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THERMALLY INDUCED DAMAGE RESISTIVE CAPACITOR AND METHOD

RELATED APPLICATIONS

^fI The present application claims priority from U.S. Provisional Application Ser. No.

60/595,783, filed on August 5, 2005, which is incorporated herein by reference and attached hereto as

exhibit A.

BACKGROUND

f 2 Many modern capacitors are made using a capacitor body with metallized film. The

metallized film typically includes a thin polymer film such as polypropylene on which a thin metal film

has been condensed or otherwise deposited. The metallized film is arranged in a manner in which the

thin metal films form two separate internal electrodes that are separated by the polymer film. The two

separate internal electrodes are substantially electrically isolated from one another and a capacitance is

exhibited between the internal electrodes. The thin metal film of each internal electrode is connected to

an end electrode and terminations are connected to each end electrode to electrically connect to the

capacitor.

^[3 In some instances, two separate sheets of metallized film are rolled or wound together into a

cylindrical shaped capacitor body having two generally circular ends. The sheets of metallized film are

offset from one another so that each separate sheet only extends all the way to one of the generally

circular ends. In these instances, each end electrode is positioned at one of the generally circular ends

and is connected to the sheet of metallized film that extends to the end where the end electrode is

positioned. This construction yields an annular form capacitor that has a cross-section with layers of

metallized film that alternate between the two separate internal electrodes formed by the thin metal film

of each sheet. In this instance, each of the end electrodes connects together the layers of the respective

internal electrodes.

%4 In other instances, each of the internal electrodes is formed of separate layers of the metallized

film to create a rectangular shaped capacitor body. In these instances the layers of one internal

electrode are arranged to alternate with the layers of the other internal electrode and are offset from one

another on two ends. The end electrodes in these instances, provide an electrical connection between

the individual layers of each internal electrode at the offset ends. Other types of capacitors have layers

of metal and dielectric such as polymers, in various arrangements, which are not affixed to one another

prior to the assembly of the capacitor.

f 5 One common technique that is used to create the end electrodes is called end spray. In this

technique a molten end spray metal, which may include tin, zinc or other conductive materials, is

sprayed onto each of the offset ends of the layers of metallized film. The spray continues until the end



spray metal builds up to a certain thickness. The end spray metal sticks to the metallized film and,

when the molten metal cools and solidifies, the end spray metal is electrically connected to the metal of

the metallized film. The solidified end spray metal on each end connects to one of the internal

electrodes where they serve as the end electrodes. Typically, the end spray metal is sprayed onto the

ends of the metallized film in as uniform a manner as possible. Other techniques for creating metal end

electrodes may also be available.

6 One of the problems encountered in the use of metal or other types of rigid end electrodes

relates to the failure of the capacitor due to one or both of the end electrodes cracking. Many cracking

problems are thermally induced as a result of the capacitor being subjected to temperature changes and

repeated temperature cycling. In some instances, thermally induced cracking includes the condition

where one or both end electrodes at least partially separate from the internal electrodes of the capacitor

body. Such a separation changes the characteristics of the capacitor, such as the capacitance and/or

current carrying or other characteristics of the capacitor. Other types of thermally induced cracking or

damage involve the end electrodes themselves cracking into pieces.

7 Operation of the capacitor in environments where wide ranges of temperatures are

encountered exacerbates the problems with thermally induced cracking. Some environments, which

include some types of tests, subject the capacitor to temperatures ranging from -50° C to 100° C.

When the capacitor is heated, through external and/or internal influences, the layers and end electrodes

of the capacitor expand; and when the capacitor is cooled, the layers and end electrodes contract.

8 In many instances, the cracks are a direct result of the dielectric having a different Coefficient

of Thermal Expansion (CTE) than the CTE of the end electrode. In some instances, the CTE of the

dielectric is an order of magnitude greater than the CTE of the end electrode. When the CTE of the

dielectric is greater than the CTE of the end electrode, the dielectric expands at a greater rate than does

the end electrode. This can cause the internal electrodes surrounded by the dielectric to be pulled away

from the end electrodes.

9 Typically capacitors are subject to heat generated externally to the capacitor and internal to the

capacitor. External heating comes from the devices and atmosphere surrounding the capacitor which

typically causes a more or less uniform heating of the capacitor. On the other hand, internal self

heating is caused by electrical losses inside the capacitor. Internal self heating can cause the metallized

film or other internal electrode and dielectric to be subjected to a higher temperature than the end

electrodes. This situation leads to more rapid failure of the capacitor since the increased temperature

experienced by the metallized film causes the metallized film to expand more than the end electrodes,

thereby typically causing the end electrodes to break or causing other damage to the capacitor.



