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USPTO becomes awareof a violation or potential violation of law or regulation.
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Description

Button cells and method for producing same

[0001] The present invention relates to button cells comprising two mctallic housing half-

parts, which are separated from one another by an electrically insulating seal and which form a

housing with a flat bottom area andaflat top area parallel to it, as well as within the housing, an

electrode-separator assembly comprising at least one positive and at least one negative electrode,

which are in the form of flat layers and are connected to one another by at least one flat

separator, and to a method for producing such buttoncells.

[0002] Button cells normally have a housing consisting of two housing half-parts, a cell cup

and acell top. By way of example, these may be produced from nickel-plated deep-drawn metal

sheet as stamped and drawn parts. The cell cup normally has positive polarity, and the housing

top negative polarity. The housing may contain widely differing electrochemical systems, for

example zinc/MnO2, primary and secondary lithium systems, or secondary systems such as

nickel/cadmium or nickel/mcetal hydride.

[0003] By way of example, rechargeable button cells based on nickel/metal hydride or

lithium-ion systems are in widespread use. In the case of lithium-ion button cells, the

electrochemically active materials are normally not arranged within the button cell housing in the

form of individual electrodes, in the form of tablets, separated from one another by a separator.

Instead of this, prefabricated electrode-separator assemblies are preferably inserted flat into the

housing. In this case, a porous plastic film is preferably used as a separator, onto which the

electrodes are laminated or adhesively bonded flat. The entire assembly comprising the

separator and the electrodes in this case generally has a maximum thickness of a few hundred

JLab/Cambridge, Exh. 1002,p. 8
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um. In order to allow button cell housings of normal dimensionsto be filled, a plurality of such

assemblies are therefore frequently placed flat one on top of the other. This allows stacks of any

desired height, in principle, to be produced, in each case matched to the available dimensions of

the button cell housing into which the stack is intended to be installed. This cnsurcs optimum

utilization of the available area within the housing.

[0004] Byvirtue of the design, however, various problems also occur in the case of button

cells which contain such stacks of electrode-separator assemblies. On the one hand, it is

necessary, of course, for the electrodes of the same polarity each to be connected to one another

within the stack, and then each to make contact with the corresponding pole of the button cell

housing. The required electrical contacts result in material costs, and the space occupied by

them is, furthermore, no longer available for active material. In addition, the production of the

electrode stacks is complicated and expensive since faults can easily occur when the assemblies

make contact with one another, increasing the scrap rate. On the other hand, it has been found

that button cells having a stack of electrodes and separators very quickly start to leak.

[0005] Traditionally, button cells have been closed in a liquid-tight manner by beading the

edge of the cell cup over the edge of the cell top in conjunction with a plastic ring, which is

arranged between the cell cup and the cell top and at the same timeacts as a sealing element and

for electrical insulation of the cell cup and of the cell top. Button cells such as these are

described, for example, in DE 31 13 309.

[0006] However, alternatively, it is also possible to manufacture button cells in which the

cell cup and the cell top are held together in the axial direction exclusively by a force-fitting

connection, and which do not have a beaded-over cup edge. Button cells such as these and

methods for their production are described in the still unpublished German patent application

JLab/Cambridge, Exh. 1002, p. 9
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with the file reference 10 2009 017 514.8. Irrespective of the various advantages which button

cells such as these without beading may have, they can, however, not be loaded as heavily in the

axial direction as comparable button cells with a beaded-over cup edge, in particular with respect

to axial mechanical loads which are caused in the interior of the button cell. For example, the

electrodes of rechargeable lithium-ion systems are continually subject to volume changes during

charging and discharging processes. The axial forces which occur in this case can, of course,

lead to leaks more readily in the case of button cells without beading than in the case of button

cells with beading.

[0007] The present invention was based on the object of providing a button cell in which the

problems mentioned above do not occur, or occur only to a greatly reduced extent. In particular,

the button cell is intended to be more resistant to mechanical loads which occur in the axial

direction than conventional button cells, in particular even when they are manufactured as button

cells without a beaded-over cup edge.

[0008] This object is achieved by the button cell having the features of claim 1. Preferred

embodiments of the button ccll according to the invention are defined in the dependent claims 2

to 10. The method according to claim 11 also contributes to the solution of the problem

according to the invention. Preferred embodiments of the method according to the invention are

defined in dependent claims 12 to 14. The wording of all the claims is hereby included by

reference to the content of this description.

[0009]—_A button cell according to the invention always comprises two metallic housing half-

parts, which are separated from one another by an electrically insulating seal and form a housing

with a flat bottom area andaflat top area parallel to it. As already mentionedinitially, the two

housing half-parts are generally a so-called housing cup and a housing top. In particular, parts
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composed of nickel-plated steel or metal sheet are preferred as housing half-parts. Furthermore,

trimetals, for example with the sequence of nickel, steel (or stainless steel) and copper (with the

nickel layer preferably forming the outer layer and the copper layer preferably forming the inside

of the button ccll housing) are particularly suitable for use as the metallic material.

[0010] By way of example, an injection-moldedor film seal can be used as a seal. Thelatter

are described, for example, in DE 196 47 593.

[0011] Within the housing, a button cell according to the invention comprises an electric-

separator assembly with at least one positive and at least one negative electrode. These are each

in the form of flat electrode layers. The electrodes are connected to one another via a flat

separator. The electrodes are preferably laminated or adhesively bonded onto this separator.

The electrodes and the separator generally each have thicknesses only in the wm range. In

general, a porous plastic film is used as the separator.

[0012] In contrast to the button cells mentioned initially, the button cell according to the

invention is distinguished in particular by the electrode layers having a very particular

orientation, specifically being aligned essentially at right angles to the flat bottom andtop arcas.

While button cells known from the prior art with stacked electrode-separator assemblies always

contain these assemblies inserted flat, such that the electrode layers are aligned essentially

parallel to the flat bottom and top areas, the situation in a button cell according to the invention is

the opposite ofthis.

[0013] The right-angled alignment of the electrode layers has an unexpectedly considerable

advantage, specifically because it has been found that this alignment results in a considerable

improvementin the sealing characteristics of a button cell according to the invention, particularly

for button cells based on lithium-ion systems. The electrodes of rechargeable lithium-ion
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systems are continually subject to volume changes during charging and discharging processes.

Volume changes such as these also occur, of course, in the electrodes of a button cell according

to the invention. However, the mechanical forces which are created during this process no

longer act primarily axially, as in the case of a stack of clectrode-scparator assemblics which are

inserted flat. Because of the right-angled alignment of the electrodes, they in fact act radially.

Radial forces can be absorbed very much better than axial forces by the housing of a buttoncell.

The improved sealing characteristics are presumably a result ofthis.

[0014] Particularly preferably, the electrodes and the flat separator of a button cell according

to the invention are each in the form ofstrips or ribbons. By way of example, the production of a

button cell according to the invention can be based on a separator material in the form of an

endless ribbon, onto which the electrodes are applied, in particular laminated, once again in

particular in the form ofstrips or at least rectangles.

[0015] In the housing of a button cell according to the invention, this assemblyis particularly

preferably in the form of a winding, in particular in the form of a spiral winding. Windings such

as these can be produced very casily using known methods (see for example DE 36 38 793), by

applying the electrodesflat, in particular in the form ofstrips, to a separator whichis in the form

of an endless ribbon, in particular by laminating them on. In this case, the assembly comprising

electrodes and separators is generally wound onto a so-called winding mandrel. Once the

winding has been removed from the winding mandrel an axial cavity remainsin the center of the

winding. This allows the winding to expand into this cavity, if necessary. However, in some

circumstances, this can lead to problems in making electrical contact between the electrodes and

the metallic housing half-parts, and this will be described in more detail in the followingtext.
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[0016] The electrode winding is preferably arranged within a button cell according to the

invention (in order that the electrode layers of the winding are aligned at right angles to the flat

bottom area and top area of the housing), such that the end faces of the winding face in the

direction of the flat bottom arca and ofthe flat top arca.

[0017] According to the present invention, preferred embodiments of the button cell

according to the invention have a fixed winding core in the center of the winding, whichat least

partially fills the axial cavity in the center of the winding. A winding core such asthis fixes the

electrode winding in the radial direction and prevents possible implosion of the winding into the

axial cavity. When the winding expands in this way, this also results in the reduction in the

pressure which the end faces of the winding exert in the axial direction, and therefore in the

direction of output conductors which may be arranged there (this is described in more detail

further below). If this is prevented, then there are generally also no problems with making

electrical contact between the electrodes and the metallic housing half-parts.

[0018] In addition, a winding core such as this also makes the button cell according to the

invention more robust against external mechanical influences. In general, it is no longer possible

for the electrode winding in the button cell to be damaged by external mechanical pressure in the

axial direction.

[0019] According to the preferred embodimentof the electrode winding as a spiral electrode

winding, the axial cavity which has been mentioned in the center of the winding is preferably

essentially cylindrical (in particular circular-cylindrical). On the casing side, it is bounded by the

winding, and at the endit is bounded by corresponding surfaces of the bottom area and of the top

area of the button cell housing.
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[0020] Correspondingly, the winding core which is contained in a button cell according to

the invention is preferably also in the form of a cylinder, in particular a hollow cylinder. The

height of a cylinder such as this preferably corresponds to the respective distance between the

flat bottom arca and theflat top area, which is parallelto it.

[0021] In particularly preferred embodiments, the winding core may have radially self-

expanding characteristics. For example, it is possible for the winding core to be inserted in a

radially compressed configuration into the axial cavity in the winding of a button cell according

to the invention. When the radially compressed winding core expands,it exerts a radial pressure

on the electrode winding surroundingit, thus ensuring a contact pressure in the axial direction as

well.

[0022] By way of example, an axially slotted hollow cylinder may be usedas a radially self-

expanding winding core. However, alternatively, it is also conceivable to use other radially self-

expanding materials, for example based on plastic.

[0023] Particularly preferably, the winding core is composed of a metal such as stainless

stecl orplastic.

[0024] Particularly preferably, the assembly comprising electrodes and a separator in a

button cell according to the invention has oneof the following layer sequences:

° negative electrode/separator/positive electrode/separator

or

° positive electrode/separator/negative electrode/separator.

[0025]|Assemblies such as these can be produced and wound very easily without short

circuits occurring between electrodes of opposite polarity.
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[0026] The separators which can be used in a button cell according to the invention are

preferably films composedofat least one plastic, in particular of at least one polyolefin. By way

of example, the at least one polyolefin may be polyethylene. However, it is also possible to use

multilayer separators, for cxample scparators composed of a scquence of different polyolcfin

layers, for example with the sequence polyethylene/polypropylene/polyethylene.

[0027] It is not essential to use a plurality of separate separators in order to produce

assemblies with the abovementioned sequence. In fact, a separator can also be looped aroundthe

end of one of the electrodes, thus resulting in both sides of this electrode being covered by the

separator.

[0028] The separators which can preferably be used in a button cell according to the

invention preferably have a thickness of between 3 um and 100 um,in particular of between 10

um and 50 um.

[0029] The electrodes of a button cell according to the invention preferably have a thickness

of between 10 um and 1000 um,in particular of between 30 um and 500 um.

[0030] In preferred embodiments of a button ccll according to the invention, the negative

electrode and the positive electrode in the electrode-separator assembly are arranged offset with

respect to one another within the assembly. In this case, an offset arrangement is intended to

mean that the electrodes are arranged such that this results in a respectively different separation

between the electrodes and the flat bottom and top areas in the button cell according to the

invention. In the simplest case, for example, a positive and a negative electrode can beslightly

offset as strips of the same width applied to the opposite sides of a separator ribbon,as a result of

which the distance between the positive electrode and the upper separator edge is greater than the
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comparable distance measured from the negative electrode. This then applies in the opposite

sense, of course, to the distance from the lower separator edge.

[0031] In particularly preferred embodiments, preferably as a result of this offset

arrangement, the positive electrode, in particular an edge of the positive clectrode, rests directly

on the cup part, in particular in the flat bottom area of the cup part, while the negative electrode,

in particular an edge of the negative electrode, rests directly on the top part, in particular in the

flat top area of the top part. In this embodiment, a direct electrical and mechanical contact is

made between the electrodes and the cup and top parts. The offset arrangement of the electrodes

with respect to one another therefore makes it possible for the electrodes to make contact with

the respective housing parts, without any need to use additional electrical contacts and

connecting means.

[0032] However, in alternative preferred embodiments, it is also preferable for at least one of

the electrodes, preferably both the at least one negative electrode and the at least one positive

electrode, in a button cell according to the invention, to be connected to the flat bottom and top

arcas via one or more output conductors. By way of cxample, the output conductors may be

output-conductor lugs composed of copper or someother suitable metal. On the electrode side,

the output conductors may, for example, be connected to a current collector. The output

conductors can be connected to the housing and/or to the current collectors by, for example,

welding or via an clampedjoint.

[0033] In the simplest case, the current collectors of the positive and negative electrodes can

also themselves act as output conductors. Collectors such as these are generally metallic films or

meshes which are embedded in the respective electrode material. Uncovered subareas, in
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particular end pieces, of collectors such as these can be bent around and can be brought into

contact with the button cell housing.

[0034] The use of output conductors may be particularly advantageous if the negative

electrode and the positive clectrode within the assembly are arranged with respect to onc another

such that this results in the electrodes each being at the same distance from the flat bottom and

top areas. Or, in other words,if the electrodes are not arranged offset with respect to one another

within the electrode-separator assembly, as has been described above.

[0035] However, if the distance between electrodes of opposite polarity and the flat bottom

and top areas is the same, this results in the risk of a positive and a negative electrode touching

the metallic cup or top part at the same time, thus resulting in a short circuit. In preferred

embodiments, the button cell according to the invention may therefore comprise at least one

insulating means, which prevents a direct mechanical and electrical contact between the end

faces of the winding andthe flat bottom andtop areas.

[0036] In one development,it is preferable for the electrodes in a button cell according to the

invention such as this to be connected via the already mentioned scparate output conductors to

the flat bottom and top areas. These ensure the electrical contact between the electrodes and the

housing.

[0037] In this case, it is preferable for at least a subsection of the output conductor or

conductors in the bottom area and in the top area of the housing to rest flat on the inside of the

housing half-parts. Ideally, the output conductors naturally make electrical contact with the

insides of the housing when theyare at least slightly pressed against the housing (if they are not

weldedto it in any case). This can be achieved surprisingly efficiently by a suitable arrangement

of the winding core that has been mentioned, in a button cell according to the invention.
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[0038] By way of example, the insulating means may be a flat layer composedofplastic, for

example a plastic film, which is arranged between the end faces of the winding and the flat

bottom and top areas of the housing of a button cell according to the invention.

[0039] Corresponding to the above statements, the button cell according to the inventionis,

in particular, a rechargeable button cell. A button cell according to the invention particularly

preferably has at least one lithium-intercalating electrode.

[0040] The ratio of the height to the diameter of button cells is, by definition, less than 1.

For a button cell according to the invention, this ratio is particularly preferably between 0.1 and

0.9, in particular between 0.15 and 0.7. In this case, the height means the distance between the

flat bottom area and the flat top area parallel to it. The diameter means the maximum distance

between two points on the casing area of the button cell.

[0041] The button cell according to the invention is particularly preferably a button cell

whichis not beaded over, as is described in the patent application with the file reference 10 2009

017 514.8, which has already been mentioned in the introduction. Correspondingly, there is

preferably an exclusively force-fitting connection between the housing half-parts. Therefore, the

button cell according to the invention does not have a beaded-over cup edge, as is always the

case with button cells known from the prior art. The button cell is closed without being beaded

over.

[0042] Button cells such as these which are not beaded over generally make use of

conventional cell cups and cell tops, which each have a bottom area and a top area, a casing area,

an edge area which is arranged between the bottom and top areas and the casing area, and a cut

edge. Together, the cell cup and cell top form a housing, which forms a receptacle for the

conventional internal components of a button cell, such as electrodes, separator etc. As in the

11
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normal way, the bottom area of the cell cup and the top area of the cell top are aligned essentially

parallel to one another in this housing. The casing areas of the cell cup and cell top in the

finished button cell are aligned essentially at right angles to the bottom and top areas, and

preferably have an essentially cylindrical geometry. The internal and external radii of the cell

cup and cell top are preferably essentially constant in the casing areas. The edge areas, which

have been mentioned, of the cell cup and cell top form the transition between the casing areas

and the top and bottom areas. They are preferably therefore bounded on the one hand by

essentially flat bottom and top areas, and on the other hand by the essentially cylindrical casing

areas, which are arranged at right angles to them. By way of example, the edge areas may be in

the form of a sharp edge, or else may be rounded.

[0043] The procedure for producing a button cell which is not beaded over is generally to

first of all apply a seal to the casing area of a cell top. In a further step, the cell top is then

inserted, with the seal fitted, into a cell cup thus resulting in an area in which the casing areas of

the cell cup and cell top overlap. The size of the overlap area and the ratio of the overlapping

arca to the non-overlapping arcas are in this casc governed by the respective height of the casing

areas of the cell cup and cell top, and by the depth of the insertion. With regard to the casing

area of the cell top, it is preferable for between 20% and 99%, in particular between 30% and

99%, particularly preferably between 50% and 99%, to overlap the casing area of the cell cup

(the percentages each relate to the height of the casing or of the casing area). Before being

inserted into the housing cup and/or the housing top, the other conventional components of a

button cell (electrodes, separator, electrolyte etc.) are inserted. After the cell top has been

inserted completely into the cell cup a pressure is exerted on the casing area of the cell cup, in

particular in the area of the cut edge, in order to seal the housing. In this case, a joined-together
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housing part should as far as possible not be subjected to any loads, or only to very small loads,

in the axial direction. Therefore, the pressure is applied in particular radially. Apart from the

sealing of the housing which has already been mentioned the external diameter of the cell

housing can therefore also be calibrated.

[0044] It is particularly important for the heights of the casing areas of the cell cup andcell

top to be matched to one another such that the cut edge of the cell cup is pressed against the

casing area of the cell top by the pressure on the casing area of the cell cup. The heights of the

casing areas are therefore preferably chosen such that it is impossible to bend the cut edge of the

cell cup around inward over the edge area ofthe cell top which has been completely inserted into

the cell cup. Correspondingly, the edge of the cell cup is not beaded over the edge area of the

cell top. In consequence, the cell cup of a button cell manufactured using the method according

to the invention has a casing area with an essentially constant radius in the direction of the cut

edge.

[0045] In the case of button cells produced using a method suchasthis, there is preferably an

exclusively force-fitting connection between the housing components comprising the ccll cup,

the cell top and the seal. This ensures that the components are therefore held together in a

preferred manner, essentially only by static-friction force.

[0046] Button cells without any beading over are particularly preferably produced using a

cell cup which is conical at least in one subarea of its casing, such that at least its internal

diameter increases in the direction of the cut edge. This makes it considerably easier to insert the

cell top into the cell cup. The dimensions ofthe cell cup and cell top are preferably matched to

one another such that relatively large opposing forces preferably do not occur until the top has
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been inserted virtually completely into the cup. The cone angle in this case is preferably

between 10 minutes and 3°, in particular between 30 minutes and 1° 30 minutes.

[0047] The cell top, which is inserted into the cell cup with the applied seal, is cylindrical, at

least in a part of the casing arca, in preferred embodiments. This may relate in particular to that

part of the casing area which overlaps the conical subarea of the cell cup casing that has been

mentioned, after the cell top has been inserted into the cell cup. The casing of the cell top, and

therefore also the casing area, is particularly preferably entirely cylindrical. The cell top

therefore preferably has a constant external radius in the casing area. This may relate in

particular to that part which overlaps the conical part of the casing area of the cell cup after the

cell top has been inserted.

[0048] Whena cell top with a cylindrical casing area is being inserted into a cell cup which

is conical at least in one subarea of its casing, as has been described above, a gap which is open

at the top is generally created between the cell cup and the cell top. This gap is generally closed

again by the pressure on the casing area of the cell cup. Thus, the pressure on the casing area of

the cell cup may be chosen such that the conical part of the casing area of the cell cup is pushed

inward until the inside of the cell cup and the outside of the cell top are essentially at the same

distance from one another in the overlapping area. The resultant button cell has casing areas

whichare aligned parallel to one another, in particular in the overlappingarea.

[0049] One important aspect in this case is the choice of the seal which connects the cell cup

to the cell top. The seal is preferably a plastic seal which connects the cell cup to the cell top.

Theseal is preferably a plastic seal composed of a thermoplastic.

[0050] The plastic seal is particularly preferably a film seal, for example as is described in

the already cited DE 196 47 593, in particular a film seal composed ofa thermoplastic.

14
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[0051] Film seals can be produced with a very uniform thickness. When a suitable pressure

is applied to the casing area of the cell cup, this results in an interference fit, as a consequence of

which the button cell that has been produced has highly excellent sealing characteristics. Not

Icast, the use of film scals makes it possible to dispense with the edge of the cell cup being

beaded over without this on the other hand resulting in a need to accept disadvantages in other

important characteristics.

[0052] It is very particularly preferable to use plastic seals, in particular plastic films, based

on polyamide or based on polyether ether ketones in the present case.

[0053] It is preferable for the seal for a cell which is not beaded over to have an initial

thickness in the range between 50 um and 250 um, particularly preferably between 70 um and

150 um,in particular about 100 um. The term “initial thickness” is in this case intended to mean

the thickness of the seal before it is applied to the casing of the cell top. In contrast to this, the

term “final thickness”is intended to mean the thickness ofthe seal in the finished cell. It is clear

that, at least in the overlapping area, this generally correspondsto the distance between the inside

of the cell cup and the outside of the cell top.

[0054] In order to allow a sufficiently large amount offriction to be produced between the

cell cup and the cell top, both the external and internal radii of the cup and top should be

matched to one another and to the thickness of the film seal. This is the only way to create a

sufficiently high contact pressure to hold the two individual parts together. It is preferable for

the parts used in this case for the difference between the external radius of the cell top, which is

to be inserted into the cell cup, on the cut edge of the cell top and the smallest internal radius of

the cell cup in that part of the casing area which overlaps the casing area of the cell top to be less

than the initial thickness of the seal that is used. The difference is particularly preferably

15

JLab/Cambridge, Exh. 1002, p. 22



JLab/Cambridge, Exh. 1002, p. 23

between 10% and 90% of the initial thickness, in particular between 30% and 70%, and very

particularly preferably about 50%.

[0055] After the cell top has been inserted into the cell cup, a part of the casing area of the

cell cup can be drawnradially inward. In particular, this relates to that part of the casing arca

which does not overlap the casing area ofthe cell top.

[0056] It has been found that this process of drawing in radially makesit possible to achieve

considerably better sealing characteristics. Drawing in the cup casing results in a radial pressure

being exerted on the edge section which rests on the inner wall of the housing cup and. on the

seal which is arranged between the housing top and the housing cup, with the seal in

consequence being compressedin this area.

[0057] The drawing-in process can be carried out at the same time as the already mentioned

exertion of pressure on the casing area of the cell cup, although the drawing-in process is

preferably carried out in a subsequent, separate step.

[0058] The method according to the invention for producing a button cell can be used in

particular to produce button cells as have been described above,that is to say button cclls having

a housing with a flat bottom area anda flat top area parallel to it. It is suitable for producing not

only button cells which are not beaded over, but also for those which are beadedover.

[0059] With respect to the preferred embodiments of the individual components which are

used in the method according to the invention (housing parts and dimensions, electrodes,

separator etc.), reference can therefore be made to the above statements and explanations in their

entirety.

[0060] In general, the housing is assembled from a metallic cup part (housing cup) and a

metallic top part (housing top), with an electrode-separator assembly with electrodes in the form
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of a flat layer being inserted into the housing such that the electrodes are aligned at nght angles

to the flat bottom area and top area.

[0061] As already mentioned, the electrode-separator assembly is preferably installed in the

form of a winding, in particular a spiral winding.

[0062] In general, the method according to the invention always comprises the following

steps:

° insertion of the winding into the metallic top part, and

° insertion of the metallic top part with the winding into a metallic cup part.

[0063] The edge of the cup part is then optionally beaded over the edgeofthe top part.

[0064] When a button cell which is not beaded over is produced, the corresponding steps as

described aboveare carried out.

[0065] Before the housing is closed, the clectrodes arc normally also impregnated with

electrolyte solution.

[0066] For the insertion process, the winding is preferably rolled up on a winding mandrel.

After or during the insertion process, the winding mandrel can then be removed. If required, the

winding core that has been mentioned above is then inserted. Alternatively, the electrode-

separator assembly can also be wounddirectly onto a core suchas this.

[0067] The spiral windingis particularly preferably heat-treated on its end faces before being

installed. In this case,it is at least briefly subjected to a temperature at which the separator in the

winding is thermoplastically deformable. In general, the separator projects somewhat on the end

faces of the winding, andthisis itself subject to the precondition that the electrodes are arranged

with the offset with respect to one another, as described above. The heat treatment allows the
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separator to be shrunk together somewhat, therefore, if required, even exposing the edge of an

adjacent electrode, such that this can rest directly on the button cell housing.

[0068] The stated advantages and further advantages of the invention will become evident

from the description which now follows of the drawings in conjunction with the dependent

claims. In this case, the individual features of the invention may be implemented on their own or

in combination with one another. The described embodiments are intended only for explanation

and for better understanding of the invention, and should in no way be understood as being

restrictive.

Description ofthe figures

[0069] Figure 1 schematically illustrates the cross section through one preferred embodiment

of a button cell according to the invention.

[0070] Figure 2 illustrates the effect of heat treatment of a wound-up electrode-separator

assembly, which is used in preferred embodiments of the method according to the invention.

[0071] Figure 3 shows an electrode-separator assembly in the form of a winding, as can be

installed in a button cell according to the invention.

[0072] Figure 4 showsa section illustration of a further preferred embodiment of a button

cell according to the invention.

[0073] Figure 5 schematically illustrates the cross section through one preferred embodiment

of a button cell according to the invention, in which the edge of the cell cup is not beaded over

the edge of thecell top.

[0074] Figure 1 schematically illustrates the cross section through one preferred embodiment

of a button cell 100 according to the invention. This has a metallic cup part 101 and metallic top

part 102. The two parts are connected to one another, sealed by means of a seal 109. Together,

18

JLab/Cambridge, Exh. 1002, p. 25



JLab/Cambridge, Exh. 1002, p. 26

they form a housing with a flat bottom area 103 and a flat top area 104 parallel to it. When in

use, these flat areas 103 and 104 form the poles of the button cell, from which current can be

drawn by a load. The edge 110 ofthe cell cup 101 is beaded inward over the edge ofthe cell top

102.

[0075] An arrangement comprising an electrode 105 in the form ofa strip, an electrode 106

in the form ofa strip, and the separators 107 in the form ofstrips is arrangedin the interior of the

electrode. The assembly comprising the electrodes 105 and 106 as well as the separators 107 is

in this case in the form of a winding, whose end faces abut against the flat bottom area 103 and

the flat top area 104, which is parallel to it. The assembly is wound up on the core 108 in the

center of the button cell 100. Both the core 108 as well as the electrodes and separators which

are wound around it are aligned at right angles to the flat bottom and top areas 104 and 103.

When the volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbed by the casing area of the button cell 100.

[0076] It should be stressed that the positive clectrode 105 and the negative electrode 106

respectively rest directly on the cup part 101 and on the top part 102 of the button cell 100.

There is no need for a separate output conductor for connecting the electrodes to the top part 102

and to the cup part 101.

[0077] Figure 2 showsthe effect of the heat treatment of an electrode-separator winding 200,

which is provided in preferred embodiments of the method according to the invention for

producing a button cell. The illustration schematically shows a winding 200 comprising an

assembly of a positive electrode 201 (bar with cross strips), a negative electrode 202 (white bar)

and the separators 203 (detail). The positive and the negative electrodes 201 and 202 are in each
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case arranged offset with respect to one another. The separators 203 are composed of a

thermoplastically deformable material.

[0078] When the separator edges which are located on the end faces 204 and 205 of the

winding 200 are subjected to a high tempcrature (for cxample of 250°C, as illustrated), then

these separator edges shrink. The separators are drawn in at least partially between adjacent

electrodes. In the process, the edges of the negative electrode 202 are exposed on the end face

204, while the edges of the positive electrode 201 are covered. The edges of the positive

electrode 201 on the end face 205 are exposed, while the edges of the negative electrode 202 are

covered.

[0079] When a winding that has been treated in this wayis in use, this ensures that electrodes

of the same polarity can cach rest directly only on the housing cup or on the housing top. There

is no need for separate electrical connections between the electrodes and the housing parts.

[0080] Figure 3 shows an electrode-separator assembly for button cells according to the

invention, in the form of a winding 300, with the illustration A depicting a plan viewvertically

from above at one of the end faces 301 of the winding 300, whilc the illustration B shows the

winding 300 in a view obliquely from above. In both cases, this shows that the assembly

comprises two layers; separators 302 and 303 as well as two electrode layers 304 and 305 (a

positive and a negative electrode). The assembly is wound up in a spiral shape and is held

together by an adhesive tape 306 onits outside.

[0081] Figure 4 shows a sectionedillustration of one preferred embodiment of a button cell

400 according to the invention. The figure shows the housing of the button cell comprising the

cup part 401 and the top part 402, between which the seal 403 is arranged. An assembly of

electrodes and separators, as is illustrated in Figure 3, is contained as a spiral winding 404
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(illustrated schematically in the cross section) within the housing. The separator layers 405 and

406 as well as the electrodes 407 and 408 of opposite polarity can also be seen well here. In this

case, the electrode 407 is connected via the output conductor 410 to the top part 402, while the

electrode 408 is connected via the output conductor 409 to the cup part 402. The output

conductor 410 is preferably welded to the top part 402. In contrast, the output conductor 409is

connected to the cup part 402 via a clamping connection (it is clamped inbetween the supporting

ring 413, on which the edge ofthe cell top rests, and the bottom ofthe cell cup). The insulating

means 411 and 412 are arranged between the end faces of the winding and the cup part 401 and

the top part 402, and are each in the form of thin plastic disks. This prevents electrodes of

opposite polarity from being able to come into contact with the cup part 401 or the top part 402

at the same time. This prevents any short circuit.

[0082] Figure 5 schematically illustrates the cross section through one preferred embodiment

of a button cell 500 according to the invention.

[0083] This button cell 500 has a metallic cup part 501 and a metallic top part 502. The two

parts arc connccted to onc another, scaled by meansof a scal 510. Together, they form a housing

with a flat bottom area 503 andaflat top area 504 parallel to it. When in use, these flat areas 503

and 504 form the poles of the button cell, from which current can be drawnbya load.

[0084] The cell top 502 is inserted into the cell cup 501 such that the casing areas ofthe cell

top and of the cell cup overlap, with the internal radius of the cell cup 501 in the overlapping

area being essentially constant in the direction of the cut edge. Therefore, the edge of the cell

cup 501 is not beaded over the edge 511 of the cell top 502, and the preferred embodiment

described above for a button cell 500 according to the invention is therefore a button cell which

is not beadedover.
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[0085] An assembly comprising an electrode 508 in the form ofa strip, an electrode 509 in

the form of a strip and separators 507 in the form of strips is arranged in the interior of the

electrode. The assembly comprising the electrodes 508 and 509 as well as the separators 507 is

in this case in the form of a winding, whose end faces face in the direction of the flat bottom arca

503 and ofthe flat top area 504 whichis parallel to it. The assembly is wound up on the winding

core 512 in the center of the button cell 500. Both the core 512 and the electrodes and separators

which are wound aroundit are aligned at right angles to the flat bottom and top areas 504 and

503. If the volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbed by the casing area of the button cell 500.

[0086] The positive and the negative electrodes make contact with the housing half-part

comprising the cup and top via the output conductor 505 and the output conductor 506. The

output conductor 505 is composed of aluminum,and the output conductor 506 is composed of

nickel (or alternatively of copper). Both output conductors are thin films, which rest flat

between the end faces of the winding and the flat top and bottom arcas 503 and 504. A

continuous slight contact pressure is maintained on the output conductors by the winding core

512. The output conductors are preferably separated from the end faces of the winding by a

separate insulator arrangement(notillustrated in the drawing), for example by a thin film.
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Patent Claims

1. A button cell (100; 400; 500), comprising

- two metallic housing half-parts (101, 102; 401, 402; 501, 502), which are

separated from one another by an electrically insulating seal (109; 403; 510) and which

form a housing with a flat bottom area (103; 503) andaflat top area (104; 504) parallel to

it, as well as

- within the housing, an electrode-separator assembly comprising at least one

positive and at least one negative electrode (105, 106; 201, 202; 304, 305; 407, 408; 508,

509), which are in the form offlat layers and are connected to one anotherby at least one

flat separator (107; 203; 302, 303; 405, 406; 507),

with the electrode layers being aligned essentially at right angles to the flat bottom and

top areas.

2. The button cell as claimed in claim 1, charactcrizcd in that the clectrodcs and/or

the separator are/is in the form ofstrips or ribbons.

3. The button cell as claimed in claim 1 or claim 2, characterized in that the

electrode-separator assembly is in the form of a winding (200; 300; 404), in particular a spiral

winding, whose end faces (204, 205; 301) face in the direction of the flat bottom area and the flat

top area.
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4, The button cell as claimed in claim 3, characterized in that the winding has an

axial cavity in its center, which axial cavity is at least partially filled by a winding core (108;

512).

5. The button cell as claimed in one of the preceding claims, characterized in that the

electrode-separator assembly has one of the following layer sequences:

- negative electrode/separator/positive electrode/separator

- positive electrode/separator/negative electrode/separator

6. The button cell as claimed in one of the preceding claims, characterized in that the

positive electrode (408; 509) and/or the negative electrode (407; 508) are/is connected via an

output conductor (409, 410; 505, 506) to the housing in the area of the flat bottom area and/or of

the flat top area.

7. The button ccll as claimed in onc of claims 3 to 6, charactcrized in that the button

cell comprises at least one insulating means (413, 414), which prevents direct mechanical and

electrical contact between the end faces of the winding andtheflat bottom andtop areas.

8. The button cell as claimed in claim 7, characterized in that the at least one

insulating means (413, 414)is a flat layer composed ofplastic, for example a plastic film, which

is arranged between the end faces of the winding andthe flat bottom andtop areas.
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9. The button cell as claimed in one of the preceding claims, characterized in that the

button cell is rechargeable.

10.—The button ccll as claimed in onceofthe preceding claims, characterized in that the

button cell has a height:diameter ratio of < 1, preferably between 0.1 and 0.9, in particular

between 0.15 and 0.7.

11. A method for producing a button cell, in particular a button cell (100; 400; 500)

according to one of the preceding claims, with a housing being fitted which is composed of

metallic housing half-parts, in particular a metallic cup part (101; 401; 501) and a metallic top

part (102; 402; 502), said housing having a flat bottom area (103; 503) and a flat top area (104;

504) parallel to it, and with an electrode-separator assembly with electrodes (105, 106; 201, 202;

304, 305; 407, 408; 508, 509) in the form ofa flat layer being inserted into the housing such that

the electrode layers are aligned essentially at right angles to the flat bottom and top areas (103,

104; 503, 504).

12. The method as claimed in claim 11, characterized in that the electrode-separator

assembly is inserted as a winding (200; 300; 404), in particular as a spiral winding.
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13. The method as claimed in claim 12, comprising the following steps:

- insertion of the winding (200; 300; 404) into the metallic top part (102; 402; 502),

- insertion of the metallic top part with the winding into a metallic cup part (101;

401; 501),

- possibly, beading over the edge of the cup part.

14. The method as claimed in claim 12 or 13, characterized in that the winding (200;

300; 404) is heat-treated on its end faces (204, 205; 301) before being installed, with it being at

least greatly subjected to a temperature at which the separator (107; 203; 302, 303; 405, 406;

507) is thermoplastically deformable.
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Abstract

A button cell (100; 400; 500) is described, comprising two metallic housing half-parts

(101, 102; 401, 402; 501, 502), which are connected to one another forming a seal, and form a

housing with a flat bottom arca (103; 503) and a flat top arca (104; 504) parallcl to it, with

positive and negative electrodes (105, 106; 201, 202; 304, 305; 407, 408; 508, 509) in the form

of flat layers being arranged within the housing and being connected to one another via a flat

separator (107; 203; 302, 303; 405, 406; 507), with the electrode layers being aligned essentially

at right angles to the flat bottom and top areas. A method is also described for producing a

button cell such as this.
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Remarks

The Apphcants have amended the Title and have amended the Specification te provide

related application information and to place the Application into proper condition for exan-
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Eniry of the amendments inte the Official File and consideration on the merits is respectfully
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T, Daniel Christenbury
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SUBSTITUTE SPECIFICATION (Marked-Up)

E ae

BUTTON CELLS AND METHOD FOR

PRODUCING SAME

Related Applications

[0001] This is a §371 of International Application No. PCT/EP2010/000787, with an inter-
 

national filing date of February 9, 2010 (WO 2010/089152 Al. published August 12, 2010

which is based on German Patent Application Nos. 10 2009 008 859.8, filed February 9, 2009,
 

10 2009 030 359.6, filed June 18, 2009, and 10 2009 060 788.9, filed December 22, 2009, the 

subject matter of which is incorporated by reference.

Technical Field

[0002] Fhe-presentinventienThis disclosure relates to button cells comprising two metallic

housing half-partshieh-are separated from one another by an electrically insulating seal and

which form a housing with a flat bottom area andaflat top area parallel to it, as well as within

the housing, an electrode-separator assembly comprising at least one positive and at least one

negative electrode, which are in the form of flat layers and are connected to one another by at

least one flat separator, and to a method for producing such button cells.

Background

[0003] Button cells normally have a housing consisting of two housing half-parts, a cell cup

and a cell top. By way of example, these may be produced from nickel-plated deep-drawn metal

sheet as stamped and drawn parts. The cell cup normally has positive polarity, and the housing
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top negative polarity. The housing may contain widely differing electrochemical systems, for

example, zinc/MnQ», primary and secondary lithium systems, or secondary systems such as

nickel/cadmium or nickel/metal hydride.

[0004] By way of cxample, rechargeable button cells based on nickel/metal hydride or

lithium-ion systems are in widespread use. In the case of lithium-ion button cells, the

electrochemically active materials are normally not arranged within the button cell housing in the

form of individual electrodes, in the form of tablets, separated from one another by a separator.

Instead-efthis, prefabricated electrode-separator assemblies are preferably inserted flat into the

housing. In ¢histhat case, a porousplastic film is preferably used as a separator, onto which the

electrodes are laminated or adhesively bonded flat. The entire assembly comprising the

separator and the electrodes ##+hts—ease-generally [[has]]have a maximum thickness of a few

hundred um. 4-erdee+teoTo allow button cell housings of normal dimensions to be filled, a

plurality of such assemblies are therefore frequently placed flat one on top of the other. This

allows stacks of any desired height, in principle, to be produced, in each case matched to the

available dimensions of the button cell housing into which the stack is intended to be installed.

This ensures optimum utilization of the available area within the housing.

[0005] Byvirtue of the design, however, various problems also occur in the case of button

cells which contain such stacks of electrode-separator assemblies. On the one hand, it is

necessary, of course, for the electrodes of the same polarity each to be connected to one another

within the stack, and then each to make contact with the corresponding pole of the button cell

housing. The required electrical contacts result in material costs, and the space occupied by

them is, furthermore, no longer available for active material. In addition, the production of the

electrode stacks is complicated and expensive since faults can easily occur when the assemblies
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make contact with one another, increasing the scrap rate. On the other hand, it has been found

that button cells having a stack of electrodes and separators very quickly start to leak.

[0006] Traditionally, button cells have been closed in a liquid-tight manner by beading the

edge of the cell cup over the edge of the cell top in conjunction with a plastic ring, which is

arranged between the cell cup and the cell top and at the same time acts as a sealing element and

for electrical insulation of the cell cup and of the cell top. Button cells such as these are

described, for example, in DE 31 13 309.

[0007] However, alternatively, it is also possible to manufacture button cells in which the

cell cup and the cell top are held together in the axial direction exclusively by a force-fitting

connection, and which do not have a beaded-over cup edge. Button cells such as these and

methods for their production are described in the—stttHt}—-unpublished—German [[p]|Patent

[[a]]Application +with+thetite-+reference-10 2009 017 514[[.8]]. Irrespective of the various

advantages which button cells such as these without beading may have, they can, however, not

be loaded as heavily in the axial direction as comparable button cells with a beaded-over cup

edge, in particular with respect to axial mechanical loads which are caused in the interior of the

button cell. For example, the electrodes of rechargeable lithium-ion systems are continually

subject to volume changes during charging and discharging processes. The axial forces which

occur in this case can, of course, lead to leaks more readily in the case of button cells without

beading than in the case of button cells with beading.

[0008] melt could therefore be 

helpful to provide a button cell in which the problems mentioned above do not occur, or occur

only to a greatly reduced extent. In particular, it could be helpful to provide a button cell that is
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resistant to mechanical loads which occurin the axial direction than conventional button cells, in

particular even when they are manufactured as button cells without a beaded-over cup edge.

 
Summary

[0010] We provide a button cell including a housing cup and a housing top separated from
 

one another by an electrically insulating seal and which form a housing with a flat bottom area

and a flat top area parallel to it, and an electrode-separator assembly within the housing including
 

at least one positive and at least one negative electrode in the form offlat layers and connected to

one another by at Icast onc flat scparator, wherein the electrode layers are aligned essentially at
 

right angles to the flat bottom and top areas and the button cell is closed without being beaded

over.

[0011] We also provide _a method for producing the button cell including inserting an

electrode-separator assembly with electrodes in the form ofa flat layer into the housing such that

the electrode layers are aligned essentially at right angles to the flat bottom and top areas,

wherein the housing includes a metallic cup part and a metallic top part.
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Brief Description of the Drawings

[0012] Fig. 1 schematically illustrates the cross section through one preferred example of a
 

button cell.

[0013] Fig. 2 illustrates the cffect of hcat treatment of a wound-up cloectrode-scparator
 

assembly, which is used in preferred examples of our method.

[0014] Fig. 3 shows an electrode-separator assembly in the form of a winding, as can be

installed in a button cell.

[0015] Fig. 4 showsa section illustration of a further preferred example of a button cell.

[0016] Fig. 5 schematically illustrates the cross section through one preferred example of a

button cell in which the edge of the cell cup is not beaded over the edge of the cell cop.

Detailed Description

[0017] [[A]]Our button cell aceerding+te—theimvention_abyays—comprises two metallic

housing half-parts—ywhteh-are separated from one another by an electrically insulating seal and

form a housing with a flat bottom arca and a flat top arca parallel to it. As already mentioned

initially, the two housing half-parts are generally a so-called “housing cup” and a “housing top.”

In particular, parts composed ofnickel-plated steel or metal sheet are preferred as housing half-

parts. Furthermore,trimetals, for example, with the sequence ofnickel, steel (or stainless steel)

and copper (with the nickel layer preferably forming the outer layer and the copper layer

preferably forming the inside of the button cell housing) are particularly suitable for use as the

metallic material.

[0018] By way of example, an injection-moldedor film seal can be used as a seal. Thelatter

are described, for example, in DE 196 47 593.
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[0019] Within the housing, a button cell accerdine+e+themventen-comprises an electric-

separator assembly with at least one positive and at least one negative electrode. These are each

in the form of flat electrode layers. The electrodes are connected to one another via a flat

separator. The clectrodes are prefcrably laminated or adhesively bonded onto this scparator.

The electrodes and the separator generally each have thicknesses only in the wm range. In

general, a porousplasticfilm is used as the separator.

[0020] In contrast to the button cells mentioned initially, [[the]]our button cell aeeerding+e

theinvention—is distinguished in particular by the electrode layers having a very particular

orientation, specifically being aligned essentially at right angles to the flat bottom andtop areas.

While button cells known from the prior art with stacked electrode-separator assemblies always

contain these assemblies inserted flat[[,]] such that the electrode layers are aligned essentially

parallel to the flat bottom and top areas, the situation in [[a]Jour button cell accerdingtothe

inventionis the opposite ofthis.

