a-vis des agents mécaniques et chimi-
ques y compris les plus usuels tels que l'humidité, l'action de.
l'air , les vapeurs agressives, les poussiéres, etc.

La résine de la couche superficielle 9est notamment la
résine de silicone connue sous la dénomination commerciale
"XR 90714" tandis que, celle ¢e la couche externe 15 est notan-
ment la résine de silicone connuc sas la déromiration wmmerciale "XR &e",
ou la résine "XR 90714" ou te sei de silicone 193-6527",

hit
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Dba rigure 7 montra comment peut atre obtente una pastille
formant circuit électrique intégré Protégé, conforme a 1*inven-
tion. Cette pastills, sur les bornes 7 de la surface active Sa
de laquelle on a soude des trongons de conducteurs 8 (dont les
extrémités opposées aux bornes 7 restent ici provisoirement
libres), est placée sur un support approprié 16, & la suite de
quoi on applique la couche superficielle de résine 9, soit on
procédant en une seule application, soit en procédant en deux
applications de la maniére indiquée ci-apraés dans le cas de
l’utilisation de la résine de silicone "XR 90714",,

On modifie tout d’abord les caractéristiques a’écoule~
ment de la résine XR 90714 disponible dans le commarce an aug=
mentant sa viscosité par polymérisation partielle ou prépolymé-
risation, sous l*’action d’un chauffage ; celui-ci est effectué
pendant 2 minus: & 125°C, ce qui donne un produit dont la
viscosité est de 6000 cantipoises & 20°C (temps de montée &
125°C : 3 minutes ; temps de descente A 20°C ; 2 minutes) ; dans
ces conditions l’étalement de la résine sur la face active de
la pastille, a 20°C, est régulier et l'angle de raccordement @

est compris entre 25 et 45°C, ce qui donne une épaisseur moyen
ne suffisante a la couche suporficielle.

Le tableau ci-aprés montre 1’ influence de la durée du
chauffage 4 125°C sur la qualité du dépSt de résine sur la face

actzve de la pastille formant circuit intégré.

Temps de maintien & 125°C

om [2 =m]3=[5=|
Viscosité a [4 000 cps ! 6.000 cps| 9.000 cps {25.900 cps{

20°C | fluide | sirop pate graisse
{ . ‘

Forme du dépét | depot aépot dépot
de résine | Pp _ ep Pp

_aprés étalement i
polymérisa— | trop impor: correct correct firrégulier
tion complite | ” ° ‘eto ° ° °

) O< 25 -25°¢O¢45 25°C O¢45
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Pour l*application proprement dite de Ya résina XR 90716
précitée on procede alors comme ii suit ¢ .

- on étend tout d’abord, a l*aide d*un fin pinceau, une
couche de résine non-prépolymérisée sur la face active de la
pastille ; cette résine non-prépolymérisée est suffisamment

fluide pour s’étaler parfaitement sur toute la surface activa et
notamment dans l’espace de faible épaisseur situé sous les

départs des conducteurs de liaison, au voisinage des bornes de
la pastille ; on effectue ensuite la polymérisation pendant 1
heure & 125°C (la résine ayant été auparavant additionnée de 10%

aun catalyseur approprié) ;
- on utilise ensuite la résine XR 90714 ayant été prépoly-

mérisée pendant 2 minutes 4 125°C, de la maniére indiquée ci-
dessus, et contenant également la proportion précitée de cataly-
seur 7 l’applicition de cette seconde sous-—couche de résine

XR 90714 s’effectue a l*'aide d'un fin pinceau ; toutefois, en
raison de la plus grands viscosité dela résine, on obtient une
couche superficielle 9 d*une épaisseur suffisante, qui n’aurait

pu &tre obtenue avec la seule résine fluide non-prépolymériséa
(l*angle de raccordement © aursit alors été trop faible) ; on

effectue la polymérisation de cette seconde sous-couche par
chauffage a 125°C pendant 2 heures.

Dans le mode de réalisation des figures 8 et 3, on a procé-

dé a l’application ae la couche siiperficielle 9 des pastilles
formant circuits intégrés 6 aprés avoir, de maniére connue en
soi, rendu lesdites pastilles solidairos d*’un film de support 17
permettant le pré-positionnement des pastilles 6 par rapport au
substrat @*interconnexion 11.