10 I some circumstances, some portions of the inside of the capacitor become hotter than other

portions of the inside of the capacitor. In these situations, the metallized film expands more in the

hotter portions than in the cooler portions which causes a non-uniform stress on the end electrodes

which can lead to capacitor failure.

11 The rigid end electrodes of some capacitors can be very large, sometimes exceeding ten or

more inches in diameter for a cylindrically shaped capacitor, for instance. These large capacitors have

many layers of dielectric material which, when heated, expand together to increase the overall

dimensions in one or more directions of the capacitor. The overall expansion of each dimension of the

dielectric is greater than the overall expansion of each corresponding dimension of the rigid end

electrodes. Therefore, since the dielectric and rigid end electrodes are connected to one another but the

dielectric is expanding faster than the end electrodes, the end electrodes crack. Thermally induced

cracking happens to small capacitors as well as large capacitors, although thermally induced cracking

may be more pronounced in large capacitors.

l 2 The foregoing examples of the related art and limitations related therewith are intended to be

illustrative and not exclusive. Other limitations of the related art will become apparent to those of skill

in the art upon reading of the specification and a study of the drawings.

SUMMARY

This writing pertains at least in part to a segmented end electrode capacitor and the method of

segmenting an end electrode of a capacitor.

f13 The following embodiments and aspects thereof are described and illustrated in conjunction

with systems, tools and methods which are meant to be exemplary and illustrative, not limiting in

scope. In various embodiments, one -or more of the above-described problems have been reduced or

eliminated, while other embodiments are directed to other improvements.

14 A method for manufacturing a capacitor is described in the present disclosure. The method

allows the capacitor to resist thermally induced damage. In the method, a capacitor is formed by

positioning a first electrically conductive layer in a spaced apart relationship with a second electrically

conductive layer using a dielectric material in between the first and second layers. The first layer has a

first layer lengthwise edge at a first end of the capacitor body and the second layer has a second layer

lengthwise edge at a second, opposing end of the capacitor body. An end spray metal is sprayed into

contact with the first layer lengthwise edge at the first end of the capacitor body to create a first end

electrode and the end spray metal is sprayed into contact with the second layer lengthwise edge at the

second end of the capacitor body to create a second end electrode. The end spray metal has a

coefficient of thermal expansion that is different than a coefficient of thermal expansion of the

dielectric material. The first end electrode is divided into first electrode segments which are each



electrically connected to different portions of the first layer lengthwise edge at the first end. The first

electrode segments are arranged to allow the dielectric material to thermally expand and contract while

the segments remain electrically connected to the different portions of the lengthwise edge at the first

end. The first electrode segments are connected together with flexible electrical conductors to

electrically connect the first electrode segments together while allowing the first electrode segments to

move substantially independently from one another. The capacitor exhibits a capacitance between the

connected first electrode segments and the second end electrode.

[15 Another method disclosed involves a method for reducing thermally induced damage in a

metallized film capacitor, The capacitor has an arrangement of first and second internal electrodes

made with layers of metallized film that are electrically isolated from one another. The first internal

electrode is electrically connected to a first end electrode at a first end and the second internal electrode

is electrically connected to a second end electrode at a second end. The first and second end electrodes

are substantially rigid and have a coefficient of thermal expansion that is different from a coefficient of

thermal expansion of the metallized film. The end electrodes are divided into electrode segments to

allow the metallized film to thermally expand and contract while the first internal electrode remains

electrically connected to the first end electrode and the second internal electrode remains electrically

connected to the second end electrode.

fI 6 Another method involves producing a capacitor with metal end electrodes connected to a

wound metallized film. The metallized film has a dielectric that thermally expands and contracts. The

end electrodes are divided into a plurality of electrode segments which can move substantially

independently from one another while remaining connected to the metallized film responsive to

thermal expansion and contraction.

fl 7 A capacitor is disclosed which has a first electrically conductive layer having a first layer

lengthwise edge and a second electrically conductive layer having a second layer lengthwise edge,

where the first and second electrically conductive layers are arranged in a spaced apart relationship

from one another. A dielectric material is positioned between the first and second electrically

conductive layers. A first end electrode is electrically connected to the first layer lengthwise edge, and

a second end electrode is electrically connected to the second layer lengthwise edge. The second end

electrode is divided into a plurality of electrode segments that are each connected to different portions

of the second layer lengthwise edge. The dielectric material is capable of thermally expanding and

contracting while the electrode segments remain connected to the second layer lengthwise edge. The

capacitor exhibits a capacitance between each of the electrode segments and the first end electrode.

f 8 In addition to the exemplary aspects and embodiments described above, further aspects and

embodiments will become apparent by reference to the drawings and by study of the following

descriptions.