[0021] The right-angled alignment of the electrode layers has an unexpectedly considerable

advantage, specifically because it has been found that this alignment results in a considerable

improvement in the sealing characteristics of [[a]Jour button cell-accerdinge+e—+theinyentien,

particularly for button cells based on lithium-ion systems. The electrodes of rechargeable

lithium-ion systems are continually subject to volume changes during charging and discharging

processes. Volume changes such as these also occur, of course, in the electrodes of [[a]]our

button cell-accerdingtotheinvention. However, the mechanical forces which are created during

this process no longer act primarily axially, as in the case of a stack of electrode-separator

assemblies which are inserted flat. Because of the right-angled alignment of the electrodes, they
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in fact act radially. Radial forces can be absorbed very much better than axial forces by the

housing of a button cell. The improved sealing characteristics are presumablyaresult ofthis.

[0022] Particularly preferably, the electrodes and the flat separator of [[a]]our button cell

accordingtetheinventier-arc cach in the form ofstrips or ribbons. By way of cxample, the

production of [[a]]our button cell aecerdinete+theinventien-can be based on a separator material

in the form of an endless ribbon, onto which the electrodes are applied, in particular laminated,

once again in particular in the form ofstrips orat least rectangles.

[0023] In the housing of [[a]]our button cell-weeerding+totheinventien, this assembly is

particularly preferably in the form of a winding, in particular in the form of a spiral winding.

Windingssuch as these can be produced very easily using known methods(see, for example, DE

36 38 793), by applying the electrodes flat, in particular in the form ofstrips, to a separator

which is in the form of an endless ribbon, in particular by laminating them on. In this case, the

assembly comprising electrodes and separators is generally wound onto a so-called “winding

mandrel.” Once the winding has been removed from the winding mandrel an axial cavity

remains in the center of the winding. This allows the winding to expand into this cavity, if

necessary. However, in some circumstances, this can lead to problems in making electrical

contact between the electrodes and the metallic housing half-parts, and this will be described in

more detail in the following text.

[0024] The electrode winding is preferably arranged within a button cell aecerding—+te—the

invention-(Htorderso that the electrode layers of the windingare aligned at right anglesto the flat

bottom area and top area of the housing)([[,|] such that the end faces of the winding face in the

direction of the flat bottom area and ofthe flat top area.
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 [0025] Preferably, our

button cells aceerding+etheinventies_have a fixed winding core in the center of the winding,

whichat least partially fills the axial cavity in the center of the winding. A winding core such as

this fixes the electrode winding in the radial direction and prevents possible implosion of the

winding into the axial cavity. When the winding expands in this way, this also results in the

reduction in the pressure which the end faces of the winding exert in the axial direction, and

therefore in the direction of output conductors which may be arranged there (this is described in

more detail further below). If this is prevented, then there are generally also no problems with

making electrical contact between the electrodes and the metallic housing half-parts.

[0026] In addition, a winding core such as this also makes the button cell aecerding+othe

inventien-more robust against external mechanical influences. In general, it is no longer possible

for the electrode winding in the button cell to be damaged by external mechanical pressure in the

axial direction.

[0027]AccordingtothepreferredembedimenteofPreferably, the electrode winding [[as]]is a

spiral electrode winding, the axial cavity which has been mentioned in the center of the winding

is preferably essentially cylindrical (in particular circular-cylindrical). On the casing side, it is

bounded by the winding, and at the end it is bounded by corresponding surfaces of the bottom

area and ofthe top area of the button cell housing.

[0028] Correspondingly, the winding core which is contained in [[a]]our button cell

accordingtotheinventior_is preferably also in the form of a cylinder, in particular a hollow

cylinder. The height of a cylinder such as this preferably correspondsto the respective distance

betweenthe flat bottom area andthe flat top area, whichis parallelto it.
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[0029] da-parttcutarly_preferred_embedimentsParticularly preferably, the winding core may

have radially self-expanding characteristics. For example, it is possible for the winding core to

be inserted in a radially compressed configuration into the axial cavity in the winding ofa button

ccll-eeeerdinetetheinvention. When the radially compressed winding core expands,it exerts a

radial pressure on the electrode winding surrounding it, thus ensuring a contact pressure in the

axial direction as well.

[0030] By way of example, an axially slotted hollow cylinder may be usedas a radially self-

expanding winding core. However, alternatively, it is also conceivable to use other radially self-

expanding materials, for example, based onplastic.

[0031] Particularly preferably, the winding core is composed of a metal such as stainless

steel orplastic.

[0032] Particularly preferably, the assembly comprising electrodes and a separator in [[a]]our

button cellaccordingte+theinventier-has one of the following layer sequences:

[[e]] negative electrode/separator/positive electrode/separator

or

[[e]] positive electrode/separator/negative electrode/separator.

[0033]|Assemblies such as these can be produced and wound very easily without short

circuits occurring between electrodes of opposite polarity.

[0034] The separators which can be used in [[a]]our button cell aceerdingtotheinvention

are preferably films composed ofat least one plastic, in particular of at least one polyolefin. By

way of example, the at least one polyolefin may be polyethylene. However, it is also possible to

use multilayer separators, for example, separators composed of a sequence of different polyolefin

layers, for cxample, with the sequence polycthylene/polypropylene/polycthylenc.
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[0035] It is not essential to use a plurality of separate separators #1-erder—to produce

assemblies with the abovementioned sequence. In fact, a separator can also be looped aroundthe

end of one of the electrodes, thus resulting in both sides of this electrode being covered by the

separator.

[0036] The separators which can preferably be used in [[a]]our button cell accerding+othe

inventior_preferably have a thickness of between 3 um and 100 um,in particular of between 10

um and 50 um.

[0037] The electrodes ef a-butten-cell according tetheinventien_preferably have a thickness
 

of between 10 um and 1000 um,in particular ofbetween 30 um and 500 um.
 

[0038] ta-preferred_embedimnents_of 2 _butten cel according tothe inventionPreferably, the

negative electrode and the positive electrode in the electrode-separator assembly are arranged

offset with respect to one another within the assembly. In this case, an offset arrangement is

intended to mean that the electrodes are arranged such that this results in a respectively different

separation between the electrodes and the flat bottom and top areas in the button cell-accerding

te+theinvention. In the simplest casc, for cxample, a positive and a negative clectrode can be

slightly offset as strips of the same width applied to the opposite sides of a separator ribbon, as a

result of which the distance between the positive electrode and the upper separator edge is

greater than the comparable distance measured from the negative electrode. This then applies in

the opposite sense, of course, to the distance from the lower separator edge.

[0039] tn-particulark-preferred-embedimentsParticularly preferably, preferably as a result of

this offset arrangement, the positive electrode, in particular an edge of the positive electrode,

rests directly on the cup part, in particular in the flat bottom area of the cup part, while the

negative electrode, in particular an edge of the negative electrode, rests directly on the top part,

10
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in particular in the flat top area of the top part. In this embedimentexample, a direct electrical

and mechanical contact is made between the electrodes and the cup and top parts. The offset

arrangement of the electrodes with respect to one another therefore makes it possible for the

electrodes to make contact with the respective housing parts, without any need to usc additional

electrical contacts and connecting means.

[0040] However,t+alernative-preferredembedinentsalternatively, it is also preferable for at

least one of the electrodes, preferably both the at least one negative electrode and the at least one

positive electrode[[,]] in [[a]jour button cell-aecerding+etheinventien, to be connected to the

flat bottom and top areas via one or more output conductors. By way of example, the output

conductors may be output-conductor lugs composed of copper or some other suitable metal. On

the electrode side, the output conductors may, for example, be connected to a current collector.

The output conductors can be connected to the housing and/or to the current collectors by, for

example, welding or via an clampedjoint.

[0041] In the simplest case, the current collectors of the positive and negative electrodes can

also themselves act as output conductors. Collectors such as these are generally mctallic films or

meshes which are embedded in the respective electrode material. Uncovered subareas, in

particular end pieces, of collectors such as these can be bent around and can be brought into

contact with the button cell housing.

[0042] The use of output conductors may be particularly advantageous if the negative

electrode and the positive electrode within the assembly are arranged with respect to one another

such that this results in the electrodes each being at the same distance from the flat bottom and

top areas. Or, in other words,if the electrodes are not arranged offset with respect to one another

within the electrode-separator assembly, as has been described above.

11
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[0043] However, if the distance between electrodes of opposite polarity and the flat bottom

and top areas is the same, this results in the risk of a positive and a negative electrode touching

the metallic cup or top part at the same time, thus resulting in a short circuit. Ja-preferred

embedimentsPrcferably, the button ccll aeeerding+e—theinventien_may therefore comprise at

least one insulating means, which prevents a direct mechanical and electrical contact between the

end faces of the winding andthe flat bottom andtop areas.

[0044] In one development, it is preferable for the electrodes in [[a]]our button cell according

te—the-invention—such as this to be connected via the already mentioned separate output

conductors to the flat bottom and top areas. These ensure the electrical contact between the

electrodes and the housing.

[0045] In this case, it is preferable for at least a subsection of the output conductor or

conductors in the bottom area and in the top area of the housing to rest flat on the inside of the

housing half-parts. Ideally, the output conductors naturally make electrical contact with the

insides of the housing when they are at least slightly pressed against the housing (if they are not

welded to it in any casc). This can be achicved surprisingly cfficiently by a suitable arrangement

of the winding core that has been mentioned,in [[a]]our button cellwecerdingtothe+mvention.

[0046] By way of example, the insulating means may be a flat layer composedofplastic, for

example, a plastic film, which is arranged between the end faces of the winding and the flat

bottom and top areas of the housing of[[a]]our button cell-weeerdiietetheimvention.

[0047] Corresponding to the above statements, the button cell aecerdingtotheinventien-is,

in particular, a rechargeable button cell. [[A]]Qur button cell accerding—+tetheinvention

particularly preferably has at least one lithium-intercalating electrode.
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[0048] The ratio of the height to the diameter of button cells is, by definition, less than 1.

For [[a]]our button cell-weeerdingetotheimvention, this ratio is particularly preferably between

0.1 and 0.9, in particular between 0.15 and 0.7. In this case, the height means the distance

between the flat bottom arca and the flat top arca parallel to it. Thc diameter means the

maximum distance between two points on the casing area of the buttoncell.

[0049] The button cell aecerdingte—theimvention—is particularly preferably a button cell

which is not beaded over, as is described in the-patent-appleation—withtheflereferenceDE

Patent Application 10 2009 017 514.8, whieh—has—already—been—mentioned i#—the

intreductionabove. Correspondingly, there is preferably an exclusively force-fitting connection

between the housing half-parts. Therefore, [[the]|our button cell aecerdingte+theinventierdoes

not have a beaded-over cup edge, as is always the case with knownbutton cellstcnewnfromthe

prierart. The button cell is closed without being beaded over.

[0050] Button cells such as these which are not beaded over generally make use of

conventional cell cups and cell tops, which each have a bottom area and a top area, a casing area,

an edge arca which is arranged between the bottom and top areas and the casing area, and a cut

edge. Together, the cell cup and cell top form a housing, which forms a receptacle for the

conventional internal components of a button cell, such as electrodes, separator [[etc]]andthe

like. As in the normal way, the bottom area of the cell cup and the top area of the cell top are

aligned essentially parallel to one another in this housing. The casing areas of the cell cup and

cell top in the finished button cell are aligned essentially at right angles to the bottom and top

areas, and preferably have an essentially cylindrical geometry. The internal and external radii of

the cell cup and cell top are preferably essentially constant in the casing areas. The edge areas,

which have been mentioned, of the cell cup and cell top form the transition between the casing

13
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areas and the top and bottom areas. They are preferably therefore bounded on the one hand by

essentially flat bottom and top areas, and on the other hand by the essentially cylindrical casing

areas, which are arranged at right angles to them. By way of example, the edge areas may be in

the form of a sharp edge, or clsc may be rounded.

[0051] The procedure for producing a button cell which is not beaded over is generally to

first of all apply a seal to the casing area of a cell top. In a further step, the cell top is then

inserted, with the seal fitted, into a cell cup thus resulting in an area in which the casing areas of

the cell cup and cell top overlap. The size of the overlap area and the ratio of the overlapping

area to the non-overlapping areas are in this case governed by the respective height of the casing

areas of the cell cup and cell top, and by the depth of the insertion. With regard to the casing

area of the cell top, it is preferable for between 20% and 99%, in particular between 30% and

99%, particularly preferably between 50% and 99%, to overlap the casing area of the cell cup

(the percentages each relate to the height of the casing or of the casing area). Before being

inserted into the housing cup and/or the housing top, the other conventional components of a

button cell (clectrodes, separator, electrolyte ete-and the like) are inserted. After the cell top has

been inserted completely into the cell cup a pressure is exerted on the casing area ofthe cell cup,

in particular in the area of the cut edge, i#-erder-to seal the housing. In this case, a joined-

together housing part should as far as possible not be subjected to any loads, or only to very

small loads, in the axial direction. Therefore, the pressure is applied in particular radially. Apart

from the sealing of the housing which has already been mentioned the external diameter of the

cell housing can therefore also be calibrated.

[0052] It is particularly important for the heights of the casing areas of the cell cup andcell

top to be matched to one another such that the cut edge of the cell cup is pressed against the
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casing area of the cell top by the pressure on the casing area of the cell cup. The heights of the

casing areas are therefore preferably chosen suchthatit is impossible to bend the cut edge of the

cell cup around inward overthe edge area of the cell top which has been completely inserted into

the cell cup. Correspondingly, the edge of the ccll cup is not beaded over the edge areca of the

cell top. In consequence, the cell cup of a button cell manufactured using [[the]]our method

accordingte-theinventien-has a casing area with an essentially constant radius in the direction of

the cut edge.

[0053] In the case of button cells produced using a method suchasthis, there is preferably an

exclusively force-fitting connection between the housing components comprising the cell cup,

the cell top and the seal. This ensures that the components are therefore held together in a

preferred manner, essentially only by static-friction force.

[0054] Button cells without any beading over are particularly preferably produced using a

cell cup which is conical at least in one subarea of its casing, such that at least its internal

diameter increases in the direction of the cut edge. This makes it considerably easier to insert the

cell top into the ccll cup. The dimensionsofthe ccll cup and cell top are prefcrably matched to

one another such that relatively large opposing forces preferably do not occur until the top has

been inserted virtually completely into the cup. The cone angle in this case is preferably

between 10 minutes and 3°, in particular between 30 minutes and 1° 30 minutes.

[0055] The cell top, which is inserted into the cell cup with the applied seal, is preferably

cylindrical, at least in a part of the casing area;ia-preferred-embediments. This may relate in

particular to that part of the casing area which overlaps the conical subarea ofthe cell cup casing

that has been mentioned,after the cell top has been inserted into the cell cup. The casing of the

cell top, and therefore also the casing area, is particularly preferably entirely cylindrical. The
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cell top therefore preferably has a constant external radius in the casing area. This mayrelate in

particular to that part which overlaps the conical part of the casing area of the cell cup after the

cell top has been inserted.

[0056] When a cell top with a cylindrical casing arca is being inserted into a ccll cup which

is conical at least in one subarea of its casing, as has been described above, a gap which is open

at the top is generally created between the cell cup and the cell top. This gap is generally closed

again by the pressure on the casing area of the cell cup. Thus, the pressure on the casing area of

the cell cup may be chosen such that the conical part of the casing area of the cell cup is pushed

inward until the inside of the cell cup and the outside of the cell top are essentially at the same

distance from one another in the overlapping area. The resultant button cell has casing areas

whichare aligned parallel to one another, in particular in the overlappingarea.

[0057] One important aspect in this case is the choice of the seal which connects the cell cup

to the cell top. The seal is preferably a plastic seal which connects the cell cup to the cell top.

The seal is preferably a plastic seal composed of a thermoplastic.

[0058] The plastic scal is particularly preferably a film scal, for example, as is described in

the-already cited DE 196 47 593, in particular a film seal composed of a thermoplastic.

[0059] Film seals can be produced with a very uniform thickness. When a suitable pressure

is applied to the casing area of the cell cup, this results in an interferencefit, as a consequence of

which the button cell that has been produced has highly excellent sealing characteristics. Net

leasttheThe use of film seals makes it possible to dispense with the edge of the cell cup being

beaded over without this on the other hand resulting in a need to accept disadvantages in other

important characteristics.
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[0060] It is very particularly preferable to use plastic seals, in particular plastic films, based

on polyamide or based on polyether ether ketones in the present case.

[0061] It is preferable for the seal for a cell which is not beaded over to have an initial

thickness in the range between 50 wm and 250 un,particularly preferably between 70 um and

150 um,in particular about 100 um. The term “initial thickness” is in this case intended to mean

the thickness of the seal before it is applied to the casing of the cell top. In contrast to this, the

term “final thickness”is intended to mean the thickness ofthe seal in the finished cell. It is clear

that, at least in the overlapping area, this generally correspondsto the distance between the inside

of the cell cup and the outside ofthe cell top.

[0062] trorderteTo allow a sufficiently large amountoffriction to be produced between the

cell cup and the cell top, both the external and internal radii of the cup and top should be

matched to one another and to the thickness of the film seal. This is the only way to create a

sufficiently high contact pressure to hold the two individual parts together. It is preferable for

the parts used in this case for the difference between the external radius of the cell top, which is

to be inserted into the cell cup, on the cut edge of the cell top and the smallest internal radius of

the cell cup in that part of the casing area which overlaps the casing area of the cell top to be less

than the initial thickness of the seal that is used. The difference is particularly preferably

between 10% and 90% of the initial thickness, in particular between 30% and 70%, and very

particularly preferably about 50%.

[0063] After the cell top has been inserted into the cell cup, a part of the casing area of the

cell cup can be drawn radially inward. In particular, this relates to that part of the casing area

which does not overlap the casing area of the cell top.
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[0064] It has been found that this process of drawing in radially makesit possible to achieve

considerably better sealing characteristics. Drawing in the cup casing results in a radial pressure

being exerted on the edge section which rests on the inner wall of the housing cup and on the

seal which is arranged between the housing top and the housing cup, with the scal in

consequence being compressedin this area.

[0065] The drawing-in process can be carried out at the same time as the already mentioned

exertion of pressure on the casing area of the cell cup, although the drawing-in process is

preferably carried out in a subsequent, separate step.

[0066] [[The]]OQur method accordingtethe+mventienfor producing a button cell can be used

in particular to produce button cells as have been described above, that is to say button cells

having a housing with a flat bottom area andaflat top area parallel to it. It is suitable for pro-

ducing not only button cells which are not beaded over, but also for those which are beaded over.

[0067] With respect to the preferred embedimentsexamples of the individual components

which are used in [[the]]our method accerdingt+othe+myentien(housing parts and dimensions,

electrodes, separator ete-and the like), reference can therefore be made to the above statements

and explanationsin their entirety.

[0068] In general, the housing is assembled from a metallic cup part (housing cup) and a

metallic top part (housing top), with an electrode-separator assembly with electrodes in the form

of a flat layer being inserted into the housing such that the electrodes are aligned at right angles

to the flat bottom area and top area.

[0069] Asalready mentioned, the electrode-separator assembly is preferably installed in the

form of a winding, in particular a spiral winding.
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[0070] In general, [[the]]our method accerding—+te—theinventien—always comprises the

followingsteps:

[[e]] insertion of the winding into the metallic top part, and

[[e]] insertion of the mctallic top part with the winding into a metallic cup part.

[0071] The edge ofthe cup part is then optionally beaded over the edge of the top part.

[0072] When a button cell which is not beaded over is produced, the corresponding steps as

described aboveare carried out.

[0073] Before the housing is closed, the electrodes are normally also impregnated with

electrolyte solution.

[0074] For the insertion process, the winding is preferably rolled up on a winding mandrel.

After or during the insertion process, the winding mandrel can then be removed. If required, the

winding core that has been mentioned above is then inserted. Alternatively, the clectrodc-

separator assembly can also be wounddirectly onto a core suchas this.

[0075] The spiral windingis particularly preferably heat-treated on its end faces before being

installed. In this case,it is at least briefly subjected to a temperature at which the separator in the

winding is thermoplastically deformable. In general, the separator projects somewhat on the end

faces of the winding, andthisis itself subject to the precondition that the electrodes are arranged

with the offset with respect to one another, as described above. The heat treatment allows the

separator to be shrunk together somewhat, therefore, if required, even exposing the edge of an

adjacent electrode, such that this can rest directly on the button cell housing.

[0076] The stated advantages and further advantagesefthe+nventien-will become evident

from the description which now follows of the drawingsm-cenpmetien—vriththedependent

eleims. In this casc, the-individual features efthe+ventien-may be implemented on their own or
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in combination with one another. The described embedimentsexamples are intended only for

explanation and ferbetter understanding-efthe+mventies, and should in no way be understood as

beingrestrictive.

  
[0082] Fig[[ure]]. 1 schematically illustrates the cross section through one preferred

embodimentexample of a button cell 100-aceordingtetheinvention. This has a metallic cup part

101 and metallic top part 102. The two parts are connected to one another, sealed by means of a

seal 109. Together, they form a housing with a flat bottom area 103 and a flat top area 104

parallel to it. When in use, these flat areas 103 and 104 form the poles of the button cell, from

which current can be drawn by a load. The edge 110 of the cell cup 101 is beaded inward over

the edge of the cell top 102.
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[0083] An arrangement comprising an electrode 105 in the form ofa strip, an electrode 106

in the form of a strip, and the separators 107 in the form ofstrips is arranged in theinterior of the

electrode. The assembly comprising the electrodes 105 and 106 as well as the separators 107 is

in this casc in the form of a winding, whose end faces abut against the flat bottom arca 103 and

the flat top area 104, which is parallel to it. The assembly is wound up on the core 108 in the

center of the button cell 100. Both the core 108 as well as the electrodes and separators which

are wound around it are aligned at right angles to the flat bottom and top areas 104 and 103.

When the volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbed by the casing area of the button cell 100.

[0084] It should be stressed that the positive electrode 105 and the negative electrode 106

respectively rest directly on the cup part 101 and on the top part 102 of the button cell 100.

There is no need for a separate output conductor for connecting the electrodes to the top part 102

and to the cup part 101.

[0085] Fig[[ure]]. 2 shows the cffect of the heat treatment of an clectrode-separator winding

200, which is provided in preferred embedimentsexamples of the method accerdiig—+e—+the

inventien_for producing a button cell. The illustration schematically shows a winding 200

comprising an assembly of a positive electrode 201 (bar with cross strips), a negative electrode

202 (white bar) and the separators 203 (detail). The positive and the negative electrodes 201 and

202 are in each case arranged offset with respect to one another. The separators 203 are

composed of a thermoplastically deformable material.

[0086] When the separator edges which are located on the end faces 204 and 205 of the

winding 200 are subjected to a high temperature (for example, of 250°C, as illustrated), then
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these separator edges shrink. The separators are drawn in at least partially between adjacent

electrodes. In the process, the edges of the negative electrode 202 are exposed on the end face

204, while the edges of the positive electrode 201 are covered. The edges of the positive

electrode 201 on the end face 205 are exposed, while the edges of the negative electrode 202 are

covered.

[0087] Whena windingthat has been treated in this way is in use, this ensures that electrodes

of the same polarity can each rest directly only on the housing cup or on the housing top. There

is no need for separate electrical connections between the electrodes and the housing parts.

[0088] Fig[[ure]]. 3 shows an electrode-separator assembly for button cells aecerding+ethe

Hevention—_in the form of a winding 300, with the illustration A depicting a plan viewvertically

from above at one of the end faces 301 of the winding 300, while the illustration B shows the

winding 300 in a view obliquely from above. In both cases, this shows that the assembly

comprises two layers; separators 302 and 303 as well as two electrode layers 304 and 305 (a

positive and a negative electrode). The assembly is wound up in a spiral shape and is held

together by an adhesive tape 306 onits outside.

[0089] Fig[[ure]]. 4 shows a sectioned illustration of one preferred embedimentexample of a

button cell 400-accerding+otheinvention. The figure shows the housing of the button cell

comprising the cup part 401 and the top part 402, between which the seal 403 is arranged. An

assembly of electrodes and separators, as is illustrated in Fig[[ure]]. 3, is contained as a spiral

winding 404 (illustrated schematically in the cross section) within the housing. The separator

layers 405 and 406 as well as the electrodes 407 and 408 of opposite polarity can also be seen

well here. In this case, the electrode 407 is connected via the output conductor 410 to the top

part 402, while the electrode 408 is connected via the output conductor 409 to the cup part 402.
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The output conductor 410 is preferably welded to the top part 402. In contrast, the output

conductor 409 is connected to the cup part 402 via a clamping connection (it is clamped

inbetween the supporting ring 413, on which the edge of the cell top rests, and the bottom of the

cell cup). The insulating means 411 and 412 are arranged between the end faces of the winding

and the cup part 401 and the top part 402, and are each in the form ofthin plastic disks. This

prevents electrodes of opposite polarity from being able to come into contact with the cup part

401 or the top part 402 at the same time. This prevents any short circuit.

[0090] Fig[[ure]]. 5 schematically illustrates the cross section through one preferred

embedinentexample of a button cell 500-2ccordingtothevention.

[0091] This button cell 500 has a metallic cup part 501 and a metallic top part 502. The two

parts are connected to one another, sealed by means of a seal 510. Together, they form a housing

with a flat bottom area 503 anda flat top area 504 parallel to it. When in use, these flat areas 503

and 504 form the poles of the button cell, from which current can be drawnbya load.

[0092] The cell top 502 is inserted into the cell cup 501 such that the casing areas ofthe cell

top and of the cell cup overlap, with the internal radius of the cell cup 501 in the overlapping

area being essentially constant in the direction of the cut edge. Therefore, the edge of the cell

cup 501 is not beaded over the edge 511 of the cell top 502, and the preferred embedimentex-

ample described above for a button cell 500 accordingtetheinventior-is therefore a button cell

which is not beaded over.

[0093] An assembly comprising an electrode 508 in the form ofa strip, an electrode 509 in

the form of a strip and separators 507 in the form ofstrips is arranged in the interior of the

electrode. The assembly comprising the electrodes 508 and 509 as well as the separators 507 is

in this case in the form of a winding, whose end faces face in the direction of the flat bottom area
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503 and ofthe flat top area 504 whichis parallel to it. The assembly is wound up on the winding

core 512 in the center of the button cell 500. Both the core 512 and the electrodes and separators

which are wound around it are aligned at right angles to the flat bottom and top areas 504 and

503. Ifthe volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbed by the casing area of the button cell 500.

[0094] The positive and the negative electrodes make contact with the housing half-part

comprising the cup and top via the output conductor 505 and the output conductor 506. The

output conductor 505 is composed of aluminum,and the output conductor 506 is composed of

nickel (or alternatively of copper). Both output conductors are thin films, which rest flat

between the end faces of the winding and the flat top and bottom areas 503 and 504. A

continuous slight contact pressure is maintained on the output conductors by the winding core

512. The output conductors are preferably separated from the end faces of the winding by a

separate insulator arrangement(notillustrated in the drawing), for example, by a thin film.
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SUBSTITUTE SPECIFICATION(Clean Co 

BUTTON CELLS AND METHOD FOR PRODUCING SAME

Related Applications

[0001] This is a §371 of International Application No. PCT/EP2010/000787, with an inter-

national filing date of February 9, 2010 (WO 2010/089152 Al, published August 12, 2010),

which is based on German Patent Application Nos. 10 2009 008 859.8, filed February 9, 2009,

10 2009 030 359.6, filed June 18, 2009, and 10 2009 060 788.9, filed December 22, 2009, the

subject matter of which is incorporated by reference.

Technical Field

[0002] This disclosure relates to button cells comprising two metallic housing half-parts

separated from one another by an electrically insulating seal and which form a housing with a

flat bottom area and a flat top area parallel to it, as well as within the housing, an electrode-

separator assembly comprising at lcast onc positive and at lcast one negative electrode, which are

in the form of flat layers and are connected to one another by at least one flat separator, and to a

method for producing such button cells.

Background

[0003] Button cells normally have a housing consisting of two housing half-parts, a cell cup

and a cell top. By way of example, these may be produced from nickel-plated deep-drawn metal

sheet as stamped and drawn parts. The cell cup normally has positive polarity, and the housing

top negative polarity. The housing may contain widely differing electrochemical systems, for
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example, zinc/MnO», primary and secondary lithium systems, or secondary systems such as

nickel/cadmium or nickel/metal hydride.

[0004] By way of example, rechargeable button cells based on nickel/metal hydride or

lithium-ion systems arc in widespread usc. In the case of lithium-ion button cclls, the

electrochemically active materials are normally not arranged within the button cell housing in the

form of individual electrodes, in the form of tablets, separated from one another by a separator.

Instead, prefabricated electrode-separator assemblies are preferably inserted flat into the housing.

In that case, a porousplastic film is preferably used as a separator, onto which the electrodes are

laminated or adhesively bonded flat. The entire assembly comprising the separator and the

electrodes generally have a maximum thickness of a few hundred um. To allow button cell

housings of normal dimensions to be filled, a plurality of such assemblies are therefore

frequently placed flat one on top of the other. This allows stacks of any desired height, in

principle, to be produced, in each case matched to the available dimensions of the button cell

housing into which the stack is intended to be installed. This ensures optimum utilization of the

available arca within the housing.

[0005] By virtue of the design, however, various problems also occur in the case of button

cells which contain such stacks of electrode-separator assemblies. On the one hand, it is

necessary, of course, for the electrodes of the same polarity each to be connected to one another

within the stack, and then each to make contact with the corresponding pole of the button cell

housing. The required electrical contacts result in material costs, and the space occupied by

them is, furthermore, no longer available for active material. In addition, the production of the

electrode stacks is complicated and expensive since faults can easily occur when the assemblies
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make contact with one another, increasing the scrap rate. On the other hand, it has been found

that button cells having a stack of electrodes and separators very quickly start to leak.

[0006] Traditionally, button cells have been closed in a liquid-tight manner by beading the

edge of the cell cup over the edge of the cell top in conjunction with a plastic ring, which is

arranged between the cell cup and the cell top and at the same time acts as a sealing element and

for electrical insulation of the cell cup and of the cell top. Button cells such as these are

described, for example, in DE 31 13 309.

[0007] However, alternatively, it is also possible to manufacture button cells in which the

cell cup and the cell top are held together in the axial direction exclusively by a force-fitting con-

nection, and which do not have a beaded-over cup edge. Button cells such as these and methods

for their production are described in German Patent Application 10 2009 017 514. Irrespective

of the various advantages which button cells such as these without beading may have,they can,

however, not be loaded as heavily in the axial direction as comparable button cells with a

beaded-over cup edge, in particular with respect to axial mechanical loads which are caused in

the interior of the button cell. For example, the electrodes of rechargeable lithium-ion systems

are continually subject to volume changes during charging and discharging processes. Theaxial

forces which occur in this case can, of course, lead to leaks more readily in the case of button

cells without beading than in the case of button cells with beading.

[0008] It could therefore be helpful to provide a button cell in which the problems mentioned

above do not occur, or occur only to a greatly reduced extent. In particular, it could be helpful to

provide a button cell that is resistant to mechanical loads which occur in the axial direction than

conventional button cells, in particular even when they are manufactured as button cells without

a beaded-over cup edge.
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Summary

[0009] Weprovide a button cell including a housing cup and a housing top separated from

one another by an electrically insulating seal and which form a housing with a flat bottom area

and a flat top arca parallel to it, and an clectrode-scparator assembly within the housing including

at least one positive and at least one negative electrode in the form offlat layers and connected to

one another by at least one flat separator, wherein the electrode layers are aligned essentially at

right angles to the flat bottom and top areas and the button cell is closed without being beaded

over.

[0010] We also provide a method for producing the button cell including inserting an

electrode-separator assembly with electrodes in the form ofa flat layer into the housing such that

the electrode layers are aligned essentially at right angles to the flat bottom and top areas,

wherein the housing includes a metallic cup part and a metallic top part.

Brief Description of the Drawings

[0011] Fig. 1 schematically illustrates the cross scction through one preferred example of a

button cell.

[0012] Fig. 2 illustrates the effect of heat treatment of a wound-up electrode-separator

assembly, which is used in preferred examples of our method.

[0013] Fig. 3 shows an electrode-separator assembly in the form of a winding, as can be

installed in a button cell.

[0014] Fig. 4 showsa section illustration of a further preferred example of a button cell.

[0015] Fig. 5 schematically illustrates the cross section through one preferred example of a

button cell in which the edge of the cell cup is not beaded over the edge of the cell cop.
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Detailed Description

[0016] Our button cell comprises two metallic housing half-parts separated from one another

by an electrically insulating seal and form a housing with a flat bottom area and a flat top area

parallel to it. As alrcady mentioncdinitially, the two housing half-parts are gencrally a so-called

“housing cup” and a “housing top.” In particular, parts composed of nickel-plated steel or metal

sheet are preferred as housing half-parts. Furthermore, trimetals, for example, with the sequence

of nickel, steel (or stainless steel) and copper (with the nickel layer preferably forming the outer

layer and the copper layer preferably forming the inside of the button cell housing) are

particularly suitable for use as the metallic material.

[0017] By way of example, an injection-moldedor film seal can be used as a seal. The latter

are described, for example, in DE 196 47 593.

[0018] Within the housing, a button cell comprises an electric-separator assembly with at

least one positive and at least one negative electrode. These are each in the form offlat electrode

layers. The electrodes are connected to one another via a flat separator. The electrodes are

preferably laminated or adhesively bonded onto this separator. The electrodes and the scparator

generally each have thicknesses only in the um range. In general, a porousplastic film is used as

the separator.

[0019] In contrast to the button cells mentioned initially, our button cell is distinguished in

particular by the electrode layers having a very particular orientation, specifically being aligned

essentially at right angles to the flat bottom and top areas. While button cells known from the

prior art with stacked electrode-separator assemblies always contain these assemblies inserted

flat such that the electrode layers are aligned essentially parallel to the flat bottom and top areas,

the situation in our button cell is the opposite ofthis.

JLab/Cambridge, Exh. 1002, p. 68



JLab/Cambridge, Exh. 1002, p. 69

[0020] The right-angled alignment of the electrode layers has an unexpectedly considerable

advantage, specifically because it has been found that this alignment results in a considerable

improvement in the sealing characteristics of our button cell, particularly for button cells based

on lithium-ion systems. The clectrodes of rechargeable lithium-ion systems are continually

subject to volume changes during charging and discharging processes. Volume changes such as

these also occur, of course, in the electrodes of our button cell. However, the mechanical forces

which are created during this process no longer act primarily axially, as in the case of a stack of

electrode-separator assemblies which are inserted flat. Because of the right-angled alignment of

the electrodes, they in fact act radially. Radial forces can be absorbed very much better than

axial forces by the housing of a button cell. The improved sealing characteristics are presumably

a result ofthis.

[0021] Particularly preferably, the electrodes and the flat separator of our button cell are each

in the form ofstrips or ribbons. By way of example, the production of our button cell can be

based on a separator material in the form of an endless ribbon, onto which the electrodes are ap-

plicd, in particular laminated, once again in particular in the form ofstrips or at Icast rectangles.

[0022] In the housing of our button cell, this assembly is particularly preferably in the form

of a winding, in particular in the form of a spiral winding. Windings such as these can be

produced very easily using known methods (see, for example, DE 36 38 793), by applying the

electrodesflat, in particular in the form ofstrips, to a separator whichis in the form of an endless

ribbon, in particular by laminating them on. In this case, the assembly comprising electrodes and

separators is generally wound onto a so-called “winding mandrel.” Once the winding has been

removed from the winding mandrel an axial cavity remains in the center of the winding. This

allows the winding to expand into this cavity, if necessary. However, in some circumstances,
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this can lead to problems in making electrical contact between the electrodes and the metallic

housing half-parts, and this will be described in more detail in the following text.

[0023] The electrode winding is preferably arranged within a button cell (so that the

electrode layers of the winding are aligned at right angles to the flat bottom arca and top arca of

the housing) such that the end faces of the winding face in the direction of the flat bottom area

and ofthe flat top area.

[0024] Preferably, our button cells have a fixed winding core in the center of the winding,

whichat least partially fills the axial cavity in the center of the winding. A winding core such as

this fixes the electrode winding in the radial direction and prevents possible implosion of the

winding into the axial cavity. When the winding expands in this way, this also results in the

reduction in the pressure which the end faces of the winding exert in the axial direction, and

therefore in the direction of output conductors which maybe arranged there (this is described in

more detail further below). If this is prevented, then there are generally also no problems with

making electrical contact between the electrodes and the metallic housing half-parts.

[0025] In addition, a winding core suchas this also makes the button ccll more robust against

external mechanical influences. In general, it is no longer possible for the electrode winding in

the button cell to be damaged by external mechanical pressure in the axial direction.

[0026] Preferably, the electrode windingis a spiral electrode winding, the axial cavity which

has been mentioned in the center of the winding is preferably essentially cylindrical (in particular

circular-cylindrical). On the casing side, it is bounded by the winding,and at the end it is bound-

ed by correspondingsurfaces of the bottom area and of the top area of the button cell housing.

[0027] Correspondingly, the winding core which is contained in our button cell is preferably

also in the form of a cylinder, in particular a hollow cylinder. The height of a cylinder such as
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this preferably corresponds to the respective distance between the flat bottom area and the flat

top area, whichis parallelto it.

[0028] Particularly preferably, the winding core may have radially self-expanding

characteristics. For cxample, it is possible for the winding core to be inserted in a radially

compressed configuration into the axial cavity in the winding of a button cell. Whentheradially

compressed winding core expands, it exerts a radial pressure on the electrode winding

surroundingit, thus ensuring a contact pressure in the axial direction as well.

[0029] By way of example, an axially slotted hollow cylinder may be used asa radially self-

expanding winding core. However, alternatively, it is also conceivable to use other radially self-

expanding materials, for example, based on plastic.

[0030] Particularly preferably, the winding core is composed of a metal such asstainless

steel or plastic.

[0031] Particularly preferably, the assembly comprising electrodes and a separator in our

button cell has one of the following layer sequences:

negative clectrode/scparator/positive clectrode/scparator

or

positive electrode/separator/negative electrode/separator.

[0032]|Assemblies such as these can be produced and wound very easily without short

circuits occurring between electrodes of opposite polarity.

[0033] The separators which can be used in our button cell are preferably films composed of

at least one plastic, in particular of at least one polyolefin. By way of example, the at least one

polyolefin may be polyethylene. However, it is also possible to use multilayer separators, for
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example, separators composed of a sequence ofdifferent polyolefin layers, for example, with the

sequence polyethylene/polypropylene/polyethylene.

[0034] It is not essential to use a plurality of separate separators to produce assemblies with

the abovementioned sequence. In fact, a separator can also be looped around the end of one of

the electrodes, thus resulting in both sides of this electrode being covered by the separator.

[0035] The separators which can preferably be used in our button cell preferably have a

thickness of between 3 um and 100 um,in particular of between 10 um and 50 um.

[0036] The electrodes preferably have a thickness of between 10 um and 1000 um, in

particular ofbetween 30 um and 500 um.

[0037] Preferably, the negative electrode and the positive electrode in the electrode-separator

assembly are arranged offset with respect to one another within the assembly. In this case, an

offset arrangement is intended to mean that the electrodes are arranged such that this results in a

respectively different separation between the electrodes and the flat bottom and top areas in the

button cell. In the simplest case, for example, a positive and a negative electrode can be slightly

offsct as strips of the same width applicd to the opposite sides of a scparator ribbon,as a result of

which the distance between the positive electrode and the upper separator edge is greater than the

comparable distance measured from the negative electrode. This then applies in the opposite

sense, of course, to the distance from the lower separator edge.

[0038] Particularly preferably, preferably as a result of this offset arrangement, the positive

electrode, in particular an edge of the positive electrode, rests directly on the cup part, in

particular in the flat bottom area of the cup part, while the negative electrode, in particular an

edge of the negative electrode, rests directly on the top part, in particular in the flat top area of

the top part. In this example, a direct electrical and mechanical contact is made between the
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electrodes and the cup and top parts. The offset arrangement of the electrodes with respect to

one another therefore makes it possible for the electrodes to make contact with the respective

housing parts, without any need to use additional electrical contacts and connecting means.

[0039] However, alternatively, it is also preferable for at Icast one of the clectrodes,

preferably both the at least one negative electrode and the at least one positive electrode in our

button cell, to be connected to the flat bottom and top areas via one or more output conductors.

By wayof example, the output conductors may be output-conductor lugs composed of copper or

some other suitable metal. On the electrode side, the output conductors may, for example, be

connected to a current collector. The output conductors can be connected to the housing and/or

to the current collectors by, for example, welding or via an clamped joint.

[0040] In the simplest case, the current collectors of the positive and negative electrodes can

also themselves act as output conductors. Collectors such as these are generally metallic films or

meshes which are embedded in the respective electrode material. Uncovered subareas, in

particular end pieces, of collectors such as these can be bent around and can be brought into

contact with the button cell housing.

[0041] The use of output conductors may be particularly advantageous if the negative

electrode and the positive electrode within the assembly are arranged with respect to one another

such that this results in the electrodes each being at the same distance from the flat bottom and

top areas. Or, in other words, if the electrodes are not arranged offset with respect to one another

within the electrode-separator assembly, as has been described above.

[0042] However, if the distance between electrodes of opposite polarity and the flat bottom

and top areas is the same, this results in the risk of a positive and a negative electrode touching

the metallic cup or top part at the same time, thus resulting in a short circuit. Preferably, the but-
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ton cell may therefore comprise at least one insulating means, which prevents a direct mechan-

ical and electrical contact between the end faces of the winding andthe flat bottom and top areas.

[0043] In one development,it is preferable for the electrodes in our button cell such as this to

be connected via the already mentioned scparate output conductors to the flat bottom and top

areas. These ensure the electrical contact between the electrodes and the housing.

[0044] In this case, it is preferable for at least a subsection of the output conductor or

conductors in the bottom area and in the top area of the housing to rest flat on the inside of the

housing half-parts. Ideally, the output conductors naturally make electrical contact with the

insides of the housing when they are at least slightly pressed against the housing (if they are not

weldedto it in any case). This can be achieved surprisingly efficiently by a suitable arrangement

of the winding core that has been mentioned, in our button cell.

[0045] By way of example, the insulating means may be a flat layer composedofplastic, for

example, a plastic film, which is arranged between the end faces of the winding and the flat

bottom and top areas of the housing of our button cell.

[0046] Corresponding to the above statements, the button cell is, in particular, a rechargeable

button cell. Our button cell particularly preferably has at least one lithium-intercalating

electrode.

[0047] The ratio of the height to the diameter of button cells is, by definition, less than 1.

For our button cell, this ratio is particularly preferably between 0.1 and 0.9, in particular between

0.15 and 0.7. In this case, the height means the distance between the flat bottom area andtheflat

top area parallel to it. The diameter means the maximum distance between two points on the

casing area ofthe button cell.

11
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[0048] The button cell is particularly preferably a button cell which is not beaded over,as is

described in DE Patent Application 10 2009 017 514.8, mentioned above. Correspondingly,

there is preferably an exclusively force-fitting connection between the housing half-parts.

Therefore, our button ccll docs not have a beaded-over cup edge, as is always the case with

known button cells. The button cell is closed without being beaded over.

[0049] Button cells such as these which are not beaded over generally make use of

conventional cell cups and cell tops, which each have a bottom area and a top area, a casing area,

an edge area which is arranged between the bottom and top areas and the casing area, and a cut

edge. Together, the cell cup and cell top form a housing, which forms a receptacle for the

conventional internal components of a button cell, such as electrodes, separator and the like. As

in the normal way, the bottom area of the cell cup and the top area of the cell top are aligned

essentially parallel to one another in this housing. The casing areas of the cell cup and cell top in

the finished button cell are aligned essentially at right angles to the bottom and top areas, and

preferably have an essentially cylindrical geometry. The internal and external radii of the cell

cup and cell top are preferably essentially constant in the casing arcas. The edge arcas, which

have been mentioned, of the cell cup and cell top form the transition between the casing areas

and the top and bottom areas. They are preferably therefore bounded on the one hand by

essentially flat bottom and top areas, and on the other hand by the essentially cylindrical casing

areas, which are arranged at right angles to them. By way of example, the edge areas may be in

the form of a sharp edge, or else may be rounded.