Ce film de support 17 est pourvu de fen&tres telles que

17a dans lesquelles sont logées les pastilles 6 3; a cet effet,
le film 17 comprend des bandes conductrices, telles que 18, obte-
nues par métallisation de la surface du film 17, lesdites bandes

au-dessus des fen&tres telles que 17a,se prolongeant, en 18a,

ces prolongements 18a étant destinés A former les conducteurs

de liaism reliant les bornes 7 des pastilles aux plots 14 de la
face active lla du substrat d*interconnexion 11.

De mani@:re connue en soi, on a centré les pastilles 6 dans.
les fenoitres telles que i7a, alles-m&ames ccntrées au-dessus des

emplacements de la face active dau substrat @*interconnexion 11
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qui sont destinés a recevoir Lesditesposti2
On procéde alors, conformément A la présente inventioa, a

d*spplication de la couche superficiellea 9 2a rSsine isolante eat
4 sa polymerisation (dang la position représentée en trsity
continus sur la figure 8). ;

De maniére en soi connue, on découpe ensuite, suivant le
contour 19, les bandes conductrices 16 et, la face inactive 6D
des pastilles 6 étant rev&tue dune compositionadhésive, on
applique lesdites pastilles aux emplacements correspondants de
la face active lla qu substrat d*interconnexion 11, de maniére &

fixer lesdites pastilles sur ce substrat ; on procéde alors au

séchage de la composition adhésive et au soudage des prolonga-—
ments 18a, devenus les conducteurs de liaison 8, sur les plots
14 portés par la face active du substrat d*interconnexion 11.

Lorsque cette opération est teminée, et apres toutes les
verifications souhaitables, on procéde a l*application de la

couche externe 15 Ce résine rigide et résistante mécaniquement,
non représentée sur la figure 8, mais visible sur la figure 6.

On retrouve sur la figure 10 la pastille form.nt circuit
intégré 6, munie de la couche superficielle de résine isolante

souple 9 dont l’angle de raccordement avec la face active 6a de

la pastille 6 est désigné par l’angle ©. La courbe de la figure

11 donne le cosinus de l'angle © en fonction de la tension super-
ficielle a 1’état non-polymérisé de la résine (l1’angle © n’est
substantiel2 ement pas modifié tors de la polymerisation de la
résine sur la face active de la pastille). Pour les raisons

ind@tquées pus haut, l’angle de raccordement @ est de préférence

compris entre 25° ct 45°, ce qui correspond a cos @ compris
ent-a cnviron 0,9 et 0,7 et par conséquent, a une tension super-

ficielle comprise entre environ 30 ct 36 dynes/an. C*est donc

cette tension suporficielle doe la résine utilisée,relativement |
a la faco active do la pastille, que doit posséder la résine au
moment de sen application. .

Il convient dtajouter que,nour cbtenir une couche super-—

ficielle présentant los mcilleures caractdéristiques possibles,
il convient de déguzer la résine, ce qui est par exemple obtenu

par maintien pena@ant 70 minutes sous une pression de 2 mmHg, et

ao mettre cn oeuvro un aprureillage automatique pour appliquer

la résine, Co mani¢re a obtenir des conditions précises et

amwee
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reproductibles d'application ; a titre d'exemple “non limitatif,
on peut utiliser un dispositif de délivrance de gouttes liquides
fabriqué par la firme Laurier Associates Inc., Modele M101, les
gouttes étant de préférence délivrées a une distance de l'ordre
de 2 mm au-dessus de la face active des pastilles.

On retrouve sur la figure 12 le substrat d*interconnexion

11, les plots 14, les conducteurs de liaison 8, la pastille for-
mant circuit intégré 6 munie de sa céuche superficielle 9 de

résine isolante souple ; on remarque que l'angle de raccordement

® présente ici une valeur de l'ordre de 40 A 45°.
La viscosité de la résine"XR 648’au moment de son applica-—

tion doit é@étre de préférence comprise entre 80 et 140 centipoi-

ses ; elle est alors en mélange avec une quantité sensiblement

égale de xyléne ‘49 4 52% de solides dans la résine fluidifiée);
une épaisseur de 1,5 mm G2 la couche externe, au-dessus de la
couche superficielle, est suffisante. La polymérisation de cette

résine s'effectue par chauffage & 150°C pendant 2 heures.