BRIEF DESCRIPTION OF THE DRAWINGS

f 19 Fig. 1 is a perspective view of a capacitor having segmented end electrodes according to the

present disclosure.

^[20 Fig. 2 is a section view of the capacitor shown in Fig. 1, taken along section line 2-2.

%2\ Fig. 3 is another section view of a capacitor according to the present disclosure having

segmented end electrodes which are electrically connected to one another.

^[22 Fig. 4 is a perspective view of a capacitor according to the present disclosure having

segmented end electrodes which are electrically connected to one another.

DETAILED DESCRIPTION

f 23 A capacitor 20 according to the present disclosure is shown in Fig. 1. Exemplary capacitor 20

includes a capacitor body 22 and two end electrodes 24 and 26 which are divided into end segments 28

and 30, respectively. Dividing or segmenting end electrodes 24 and 26 allows the segments to move

substantially independently from one another which avoids or reduces instances of thermally induced

cracking of the end electrodes.

%24 Each of segments 28 and 30 are connected with a different portion of capacitor body 22 and

are not directly connected to one another with a rigid interface. This allows individual segments 28 and

30 to move with expansion and contraction of the portion of capacitor body 22 to which they are

connected without causing cracks to form in end electrodes 24 and 26.

^[25 Since each segment is connected to a different portion of the capacitor body, each segment is

therefore substantially only subject to forces caused by the connected portion of the capacitor body.

The forces are caused by a relative change in dimension between the segment and the portion of the

capacitor body to which it is attached, due to the segment and capacitor body having different

coefficient of thermal expansions (CTE). By dividing the end electrodes into segments, these forces

are overcome by the strength of the attachment between the capacitor body and the segments.

f 26 Segments include segment edges 32 and segment faces 34, Figs. 2 and 3. In some instances,

the segment edges 32 of adjacent segments may at least temporarily contact one another, Figs. 1 and 2.

This is not considered to affect the substantially independent nature of the movement of the segments

relative to one another. Gaps 36 define segment edges 32 between adjacent segments. In other

instances, segment edges 32 of adjacent segments 28 or 30 do not contact one another at any

temperature, Fig. 3. In these instances, gap 36 is relatively large. Other partially extending gaps 39,

Fig. 1, may not be between separate electrode segments, but may instead extend only partially across

an electrode segment. Partially extending gap 39 may allow the electrode segment to deform rather



than crack when subjected to stress. Other configurations of gaps and segments may also be used for

reducing the incidence of thermally induced damage.

p , As the temperature of the capacitor increases, the segments will move further away from one

another. The segments move further away from one another in these instances because material in

capacitor body 22 has a higher CTE than does the material of the end electrodes 24 and 26. This

situation causes an increase in the size of gaps 36 between adjacent segments and limits or eliminates

the effect that the movement of one segment has on the movement of other segments. Therefore, as

capacitor body 22 increases in temperature the body expands at a greater rate than do segments 28 and

30, which causes the segments to be moved away from one another in a plane of end electrodes 24 and

26.

[28 Capacitor body 22 includes internal electrodes or electrically conductive layers 38 and 40 and

dielectric material or layers 42 and 44, as shown in Figs. 2 and 3. Electrically conductive layers 38 and

40 are arranged for producing a capacitance. Capacitor body 22 shown in Fig. 1 has a cylindrical or

annular shape with two circular ends where end electrodes 24 and 26 are attached to electrically

conductive layers 38 and 40, respectively. Capacitor body 22, in the present example, defines a

cylindrical opening 45.

29 In some instances, the cylindrically or annular shaped capacitor body has generally circular

end electrodes 24 and 26 which are defined by a radius 47 that extends from a center point 49. A

circularly shaped gap 37 can be used with capacitor body 22 where the circular gap is defined by a

radius 5 1 which extends from a center point 53. In this instance, center point 53 can be located at a

different position than center point 49 so that circular gap 37 is not concentric with generally circular

end electrode 24. The non-concentric nature of circular gap 37 prevents the gap from being generally

co-linear with electrically conductive layers 38 or 40 for any substantial length which limits the

distance that electrical current must flow along a length of electrically conductive layer 38 or 40 before

reaching end electrode 24 or 26.