[0050] The procedure for producing a button cell which is not beaded over is generally to

first of all apply a seal to the casing area of a cell top. In a further step, the cell top is then

inserted, with the seal fitted, into a cell cup thus resulting in an area in which the casing areas of
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the cell cup and cell top overlap. The size of the overlap area and the ratio of the overlapping

area to the non-overlapping areas are in this case governed by the respective height of the casing

areas of the cell cup and cell top, and by the depth of the insertion. With regard to the casing

arca of the cell top, it is preferable for between 20% and 99%, in particular between 30% and

99%, particularly preferably between 50% and 99%, to overlap the casing area of the cell cup

(the percentages each relate to the height of the casing or of the casing area). Before being

inserted into the housing cup and/or the housing top, the other conventional components of a

button cell (electrodes, separator, electrolyte and the like) are inserted. After the cell top has

been inserted completely into the cell cup a pressure is exerted on the casing area ofthe cell cup,

in particular in the area of the cut edge, to seal the housing. In this case, a joined-together

housing part should as far as possible not be subjected to any loads, or only to very small loads,

in the axial direction. Therefore, the pressure is applied in particular radially. Apart from the

sealing of the housing which has already been mentioned the external diameter of the cell

housing can therefore also be calibrated.

[0051] It is particularly important for the hcights of the casing arcas of the cell cup and cell

top to be matched to one another such that the cut edge of the cell cup is pressed against the

casing area of the cell top by the pressure on the casing area of the cell cup. The heights of the

casing areas are therefore preferably chosen suchthatit is impossible to bend the cut edge of the

cell cup around inward over the edge area of the cell top which has been completely inserted into

the cell cup. Correspondingly, the edge of the cell cup is not beaded over the edge area of the

cell top. In consequence, the cell cup of a button cell manufactured using our method has a

casing area with an essentially constant radius in the direction of the cut edge.
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[0052] In the case of button cells produced using a method such asthis, there is preferably an

exclusively force-fitting connection between the housing components comprising the cell cup,

the cell top and the seal. This ensures that the components are therefore held together in a

preferred manner, cssentially only by static-friction force.

[0053] Button cells without any beading over are particularly preferably produced using a

cell cup which is conical at least in one subarea of its casing, such that at least its internal

diameter increases in the direction of the cut edge. This makes it considerably easier to insert the

cell top into the cell cup. The dimensions of the cell cup and cell top are preferably matched to

one another such that relatively large opposing forces preferably do not occur until the top has

been inserted virtually completely into the cup. The cone angle in this case is preferably

between 10 minutes and 3°, in particular between 30 minutes and 1° 30 minutes.

[0054] The cell top, which is inserted into the cell cup with the applied seal, is preferably

cylindrical, at least in a part of the casing area. This may relate in particular to that part of the

casing area which overlaps the conical subarea of the cell cup casing that has been mentioned,

after the cell top has becn inserted into the cell cup. The casing of the cell top, and therefore also

the casing area, is particularly preferably entirely cylindrical. The cell top therefore preferably

has a constant external radius in the casing area. This mayrelate in particular to that part which

overlaps the conical part of the casing area of the cell cup after the cell top has been inserted.

[0055] Whenacell top with a cylindrical casing area is being inserted. into a cell cup which

is conical at least in one subarea of its casing, as has been described above, a gap which is open

at the top is generally created between the cell cup and the cell top. This gap is generally closed

again by the pressure on the casing area of the cell cup. Thus, the pressure on the casing area of

the cell cup may be chosen such that the conical part of the casing area of the cell cup is pushed
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inward until the inside of the cell cup and the outside of the cell top are essentially at the same

distance from one another in the overlapping area. The resultant button cell has casing areas

whichare aligned parallel to one another, in particular in the overlappingarea.

[0056] One important aspect in this case is the choice of the scal which connects the cell cup

to the cell top. The seal is preferably a plastic seal which connects the cell cup to the cell top.

Theseal is preferably a plastic seal composed of a thermoplastic.

[0057] The plastic seal is particularly preferably a film seal, for example, as is described in

already cited DE 196 47 593, in particular a film seal composed of a thermoplastic.

[0058] Film seals can be produced with a very uniform thickness. When a suitable pressure

is applied to the casing area of the cell cup, this results in an interferencefit, as a consequence of

which the button cell that has been produced has highly excellent sealing characteristics. The

use of film seals makes it possible to dispense with the edge of the cell cup being beaded over

without this on the other hand resulting in a need to accept disadvantages in other important

characteristics.

[0059] It is very particularly preferable to use plastic scals, in particular plastic films, based

on polyamide or based on polyether ether ketones in the present case.

[0060] It is preferable for the seal for a cell which is not beaded over to have an initial

thickness in the range between 50 um and 250 un,particularly preferably between 70 um and

150 um,in particular about 100 um. The term “initial thickness”is in this case intended to mean

the thickness of the seal before it is applied to the casing of the cell top. In contrast to this, the

term “final thickness” is intended to mean the thickness of the seal in the finished cell. It is clear

that, at least in the overlapping area, this generally correspondsto the distance between the inside

of the cell cup and the outside ofthe cell top.
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[0061] To allow a sufficiently large amount of friction to be produced between the cell cup

and the cell top, both the external and internal radii of the cup and top should be matched to one

another and to the thickness of the film seal. This is the only way to create a sufficiently high

contact pressure to hold the two individual parts together. It is preferable for the parts used in

this case for the difference between the external radius ofthe cell top, which is to be inserted into

the cell cup, on the cut edge of the cell top and the smallest internal radius of the cell cup in that

part of the casing area which overlaps the casing area of the cell top to be less than the initial

thickness of the seal that is used. The difference is particularly preferably between 10% and

90% oftheinitial thickness, in particular between 30% and 70%, and very particularly preferably

about 50%.

[0062] After the cell top has been inserted into the cell cup, a part of the casing area of the

cell cup can be drawn radially inward. In particular, this relates to that part of the casing area

which does not overlap the casing area of the cell top.

[0063] It has been found that this process of drawing in radially makesit possible to achieve

considerably better scaling characteristics. Drawing in the cup casing results in a radial pressure

being exerted on the edge section which rests on the inner wall of the housing cup and on the

seal which is arranged between the housing top and the housing cup, with the seal in cones-

quence being compressedin this area.

[0064] The drawing-in process can be carried out at the same time as the already mentioned

exertion of pressure on the casing area of the cell cup, although the drawing-in process is

preferably carried out in a subsequent, separate step.

[0065] Our method for producing a button cell can be used in particular to produce button

cells as have been described above,that is to say button cells having a housing with a flat bottom
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area and a flat top area parallel to it. It is suitable for producing not only button cells which are

not beaded over, but also for those which are beaded over.

[0066] With respect to the preferred examples of the individual components which are used

in our method (housing parts and dimensions, clectrodes, separator and the like), reference can

therefore be made to the above statements and explanationsin theirentirety.

[0067] In general, the housing is assembled from a metallic cup part (housing cup) and a

metallic top part (housing top), with an electrode-separator assembly with electrodes in the form

of a flat layer being inserted into the housing such that the electrodes are aligned at right angles

to the flat bottom area and top area.

[0068] Asalready mentioned, the electrode-separator assembly is preferably installed in the

form of a winding, in particular a spiral winding.

[0069] In general, our method always comprises the following steps:

insertion of the winding into the metallic top part, and

insertion of the metallic top part with the winding into a metallic cup part.

[0070] The edge of the cup part is then optionally beaded over the cdge ofthe top part.

[0071] When a button cell which is not beaded over is produced, the corresponding steps as

described aboveare carried out.

[0072] Before the housing is closed, the electrodes are normally also impregnated with

electrolyte solution.

[0073] For the insertion process, the winding is preferably rolled up on a winding mandrel.

After or during the insertion process, the winding mandrel can then be removed. If required, the

winding core that has been mentioned above is then inserted. Alternatively, the electrode-

separator assembly can also be wounddirectly onto a core suchas this.
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[0074] The spiral windingis particularly preferably heat-treated on its end faces before being

installed. In this case,it is at least briefly subjected to a temperature at which the separator in the

winding is thermoplastically deformable. In general, the separator projects somewhat on the end

faccs of the winding, andthisis itself subject to the precondition that the clectrodes are arranged

with the offset with respect to one another, as described above. The heat treatment allows the

separator to be shrunk together somewhat, therefore, if required, even exposing the edge of an

adjacent electrode, such that this can rest directly on the button cell housing.

[0075] The stated advantages and further advantages will become evident from the descrip-

tion which now follows of the drawings. In this case, individual features may be implemented

on their own or in combination with one another. The described examples are intended only for

explanation and better understanding, and should in no way be understood as beingrestrictive.

[0076] Fig. 1 schematically illustrates the cross section through one preferred example of a

button cell 100. This has a metallic cup part 101 and metallic top part 102. The two parts are

connected to one another, sealed by means of a seal 109. Together, they form a housing with a

flat bottom arca 103 and a flat top arca 104 parallel to it. When in usc, these flat arcas 103 and

104 form the poles of the button cell, from which current can be drawn by a load. The edge 110

of the cell cup 101 is beaded inward over the edge ofthe cell top 102.

[0077] An arrangement comprising an electrode 105 in the form ofa strip, an electrode 106

in the form ofa strip, and the separators 107 in the form ofstrips is arranged in the interior of the

electrode. The assembly comprising the electrodes 105 and 106 as well as the separators 107 is

in this case in the form of a winding, whose end faces abut against the flat bottom area 103 and

the flat top area 104, which is parallel to it. The assembly is wound up on the core 108 in the

center of the button cell 100. Both the core 108 as well as the electrodes and separators which
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are wound around it are aligned at right angles to the flat bottom and top areas 104 and 103.

When the volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbed by the casing area of the button cell 100.

[0078] It should be stressed that the positive electrode 105 and the negative electrode 106

respectively rest directly on the cup part 101 and on the top part 102 of the button cell 100.

There is no need for a separate output conductor for connecting the electrodes to the top part 102

and to the cup part 101.

[0079] Fig. 2 shows the effect of the heat treatment of an electrode-separator winding 200,

which 1s provided in preferred examples of the method for producing a button cell. The illustra-

tion schematically shows a winding 200 comprising an assembly ofa positive electrode 201 (bar

with cross strips), a negative electrode 202 (white bar) and the separators 203 (detail). The

positive and the negative electrodes 201 and 202 are in each case arranged offset with respect to

one another. The separators 203 are composed of a thermoplastically deformable material.

[0080] When the separator edges which are located on the end faces 204 and 205 of the

winding 200 are subjected to a high temperature (for example, of 250°C, as illustrated), then

these separator edges shrink. The separators are drawn in at least partially between adjacent

electrodes. In the process, the edges of the negative electrode 202 are exposed on the end face

204, while the edges of the positive electrode 201 are covered. The edges of the positive

electrode 201 on the end face 205 are exposed, while the edges of the negative electrode 202 are

covered.
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[0081] When a windingthat has been treated in this wayis in use, this ensures that electrodes

of the same polarity can each rest directly only on the housing cup or on the housing top. There

is no need for separate electrical connections between the electrodes and the housingparts.

[0082] Fig. 3 shows an clectrode-scparator assembly for button cells in the form of a winding

300, with the illustration A depicting a plan view vertically from above at one of the end faces

301 of the winding 300, while the illustration B shows the winding 300 in a view obliquely from

above. In both cases, this shows that the assembly comprises two layers; separators 302 and 303

as well as two electrode layers 304 and 305 (a positive and a negative electrode). The assembly

is wound up in a spiral shape andis held together by an adhesive tape 306 onits outside.

[0083] Fig. 4 shows a sectioned illustration of one preferred example of a button cell 400.

Thefigure showsthe housing ofthe button cell comprising the cup part 401 and the top part 402,

between which the seal 403 is arranged. An assembly of electrodes and separators,as is illustrat-

ed in Fig. 3, is contained as a spiral winding 404 (illustrated schematically in the cross section)

within the housing. The separator layers 405 and 406 as well as the electrodes 407 and 408 of

opposite polarity can also be scen well here. In this case, the electrode 407 is connected via the

output conductor 410 to the top part 402, while the electrode 408 is connected via the output con-

ductor 409 to the cup part 402. The output conductor 410 is preferably welded to the top part

402. In contrast, the output conductor 409 is connected to the cup part 402 via a clamping con-

nection (it is clamped inbetween the supporting ring 413, on which the edge ofthe cell top rests,

and the bottom of the cell cup). The insulating means 411 and 412 are arranged between the end

faces of the winding and the cup part 401 and the top part 402, and are each in the form ofthin

plastic disks. This prevents electrodes of opposite polarity from being able to come into contact

with the cup part 401 or the top part 402 at the same time. This prevents any short circuit.
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[0084] Fig. 5 schematically illustrates the cross section through one preferred example of a

button cell 500.

[0085] This button cell 500 has a metallic cup part 501 and a metallic top part 502. The two

parts are connected to one another, scaled by means of a seal 510. Together, they form a housing

with a flat bottom area 503 andaflat top area 504 parallel to it. When in use, these flat areas 503

and 504 form the poles of the button cell, from which current can be drawnbya load.

[0086] The cell top 502 is inserted into the cell cup 501 such that the casing areas ofthe cell

top and of the cell cup overlap, with the internal radius of the cell cup 501 in the overlapping

area being essentially constant in the direction of the cut edge. Therefore, the edge of the cell

cup 501 is not beaded over the edge 511 of the cell top 502, and the preferred example described

abovefor a button cell 500 is therefore a button cell which is not beaded over.

[0087] An assembly comprising an electrode 508 in the form ofa strip, an electrode 509 in

the form of a strip and separators 507 in the form of strips is arranged in the interior of the

electrode. The assembly comprising the electrodes 508 and 509 as well as the separators 507 is

in this case in the form of a winding, whose end faces face in the direction of the flat bottom arca

503 and ofthe flat top area 504 whichis parallel to it. The assembly is wound up on the winding

core 512 in the center of the button cell 500. Both the core 512 and the electrodes and separators

which are wound aroundit are aligned at right angles to the flat bottom and top areas 504 and

503. If the volume of the electrodes increases or decreases during a charging or discharging

process, the mechanical forces which result in this case act predominantly radially, and can be

absorbed by the casing area of the button cell 500.

[0088] The positive and the negative electrodes make contact with the housing half-part

comprising the cup and top via the output conductor 505 and the output conductor 506. The out-
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put conductor 505 is composed of aluminum, and the output conductor 506 is composed of

nickel (or alternatively of copper). Both output conductors are thin films, which rest flat

between the end faces of the winding andthe flat top and bottom areas 503 and 504. A continu-

ous slight contact pressure is maintained on the output conductors by the winding core 512. The

output conductors are preferably separated from the end faces of the winding by a separate

insulator arrangement (notillustrated in the drawing), for example, by a thin film.
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Abstract (Clean

A button cell includes a housing cup and a housing top separated from one another by an

electrically insulating seal and which form a housing with a flat bottom area and a flat top area

parallel to it and an clectrode-scparator assembly within the housing including at Icast one

positive and at least one negative electrode in the form of flat layers and connected to one

another by at least one flat separator, wherein the electrode layers are aligned essentially at right

angles to the flat bottom and top areas and the button cell is closed without being beaded over.
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LOIGUR DOR ESSE neeepa Aree on GT ATK UR, HOOD AL, WN, 18, JP, REL RG, KM, RN,
can mein ame PRDReT AP (09,02:200) OE KR, KR, KZ, LAL LC, LE, LRLS, LT. LU LY,

Pe2008 30 389.6 18. Boni 2009 (14.062009) DE MD, ME, MG, ME, MN, MV, MXOMY, Af2, NAL nick,
19.2009 060 785. mee nn te NINO, NZ, OM, PE, PG, PH,PL, PY, BO, RS, RU. SC.

22. Desember 2009 (22.12.2009) DE SD, SE, 80, SK, SL, 8M, ST.SV, SY. TH. TY, TM, PN, 
 

 

(Fl) Asmelder (fir alle Resimmungssiaaen mil Aussahme TR TE, T2UA, UG, US U2, VON, ZA, 2M, 2,
ton US) VARTA SRCROSATTERY GMBH (gay Beothsmunpaskeastan faved: nich? anders angegeben, fiir

 
 

 

  

fDI/DE] Am Lobmuiee 31, 30419 Hannover G8}. jade venfiighare regionale Scleuzrechaary: ARIPO (YW,
(92) Erfinder: wad GH, OM, KE, LS, MW, MZ, NA, SB, SL, SZ, TZ, UG,
(75) Eviinder/Anmelder Gar Air US): PYTLEX, EYward EN|ZW), curasisthos CAM, AZ BY, |

[DEVDE}, Alemaunsastrmasse 7, 73479. Etwangon S BY, TM), sury AT, BE, BG, © LINDNER. Jdveen (ORDER) Rotiinwlesen | ES. PL FR, GB, GR, HR, HU, IE, IS, IT,
Elwengen (DE). BARENTHIN,Dirick (DE/DE) Bahn LU, LV, MC, MK, MT, NE, NO, PL, PT, RO, SE, 5

SK, SM, TR GAPL(BF, BECP, CG, Cl CM, GA, GM,
oO, ow, ML. MR, NE, SN, TD. TO).

  

fPoriseieany ayfder adchsien Sette} 

G4) PRE BUTTON CELLS AND METHOD FOR PRODUCING SAME
{34} Begeichowag : KNOPRARLORNUND VERFARREN ZU IRRER GERSTELLUNG

 
  7) Abesruch. A button cell (100; 400,503) Je described, carnprising p¥o am Ives (EOL, 102; 404, 402; SOL. 8053,

which are seal onnecied to.cach otherand forma heuging having 4 plan ares. (0 03) and3 planar cover area (Li;
3M) parsileltherein, wherein positive and negative electrodes (105, 105; 201, 202 04, 308; 407, 40%: 508, 409) aresrtanged as
Rat levers inside fhehousing and arcconnected te cach oifer vie an area} separator (HO7; 203. 202, 303: 405, 496.5075 _ wherein
the electrode layers have an-orthoganal orientation relative io the planar-bace and cover areas, Berthemore, a method tor frock-
cing sucha batten eek is described.

 

 

 

 
 

 

  
 

(37) Zasgasnneniasewag:
{Porseizung dufder adchsten Seite}
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 CRS) WO ZO0TVOSS1S2 Al

Vorétientichs:

oo mit Pertodenaicn Hecherchenberichy (Artikel 2) dbsatz
33

 

Beschriebes wird eing Knoptaelie (100; 400; $00}, uminssend mwel wetallische Gehdusehaliveile (191, £02; 401,402; $65, 302),
welche dichtend wniteinander verbundes sind ural otn-Gelidiise mill elnetn ehesen Budenbereich (103, S03) and cinein darn, paral-

Deckelbereich (Hi4: 34) anshilden, wohel intethath des Gebdusey aly flache Schichtes auseebiidete positive and
negative Blektroden (105, 106) ZOE, 203; S04, 305; 407, 408; S08, 509) angeordnet sind. die Gher cmon Sichigen Separator (107;
203; SOR, 303; 405, 4065507) miteinancer verbimden sind, wobei dig Rickrodenschichten orthogonal mu dem ebenen Beden- und
(eckelbcreich ansgerichtet sind, Welnwhin wird cic. Verfahren sur Nersteliung einer solchon Knoptellebesthriebin.

  Tefen eb
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Munchen, den 08.10.2008
Telefon: {8 89) 2185 3756 ,
Anmeéiderinhaber, VARTA Miorabattery Gmbh

Deutsches Patent’ und Merkenant

the Zeichan: P 49226 DE

the Antrag vores 62.022009
Qeutsenes Paterni- und Markedamt-S0207 Muachan aul Recharche geri 649 Patentgesatz

Bite Akignzeichen und Anmelderfinhaber bel
HercPatentanwalis ailen Eingaben und Zehlunger arigeben
Ruff, Wihelm, Baler, Dauster
& Partner
Kronansir. 30

FOS Statigan 
Aktenzeicher: 19 2009 006 859.8

Recherchebericht

A. Rlassifigigning des Anmeidungegegensiandes nach der intermnationalen Patenthiessiikation PC}

PC Os

HOTM 10/38 O1.07 2O06
HOIM 70/46 01.01.2006

B. Resherchiete Gebietes

KlasseGrupps Prifes Patertabtellung
HOLM 10/38 OF.G1 2066 bread Spaan a5

Die Recherche im Deutschen Patent und Markenamtstitst sich auf dis in der Regherchedatenbankvan DEPATIO
yerlighare Pateniieratuy
{siete hierzu die Informationen inn Intemel wwdesatienat.des iifarmation=felenbestand):

Recherchiat wurde in folgenden Datenbanken:

Name der Datenbank und des Hoste

DCHDX

Mlassen/Gruppen, die ir Abechnill A aufgelihe sind, jedoch in Abachniti B nicht auadrioklich envahntwerden, wurden
entweder dureh ains iPC-Ghergreifenda Datenbankrashershe eriasai oder dignan tedigiich der Dokumentation une
information. in KlassemGruppen, die in Absehnitt 8 autgefGhrt sind, jedech nisntin Abschnit A gendnnt-sing, wurde mit
dem im Abschnitt C angeagebenen Ergebiis resherchiert.

 

    
  

 

Hokumenianennahime Naueigebdude: Hausadreace (ar Frachts Teteton: {O88} 2198-0 Zahlungsempfenger:ind Nechthrielkasian _Zweibrlexenstate 12 Gauisches Patent und Markenamt=“Telefax (Go) 2195-2204 Gurreskesss Wear
ESE . . we Hage: 12 internet: Agudvae.doma.de Bek Mbosher

SwelbrickonsimBe 12. Morkensbteilungen: BOSS 7 RIS, OO. OILStincings 64 Ble: 7 GS
BYSS4 Miinghen BIC (GWET Cone): MARDERIGAN: DEBA 7OOC BOLO OG70 HOTG ga agi]

  Taritverbud f

ass in
rehire. a.
MW:

Zwaibrekenst, 12. (Maupigabside):
$4. ~.98 Hatwatehs isartor

Schwere-Rotter-Stake 3¥
Ginsinnaistr, 94,
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a
‘

Aktengeichen: 102000 G08 859.8

D, Folqends Literatur und gifete legen dem Deutschew Pateni- und Merkenarc? nicht vor:

Die Aacherche kann sich aul den vam Anmelden'von dar Anmelden selbsigenannien Stand der Technik nicht
atstreckan, der dem Oeutschen Patent und Markenamt nicht vorliegl Wenn beabsichtigi ist, einen Pritungsantrag
nach’§ 44 Palit zu stellen, wird der Anmelderidie Anmielderii aufgefordert, diese Literagein Kopie zur Pridungsakte
zu raichen: .

Th

E. Datum des &bachiusses der Secherchic 05.10.2008

Vollstindigkelt der Erniftuag:

Eine Gewdhr jor dieVolistandigkeit der Ermitilung der ainschiagigen. Osucksctriften und fir die Richtigkalt der
angegebenen Kategorien wind nicht qoloistet.(§43 Abs. 7? Satz 1 Palentgeselz oew, 87 Abs, 2 Gebrauchsmustengesatz
iim. $43 Abs, 7 Satz T Patentgesetz).

Absencedatum des Recherchaberichtas

Aniagen; S$

Patertabtellung 1.45
Recherchelatioialle
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rguterungen su Abeachnitt.c, Ergebnis der Drucksehrifienermiitiung

Spale: at{egoris}

£s bedeutet:

X%: Druckschriften, die Neuhelt oder das Voriiegen ‘siner erfinderischen Tatigkelt (8 43 FatG}/ eines er
fioderschen. Schritte (§ 7 GebrMiG)aligin in Frage stellen

¥; Druckechrifien, dle das Vorilegen einer edinderischen Tatigkeit {§ 49 PatG) / eines erfinderisshen Schrrtes
i§ 7 GebiMG} ginger Deansprictten Edindung In Kombination mit einer oder mehreréen selchen
Druckschrifien in. Frage sieit, wobel gle Kormbinalion.der Druoksctiriften fir sinen Fachmann nahe tegenMuUSs

& Allgemein cum Stand der Technik, technolagischer Hirtengnind

©: Nicshbschriliche Offenbaning, 2.8. einin einer nachverdilentliciten Onuckeohrilt abgedruckier Vorirag, der
ver dem Anmelde- oder Prionidisiag offentiich gehalten wurde

BP: im Priestdis:

T: Nachverdifentichte, nicht kolliidisrende Drucksahriien, dle. die Theorle der angemeldeten Erfindung
betrefien und fir ein besserés Versténdnis der angemeldeten Enindung ndtziich sein kénnen oder zeigan,
dass der adgemeldeten Erfindung zugninde flegende Gedankengangs oder Sachverhalte taisch sein
KOnnten

Ei Avtere Anmeidurigen gemad § $-Abs. 2 PatG (bel Recharchan pach &48 Pat®) / frdbere Patent oder Ge-
brauchsmusteranmeldungen gemad $15 GebrMG {dei Recherchen nach § 7 GeorG) :

t: Drockschriten, die beraiie in der Patentanmeldung genannt sing (bet Reeherchen nach § 49 PatQy? Drubk-
echyiften, cle bevelts in der Anmeldung oder dem Gebrauchsmuster genannt sind (bal Recherchan mach § 7
GebrMa}

i: Aus besonderen Grinden genannie Gruckschriften, 2.8. Zum Veriientiichungstag einer. Entgegenhaltung
oder bel Zwolfein an der Priorat.

 

imervall verdlfentichte Dracksctriften  

Spates Eriguterungen

Dis im Rechercheverfahran angegebenen Enduteringen und rélovanien Steen sind in dieser Spalte ven der
aiierten Drucksehyift getrennt angeqesen, Die verwendetsn Abkirzungen und SymGole bel Nennung einer
Oruckechrilt bedeuter: .

VerétL:  Veriifientiichungstag siney Druckashrift iy Pratitatsintervall

= Drocksetriften, dé. aul dieselbe Ursprungsanmeaicung zurackgehen (Patentlamilien’) oder auf die
sich Neferate oder Absiracis heziehert

Bei Kiassen- ‘Gruppenangabe ohne Nennung van Druckschiiiten bedeuist das Symbol
me Nichis ermittelt

Spalte: Seirlofiene} Anspriiche

Hier sing dla Arspriche unter Zuordnung zu den. in Spalte .Edauterungen’ genannten Anmerkunges
angegeben.

Hinweis zur Patentliteratur

Dis angegebene Paleniliieratur kann in den Ansiegohallen des Deutechen Fatent:.und Markenarsis, 803904
Munchen, <welerlickenstraie 12 oder 10959 Berlin, Glischiner St. 97 eingesshen werden; deutsche Patent-
achrifien, Ausiegeschrilien oder Offenlegungssctriten und isilweise auch Petentiteratur anderer Lander auch it
den Patentinionmationazentren, —in Verzeichnis uber ciese Patentirdarmationszentren kann vor Deutschen
Patent und Markenamt sowie vor einigen Privattirnen bezogen werden,

Oniline-Recherchen 2u Patentveréfentichungen aug aller Wolt, dle sich im Datenbestend dee amtsinternen
devischen  Patentinformationasystems DEPATIS befinden, sind kostenles mdgiich unter
httpvwww.depatisnetde
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IN THE UNITED STATES PATENT AND TRADEMARKOFFICE

Art Unit : Customer No: §35811
Examiner :

Serial No. :

Piled : Herewith

PCT No. > POCTVEP2010/4000787
PCTFiled : February 9, 2010
Inventors > Eduard Pytlik DocketNou RUF-31-1270

: Jirgen Lindner
> Ulrich Barenthin Cantinmation No.

: Winttied Gaugler
Title > BUTTON CELLS AND METHOD

: FOR PRODUCING SAME

Dated: July 28, 2011

INFORMATION BISCLOSURE STATEMENT

Man Step PCT
Comniisstoher for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

fh bel‘j

The Applicants enclose Form PTO-1449 together with a copy of each of the nine (9}

listed non-US publications. The documents are identified in the International Search Report

attached to the PCT Application as published under No, WO 2010/089152 Al and in the Speci-

fication. The documents are submitted under 37 C.E.R. §1.56 and are believedto be related tc

this application,

The Applicants respectfully request that this Information Disclosure Statement be offi-

ciallyentered into the fle and that appropriate notification be made that it was considered bythe

 

Examiner.

Respectfullysubmitted,

T. Daniel Christenbuary
Reg. Neo. 31,750
Attorneyfor Appheants

TOON

(213) 656-3381

JLab/Cambridge, Exh. 1002, p. 100



JLab/Cambridge, Exh. 1002, p. 101

Sheet | of1

Form P'TO-1449 U.S. DEPARTMENT OF COMMERCE ATTY. DOCKET NO. SERIAL NO.
PATENT AND TRADEMARK OFFICE RUF-11-1270

APPLICANTS

Eduard Pytlik et al
LIST OF PUBLICATIONS CITED BY APPLICANT FILING DATE GROUP
(Use several sheetsifnecessary) Herewith

U.S. PATENT DOCUMENTS
EXAMINER FILING DATE
INITIAL* DOCUMENT NUMBER DATE NAME CLASS SUBCLASS IF APPROPRIATE

 

Bo

  FOREIGN PATENT DOCUMENTS

P|[noc|name|oounmey|crass|sunenassLiDoDOCUMENT NUMBER DATE, COUNTRY CLASS_|SUBCLASS NO

|[rosemary|sozsnser|vatsrningon|||
|fac[isisarcenrosa|ose[com|||.|
Pa[ttsversie|comma|Loss||

w[sssemsar|asnsises|coma||nee|
slowsonan[ee|||
rr

OTHER PUBLICATIONS(Including Author, Title, Date, Pertinent Pages, Etc.

OO
powf
ee

EXAMINER DATE CONSIDERED

*EXAMINER:Inilial if publication considered, whetheror noi cilalion is in conformance with MPEP 609; Draw line through citation if noi in conformance and not considered.
Include copyofthis form with next communication to Applicant.

v°
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PATENT SPECIFICATION

1,088,271 
DRAWINGS ATTACHED

1,088,271
Inventor; ALFRED LINTON.

Date of filing Complete Specification: April 7, 1964.

Application Duie: April 4. 1963.

Complete Specification Published: October 25, 1967.

© Crown Copyright 1967.

No. 3904/63

Index at Acceptance:——Hi B (D10A, 81A5, S1A6, S1A10, S1A14, S1A15, S1A16, SIAI8, S1C3,
$1C4, S3A1).

Int, CL:—H 01 m 43/04,

COMPLETE SPECIFICATION

Electrie Cells

We, BURNDEPT LiMiTED, of Canada Road,
Oyster Lane, Byfleet, Surrey, a British Com-
pany, do hereby declare the invention, for
which we pray that a Patent may be granted

5 io us, and the method by which it is io be
performed, to be particularly described in
and by the following statement:—

The invention relates to the construction

« Of sealed alkaline clectrolyte secondary
10 electric cells having finely divided cadmium

in the negative electrode. It is particularly
applicable to sealed nickel cadmium cells
but it may be used in cells having active
materials other than nickel hydroxide in the

15 positive electrode.
It has previously been proposed in Speci-

fication No. 685.341 to make a cell of this
type with a negative electrode of higher
capacity than the positive electrode, the

20 negative electrode being at the moment of
sealing more charged than the positive elec-
trode and the difference between the charges
being smaller than the difference between
the capacities of the electrodes. This Speci-

25 fication was, however, mainly concerned
with overcoming problems of gas evolution
due te overdischarge of one ccll in a battery
of cells, and the farger quoted difference
between the charges on the two electrodes

30 was 25% of the smaller capacity.
Our invention on the other hand is con-

cerned with the solution of problems which
arise in the production of cells which are
designed to deliver substantially all their

3§ theoretical capacity at a high rate of dis-
charge. The term “high rate” is used
throughout this Specification to denote a
discharge rate in which the whole capacity
of the cell is discharged within a maximum

40 time of two hours, that is to say the average
- discharge current in amperes is equal to at

least half the capacity of the cell in ampere
hours (Ah).

[Price 45. 6d,]

It has been established that the negative,
cadmium electredes of these secondary cells 45
are less efficient in the electrochemical sense _
than the corresponding positive electrodes
and that they tend to become even less
efficient when the cell is charged and dis-
charged for the first few cycles. 50

We have nowdiscovered that this relative

inefliciency of the negative electrodes is
much more pronounced in cells which are
to be discharged at high rates und we have
ebserved that the efficiency of a typical 35
cadmium oxide electrode material may fall
from 100% of the theoretical capacity at
extremely low discharge rate to 6054 at an
average discharge current in amperes equal
to its capacity in Ah and to as little as 60
45° at a rate in amperes of 4 times its
capacity in Ah. The corresponding figures
for a typical cadmium hydroxide material
are 80°, and 65%.

Specification No. 685,341 gives no infor- 65
mation about the rate of discharge for which
the cell was designed but in the light of
our observations it appears that, if dis-
charged at a high rate the quoted reserve
of charged negative material would be 70
insufficient to accomplish the stated objects
of that invention. :

Proceeding from these observations a high
rate cell in accordance with the invention
is made with a negative. cadmium, elec- 75
trode system of substantially greater theo-
retical capacity than the positive electrode
system. At the moment of sealing the cell
the positive electrode system is to have
material in the uncharged state und the 80
negative electrode is to have a main bady
of material in the uncharged, cadmium
oxide or hydroxide, state. In addition to
this main body of uncharged material the
negative electrode system is to have such 85
a reserve of charged material at the moment
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i)
1,088,271 

of sealing that the total charge on the nega-
tive electrode system exceeds that on the
positive electrode system and the sealed and
charged cell can be discharged at a high
rate at an. overall efficiency at least substan-
tally equal to that of the positive electrode
system.

The quantity of charged material incor-
porated zs a reserve in the negative electrode
system is determined mainly by the maxi-
mum discharge rate for which the cell is
designed, but preferably includes an addi-

. tion. for the anticipated detericration of the
electrode during its expected lifetime.

To obviate the risk ef dangerous rises in
Pressure upon overcharging it is already the
practice in the manufacture of this sort of
cell to make the negative clectrode cf a
higher capacity than the positive electrode

20 and to ensure that, at the moment of seal-
ing the cell, the negative electrode has a
greater capacity to accept charge than the

_. positive electrode.
The correct required balance of charge

25 between the electrodes is currently attained
by one of three procedures, The cell may
be sealed with both electrodes completely

_ uncharged; the electrodes may be given a
carefully controlled partial charge before

30 the cell is sealed: or both electrodes may
be fully precharged and the negative elec-
trode subjected to a carefully controlled

- partial discharge. Each of the three pro-
cedures present difficulties, the latter two

35 being most inconvenient in mass production
where it is highly desirable to carry out
any precharging steps on the electrode

-., Material before it is cut to form individual
_ electrodes.

40) We have discovered that the amount of
active material which has to be incorporated
in the negafive electrode so that it may
possess the required electrical capacity and

_ the extent fo which it needs to be pre-
45 charged must depend upon the quality of

the materials employed and that it may
vary from batch to batch in the course of
the manufacturing run. This raises the
problem of varying the amount and _pre-

30 charge of the negative electrode. This
problem can be avoided in the manufacture
of a cell in accordance with the invention
by disposing the additional mass of charged

_ hegative electrode material, constituting the
55 reserve mentioned above, in an auxiliary

negative electrode in direct electrical con-
nection with the main negative electrode
and by fully precharging the auxiliary elec-
trode before the cell is assembled and

60 sealed. In such a construction there is no
need to vary the mass of the main negative
electrode in accordance with variations in
material quality and there is no problem in
determining the precise degree of precharge

65 which has been given to the negative elec-

 

un

10

15

 

rode assembly.
Preferably the electrodes of a cell in

accsrdance with the invention comprise
active materials mixed with conductive
materials in powder form and bound with 70
an elastomeric binder such as high molecular
weight polyisobutylene, for instance
“Vistanex” (registered Trade Mark) L. 140
cr a still higher molecular weight poly-
isobutylene. Other strong elastomers cun be 75
used. If the elastomer is mixed with the
powdered materials as a solution it is an
advantage fo use one which shrinks as it
dries because this will have the effect of
compressing the powdered material slightly. 30
thus helping to ensure electrical contacts
between the particles, thus helping to ensure
electrical ccntacts between the particles.
Such electrodes are described in greater
detail in the specification of our copending 85
application number 29846/59 (Serial No.
970638).

Alternatively the electrodes may be of the
construction in which a rorous sintered
mass of nickel powder is impregnated with 96
active materials. Electrodes of more than
one type of structure may be used in a
single cell.

Where a cylindrical cell is to be made
with plastic bonded electrodes a particularly 95
convenient mode of assembly is to prepare
the pack of electrodes and separators in the
form of strips gripped at one end by a
split mandrel and then to wind the pack
around the mandrel to form a roll. The 100
roll thus formed is then removed from the
mandre] and placed inside a suitable cylin-
drical can. This method of windingfacilitates
the handling of the components and helps
to produce an accurate roll even where 105
the diameter is large in proportion to its
length, In making cells of relatively large
diameter we have found it preferable to
apply the mandrel at the middle of the
length of the pack and to wind from the 110
centre and that technique forms the subject
of our Application No, 13302/67 (Serial No.
1088272), divided from the present Appli-cation.

In order that the invention may be 115
thoroughly understood the preparation and
assembly of three cells in accordance with
it will be described in some detail, by way
of example, with reference to the accom-
panying drawings, in which:—

Figure 1 is a vertical section on the line
I-I of Figure 2, through a cylindrical cell
with wound strip electrodes:

Figure 2 is a cross-section on the line
I-II of Figure 1, through the same cell:

Figure 3 is a vertical section on the line
IT-TH of Figure 4, through another cylin-
drical cell with strip electrodes wound from
the centre;

Figure 4 is a cross-section on the line 130

120

125
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IV-V of Figure 3, through the cell shown
in Figure 3; and

Figure 5 is a vertical section through a
button cell having flat electrodes.

5 The ceil shown in Figures 1 and 2 com-
prises main positive and negative electrodes
10 and 12 respectively and an auxiliary
cadmium negative 14 with porous separators
16 and 18 between the two electrode

10 systems. The three electrodes and the
separators are in strip form and wound into
a spiral in a manner to be described below.

The two separators [6 and 18 may con-
veniertly be made from a single strip of

15 material turned over the positive electrode,
as shown in Figure 2, at the inner end 17.

The electrodes and separators are
enclosed in a cylindrical can 20 between
insulating end discs 22 and 24 at top and

20 bottom respectively.
The end discs 22 and 24 are suitably

apertured to allow positive and negative
contact strips 26 and 28, 29 respectively to
be connected between the electrode systems

25 and the terminals. The positive terminal is
constituted by a top cap 30 insulated by
a plastics material grommet 32 from the
can 20 which constitutes the negative
terminal.

30 The cell shown in Figures 3 and 4 is
generally similar but the whole system of
electrodes and separators is folded back on
itself at the inner end 34, so as to form
a double spiral in a manner to be described

35 below. The several parts are given the same
numbers as the corresponding parts of the
cell shown in Figures I and 2.

The positive electrodes of the cells shown
in the drawings may advantageously com-

40 prise a mixture of 36.77% by weight of
nickel hydroxide and 1.93% by weight of
cobalt hydroxide as the active materials.
admixed with 58.1% by weight of nickel
powder as a conductive material, bound in

45 3.2% by weight of polyisobutylene binder
in the form of “Vistanex” L.140.

Specific proportions have been quoted for
the several materials of the positive elec-
trode, These proportions (all of which relate

50 to the total weight of the electrode in
question) can be varied and it is possible
to include some graphite as a conductive
material in proportions up to 30% by
weight. The total of active ingredients should

55 preferably be between 30 and 70% by
weight and if cobalt hydroxide is included
it may be present in a propcrtion up to
30% of the weight of nickcl hydroxide.
The nickel powder should be present in

‘60 proportion between 25 and 70% by weight
and there should be between 2 and 5% by
weight of elastomeric binder.

The negative electrodes are made from a
mixture of 62.2% by weight of cadmium

65 oxide as the active material, 35% by weight

of nickel powder as the conductive material,
and 2.8% of “Vistanex” L.140 as the
elastomeric binder. The proportion of
cadmium oxide may be varied between 45%,
and 70% by weight, the proportion of 70
nickel powder may be between 25% and
50% by weight and up to 10% by weight
graphite and 20% by weight of iron oxide
may also be included as conductive
materials. The proportion of elastomeric 75
binder should be between 2% and 5% by
weight.

Strips of electrode material are made by
coating the respective mixtures onto nickel
gauze or expanded foil. This coating can 80
conveniently be achieved by passing the
gauze or foil through the mix in a box
with a slot in the base to admit the strip
and by doctoring off excess mixture at the
top of the box so as to produce a strip 85
of the required thickness.

If a positive electrode of sintered con-
struction is to be used the nickel powder
will be mixed with the binder solution,
coated onto gauze or foil and then sintered, 90
for example by furnacing at about 800°C
to 900°C forfive to fifteen minutes, oxida-
tion being prevented by the restriction of
access of air to the furnace. The sintered
strip will then be impregnated in the usual 95
way.

The negative electrode material is pre-
ferably prepared in strips of two thicknesses,
the thicker of which will serve for the main
negative electrodes 12 and the thinner of 100
which will serve for auxiliary negative elec-
trodes 14.

Contacts 26, 28 and 29 are spot-welded
to the positive electrode 10 and to the main
and auxiliary negative electrodes 12 and 14, 105
respectively. These contacts are attached
approximately mid-way along one edge of
the strip which is to form the electrode.
Placing the contacts centrally is advan-
tageous because it cuts down voltage drop 110
through the material of the electrode.

The sirip which is to form auxiliary nega-
tive electrodesis fully precharged in eleciro-
lyte, washed and dried, under non-oxidising
conditions in one piece, and thereafter cut 115
to form individual electrodes.

Strips of separator material are cut from
a suitable material for use as separators,
The separator strips should be somewhat
wider than the electrode strips to avoid the 120
risk of short circuiting when the electrodes
10, 12, 14 and separators 16, 18 are
assembled,

Electrode and separator strips are then
laid up alternately into a pack within guides 125
in a locating fixture. The strips are carefully
located so that the separators 16 and 18
overlap the electrodes along both edges.

The pack is then wound onto a slotted
mandrel. Tn the construction shown in 120
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Figures 1 and 2 the mandrel is applied to
one end of the pack and in that shown in
Figures 3 and 4 it is applied to the middle
of the strip. Care must be taken to ensure
accurate positioning, the tightness is achieved
by applying pressure by meens of rollers
and turning the mandrel several times after
the assembly is wound on. The mandrelis
then withdrawn, and after bending the nega-
tive contacts 28, 29 across the central hole
34 and arranging the bottom end disc 24,
the assembly is inserted into the cylindrical
steel can 20. The negative contacts 28, 29
are electrically welded to the base of the
steel can 20 by means of a welding elec-
trode inserted dawn the central hole 34.

The top end disc 22 is placed over the
assembly, the can is then rilled at 36, the
grommet. 32 put into position to insulate the
top cap 30 from the can 20, and the positive
contact 26 is welded to the top cap. Only
then may the electrolyte be added to the
electrodes and as soon as this has been
done, the cell must be sealed to avoid self-
discharge cf the charged auxilisry negative
electrode 14.

In the button cell construction shown in
Figure 5 there are two sets of positive, main
negative and auxiliary negative, electrodes
50 50’, 52 52’ and 54 54’ respectively of the
same composition as those of the cells
described above, but in the form of flat
plates. The electrodes and separators 56
and 56° and 58 are cut into the shape of
round discs. After welding positive and
negative contacts, 66 66° and 68 68’ respec-
tively to the electrodes 50 50’, 52 52’ and
54 354 the electrodes and separators are
stacked into a pile which is bound with
insulating tapes 72 73 covering the contact
strips and placed within the can 60. The
electrolyte is added and the can tightly
sealed by a top cap 80 insulated from the
can by a grommet 82.

A plate spring 86 between the pile of
electrodes and the top cap assures good
contact between the electrodes and
separators, between the positive contacts 66
66° and the can 60 and between the nega-
tive contacts 68 68° and the top cap 80.

The positive electrode 50’, has a seg-
mental cut out at 88 to allow for passage
of the negative contact 68 and the negative
electrodes 52 and 54 are similarly cut away
at 90 fer the positive contact 66’.

Tf it is thought necessary to add a
mechanical safety device to ensure that
under no circumstances can an explosion be
caused by excessive gas pressure within the
sealed cell, this can conveniently be done
by stretching a diaphragm across the top
of the can immediately below the top cap
30 and by forming an inturned pointed lug
on the top cap. By a suitable choice of
material and thickness for the diaphragm

matters can be arranged so thi any excess
gas pressure, even though it be well below
that which the can is designed to withstand,
will so distort the diaphragm as to cause it
to be pierced by the inturned lug on the
top cap. If the diaphragm is of metal the
contact 26 from the positive electrode can
be welded to it.