Au lieu dtutiliser la résine "XR 90714" pour former la cou-

che superficielle, on peut former un gel de silicone de la
maniere suivante : on mélange, au moment de constituer cette

couche, la résine de silicone A et le durcisseur B du produit
connu sous la dénomination commerciale Q3-6527 (Dow Corning)
on obtient un mélange cde densité 0,97 dont la viscosité est de
510 centistokes ; l'extrait sec est de 98,2% -aprés application
du mélange ad: mélange ainsi obtenu, on polymérise la résine
pour obtenir un gel, dans les conditions suivantes : chauffage
& 65°C pendant 4 heures, puis 4 100°C pendant 1 heure, puis
& 150°C pencant 15 minutes. ;

La réparation @'tun subsirat revétu de la ~
couche superficielle 15 constitue de |'une des résines isolantes précitées
peut @tre effectuée par dissolution de ladite couche dans
divers solvants urganiques : l'un de ceux qui sont les plus
faciles a mettre en oeuvre et celui connu sous la dénomination
commerciale "WEHA-SOLVE SI" (S.C. P. C.) qui permet 1'éli-

mination de ladite couche superficielle par digestion 4 la
suite de l'immersion de ladite pastille ou de l'immersion d'une

partie du circuit d'interconnexion pendant par exemple 6 mn
& 110°C dans ce solvant ; les partics métalliques et les couches

z
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de matiére isolante ne sont pas attaquées (aucune corrosion)
tandis que l'adhésion de la pastille au substrat n'est pas

pour la fixation de la pastille sur le substrat,
Bien entendu, l'invention n'est nullement limitée aux

modes d'exécution décrits et représentés qui n'ont été donnés
qu'a titre d'exemple. En particulier, elle comprend tous les
moyens constituant ces équivalents techniques des moyens
décrits . insi que leurs combinaisons, si celles-ci sont
exécutées suivant son esprit et mises en ceuvre dans le cadre
des revendications qui suivent. .
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' “Vorrichtung zum Verbinden eines Elektromotors mit einem Arbeits-—erat"

Die Erfindung betrifft eine Vorrichtung entsprechend dem Oberbe-
griff des Anspruches 1.

Bei einer bekannten Vorrichtung dieser Art sind die gegenseitig
angepaBten Gehduse des Elektromotors und des Arbeitsgerdtes unmittel-
barmiteinander verbunden und der Lagertrdger ist innerhalb des
Motorgehduses untergebracht. Der durch die Form des Arbeitsgerdts
bedingte Anschlu8Bflansch des Motorgehduses hat meist einen ver-
hdltnismaBig groBen Durchmesser, was einen verhdltnism&Big hohen
Werkstoffaufwand zur Folge hat. Bei der Ausbildung des Arbeits-
gerates als Pumpe ist die Verbindung zwischen den Gehdusen einem
hohen Druck unterworfen, der sich insbesondere bei Motorgehdusen
aus Kunststoff wegen dessen begrenzter Temperaturbestdndigkeit
bei hoher Flitissigkeitstemperatur und hoher Wicklungstemperatur
nachteilig auswirkt. Eine mechanische Versta&rkung des Flansches
ist oft aus technischen und wirtschaftlichen Griinden nicht mdglich.
Das Motorgehduse muB der jeweiligen Form des Arbeitsgerdtes ange-
pa&t werden, was bei der Verschiedenartigkeit der Gehiuse der
Arbeitsgerdte auch andere Gehduseformen des Motors bedingt. Hier-

-2-
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durch entstehen hohe Herstellungs- und Formkosten fiir ein Kunst-
stoffgehiuse. Hdufig ist das Ein- und Ausformen der Gie8Blinge
des Motorgehduses schwierig (DT-OS 2 135 433).