30 In the case of cylindrically shaped capacitor body 22 of the present examples, the body is

formed by rolling together two sheets 46 and 48 of metallized film. Metallized film 46 and 48 has a

film portion which serves as dielectric 42 and 44, respectively, and a metal layer having deposited

thereon a thin coating on the film portion and which serves as the electrically conductive layers 38 and

40, respectively. Typically, the film portion is a type of polymer and the metal is deposited on the

polymer by condensing a metal vapor. Multiple layers of electrically conductive layers 38 and 40 and

dielectric 42 and 44 are displayed in a cross section of cylindrically shaped body 22, as shown in Figs.

2 and 3, however, every other layer 38 or 40 simply represents additional turns of the sheets 46 and 48,

respectively. Capacitor body 22, shown in Figs. 2 and 3, increases in radius in the direction of arrow

54.



31 The two sheets 46 and 48 are rolled together to form capacitor body 22, in the present

example, in such a way that electrically conductive layer 38 extends to a lengthwise edge 50 of sheet

46 and electrically conductive layer 40 extends to a lengthwise edge 52 of sheet 48 as shown in Figs. 2

and 3. Electrically conductive layers 38 are connected to end segments 28 of end electrode 24 along

lengthwise edge 50.

32 Other methods of constructing capacitor body 22 into the cylindrical or other shapes may also

be used. For example, separate layers of electrically conductive material and dielectric may be used,

and the capacitor body may be formed with a rectangular shape.

[33 End electrodes 24 and 26 are typically attached to capacitor body 22 by spraying an end spray

metal onto the lengthwise edges 50 and 52, respectively. In this spraying process, the end spray metal

is heated to a molten state and droplets of the metal are deposited onto edges 50 and 52 where contact

is made with electrically conductive layers 38 and 40, respectively. Metals used for the end spray

metal include tin, zinc, and/or others. The droplets of end spray metal are deposited on capacitor body

22 until the end electrodes are sufficiently thick. In some examples, sufficient thickness occurs when

the end electrodes are thick enough to withstand connection of flexible electrical conductors 56 (Fig. 3)

at connection points 58 on the faces 34 of the end electrodes 24 and 26. As an example, the thickness

of the sprayed electrodes in some capacitors is typically 0.005" to 0.025" thick.

34 In some instances, end electrodes 24 and 26 are segmented or divided by using a mask with

the spraying process. In these instances, the mask is placed relative to lengthwise edges 50 and 52 of

capacitor body 22 during the spraying process. The mask may have metal rods or spokes which block

the droplets end spray metal from reaching portions of lengthwise edges 50 and 52 of electrically

conductive layers 38 and 40 which leaves gaps 36 in end electrodes 24 and 26. Segments 28 and 30 are

formed with the end spray metal where the mask does not block the droplets from contacting

lengthwise edges 50 and 52. Other materials and masking techniques may be used to create end

electrodes 24 and 26 with segments 28 and 30.

35 Segments 28 and 30 may also be created by sawing or otherwise cutting the end electrodes 24

and 26 after the end electrodes are connected or formed on capacitor body 22 as solid or undivided

pieces. In one instance, a circular saw blade is used to cut gaps 36 in end electrodes 24 and 26 to create

the segments 28 and 30. Some segments 28 and 30 are divided with an arrangement where at least

some gaps 36 run along a radius of a circularly shaped end electrode. Other segment patterns or

arrangements may also be used so long as the segments reduce the instance of cracking of the end

electrodes. Some patterns or arrangements of segments may be better at reducing or eliminating

thermally induced damage than other patterns or arrangements of segments. This may depend, at least

in part, on the directions in which capacitor body 22 expands the greatest when heated. It is considered



that one of ordinary skill in the art can accomplish forming segments in a suitable manner such as, for

example, by using a mask, sawing or in any other suitable way, with this disclosure in hand.

[36 The number of segments is based at least partially on the size of end electrodes 24 and 26, in

some instances. Larger end electrodes generally require more segments than do small end electrodes.

Typically, more segments yield a decreased risk of thermally induced damage than does fewer

segments for a given size of end electrode. However, there are practical limits on the number of

segments which the end electrodes can be divided into, since it is typically more difficult to attach

flexible conductors 56 to smaller segments. As an example, a cylindrical or annular shaped capacitor

having an end electrode with a diameter of approximately ten inches, may have 12 to 24 separate

electrode segments on each end. These or other end electrodes may have more or less segments, and

the number or arrangement of segments on each end electrode of a single capacitor may be different.

f37 Segments 28 and 30 shown in Fig. 3 are attached to buses 60 and 62 with flexible electrical

conductors 56. .Buses 60 and 62 are relatively rigid and flexible electrical conductors 56, shown in Fig.