If it is required to provide a reserve
against over-discharge, so that batteries of
more than two cells can be made success-
fully without the weaker cells being over-
discharged by their more powerful neigh-
bours, this can te done by a second type
of auxiliary electrode of uncharged negative
material having just sufficient capacity to
absorb a reserve charge equivalent to the
difference in capacity between the worst and
the best possible cells in a battery, and con-
nected to the positive electrode,

WHAT WE CLAIM IS:—

1. A sealed alkaline electrolyte secondary
electric cell designed to deliver substantially
all its theoretical capacity at a high rate
of discharge as hereinbefore defined and
having finely divided cadmium in the nega-
tive electrode which is of substantially
greater theoretical capacity than the posi-
tive electrode system. and in which cell, at
the moment of sealing the positive electrode
system has material in the uncharged state,
while the negative electrode system has a
main body of material in the uncharged,
cadinium oxide or hydroxide, state, and, in
addition such a reserve of material in the
charged, cadmium metal state that the total
charge on the negative electrode system
exceeds that on the positive electrode
system and the sealed and charged cell can
be discharged at a high rate at an overall
efficiency at least substantially equal to that
of the positive electrode system.

2. A cell according to claim |, in which
the reserve of charged material in the nega-
tive electrode system includes an addition
for the anticipated deterioration of the

electrode during the expected lifetime of thecell.

3. A cell according io claim 1 or claim
2, in which the additional mass of charged
negative electrode material constituting the
said reserve is disposed in an auxiliary nega-
tive electrode in direct electrical connection
with the main negative electrode, the said
auxiliary electrode being fully precharged
before the cell is assembled and scaled.

4. A cell according to any preceding
claim, having an elctrode which comprises
active material in powder form and bound
with an elastomeric binder, such as high
molecular weight polyisobutylene.

5. A cell according to any of claims 1
to 3, having an electrode of the construc-
tion in which a porous sintered mass of
nickel powder is impregnated with active
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6. A cell according to claim 4, com-

prising a cylindrical coll of electrodes and
separators in strip form in a cylindrical can.

7. A cell according to any of claims 1
to 5, comprising electrodes and separators
in the form of flat plates layed up in a stack
in a cylindrical can having a diameter large
in proportion to its length.

8. A method for the construction of a
sealed alkaline electrolyte secondary electric
cell as claimed in claim 1, which comprises
preparing a positive electrode system with
material in the uncharged state and a nega-
tive electrode system of substantially greater
theoretical capacity than the positive system
partially precharging the negative electrode
assembling and sealing the electrodes with
separators in a suitable container, so that
at the moment of sealing the negative elec-
trode system has, in addition to a main body
of material in the uncharged cadmium oxide
or hydroxide, state such a reserve of
material in the charged, cadmium metal
state that the total charge on the negative
electrode system exceeds that on the posi-
tive electrode system and the sealed and
charged cell can be discharged at a high
rate at an overall efficiency at least sub-
stantially equal to that of the positive elec-
trode system.

9. A method according to claim 8, in
which the said reserve includes an addition
for the anticipated deterioration of the elec-

trode during the expected lifetime of the
cell,

10. A method according to claim 8 or
claim 9, in which the additional material
constituting the said reserve is disposed in
an auxilliary negative electrode in direct
electrical connection with the main negative
electrode and in which the auxiliary elec-
trode is fully precharged at the moment of
sealing the cell.

11. A sealed alkaline—electrolyte
secondary cell according to claim 1, having
a negative electrode of the composition
quoted herein.

12, A sealed alkaline—electrolyte
secondary cell according to claim 1 or claim
11, having a positive electrode of the com-
position quoted herein.

13. A sealed alkaline electrolyte
secondary cell substantially as described
with reference to Figures 1 and 2, or Figure
5 of the accompanying drawings.

14. A method for the construction of a
sealed alkaline electrolyte cell substantially
as described with reference to Figures 1 and
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2, or Figure 5 of the accompanying draw- 60
ings.
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Description

The invention relates to an electrode assembly,
a method for making the elecirode assembly and
electrochemical cells in which the electrode assem-

bly is used.
Various configurations of electrode assemblies

consisting of an anode and a cathode have been

disclosed. The configuration and the arrangement
of such electrode assemblies in a particular hous-
ing is important in that the assembly and configura-
tion impacts upon the 1) amount of active electrode
material that can be included in each cell, 2) elec-
trical performance, and 3) the ease of manufactur-
ing.

A useful electrode assembly configuration is
disclosed in U.S. Patent 3,663,721. Therein, an
glectrochemical cell is disclosed in which the lith-

ium anode comprises a unitary and continuous
length of zig-zag pleated lithium of a selected
width. Individual cathode plates are positioned be-
tween pairs of the pleated anode. A separator is
placed between the cathode and the anode to
prevent elecirical contact between the anode and
the cathode.

While this electrode assembly is useful, it is
disadvantageous in that it requires 1) the manufac-
turing step of placing separate cathode plates be-
tween the zig-zag pleated anode, and 2) a series of
electrical connections fo be made between the

various cathode plates and the external slectrical
contact with the cathode thereby increasing the
opportunities for short circuits to occur.

The present invention provides an electrode
assembly comprising an anode, a cathode and
insulating separator positioned between the cath-
ode and the anode, the anode, the separator and
the cathode being folded to form an accordian fold;

characterized in that the anode and separator
are approximately twice the length of the cathode
and are folded in half over the cathode prior to
forming the accordian fold. An accordian fold com-
prises two or more “V" folds.

The electrode assembly of this invention is
advantageous in that it avoids 1) the need for the
manufacturing steps involved in making separate
cathode plates and subsequently inserting such
plates into the pleats of a zig-zag anode and 2) the
need to make a series of electrical connections

between individual cathode plates. Since the cath-
adeis itself continuous, only one electrical contact
need be made to the cathode.

In one useful embodiment, the electrode as-

sembly of this invention comprises a three piece
laminate comprising, in the following order:

a) a metal foil current collector;
6) a layer of a malleable anode-active maierial;
and
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c) the insulating separator.
The present invention also provides an elec-

trochemical cell comprising an electrolyte, and an
electrode assembly of the present invention.

In the above embodiment, ihe electrochemical
cell constructed with the accordian folded electrode

assembly of this invention has 1) decreased inter-
nal resistance and 2) betterutilization of the anode-
active material compared to electrochemical cells
in which the anode is coated on a metal grid
current collector.

The present invention further provides a meth-
od of making an electrochemical cell comprising:

forming an anode by covering a metalfoil
current collector with a layer of anode-active ma-
terial;

placing an insulating separator over the anode-
active material to form a laminate;

forming a cathode by coating at least one side
of a meial foil grid current collector with a cathode-
active material;

folding the laminate approximately in half to
sandwich the cathode therebetween;

folding the assembly so formed into accordian
folds;

inserting the accordian folds into a housing;
and

filling the housing with an electrolyte.
The present invention will now be described by

way of example with reference to the accompany-
ing drawings,in which:-

Fig. 1 is a schematic drawing of the anode
assembly.

Fig. 2 is a schematic drawing of a typical cath-
ode assembly.

Fig. 3 shows the anode and cathode being lami-
nated together prior to the accordian fold.
Fig. 4 shows the laminate of Fig. 3 in an accor-
dian fold.

Fig. 5 shows an electrochemical cell com-pris-
ing an electrode assembly of the invention.
Applicants will now proceed to describe the

anode and cathode construction, the separator and
the technique by which they are brought together
in a laminate structure and subsequently accordian
folded. In this description of the invention, fithium
anodes and MnOz2 cathodes are used. It will be

recognized that the invention will work with most
electrode assemblies using solid fuel.

The anode assembly in Fig. 1 is a three piece
laminate comprised of an anode-active material 12
such aslithium coated on a .0254 mm (1 mi!) metal
foil current collector 13 such as stainless steel. A

portion of the stainless steel foil 13 is left uncoated
and trimmed to form the anode terminal 14. A

separator 15 such as Celgard® 4510 (avaliable
from Celanese) and/or non-woven polypropylene is
rolled over the entire jithium anode 11 formed of
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the anode-active material 12 and the current collec-

tor 18. The separator is a porous electrically-in-
sulating material which prevents electrical contact
between the anode and the cathode but allows
movementof ions.

Other useful anode-active materials include any
malleable anode material such as alkali metals (Na
and K), Li-Al alloys, Li-Si alloys, Li-B alloys and the

metals of Groups la and Ila of the periodic table of
elements. Malleable anode-active materials are

coatable on metal foil. Also, the separator can be
coated onto the surface of the active material with

considerable adherence of the separator to the
anode layer. Metal foils which can be used as the
current collector include metals such as nickel,
stainless steel, aluminum and titanium.

While this embodiment of the invention is ex-

emplified by having the insulating separator placed
over the anode,it is clear that the invention works

equally well when the separator is placed over the
cathode. In any case, a small excess of separator
is left relative to the sides of the electrode. The

total length and thickness of the anode will be
dictated by the fuel loading requirements of the
electrochemical cell or battery specification under
consideration.

The cathode 1 is a laminate as shownin Fig. 2.
In the embodiment shown it is made with MnQ2.

The MnOz cathode 1 comprises a grid current
collector 22 such as stainless steel coated on one

or both sides with a mixture of MnQ2, carbon and

Teflon® 23. A small portion of the stainiess steel
current collector 22 is left uncoated and shaped at
one end to function as a cathode terminal 24.

The wide variety of cathode-active materials
which would also be useful in the electrode assem-
blies of this invention include the various forms of

polyfluorocarbons,i.6.(CF,j, x < 4 and n is some
indeterminate large number, FeS2, FeS, CuO and
Biz Oz.

A complete electrode assembly is shown in
Fig. 3. It is made by positioning the cathode 1 on
top of the separator 15 attached to the anode 11 so
that the cathode terminal 24 and the anode termi-

nal 14 are side by side but are not in eiectrical
contact. The cathode, in this embodiment of the

invention, is about one-half the length of the anode.
The entire anode 11 is then folded over the entire
cathode 1 to form a laminate structure in which the
cathode 1 is sandwiched between the folds of the
anode 11.

Next, the complete electrode assembly of Fig.
3 is then accordian folded as shown in Fig. 4. The
accordian folded electrode assembly of Fig. 4 is a
series of connected "V" folds. The accordian fol-
ded electrode assemblies of this invention com-

prise two or more "V"folds. The length of each leg

in the fold and the numberof folds and legs will, of
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course, be determined by the dimensions of the
container in which the electrode assembly is to be
inserted. Obviously, electrode assemblies having
more than two "V" folds or four legs are possible,
depending upon the fuel loading requirements of
the intended power application and the specific
anode and cathode materials used.

One method for folding the electrode assembly
of this invention, referring to Fig. 3, is to make
sequential folds beginning at the end away from
the contacts 14 and 24. As each fold is made, the

loose ends of the separate components are thus

free to shift enough to reduce stresses and strains
at the fold thereby preventing pinching, cracking,
breaking, delamination, shorting, or the like.

After checking for internal electrical shoris with
-an ohmmeter, the electrode assembly is made into
an electrochemical ce!l or battery by first inserting
the assembly into a container 26 such as shownin

Fig. 5. An electrolyte comprising, for example, a
solvent mixture of a propylene carbonate and
dimethoxyethane or butyrolactone and dimethox-
yethane, with a lithium salt such as lithium perch-
lorate or lithium tetraflucroborate, is added to the
container 25.

The electrode assembly is inserted in the con-
tainer so that electrode terminals 14 and 24 pro-
trude upward forming a complete electrochemical
cell or battery. The cell can be sealed with a cap if
desired. Such caps and methods of sealing the cap
to the container are well knownin the battery art.

In the accordian folded electrode assembly of
Fig. 4, electrical contact between each leg of the
anode is achieved when the legs of the assembly
are pressed together and inserted into the con-
tainer of Fig. 5. This electrical contact is achieved
through the physical contact of the current collec-
tors 13 of the anode assembly 11. This electrical
contact between each leg of metal foiled back
anode decreased the internal resistance of elec-

trochemical cells because electrons have a shorter

path to travel to reach the anode terminal com-
pared fo anodes and electrode assemblies having a
different configuration.

Moreover, the anode construction of Fig. 1
facilitates greater utilization of the anode-active ma-
terial since substantially all of the anode-active
material is in direct electrical contact with the metal
foil current collector. This is in contrast to metal

grid collectors in which much of the anode-active
material is only indirectly in electrical contact with

the grid current collector.
‘Celgard' and ‘Teflon’, referred to above, are

trade marks.

Claims

4. An electrode assembly comprising an anode
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(11), a cathode (1) and insulating separator
(15) positioned between the cathode (1) and
the anode (11), the anode (11), the separator
(15) and the cathode (1) being folded to form
an accordian fold;

characterized in that the anode (11) and

separator (15) are approximately twice the
length of the cathode (1) and are folded in half
over the cathode (1) prior to forming the accor-
dian fold.

An assembly according to claim 1, wherein the
anode (11) comprises a three-piece laminate
including, in the following order:

a) a metal foil current collector (13);
b) a layer (12) of a malleable anode-active
material; and

c) the insulating separator (15).

An assembly according to claim 2, wherein the
anode-active material of the anode is a mallea-
ble metal.

An assembly according to claim 3, wherein the
cathode (1) comprises a layer (23) of cathode-
active material coated onto a metal grid current
collector (22).

An assembly according to claim 4, wherein the
cathode-active material is a polyfluorocarbon,
FeSe, FeS, CuO, MnOe or BizOs.

An assembly according to claim 5, wherein the
anaode-active material is lithium and the
cathode-active material is MnO2,

An assembly according fo claim 4, wherein the
metal grid current collector (23) is made of
stainless steel and is coated on both sides with
the cathode-active material.

An electrochemical cell comprising an elec-
trolyte, and an electrode assembly according
to any one of the previous claims.

An electrochemical cell according to claim 8,
wherein the electrolyte comprises a solvent
mixture of propylene carbonate and dimethox-
yethane andalithium salt.

An electrochemical cell according to claim 8,
wherein the electrolyte comprises a solvent
mixture of dimethoxyethane and butyrolactone
and a lithium salt.

A method of making an electrochemical cell
comprising:
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forming an anode (11) by covering a meial
foil current collector (13) with a layer (12) of
anode-active material;

placing an insulating separator (15) over
the anode-active material to form a laminate;

forming a cathode (1) by coating at least
one side of a metal foil grid current collector
(22) with a cathode-active material;

folding the laminate approximately in half
to sandwich the cathode (1) therebetween;

folding the assembly so formed into accor-
dian folds;

inserting the accordian folds into a hous-
ing; and

filling the housing with an electrolyte.

Revendications

Assemblage d'électrodes comprenant une ano-
de (11) une cathode (1) et un séparateur (15)
placé entre la cathode (1) et l'anode (11),
l'anode (11), le séparateur (15) et la cathode
(1) tant pliés en accordéon;
caractérisé en ce que lanode (11) et le sépa-
rateur (15) ont une longueur approximative-
ment du double de la longueur de fa cathode
(1) et sont pliés en deux autour de la cathode
(1) avant de formerle pliage en accordéon.

Assemblage selon fa revendication 1, dans le-
quel l'anode (11) comprend un laminé formé
de trois piéces comprenant, dans [ordre sui-
vant :

a) un collecteur de courant en feuille métal-
lique (13)
b) une couche (12) d'un matériau malléable
4 activité anodique ; et
c) un séparateur isolant (15)

Assemblage seion la revendication 2, dans le-
quel le matériau @ activité anodique de I'anode
est un métal malléable.

Assemblage selon la revendication 3, dansle-
quel la cathode (1) comprend une couche (23)
d'un matériau & activité cathodique couché sur
une grille métallique collectrice de courant
(22).

Assemblage selon la revendication 4, dans le-
quel le matériau a activité cathodique est du
polyfluorocarbone, FeSz, FeS, CuO, MnO2 ou
BizO3.

Assemblage selon la revendication 5, dans \e-
quel le matériau 4 activité anodique est du
lithium et ie matériau 4 activité cathodique est
MnQz.
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Assemblage selon la revendication 4, dans le-
quel la grille métallique collectrice de courant
(23) est en acier inoxydable et est appliquée
sur les deux faces du matériau & activité ca-

thodique.

Cellule électrochimique comprenantun électro-
lyte et un assemblage d'électrodes selon Mune
quelconque des revendications précédentes.

Cellule électrochimique selon !a revendication
8, dans laquelle I'électrolyte comprend un mé-
lange solvant de carbonate de propyléne et de
diméthoxyéthane et un sel de lithium.

. Cellule slectrochimique selon la revendication
8. dans laquelle I"électrolyte comprend un mé-
lange solvant de diméthoxyéthane et de buty-
rolactone et un sel de lithium.

. Procédé de fabrication de cellule électrochimi-

que consistant
& former une anode (11) en recouvrant une

feuille collectrice de courant (13) avec une
couche (12) d'un matériau 4 activité anodique ;

placer un séparateur isolant (15) sur le
maiériau & activité anodique pour former un
laminé ;

former une cathode (1) en appliquant un

matériau 4 activité cathodique sur au moins
une face de la grille collectrice de courant
métallique (22).

plier le laminé approximativement en deux
pour placer la cathode (1) en sandwich 4 I'inté-
rieur ;

plier l'assemblage ainsi formé en accor-
déon ;

insérer les plis en accordéon dans une
cuve ; et

remplir la cuve avec un électrolyte.

Patentanspriiche

Elektrodensystem mit einer Anode (11), einer
Kathode (1) und einem zwischen Kathode (1)
und Anode (11) angeordneten isolierenden
Trennelement (15), wobei die Anode (11), das
Trennelement (15) und die Kathode (1) zieh-
harmonikaférmig zusammengefaltet sind, da-
durch gekennzeichnet, da8 die Anode (11)
unddasTrennelement(15) etwa zweimal so
lang sind wie die Kathoce (1) und zur Halfte
gefaltet um die Kathode (1) herumgelegt wer-
den, bevor die ziehharrnonikaférmige Faltung

erfolgt.

System nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Anode (11) ein dretteiliges
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Laminat umfaBt, das der Reihe nach aus

a) einem aus einer Metallfolie bestehenden
Stromabnenmer(13),

b} einer aus sinem formbaren anodisch akti-
ven Material bestehenden Schicht (12) und
c) dem isolierenden Trennelement (15) auf-

gebautist.

System nach Anspruch 2, dadurch gekenn-
zeichnet, daB das anodisch aktive Material der
Anode ein formbares Metall ist.

System nach Anspruch 3, dadurch gekenn-
zeichnet, daB die Kathode (1) eine Schicht (23)
aus einem kathodisch aktiven Material auf-

weist, die auf einen aus einem Meiallgitier
besiehenden Stromabnehmer (22) aufgetragen
ist.

System nach Anspruch 4, dadurch gekenn-
zeichnet, daB das kathodisch aktive Material
aus einem Polyfluorkohlenstoff, FeSz2, FeS,
CuO, MnOszoder Bi2zO, besteht.

System nach Anspruch 5, dadurch gekenn-
zeichnet, da8 das anodisch aktive Material aus
Lithium und das kathodisch aktive Material aus

MnOz bestehen. —

System nach Anspruch 4, dadurch gekenn-
zeichnet, daB der aus einem Metaligitter aufge-
baute Stromabnehmer (22) aus Edelstahl be-
steht und auf beiden Seiten mit dem katho-
disch aktiven Material beschichtetist.

Elektrochemische Zelle, gekennzeichnet durch
einen Elektrolyten sowie ein Elektrodensystem
nach einem der vorhergehenden Anspriiche.

Elekirochemische Zelle nach Anspruch 8, da-

durch gekennzeichnet, da® der Elektrolyt aus
sinem Lésungsmittelgemisch aus Propylenkar-
bonat und Dimethoxyathan sowie einem Lit-
hiumsalz besteht.

. Elekirochemische Zelle nach Anspruch 8, da-

durch gekennzeichnet, daB der Elektrolyt aus
einem Lésungsmittelgemisch aus Dimethoxy-
athan und Butyrolacton sowie einem Lithiums-
alz bestent.

Verfahren zur Herstellung einer elektrochemi-
schen Zelle, dadurch gekennzeichnet, da8

durch Aufbringen einer Schicht (12) aus einem
anodisch aktiven Material auf einen aus einer

Metallfolie bestehenden. Stromabnehmer (13)
eine Anode (11) hergestellt wird,
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Uber dem anodisch aktiven Material ein isolie-

rendes Trennelement (15) aufgebracht und da-
mit ein Laminat erzeugt wird,

durch Beschichten mindestens einer Seite ei-

nes aus einem Metallfoliengitter bestehenden
Stromabnehmers (22) mit einem kathodisch
aktiven Material eine Kathode (1) hergestellt
wird,

das Laminat auf etwa die Halfte so zusammen-

gefaltet wird, daB es die Kathode (1) um-
schlieft,

der so entstandene Verband ziehharmonikafér-

mig zusammengefaltet wird,

der so gefaltete Verband in ein Gehause ein-
geseizt wird und

das Gehause mit einem Elektrolyten gefiillt
wird.
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"In theTitle

Kindly replace the Title with thefollowing:

Deserint

Butten-celsand-methedforproducingsameBUTTON CELLS AND METHOD FOR
PRODUCING SAME
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In the Specification

A Substitute Specification (Marked-Up) is enclosed with the amendments to the Speci-

Jication, together with a Substitute Specification (Clean Copy).
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In the Claims

Patent-Claims

1. (Currently Amended) A button cell 400;406:-500},-comprising:

([-]]

housing cup and a housing top separated from one another by an electrically insulating

 

seal 409--403;510}-and which form a housing with a flat bottom area 403:503}and a

flat top area G04:304)-parallel to it, aswellasand |

([-]] . within—the—heusine—an electrode-separator assembly within the housing

comprising at least one positive and at least one negative electrode -05,406-204202.

304,-305:-407,408:-$08,-509),whicharein the form offlat layers and are-connected to
one anotherby at least one flat separator-107;-203;-302,303--405_-406-SOP,

withwherein the electrode layers beingare aligned essentially at right angles to the flat
 

bottom andtop areas andthe buttoncell is closed without being beaded over.

2. (Currently Amended) The button cell as claimed in claim 1, eharaeterized—in

thatwherein the electrodes and/or the separator are/is in the form ofstrips or ribbons.

3. (Currently Amended) The button cell as claimed in claim 1l—erelain—2,

characterizedinthatwherein the electrode-separator assembly is in the form of a winding200:

300;-404),-in-particular-a-spiral winding{[,]] whose end faces (204,-205;-30b-face in [[the]]a

direction of the flat bottom area andtheflat top area.

4. (Currently Amended) The button cell as claimed in claim 3, characterizedin

thatwherein the winding has an axial cavity in its center, which axial cavity is at least partially

filled by a winding core-¢108;3+2).
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5. (Currently Amended) The button cell as claimed in ene—ef—the—preceding

claim([s]]_1, characterized—in—thatwherein the electrode-separator assembly has one of the
following layer sequences:

{[-]] negative electrode/separator/positive electrode/separatorand

[[-]] positive electrode/separator/negative electrode/separator.

6. (Currently Amended) The button cell as claimed in ene-ef—the—preceding

claim|[[s]]_1, eharaeterized-in-thatwherein the positive electrode 4408;509)-and/or the negative

electrode 407;-508)-are/is connected via an output conductor (409,-440:-505,506}to the housing

in [[the]]an area ofthe flat bottom area and/orofthe flat top area.

7. (Currently Amended) The button cell as claimed in ene-ef-—claim|[[s]] 3-0-4,

characterized_in-thatthe-button-cellcomprisesfurther comprising at least one insulating-means

(43-44).insulator which prevents direct: mechanical and electrical contact between the end
 

faces of the winding and the flat bottom andtop areas.

8. (Currently Amended) The button cell as claimed in claim 7, characterizedin

thatwherein the at least one imsulating—means{443.Hinsulator is a flat layer composed of

plasticforexamplea-plasticfilm,whichisarranged between the end faces of the winding and
the flat bottom andtop areas.

9. (Currently Amended) The button cell as claimed in ene—ef—+the—preceding

claim[[s]]_1, characterizedinthatthe-butten-cellwhich is rechargeable.

10. (Currently Amended) The button cell as claimed inene—ofthe—preceding

claim[[s]]_1, charaeterized-in—that-the—butten—cel-hashaving a height:diameter ratio of < 1;
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11. (Currently Amended) A method for producing a button cell;in-partieutar-e-butten

eeh-(100--400:-500) according to ene-efthe-precedine—claim[[s]]1, with-a-housingbeine-fited

 
insertedcomprising inserting an electrode-separator assembly with electrodes in the form ofa flat

layer into the housing such that the electrode layers are aligned essentially at right anglesto the

flat bottom and top areas-103,104;503,-504), wherein the housing comprises a metallic cup part

and a metallic top part.

12. (Currently Amended) The method as claimed in claim 11, characterizedin

thatwherein the electrode-separator assembly is inserted as a winding200:300:404),in

‘cul ical winding.

13. (Currently Amended) The method as claimed in claim 12, further comprising-the

folowingsteps: .

[[-]] #sertien-efinserting the winding 200;300:-404}into the metallic top part-402;

402;392),and

[[-]]  #nsertion-cfinserting the metallic top part with the winding into a metallic cup part

 

ibly_beadi he edee oft}

14, (Currently Amended) The method as claimed in claim 12-07-43, characterizedin

thatwherein the winding @00;300:-464}-is heat-treated on its end faces @-04,205--301)-before
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being installed, with it being at least greathyfor a short time subjected to a temperature at which

the separator 404;-203--302,-303:-405,-406:-507}is thermoplastically deformable.
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In the Abstract

Kindly replace the Abstract with thefollowing:

A button cell €-00;400:500)-is-deseribed—comprisine_tve-metatiicincludes a housing

half-parts-(104,102-401,402:-501--502}which-are-cenneetedtecup and a housing top separated

from one another ferming-aby an electrically insulating seal[(,]} and which form a housing with a
 

flat bottom area 403;503}-and a flat top area 404;504)parallel to it;-dth_and an electrode-

separator assembly within the housing including at least one positive and at least one negative

electrode: in the form offlat layers being

arranged—within-the-heusine—and being—connected to one another via-aby_at least one flat

separator-407--203:-302-303:-405,406:-507), withwherein the electrode layers beingare aligned

essentially at right angles to the flat bottom and top areas-—A—methedis-alse-deseribed—for

 

preducing-a and the button cell such-as-thisis closed without being beaded over.
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/Fortsetzung aufder ndchsten Seite]

(54) ‘Title; BUTTON CELLS AND METHOD FOR PRODUCING SAME

(54) Bezcichnung : KNOPFZELLEN UND VERFAHREN ZU IHRER HERSTELLUNG

  
 
 

  
oe
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 (

(57) Abstract: A button ccll (100; 400; 500) is described, comprising two metal housing halves (101, 102; 401, 402; 501, 502),
which are scalingly connected to cach other and form a housing having a planar base arca (103; 503) and a planar cover arca (104;
504) parallel thereto, wherein positive and negative electrodes (105, 106; 201, 202; 304, 305; 407, 408; 508, 509) are arranged as
flat layers inside the housing and are connected to each other via an areal separator (107; 203; 302, 303; 405, 406; 507), wherein
the electrode layers have an orthogonal orientation relative to the planar base and cover areas. Furthermore, a method for produ-
cing such abutton cell is described.

(57) Zusammenfassung:
[Fortsetzung aufder ndchsten Seite]
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WO 2010/089152 A1 IITINITUMIUINIMM TMT CITACEN ATMA
Veriffentlicht.

— mit internationalem Recherchenbericht (Artikel 21 Absatz
3)

Beschrieben wird eine Knopfzelle (100; 400; 500), umfassend zwei metallische Gehéusehalbteile (101, 102; 401, 402; 501, 502),
welche dichtend mitcinander verbunden sind und cin Gchause mit cinem cbenen Bodenbercich (103; 503) und cinem dazu paral-
Ielen ebenen Deckelbereich (104; 504) ausbilden, wobci innerhalb des Gchauses als flache Schichtcn ausgebildcte positive und
negative Elektroden (105, 106; 201, 202; 304, 305; 407, 408; 508, 509) angeordnetsind, die tiber einen flachigen Separator (107;
203; 302, 303; 405, 406; 507) miteinander verbundensind, wobei die Elektrodenschichten orthogonal zu dem ebenen Boden- und
Deckelbereich ausgerichtet sind. Weiterhin wird ein Verfahren zur Herstellung einer solchen Knopfzelle beschrieben.
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Knopfzellen und Verfahren zu ihrer Herstellung

Die vorliegende Erfindung betrifft Knopfzellen umfassend zwei metalli-

sche Gehdausehalbteile, die durch eine elektrisch isolierende Dichtung

voneinander getrennt sind und die ein Gehduse mit einem ebenen Bo-

denbereich und einem dazu parallelen ebenen Deckelbereich ausbilden

sowie innerhalb des Gehduses mit einem Elektroden-Separator-

Verbund, umfassend mindestens eine positive und mindestens eine ne-

gative Elektrode, die als flache Schichten ausgebildet und Uber mindes-

tens einen flachigen Separator miteinander verbunden sind, sowie ein

Verfahren zur Herstellung von solchen Knopfzellen.

Knopfzellen weisen Ublicherweise ein Gehduse aus zwei Gehdusehalb-

teilen, einem Zellenbecher und einem Zellendeckel, auf. Diese k6nnen

beispielsweise aus vernickeltem Tiefziehblech als Stanzziehteile herge-

stellt werden. GewGhnlich ist der Zellenbecher positiv und der Gehaduse-

deckel negativ gepolt. In dem Gehduse kénnen die verschiedensten e-

lektrochemischen Systeme enthalten sein, beispielsweise Zink/MnOo,

primare und sekundare Lithium-Systeme oder sekundare Systeme wie

Nickel/Cadmium oderNickel/Metallhydrid.

Sehr verbreitet sind z.B. wiederaufladbare Knopfzellen auf Basis von

Nickel-Metallhydrid- oder Lithium-lonen-Systemen. Bei Lithium-lonen-

Knopfzellen werden die elektrochemisch aktiven Materialien innerhalb

des Knopfzellengehdauses Ublicherweise nicht in Form von einzelnen,

durch einen Separator voneinander getrennten, tablettenférmigen Elekt-

roden angeordnet. Stattdessen werden bevorzugt vorgefertigte Elektro-

den-Separator-Verbiinde flach in das Gehduse eingelegt. Als Separator

dient dabei bevorzugt eine porése Kunststofffolie, auf welche die Elekt-

rodenflachig auflaminiert oder aufgeklebt sind. Der Gesamtverbund aus

Separator und Elektrodenist dabei in der Regel maximal wenige 100 um

BESTATIGUNGSKOPIE
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dick. Um Knopfzellengehduse Ublicher Dimensionen ausfillen zu k6n-

nen, werden daher haufig mehrere solcher Verbinde flach Wbereinander

gelegt. Auf diese Weise lassen sich Stapel in grundsatzlich beliebiger

Hohe erhalten, jeweils abgestimmt auf die zur Verfligung stehenden Di-

mensionen des Knopfzellengehauses, in das der Stapel verbaut werden

soll. So wird eine optimale Ausnutzung des zur Verfagung stehenden

Gehdauseinnenraumes gewahrleistet.

Konstruktionsbedingt treten bei Knopfzellen, die solche Stapel aus Elek-

troden-Separator-Verbtinden enthalten, allerdings auch diverse Proble-

me auf. Zum einen ist es natirlich erforderlich, Elektroden von jeweils

gleicher Polaritat innerhalb des Stapels miteinander zu verbinden und

dann jeweils mit dem entsprechenden Pol des Knopfzellengehduses zu

kontaktieren. Die erforderlichen elektrischen Kontakte verursachen Ma-

terialkosten, der durch sie eingenommene Raum steht zudem fiir Aktiv-

material nicht mehr zur Verfigung. Die Herstellung der Elektrodenstape!

ist dariber hinaus kompliziert und teuer, da bei der Kontaktierung der

Verbiinde untereinander leicht Fehler auftreten kénnen, die die Aus-

schussrate erhéhen. Zum anderen wurdefestgestellt, dass Knopfzellen

mit einem Stapel aus Elektroden und Separatoren sehr schnell undicht

werden.

Derfliissigkeitsdichte Verschiuss von Knopfzellen erfolgt klassisch durch

Umbérdeln des Randes des Zellenbechers Uber den Rand des Zellen-

deckels in Verbindung mit einem Kunststoffring, der zwischen Zellenbe-

cher und Zellendeckel angeordnet ist und der gleichzeitig als Dichtungs-

element sowie zur elektrischen Isolierung des Zellenbechers und des

Zellendeckels dient. Derartige Knopfzellen sind beispielsweise in der DE

31 13 309 beschrieben.

Alternativ ist es jedoch auch méglich, Knopfzellen zu fertigen, bei denen

Zellenbecher und Zellendeckel in axialer Richtung ausschlieRlich durch

eine kraftschlussige Verbindung zusammengehalten werden und die

keinen umgebérdelten Becherrand aufweisen. Derartige Knopfzellen
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sowie ein Verfahren zu ihrer Herstellung sind in der noch unveréffent-

lichten deutschen Patentanmeldung mit dem Aktenzeichen 10 2009 017

514.8 beschrieben. Ungeachtet der diversen Vorteile, die solche Knopf-

zellen ohne Bérdelung aufweisen k6énnen, sind sie in axialer Richtung

jedoch weniger belastbar als vergleichbare Knopfzellen mit umgebérdel-

tem Becherrand, insbesondere was axiale mechanische Belastungen

angenht, die ihre Ursache im Inneren der Knopfzelle haben. So sind zum

Beispiel die Elektroden von wiederaufladbaren Lithium-lonen-Systemen

bei Lade- und Entladevorgangen stets Volumendnderungen ausgesetzt.

Die dabei auftretenden axialen Krafte kénnen bei Knopfzellen ohne Bor-

delung natirlich vergleichsweise leichter zu Undichtigkeiten fihren als

bei Knopfzellen mit B6rdelung.

Der vorliegenden Erfindung lag die Aufgabe zugrunde, eine Knopfzelle

bereitzustellen, bei der die oben angesprochenen Probleme nicht oder

nur in stark verringertem Maf auftreten. Die Knopfzelle soll insbesonde-

re gegenuberin axialer Richtung auftretenden mechanischen Belastun-

gen widerstandsfahiger sein als herk6mmliche Knopfzellen, insbesonde-

re auch dann, wennsie als Knopfzelle ohne umgebérdelten Becherrand

gefertigt wird.

Diese Aufgabe wird gelést durch die Knopfzelle mit den Merkmalen des

Anspruchs 1. Bevorzugte Ausfihrungsformen der erfindungsgemaéfen

Knopfzelle sind in den abhangigen Anspriichen 2 bis 10 definiert. Auch

das Verfahren gema& Anspruch 11 tragt zur L6sung der erfindungsge-

maRen Aufgabe bei. Bevorzugte Ausftihrungsformen des erfindungsge-

maRen Verfahrens sind in den abhangigen Anspriichen 12 bis 14 defi-

niert. Der Wortlaut sdmtlicher Anspriche wird hiermit durch Bezugnah-

me zum Inhalt dieser Beschreibung gemacht.

Eine erfindungsgemaBe Knopfzelle umfasst stets zwei metallische Ge-

hausehalbteile, die durch eine elektrisch isolierende Dichtung voneinan-

der getrennt sind und die ein Gehaduse mit einem ebenen Bodenbereich

und einem dazu parallelen ebenen Deckelbereich ausbilden. Bei den
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beiden Gehdusehalbteilen handelt es sich, wie eingangs bereits er-

wahnt, in der Regel um einen sogenannten Gehausebecher und einen

Gehdusedeckel. Als Gehadusehalbteile sind insbesondere Teile aus ver-

nickeltem Stahl oder Blech bevorzugt. Weiterhin als metallischer Werk-

stoff geeignet sind insbesondere Trimetalle, beispielsweise mit der Ab-

folge Nickel, Stahl (oder Edelstahl) und Kupfer (wobei die Nickelschicht

bevorzugt die AuRen- und die Kupferschicht bevorzugt die Innenseite

des Knopfzellengehdausesbildet).

Als Dichtung kann beispielsweise eine SpritzguR- oder eine Foliendich-

tung zum Einsatz kommen. Letztere sind beispielsweise in der DE 196

47 593 beschrieben.

Innerhalb des Gehauses umfasst eine erfindungsgemafRe Knopfzelle

einen Elektroden-Separator-Verbund mindestens eine positive und min-

destens eine negative Elektrode. Diese liegen jeweils in Form von fla-

chen Elektrodenschichten vor. Miteinander verbunden sind die Elektro-

den Uber einen flachigen Separator. Bevorzugt sind die Elektroden auf

diesen Separator auflaminiert oder aufgeklebt. Die Elektroden und der

Separator weisen in der Regel jeweils nur Dicken im jum-Bereich auf. Als

Separator dient in der Regel eine porése Kunststofffolie.

Im Gegensatz zu den eingangs erwadhnten Knopfzellen zeichnet sich die

erfindungsgemaRe Knopfzelle insbesondere dadurch aus, dass die E-

lektrodenschichten eine ganz besondere Orientierung aufweisen, sie

sind namlich im wesentlichen orthogonal zu dem ebenen Boden- und

Deckelbereich ausgerichtet. Wahrend aus dem Stand der Technik be-

kannte Knopfzellen mit gestapelten Elektroden-Separator-Verbiinden

diese stets flach eingelegt enthalten, so dass die Elektrodenschichten im

wesentlichen parallel zu den ebenen Boden- und Deckelbereichen aus-

gerichtet sind, ist bei einer erfindungsgema&Ren Knopfzelle das Gegenteil

derFall.
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Die orthogonale Ausrichtung der Elektrodenschichten hat einen uner-

wartet deutlichen Vorteil, es wurde namlich festgestellt, dass diese Aus-

richtung mit einer deutlichen Verbesserung der Dichtigkeitseigenschaf-

ten einer erfindungsgemaBRen Knopfzelle einhergeht, insbesondere bei

Knopfzellen auf Basis von Lithium-lonen-Systemen. Die Elektroden von

wiederaufladbaren Lithium-lonen-Systemen sind bei Lade- und Entlade-

vorgangen stets Volumenanderungen ausgesetzt. Zu solchen Volumen-

anderungen kann es natirlich auch bei den Elektroden einer erfin-

dungsgemafRBen Knopfzelle kommen. Die dabei entstehenden mechani-

schen Krafte wirken jedoch nicht mehr primar axial, wie das im Falle ei-

nes flach eingelegten Stapels aus Elektroden-Separator-Verbiinden der

Fall ist. Aufgrund der orthogonalen Ausrichtung der Elektroden wirken

sie vielmehr radial. Radiale Krafte kénnen von dem Gehause einer

Knopfzelle sehr viel besser aufgenommen werdenals axiale. Vermutlich

lassen sich darauf die verbesserten Dichtigkeitseigenschaften zurtick-

fiihren.

Besonders bevorzugt sind die Elektroden und derflachige Separatorei-

ner erfindungsgemafen Knopfzelle jeweils streifen- oder bandférmig

ausgebildet. So kann zur Herstellung einer erfindungsgemaRen Knopf-

zelle beispielsweise von einem als Endlosband vorliegenden Separator-

material ausgegangen werden, auf das die Elektroden flachig, insbe-

sondere wieder in Form von Streifen oder zumindest von. Rechtecken,

aufgebracht, insbesondere auflaminiert, werden.

Im Gehdause einer erfindungsgemafRen Knopfzelle liegt dieser Verbund

besonders bevorzugt in Form eines Wickels, insbesondere in Form ei-

nes spiralférmigen Wickels, vor. Derartige Wickel lassen sich nach be-

kannten Verfahren (s. z.B. DE 36 38 793) recht einfach herstellen, in-

dem auf einen als Endlosband vorliegenden Separator die Elektroden

flachig, insbesondere in Form von Streifen, aufgebracht, insbesondere

auflaminiert, werden. Aufgewickelt wird der Verbund aus Elektroden und

Separatoren dabei in der Regel auf einen sogenannten Wickeldorn.

Nach Abstreifen des Wickels vom Wickeldorn bleibt im Zentrum des Wi-
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ckels ein axialer Hohlraum zurtick. Das hat zur Folge, dass sich der Wi-

ckel gegebenenfalls in diesen Hohlraum hinein entspannen kann. Dies

kann jedoch unter Umstanden zu Problemen bei der elektrischen Kon-

taktierung der Elektroden mit den metallischen Gehausehalbteilen fuh-

ren, was im Folgenden noch genauerbeschrieben wird.

Der Elektrodenwickelist innerhalb einer erfindungsgemaRen Knopfzelle

(damit die Elektrodenschichten des Wickels orthogonal zu dem ebenen

Boden- und Deckelbereich des Gehduses ausgerichtet sind) bevorzugt

derart angeordnet, dass die Stirnseiten des Wickels in Richtung des e-

benen Bodenbereichs und des ebenen Deckelbereichs weisen.

Gema& der vorliegenden Erfindung ist es vorgesehen, dass eine erfin-

dungsgemafRe Knopfzelle in bevorzugten Ausfiihrungsformen einen fes-

ten Wickelkern im Zentrum des Wickels aufweist, der den axialen Hohl-

raum im Zentrum des Wickels mindestensteilweise ausfillt. Ein solcher

Wickelkern fixiert den Elektrodenwickel in radialer Richtung und verhin-

dert eine mégliche Implosion des Wickels in den axialen Hohlraum. Bei

einer derartigen Entspannung des Wickels la4sst auch der Druck nach,

den die Stirnseiten des Wickels in axialer Richtung und damit in Rich-

tung dort gegebenenfalls angeordneter Ableiter (hierzu unten noch

mehr) ausiiben. Wird dies unterbunden,so resultieren in der Regel auch

keine Probleme mit der elektrischen Kontaktierung der Elektroden und

der metallischen Gehdusehalbteile.

Danebenverbessert ein solcher Wickelkern auch die Stabilitat der erfin-

dungsgemafRen Knopfzelle gegentiber 4uReren mechanischen Einflus-

sen. Eine Beschadigung des Elektrodenwickels in der Knopfzelle durch

einen auReren mechanischen Druckin axialer Richtung ist in der Regel

nicht mehr médglich.

GemaR der bevorzugten Ausfihrungsform des Elektrodenwickels als

spiralformiger Elektrodenwickel ist der erwahnte axiale Hohlraum im

Zentrum des Wickels vorzugsweise im Wesentlichen zylindrisch (insbe-
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sondere kreiszylindrisch) ausgebildet. Mantelseitig wird er durch den

Wickel begrenzt, stirnseitig durch entsprechende Flachen des Boden-

bzw. des Deckelbereichs des Knopfzellengehduses.

Entsprechendist auch derin einer erfindungsgemaRen Knopfzelle ent-

haltene Wickelkern bevorzugt als Zylinder, insbesondere als Hohlzylin-

der, ausgebildet. Die Héhe eines solchen Zylinders entspricht bevorzugt

dem jeweiligen Abstand des ebenen Bodenbereichs von dem dazu pa-
rallelen ebenen Deckelbereich.

In besonders bevorzugten Ausfihrungsformen kann der Wickelkern ra-

dial selbstexpandierende Eigenschaften aufweisen. Es ist zum Beispiel

méglich, den Wickelkern in einer radial komprimierten Konfiguration in

den axialen Hohlraum des Wickels einer erfindungsgemafen Knopfzelle

einzufuhren. Bei Entspannung desradial komprimierten Wickelkerns bt

dieser einen radialen Druck auf den ihn umgebenden Elektrodenwickel

aus und gewahrieistet so einen Anpressdruck auchin axialer Richtung.

Als radial selbstexpandierender Wickelkern kann beispielsweise ein axi-

al geschlitzter Hohizylinder zum Einsatz kommen. Alternativ sind jedoch

auch andere radial selostexpandierende Materialien, beispielsweise auf

Kunststoffbasis, denkbar.

Besonders bevorzugt besteht der Wickelkern aus einem Metall wie

Edelstahl oder aus Kunststoff.

Besonders bevorzugt weist der Verbund aus Elektroden und Separator

in einer erfindungsgemaRen Knopfzelle eine der folgenden Schichtab-

folgen auf:

e negative Elektrode / Separator / positive Elektrode / Separator

oder
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« positive Elektrode / Separator / negative Elektrode / Separator.