Der Erfindung liegt die Aufgabe zugrunde, die Form des Motor-
gehduses weitgehend zu standardisieren, Diese Aufgabe wird durch
die Merkmale im Kennzeichnungsteil des Anspruches 1 erfindungs-
gema8 geldst. Durch die Zwischenschaltung des Lagertrdgers zwischen
die Gehduse des Arbeitsgerates und des Elektromotors ist es mog—-
lich, die Form des Motorgehduses zu vereinheitlichen und an einer
einzigen Art von Motorgehduse bei entsprechender Ausbildung des
jeweiligen Lagertrdgers jeweils eine andere Gehduseform des Arbeits-—
gerdtes anzubringen. Hierdurch wird die Anzahl der zur Anbringung
an unterschiedliche Gehduse der Arbeitsgerdte notwendigen Bauformen
des Motorgehduses wesentlich verringert. Es mu8 zwar jeweils
der Lagertrager an die Form des GehSuses des Arbeitsgerdtes ange-
pa8Bt werden. Diese MaBnahme ist jedoch weniger aufwendigq und
weniger schwierig als die jeweilige Anpassung des Motorgehauses,
Dieses 148t sich in einfacher Weise derart ausbilden, da&B ein
geringer Materialverbrauch vorhanden ist, da& sich nur geringe
Formkosten ergeben und daB sich der GieBling des Motorgehduses
in einfacher Weise ein- und ausformen l14B8t. Der Lagertrager kann
auSerdem in der Weise ausgebildet werden, daB er einen Teil des
statischen Druckes auf seiten des Motors aufnimmt und der Motor
nur noch einen geringen Restdruck, wenn das Arbeitsgerdt eine
Pumpe, insbesondere eine Heizungsumwdlzpumpe, ist<;

Weitere Vorteile ergeben sich aus den lbrigen Anspriichen, der
Beschreibung und der Zeichnung. In dieser ist eine mit einem
Motor versehene Heizungsumwdlzpumpe als Ausfiihrungsbeispiel des
Gegenstandes der Erfindung im Teilldngsschnitt schematisch dar ge-—
stellt.

709810/0208
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Eine Heizungsumwdlzpumpe 1 hat ein Pumpengehduse 2, dessen Saug-
seite mit 3 und dessen Druckseite mit 4 bezeichnet sind. Inner-

halb des Gehauses befindet sich ein Laufrad 5. Das Pumpengehduse

2 sitzt mit seinem Pumpenflansch 6 in einer Ringnut eines Lager-

tr&agers 7, der mit seinem pumpenseitigen zylindrischen Vorsprung

8 in das Pumpengehduse 2 hineinragt. Der Lagertrdger 7 hat auf der

andern Seite einen motorseitigen zylindrischen Vorsprung 9 kleine-

ren Durchmessers, der in eine Statorbohrung 10 eines Elektromotors

11 hineinragt und dort zentriert ist. Zwischen dem Pumpenflansch 6
einerseits und dem Vorsprung 8 andererseits ist ein Dichtring 12

vorgesehen und zwischen dem AuSenumfang des Vorsprungs 9 und dem
Innenumfang der Statorbohrung 10 ein Dichtring 13.

Der Motor 11 hat ein aus GieBharz bestehendes Motorgehduse 14, in

dem die von einer Isolierkappe 15 teilweise umgebenen Wicklungen
16 eingebettet sind. Das Motorgehduse 14 umgibt auch ein Stator-

paket 17. An dem Motorgehduse 14 ist ein AnschluBkasten 18 befestigt.

In dem Motorgehduse 14 ist eine einen Rotor 19 tragende Motor-

welle 20 drehbar gelagert, die auf ihrem in das Pumpengehduse 2

hineinragenden und den Lagertradger 7 durchsetzenden Ende das Laufrad

5 tragt.

Das Motorgehduse 14 hat auf seiner der Heizungsumwalzpumpe 1 benach-

barten Seite einen kreisfGrmigen Ringflansch 21, der geringfiligig
tibersteht und auf seiten der Heizungsumwdlzpumpe 1 eine Sttitzstelle

fiir die Anlage der Stiitzstelle des Lagertrdgers 7 hat. Dieser .

umgibt mit seinem Flanschteil 22 den Ringflansch 21 mit Spiel.