3, are made of bendable metal which allows the segments to move relative to one another without

breaking loose from busses 60 and 62. Flexible electrical conductors 56 electrically connect segments

28 to buses 60 and electrically connect segments 30 to bus 62. Buses 60 and 62 serve as terminals to

connect capacitor 20 to other electrical components (not shown).

38 Flexible electrical conductors 56 shown in Fig. 4 are made of braided wires. Flexible

electrical conductors 56, in this instance, electrically connect adjacent segments 28 to one another and

adjacent segments 30 to one another at connection points 58. In this arrangement, all of segments 28

are electrically connected to one another to serve as end electrode 24; and all of the segments 30 are

electrically connected to one another to serve as end electrode 26. Flexible cables 64 and 66 serve as

terminals to electrically connect each end electrode 24 and 26 of the capacitor 20 to other electrical

components.

f 39 In addition, or as an alternative to having all of the segments electrically connected together,

each of the segments 28 and 30 can each have independent flexible terminals and/or the segments can

be organized in groups which are electrically connected together. In some instances, the terminals are

connected together externally to the capacitor. In some instances, the capacitor may have only one end

electrode divided into segments. Generally, connections to segments 28 and 30 should have a flexible

nature which does not unduly interfere with the movement of one segment relative to the other

segments.

f 40 An added benefit experienced by connecting an independent flexible terminal to each of the

segments is that the equivalent series inductance (ESL) of the capacitor is reduced in comparison to

similar capacitors which do not have independent terminals to each segment. Reduction of ESL is



important because it improves the ability of a circuit to reduce ripple on a power bus. When each

segment is connected to the power bus with a separate terminal, each segment behaves as a quasi-

discrete capacitor. This causes an overall ESL of the capacitor to be reduced relative to an identical

capacitor having a single continuous end electrode with a single terminal on each end of the capacitor.

41 Segmenting one or more of the end electrodes improves the reliability of the capacitor by

reducing or eliminating the incidences where the capacitor fails or degrades due to thermally induced

damage. Affects of CTE mismatch are mitigated by separating the end electrodes into segments which

reduces forces acting to damage the end electrodes. The segments reduce or eliminate the effects that

expanding portions of one part of the capacitor body have on segments which are not connected to the

part of the capacitor body. Segmenting the end electrodes allows the segments to move in different

directions and/or at different rates from one another, which reduces the stress between different

portions of the end electrodes. Segmented end electrodes can be used on capacitors with a metal or

rigid interface between capacitor internal electrode layers and external connections.

[42 As a broad overview, this writing discloses as one exemplary embodiment a capacitor with a

segmented end electrode and methods for segmenting an end electrode of a capacitor for reducing or

eliminating instances of thermally induced damage of the capacitor.

f43 While a number of exemplary aspects and embodiments have been discussed above, those of

skill in the art will recognize certain modifications, permutations, additions and sub-combinations

thereof. It is therefore intended that the following appended claims and claims hereafter introduced are

interpreted to include all such modifications, permutations, additions and sub-combinations as are

within their true spirit and scope.



POWER RING CAPACITOR SEGMENTED END SPRAY

DESCRIPTION

FIELD OF INVENTION

[Para 1] The p reset invention relates t o a method of electrically connecting t o a metallized

film capacitor t o i πprove its reliability over a wide temperature range and t o reduce the

equivalent series irductance of the capacitor.

SUMMARY O F THE PRESENT INVENTION

[Para 2] The preseit invention describes a design concept that results i n a capacitor that

has the following α pabilities not known by the applicant t o be available in the marketplace

as o f June 28, 200:. For a large diameter metallized film capacitor, there is a substantial

temperature coeffi::ent o f mismatch between the end spiray metal and the metallized film.

This can be a signi ϊ cant problem when the capacitor is operated over wide temperature

ranges. As temperaure rises, the film expands much mome than does the metal end-spray.

The temperature c ef f ic ie nt mismatch is a more serious problem with internal self-heating,

as the internal temperature will be higher than the end spray metal. This implies more

swelling of the film with respect t o the cooler end spray tihan what would occur if the

capacitor temperaure were purely a function of the ambient temperature.

[Para 3] This paten addresses a method t o mitigate the (effects o f this mismatch by

separating the end 3pray into sections, o r segments so that the absolute value o f the

relative movement between the film and the end spray wil be significantly reduced



compared with the mismatch found when a continuous metal end spray is used. This

improvement results in a capacitcor with m uα higher reliability than would otherwise be the

case, since the stress at the contact between the end spray metal and the capacitor film is

much reduced as the capacitor temperature πoves above o r below the end spray process

temperature.