Derartige Verbiinde lassen sich sehr einfach herstellen und aufwickeln,

ohne dass es zu Kurzschlissen zwischen entgegengesetzt gepolten

Elektroden kommt.

Bei den in einer erfindungsgemad&Ben Knopfzelle einsetzbaren Separato-

ren handelt es sich vorzugsweise um Folien aus mindestens einem

Kunststoff, insbesondere aus mindestens einem Polyolefin. Bei dem

mindestens einen Polyolefin kann es sich beispielsweise um Polyethylen

handelt. Es kénnen aber auch mehrlagige Separatoren verwendet wer-

den, beispielsweise Separatoren aus einer Abfolge verschiedener Polyo-

lefinschichten, z.B. mit der Sequenz Polyethylen/Polypropylen/Polyethy-
len.

Zur Herstellung von Verbiinden der oben genannten Abfolge miissen

nicht zwingend mehrere separate Separatoren zum Einsatz kommen.

Vielmehr kann ein Separator auch um das Ende einer der Elektroden

umgeschlagen werden, so dass im Ergebnis beide Seiten dieser Elekt-

rode von dem Separator bedeckt werden.

Die in einer erfindungsgemaRen Knopfzelle bevorzugt einsetzbaren Se-

paratoren weisen bevorzugt eine Dicke zwischen 3 um und 100 um,ins-

besondere zwischen 10 um und 50 um,auf.

Die Elektroden einer erfindungsgema&Ren Knopfzelle weisen bevorzugt

eine Dicke zwischen 10 ym und 1000 pum, insbesondere zwischen 30

Mm und 500 um, auf.

In bevorzugten Ausfihrungsformen einer erfindungsgemaBen Knopfzel-

le sind die negative Elektrode und die positive Elektrode im Elektroden-

Separator-Verbund innerhalb des Verbundes versetzt zueinander ange-

ordnet. Unter einer versetzten Anordnung soll dabei verstanden werden,

dass die Elektroden derart angeordnet sind, dass in der erfindungsge-
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maRen Knopfzelle eine jeweils unterschiedliche Beabstandung der E-

lektroden zu den ebenen Boden- und Deckelbereichen resultiert. Im ein-

fachsten Fall kénnen z.B. eine positive und eine negative Elektrode als

gleich breite Streifen leicht versetzt auf die gegeniiberliegenden Seiten

eines Separatorbandes aufgebracht werden, so dass der Abstand der

positiven Elektrode zum oberen Separatorrand gréfer ist als der ver-

gleichbare Abstand von der negativen Elektrode aus gemessen. Umge-

kehrtes gilt dann natirlich im Hinblick auf den Abstand zum unteren Se-

paratorrand.

in besonders bevorzugten Ausfiihrungsformen liegt, vorzugsweise als

Resultat dieser versetzten Anordnung, die positive Elektrode, insbeson-

dere ein Rand der positiven Elektrode, unmittelbar am Becherteil an,

insbesondere im ebenen Bodenbereich des Becherteils, wahrend die

negative Elektrode, insbesondere ein Rand der negativen Elektrode,

unmittelbar am Deckelteil, insbesondere im ebenen Deckelbereich des

Deckelteils, anliegt. In dieser Ausfihrungsform besteht ein unmittelbarer

elektrischer und mechanischer Kontakt zwischen den Elektroden und

dem Becher- bzw. Deckelteil. Die versetzte Anordnung der Elektroden

zueinander ermdglicht also eine Kontaktierung der Elektroden mit den

jeweiligen Gehdauseteilen, ohne dass zusatzliche elektrische Kontakte

und Verbindungsmittel zum Einsatz kommen missen.

In alternativen bevorzugten Ausfuhrungsformen kann esallerdings auch

bevorzugt sein, dass zumindest eine der Elektroden, vorzugsweise so-

wohl die mindestens eine negative als auch die mindestenseine positive

Elektrodein einer erfindungsgemafen Knopfzelle, uber einen oder meh-

rere Ableiter mit den ebenen Boden- und Deckelbereichen verbunden

sind. Bei den Ableitern kann es sich beispielsweise um Ableiterfahnen

aus Kupfer oder einem anderen geeigneten Metall handeln. Elektroden-

seitig k6nnen die Ableiter z.B. an einen Stromkollektor angebundensein.

Eine Anbindung der Ableiter ans Gehause und/oder an die Stromkollek-

toren kann z.B. Uber Verschweissung oder Uber eine Klemmverbindung

erfolgen.
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Im einfachsten Fall k6nnen als Ableiter auch die Stromkollektoren von

positiver und negativer Elektrode selbst fungieren. Bei solchen Kollekto-

ren handelt es sich in der Regel um metallische Folien oder Netze,die in

das jeweilige Elektrodenmaterial eingebettet sind. Unbedeckte Teilberei-

che, insbesondere Endsticke, solcher Kollektoren kénnen umgebogen

und in Kontakt mit dem Knopfzellengehause gebracht werden.

Die Verwendung von Ableitern kann insbesondere dannvorteilhaft sein,

wenn die negative Elektrode und die positive Elektrode innerhalb des

Verbundes derart zueinander angeordnet sind, dass fiir die Elektroden

eine jeweils gleiche Beabstandung zu den ebenen Boden- und Deckel-

bereichen resultiert. Oder mit anderen Worten, wenn die Elektroden in-

nerhalb des Elektroden-Separator-Verbundes nicht versetzt zueinander

angeordnetsind, wie es oben beschrieben wurde.

Allerdings besteht bei gleicher Beabstandung entgegengesetzt gepolter

Elektroden zu den ebenen Boden- und Deckelbereichen die Gefahr,

dass eine positive und eine negative Elektrode gleichzeitig das metailli-

sche Becher- oder Deckelteil bertihren, so dass ein Kurzschluss ent-

steht. In bevorzugten Ausfihrungsformen kann die erfindungsgemafRe

Knopfzelle deshalb mindestens ein Isoliermittel umfassen, das einen di-

rekten und unmittelbaren mechanischen und elektrischen Kontakt zwi-

schen den Stirnseiten des Wickels und den ebenen Boden- und Deckel-

bereichen unterbindet.

In Weiterbildung ist es bevorzugt, wenn die Elektroden in einer solchen

erfindungsgemaBRen Knopfzelle Uber die bereits erwadhnten separaten

Ableiter mit den ebenen Boden- und Deckelbereichen verbunden sind.

Diese gewahrleisten den elektrischen Kontakt zwischen den Elektroden

und dem Gehduse.

Dabei ist es bevorzugt, dass zumindest ein Teilabschnitt des oder der

Ableiter im Boden- bzw. im Deckelbereich des Gehduses flach an der
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Innenseite der Gehausehalbteile anliegt. Ideal ist die elektrische Kontak-

tierung der Ableiter mit den Innenseiten des Gehauses natirlich dann,

wenn sie zumindestleicht an das Gehduse angepresst werden(falls sie

nicht ohnehin angeschweisst sind). Uberraschend effizient kann dies

durch geeignete Anordnung des oben erwdahnten Wickelkerns in einer

erfindungsgemaBRen Knopfzelle erreicht werden.

Bei dem Isoliermittel kann es sich z.B. um eine flache Schicht aus

Kunststoff, beispielsweise um eine Kunststofffolie handeln, die zwischen

den Stirnseiten des Wickels und den ebenen Boden- und Deckelberei-

chen des Gehdauses einer erfindungsgemafRen Knopfzelle angeordnet
ist.

Bei der erfindungsgemafen Knopfzelle handelt es sich entsprechend

den obigen Ausfihrungen insbesondere um eine wiederaufladbare

Knopfzelle. Besonders bevorzugt weist eine erfindungsgemafRe Knopf-

zelle mindestens eine Lithium-interkalierende Elektrode auf.

Das Verhaltnis von Héhe zu Durchmesserliegt bei Knopfzellen definiti-

onsgemafi unterhalb von 1. Besonders bevorzugtliegt dieses Verhaltnis

bei einer erfindungsgemad&en Knopfzelle zwischen 0.1 und 0.9, insbe-

sondere zwischen 0.15 und 0.7. Unter der HGhe soll dabei der Abstand

zwischen dem ebenen Bodenbereich und dem dazu parallelen ebenen

Deckelbereich verstanden werden. Der Durchmesser meint die maxima-

le Entfernung zweier Punkte auf dem Mantelbereich der Knopfzelle.

Besonders bevorzugt handelt es sich bei der erfindungsgemaRen

Knopfzelle um eine Knopfzelle ohne Bérdelung, wie sie in der eingangs

bereits erwahnten Patentanmeldung mit dem Aktenzeichen 10 2009 017

514.8 beschrieben ist. Entsprechend besteht zwischen den Gehause-

halbteilen bevorzugt eine ausschlieBlich kraftschlussige Verbindung. Die

erfindungsgemaBRe Knopfzelle weist also keinen umgebdérdelten Becher-

rand auf, wie dies bei aus dem Stand der Technik bekannten Knopfzel-

len stets der Fall ist. Die Knopfzelle ist bérdelfrei verschlossen.
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Fur solche bérdelfreien Knopfzellen greift man in der Regel auf ibliche

Zellenbecher und Zellendeckel zuriick, die jeweils einen Boden- bzw.

einen Deckelbereich, einen Mantelbereich, einen zwischen Boden- bzw.

Deckelbereich und Mantelbereich angeordneten Randbereich und eine

Schnittkante aufweisen. Zusammenbilden Zellenbecher und Zellende-

ckel ein Gehause, das eine Aufnahmefir die Gblichen Innenkomponen-

ten einer Knopfzelie wie Elektroden, Separator etc. bildet. Wie Ublich

sind in diesem Gehdause der Bodenbereich des Zellenbechers und der

Deckelbereich des Zellendeckels im wesentlichen parallel zueinander

ausgerichtet. Die Mantelbereiche von Zellenbecher und Zellendeckel

sind in der fertigen Knopfzelle im wesentlichen orthogonal zum Boden-
bzw. zum Deckelbereich ausgerichtet und weisen bevorzugt eine im we-

sentlichen zylindrische Geometrie auf. Vorzugsweise sind Innen- und

AufRenradius von Zellenbecher und Zellendeckel in den Mantelbereichen

im wesentlichen konstant. Die erwahnten Randbereiche von Zellenbe-

cher und Zellendeckel bilden den Ubergang zwischen den Mantelberei-

chen und dem Deckelbereich bzw. dem Bodenbereich. Sie sind also be-

vorzugt zum einen begrenzt durch die im wesentlichen eben ausgebilde-

ten Boden- und Deckelbereiche, zum anderen durch die orthogonal zu

diesen angeordneten im wesentlichen zylindrischen Mantelbereiche. Die

Randbereiche kénnen beispielsweise als scharfe Kante oder auch abge-

rundet ausgebildetsein.

Zur Herstellung einer bdérdelfreien Knopfzelle geht man in der Regel so

vor, dass zunadchst eine Dichtung auf den Mantelbereich eines Zellen-

deckels aufgebracht wird. In einem weiteren Schritt wird dann der Zel-

lendeckel mit der aufgebrachten Dichtung in einen Zellenbecher einge-

schoben, so dasssich ein Bereich ergibt, in dem die Mantelbereiche von

Zellenbecher und Zellendeckel Uberlappen. Die GréRe des Uberlap-

pungsbereiches bzw. das Verhdaltnis von Uberlappendem Bereich zu

nicht Uberlappendem Bereichen ist dabei durch die jeweilige Héhe der

Mantelbereiche von Zellenbecher und Zellendeckel sowie durch die Tie-

fe des Einschubs festgelegt. Hinsichtlich des Mantelbereichs des Zel-
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lendeckels ist es bevorzugt, dass zwischen 20 % und 99 %, insbesonde-

re zwischen 30 % und 99 %, besonders bevorzugt zwischen 50 % und

99 %, mit dem Mantelbereich des Zellenbechers Uberlappen (die Pro-

zentzahlen beziehen sich jeweils auf die H6he des Mantels bzw. des

Mantelbereichs). Vor dem Einschieben kénnen in den Gehausebecher

und/oder in den Gehdusedeckel die sonstigen Ublichen Bestandteile ei-

ner Knopfzelle (Elektroden, Separator, Elektrolyt etc.) eingesetzt wer-

den. Nach dem vollstandigen Einschieben des Zellendeckels in den Zel-

lenbecher wird auf den Mantelbereich des Zellenbechers, insbesondere

im Bereich der Schnittkante, ein Druck ausgeiibt, um das Gehause ab-

zudichten. Dabei sollen die zusammengefiigten Gehduseteile méglichst

keinen oder nur sehr geringen Belastungen in axialer Richtung unterlie-

gen. Der Druck wird daher insbesondere radial angelegt. Abgesehen

von der bereits erwadhnten Abdichtung des Gehauses kann so auch der

Au&endurchmesserdes Zellengehduseskalibriert werden.

Besonders wichtig ist es dass die HGhen der Mantelbereiche von Zel-

lenbecher und Zellendeckel derart aufeinander abgestimmt sind, dass

die Schnittkante des Zellenbechers durch den Druck auf den Mantelbe-

reich des Zellenbechers gegen den Mantelbereich des Zellendeckels

gepresst wird. Die Héhen der Mantelbereiche sind also bevorzugt so

gewahit, dass ein Umbiegen der Schnittkante des Zellenbechers nach

innen Gber den Randbereich des vollstandig in den Zellenbecher einge-

schobenen Zellendeckels nicht mdglich ist. Es findet entsprechend keine

Umbérdelung des Randes des Zellenbechers Uber den Randbereich des

Zellendeckels statt. In Folge dessen weist der Zellenbecher einer nach

dem erfindungsgemaRen Verfahren gefertigten Knopfzelle einen Man-

telbereich mit einem im wesentlichen konstanten Radius in Richtung der

Schnittkante auf.

Bei nach einem solchen Verfahren hergesteliten Knopfzellen besteht

zwischen den Gehausekomponenten Zellenbecher, Zellendeckel und

Dichtung vorzugsweise eine ausschlieBlich kraftschlussige Verbindung.
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Der Zusammenhalt der Komponenten wird also bevorzugt im wesentli-

chen nur durch Haftkraft gewahrleistet.

Besonders bevorzugt wird zur Herstellung bérdelfreier Knopfzellen ein

Zellenbecher verwendet, der zumindest in einem Teilbereich seines

Mantels konisch ausgebildet ist, so dass zumindest sein Innendurch-

messer in Richtung der Schnittkante zunimmt. Dadurch wird das Ein-

schieben des Zellendeckels in den Zellenbecher deutlich erleichtert. Die

Dimensionen von Zellenbecher und Zellendeckel sind bevorzugt so auf-

einander abgestimmt, dass gréRere Gegenkrafte vorzugsweise erst bei

nahezu vollstandigem Einschub des Deckels in den Becher auftreten.

Vorzugsweise liegt der Konuswinkel dabei zwischen 10 min und 3°, ins-

besondere zwischen 30 min und 1° 30 min.

Der Zellendeckel, der mit aufgebrachter Dichtung in den Zellenbecher

eingeschobenwird, ist in bevorzugten Ausfiihrungsformen zumindest in

einem Teil des Mantelbereiches zylindrisch ausgebildet. Dies betrifft ge-

gebenenfalls insbesondere den Teil des Mantelbereiches, der nach dem

Einschieben des Zellendeckels in den Zellenbecher mit dem erwadhnten

konisch ausgebildeten Teilbereich des Zellenbechermantels Uberlappt.

Besonders bevorzugt ist der Mantel des Zellendeckels und damit auch

der Mantelbereich zur Ganze zylindrisch ausgebildet. Vorzugsweise

weist der Zellendeckel im Mantelbereich also einen konstanten AuRen-

radius auf. Dies betrifft gegebenenfalls insbesondere den Teil, der nach

dem Ejinschieben des Zellendeckels mit dem konisch ausgebildeten Teil

des Mantelbereichs des Zellenbechers Uberlappt.

Beim Einschieben eines Zellendeckels mit zylindrischem Mantelbereich

in einen zumindest in einem Teilbereich seines Mantels konisch ausge-

bildeten Zellenbecher, wie er oben beschrieben wurde, entsteht in der

Regel ein sich nach oben 6ffnender Spalt zwischen Zellenbecher und

Zellendeckel. Dieser Spalt wird in der Regel durch den Druck auf den

Mantelbereich des Zellenbechers wieder beseitigt. So wird der Druck auf

den Mantelbereich des Zellenbechers gegebenenfalls so gewahlt, dass
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der konisch ausgebildete Teil des Mantelbereichs des Zellenbechers

nach innen gedrickt wird, bis die Innenseite des Zellenbechers und die

AuRenseite des Zellendeckels im Uberlappenden Bereich im wesentli-

chen gleichmaRig voneinander beabstandet sind. Die resultierende

Knopfzelle weist Mantelbereiche auf, die parallel zueinander ausgerich-

tet sind, insbesondere im Gberlappenden Bereich.

Ein wichtiger Aspekt dabei ist die Wahl der Dichtung, die den Zellenbe-

cher mit dem Zellendeckel verbindet. Bevorzugt handelt es sich bei der

Dichtung um eine Kunststoffdichtung aus einem Thermoplasten.

Besonders bevorzugt handelt es sich bei der Kunststoffdichtung um eine

Foliendichtung, wie sie z.B. in der bereits genannten DE 196 47 593 be-

schriebenist, insbesondere um eine Foliendichtung aus einem Thermo-

plasten.

Foliendichtungen kénnen mit einer sehr gleichmaRigen Dicke hergestelit

werden. Beim Anlegen eines geeigneten Drucks auf den Mantelbereich

des Zellenbechers ergibt sich eine Presspassung, infolge derer die her-

gestellte Knopfzelle ganz hervorragende Dichtigkeitseigenschaften auf-

weist. So erméglicht nicht zuletzt die Verwendung von Foliendichtungen

den Verzicht auf ein Umbdérdeln des Randesdes Zellenbechers, ohne im

Gegenzug Nachteile bei sonstigen wichtigen Eigenschaften in Kauf neh-

men zu mussen.

Ganz besonders bevorzugt kommen vorliegend Kunststoffdichtungen,

insbesondere Kunststofffolien, auf Basis von Polyamid oder auf Basis

von Polyetheretherketonen zum Einsatz.

Es ist bevorzugt, dass die Dichtung einer bérdelfreien Zelle eine Aus-

gangsdicke im Bereich zwischen 50 um und 250 um, besonders bevor-

zugt zwischen 70 um und 150 um, insbesondere von ca. 100 um, auf-

weist. Unter dem Begriff ,Ausgangsdicke" soll dabei die Dicke verstan-

den werden, die die Dichtung aufweist, bevor sie auf den Mantel des
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Zellendeckels aufgebracht wird. Im Gegensatz dazu soll unter dem Beg-

riff ,Enddicke“ die Dicke der Dichtung in der fertigen Zelle verstanden

werden.Esist klar, dass diese zumindest im Uberlappenden Bereich in

der Regel dem Abstand zwischen der Innenseite des Zellenbechers und

der Auf&enseite des Zellendeckels entspricht.

Damit eine ausreichend hohe Reibung zwischen Zellenbecher und Zel-

lendeckel entstehen kann, sollten sowohl die AuRen- als auch die Innen-

radien von Becher und Deckel aufeinander sowie auf die Dicke der Fo-

liendichtung abgestimmt werden. Nur so kann ein ausreichend hoher

Pressdruck entstehen, der die beiden Einzelteile zusammenhalt. Fir die

dabei verwendeten Teile gilt bevorzugt, dass die Differenz zwischen

dem Auffenradius des in den Zellenbecher einzuschiebenden Zellende-

ckels an der Schnittkante des Zellendeckels und dem kleinsten Innenra-

dius des Zellenbechers in dem Teil des Mantelbereichs, der mit dem

Mantelbereich des Zellendeckels Uberlappt, kleiner ist als die Aus-

gangsdicke der verwendeten Dichtung. Besonders bevorzugt betragt die

Differenz zwischen 10 % und 90 % der Ausgangsdicke, insbesondere

zwischen 30 % und 70 %, ganz besondersbevorzugt ca. 50 %.

Nach dem Einschieben des Zellendeckels in den Zellenbecher kann ein

Teil des Mantelbereiches des Zellenbechers radial nach innen eingezo-

gen werden. Es handelt sich dabei insbesondere um den Teil des Man-

telbereichs, der nicht mit dem Mantelbereich des Zellendeckels tber-

lappt.

Es wurde gefunden, dass durch diesen radialen Einzug deutlich verbes-

serte Dichtigkeitseigenschaften erzielt werden kénnen. Durch das Ein-

ziehen des Bechermantels wird ein radialer Druck auf den an der In-

nenwand des Gehausebechers anliegenden Randabschnitt bzw. auf die

zwischen Gehausedeckel und Gehdusebecher angeordnete Dichtung

ausgeibt, die in der Folge in diesem Bereich zusammengepresstwird.
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Das Einziehen kann zeitgleich zu der bereits erwahnten Druckausiibung

auf den Mantelbereich des Zellenbechers erfolgen, bevorzugt erfolgt das

Einziehen aber in einem spateren separaten Schritt.

Das erfindungsgemafse Verfahren zur Herstellung einer Knopfzelle kann

insbesondere zur Herstellung von Knopfzellen dienen, wie sie vorste-

hend beschrieben wurde, also von Knopfzellen mit einem Gehduse mit

einem ebenen Bodenbereich und einem dazu parallelen ebenen De-

ckelbereich. Es eignet sich sowohl! zur Herstellung von bérdelfreien

Knopfzellen als auch von solchen mit Bordelung.

Betreffend die bevorzugten Ausfiihrungsformen der einzelnen in einem

erfindungsgema&en Verfahren verwendeten Komponenten (Gehdausetei-

le und —dimensionen, Elektroden, Separator etc.) kann somit vollum-

fanglich auf die obenstehenden Ausfthrungen und Erlauterungen Bezug

genommen und verwiesen werden.

Das Gehdusewird in der Regel aus einem metallischen Becherteil (Ge-

hausebecher) und einem metallischen Deckelteil (Gehdusedeckel) zu-

sammengefigt, wobei ein Elektroden-Separator-Verbund mit als flache

Schicht ausgebildeten Elektroden derart in das Gehduse eingesetzt

wird, dass die Elektroden orthogonal zu dem ebenen Boden- und De-

ckelbereich ausgerichtet sind.

Wie bereits erwahnt, wird der Elektroden-Separator-Verbund bevorzugt

in Form eines Wickels verbaut, insbesondere als spiralformiger Wickel.

In aller Regel umfasst das erfindungsgemafe Verfahren stets die Schrit-

te

e Einsetzen des Wickels in das metallische Deckelteil und

e Einsetzen des metallischen Deckelteils mit dem Wickel in ein me-

tallisches Becherteil.
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Danacherfolgt optional das Umbdérdeln des Randes des Becherteils U-

ber den Rand des Deckelteils.

Sofern eine bérdelfreie Knopfzelle hergestellt wird, werden die entspre-

chenden oben beschriebenen Schritte durchgefinhrt.

Vor dem SchlieBen des Gehduses werden die Elektroden Gblicherweise

noch mit Elektrolytl6sung getrankt.

Der Wickel befindet sich beim Einsetzen bevorzugt aufgerollt auf einem

Wickeldorn. Nach dem oder beim Einsetzen kann der Wickeldorn dann

entfernt werden. Gegebenenfalls wird dann der oben erwahnte Wickel-

kern eingesetzt. Alternativ kann der Elektroden-Separator-Verbund auch

gleich unmittelbar auf einen solchen Kern aufgewickelt werden.

Besonders bevorzugt wird der spiralformige Wickel vor dem Verbauen

an seinen Stirnseiten warmebehandelt. Dabei wird er zumindest kurzfris-

tig einer Temperatur ausgesetzt, bei der der Separator in dem Wickel

thermoplastisch verformbarist. In der Regel steht der Separator an den

Stirnseiten des Wickels etwas Uber, selbst unter der Voraussetzung,

dass die Elektroden mit dem oben beschriebenen Versatz zueinander

angeordnet sind. Durch die Warmebehandlung kann der Separatoret-

was zusammenschrumpfen und dadurch gegebenenfalls sogar den

Rand einer benachbarten Elektroden freilegen, so dass dieser unmittel-

bar am Knopfzellengehause anliegen kann.

Die genannten und weitere Vorteile der Erfindung ergeben sich aus der

nun folgenden Beschreibung der Zeichnungen in Verbindung mit den

Unteransprichen. Dabei kénnen die einzelnen Merkmale der Erfindung

fir sich allein oder in Kombination miteinander verwirklicht sein. Die be-

schriebenen Ausfihrungsformen dienen lediglich zur Erlauterung und

zum besseren Verstdndnis der Erfindung und sind in keiner Weise ein-

schrankend zu verstehen.
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Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten Ausfith-

rungsform einer erfindungsgemaBen Knopfzelle.

Fig. 2 illustriert den Effekt der Warmebehandlung eines aufgewickel-

ten Elektrode-Separator-Verbundes, welche bei bevorzugten

Ausfihrungsformen des erfindungsgema&Ren Verfahrens zum

Einsatz kommt.

Fig. 3 zeigt einen Elektroden-Separator-Verbund in Form eines Wi-

ckels, wie er in einer erfindungsgemaRen Knopfzelle verbaut

werden kann.

Fig. 4 zeigt eine geschnittene Darstellung einer weiteren bevorzugten

Ausfiihrungsform einer erfindungsgemaRen Knopfzelle.

Fig. 5 zeigt schematisch den Querschnitt einer bevorzugten Ausfiih-

rungsform einer erfindungsgemafRen Knopfzelle, bei der der

Rand des Zellenbechers nicht Gber den Rand des Zellende-

ckels gebdérdeitist.

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten Ausfith-

rungsform einer erfindungsgemaBen Knopfzelle 100. Diese weist ein

metallisches Becherteil 101 und ein metallisches Deckelteil 102 auf. U-

ber eine Dichtung 109 sind die beiden Teile dichtend miteinander ver-

bunden. Zusammenbilden sie ein Gehause mit einem ebenen Bodenbe-

reich 103 und einem dazu parallelen ebenen Deckelbereich 104 aus. Im

Gebrauchszustand bilden diese ebenen Bereiche 103 und 104 die Pole

der Knopfzelle, an denen eine Stromabnahme durch einen Verbraucher
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erfolgen kann. Der Rand 110 des Zellenbechers 101 ist nach innen tber

den Rand des Zellendeckels 102 gebdrdelt.

Im Inneren der Elektrode ist ein Verbund aus einer streifenférmigen E-

lektrode 105, einer streifenférmigen Elektrode 106 und den streifenfér-

migen Separatoren 107 angeordnet. Der Verbund aus den Elektroden

105 und 106 sowie den Separatoren 107 liegt dabei in Form eines Wi-

ckels vor, der mit seinen Stirnseiten an den ebenen Bodenbereich 103

und den dazu parallelen ebenen Deckelbereich 104 anstésst. Aufgewi-

ckelt ist der Verbund auf dem Kern 108 im Zentrum der Knopfzelle 100.

Sowohl der Kern 108 als auch die um ihn gewickelten Elektroden und

Separatoren sind orthogonal zu den ebenen Boden- und Deckelberei-

chen 104 und 103 ausgerichtet. Sofern die Elektroden bei einem Lade-

oder Entladevorgang an Volumen gewinnen oder verlieren, wirken die

dabei resultierenden mechanischen Krafte Uberwiegend radial und k6n-

nen vom Mantelbereich der Knopfzelle 100 aufgefangen werden.

Hervorzuhebenist, dass die positive Elektrode 105 und die negative

Elektrode 106 jeweils unmittelbar an dem Becherteil 101 bzw. an dem

Deckelteil 102 der Knopfzelle 100 anliegen. Ein separater Ableiter zum

Verbinden der Elektroden mit dem Deckelteil 102 und dem Becherteil

101 ist nicht erforderlich.

Fig. 2 zeigt den Effekt der Warmebehandiung eines Elektroden-Separa-

tor-Wickels 200, die in bevorzugten Ausfiihrungsformen des erfindungs-

gemafen Verfahrens zur Herstellung einer Knopfzelle vorgesehenist.

Dargestellt ist schematisch ein Wicke!l 200 aus einem Verbund auseiner

positiven Elektrode 201 (quergestreifte Balken), einer negativen Elektro-

de 202 (weisse Balken) und den Separatoren 203 (Ausschnitt). Die posi-

tive und die negative Elektroden 201 und 202 sind jeweils versetzt zu-

einander angeordnet. Die Separatoren 203 bestehen aus einem ther-

moplastisch verformbaren Material.
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Setzt man die sich an den Stirnseiten 204 und 205 des Wickels 200 be-

findlichen Separatorrander einer hohen Temperatur aus (beispielsweise

250 °C, wie dargestellt), so schrumpfen diese Separatorrander. Die Se-

paratoren ziehen sich zumindest teilweise zwischen benachbarte Elek-

troden zurick. Dabei werden an derStirnseite 204 die Rander der nega-

tiven Elektrode 202 freigelegt, wahrend die Rander der positiven Elek-

trode 201 abgedeckt werden. An der Stirnseite 205 werden die Rander

der positiven Elektrode 201 freigelegt, wahrend die Rander der negati-

ven Elektrode 202 abgedeckt werden.

Beim Einsatz eines so behandelten Wickels ist gewahrleistet, dass E-

lektroden gleicher Polaritat jeweils nur am Gehdausebecher oder am Ge-

hausedeckel unmittelbar anliegen kénnen. Separate elektrische Verbin-

dungen zwischen den Elektroden und den Gehdauseteilen sind nicht er-

forderlich.

Fig. 3 zeigt einen Elektroden-Separator-Verbund flr erfindungsgemaRe

Knopfzellen in Form eines Wickels 300, wobei die Darstellung A eine

Draufsicht senkrecht von oben auf eine der Stirnseiten 301 des Wickels

300 abbildet, wahrend in der Darstellung B der Wickel 300 in einer An-

sicht schrag von oben dargestellit ist. Zu erkennen ist in beiden Fallen,

dass der Verbund zwei Lagen Separator 302 und 303 sowie zwei Elekt-

rodenschichten 304 und 305 (eine positive und eine negative Elektrode)

umfasst. Der Verbund ist spiralformig aufgewickelt und wird durch ein

Klebeband 306 auf seiner AuRenseite zusammengehalten.

Fig. 4 zeigt eine geschnittene Darstellung einer bevorzugten Ausfiih-

rungsform einer erfindungsgemaRen Knopfzelle 400. Zu erkennen ist

das Gehause der Knopfzelle aus dem Becherteil 401 und dem Deckelteil

402, zwischen denen die Dichtung 403 angeordnetist. Innerhalb des

Gehduses ist ein Verbund aus Elektroden und Separatoren, wie er in

Fig. 3 dargestellt ist, als spiralf6rmiger Wickel 404 (im Querschnitt sche-

matisch dargestellt) enthalten. Gut zu erkennen sind auch hier die Sepa-

ratorlagen 405 und 406 sowie die entgegengesetzt gepolten Elektroden
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407 und 408. Die Elektrode 407 ist dabei Uber den Ableiter 410 mit dem

Deckelteil 402 verbunden, wahrend die Elektrode 408 Uber den Ableiter

409 mit dem Becherteil 402 verbundenist. Der Ableiter 410 ist vorzugs-

weise mit dem Deckelteil 402 verschweisst. Dagegen ist der Ableiter 409

mit dem Becherteil 402 Uber eine Klemmverbindung verbunden(erist

zwischen dem Stitzring 413, auf dem der Rand des Zellendeckels auf-

liegt, und dem Boden des Zelienbechers eingeklemmt). Zwischen den

Stirnseiten des Wickels und dem Becherteil 401 und dem Deckelteil 402

sind die Isoliermittel 411 und 412 angeordnet, bei denen essich jeweils

um dunne Kunststoffscheiben handelt. Durch diese wird verhindert, dass

Elektroden entgegengesetzter Polaritat gleichzeitig in Kontakt mit dem

Becher- oder dem Deckelteil 401 und 402 kommen kénnen. Einem

Kurzschluss wird dadurch vorgebeugt.

Fig. 5 zeigt schematisch den Querschnitt einer bevorzugten Ausfih-

rungsform einer erfindungsgemafen Knopfzelle 500.

Diese weist ein metailisches Becherteil 501 und ein metallisches Deckel-

teil 502 auf. Uber eine Dichtung 510 sind die beiden Teile dichtend mit-

einander verbunden. Zusammenbilden sie ein Gehause mit einem ebe-

nen Bodenbereich 503 und einem dazu parallelen ebenen Deckelbe-

reich 504 aus. Im Gebrauchszustand bilden diese ebenen Bereiche 503

und 504 die Pole der Knopfzelle, an denen eine Stromabnahme durch

einen Verbrauchererfolgen kann.

Der Zellendeckel 502 ist in den Zellenbecher 501 eingeschoben, so

dass die Mantelbereiche des Zellendeckels und des Zellenbechers Uber-

lappen, wobei der Innenradius des Zellenbechers 501 im Gberlappenden

Bereich in Richtung der Schnittkante im wesentlichen konstant ist. Der

Rand des Zellenbechers 501 ist also nicht Uber den Rand 511 des Zel-

lendeckels 502 geb6rdelt, bei der vorliegend beschriebenen bevorzug-

ten Ausfiihrungsform einer erfindungsgemafen Knopfzelle 500 handelt

es sich somit um eine bdérdelfreie Knopfzelle.
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Im Inneren der Elektrode ist ein Verbund aus einer streifenférmigen E-

lektrode 508, einer streifenférmigen Elektrode 509 und den streifenfér-

migen Separatoren 507 angeordnet. Der Verbund aus den Elektroden

508 und 509 sowie den Separatoren 507 liegt dabei in Form eines Wi-

ckels vor, dessen Stirnseiten in Richtung des ebenen Bodenbereichs

503 und des dazu parallelen ebenen Deckelbereichs 504 weisen. Auf-

gewickelt ist der Verbund auf dem Wickelkern 512 im Zentrum der

Knopfzelle 500. Sowohl der Kern 512 als auch die um ihn gewickelten

Elektroden und Separatoren sind orthogonal zu den ebenen Boden- und

Deckelbereichen 504 und 503 ausgerichtet. Sofern die Elektroden bei

einem Lade- oder Entladevorgang an Volumen gewinnen oderverlieren,

wirken die dabei resultierenden mechanischen Krafte Uberwiegend radi-

al und k6nnen vom Mantelbereich der Knopfzelle 500 aufgefangen wer-

den.

Kontaktiert sind die positiven und die negativen Elektroden mit den Ge-

hausehalbteilen Becher und Deckel Uber den Ableiter 505 und den

Ableiter 506. Der Ableiter 505 besteht aus Aluminium, der Ableiter 506

aus Nickel (oder alternativ aus Kupfer). Bei beiden Ableitern handelt es

sich um dinne Folien, die flach zwischen den Stirnseiten des Wickels

und den ebenen Deckel- bzw. Bodenbereichen 503 und 504 zum Liegen

kommen. Bedingt durch den Wickelkern 512 wird ein steter leichter An-

pressdruck auf die Ableiter aufrechterhalten. Von den Stirnseiten des

Wickels sind die Ableiter bevorzugt durch ein separates Isolatorelement

(in der Zeichnung nicht dargestellt) getrennt, beispielsweise durch eine

dunne Folie.
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Patentanspriche

1. Knopfzelle (100; 400; 500), umfassend

- zwei metallische Gehdausehalbteile (101, 102; 401, 402; 501,

502), die durch eine elektrisch isolierende Dichtung (109; 403;

510) voneinander getrennt sind und die ein Gehduse mit einem

ebenen Bodenbereich (103; 503) und einem dazu parallelen

ebenen Deckelbereich (104; 504) ausbilden sowie

- innerhalb des Gehauses einen Elektroden-Separator-Verbund

umfassend mindestens eine positive und mindestens eine ne-

gative Elektrode (105, 106; 201, 202; 304, 305; 407, 408; 508,

509), die als flache Schichten ausgebildet und Uber mindestens

einen flachigen Separator (107; 203; 302, 303; 405, 406; 507)

miteinander verbundensind,

wobei die Elektrodenschichten im Wesentlichen orthogonal zu

dem ebenen Boden- und Deckelbereich ausgerichtet sind.

2. Knopfzelle nach Anspruch 1, dadurch gekennzeichnet, dass die

Elektroden und/oder der Separator streifen- oder bandférmig aus-

gebildet sind.

3. Knopfzelle nach Anspruch 1 oder Anspruch 2, dadurch gekenn-

zeichnet, dass der Elektroden-Separator-Verbund als Wickel (200;

300; 404) vorliegt, insbesondere als spiralf6rmiger Wickel, dessen

Stirnseiten (204, 205; 301) in Richtung des ebenen Bodenbe-

reichs und des ebenen Deckelbereichs weisen.

4. Knopfzelle nach Anspruch 3, dadurch gekennzeichnet, dass der

Wickel in seinem Zentrum einen axialen Hohlraum aufweist, der

mindestens teilweise von einem Wickelkern (108; 512) ausgefullt

ist.
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Knopfzelie nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dass der Elektroden-Separator-Verbund eine der

folgenden Schichtabfolgen aufweist:

- negative Elektrode / Separator / positive Elektrode / Separator

- positive Elektrode / Separator / negative Elektrode / Separator

Knopfzelle nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dass die positive Elektrode (408; 509) und/oder

die negative Elektrode (407; 508) Uber einen Ableiter (409, 410;

505, 506) mit dem Gehdause im Bereich des ebenen Boden-

und/oder des ebenen Deckelbereichs verbunden sind.

Knopfzelle nach einem der Anspriiche 3 bis 6, dadurch gekenn-

zeichnet, dass sie mindestens ein Isoliermittel (413, 414) umfasst,

das einen direkten mechanischen und elektrischen Kontakt zwi-

schen den Stirnseiten des Wickels und den ebenen Boden- und

Deckelbereichen unterbindet.

Knopfzelle nach Anspruch 7, dadurch gekennzeichnet, dass es

sich bei dem mindestens einen Isoliermittel (413, 414) um eine

flache Schicht aus Kunststoff, beispielsweise um eine Kunst-

stofffolie handelt, die zwischen den Stirnseiten des Wickels und

den ebenen Boden- und Deckelbereichen angeordnetist.

Knopfzelle nach einem der vorhergehenden Anspriche, dadurch

gekennzeichnet, dass sie wiederaufladbarist.

Knopfzelle nach einem der vorhergehenden Ansprtche, dadurch

gekennzeichnet, dass sie ein Verhaltnis H6Ghe : Durchmesser< 1,

vorzugsweise zwischen 0.1 und 0.9, insbesondere zwischen 0.15

und 0.7, aufweist.
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Verfahren zur Herstellung einer Knopfzeile, insbesondere einer

Knopfzelle (100; 400; 500) nach einem der vorhergehenden An-
spriche, wobei aus metallische Gehdusehalbteilen, insbesondere

einem metallischen Becherteil (101; 401; 501) und einem metalli-

schen Deckelteil (102; 402; 502), ein Gehduse mit einem ebenen

Bodenbereich (103; 503) und einem dazu parallelen ebenen De-

ckelbereich (104; 504) montiert wird und wobei ein Elektroden-

Separator-Verbund mit als flache Schicht ausgebildeten Elektro-

den (105, 106; 201, 202; 304, 305; 407, 408; 508, 509) derart in

das Gehdause eingesetzt wird, dass die Elektrodenschichten im

Wesentlichen orthogonal zu dem ebenen Boden- und Deckelbe-

reich (103, 104; 503, 504) ausgerichtet sind.

Verfahren nach Anspruch 11, dadurch gekennzeichnet, dass der

Elektroden-Separator-Verbund als Wickel (200; 300; 404) einge-

setzt wird, insbesondereals spiralformiger Wickel.

Verfahren nach Anspruch 12, umfassend die Schritte

- Einsetzen des Wickels (200; 300; 404) in das metallische Dec-

kelteil (102; 402; 502),

- Einsetzen des metallischen Deckelteils mit dem Wickel in ein

metallisches Becherteil (101; 401; 501),

- Gegebenenfalis Umbérdeln des Randes des Becherteils.

Verfahren nach Anspruch 12 oder 13, dadurch gekennzeichnet,

dass der Wickel (200; 300; 404) vor dem Verbauen an seinen

Stirnseiten (204, 205; 301) warmebehandelt wird, wobei er zumin-

dest kurzfristig einer Temperatur ausgesetzt wird, bei der der Se-

parator (107; 203; 302, 303; 405, 406; 507) thermoplastisch ver-

formbarist.
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Beschreibung

Knopfzelle und Verfahren zu ihrer Herstellung

Die vorliegende Erfindung betrifft eine Knopfzelle mit einem Gehause

aus einem metallischen Becherteil und einem metallischen Deckeliteil,

die dichtend miteinander verbunden sind, sowie ein Verfahren zur Her-

stellung von solchen Knopfzellen.

Wiederaufladbare Knopfzellen k6nnen unterschiedliche elektrochemi-

sche Systeme enthalten. Sehr verbreitet sind z. B. Knopfzellen auf Basis

von Nickel-Metallhydrid- sowie auf Basis von Lithium-lonen-Systemen.

Insbesondere bei Lithium-lonen-Knopfzellen werden die elektroche-

misch aktiven Materialien innerhalb des Knopfzellengehauses Ublicher-

weise nicht in Form von einzelnen, durch einen Separator voneinander

getrennten, tablettenformigen Elektroden angeordnet. Stattdessen wer-

den bevorzugt vorgefertigte Elektroden-Separator-Verbiinde flach in das

Gehause eingelegt. Als Separator dient dabei bevorzugt eine pordse

Kunststofffolie, auf welche die Elektroden flachig auflaminiert oder auf-

geklebt sind. Der Gesamtverbund aus Separator und Elektroden ist da-

bei in der Regel maximal wenige 100 um dick. Um Knopfzeilengehause

JLab/Cambridge, Exh. 1002, p. 178



JLab/Cambridge, Exh. 1002, p. 179

P 49 226 DE -2-

Ublicher Dimensionen ausfiillen zu kK6nnen, werden daher haufig mehre-

re solcher Verbunde flach Ubereinander gelegt. Auf diese Weise lassen

sich Stapel in grundsatzlich beliebiger Héhe erhalten, jeweils abge-

stimmt auf die zur Verflgung stehenden Dimensionen des Knopfzellen-

gehduses, in das der Stapel verbaut werden soll. So wird eine optimale

Ausnutzung des zur Verfiigung stehenden Gehdauseinnenraumes ge-

wahrleistet.

Konstruktionsbedingt treten bei Knopfzelien, die solche Stapel aus Elekt-

roden-Separator-Verbtnden enthalten, allerdings auch diverse Proble-

me auf. Zum einen ist es natdrlich erforderlich, Elektroden von jeweils

gleicher Polaritat innerhalb des Stapels miteinander zu verbinden und

dann jeweils mit dem entsprechenden Pol des Knopfzeilengehauses zu

kontaktieren. Die erforderlichen elektrischen Kontakte verursachen Ma-

terialkosten, der durch sie eingenommene Raum steht zudem fur Aktiv-

material nicht mehr zur Verfigung. Die Herstellung der Elektrodenstapel

ist dariber hinaus kompliziert und teuer, da bei der Kontaktierung der

Verbinde untereinander leicht Fehler auftreten kénnen, die die Auss-

chuRrate erhéhen. Zum anderen wurde festgestellt, dass Knopfzellen

mit einem Stapel aus Elektroden und Separatoren sehr schnell undicht

werden k6nnen.

Der vorliegenden Erfindung lag die Aufgabe zugrunde, Knopfzellen be-

reitzustellen, bei denen die genannten Probleme nicht auftreten. Die be-

reitzustellenden Knopfzellen sollten eine méglichst einfache Konstrukti-

onsweise aufweisen, héchsten Anforderungen im Hinblick auf die Dich-

tigkeit im Betrieb genUgen und sehr einfach herzustellen sein.

Diese Aufgabe wird gelést durch die Knopfzelle mit den Merkmalen des

Anspruchs 1 sowie das Verfahren mit den Merkmalen des Anspruchs 9.

Bevorzugte Ausftihrungsformen der erfindungsgemaRen Knopfzelle sind

in den abhangigen Ansprichen 2 bis 8 angegeben. Bevorzugte Ausfth-
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rungsformen des erfindungsgemafRen Verfahrensfinden sich in den An-

spruchen 10 bis 12. Der Wortlaut samtlicher Anspriche wird hiermit

durch Bezugnahme zum Inhalt dieser Beschreibung gemacht.