Der Flanschteil 22 weist radiale Vorspriinge auf, von denen nur
ein Vorsprung 23 dargestellt ist. Der Vorsprung 23 ist durch

eine Befestigungsschraube 24 durchsetzt, die in eine Gewinde-
bohrung im Pumpengeh&use 2 eingeschraubt ist. Zwischen dem Kopf

-4-.
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Patenta nspriche

Vorrichtung zum Verbinden eines ein GehSuse und einen Lager~
traéger aufweisenden Elektromotors und eines ein Gehduse aufwei-~
senden Arbeitsgerdtes, insbesondere einer Pumpe, wobei
der Lagertrdger zwischen dem Rotor des Elektromotors und
dem Arbeitsgerat angeordnet ist, dadurch ge kennz2eiech -
net , da8 der Lagertrager (7) als zwischen den gegen~
seitig nicht angepaSten GehHusen (2, 14) angeordnetes und
diesen jeweils angepa8Stes Verbindungssttick ausgebildet ist,
an das auf der einen Seite das Motorgehduse (14) und auf
der anderen Seite das Gehduse (2) des Arbeitsgerdtes ange-
schlossen sind.

Vorrichtung nach Anspruch 1, dadurch gekennzeich-
net , daB& der die Gehiuse (2, 14) voneinander trennende
Lagertrdager (7) auf der einen Seite einen in das Motor-
gehaduse (14) eingreifenden Vorsprung (9) und auf der anderen
Seite einen in das Gehduse (2) des Arbeitsgerdtes eingreifenden
Vorsprung (8) aufweist.

Vorrichtung nach Anspruch 1 oder 2, dadurch gekenn -
ze ichnet , dag der Lagertrdger (7) einen Flansch
aufweist, an dem auf der einen Seite der in das Gehduse
(2) des Arbeitsgerdtes eingreifende Vorsprung (8) und auf
der anderen Seite ein einen Flansch (21) am Motorgehduse
(14) mit Spiel tbergreifender Flanschteil (22) und eine
Stiitzstelle fiir den Lagertrdger am Motorgehduse vorgesehen
sind.

709810/0208

Am. Hondav. IV II - IPR2018-00619

PETHONDA_1003-0328



Am. Honda v. IV II - IPR2018-00619 
PET_HONDA_1003-0329

"9539492

-6- 21, August 1975 Zz
: P 6294

Vorrichtung nach einem der vorhergehenden Anspriiche,: dadurch
gekennzeichnet , daB mindestens ein am Lager-
tradger (7) angreifendes Befestigungsglied (24) zum Befestigen
der Gehduse (2, 14) von Elektromotor (11) und Arbeitsgerit
(1) an dem Lagertrager dient.

Vorrichtung nach Anspruch 4, dadurch gekennzeich-
net , da&B dem im Lagertrdger (7) und in einem der Gehduse
(2, 14) angebrachten Befestigungsglied (24) eine Lasche
(26) zugeordnet ist, die an éinem Vorsprung (21) am andern
Gehaduse (14, 2) ansteht.

Vorrichtung nach einem der Anspriiche 2 bis 5, dadurch ge -
kKennzeichnet , daB der in das Motorgehduse (14) ein-
greifende Vorsprung (9) in dessen Statorbohrung (10) zentriert
ist und da& der in das Gehduse {2) des Arbeitsgerdtes (1) ein-
greifende Vorsprung (8) sich am AuSenumfang des Lagertrigers
(7) im Bereich von dessen das Motorgehduse tibergreifenden
Flanschteil (22) befindet.
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TITLE SPINDLE DEVICE, SPINDLE MOTOR, a -AND ROTARY DEVICE ADOPTING FS aAV3
SPINDLE MOTOR

ABSTRACT : PROBLEM TO BE SOLVED:To obtain a spiridie device in which a gasthrust 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: Whena radial bearing fixing member 7A is decenterized in a minute size, and
an automatic core regulating operation to react the magnetic forces of ring magnets 9A,
and 9Apo, and the magnetic force of a ring magnet 10A,to float a spindle 2A to a spindle
support member 1A, so as to be goingto fit the center of the ring magnet 10Ato the
center of the magnets 9A, and 9Azo,is generated, and the deviceis rotated, an air
dynamic pressure is generated in a gap betweenthe radial bearing member 7A and a
radial bearing movable member8Asoasto 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 (NRRO).
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