[Para 4] Metallized capacitor construction is <nown prior art. Metallized film is woωnd up in

a roll, with each film layer extending t o one sde of the wound section. Connection tto the

metallization is made by spraying molten meal droplets against each end of the capacitor,

building up a thickness sufficients: for attachirg electrical terminations.

[Para 5] What is proposed is to design the capacitor end-spray system with a maslk, saw

cuts, o r other means t o create a {pattern that creaks the end spray area at the end off the

capacitor winding into discrete or near discre:e islands o r segments. Over the operating

temperature range, this segmentation will limt the absolute mismatch that will occ u at any

given location t o some value that wiil depenc on the size and shape chosen for the

segments. The pattern can be any that accomplishes this intent, and any appropriate

number of segments o r partial segments may be used. Each end spray segment is

connected to the others in a way tthat allows Tie connection t o expand and contract without

significant additional mechanical stress t o the film capacitor winding. The capacitorr may

have multiple terminations t o its Hoad, includ πg but not limited to a terminal for each end

spray segment. The interconnectiions betweer adjacent sections can be made with (but not

limited to) braided wire, bent or folded metal strip, or via external means such as am

independent electrical termination for each segment o r group. The interconnection. ibetween

segments would then be done exfternal to the capacitor.

[Para 6] The segmentation patteirn design can be any that meets the needs described

above. This segmentation process can be usei on any capacitors that employ connection via



a sprayed metal interface between capacitor internal electrode layers and external

connections.

[Para 7] This process of segmenting the capacitor end connection is not known by the

applicant t o be available in the marketplace as of June 28, 2005.

[Para 8] The segmented end spray metal as described above is shown in Figure 1 and

Figure 2 . Figure 1 i s a schematic drawing of a wound metallized film capacitor known in the

prior art. It consists of a plurality of turns of thin polymer film such as polypropylene, on

which a thin metal film has previously been deposited and patterned. Electrical contact to

alternating layers of the wound cylinder are made at the ends of the cylinder by using a

metal coating that is commonly sprayed onto the two end surfaces of the cylinder, whereby

intimate electrical contact is made between the individual metal film layers of the windings

and the end electrode. The two end sprayed electrodes form the electrical terminals of the

completed capacitor. Normally the end spray i s deposited in as uniform a manner as

possible onto the cylinder ends.

[Para 9] Figure 2 is a drawing of the disclosed method of forming the two terminations of a

wound film capacitor. The capacitor in this case has a larger diameter than its thickness,

and a hollow central region, resulting in a ring-shaped device. The end spray electrodes are

deposited onto the two large, flat surfaces of the cylinder. Each electrode is patterned into a

plurality of smaller electrode segments. The segments on one side of the cylinder are

electrically connected with each other to form a single capacitor termination. The segments

on the other side of the cylinder are connected to each other in a similar manner. The

mechanical linkages between the segments are minimized to reduce the mechanical

strength between segments. This permits the individual segments to mechanically shift

relative t o each other without imparting uffdue mechanical stresses onto the underlying

wound cylinder.



[Para 10] Another aspect of the disclosed invention is the reduction i n Equivalent Series

Inductance (ESI-) that can be achieved with the segmented electrodes. It is well known in the

art that when large ripple voltages must be reduced o n a power bus having an appreciable

physical extent, a preferred method involves the use of a plurality of individual capacitors

connected electrically in parallel and physically distributed along the power bus. This

reduces the ESL of the complete circuit and improves the circuit's ability t o reduce voltage

ripple on the power bus. The segmented end electrodes disclosed here provide the same

functionality. Each segment has a separate lead connected between it and the power bus.

The lead is selected to induce minimal mechanical stresses onto the electrode segment,

especially when the device is temperature cycled. Each segment behaves as a quasi-discrete

capacitor, such that the overall ESL of the segmented electrode capacitor is reduced relative

to that of an identical capacitor having a single continuous end electrode and a single

electrical lead on each end of the capacitor.

[Para 1 l ] One advantage of the present invention is that it offers the lowest possible

mechanical stress resulting from mismatched temperature coefficients between the end

spray electrode and the wound cylinder body of the capacitor.

[Para 12] Another advantage of the present invention is that it enables the best reliability in

an application where wide range temperature cycling is a typical environment, because

relative motion of the end spray and capacitor section is minimized with segmentation.