Eine erfindungsgema&Re Knopfzelle weist ein metallisches Becherteil und

ein metallisches Deckelteil auf, die dichtend miteinander verbunden

sind. Zusammen bilden die beiden Teile ein Gehdause aus, das einen

ebenen Bodenbereich und einen dazu parallelen ebenen Deckelbereich

ausbildet. Als Becher- und Deckelteil sind insbesondere Teile aus verni-

ckeltem Stahl oder Blech bevorzugt. Weiterhin als metallischer Werkstoff

geeignet sind insbesondere Trimetalle, beispielsweise mit der Abfolge

Nickel, Stahl (oder Edelstahl) und Kupfer (wobei dann die Nickelschicht

bevorzugt die Aufen- und die Kupferschicht bevorzugt die Innenseite

des Knopfzellengehdausesbildet). Als Dichtung kann beispielsweise eine

Spritzguss- oder eine Foliendichtung zum Einsatz kommen.

Innerhalb des Gehdauses sind mindestens eine positive und mindestens

eine negative Elektrode angeordnet, und zwar jeweils in Form von fla-

chen Elektrodenschichten. Die Elektroden sind dabei Uber einen flachi-.

gen Separator miteinander verbunden. Vorzugsweise sind die Elektro-

den auf diesen Separator auflaminiert oder aufgeklebt. Die Elektroden

und der Separator weisen in der Regel jeweils nur Dicken im um-Bereich

auf. Sie bilden zusammen einen Elektroden-Separator-Verbund aus, wie

er bereits eingangs erwahnt wurde.

Im Gegensatz zu den eingangs erwahnten Knopfzellen zeichnet sich die

erfindungsgemaRe Knopfzelle jedoch insbesondere dadurch aus, dass

die Elektrodenschichten eine ganz besondere Orientierung aufweisen,

sie sind namlich im wesentlichen orthogonal zu dem ebenen Boden- und
Deckelbereich ausgerichtet. Wahrend aus dem Stand der Technik be-

kannte Knopfzellen mit gestapelten Elektroden-Separator-Verbiinden

diese stets flach eingelegt enthalten, so dass die Elektrodenschichten im
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wesentlichen parallel zu den ebenen Boden- und Deckelbereichen aus-

gerichtet sind, ist bei einer erfindungsgema&en Knopfzelle das Gegenteil

der Fall.

Die orthogonale Ausrichtung der Elektrodenschichten hat einen uner-

wartet deutlichen Vorteil, es wurde ndmlich festgestellt, dass diese Aus-

richtung mit einer deutlichen Verbesserung der Dichtigkeitseigenschaf-

ten einer erfindungsgemafRen Knopfzelle einhergeht, insbesondere bei

Knopfzellen auf Basis von Lithium-lonen-Systemen. Die Elektroden von

wiederaufladbaren Lithium-lonen-Systemen sind bei Lade- und Entlade-

vorgdngen stets Volumenanderungen ausgesetzt. Zu solchen Volumen-

anderungen kann es natirlich auch bei den Elektroden einer erfin-

dungsgemaf&en Knopfzelle kommen. Die dabei entstehenden mechani-

schen Krafte wirken jedoch nicht mehr primar axial, wie das im Falle ei-

nes flach eingelegten Stapels aus Elektroden-Separator-Verbiinden der

Fall ist. Aufgrund der orthogonalen Ausrichtung der Elektroden wirken

sie stattdessen radial. Radiale Krafte k6nnen von dem Gehdause einer

Knopfzelle allerdings sehr viel besser aufgenommen werden als axiale,

worauf vermutlich die verbesserten Dichtigkeitseigenschaften zuruckzu-

fuhren sind.

Besonders bevorzugt sind die Elektroden und derflachige Separator ei-

ner erfindungsgemaéBRen Knopfzelle jeweils streifen- oder bandférmig

ausgebildet. So kann zur Herstellung einer erfindungsgemaRen Knopf-

zelle beispielsweise von einem als Endlosband vorliegenden Separator-

material ausgegangen werden, auf das die Elektroden flachig, insbe-

sondere wieder in Form von Streifen oder zumindest von Rechtecken,

aufgebracht, insbesondere auflaminiert werden.

Wenn die Elektroden streifenformig auf einen solchen Separator aufge-

bracht werden, so lasst sich der entstehende Verbund aus streifenférmi-

gen Elektroden und streifenférmigem Separator gut aufwickeln. In be-
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vorzugten Ausfihrungsformen enthalt eine erfindungsgemaéRe Knopf-

zelle entsprechend den Verbund aus Elektroden und Separator als Wi-

ckel, besonders bevorzugt als spiralformigen Wickel.

Besonders bevorzugt weist der Verbund aus Elektroden und Separator

in einer erfindungsgemaRen Knopfzelle eine der folgenden Schichtab-

folgen auf:

e negative Elektrode / Separator / positive Elektrode / Separator

oder

e positive Elektrode / Separator / negative Elektrode / Separator.

Derartige Verbiinde lassen sich sehr einfach herstellen und aufwickeln,

ohne dass es zu Kurzschliissen zwischen entgegengesetzt gepolten E-

lektroden kommt.

In besonders bevorzugten Ausfiihrungsformen einer erfindungsgema-

Ren Knopfzelle sind die negative Elektrode und die positive Elektrode im

Elektroden-Separator-Verbund innerhalb des Verbundes versetzt zuein-

ander angeordnet. Unter einer versetzten Anordnung soll dabei verstan-

den werden, dass die Elektroden derart angeordnet sind, dass in der
erfindungsgemaRen Knopfzelle eine jeweils unterschiedliche Beabstan-

dung der Elektroden zu den ebenen Boden- und Deckelbereichen resul-

tiert. Im einfachsten Fall kénnen z.B. eine positive und eine negative

Elektrode als gleich breite Streifen leicht versetzt auf die gegentberlie-

genden Seiten eines Separatorbandes aufgebracht werden, so dass der

Abstand der positiven Elektrode zum oberen Separatorrand grdéRerist

als der vergleichbare Abstand von der negativen Elektrode aus gemes-

sen. Umgekehrtes gilt dann natirlich im Hinblick auf den Abstand zum

unteren Separatorrand.
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In besonders bevorzugten Ausfthrungsformen liegt, vorzugsweise als

Resultat dieser versetzten Anordnung, die positive Elektrode, insbeson-

dere ein Rand der positiven Elektrode, unmittelbar am Becherteil an,

insbesondere im ebenen Bodenbereich des Becherteils, wahrend die

negative Elektrode, insbesondere ein Rand der negativen Elektrode,

unmittelbar am Deckelteil, insbesondere im ebenen Deckelbereich des

Deckelteils, anliegt.

Die versetzte Anordnung der Elektroden zueinander erméglicht also eine

Kontaktierung der Elektroden mit den jeweiligen Gehauseteilen, ohne

dass zusatzliche elektrische Kontakte und Verbindungsmittel zum Ein-

satz kommen mussen.

Bei den in einer erfindungsgemafRen Knopfzelle einsetzbaren Separato-
ren handelt es sich vorzugsweise um Folien aus mindestens einem

Kunststoff, insbesondere aus mindestens einem Polyolefin. Bei dem

mindestens einen Polyolefin kann es sich beispielsweise um Polyethylen

handelt. Es k6nnen aber auch mehrlagige Separatoren verwendet wer-

den, beispielsweise Separatoren aus einer Abfolge verschiedener Polyo-

lefinschichten, z.B. mit der Sequenz Polyethylen/Polypropylen/Polyethy-

len.

Die in einer erfindungsgemafen Knopfzelle bevorzugt einsetzbaren Se-

paratoren weisen bevorzugt eine Dicke zwischen 3 ym und 100 um, ins-

besondere zwischen 10 um und 50 um, auf.

Die Elektroden einer erfindungsgemafen Knopfzelle weisen bevorzugt

eine Dicke zwischen 10 um und 1000 um, insbesondere zwischen 30

um und 500 um, auf.

Wie bereits eingangs erwahnt wurde, handelt es sich bei der erfin-

dungsgemaRen Knopfzelle insbesondere um eine wiederaufladbare
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Knopfzelle. Besonders bevorzugt weist eine erfindungsgema&e Knopf-

zelle mindestens eine Lithium interkalierende Elektrode auf.

Das Verhaltnis H6he : Durchmessereiner erfindungsgemaf&en Knopfzel-

le betragt vorzugsweise < 1. Besonders bevorzugt liegt es zwischen 0.1

und 0.9, insbesondere zwischen 0.15 und 0.7. Unter der Héhe soll dabei

der Abstand zwischen dem ebenen Bodenbereich und dem dazu paral-

lelen ebenen Deckelbereich verstanden werden. Der Durchmesser

meint die maximale Entfernung zweier Punkte auf dem Mantelbereich

der Knopfzelle.

Das erfindungsgemafe Verfahren zur Herstellung einer Knopfzelle kann

insbesondere auch zur Herstellung einer Knopfzelle dienen, wie sie vor-

stehend beschrieben wurde, also einer Knopfzelle mit einem Gehause

mit einem ebenen Bodenbereich und einem dazu parallelen ebenen De-

ckelbereich. Betreffend die bevorzugten Ausfihrungsformen der einzel-

nen in einem erfindungsgemafen Verfahren verwendeten Komponenten

(Gehduseteile und —dimensionen, Elektroden, Separator etc.) Kann so-

mit vollumfanglich auf die obenstehenden Ausfihrungen und Erlaute-

rungen Bezug genommenund verwiesen werden.

Das Gehduse wird aus einem metallischen Becherteil und einem metal-

lischen Deckelteil zusammengeftigt, wobei ein Elektroden-Separator-

Verbund mit als flache Schicht ausgebildeten Elektroden derart in das

Gehause eingesetzt wird, dass die Elektroden orthogonal zu dem ebe-

nen Boden- und Deckelbereich ausgerichtet sind.

Wie bereits erwahnt, wird der Elektroden-Separator-Verbund in Form

eines Wickels verbaut, insbesondereals spiralf6rmiger Wickel.

In aller Regel umfasst das erfindungsgemaRe Verfahren stets die Schrit-

te
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- Einsetzen des Wickels in das metallische Deckelteil,

- Einsetzen des metallischen Deckelteils mit dem Wickel in ein metal-

lisches Becherteil,

- Umbérdeln des Randes des Becherteils.

Vor dem SchlieBen des Gehdauses werden die Elektroden dblicherweise

noch mit Elektrolytl6sung getrankt.

Der Wickel befindet sich beim Einsetzen bevorzugt aufgerollt auf einem

Wickeldorn. Nach dem oder beim Einsetzen kann der Wickeldorn dann

entfernt werden.

Besonders bevorzugt wird der spiralf6rmige Wickel vor dem Verbauen

an seinen Stirnseiten warmebehandelt. Dabei wird er zumindest kurzfris-

tig einer Temperatur ausgesetzt, bei der der Separator in dem Wickel

thermoplastisch verformbarist. In der Regel steht der Separator an den

Stirnseiten des Wickels etwas Uber, selbst unter der Voraussetzung,

dass die Elektroden mit dem oben beschriebenen Versatz zueinander

angeordnet sind. Durch die Warmebehandlung kann der Separatoret-

was zusammenschrumpfen und dadurch gegebenenfalls sogar den

Rand einer benachbarten Elektroden freilegen, so dass dieser unmittel-

bar am Knopfzellengehause anliegen kann.

Die genannten und weitere Vorteile der Erfindung ergeben sich aus der

nun folgenden Beschreibung der Zeichnungen in Verbindung mit den

Unteransprichen. Dabei k6nnen die einzelnen Merkmale der Erfindung

fur sich allein oder in Kombination miteinander verwirklicht sein. Die be-

schriebenen Ausfthrungsformen dienen lediglich zur Erlauterung und

zum besseren Verstdndnis der Erfindung und sind in keiner Weise ein-

schrankend zu verstehen.
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Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer erfindungsgemafen

Knopfzelle.

Fig.2_illustriert den Effekt der Warmebehandlung eines aufgewickel-

ten Elektrode-Separator-Verbundes, welche bei bevorzugten

Ausfithrungsformen des erfindungsgemaRen Verfahrens zum

Einsatz kommt.

Fig. 1 zeigt schematisch den Querschnitt einer erfindungsgemaBen

Knopfzelle 100. Diese weist ein metallisches Becherteil 101 und ein me-

tallisches Deckelteil 102 auf. Uber eine Dichtung 109 sind die beiden

Teile dichtend miteinander verbunden. Zusammenbilden sich ein Ge-

hause mit einem ebenen Bodenbereich 103 und einem dazu parallelen

ebenen Deckelbereich 104 aus. Im Gebrauchszustand bilden diese e-

benen Bereiche 103 und 104 die Pole der Knopfzelle, an denen eine

Stromabnahme durch einen Verbraucher erfolgen kann. Der Rand 110

des Zellenbechers 101 ist nach innen Gber den Rand des Zellendeckels

102 gebérdelt.

im Inneren der Elektrode ist ein Verbund aus einer streifenfoérmigen

Elektrode 105, einer streifenfoérmigen Elektrode 106 und den streifen-

férmigen Separatoren 107 angeordnet. Der Verbund aus den Elektroden

105 und 106 sowie den Separatoren 107 liegt dabei in Form eines Wi-

_ckels vor. Aufgewickelt ist der Verbund auf dem Kern 108 im Zentrum

der Knopfzelle 100. Sowohl der Kern 108 als auch die um ihn gewickel-

ten Elektroden und Separatoren sind orthogonal zu den ebenen Boden-

und Deckelbereichen 104 und 103 ausgerichtet. Sofern die Elektroden

bei einem Lade- oder Entladevorgang an Volumen gewinnen oderverlie-
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ren, wirken die dabei resultierenden mechanischen Krafte radial und

kénnen vom Mantelbereich der Knopfzelle 100 aufgefangen werden.

Hervorzuhebenist, dass die positive Elektrode 105 und die negative E-

lektrode 106 jeweils unmittelbar an dem Becherteil 101 bzw. an dem

Deckelteil 102 der Knopfzelle 100 anliegen. Ein separater Ableiter zum

Verbinden der Elektroden mit dem Deckelteil 102 und dem Becherteil

101 ist nicht erforderlich.

Fig. 2 zeigt den Effekt der Warmebehandiung eines Elektroden-

Separator-Wickels 200, die in bevorzugten Ausfiuhrungsformen des er-

findungsgemafen Verfahrens zur Herstellung einer Knopfzelle vorgese-

hen ist. Dargestellt ist schematisch ein Wickel 200 aus einem Verbund

aus einer positiven Elektrode 201 (schwarze Balken), einer negativen

Elektrode 202 (weisse Balken) und den (quergestreiften) Separatoren

203 (Ausschnitt). Die positive und die negative Elektroden 201 und 202

sind jeweils versetzt zueinander angeordnet. Die Separatoren 203 be-

stehen aus einem thermoplastisch verformbaren Material.

Setzt man die sich an den Stirnseiten 204 und 205 des Wickels 200 be-

findlichen Separatorrander einer hohen Temperatur aus (beispielsweise

250 °C, wie dargestellt), so schrumpfen diese Separatorrander. Die Se-

paratoren ziehen sich zumindest teilweise zwischen benachbarte Elekt-

roden zurtick. Dabei werden an derStirnseite 204 die Rander der nega-

tiven Elektrode 202 freigelegt, wahrend die Rander der positiven Elekt-

rode 201 abgedeckt werden. An der Stirnseite 205 werden die Rander

der positiven Elektrode 201 freigelegt, wahrend die Rander der negati-

ven Elektrode 202 abgedeckt werden.

Beim Einsatz eines so behandelten Wickels ist gewdahrleistet, dass

Elektroden gleicher Polaritaét jeweils nur am Gehdusebecher oder am
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Gehausedeckel unmittelbar anliegen k6nnen. Separate elektrische Ver-

bindungen zwischen den Elektroden und den Gehdauseteilen sind nicht

erforderlich.
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Patentanspruiche

1. Knopfzelle (100), umfassend ein metallisches Becherteil (101) und

ein metallisches Deckelteil (102), welche dichtend miteinander

verbunden sind und ein Gehaduse mit einem ebenen Bodenbereich

(103) und einem dazu parallelen ebenen Deckelbereich (104)

ausbilden, sowie innerhalb des Gehauses als flache Schichten

ausgebildete positive und negative Elektroden (105, 106; 201,

202), die Uber einen flachigen Separator (107; 203) miteinander

verbunden sind, wobei die Elektrodenschichten (105, 106; 201,

202) im wesentlichen orthogonal zu dem ebenen Boden- und De-

ckelbereich (103, 104) ausgerichtet sind.

2. Knopfzelle nach Anspruch 1, dadurch gekennzeichnet, dass die

Elektroden (105, 106; 201, 202) und/oder der Separator (107;

203) streifen- oder bandférmig ausgebildet sind.

3. Knopfzelle nach Anspruch 1 oder Anspruch 2, dadurch gekenn-

zeichnet, dass sie den Elektroden-Separator-Verbund als Wickel

(200) enthalt, insbesondere als spiralformigen Wickel.

4. Knopfzelle nach einem der vorhergehenden Anspriche, dadurch

gekennzeichnet, dass der Verbund eine der folgenden Schichtab-

folgen aufweist:

- negative Elektrode / Separator/ positive Elektrode / Separator
- positive Elektrode / Separator / negative Elektrode / Separator

5. Knopfzelle nach einem der vorhergehenden Anspritche, dadurch

gekennzeichnet, dass die negative Elektrode (106; 202) und die

positive Elektrode (105; 201) innerhalb des Verbundes versetzt
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zueinander angeordnet sind, so dass fur die Elektroden eine je-
weils unterschiedliche Beabstandung zu den ebenen Boden- und

Deckelbereichen (103, 104) resultiert.

6. Knopfzelle nach einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass die positive Elektrode (105; 201), insbeson-
dere ein Rand der positiven Elektrode (105; 201), unmittelbar am

Becherteil (101), insbesondere im ebenen Bodenbereich (103),
und die negative Elektrode (106; 202), insbesondere ein Rand der
negativen Elektrode (106; 202), unmittelbar am Deckelteil (102),
insbesondere im ebenen Deckelbereich (104), anliegt.

7. Knopfzelle nach einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass sie wiederaufladbar ist.

8. Knopfzelle nach einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass sie ein Verhaltnis Héhe : Durchmesser< 1,
vorzugsweise zwischen 0.1 und 0.9, insbesondere zwischen 0.15
und 0.7, aufweist.

9. Verfahren zur Herstellung einer Knopfzelle, insbesondere einer

Knopfzelle (101) nach einem der vorhergehenden Anspriiche, wo-
bei aus einem metallischen Becherteil (101) und einem metalli-

schen Deckelteil (102) ein Gehause mit einem ebenen Bodenbe-

reich (103) und einem dazu parallelen ebenen Deckelbereich
(104) gebildet wird und wobei ein Elektroden-Separator-Verbund
mit als flache Schicht ausgebildeten Elektroden (105, 106; 201,
202) derart in das Gehause eingesetzt wird, dass die Elektroden
(105, 106; 201, 202) orthogonal zu dem ebenen Boden- und De-
ckelbereich (103, 104) ausgerichtet sind.
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10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, dass der

Elektroden-Separator-Verbund als Wickel (200) eingesetzt wird,

insbesondereals spiralf6rmiger Wickel.

11. Verfahren nach Anspruch 10, umfassend die Schritte

- Einsetzen des Wickels (200) in das metallische Deckelteil

(102),

- Einsetzen des metallischen Deckelteils (102) mit dem Wickel

(200) in ein metallisches Becherteil (101),

- Umbérdein des Randes (110) des Becherteils (101).

12. Verfahren nach Anspruch 10 oder 11, dadurch gekennzeichnet,

dass der Wickel (200) vor dem Verbauen an seinen Stirnseiten

warmebehandelt wird, wobei er zumindest kurzfristig einer Tempe-

ratur ausgesetzt wird, bei der der Separator (203) thermoplastisch

verformbarist.
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Zusammenfassung

Beschrieben wird eine Knopfzelle (100), die ein metallisches Becherteil

(101) und ein metallisches Deckelteil (102) aufweist, welche dichtend

miteinander verbunden sind und ein Gehause mit einem ebenen Boden-

bereich (103) und einem dazu parallelen ebenen Deckelbereich (104)
ausbilden, wobei innerhalb des Gehdusesals flache Schichten ausge-

bildete positive und negative Elektroden (105, 106; 201, 202) angeord-

net sind, die Uber einen flachigen Separator (107; 203) miteinander ver-

bunden sind, wobei die Elektrodenschichten (105, 106; 201, 202) im we-

sentlichen orthogonal zu dem ebenen Boden- und Deckelbereich (103,

104) ausgerichtet sind. Weiterhin wird ein Verfahren zur Herstellung ei-

ner solchen Knopfzelle beschrieben.
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Beschreibung

Knopfzelle und Verfahren zu ihrer Herstellung

Die vorliegende Erfindung betrifft eine Knopfzelle umfassend ein Ge-

hduse mit einem metallischen Becherteil und einem metallischen De-

ckelteil, die dichtend miteinander verbunden sind, sowie innerhalb des

Gehauses mit einer positiven und einer negativen Elektrode,die als fla-

che Schichten ausgebildet und Uber mindestens einen flachigen Separa-

tor miteinander verbunden sind, sowie ein Verfahren zur Herstellung von

solchen Knopfzellen.

Wiederaufladbare Knopfzellen kénnen unterschiedliche elektrochemi-

sche Systeme enthalten. Sehr verbreitet sind z. B. Knopfzellen auf Basis

von Nickel-Metallhydrid- oder Lithium-lonen-Systemen. Insbesondere

bei Lithium-lonen-Knopfzellen werden die elektrochemisch aktiven Mate-

rialien innerhalb des Knopfzellengehduses Ublicherweise nicht in Form

von einzelnen, durch einen Separator voneinander getrennten, tabletten-

formigen Elektroden angeordnet. Stattdessen werden bevorzugt vorge-

fertigte Elektroden-Separator-Verbiinde flach in das Gehause eingelegt.

Als Separator dient dabei bevorzugt eine porése Kunststofffolie, auf wel-

JLab/Cambridge, Exh. 1002, p. 196



JLab/Cambridge, Exh. 1002, p. 197

P 49 226 DE1 -2-

che die Elektroden flachig auflaminiert oder aufgeklebt sind. Der Ge-

samtverbund aus Separator und Elektroden ist dabei in der Regel ma-

ximal wenige 100 um dick. Um Knopfzellengehause Ublicher Dimensio-

nen ausfilllen zu k6Gnnen, werden daher haufig mehrere solcher Verbin-

de flach Ubereinander gelegt. Auf diese Weise lassen sich Stapel in

grundsA&tzlich beliebiger HGhe erhalten, jeweils abgestimmt auf die zur

Verfigung stehenden Dimensionen des Knopfzellengehauses, in das

der Stapel verbaut werden soll. So wird eine optimale Ausnutzung des

zur Verfigung stehenden Gehdauseinnenraumes gewahrleistet.

Konstruktionsbedingt treten bei Knopfzellen, die solche Stapel aus Elek-

troden-Separator-Verbiinden enthalten, allerdings auch diverse Proble-

me auf. Zum einen ist es nattrlich erforderlich, Elektroden von jeweils

gleicher Polaritat innerhalb des Stapels miteinander zu verbinden und

dann jeweils mit dem entsprechenden Pol des Knopfzellengehauses zu

kontaktieren. Die erforderlichen elektrischen Kontakte verursachen Ma-

terialkosten, der durch sie eingenommene Raum steht zudem fur Aktiv-

material nicht mehr zur Verfdgung. Die Herstellung der Elektrodenstapel

ist darUber hinaus kompliziert und teuer, da bei der Kontaktierung der

Verbunde untereinander leicht Fehler auftreten kOnnen, die die Aus-

schussrate erhéhen. Zum anderen wurdefestgestelit, dass Knopfzellen

mit einem Stapel aus Elektroden und Separatoren sehr schnell undicht

werden koénnen.

Der vorliegenden Erfindung lag die Aufgabe zugrunde, Knopfzellen be-

reitzustellen, bei denen die genannten Probleme nicht auftreten. Die be-

reitzustellenden Knopfzellen sollten eine mdglichst einfache Konstrukti-

onsweise aufweisen, héchsten Anforderungen im Hinblick auf die Dich-

tigkeit im Betrieb genigen und sehr einfach herzustellen sein.

Diese Aufgabe wird gelést durch die Knopfzelle mit den Merkmalen des

Anspruchs 1 sowie das Verfahren mit den Merkmalen des Anspruchs

13. Bevorzugte AusfUhrungsformen der erfindungsgemafRen Knopfzelle
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sind in den abhdngigen Anspriichen 2 bis 12 angegeben. Bevorzugte

Ausfuhrungsformen des erfindungsgemafen Verfahrens finden sich in

den Anspritchen 14 bis 16. Der Wortlaut samtlicher Anspriche wird

hiermit durch Bezugnahme zum Inhalt dieser Beschreibung gemacht.

Eine erfindungsgemaRe Knopfzelle weist ein metallisches Becherteil und

ein metallisches Deckelteil auf, die dichtend miteinander verbunden

sind. Zusammenbilden die beiden Teile ein Gehause aus, das einen

ebenen Bodenbereich und einen dazu parallelen ebenen Deckelbereich
aufweist. Als Becher- und Deckelteil sind insbesondere Teile aus ver-

nickeltem Stahl oder Blech bevorzugt. Weiterhin als metallischer Werk-

stoff geeignet sind insbesondere Trimetalle, beispielsweise mit der Ab-

folge Nickel, Stahl (oder Edelstahl) und Kupfer (wobei dann die Nickel-

schicht bevorzugt die AuRen- und die Kupferschicht bevorzugt die In-

nenseite des Knopfzellengehausesbildet). Als Dichtung kann beispiels-

weise eine Spritzguss- oder eine Foliendichtung zum Einsatz kommen.

Innerhalb des Gehduses sind mindestens eine positive und mindestens

eine negative Elektrode angeordnet, und zwar jeweils in Form von fla-

chen Elektrodenschichten. Die Elektroden sind dabei Uber einen flachi-

gen Separator miteinander verbunden. Vorzugsweise sind die Elektro-

den auf diesen Separator auflaminiert oder aufgeklebt. Die Elektroden

und der Separator weisen in der Regel jeweils nur Dicken im um-Bereich

auf. In bevorzugten Ausfihrungsformen bilden sie zusammen einen

Elektroden-Separator-Verbund aus, wie er bereits eingangs erwahnt

wurde.

Im Gegensatz zu den eingangs erwahnten Knopfzellen zeichnet sich die
erfindungsgemaRe Knopfzelle jedoch insbesondere dadurch aus, dass
die Elektrodenschichten eine ganz besondere Orientierung aufweisen,

sie sind namiich im wesentlichen orthogonal zu dem ebenen Boden- und

Deckelbereich ausgerichtet. Wahrend aus dem Stand der Technik be-

kannte Knopfzellen mit gestapelten Elektroden-Separator-Verbunden
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diese stets flach eingelegt enthalten, so dass die Elektrodenschichten im

wesentlichen parallel zu den ebenen Boden- und Deckelbereichen aus-

gerichtet sind, ist bei einer erfindungsgemaRen Knopfzelle das Gegenteil

der Fall.

Die orthogonale Ausrichtung der Elektrodenschichten hat einen uner-

wartet deutlichen Vorteil, es wurde namlich festgestellt, dass diese Aus-

richtung mit einer deutlichen Verbesserung der Dichtigkeitseigenschaf-

ten einer erfindungsgemaen Knopfzelle einhergeht, insbesondere bei

Knopfzellen auf Basis von Lithium-lonen-Systemen. Die Elektroden von

wiederaufladbaren Lithium-lonen-Systemen sind bei Lade- und Entlade-

vorgdngen stets Volumendnderungen ausgesetzt. Zu solchen Volumen-

anderungen kann es natirlich auch bei den Elektroden einer erfin-

dungsgemafRen Knopfzelle kommen. Die dabei entstehenden mechani-

schen Krafte wirken jedoch nicht mehr primar axial, wie das im Falle ei-

nes flach eingelegten Stapels aus Elektroden-Separator-Verbunden der

Fall ist. Aufgrund der orthogonalen Ausrichtung der Elektroden wirken

sie vielmehr radial. Radiale Krafte k6nnen von dem Gehdause einer

Knopfzelle sehr viel besser aufgenommen werden als axiale. Vermutlich

_lassen sich darauf die verbesserten Dichtigkeitseigenschaften zurittck-
fiihren.

Besonders bevorzugt sind die Elektroden und derflachige Separatorei-

ner erfindungsgemaéRen Knopfzelle jeweils streifen- oder bandformig

ausgebildet. So kann zur Herstellung einer erfindungsgemafen Knopf-

zelle beispielsweise von einem als Endlosband vorliegenden Separator-

material ausgegangen werden, auf das die Elektroden flachig, insbe-

sondere wieder in Form von Streifen oder zumindest von Rechtecken,

aufgebracht, insbesondere auflaminiert, werden.

Insbesondere wenn die Elektroden streifenférmig auf einen solchen Se-

parator aufgebracht werden, so lasst sich der entstehende Verbund aus

streifenformigen Elektroden und streifenférmigem Separator gut aufwi-
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ckeln. In bevorzugten Ausfihrungsformen enthalt eine erfindungsgema-

Re Knopfzelle entsprechend den Verbund aus Elektroden und Separator

als Wickel, besonders bevorzugtals spiralférmigen Wickel. In der erfin-

dungsgemaRen Knopfzelle ist der Wickel bevorzugt derart ausgerichtet,
dass er mit seinen Stirnseiten an dem ebenen Bodenbereich und dem

dazu parallel ausgerichteten ebenen Deckelbereich des Gehauses an-

liegt.

Besonders bevorzugt weist der Verbund aus Elektroden und Separator

in einer erfindungsgemaBen Knopfzelle eine der folgenden Schichtab-

folgen auf:

e negative Elektrode / Separator/ positive Elektrode / Separator

oder

e positive Elektrode / Separator / negative Elektrode / Separator.

Derartige Verbiinde lassen sich sehr einfach herstellen und aufwickeln,

ohne dass es zu Kurzschliissen zwischen entgegengesetzt gepolten

Elektroden kommt.

in besonders bevorzugten Ausfihrungsformen einer erfindungsgeméa-

Ren Knopfzelle sind die negative Elektrode und die positive Elektrode im

Elektroden-Separator-Verbund innerhalb des Verbundes versetzt Zuein-

ander angeordnet. Unter einer versetzten Anordnung soll dabei verstan-

den werden, dass die Elektroden derart angeordnet sind, dass in der .

erfindungsgemafen Knopfzelle eine jeweils unterschiedliche Beabstan-

dung der Elektroden zu den ebenen Boden- und Deckelbereichen resul-

tiert. Im einfachsten Fall k6nnen z.B. eine positive und eine negative

Elektrode als gleich breite Streifen leicht versetzt auf die gegentberlie-

genden Seiten eines Separatorbandes aufgebracht werden, so dass der

Abstand der positiven Elektrode zum oberen Separatorrand gréfer ist
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als der vergleichbare Abstand von der negativen Elektrode aus gemes-

sen. Umgekehrtes gilt dann natirlich im Hinblick auf den Abstand zum

unteren Separatorrand.

In besonders bevorzugten Ausfiihrungsformen liegt, vorzugsweise als

Resultat dieser versetzten Anordnung, die positive Elektrode, insbeson-

dere ein Rand der positiven Elektrode, unmittelbar am Becherteil an,

insbesondere im ebenen Bodenbereich des Becherteils, wahrend die

negative Elektrode, insbesondere ein Rand der negativen Elektrode,

unmittelbar am Deckelteil, insbesondere im ebenen Deckelbereich des

Deckelteils, anliegt. In dieser Ausfuhrungsform besteht ein unmittelbarer

elektrischer und mechanischer Kontakt zwischen den Elektroden und

dem Becher- bzw. Deckelteil. Die versetzte Anordnung der Elektroden

zueinander ermdglicht also eine Kontaktierung der Elektroden mit den

jeweiligen Gehaduseteilen, ohne dass zusatzliche elektrische Kontakte

und Verbindungsmittel zum Einsatz kommen mussen.

In weiteren bevorzugten Ausfiihrungsformen kann es allerdings auch

bevorzugt sein, dass zumindest eine der Elektroden, vorzugsweise so-

wohl die mindestens eine negative als auch die mindestenseine positive

Elektrode in einer erfindungsgemafen Knopfzelle, Uber einen oder meh-

rere separate Ableiter mit den ebenen Boden- und Deckelbereichen ver-

bundensind. Bei den Ableitern kann es sich beispielsweise um Ableiter-

fahnen aus Kupfer oder einem anderen geeigneten Metall handein.

Elektrodenseitig kGnnen die Ableiter z.B. an einen Stromkollektor ange-

bunden sein. Eine Anbindung ans Gehdause kann z.B. uber Verschweis-

sung oder eine Klemmverbindung erfolgen.

Separate Ableiter kinnen insbesondere vorteilhaft sein, wenn die nega-

tive Elektrode und die positive Elektrode innerhalb des Verbundes derart

zueinander angeordnetsind, dass fur die Elektroden eine jeweils gleiche

Beabstandung zu den ebenen Boden- und Deckelbereichen resultiert.

Qder mit anderen Worten, wenn die Elektroden innerhalb des Elektro-

JLab/Cambridge, Exh. 1002, p. 201



JLab/Cambridge, Exh. 1002, p. 202

P 49 226 DE1 -7-

den-Separator-Verbundes nicht versetzt zueinander angeordnet sind,
wie es oben beschrieben wurde.

Allerdings besteht bei gleicher Beabstandung entgegengesetzt gepolter
Elektroden zu den ebenen Boden- und Deckelbereichen die Gefahr,

dass eine positive und eine negative Elektrode gleichzeitig das metalli-

sche Becher- oder Deckelteil berihren, so dass ein Kurzschluss ent-

steht. In bevorzugten Ausfihrungsformen kann die erfindungsgemahe

Knopfzelle deshalb mindestensein Isoliermittel umfassen, das einen di-

rekten und unmittelbaren mechanischen und elektrischen Kontakt zwi-
schen den Stirnseiten des Wickels und den ebenen Boden- und Deckel-

bereichen unterbindet.

In Weiterbildung ist es bevorzugt, wenn die Elektroden in einer solchen

erfindungsgemaRen Knopfzelle Uber die bereits erwahnten separaten
Ableiter mit den ebenen Boden- und Deckelbereichen verbundensind.

Diese gewdahrleisten den elektrischen Kontakt zwischen den Elektroden
und dem Gehduse.

Bei dem Isoliermittel kann es sich z.B. um eine flache Schicht aus

Kunststoff, beispielsweise um eine Kunststofffolie handeln, die zwischen

den Stirnseiten des Wickels und den ebenen Boden- und Deckelberei-

chen des Gehdauses einer erfindungsgemaRen Knopfzelle angeordnet

ist.

Bei den in einer erfindungsgema&en Knopfzelle einsetzbaren Separato-

ren handelt es sich vorzugsweise um Folien aus mindestens einem

Kunststoff, insbesondere aus mindestens einem Polyolefin. Bei dem

mindestens einen Polyolefin kann es sich beispielsweise um Polyethylen

handelt. Es k6nnen aber auch mehrlagige Separatoren verwendet wer-

den, beispielsweise Separatoren aus einer Abfolge verschiedener Polyo-

lefinschichten, z.B. mit der Sequenz Polyethylen/Polypropylen/Polyethy-

len.
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Die in einer erfindungsgemaRen Knopfzelle bevorzugt einsetzbaren Se-

paratoren weisen bevorzugt eine Dicke zwischen 3 ym und 100 ym, ins-

besondere zwischen 10 um und 50 um, auf.

Die Elektroden einer erfindungsgema&en Knopfzelle weisen bevorzugt

eine Dicke zwischen 10 ym und 1000 um, insbesondere zwischen 30

yum und 500 um, auf.

Wie bereits eingangs erwdhnt wurde, handelt es sich bei der erfin-

dungsgemaRen Knopfzelle insbesondere um eine wiederaufladbare

Knopfzelle. Besonders bevorzugt weist eine erfindungsgemaRe Knopf-
zelle mindestens eine Lithium interkalierende Elektrode auf.

Das Verhaltnis Héhe : Durchmessereiner erfindungsgemafen Knopfzel-

le betragt vorzugsweise < 1. Besonders bevorzugt liegt es zwischen 0.1
und 0.9, insbesondere zwischen 0.15 und 0.7. Unter der HGhesoll dabei

der Abstand zwischen dem ebenen Bodenbereich und dem dazu paral-

lelen ebenen Deckelbereich verstanden werden. Der Durchmesser

meint die maximale Entfernung zweier Punkte auf dem Mantelbereich

der Knopfzelle.

Das erfindungsgemafRe Verfahren zur Herstellung einer Knopfzelle kann

insbesondere zur Herstellung einer Knopfzelle dienen, wie sie vorste-

hend beschrieben wurde, also einer Knopfzelle mit einem Gehause mit

_ einem ebenen Bodenbereich und einem dazu parallelen ebenen De-
ckelbereich.

Betreffend die bevorzugten Ausfihrungsformen der einzelnen in einem

erfindungsgemadfRen Verfahren verwendeten Komponenten (Gehdausetei-

fe und -—dimensionen, Elektroden, Separator etc.) kann somit

vollumfanglich auf die obenstehenden Ausfihrungen und Erlauterungen

Bezug genommenund verwiesen werden.
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Das Gehduse wird aus einem metallischen Becherteil und einem metal-

lischen Deckelteil zusammengefiigt, wobei ein Elektroden-Separator-

Verbund mit als flache Schicht ausgebildeten Elektroden derart in das

Gehduse eingesetzt wird, dass die Elektroden orthogonal zu dem ebe-

nen Boden- und Deckelbereich ausgerichtet sind.

Wie bereits erwahnt, wird der Elektroden-Separator-Verbund bevorzugt

in Form eines Wickels verbaut, insbesondereals spiralférmiger Wickel.

In aller Regel umfasst das erfindungsgemafe Verfahren stets die Schrit-
te

- Einsetzen des Wickels in das metallische Deckelteil,

. Ejinsetzen des metallischen Deckelteils mit dem Wickel in ein metal-

lisches Becherteil,

- Umbérdeln des Randes des Becherteils.

Vor dem SchlieRen des Gehduses werden die Elektroden ublicherweise

noch mit Elektrolytl6sung getrankt.

Der Wickel befindet sich beim Einsetzen bevorzugt aufgerollt auf einem

Wickeldorn. Nach dem oder beim Einsetzen kann der Wickeldorn dann

entfernt werden.

Besonders bevorzugt wird der spiralférmige Wickel vor dem Verbauen

an seinen Stirnseiten warmebehandelt. Dabei wird er zumindest kurzfris-

tig einer Temperatur ausgesetzt, bei der der Separator in dem Wickel

thermoplastisch verformbarist. In der Regel steht der Separator an den

Stirnseiten des Wickels etwas Uber, selbst unter der Voraussetzung,

dass die Elektroden mit dem oben beschriebenen Versatz zueinander

angeordnet sind. Durch die Warmebehandlung kann der Separator et-

was zusammenschrumpfen und dadurch gegebenenfalls sogar den

Rand einer benachbarten Elektroden freilegen, so dass dieser unmittel-

bar am Knopfzellengehause anliegen kann.
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Die genannten und weitere Vorteile der Erfindung ergeben sich aus der
nun folgenden Beschreibung der Zeichnungen in Verbindung mit den

Unteranspriichen. Dabei kénnen die einzelnen Merkmale der Erfindung
fur sich allein oder in Kombination miteinander verwirklicht sein. Die be-

schriebenen Ausfuhrungsformen dienen lediglich zur Erlauterung und

zum besseren Verstandnis der Erfindung und sind in keiner Weise ein-

schrankend zu verstehen.

Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten Ausftth-

rungsform einer erfindungsgemafRen Knopfzelle.

Fig. 2_illustriert den Effekt der Warmebehandlung eines aufgewickel-

ten Elektrode-Separator-Verbundes, welche bei bevorzugten

Ausfiihrungsformen des erfindungsgemaen Verfahrens zum
Einsatz kommt.

Fig. 3 zeigt einen Elektroden-Separator-Verbund in Form eines Wi-

ckels, wie er in einer erfindungsgemaRen Knopfzelle verbaut

werden kann.

Fig. 4 zeigt eine geschnittene Darstellung einer weiteren bevorzugten

Ausfuhrungsform einer erfindungsgemafen Knopfzelle.

Fig. 1 zeigt schematisch den Querschnitt einer erfindungsgemawen

Knopfzelle 100. Diese weist ein metallisches Becherteil 101 und ein me-

tallisches Deckelteil 102 auf. Uber eine Dichtung 109 sind die beiden

Teile dichtend miteinander verbunden. Zusammenbilden sie ein Gehau-

se mit einem ebenen Bodenbereich 103 und einem dazu parallelen ebe-

nen Deckelbereich 104 aus. lm Gebrauchszustand bilden diese ebenen
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Bereiche 103 und 104 die Pole der Knopfzelle, an denen eine Stromab-

nahme durch einen Verbraucher erfolgen kann. Der Rand 110 des Zel-

lenbechers 101 ist nach innen Uber den Rand des Zellendeckels 102

gebérdelt.

Im Inneren der Elektrode ist ein Verbund aus einer streifenformigen

Elektrode 105, einer streifenférmigen Elektrode 106 und denstreifen-

férmigen Separatoren 107 angeordnet. Der Verbund aus den Elektroden
405 und 106 sowie den Separatoren 107 liegt dabei in Form eines Wi-

ckels vor, der mit seinen Stirnseiten an den ebenen Bodenbereich 103

und den dazu parallelen ebenen Deckelbereich 104 anstésst. Aufgewi-
ckelt ist der Verbund auf dem Kern 108 im Zentrum der Knopfzelle 100.

Sowohl der Kern 108 als auch die um ihn gewickelten Elektroden und

Separatoren sind orthogonal zu den ebenen Boden- und Deckelberei-
chen 104 und 103 ausgerichtet. Sofern die Elektroden bei einem Lade-

oder Entladevorgang an Volumen gewinnen oder verlieren, wirken die
dabei resultierenden mechanischen Krafte tiberwiegend radial und k6n-

nen vom Mantelbereich der Knopfzelle 100 aufgefangen werden.

Hervorzuheben ist, dass die positive Elektrode 105 und die negative

Elektrode 106 jeweils unmittelbar an dem Becherteil 101 bzw. an dem

Deckelteil 102 der Knopfzelle 100 anliegen. Ein separater Ableiter zum

Verbinden der Elektroden mit dem Deckelteil 102 und dem Becherteil

101 ist nicht erforderlich.

Fig. 2 zeigt den Effekt der Warmebehandlung eines Elektroden-Separa-
tor-Wickels 200, die in bevorzugten Ausfihrungsformen des erfindungs-

gemaRen Verfahrens zur Herstellung einer Knopfzelle vorgesehenist.
Dargestellt ist schematisch ein Wickel 200 aus einem Verbund aus einer
positiven Elektrode 201 (quergestreifte Balken), einer negativen Elektro-
de 202 (weisse Balken) und den Separatoren 203 (Ausschnitt). Die posi-

tive und die negative Elektroden 201 und 202 sind jeweils versetzt zu-
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einander angeordnet. Die Separatoren 203 bestehen aus einem ther-

moptastisch verformbaren Material.

Setzt man die sich an den Stirnseiten 204 und 205 des Wickels 200 be-

findlichen Separatorrander einer hohen Temperatur aus (beispielsweise

250 °C, wie dargestellt), so schrumpfen diese Separatorrander. Die Se-

paratoren ziehen sich zumindest teilweise zwischen benachbarte Elek-
troden zuriick. Dabei werden an derStirnseite 204 die Rander der nega-

tiven Elektrode 202 freigelegt, wahrend die Rander der positiven Elek-

trode 201 abgedeckt werden. An der Stirnseite 205 werden die Rander

der positiven Elektrode 201 freigelegt, wahrend die Rander der negati-

ven Elektrode 202 abgedeckt werden.