[Para 13] Another advantage of the present invention is that if the capacitor is manufactured

with a separate termination from each segment (or sub-group of segments), it can optimally

function with an extremely low ESL in a bus bypass and /or energy storage application, with

performance that exceeds the ESL of capacitors manufactured today without the use of the

disclosed end spray segmentation.



BRIEF DESCRIPTION OF DRAWINGS

[Para 14] FIG. 1 is a drawing of prior art wound metallized polymer film capacitor structure.

[Para 15] FIG. 2 is a drawing of the segmented end spray electrode.



What i s claimed is:

[Clai m 1] A method of making electrical connections to the two terminals of a wound

metallized film capacitor suitable for use in wide temperature range applications, comprised

of a plurality of sprayed metal electrode segments formed onto each end of the capacitor

body, where each electrode segment on each end of the capacitor body is electrically

connected to adjacent electrode segments on the same end of the capacitor body by

mechanically compliant, electrically conducting elements, and where the gap between

adjacent electrode segments is sufficient to prevent interference between segments over a

wide temperature range.

[Claim 2] A method of making electrical connections to the two terminals of a wound

metallized film capacitor t o achieve a low equivalent series inductance, comprised of a

plurality of sprayed metal electrode segments formed onto each end of the capacitor body,

where each of the plurality of electrode segments of each end of the capacitor body is

electrically connected to a common electrode by mechanically compliant electrically

conducting elements.





Figure 2



What is claimed is:

1 A method for manufacturing a capacitor which resists thermally induced damage, the

method comprising

forming a capacitor body by positioning a first electrically conductive layer in a spaced apart

relationship with a second electrically conductive layer using a dielectric material in between the first

and second layers, said first layer having a first layer lengthwise edge at a first end of said capacitor

body and said second layer having a second layer lengthwise edge at a second, opposing end of said

capacitor body,

spraying an end spray metal into contact with the first layer lengthwise edge at the first end of

the capacitor body to create a first end electrode and spraying the end spray metal into contact with the

second layer lengthwise edge at the second end of the capacitor body to create a second end electrode,

the end spray metal having a coefficient of thermal expansion that is different than a coefficient of

thermal expansion of the dielectric material,

dividing the first end electrode into first electrode segments which are each electπcally

connected to different portions of the first layer lengthwise edge at the first end, the first electrode

segments arranged to allow the dielectric material to thermally expand and contract while the segments

remain electrically connected to the different portions of the lengthwise edge at the first end, and

connecting the first electrode segments together with flexible electrical conductors to

electπcally connect the first electrode segments together while allowing the first electrode segments to

move substantially independently from one another, where the capacitor exhibits a capacitance between

the connected first electrode segments and the second end electrode

2 A method as defined in claim 1, further comprising

dividing the second end electrode into second electrode segments which are each electπcally

connected to a different portion of the second layer lengthwise edge at the second end to allow the

dielectric material to thermally expand and contract while the second electrode segments remain

connected to the second layer lengthwise edge, and

connecting the second electrode segments together with flexible electrical conductors to

electπcally connect the second electrode segments together while allowing the second electrode

segments to move substantially independently from one another, where the capacitor exhibits said

capacitance between the connected first electrode segments and the connected second electrode

segments

3 A method as defined m claim 1 wherein a metallized polymer film is used m forming the

electπcally conductive layers and the dielectric

4 A method as defined in claim 1 wherein the first end electrode is divided into first electrode

segments by sawing the first end electrodes



5. A method as defined in claim 1 wherein the first end electrode is divided into first electrode

segments by masking the first end of the capacitor body before spraying the end spray metal into

contact with the first layer lengthwise edge.

6. A method as defined in claim 5 wherein the first end is masked with a metal mask which

includes metal rods.

7. A method as defined in claim 1 wherein the end electrodes are divided using a cutter tip.

8. A method as defined in claim 1 wherein the first end electrode has a generally circular

shape defined by a first radius extending from a first center point and the first electrode segments

include a segment circular shape that is defined by a second radius extending from a second center

point, where the first and second center points are at different locations.

9. A method for reducing thermally induced damage in a metallized film capacitor having an

arrangement of first and second internal electrodes made with layers of metallized film that are

electrically isolated from one another and where the first internal electrode is electrically connected to a

first end electrode at a first end and the second internal electrode is electrically connected to a second

end electrode at a second end, where the first and second end electrodes are substantially rigid have a

coefficient of thermal expansion that is different from a coefficient of thermal expansion of the

metallized film, the method comprising:

dividing the end electrodes into electrode segments to allow the metallized film to thermally

expand and contract while the first internal electrode remains electrically connected to the first end

electrode and the second internal electrode remains electrically connected to the second end electrode.

10. A method as defined in claim 9 wherein the end electrodes are divided into segments by

sawing the end electrodes after the end electrodes are spraying onto the internal electrodes in a molten

state.

11. A method as defined in claim 9 wherein the end electrodes are divided into electrode

segments by masking the ends of the internal electrodes and spraying the end electrodes into contact

with the internal electrodes on the ends.

12. A method as defined in claim 11 wherein the segments are masked with a metal mask

which includes metal rods.

13. A method as defined in claim 9 wherein the end electrodes are divided using a cutter tip.

14. A method as defined in claim 9 further comprising electrically connecting electrode

segments of one end together with one another and electrically connecting electrode segments of the



other end together with one another, where the electrode segments of one end are electrically isolated

from the electrode segments of the other end

15 A method as defined in claim 9 wherein the metallized films are arranged m alternating

layers by rolling the metallized films into a generally cylindrical shape

16 In producing a capacitor with metal end electrodes connected to a wound metallized film

having a dielectric that thermally expands and contracts, a method comprising

dividing each of the end electrodes into a plurality of electrode segments which can move

substantially independently from one another while remaining connected to the metallized film

responsive to thermal expansion and contraction

17 A method as defined in claim 16, further comprising

connecting the electrode segments of each end electrode to one another electrically with one

or more flexible electrical connectors

18 A method as defined m claim 16 wherein the electrode segments are connected to one

another electrically using one or more braided cable electrical connectors

19 A method as defined in claim 16 wherein the end electrodes are divided using a cutter tip

20 A method as defined in claim 16 wherein the metal end electrodes have a generally

circular shape defined by a first radius extending from a first center point and the segments include a

segment circular shape that is defined by a second radius extending from a second center point, where

the first and second center points are at different locations

2 1 A capacitor, comprising

a first electrically conductive layer having a first layer lengthwise edge,

a second electrically conductive layer having a second layer lengthwise edge, where the first

and second electrically conductive layers are arranged in a spaced apart relationship from one another,

a dielectric material positioned between the first and second electrically conductive layers,

a first end electrode that is electrically connected to the first layer lengthwise edge, and

a second end electrode that is electrically connected to the second layer lengthwise edge,

where the second end electrode is divided into a plurality of electrode segments that are each connected

to different portions of the second layer lengthwise edge, where the dielectric material is capable of

thermally expanding and contracting while the electrode segments remain connected to the second

layer lengthwise edge and where the capacitor exhibits a capacitance between each of the electrode

segments and the first end electrode



22. A capacitor as defined in claim 2 1 wherein the electrode segments aforesaid are second

electrode segments and the first end electrode is divided into a plurality of first electrode segments that

are each connected to different portions of the first layer lengthwise edge, where the dielectric material

is capable of thermally expanding and contracting while the second electrode segments remain

connected to the first layer lengthwise edge.

23. A capacitor as defined in claim 2 1 wherein the first and second electrically conductive

layers are each portions of single sheets of metallized polymer that are rolled together into a generally

cylindrical shape.

24. A capacitor as defined in claim 23 wherein the second end electrode includes a generally

circular shape and the segments are defined by gaps which are positioned at least partially across a

radius of the circular shape.

25. A capacitor as defined in claim 23 wherein the second end electrode includes a generally

circular shape and the number of electrode segments are based on the radius of the circular shape.

26. A capacitor as defined in claim 25 wherein the circular shape of the second end electrode

has a diameter of approximately 10 inches and the number of electrode segments are in the range of 12

to 24.

27. A capacitor as defined in claim 2 1 wherein the number of electrode segments is based on a

dimension of the second end electrode.

28. A capacitor as defined in claim 2 1 wherein the electrode segments are divided in a manner

to optimize a resistance to thermally induced cracking of the second end electrode.

29. A capacitor as defined in claim 2 1 wherein at least two of the electrode segments are

connected together with a flexible conductor.

30. A capacitor as defined in claim 29 wherein the flexible conductor is a braided wire.

31. A capacitor as defined in claim 29 wherein the flexible conductor is a flexible metal strip.

32. A capacitor as defined in claim 2 1 where each of the electrode segments is connected to a

separate electrical terminal.

33. A capacitor as defined in claim 2 1 where the second end electrode has a generally circular

shape defined by a first radius extending from a first center point and the electrode segments include a

segment circular shape that is defined by a second radius extending from a second center point, where

the first and second center points are at different locations.



34. A capacitor as defined in claim 2 1 wherein at least one particular electrode segment

includes a gap which extends partially across the particular electrode segment.
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