Beim Einsatz eines so behandelten Wickels ist gewdahrleistet, dass

Elektroden gleicher Polaritat jeweils nur am Gehausebecher oder am

Gehdusedeckel unmittelbar anliegen kénnen. Separate elektrische Ver-

bindungen zwischen den Elektroden und den Gehdauseteilen sind nicht
erforderlich.

Fig. 3 zeigt einen Elektroden-Separator-Verbund in Form eines Wickels

300, wobei die Darstellung A eine Draufsicht senkrecht von oben auf

eine der Stirnseiten 301 des Wickels 300 abbildet, wahrend in der Dar-

stellung B der Wickel 300 in einer Ansicht schrag von oben dargestellt

ist. Zu erkennen ist in beiden Fallen, dass der Verbund zwei Lagen Se-

parator 302 und 303 sowie zwei Elektrodenschichten 304 und 305 (eine

positive und eine negative Elektrode) umfasst. Der Verbundist spiral-

formig aufgewickelt und wird durch ein Klebeband 306 auf seiner Au-

Renseite zusammengehalten.

Fig. 4 zeigt eine geschnittene Darstellung einer bevorzugten Ausfith-

rungsform einer erfindungsgema&en Knopfzelle 400. Zu erkennen ist

das Gehause der Knopfzelie aus dem Becherteil 401 und dem Deckelteil

402, zwischen denen die Dichtung 403 angeordnet ist. Innerhalb des
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Gehauses ist ein Verbund aus Elektroden und Separatoren, wie er in

Fig. 3 dargestellt ist, als spiralfoérmiger Wickel 404 (im Querschnitt sche-

matisch dargestellt) enthalten. Gut zu erkennen sind auch hier die Sepa-

ratorlagen 405 und 406 sowie die entgegengesetzt gepolten Elektroden
407 und 408. Die Elektrode 407 ist dabei Uber den Ableiter 410 mit dem

Deckelteil 402 verbunden, wahrend die Elektrode 408 Uber den Ableiter

409 mit dem Becherteil 402 verbunden ist. Der Ableiter 410 ist vorzugs-

weise mit dem Deckelteil 402 verschweisst. Dagegenist der Ableiter 409

mit dem Becherteil 402 tuber eine Klemmverbindung verbunden (erist

zwischen dem Stitzring 413, auf dem der Rand des Zellendeckels auf-

liegt, und dem Boden des Zellenbechers eingeklemmt). Zwischen den
Stirnseiten des Wickels und dem Becherteil 401 und dem Deckelteil 402

sind die Isoliermitte! 411 und 412 angeordnet, bei denen es sich jeweils

um diinne Kunststoffscheiben handelt. Durch diese wird verhindert, dass

Elektroden entgegengesetzter Polaritat gleichzeitig in Kontakt mit dem
Becher- oder dem Deckelteil 401 und 402 kommen kénnen. Einem

Kurzschluss wird dadurch vorgebeugt.
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Patentanspriiche

1. Knopfzelle (100; 400), umfassend ein metallisches Becherteil

(101, 401) und ein metallisches Deckelteil (102; 402), welche dich-
tend miteinander verbunden sind und ein Gehause mit einem

ebenen Bodenbereich (103) und einem dazu parallelen ebenen

Deckelbereich (104) ausbilden, sowie innerhalb des Gehausesei-

ne positive und eine negative Elektrode (105, 106; 201, 202; 304,

305; 407, 408), die als flache Schichten ausgebildet und Uber

mindestens einen flachigen Separator (107; 203; 302, 303; 405,

406) miteinander verbunden sind, wobei die Elektrodenschichten

(105, 106; 201, 202; 407, 408) im wesentlichen orthogonalzu dem

ebenen Boden- und Deckelbereich (103, 104) ausgerichtet sind.

2. Knopfzelle nach Anspruch 1, dadurch gekennzeichnet, dass die

Elektroden (105, 106; 201, 202; 304, 305; 407, 408) und/oder der

Separator (107; 203; 302, 303; 405, 406) streifen- oder bandfor-

mig ausgebildet sind.

3. Knopfzelle nach Anspruch 1 oder Anspruch 2, dadurch gekenn-

zeichnet, dass sie den Elektroden-Separator-Verbund als Wickel

(200; 300; 404) enthalt, insbesondere als spiralférmigen Wickel,

der mit seinen Stirnseiten an dem ebenen Bodenbereich und dem

dazu parallelen ebenen Deckelbereich anliegt.

4. Knopfzelle nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dass der Verbund eine der folgenden Schichtab-

folgen aufweist:

negative Elektrode / Separator / positive Elektrode / Separator

positive Elektrode / Separator / negative Elektrode / Separator
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5. Knopfzelle nach einem der Anspriiche 3 oder 4, dadurch gekenn-

zeichnet, dass die negative Elektrode (106) und die positive Elek-

trode (105) innerhalb des Verbundes derart zueinander angeord-

net sind, dass fur die Elektroden eine jeweils unterschiedliche

Beabstandung zu den ebenen Boden- und Deckelbereichen (103,

104) resultiert.

6. Knopfzelle nach einem der vorhergehenden Anspriche, dadurch

gekennzeichnet, dass die positive Elektrode (105), insbesondere

ein Rand der positiven Elektrode (105), unmittelbar am Becherteil

(101), insbesondere im ebenen Bodenbereich (103), und die ne-

gative Elektrode (106), insbesondere ein Rand der negativen

Elektrode (106), unmittelbar am Deckelteil (102), insbesondere im

ebenen Deckelbereich (104), anliegt.

7. Knopfzelle nach einem der vorhergehenden Anspriche, dadurch

gekennzeichnet, dass die positive Elektrode (408) und/oder die

negative Elektrode (407) Uber einen Ableiter (409, 410) mit den

ebenen Boden- und/oder Deckelbereichen verbundensind.

8. Knopfzelle nach einem der Anspriiche 3, 4 oder 7, dadurch ge-

kennzeichnet, dass die negative Elektrode (407) und die positive

Elektrode (408) innerhalb des Verbundes derart zueinander ange-

ordnet sind, dass fur die Elektroden eine im wesentlichen jeweils

gleiche Beabstandung zu den ebenen Boden- und Deckelberei-

chen resultiert.

9. Knopfzelle nach einem der Anspriiche 3 bis 5, 7 oder 8, dadurch

gekennzeichnet, dass sie mindestens ein Isoliermittel (413, 414)

umfasst, das einen direkten mechanischen und elektrischen Kon-

takt zwischen den Stirnseiten des Wickels und den ebenen Bo-

den- und Deckelbereichen unterbindet.
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10.

11.

12.

13.

14.

15.

Knopfzelle nach Anspruch 9, dadurch gekennzeichnet, dass es

sich bei dem mindestens einen Iscliermittel (413, 414) um eine

flache Schicht aus Kunststoff, beispielsweise um eine Kunst-

stofffolie handelt, die zwischen den Stirnseiten des Wickels und

den ebenen Boden- und Deckelbereichen angeordnetist.

Knopfzelle nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dass sie wiederaufladbarist.

Knopfzelle nach einem der vorhergehenden Anspriche, dadurch

gekennzeichnet, dass sie ein Verhaltnis Héhe : Durchmesser< 1,

vorzugsweise zwischen 0.1 und 0.9, insbesondere zwischen 0.15

und 0.7, aufweist.

Verfahren zur Herstellung einer Knopfzelle, insbesondere einer

Knopfzelle (100; 400) nach einem der vorhergehenden Anspru-

che, wobei aus einem metallischen Becherteil (101, 401) und ei-

nem metallischen Deckelteil (102; 402) ein Gehduse mit einem

ebenen Bodenbereich (103) und einem dazu parallelen ebenen

Deckelbereich (104) montiert wird und wobei ein Elektroden-

Separator-Verbund mit als flache Schicht ausgebildeten Elektro-
den (105, 106; 201, 202; 304, 305; 407, 408) derart in das Gehau-

se eingesetzt wird, dass die Elektroden orthogonal zu dem ebe-

nen Boden- und Deckelbereich (103, 104) ausgerichtet sind.

Verfahren nach Anspruch 13, dadurch gekennzeichnet, dass der

Elektroden-Separator-Verbund als Wickel (200; 300; 404) einge-

setzt wird, insbesondere als spiralformiger Wickel.

Verfahren nach Anspruch 14, umfassend die Schritte

- Einsetzen des Wickels (200; 300; 404) in das metallische

Deckelteil (102; 402),
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- Einsetzen des metallischen Deckelteils (102) mit dem Wickel

(200) in ein metallisches Becherteil (101; 401),

- Umbé6rdeln des Randes des Becherteils.

16. Verfahren nach Anspruch 14 oder 15, dadurch gekennzeichnet,

dass der Wickel (200; 300; 404) vor dem Verbauen an seinen

Stirnseiten warmebehandelt wird, wobei er zumindest kurzfristig

einer Temperatur ausgesetzt wird, bei der der Separator (107;

203; 302, 303; 405, 406) thermoplastisch verformbarist.
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Zusammenfassung

Beschrieben wird eine Knopfzelle (100; 400), die ein metallisches Be-

cherteil (101; 401) und ein metallisches Deckelteil (102; 402) aufweist,

welche dichtend miteinander verbunden sind und ein Gehdause mit ei-

nem ebenen Bodenbereich (103) und einem dazu parallelen ebenen

Deckelbereich (104) ausbilden, wobei innerhalb des Gehdusesals fla-

che Schichten ausgebildete positive und negative Elektroden (105, 106;

201, 202; 304, 305; 407, 408) angeordnet sind, die Uber einen flachigen

Separator (107; 203; 302, 303; 405, 406) miteinander verbundensind,

wobei die Elektrodenschichten im wesentlichen orthogonal zu dem ebe-

nen Boden- und Deckelbereich ausgerichtet sind. Weiterhin wird ein

Verfahren zur Herstellung einer solchen Knopfzelle beschrieben.
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Figur zur Zusammenfassung
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Beschreibung

Knopfzelle mit Elektrodenwickel

Die vorliegende Erfindung betrifft Knopfzellen mit einem Gehdause aus

zwei metallischen Gehausehalbteilen, das einen gewickelten Elektro-

den-Separator-Verbund enthalt.

Knopfzellen weisen Gblicherweise ein Gehause aus zwei Gehausehalb-

_ teilen, einem Zellenbecher und einem Zellendeckel, auf. Diese kénnen

beispielsweise aus vernickeltem Tiefziehblech als Stanzziehteile herge-

stellt werden. GewGhnlich ist der Zellenbecher positiv und der Gehause-

deckel negativ gepolt. In dem Gehause kénnen die verschiedensten e-

lektrochemischen Systeme enthalten sein, beispielsweise Zink/MnOQag,

primare und sekundare Lithium-Systeme oder sekundare Systeme wie
Nickel/Cadmium oderNickel/Metalthydrid.

Derflussigkeitsdichte Verschluss von Knopfzellen erfolgt ktassisch durch

Umb6rdeln des Randes des Zellenbechers uber den Rand des Zellen-

deckels in Verbindung mit einem Kunststoffring, der zwischen Zellenbe-

cher und Zellendeckel angeordnet ist und der gleichzeitig als Dichtungs-
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element sowie zur elektrischen Isolierung des Zellenbechers und des

Zellendeckels dient. Derartige Knopfzellen sind beispielsweise in der DE

31 13 309 beschrieben.

Alternativ ist es jedoch auch mdglich, Knopfzellen zu fertigen, bei denen

Zellenbecher und Zellendeckel in axialer Richtung ausschlieBlich durch

eine kraftschiissige Verbindung zusammengehalten werden und die

keinen umgebérdelten Becherrand aufweisen. Derartige Knopfzellen

sowie ein Verfahren zu ihrer Herstellung sind in der bislang noch unver-

éffentlichten deutschen Patentanmeldung mit dem Aktenzeichen 10

2009 017 514.8 beschrieben. Ungeachtet der diversen Vorteile, die sol-

che Knopfzellen ohne Bérdelung aufweisen kénnen, sind sie in axialer

Richtung jedoch weniger belastbar als vergleichbare Knopfzellen mit

umgebérdeltem Becherrand, insbesondere was axiale mechanische Be-

lastungen angeht, die ihre Ursache im Inneren der Knopfzelle haben. So

sind zum Beispiel die Elektroden von wiederaufladbaren Lithium-lonen-

Systemen bei Lade- und Entladevorgangen stets Volumenanderungen

ausgesetzt. Die dabei auftretenden axialen Krafte kGnnen bei Knopfzel-

len ohne Bérdelung natirlich vergleichsweise leichter zu Undichtigkeiten

fuhren als bei Knopfzellen mit Bé6rdelung.

Der vorliegenden Erfindung lag die Aufgabe zugrunde, eine Knopfzelle

bereitzustellen, bei der die oben angesprochenen Probleme nicht oder

nur in stark verringertem Maauftreten. Die Knopfzelle soll insbesonde-

re gegentberin axialer Richtung auftretenden mechanischen Belastun-

gen widerstandsfShiger sein als herk6mmliche Knopfzellen, insbesonde-
re auch dann, wennsie als Knopfzelle ohne umgebérdelten Becherrand

gefertigt wird.

Diese Aufgabe wird geldst durch die Knopfzelle mit den Merkmalen des

Anspruchs 1. Bevorzugte Ausfilhrungsformen der erfindungsgema&en

Knopfzelle sind in den abhdangigen Anspriichen 2 bis 6 definiert. Der
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Wortlaut samtlicher Anspriche wird hiermit durch Bezugnahme zum In-

halt dieser Beschreibung gemacht.

Eine erfindungsgema&Re Knopfzelle umfasst stets zwei metallische Ge-

hausehalbteile, die durch eine elektrisch isolierende Dichtung voneinan-

der getrennt sind und die ein Gehduse mit einem ebenen Bodenbereich

und einem dazu parallelen ebenen Deckelbereich ausbilden. Bei den

beiden Gehadusehalbteilen handelt es sich, wie eingangs bereits er-

wahnt, in der Regel um einen sogenannten Gehdusebecher und einen

Gehdausedeckel. Als Gehdusehalbteile sind insbesondere Teile aus ver-

nickeltem Stahl oder Blech bevorzugt. Weiterhin als metallischer Werk-

stoff geeignet sind insbesondere Trimetalle, beispielsweise mit der Ab-

folge Nickel, Stahl (oder Edelstahl) und Kupfer (wobei die Nickelschicht

bevorzugt die AuRen- und die Kupferschicht bevorzugt die Innenseite

des Knopfzellengehausesbildet).

Als Dichtung kann beispielsweise eine SpritzguB- oder eine Foliendich-

tung zum Einsatz kommen.Letztere sind beispielsweise in der DE 196

47 593 beschrieben.

Innerhalb des Gehauses sind mindestens eine positive und mindestens

eine negative Elektrode angeordnet und zwar jeweils in Form von fla-

chen Elektrodenschichten. Die Elektroden sind vorzugsweise iber einen

flachigen Separator miteinander verbunden. Bevorzugt sind die Elektro-

den auf diesen Separator auflaminiert oder aufgeklebt. Die Elektroden

und der Separator weisen in der Regel jeweils nur Dicken im ym-Bereich

auf. Als Separator dient in der Regel eine porédse Kunststofffolie.

Im Gehduse einer erfindungsgemaRen Knopfzelle liegt dieser Verbund

in Form eines Wickels, insbesondere in Form eines spiralf6rmigen Wi-

ckels, vor. Derartige Wickel lassen sich nach bekannten Verfahren (s.

z.B. DE 36 38 793) recht einfach herstellen, indem auf einen als Endlos-
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band vorliegenden Separator die Elektroden flachig, insbesondere in

Form von Streifen, aufgebracht, insbesondere auflaminiert, werden.

Aufgewickelt wird der Verbund aus Elektroden und Separatoren auf ei-

nen sogenannten Wickeldorn. Nach Abstreifen des Wickels vom Wickel-

dorn bleibt im Zentrum des Wickels ein axialer Hohlraum zuriick, was

zur Folge hat, dass sich der Wickel gegebenenfalls in diesen Hohlraum

hinein entspannen kann. Dies kann jedoch unter Umstanden zu Proble-

men bei der elektrischen Kontaktierung der Elektroden mit den metalli-

schen Gehdusehalbteilen fuhren, was im Folgenden noch genauer be-

schrieben wird.

Der Elektrodenwickel ist innerhalb einer erfindungsgemafRen Knopfzelle

namlich derart angeordnet, dass die Stirnseiten des Wickels in Richtung

des ebenen Bodenbereichs und des ebenen Deckelbereichs weisen. Die

Elektrodenschichten des Wickels sind also im Wesentlichen orthogonal

zu dem ebenen Boden- und Deckelbereich des Gehduses ausgerichtet.

Dadurch k6énnen radiale Kradfte, wie sie bei den erwadhnten Lade- und

Entladevorgangen von Lithium-lonen-Systemen auftreten, grunds&tzlich

besser aufgefangen werden als bei klassischen  Lithium-lonen-

Knopfzellen, in denen die Elektrodenschichten gestapelt in paralleler

Ausrichtung zu den ebenen Boden- und Deckelbereichen angeordnet

sind.

Dies ist detailliert in den bislang noch unveréffentlichten deutschen Pa-

tentanmeldungen mit den Aktenzeichen 10 2009 030 359.6 und 10 2009

008 859.8 beschrieben. Der Inhalt dieser Patentanmeldungen wird voll-

umfdanglich durch Bezugnahme zum Inhalt dieser Beschreibung ge-

macht. Dies gilt insbesondere auch fiir die darin beschriebenen bevor-

zugten Ausfihrungsformen betreffend den Verbund aus Elektroden und

Separator in einer erfindungsgemaen Knopfzelle sowie die beschrie-

benen Ausfihrungsformen betreffend die elektrische Kontaktierung der
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positiven und negativen Elektroden des Verbundes mit den Gehause-

halbteilen (Becher und Deckel).

DemgemaB& weist auch der Verbund aus Elektroden und Separatorin

einer erfindungsgemaRen Knopfzelle bevorzugt eine der folgenden

Schichtabfolgen auf.

e negative Elektrode / Separator/ positive Elektrode / Separator

oder

e positive Elektrode / Separator / negative Elektrode / Separator.

Weiterhin weist entsprechend der DE 10 2009 030 359.6 auch die vor-

liegend beschriebene erfindungsgemad&Re Knopfzelle besonders bevor-

zugt einen oder mehrere separate Ableiter auf, die die Elektroden mit

den Gehdusehalbteilen verbinden.

Dabei ist es bevorzugt, dass zumindest ein Teilabschnitt des oder der

Ableiter im Boden- bzw. im Deckelbereich des Gehdauses flach an der

Innenseite der Gehdusehalbteile anliegt. Ideal ist die elektrische Kontak-

tierung der Ableiter mit den Innenseiten des Gehduses nattrlich dann,

wenn sie zumindestleicht an das Gehduse angepresst werden. Uberra-

schend effizient kann dies durch geeignete Anordnung eines Wickel-

kerns in einer erfindungsgemafen Knopfzelle erreicht werden.

Gema& der vorliegenden Erfindung ist es vorgesehen, dass eine erfin-

dungsgemafRe Knopfzelle einen festen Wickelkern im Zentrum des Wi-

ckels aufweist, der den axialen Hohlraum im Zentrum des Wickels min-

destens teilweise ausfillt. Ein solcher Wickelkern fixiert den Elektroden-

wickel in radialer Richtung und verhindert eine mégliche Implosion des

Wickels in den axialen Hohlraum. Bei einer derartigen Entspannung des
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Wickels lasst auch der Druck nach, den die Stirnseiten des Wickels in

axialer Richtung und damit in Richtung dort gegebenenfalls angeordne-

ten Ableiter ausiben. Wird dies unterbunden, so resultieren auch keine

Probleme mit der elektrischen Kontaktierung der Elektroden und den

metallischen Gehausehalbteilen.

Daneben verbessert ein solcher Wickelkern auch die Stabilitat der erfin-

dungsgemafen Knopfzelle gegeniiber 4uReren mechanischen Einflus-

sen. Eine Beschaddigung des Elektrodenwickels in der Knopfzelle durch

einen auReren mechanischen Druck in axialer Richtung ist in der Regel

nicht mehr mdglich.

Gemaf& der bevorzugten Ausfiihrungsform des Elektrodenwickels als

spiralférmiger Elektrodenwickel ist der erwahnte axiale Hohlraum im

Zentrum des Wickels vorzugsweise im Wesentlichen zylindrisch (insbe-

sondere kreiszylindrisch) ausgebildet. Mantelseitig wird er durch den

Wickel begrenzt, stirnseitig durch entsprechende Flachen des Boden-

bzw. des Deckelbereichs des Knopfzellengehduses.

Entsprechend ist auch der in einer erfindungsgemaRen Knopfzelle ent-

haltene Wickelkern bevorzugt als Zylinder, insbesondere als Hohlzylin-

der, ausgebildet. Die Héhe eines solchen Zylinders entspricht bevorzugt

dem jeweiligen Abstand des ebenen Bodenbereichs von dem dazu pa-

rallelen ebenen Deckelbereich.

In besonders bevorzugten Ausfihrungsformen kann der Wickelkern ra-

dial selbstexpandierende Eigenschaften aufweisen. Es ist zum Beispiel

méglich, den Wickelkern in einer radial komprimierten Konfiguration in

den axialen Hohlraum des Wickels einer erfindungsgemafRen Knopfzelle

einzuftihren. Bei Entspannung des radial komprimierten Wickelkerns Ubt

dieser einen radialen Druck auf den ihn umgebenden Elektrodenwickel

aus und gewahrieistet so einen Anpressdruck auch in axialer Richtung.
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Als radial selbstexpandierender Wickelkern kann beispielsweise ein axi-

al geschlitzter Hohlzylinder zum Einsatz kommen. Alternativ sind jedoch

auch andere radial selbstexpandierende Materialien, beispielsweise auf

Kunststoffbasis, denkbar.

Besonders bevorzugt besteht der Wickelkern aus einem Metall wie

Edelstahl oder aus Kunststoff.

Bei der erfindungsgemafRen Knopfzelle handelt es sich entsprechend

den obigen Ausfihrungen insbesondere um eine wiederaufladbare

Knopfzelle. Besonders bevorzugt weist eine erfindungsgemaBe Knopf-

zelle mindestens eine Lithium-interkalierende Elektrode auf.

Das Verhaltnis von Héhe zu Durchmesserliegt bei Knopfzellen definiti-

onsgemaB unterhalb von 1. Besonders bevorzugtliegt dieses Verhaltnis

bei einer erfindungsgemadRen Knopfzelle zwischen 0.1 und 0.9, insbe-

sondere zwischen 0.15 und 0.7. Unter der Hdéhe soll dabei der Abstand

zwischen dem ebenen Bodenbereich und dem dazu parallelen ebenen

Deckelbereich verstanden werden. Der Durchmesser meint die maxima-

le Entfernung zweier Punkte auf dem Mantelbereich der Knopfzelle.

Besonders bevorzugt handelt es sich bei der erfindungsgemaRen

Knopfzelle um eine Knopfzelle ohne Bérdelung, wie sie in der eingangs

bereits erwadhnten Patentanmeldung mit dem Aktenzeichen 10 2009 017

514.8 beschrieben ist. Entsprechend besteht zwischen den Gehause-

halbteilen bevorzugt eine ausschlieRlich kraftschlussige Verbindung. Die

erfindungsgema&Re Knopfzelie weist also keinen umgebérdelten Becher-

rand auf, wie dies bei aus dem Stand der Technik bekannten Knopfzel-
len stets der Fall ist. Die Knopfzelle ist bérdelfrei verschlossen. Auch der

Inhalt der DE 10 2009 017 514.8 wird vollumfanglich durch Bezugnahme

zum Inhalt dieser Beschreibung gemacht.
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Die genannten und weitere Vorteile der Erfindung ergeben sich aus der

nun folgenden Beschreibung der Zeichnung in Verbindung mit den Un-

teransprichen. Dabei kénnen die einzelnen Merkmale der Erfindung fir

sich allein oder in Kombination miteinander verwirklicht sein. Die be-

schriebenen Ausfithrungsformen dienen lediglich zur Erlauterung und

zum besseren Verstandnis der Erfindung und sind in keiner Weise ein-

schrankend zu verstehen.

Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten Ausfiih-

rungsform einer erfindungsgemaéfen Knopfzelle 100.

Diese weist ein metallisches Becherteil 101 und ein metallisches Deckei-

teil 102 auf. Uber eine Dichtung 110 sind die beiden Teile dichtend mit-

einander verbunden. Zusammenbilden sie ein Gehaduse mit einem ebe-

nen Bodenbereich 103 und einem dazu parallelen ebenen Deckelbe-

reich 104 aus. Im Gebrauchszustand bilden diese ebenen Bereiche 103

und 104 die Pole der Knopfzelle, an denen eine Stromabnahme durch

einen Verbraucher erfolgen kann.

Der Zellendeckel 102 ist in den Zellenbecher 101 eingeschoben, so

dass die Mantelbereiche des Zellendeckels und des Zellenbechers Uber-

lappen, wobei der Innenradius des Zellenbechers 101 im Gberlappenden

Bereich in Richtung der Schnittkante im wesentlichen konstant ist. Der

Rand des Zellenbechers 101 ist also nicht Gber den Rand 111 des Zel-

lendeckels 102 gebdrdelt, bei der vorliegend beschriebenen bevorzug-

ten Ausfihrungsform einer erfindungsgem&fen Knopfzelle 100 handelt

es sich somit um eine bdérdelfreie Knopfzelle.
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Im Inneren der Elektrode ist ein Verbund aus einer streifenférmigen E-

lektrode 108, einer streifenformigen Elektrode 109 und den streifenfér-

migen Separatoren 107 angeordnet. Der Verbund aus den Elektroden

108 und 109 sowie den Separatoren 107 liegt dabei in Form eines Wi-

ckels vor, dessen Stirnseiten in Richtung des ebenen Bodenbereichs

103 und des dazu parallelen ebenen Deckelbereichs 104 weisen. Auf-

gewickelt ist der Verbund auf dem Wickelkern 112 im Zentrum der

Knopfzelle 100. Sowohl der Kern 112 als auch die um ihn gewickelten

Elektroden und Separatoren sind orthogonal zu den ebenen Boden- und

Deckelbereichen 104 und 103 ausgerichtet. Sofern die Elektroden bei

einem Lade- oder Entladevorgang an Volumen gewinnen oderverlieren,

wirken die dabei resultierenden mechanischen Krafte Gberwiegend radi-

al und k6nnen vom Mantelbereich der Knopfzelle 100 aufgefangen wer-
den.

Kontaktiert sind die positiven und die negativen Elektroden mit den Ge-

hausehalbteilen Becher und Deckel Uber den Ableiter 105 und den

Ableiter 106. Der Abieiter 105 besteht aus Aluminium, der Ableiter 106

aus Nickel (oder alternativ aus Kupfer). Bei beiden Ableitern handelt es

sich um dtinne Folien, die flach zwischen den Stirnseiten des Wickels

und den ebenen Deckel- bzw. Bodenbereichen 103 und 104 zum Liegen

kommen. Bedingt durch den Wickelkern 112 wird ein steter leichter An-

pressdruck auf die Ableiter aufrechterhalten. Von den Stirnseiten des

Wickels sind die Ableiter bevorzugt durch ein separates lsolatorelement

(in der Zeichnung nicht dargestellt) getrennt, beispielsweise durch eine

diinne Folie.
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Patentanspriiche

1. Knopfzelle, umfassend

- zwei metallische Gehausehalbteile, die durch eine elektrisch

isolierende Dichtung voneinander getrennt sind und die ein

Gehause mit einem ebenen Bodenbereich und einem dazu pa-

rallelen ebenen Deckelbereich ausbilden,
- einen Elektroden-Separator-Verbund innerhalb des Gehduses,

wobei der Verbund in Form eines vorzugsweise spiralférmigen

Wickels vorliegt, in dessen Zentrum sich ein axialer Hohlraum

befindet und dessen Stirnseiten in Richtung des ebenen Bo-

denbereichs und des ebenen Deckelbereichs weisen und

- einen Wickelkern im Zentrum des Wickels, der den axialen

Hohlraum mindestens teilweise ausfillt.

2. Knopfzelie nach Anspruch 1, dadurch gekennzeichnet, dass der

Wickelkern als Hohlizylinder ausgebildetist.

3. Knopfzelle nach Anspruch 1 oder Anspruch 2, dadurch gekenn-

zeichnet, dass der Wickelkern radial selbstexpandierend ausge-

bildetist.

4. Knopfzelle nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dass es sich bei dem Wickelkern um einen axial

geschlitzten Hohlzylinder handelt.

5. Knopfzelle nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dass der Wickelkern aus Metall oder aus Kunst-

stoff besteht.
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6. Knopfzelle nach einem der vorhergehenden Anspriiche, dadurch

gekennzeichnet, dass sie ein Verhaltnis von Hille zu Durchmes-

ser zwischen 0.1 und 0.9 aufweist.
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Zusammenfassung

Beschrieben wird eine Knopfzelle mit zwei metallischen Gehausehalbtei-

len, die durch eine elektrisch isolierende Dichtung voneinander getrennt

sind und die ein Gehause mit einem ebenen Bodenbereich und einem

dazu parallelen ebenen Deckelbereich ausbilden. In dem Gehause be-

finden sich ein Elektroden-Separator-Verbund, der in Form eines vor-

zugsweise spiralférmigen Wickels vorliegt, in dessen Zentrum sich ein

axialer Hohlraum befindet, und ein Wickelkern, der den axialen Hohl-

raum mindestensteilweise ausfullit.
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07/28/2011|a-teR PREVIOUSLY EXTRA RATE (8)|Fee ¢g) RATE($) FEE ($)AMENDMENT PAID FOR

ee ge20)eeee
me Ltbeats0|Gee
[_] application Size Fee (37 CFR 1.16(s))

 

   AMENDMENT
CT FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16()))

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE ($) FEE ($)AMENDMENT

Total (37 GFR ‘+1.16(i))
Independent *27 CFR 1.16(h

[_] Apolication Size Fee (37 CFR 1.16(s))AMENDMENT
OC FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

* |f the entry in column 1 is less than the entry in column 2, write “O” in column 3. Legal Instrument Examiner:
** If the “Highest Number Previously Paid For’ IN THIS SPACEis less than 20, enter “20”. /FRANCESFIELDS/
* If the “Highest Number Previously Paid For’ IN THIS SPACEis less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

 
This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public whichis to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amountof time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTO-9199 and seleci option 2
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UNITED STATES PATENT AND TRADEMARK OFFICE TINITED STATES DEPARTMENT OF COMMERCE
United States Patent and 'lrademarkOffice
Address: COMMTSSIONER, FOR PATENTSP.C. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov

U.S, APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO.

 
13/146,669 Eduard Pytlik RUF-11-1270

35811

IP GROUP OF DLA PIPER LLP (US) PCT/EP10/00787
ONE LIBERTY PLACE

1650 MARKETST, SUITE 4900 02/09/2010 02/09/2009
PHILADELPHIA, PA 19103

CONFIRMATION NO.6273

371 FORMALITIES LETTER

00g

NOTIFICATION OF MISSING REQUIREMENTS UNDER35 U.S.C.371

IN THE UNITED STATES DESIGNATED/ELECTED OFFICE (DO/EO/US)

The following items have been submitted by the applicant or the IB to the United States Patent and Trademark
Office as a Designated Office (37 GFR 1.494):

« Priority Document
* Copyof the International Application filed on 07/28/2011
«English Translation of the IA filed on 07/28/2011
* Copy of the International Search Reportfiled on 07/28/2011
« Preliminary Amendmentsfiled on 07/28/2011
« Information Disclosure Statementsfiled on 07/28/2011
«U.S. Basic National Feesfiled on 07/28/2011

* Substitute Specification filed on 07/28/2011
« Assignee Statement for PGPUBfiled on 07/28/2011
« Priority Documentsfiled on 07/28/2011

The applicant needs to satisfy supplemental fees problemsindicated below.

The following items MUSTbefurnished within the period set forth below in order to complete the requirements for
acceptance under 35 U.S.C. 371:

« Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and(b), identifying the application by
the International application number and internationalfiling date.

«To avoid abandonment, a surcharge(for late submissionoffiling fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.492(h) of $130 for a non-small entity, must be submitted with the missing
items identified in this letter.

SUMMARYOF FEES DUE:

Total additional fees required for this application is $130 for a Large Entity:
«$130 Surcharge.

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE
DATE OF THIS NOTICE OR BY 32 MONTHS FROM THE PRIORITY DATE FOR THE APPLICATION,
WHICHEVERIS LATER. FAILURE TO PROPERLY RESPONDWILL RESULT IN ABANDONMENT.

The time period set above may be extendedbyfiling a petition and fee for extension of time under the provisions
of 37 CFR 1.136(a).

page 1 of 2

FORM PCT/DO/EO/905 (371 Formalities Notice)
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the addressgiven in the heading and include the U.S. application no. shown above (37 CFR 1.5)

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http:/Awww.uspto.gov/ebc.

If you are not using EFS-Web to submit yourreply, you must include a copyof this notice.

DEBORAITI A THOMAS

 
Telephone: (571) 272-7175

page 2 of 2

FORM PCT/DO/EO/905 (371 Formalities Notice)
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 13/146,669

APPLICATION AS FILED - PART| OTHER THAN

(Column 1) (Column 2 SMALL ENTITY OR SMALL ENTITYi]

BASIC FEE

SEARCH FEE
(37 CER 1.16(K), (i), or (m)) N/A N/A N/A
EXAMINATION FEE
(37 CFR 1.16(9), (p), or (q)} N/A N/A
TOTAL CLAIMS
(37 CFR 1.16(i))
INDEPENDENT CLAIMS
(37 CFR 1.16(h))

If the specification and drawings exceed 100
APPLICATION SIZE_|sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheetsorfraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT GLAIM PRESENT(37 CFR 1.16(j))

* |f the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED- PARTII

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)AMENDMENT PAID FOR

fo|
Independent Minus(37 CFR 1.16(h))

Application Size Fee (37 GFR 1.16(s))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))

TOTAL TOTAL
ADD'L FEE ADD'L FEE

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)AMENDMENT PAID FOR

Total * Minus *
(37 CFR 1.16(i))
Independent Minus

(37 CFR 1,16(h))
Application Size Fee (37 CFR 1.16(s})

AMENDMENTB
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))

TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
* If the "Highest Number Previously Paid For" IN THIS SPACEis less than 20, enter "20".

*™* Ifthe "Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter "3".
The "Highest NumberPreviously Paid For" (Total or Independent)is the highest found in the appropriate box in column 1.
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MULTIPLE DEPENDENT CILAIM Application Number Filing Date
FEE CALCULATION SHEET

13146669
Substitute for Form P1O-1360 a ;

(For usc with Form PTO/SB/06) Applicant(s) Eduard Pytlik

ss

—AMENDMENT AMENDMENT
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IX THE UNITED STATES PATENT AND TRADEMARK OFFICE

Art Unit : Customer Now O345817
Examiner :

Serial No. > 13/146.869
Filed » July 28, 201]
PCT No. > PCTAEP201D/O00787
PCT Filed : Pebruary 4, 2010
inventors > Eduard Pythk Docket No. RUP-11-1270

> Aigen Lindner
: Ulrich Barenthin Confirmation No. 6273
: Winftied Gaugler

Title > BUTTON CELLS AND METHOD
>: FOR PRODUCING SAME

___Dated:September7,201)
 

TRANSMITTAL LETTER

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1456

Alexandria, VA.22313-1450

Sir

Applicants acknowledge receipt of the Notification of Missing Requirements dated August

iz, 2011, Applicants submit an executed Combined Declaration, Power ofAttomeyandPetition and

request that it be formally enteredin the official file.

The Commissioneris authorized to charge the $130.00 fee to Deposit Account No. 50:27 19,

The Commissioneris authorized to charge anyinsufficiencyor credit any overpayment to

Deposit Account No. 30-2719,

Respectfily submitted,

 
T. Daniel Christenbury
Reg. No. 31,7590

BAST287suG4y, |

JLab/Cambridge, Exh. 1002, p. 238



JLab/Cambridge, Exh. 1002, p. 239

Attorney Docket No. RUF-1 1-12.70

Original Application

PCT National Application
Be

LIES. Designated Office

Continuation a? Divisional Application

Continuationin-Part Application
CI

COMBINED DECLARATION,
POWER OF ATTORNEY AND PETITION

AS a below named inventor, | hereby declare that:

Myresidence, post office address and citizenship are as stated below next tomy name,

l believe 1 ani the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if
plural names are hated below) of the subject matter which is claimed and for which & patent i@ sought on the invention
entitled BUTTON CELLS AND METHOD POR PRODUCING SAME 

L] which is decribed in the specification and claims

Cl] attached hereto.

Dfitedon

Application Serial No.

and was amended on _
 

 
Ufapnli

Sl bed int International Application No. PCT/EP201 {000787 fled 09 Feb:ruary 201and as amendedan
_faey),
 

which i have reviewed and for which [solett a United States patent.

i hereby state that | have reviewed and understand the contents of the above-idemiified specification, including the claims, a
arended by any amendment referred to above.

Packnowledge the duty to disclose information which is material to patentability as defined in 37 C.E.R. 81.46, Includingfor
continuation-bimart applications, material information which became available between the filing date of the prior
apolication and the national or PCT international filing date of the continuation-in-par. application.
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COMBINED DECLARATION, POWER OF ATTORNEY ANB PETITION

{Page 2}

Atiommey Docket No. RUF-11-1270

 i hereby claim foreign priority benefits under Title 35, United States Code, §118apid} or $365(b) of any foreign
application(s) for patent or inventor's certificate, or §364(a} of any PCT International Application which designated at least
one country other than the United States of America, listed below and have alse identified below anyforeign application(s)
for patent or inventor's certificate ar of ary PCT International Application having a fling date befare that of the application
on which priorityis claimed:

 

Date of Filing
ountry r Sstarite Chak
Country (day,month,year) | Priority Claimed

Germany G9 February 2009 ByesEine

Grerraany PS Jone 2009 Byes Das

22December 2009 yes Ono

Clyes Ono

  
i hereby claim the benefit under Title 34, United States Code, $119(e) or §120 (as applioable} af any United States
application(s) or §365(c} of ahy PCT international Application designating the United States of America, listed belowand,
insofar ag the subject matier of each of the claims ofthis application is aot disclosed in the prior United States ar PCT
international Application(s) in the manner provided bythe first paragraph of Tile 35, Linited States Code, 8112:

POTIEP20 10000787

fApplication Serial No,Py  

fAppiication Serial Na} (Filing Date)

  
POWER OF ATTORNEY: As a named inventor, I hereby appoint the following registered attorneys to prosecute this
application and transact af! business in the United States Patent and Trademark Office connected therewith,

 

T. Daniel Chrisienbury Reg, No. 31,730 Wilfam L. Bartow Reg: No. 54,984
Paul A. Taufer Reg. Na. 35,783 Erin Pacella Reg. NO. 36,239
Darius C. Gambino Reg. No, 44,472 Michael L. Barns IV Reg. No. 37,593
Richard L. Crug Reg, No. 32,783 Lisa M. Liat Ree, No. 60,856

    

 
 

) SEND CORRESPONDENCETa:

Customer Na, G3S812, whose contact information is:

iP Department of DLA Piper LLP CUS}
Ome Liberty Place, Suite 4906
1650 Market Street

Philadelphia, PA 194SSoococaacctcazazzaseaanaaataeaeaaanarttcccarsecnrae: = ESSASESEEISTowmommaTAS

DIRECT TELEPHONE CALLS TO

ATTORNEY OF RECORD AT:
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COMBINED DECLARATION, POWER OF ATTORNEY ANS PETITION
{Page 3)

Atiomey Docket No, RIP-£1-1276
hereby petition for grant of a United States Letters Patent an this invention,

i hereby declare that all statements made herein of my own knowledge are rue andthat all statements made on Information
and bellef are believed to be true; and Rurther that these statements were stade with the knowledge that willful false
statements and the ike so made are punishable by fine or imprisonment, or both, under Section 1OGt of Tile (8 ofthe United
Sates Code and that such willful fatse stareménts may jeopardize the validity of the application or any patent issued thereon.
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| Germany

 

 

 

 
 
 

 
 2 ADDRESS.

san 8, 73479 Cilwangen, Germany
  
  
 

NAL JOINTUNYENTOR, IF ANY
  

INTIZENSEY

Germany _ 
 
 
 

 
 

 
 

 
 

 

  
 
 
 
 
 
 
 

 ADDRESS

hofstraieo/1,73479 Eliwangen, Germany
OF ADDITIONALKOPN T INVENTOR,

Winfried Gaugier

 

ANE INVENTORS SNATURE 
 

ENCE

|__iiwangen, Germany ee
POST OFFICE ADDR}

Birklen

  

 
  
 
 

  

RESIDENCE CUTRENSRP:

POST OFACE ADDRESS

 

 

G FLA. SAREE GP ADONTIONAL JOENT IMVENTOR, TF ANY INVEN TOR’S SIGNATURE
 

 
 

CUPRENSRY

 
 

INVENTORS: SEGSTURE.

AATIZENEE HE
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Electronic Patent Application Fee Transmittal

Title of Invention: BUTTON CELLS AND METHOD FOR PRODUCING SAME

First Named Inventor/Applicant Name: Eduard Pytlik 

Filer: Thomas Daniel Christenbury/Carol Coney

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Sub-Totalin

USD($)Description Fee Code Quantity

Basic Filing:

Claims:
 

Miscellaneous-Filing:

Oath/decl > 30 monthsfrom priority date 1617 1 130 130

Petition:

 

 

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Sub-Totalin

Description Fee Code Quantity USD($) 

Miscellaneous:

Total in USD (S$)
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Electronic Acknowledgement Receipt 

10894074

Confirmation Number: 

Title of Invention: BUTTON CELLS AND METHOD FOR PRODUCING SAME

 

First Named Inventor/Applicant Name: Eduard Pytlik

Customer Number: 35811

Filer Authorized By: ThomasDaniel Christenbury 

Attorney Docket Number: RUF-11-1270

Time Stamp: 15:03:17

 
 

Application Type: U.S. National Stage under 35 USC 371 

Paymentinformation:

Submitted with Payment

Payment Type Deposit Account 

Payment was successfully received in RAM $130

Deposit Account 502719

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpaymentas follows:

Charge any Additional Fees required under 37 C.F.R. 1.492 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

196345

Transmittal Letter transmittalletter1.pdf a4ab8649e3c2accb40c4c30fefa66c83a258|
126f

Warnings:   
954229

Oath or Declarationfiled Declaration.pdf 9815a4277¢40a331 3 1eaad 12bfaaa3 1e0e3 I
abc

Information: 

Fee Worksheet (SB06) fee-info.pdf 5e70da3e19d0467e32988ccfeld a4bd007q
ane3b

Warnings: 

Information: 

 
Total Files Size (in bytes) 3684304
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTOof the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownonthis
AcknowledgementReceiptwill establish thefiling date of the application.

 

NationalStage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptance of the application asa
nationalstage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
andofthe InternationalFiling Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARE OFFICE

Art Umit : Customer No.: @35814
yamine :Examiner :

Serial No. > 13/146,669
Filed : July 28,2011
PCT Ne. > POVEPIORVOOO787

PCTFiled > February 9, 2070
laventors : Eduard Pythk Docket No. RUP-11-1270

> Hirgen Lindner
> Ulrich Barenthin Confirmation No. 4273

: Winfried Gangler
Title : BUTTON CELLS AND METHOD

:FORPRODUCING SAMEa ___Bated:September7.201)

TRANSMITTAL LETTER

Mail Stop PCT
Commissioner for Patents
P.O. Bos 1456

Alemandria, VA 27313-1446

Sir:

The Applicants enclose a copy of an English translation of the Written Opinion of the

International Searching Authority for the Examiner's convenience.

Respectfully submitted,

 
YT. Daniel Christenbury
Reg. No. 31,750

TDClee

(215) 656-3381

EAST MGras
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PATENT COOPERATION TREATY POTIEP20181090787

PCT  
   

 1ES OF 'PRANSLATICN
OF THE INTERNATIONAL PRELIMINARY REPORT i EBERLE, Michael s

ON BATENTARILITY RUN, Wiheim, Beier, Oauster & Panne:
Pastiach 10.46 36

70035 Stutigart
ALLEMAGNE  

 
  

(CORAPYER £OR CHAPFER IT

{POY Bolen 46bis.Ne) and 7 

Dare of mailing fdayenonyednt)
18 August 2011 (16.08.2013)

 
 

    

 
  

  

Agptica a Oa agent's fie reference — ” ° i — oewnvere noeeee~~ t
| P 40296 WO IMPORLEANT NOTIFICATION i

~ oS"faternasionallingdase(aapy nonyeos)
| 09 February 2010 (09.02.2010): iqn. -acest

Applica
  

VARTA MICROBATTERY GMBH at al
       

j

,
i

| 1. ‘Transmittal ef che translation to the applicant. |3

S& ‘The International Bureai teansealis herewith a copy of the English wanslation of the tnremational preliminary Feport an
patentabliliy (Chapter 5.

{

atglish ianslation of the interaational preliminary report on
 

 
The international Bureau teansmilis herewith a cOpy of the {
pateniabiicy (Chapter i).

2. “Nransmitial of the copy of the translation to the designated ar elected Offices,
 Whe International Dumau autifies the applicant thar copies of tat tranclalion fave been transmitted ‘te die following. designated oy

elected Cffices requiring such teansladon:
None

‘The following designated ur-eleced Offices, having waived the requirement for such a wansmiital at this tne, will receive copies of
that transiationdrom the Intemational Bureau only npon their request:

AE, AG, AL, AM, AG, AP AT, AU. AZ, BA, 8B, BG. BH, BR, BW) BY BZ, CA, OH, CL, CN, CO,OR, Cu, OF, DE,
DK, DM, 00, DZ, BA, EC, EE, BG, EP, ES, Fi GB, GD, GE, GH, GM, GT, HN HR, HU, IB, IL IN, ES, JP, KE, KG.
KM, KA, RP. KR, KZ, LA, LC, LR, LR LS, LT, LU, LY) MA, MD, ME, MG, MK, MN, MAW) MX, Mi, Mz, NAL ARS) NM,
NO, NZ, GA, OM, PE PG, PH, PL, PT, RO.RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SY, SY. ‘TH, To TM, TA,
TR, TT, TZ, UA, UG, US, U2, Vil, WN, ZA 2M ZT

Reminder regarding translation into (oneof} the official languagets) af the elected OfSoe(s},

‘The applicant is reminded thet, where a gaaslation of the international application mast be fornished in an elected Offioo, thay
translation must contain atrusslation of any annexes tthe international preluninury report on patesal lay (Chaprer 1f},

 

it is the applicant’s responsibility te prepare and furnish such translation directly ta each elected Office concerued within che
applicable time liadt (Rale 74.8). See Volume PPof the BOT Appiicant’s Guide for further details,

= EEEeeeCE     

Authorized officer
 

34, chemin des Colouibettes

:

} ‘The interaadonal Rurean of WITG

T2U1 Geseva 20, Switeecland
i

Agnes Wittmann-Regis

JLab/Cambridge, Exh. 1002, p. 248



JLab/Cambridge, Exh. 1002, p. 249

PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMENARY REPORT OW PATENTABILYTY
(Chapter T.of the Patent Cooperation Treaty}

 

(PCTRule 44bis}
 
 Applicant's or agent’sfile reference are ee &5 Bu8|

    
 

    

   
 

   

iP 45228 WO 3Pennerpeteremm ere — , , ed{inuernational application Na. i international filing date (daymonthyyeds: ty date (day/manthAear} i
SPCTEP2OUGORDOTS? jog February 2020 (09.02.2010) ruary 2O0G (68.02 2009} ;aeroenneenrnnnenunsecentesiwwrinaannans —inornational Patent Classification (Sch edition unless older edition indicaled}
Sée sfevant information in Form PCTAGAIOR7

nnn +++nanannnntantntereannenannnnnnniyuneniann
\ Applicant 'iVARTA MICROBATTERY GMBH {
sto mecca coocotvenssbiinnannnnnnnnenasssnuaeooooocorrerenenvereteanasseusnnstnerernasercaaenmmmasones sonacooaecerernonetienaansasonaaeennnaosgoetuaanemnnmnsseooeced

 
 
 

 
 

This Diternaiional sreliminary resort og patentabiligy (Chapucr 1) js issued hy the Intemational Rurosu an behalf of the
International Searchiag Authoriy under Rule 44 ins. Ha).

RI ai-sf #
hie HEPORT consists of a total af 7 cheats: inclading this cover sheet,OTTITITs

In the attached sheets, any yelorence to. the wrinen opinion af the International Searching Authority should be rosd dea
reference to the internatic preliminary report on patentability (Chapter 1) instead. YIEPIETIIDIOLOELAEEASTaieenecannmorrasersTttess
 

 

3. This report contaius indicadons relaling to. the following ites:

i Box No. I Basis ef the renori

PP Box Nef Priocity

i “| Hox Ne. HY Non-establishment of opinion with nogard to mavelly, Inventive step and indaairialReet  

 applicability

Box Na, iv Lackof uedty of Inveation

x Wo. ¥ Ressoned statement under Article 39 with regard inovelty, Inventive ster‘ or
indnatelal applicability; cltalons and explanations supporting such statement 

Box Ne. Vi Certain documents cited

Box No. VIt Cer 
CIC]BC

in defecis in the international application

 Box No. Vik Certain observations on the intermetional application

 4. ‘TheInternational Bureau will commnnicate report to. desipnaed Offices in accordance with Rules AdbiySic} and S3bis,1
but not, except where the applicant makes. an express: eoquest under Article 22(2), before the expiration of 30 months fom
the priority date {Role 44bis 2}.

(AEATEEEOCOLOELUTITTOAOLIIVTIFTIFIVOLLIELALLALELLLELLLEAGEELLLENLELLEESEPRIRRTAREEETOEPPONOLEPEDEOLELLOSEs
 

   
 Date.of issuanse of this report _ ~

Of Angus? 2511 (99.08O44 i?:
 

Autbosized officer

 
 

‘The Internaticnal Barcaof WIEG
34, chemin des Colombettes
1241 Ceneva 20, Switeerlarnd

sede
Agnes Witmann-Regis

Parsimie Na. +47 22  $62 70

Rome PCTIR/873 Ganuary 200d)
  

 e-mail: pt0G.pet@Dwipo. int   
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Brom the:
INTERN ATIONAL. SEARCHING AUTRORE

PATENT COOPERATION TREATY 72.
vA

 
WRITTEN, CORSNION OFPHE

INTERNATIONAL SRARCHING AUTHORIPY

 

 

(PCT Rule 43b7%.1)

|  
  

Pate of mailing
{davinionitivvecr) 

i pasacaccemermmcemmeberarerrertvecedeceeatstitte,
Anglicant's aeapes ig We reticence| P 49226 HO

foreinicrnalional
snernneannennenase:

Siam Internatinhal Bling date (dawn

PCT/EP2ZG10/O00787 09.92.2010

international Patent Classification (HAT) or both saional class

FOR FURTRER ACTION
See pasagsaph 2 belowi

 plication No

 

 
 

 

 
 

Poority date (layninlaiwar}

69.02.2909

 

 1 [his opinion contains indicationsrelating to the following Hems:

 
  

 

  

{

\ q+ Xs _ . a vat &

i Box NoI Busis of the opiaicn :
oO oa |Hox No. i Srkority ;ee ;

Rox Ne. He Non-esiablishment of apinion with segard to novelily, inventive step and induatrial appheability
rm
Lead Box No. iV Lack of uatty of invention

i i

{ ; i Rex Ma ¥ Res,oned statement ander Rute 45bis. anwith regard to novelty, inventive. step oe industrial i
applicability: citations and explanations supporting suvk statement ieon

rn
jf Box No: VT Certain documents clivd

i HoxSov Certain defects in the jateriwloass applicators i
SA nw vert . cntermatinmad anuticutNS Box Noo VU Cerise abservatiosis on the intcmational application

B FURTHER ACTION

If a demand for international geeliminary examination is madd. this opinion will be considered to be a written upisien of the
International Prelimiasry Examining Authority (IPILA') except that this does nef apply whee the applicant chovsss an: Authority other |

} than this one tofe the IPRA and the chosen TPELA hus nétified. the International. Murean under Rule GO. Londb) that writen opintans off
\ . : j : : i
i this International Seurching Authority will aot be su considered. :, :

: If this opiaion is ag provided above, canadered te bea writisr apinian of the IDEA, the applicant ix invited:to sufanit to See TPA ofi

weitten teply tweether, where appropriate. with arendments, before the expiration of 3 months fom these of mailing of Form |
BOTASA/220 ov betiere the expiration of 22 months fromthe priacity date, whichever gepiros Jatex,

Por further options, cee Fors PODISAQ,

 

For fucther-details, see notes to tionm OPISATO,Ww

   
i Nant’ and mailing address of the ISAGP Gate of completion ofthis opinion Apthorized officeri

i

Facsimile No. | Telephoas No.pte swieennneneetnentnnennnalnnnnsinnnninnnnnsine 

Boom BOQIUSAES? (cover sheet) Chai 2007)
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WRITTENOPINION OF THE i internacional applieution Nia,
INTERNA TIONAL SUARCHING ALTERORSTY  RCTYRP2OLTO/GOovS?

Bax No} Sasicot this apinion
repentepeeeressse

1 With regardto the language, this opinion Ras born ssighlished on the basis of:

 

  

i fi the international sstlication is the language in which itwas Ged 
pawsf

rl 2 translation ofihe iterations! application inic . which iv the Mezcage of a 

 translation furnished for he purposes of Intemational march ules 12.3{a) aad

Ci This opinion has been esteblished faking iste yxcount the rectification of an obvious mistake authorized by o notified to thisix 4Asthority under RoleOF (Rule 434, 

 
With regard to any nucteatx de and/or whine add sequence disclosed in the intersationsl application and neceszary to the claimedinvention, this opinion has he wéablished on the basing

a typeof materialwe

a sayence HstisgCC lable(s) evlatedta the sequence Hsting
i if

AANMRNTTIAAARETRPPLEREDSRESSEDOADEEOCOPOOPLETEEEEEERERAAASoosertiprereoecencesssbeneenese,
= format of material 

 oD paper
my .
bw.J ja clestronis forst

a i m x
” offurnishi ne

eontaine: inthe international application as filed

filed together with the jmerustiosal application in ceetranic farm

 
urhished subsequently te this Authority forthe. pitposes. of nearch

CII]
4, f Traddition, in ihe case thar indnd thai one version. or copy cfs sequence Ling and/or table(s) relating theecta has been, Aled or

fumtished, the required statemtants that the information in de subsequent or additional cupixs is identical ta that-in the apphiestion as
lied or docs not go feyond the aunlication ay filed ag appropriate, were firnished.

 

S. Additional comments: AeMTNetaPERRETEELTREEELLEDEPOCCHTTTTFIIDLDADIEDLEDDOLEbtbbdbbbitsambittiirnree
 
Porm BOLISA/237 (Box No.B CAprit 26075
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 WHITTEN DPINION OF TNE inernetional appbeation No.
INTERNATIONAL SWARCHING AUTHORITY POT/EPLOLG/OOOT a?

-

om NG. ¥ Reusoned matement ender Rule &3dis,1490) with regard to novelly, inventive step.os industrial applicability;
diations and explanations supporting such slatemcnt 

iL State niicat

Movelty GN)

 

 Claims

ii
i
ti;i
8

{

Tadusirial applicability (LA)  Tabms ¥BS

  
  

.

Inventive sep (15) Madins

3
3i

i Shimsi
i

 CITED DOCUMENTS 

 

 

 

 

\ i

Di US 6 265 100 B1 ({SAASEKI RUBRIC W [US] ET AL}

24 July 2001 (2001-07-24)

|

| “ NOVELTY
| Apart from the lack of clarity noted in Box VIIE, the

| aubject matter of claim Ll is aiso not novel Article
3342)3, anc therefore the requirements of ECT Article |
S3(1} are nok men.

s

Di discloses a button cell comprising two

halves which varated From each other by an

i electricaily ating seal and that form a housing4

having a flat base area and a flat cover area paraliel

therete, ard an Slectrode separator unit within the

Housing camerLsing at least one positive and ak least one

negahive eleetrode that are designed as planar layers and

are bonded with each other by at least. one planar

i separator, wherein the electrode layers are aligned
substantially orthogonal te the flat base and cover areas 3

| {figures 13 to 15, celum 27, line 1 te column 28, Lins
: 26 are column 29, Lines 42 to S77}.
t

 

Form BOTISAQ37 (Hox No. ¥) CApril S007)
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x
istevnational application Ne

2TYEPEOG LOY/OG07 87

Box Nav Ressonedstufentent under Rute dds"Savg wbregard to savety, Raventive step or industrial appilosbility:
citations and explanations sepporting such stgtenent

DL alse discloses Lhe subject mather af:

WRESTTEN OPIN TON (8 THE
INTERNATIONAL SHARCINNG ADTHORTTY  

 
 

 
  

[
 

 

~ Claim 3 oe
icolumn 29, Lines 42 £6 OT}:

~ Claim 3: (figures 13 to 15);

|
¢ a gy hao ar “7

{
~ Claim 4: {column 28, lines 15 to a6) 5

fcolumna 27, Line lo to erlum 2&, dine 28);

(calumny 27, Lines Lo te L?i; i
Claims 7 and 8: {column 27, linea 18 te 26);

column 26, lines 38 te 38); erenanenernerracesnettsttattteeRPPPTETEEELtittnrrrannananennerenenstdsseneetirtdcttussiminininnssancsnaseaccacer, ,i
i Sp fet 3 roa a

 

a and le: {column 27, lines i te ZO} 3

vlaam 23: (column 28, lines if to 26). 4

The subject mather of claims 1 to 12 is therefore nant :

novel {POT Article 2342)), |
" “3 . '

in contrast, the subject matter of claim 14

Found in the cited prior art, neither is it

known, and Lherefore said claim satisfies the requirement
of POT Article 33(2) in reapect of novelty. \

discloses a method for producing a button cell having an
mak aps aowiinding in which the 

electrode layers are aligned orthogonal te the flab base

and cover area From which the Subjeck matter of claim 14

differs in that the front faces of the winding are heat~
tréated before installation, wherein the winding is

a

exposed at least briefly to a temperature at which the

Separator is thermoplastically deformabi

&
hed “ & me jet 9 onot 19) Q " 8

cfe 'yat$oha hy Fy th m. ot ryo xr % ct @ CG ey U2 cf) ce) pa 6 re } co
%

ts F rc

roblem to be solved by the present invention can

CPPRERRRAAADRALOIAPARRAETEDOORCOOTELLEEONESEETEMEELESSIDE2222SPPOPOOOPCECELE!bitAERRELAAAMORrADDRRRREonnEboobcmmntne
ij a= ib om

 
Pours POTASA/237 ox No. V} (Aprif 2007}
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Titexsational appiication Neo.

PCT/EP2ZG1L0/000787

Reasnned sintement wniler Rale 4dhis. tan) “with ‘regard16 OWSLEY, iivendive siepor induestsiat agplicabiisy;_
{Latkes sal explanations supporting such statensent ;

ore be considered than of providing a sinplified

 
 
 

 

WRITTEN GRINIONO8 THE
INTERNATIONAL SEARCHING AUTHORITY  

 
 
 

  

and improved methed for preducing a butten cell.

The salution proposed int claim 24 of the present

application is considered inventive (PCT Arbicis

since a person skilled in the art, on the basia of DI,

would melther consider the process step of a heat

£
ist tab on had tad nae ee

treatment to thermoplastically deform the separator

before installing the winging to selve the stated

em, for would he consider if aA conventionalfeprob

Precedure. REAOETEAAAhntieEEREEEEEEEEEEEETSOPLESICE

Farm PEBISA/237 (Box No. ¥) Apel 2007)
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i International application Neo.WRITTEN OPINION OF THE 7

INTERNA TIGNALSEARCHINGAUTTIORITY PCT /PPSCLOYOGO? SI i[Be Na. VRE Certain aheervations on the internatioaal application
The following observations on. the clarity of the claimg, desaiptiog, and heawings ot on the question whether the daimis-are fully supported bythe description, are made:

Clarity

the application does not meet the requirements of Pct

Article § because Cl&im tT is unclear

fhe expression “substantially orthogonal” an clanBUOSLEDERaLLy s

24K and leaves the reader uncertain ag to

pAESPIERREOPPETETEEEDOLOCOTEEETTSEMELDI:
id

fF the technical feature in question. As a

Sesuit, the subject matter of said claim is not clearly
defined 

'
|

the meaning o

i

\

Porm ISTRISAI2297 (Box VAD (April 2005

OCTRERLLAEEREEREOEEEEEAETESECLAEEEEEEEEDEDROPEREDEDEDROLLELOOOLECOTEEDDEEETTEIEESEESERANNITODCPOCEEEECOOPODEPTPPPEETTETTIVMSIETEEESLASEAMSAESABEAAMSLYREDEETEESLEDEORMPOOOEPOOOEPHOEELtfbiiirnpinninmapanssparen:
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UNITED STATES PATENT AND TRADEMARK OFFICE TINITED STATES DEPARTMENT OF COMMERCE
United States Patent and 'lrademarkOffice
Address: COMMTSSIONER, FOR PATENTSP.C. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov

U.S, APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO.

 
13/146,669 Eduard Pytlik RUF-11-1270

35811

IP GROUP OF DLA PIPER LLP (US) PCT/EP10/00787
ONE LIBERTY PLACE

1650 MARKETST, SUITE 4900 02/09/2010 02/09/2009
PHILADELPHIA, PA 19103

CONFIRMATION NO.6273

371 FORMALITIES LETTER

00g

NOTIFICATION OF DEFECTIVE RESPONSE

The following items have been submitted by the applicant or the IB to the United States Patent and Trademark
Office as a Designated Office (87 CFR 1.494):

« Priority Document
« Copy of the International Application filed on 07/28/2011
* English Translation of the IA filed on 07/28/2011
* Copy of the International Search Reportfiled on 07/28/2011
* Preliminary Amendmentsfiled on 07/28/2011
« Information Disclosure Statementsfiled on 07/28/2011
* Oath or Declarationfiled on 09/07/2011
«U.S. Basic National Feesfiled on 07/28/2011

¢ Substitute Specification filed on 07/28/2011
« Assignee Statement for PGPUBfiled on 07/28/2011
« Priority Documentsfiled on 07/28/2011

Applicant's responsefiled 09/07/2011 is hereby acknowledged. The following requirements set forth in the
NOTIFICATION of MISSING REQUIREMENTSmailed 08/12/2011 have not been completed.

The following items MUSTbe furnished within the period set forth below in order to complete the requirements for
acceptance under 35 U.S.C. 371:

« Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b), identifying the application
by the International application numberand internationalfiling date. The current oath or declaration does not
comply with 37 CFR 1.497(a) and(b) in thatit:

« Applicant change the address on the oath andit's not legible, pleaseinitial changes.

Date Mailed: 09/13/2011

Applicant is required to complete the response within a time limit of ONE MONTHfrom the date of
this Notification or within the time remaining in the response set forth in the Notification of Missing
Requirements, whicheveris the longer. No extension ofthis time limit may be granted under 37 CFR
1.136, but the period for responseset in the Notification of Missing Requirements may be extended under
37 CFR 1.136(a).

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address givenin the heading and include the U.S. application no. shown above (37 CFR 1.5)

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

page 1 of 2

FORM PCT/DO/EO/916 (371 Formalities Notice)
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For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at htto:/Awww.uspto.gov/ebc.

If you are not using EFS-Webto submit your reply, you must include a copyof this notice.

DEBORAH A THOMAS
 

Telephone: (571) 272-7175

page 2 of 2

FORM PCT/DO/EO/916 (371 Formalities Notice)

JLab/Cambridge, Exh. 1002, p. 257



JLab/Cambridge, Exh. 1002, p. 258

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 13/146,669

APPLICATION AS FILED - PART| OTHER THAN

(Column 1) (Column 2 SMALL ENTITY OR SMALL ENTITYi]

BASIC FEE

SEARCH FEE
(37 CER 1.16(K), (i), or (m)) N/A N/A N/A
EXAMINATION FEE
(37 CFR 1.16(9), (p), or (q)} N/A N/A
TOTAL CLAIMS
(37 CFR 1.16(i))
INDEPENDENT CLAIMS
(37 CFR 1.16(h))

If the specification and drawings exceed 100
APPLICATION SIZE_|sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheetsorfraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT GLAIM PRESENT(37 CFR 1.16(j))

* |f the difference in column 1 is less than zero, enter "0" in column 2.

APPLICATION AS AMENDED- PARTII

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)AMENDMENT PAID FOR

fo|
Independent Minus(37 CFR 1.16(h))

Application Size Fee (37 GFR 1.16(s))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))

TOTAL TOTAL
ADD'L FEE ADD'L FEE

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)AMENDMENT PAID FOR

Total * Minus *
(37 CFR 1.16(i))
Independent Minus

(37 CFR 1,16(h))
Application Size Fee (37 CFR 1.16(s})

AMENDMENTB
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))

TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
* If the "Highest Number Previously Paid For" IN THIS SPACEis less than 20, enter "20".

*™* Ifthe "Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter "3".
The "Highest NumberPreviously Paid For" (Total or Independent)is the highest found in the appropriate box in column 1.
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iN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Art Unit : Customer No. 955811
Exarmuner :

Senal No. » 15/146,669
Filed > duly 28, 2071
PCT No. : PCT/EP201 O/000787

PCT Puled : February §, 2030
Inventors > Eduard Pytlik Deeket Na: ROF-11-1270

> Jfirgen Lindner
: Ulich Barenthin Confirmation No. 6273
> Wintkied Gaugier

Tithe > BUTTON CELLS AND METHOD
> FOR PRODUCING SAME

a ; ae _ Dated: September28,2011

 ANSNUTTAL LEYTER

Mail Stop Missing Parts
Commissioner for Patents
P.O. Bow 1456

Alexandna, VA 22313-1459

Sir:

In response to the Notification ofDefective Response dated September 13,2011, applicants

resubmit the executed Combined Declaration, Power of Attorney and Petition which has been

initialed a second time and request that it be formally entered in the official fle.

The fee wes submitted on September 7, 2011 with the filing of the original Declaration.

Therefore no fee ig required at this time.

The Coramissioner is authorized to charge any insufficiencyor credit any overpaymentto

Deposit Account No. 32719.

Respectfully submitted,

 
T. Daniel (hristenbury
Reg. No. 31,750

TDC/ce

(2133) 656-3381

PASTGeiss
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Attorney Docket Na. RUF-11-1276

Original Application

PCT National Appiication

US. Designated Office

Continuation or Divisional Application
Conthaation-in-Part Application

CC]

COMBINED DECLARATION,
POWER GF ATTORNEYAND PETFYION

Asa below named inventor, 1 hereby declare that:

My residence, post office address and cilizensiip areas stated belownext to my name,

i believe } am the original, first and sale iaventor (if only ene name is listed below) or an original, first and joint inventor Cf
plural names are listed below) of the subject matter which is claimed and for which a paten{ is sought on the invention
entities BUTTON CELLS AND METHOD FOR PRODUCING SAME

i] which is described in the specification and claims

i] attached hereto.

CT filed ona

Application Serial No. eee

and was amended on  

Gfapplicabley
which is described in byternational Application No. PCT/EP20 10000787 fled 09 February 2010 and as amended on
ienetepnnnnnnereerernntetviennyeetisanenenentntttieepeteeeteneetenetttginetetnaifany),

which T have reviewed andfor which [solicit a United States patent,

{ herebystate that [have reviewed and understand the cantents of the above-identified specification, including te claims, as
amended by any amendment referred to above.

acknowledge the dutyio disclose information which is material to patentability as defined in 37 CPLR. $1.56, ingluding for
continuation-in-part applieations, material information which becante available between the + ng date of the prier
application and the national or PCT international {ling date of the continuation-in-part application.
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MOMBINED DECLARATION, POWER OF ATTORNEY AND PETITION

(Page 2}

Attorney Decket No. RUF-11-1270

f hereby claim foreign priority benefits under Title 35, United States Cade, §119ta(d) or §385(b) of any foreign
application(s) for patent ar inventor's certificate, or §365(a} of any PCT International AApplicationa which designated at least
one country other than the United States of America, Nsted belowand have also identified belowamyforeign application(s)
for patent or inventor's certificate or of any PCT international Application having a filing date beforethat ofthe application
on winch priority is claimed:

  

 
 
 

  
 

Date of Fling

Number Country (daymonth, year}PennineRAEARIRRRACETN— - pater

 09 February 2009Germany  

 
4 19 2009 O08 859.822REETtet

  10 2009 036359.6  Germanyatlwa Senaatatats

Germany | 22 December 2000    10 2009 060 788.9

 

I hereby claim the benefit under Title 35, United States Code, $1192) or $120 (as applicable) of any United Sites
application(s) or §363(c) of any PCTInternational Application designating the Linited Stars of America, listed belowand,

insofar as the seb}ect matter of cach ofthe claims of this application is not disclosed in the. prior Ukus States or POFinternational Application(s} in the manner provided by the first. paragraph ofTitle 35, United States Code, §

  iHere Baie

(Piltax Date)

  
lalus/patented p

POWER OF ATTORNEY: As a named inventdr, E hereby appoint the following registered attorneys to prosecute this
application and transact all business in the United States Patest and Trademark Office connected therewith:

 

TP, Daniel Christenbury Reg, No, 31,780 William L. Bartow Rea, No. 54,981
Paul A, Paufer Beg. Ne. 35,703 Brin Pacella Reg. No. 36,239
Darius © Gambino Reg. No. 41,472 Michael L. Barns PV Reg. No. 57,593
Richard L. Craz Reg. No. 52,783 Lisa ML Lint Reg, Na. 60,856

{peRTT SRCE S58S22greet  

: SEND CORRESPONDENCE TO:
Castomer No, G25881, whose contact informationis:

IP Department of DLA Piper LLP CUS)
One Liberty Place, Suite 4060 i (215) 656-338)
1650 Market Street i

PA 19103

THRECT TELEPHONE CALLS TO
ATTORNEY OF RECORD AT.

 ; Phitadelphi
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2 ADEYRESS

COMBINED DECLARATION, POWER OF ATTORNEY AND PETITION
(Pace 3

 oket No. RUP-£E Attorney
ot of a United States Letters Patent an 

¢ that all statensents made herein ofry owen knowledge are true end ¢ ft
belt ius; and fimther { } ements were. made wi nowiedge that willful false

* bathswriderSeetinn 300 oPfitle £8 ofthe Unitedof ay patent issued dhearean,

aH state  

 - ge a: :a #32i& S

 
IRYVESTS 

eit, ChernyTY

aeaeanennrbereread 
 

 
nnnean Lees See eeneeeeeeete eeiDeaneeTRnn essssssrebeeneenceree 
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Electronic Acknowledgement Receipt
 

11068698

Confirmation Number:
 

Title of Invention: BUTTON CELLS AND METHOD FOR PRODUCING SAME

 

First Named Inventor/Applicant Name: Eduard Pytlik

Customer Number: 35811

Filer Authorized By: ThomasDaniel Christenbury 

Attorney Docket Number: RUF-11-1270

Time Stamp: 15:14:43

 
 

Application Type: U.S. National Stage under 35 USC 371 

Paymentinformation:

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)

245313

Miscellaneous Incoming Letter transmittalletter.pdf af12590745426d 90ce6d84b48b<40245262)
S6b1f

Information:
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918980

Oath or Declarationfiled Declaration.pdf {5heh77e48c9 1482 7¢72780Fd83 38d 9b 1 Of)
Stac

Information:

Total Files Size (in bytes) 1164293 

This AcknowledgementReceipt evidences receipt on the noted date by the USPTO ofthe indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar toa
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new applicationis being filed and the application includes the necessary componentsfora filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shownon this
AcknowledgementReceiptwill establish thefiling date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submissionto enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903indicating acceptanceof the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary componentsfor
an internationalfiling date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105)will be issued in due course, subject to prescriptions concerning
nationalsecurity, and the date shown on this AcknowledgementReceiptwill establish the international filing date of
the application.
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UNITED StaTreS PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and ‘Trademark Office
Address: COMMTSSIONER, FOR PATENTSP.C. Box 1450

Alexandria, Virgnia 22313-1450Wwww.uspto.gov
 

APPLICATION FILINGor GRP AR’

NUMBER 371 (¢) DATE UNI FIL FEE REC'D ATTY.DOCKET.NO [TOT CLAIMS§IND CLAIMS 
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1. DESCRIPTION JP 2008-262825

The presentinvention relates to a secondary battery coin-shaped non-aqueouselectrolyte solution discharge load
characteristics are enhanced.

Secondary battery coin non-aqueouselectrolyte solution represented by the secondary battery lithium coin-ion,
also known as secondary batteries flat type non-aqueous electrolyte solution or a button type, a headphoneset, a
watch-type communication device, a body-mounted medicalit has attracted attention as a small battery of heavy
load support to be used in the so-called wearable equipment like used person of equipment is worn.

The secondary battery lithium coin conventional ion, for example, those using an electrode formed by laminating
through one by one the separator and positive electrode and a negative electrode was punchedinto a circle.

However, the battery of this type, the problem that the electrodeis increased, there is a disadvantage that the
diffusion resistance of the lithium ion to the direction of the thickness of the electrode is increased, the discharge
load characteristics is lowered and can not be used only for applications in low power| have a.

(E.g., patentliterature method by which to solve the above problems, the use of an electrode material are wound
through the separator strip, and the positive electrode of the strip, and a negative electrode of the strip, to reduce
the electrode is proposed 1, Patent Document 2, Patent Document3, 4 references. Patent Document1).

11-354150 Patent Publication No. 11-345626 JP JP 2003-77543 2005-310578 JP-JP

The battery has been proposed in Patent Document 2 and Patent Document 1, to form an electrode body by
winding via a separatorstrip, the positive electrode of the strip, and a negative electrode of band, and then formed
into a flat shape and the electrode assembly in the state that later, and (in the thickness direction) are orthogonal
to the height direction of the battery can and direction of the winding axis electrode body, | have inserted into a
battery can electrode body.

In this case, the electrode body of the battery can, becauseit is formed in a square shape when seen in the
height direction of the battery, there is a problem that a gap is formed betweenthe battery can and the electrode
member, the volume loss occurs.

In addition, this electrode structure, because the expansion and contraction direction of the electrode due to the
charging and discharging of the battery matches the height direction of the battery can, there is a possibility that
the battery is deformedin the direction of height when repeatedly charged and discharged.

Meanwhile, the battery has been proposed in Patent Document 3 and Patent Document4, since the direction of
winding axis of the electrode body, and the heightdirection of the battery can is the same, the gap between the
battery can and electrode assembly In addition, not occur, since the expansion and contraction direction of the
electrode due to charging and discharging of the battery coincides with the radial direction of the battery can,
there is no possibility that the battery is deformed even after repeated charging and discharging.

However, in Patent Documents 3 and 4, the electrode structure is only disclosed merely specific configuration for
improvementin heavy load characteristics is not disclosedatall.

Of course, the specific configuration for improvement in heavy load characteristics is not disclosedat ail'in Patent
Document 2 and Patent Document1.

The presentinvention has solved the above problems, and is intended to provide a secondary battery coin-
shaped non-aqueouselectrolyte solution discharge load characteristics are enhanced.

Secondary battery coin non-aqueouselectrolyte solution of the present invention is a secondary battery coin-
shaped non-aqueouselectrolyte solution comprising a positive electrode of the strip, and the negative electrode of
the strip, the separator strip, and a battery can of a coin type, The positive electrode and the negative electrode,
to constitute a wound body in a cylindrical shape are wound through the separator, the direction winding axis of
the wound body wherein is the same as the height direction of the battery can, The ratio D / H and the outer
diarneter D of the wound body, and the height H of the winding axis direction of the wound bodyis 1 to 25, and
the area A of the upper surface portion of the wound body, wherein The ratio R/ A and the effective reaction area
R and the said negative electrode and positive electrode faces is characterized in thatit is 9-25.
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In accordance with the present invention, it is possible to provide a secondary battery coin-shaped non-aqueous
electrolyte solution discharge load characteristics is high, no deformation of the battery due to charging and
discharging. .

Following,| will explain the embodimentof the secondary battery coin-shaped non-aqueouselectrolyte solution of
the present invention.

Comprising a positive electrode of the strip, and the negative electrode ofthe strip, the separatorstrip, and a
battery can of a coin type, the positive electrode and the negative electrode, a secondary battery coin-shaped
non-aqueouselectrolytic solution of the present invention, spirally wound with the separator and constitutes a
wound bodyof cylindrical shape is. :

With this structure, it is possible to reduce the electrode, can be improved to some extent the discharge load
characteristics.

The direction winding axis of the wound body aboveis the same as the height direction of the battery can.

It is possible to prevent deformation of the battery by this structure, the expansion and contraction direction of the
electrode, the diameterdirection of the battery can strong in strength is the same, even after repeated charging
and discharging. , :

The ratio D/ H and the outer diameter D of the wound body, and the height H of the winding axis direction of the
winder(flatness) is set fo 1 to 25.

in less than 1, it can not be said that coin-shaped battery, D/H is not suitable for secondary battery coin-shaped
non-aqueous electrolyte of wearable equipmentfor high capacity is required in a small thin.

In addition, D/H is more than 25, | will depart from the acceptable range of normalcell design.

That is, since the electrode width to withstand the manufacturing process for winding the electrode is required
about 2mmatleast, the minimumvalue of the height H of the winding axis direction of the wound body is 2mm.

Also, | believed from the size of the device to be equipped with a battery, the maximum value of the outer od
diameter D of the winder and 50mm.

Therefore, the maximum value of D/ His 25,

Further, D/H is 1 in consideration of the battery capacity required for equipment to be mounted battery.

5-23 is more preferable.

Further, in the secondary battery coin-shaped non-aqueouselectrolytic solution of the present invention, the ratio
R/A and the effective reaction area R of the area A of the upper surface portion of the wound body above, and
the negative electrode and the positive electrode is opposedto , and is set to 15 to 20, more preferably,is set to
9-25.

Thus, it is possible to further improve the discharge load characteristics, it is optimal as a battery for various
equipmentfor heavy load characteristics are required.

Here, meansthe area of the active material layer between the cathode and anode that are wound are opposite, in
the secondary battery typically lithium ion, lithium dendrite is not generated during charging, effective reaction
areaRIs, the negative electrode active Because larger than the area of the positive electrode active material
layer to the area of the material layer, the entire surface of the positive electrode active material layer faces the
anode active material layer, effective reaction surface area is provided with a positive electrode active material
layer is substantially it is the area of the portion is.

The volume of the secondary battery coin-shaped non-aqueous electrolytic solution of the present invention is
preferably at least 1cm3 7cm3less.
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Whenitis within this range,itis optimal as a secondary battery coin-shaped non-aqueouselectrolyte solution for
a wearable device for high capacity is required in the thin compact.

Further, the two battery coin non-aqueous electrolyte solution of the present invention, the outer diameterof the
battery can is at least 20mm 50mm orless.

Whenit is within this range,it is optimal as a secandary battery cain-shaped non-aqueouselectrolyte solution for
a wearable device for high capacity is required in thin small as described above.

Next, | will be described with reference to the drawings an example of a secondary battery coin-shaped non-
aqueouselectrolytic solution of the present invention.

However, in Figures 1-10, there may be omitted will be denoted by the same symbols, and overlapping the same
portions.

Figure 1 is a perspective view of a wound bady usedin the presentinvention.

In Figure 1, the wound body 10 is fabricated by winding via a separator strip, and a negative electrode of the strip-
shaped positive electrode and the strip.

The mixture containing the positive electrode active material, positive electrode conductive additive and Seikyoku-
yo binderor the like, the positive electrode was coated on both surfaces of the cathode current collector, a
positive electrode mixture paste was obtained by kneading sufficiently by adding the sclvent can be formed by,
after drying, is controlled to a predetermined electrode density and a predetermined thickness of the positive
electrode mixture layer.

Asthe positive electrode active material, for example, lithium nickel oxide such as lithium manganeseoxide,
lithium cobalt oxide LiCoO2, etc., of LIMn204, etc., of the LINIO2 and the like can be used, and these, if capable
of absorbing and desorbinglithium ions but are not limited to.

Examplesof the positive electrode current collector is not particularly limited as long as the electron conductor
chemically stable substantially in the fabricated battery.

The positive electrode current collector, for example, aluminum foil or the like.

Exposed collector surface that are not coated with the mixture paste on the one endofthe positive electrode
current collector is provided by folding the exposed collector surface, the cathode lead 11 is formed.

Further, the collector-exposed portion, may electrode lead may also be provided at both endsof the current
collector can be provided at both ends of the current collector.

Further, instead of the positive electrode lead that is formed by folding the collector-exposed portion, it may be the
positive electrode lead by welding tabs as a separate component in one or both ends of the cathode current
collector.

To a mixture comprising active material, a negative electrode conductive auxiliary agent, a negative electrode
binder and the like, the negative electrode was coated on both surfaces of the negative electrode current
collector, a negative electrode mixture paste was obtained by kneading sufficiently by adding the solvent can be
formed by, after drying, is controlled to a predetermined electrode density and a predetermined thickness of the
negative electrode mixture layer.

As the negative electrode active material, for example, a carbon material artificial graphite such as bulk graphite

or natural graphite, flake graphite and amorphous graphite and the like can be used, but jis not limited thereto as
long as capable of absorbing and desorbing lithium ions.

Examples of the negative electrode current collector is not particularly limited as long as the electron conductor
chemically stable substantially in the fabricated battery.

As the negative electrode current collector, for example, copper foil or the like.
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Exposed collector surface that are not coated with the mixture paste on one end of the anode current collector is
provided by folding the collector-exposed portion, the negative electrode lead 12 is formed.

Further, the collector-exposed portion, may be the negative electrode lead may be provided at both endsof the
current collector can be provided at both ends of the current collector.

Further, in place of the negative electrode lead is formed by folding the collector-exposed portion may be a
negative electrode lead by welding tabs as a separate componentin one or both ends of the anode current
collector.

In Figure 1, it is provided on the outer peripheral side of the winder 10 the cathode lead 11, is provided on the
inner peripheral side of the winder 10 and the anode lead 12, but is provided on the inner peripheral side of the
winder 10 the cathode lead 11, Also, well, may be provided on the outer peripheral side of the wound body 10,
both the anode lead 12 and the cathode lead 11 can be provided on the outer periphery of the winder 10 and
anode lead 12.

As the separator, microporous insulating thin film having a predetermined mechanical strength and ion
permeability larger are used.

Further, one obtained by closing the micropores in (100 ~ 140 °C) predetermined temperature or higher, and has
a function to increase the resistance, from the viewpoint of improving safetyof the battery.

Specifically, as the separator, were adhesively bonded particles of olefin polypropylene having hydrophobic and
organic solvent resistance, a sheet madeof glassfibers or olefin polymers such as polyethylene, nonwovenor
wovenfabric, porous layer and the like are used.

FIG 2 is a perspective view showing a processthatis inserted into the battery can 13 of the cylindrical winder 10.

Kai-jiku the direction N and winding to be the same as the direction M height of the battery can 13, wound body
10 is inserted into the battery can 13.

The materia! of the battery can 13 to be used is aluminum.

in the bottom of the battery can 13 (and not shown). Lowerinsulating plate

Butit is disposed.

The material of the lowerinsulating plate is not particularly limited, and a polymer material is used polyphenylene
sulfide (PPS) and thelike.

FIG 3 is a perspective view after inserting the battery can 13 and winder 10, showing a processthat is disposed
an upperinsulating plate 14 on the winder 10.

The material of the upperinsulating plate 14 may be used a material similar to the lower insulating plate.

Figure 4 is a perspective view of a state where welded to the anode lead 12 and the back portion ofthe negative
electrode terminal 16 that is placed on a 10 winderupper insulating plate 14, which is disposed in the central
portion of the lid 15.

The negative electrode terminal 16 and the cover 15, and is insulated by the insulating packing 17.

The materialof the lid 15 to be used is aluminum or thelike in the same mannerasthe battery can 13.

The material of the negative electrode terminal 16 to be usedis nickel.

Material of the insulating packing 17 can be used polymeric materials polypropylene (PP)orthe like.

Figure 5A is a perspective view of a state where joined by laser welding orthe like and the lid 15 and the battery
can 13.
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5B is a cross-sectional view of line B-B in FIG 5A.

In Figure 5B, the winder 10 is housed in a sealed container formed by the battery can 13 and thelid 15, the lower
insulating plate 19 is disposed at the bottom of the battery can 13. .

However, in Figure 5B, the portion of the inner peripheral side of the wound body 10 is not in section.

As described above, wound body 10 has a structure that is spirally wound with the separator 3 of the strip, and a
negative electrode 2 ofthe strip-shaped positive electrode 1 and the strip.

Further, the positive electrode lead 11 is joined in a state of being sandwiched between the cover 15 and the
battery can 13.

Thus, the lid 15 and the battery can 13 functions as a positive terminal.

However, depending on the material of the battery can 13, in some casesthe lid 15 and the battery can 13
become negative.

Finally, the injection port 18, and an electrolyte was poured, and (not shown). Sealing cover the injection port 18

Secondary battery coin-shaped non-aqueouselectrolyte is completed if sealed by mouth.

For example, the electrolyte solution, vinylene carbonate (VC), propylene carbonate (PC), ethylene carbonate
(EC), butylene carbonate (BC), dimethyl carbonate (DMC), diethy! carbonate (DEC), methyl ethyl carbonate
(MEC), in a mixed solvent of one or two or more organic solvent of y-butyrolactone, for example, is using an
electrolytic solution obtained by dissolving a lithium salt of at least one selected from LiCIO4, LiPF6, LIBF4,
LiIASF6, LiSbF6, LICF3S03 etc. Bayoi.

Concentration of Li ions in the electrolytic solution, 0.

It may be set to 5 ~ 1.5mol/L.

Figure 6 is a schematic diagram of the winder10.

In Figure 6,itis not shown in the positive and negative electrode leads.

Outer diameter D of the winder 10 and (mm), the ratio D/ H of the (mm) H heightdirection of the winding axis
wound body 10 is set to 1 to 25.

The ratio R/ A effective reaction area R in which the area A of the uppersurface portion of the winder 10 and
(mm2), and the positive electrode and the negative electrode are opposed to each other and (mm2), is set to 9-
25,

Figure 7 is a schematic diagram of the positive electrode for describing the parameters of the present invention.

in Figure 7, on both sides of the cathode current collector 21 of the positive electrode 20 of the strip, and a
second positive electrode active material layer 23 and thefirst positive electrode active material layer 22, is
formed shorter than the first positive electrode active material layer 22 is formed have been.

end of the cathode currentcollector 21 of the positive electrode active material layer is not formed is formed on
the cathode lead 24 is bent.

Assuming that W (mm)is the width J (mm), the cathode current collector 21 L (mm), the length of the second
positive electrode active material layer 23 and the length of the first positive electrode active material layer 22,
effective reaction area R (mm2) becomes R = (L + J) x W.

Further, assuming that nis the number (mm2), the positive electrode lead B the cross-sectional area of the
positive electrode 20 including 22 21 positive electrode current collector, the first positive electrode active material
layer, a second electrode active material layer 23, the ratio L thereof / 2000-8000 is preferable that the (B <n).
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Figure 8 is a cross-sectional viewofline I-| in FiG.

Further, Figure 9 is a cross-sectional view ofline li-ll of FIG.

Here, assuming that (mm2) S the cross-sectional area n, the positive electrode current collector 21 the number
(mm2), the positive electrode lead C cross-sectiona! area of the cathode lead 24, the ratio thereof (C x n)/S1 be
at or more.

FIG 10 is a perspective view showing another embodimentof the positive lead of FIG.

In Figure 10, to form a cathode lead 25 by welding a tab on the end of the cathode current collector 21.

Be in the form of Figure 10, the ratio L / (B * n) referred to above, the preferred range of the ratio (C x n)/S are
the same.

Hereinafter, the present invention will be described with reference to Examples, but the present invention is not
intended to be limited to the following exampies.

(Example 1) LiCoO2 positive electrocie active material is a <Production of Positive Electrode>: 80 parts by weight
of acetylene black as a conductive auxiliary agent: 10 parts by weight of polyvinylidene fluoride as a binder
(PVDF): in 5 parts by weight , N-methyl-2 - in addition as a solvent pyrrolidone (NMP), to prepare a positive
electrode mixture-containing paste is mixed until uniform.

To both sides of an aluminum foil with 2Oum in thickness as the positive electrode current collector, the active
material coating length 1221mm, the back side is applied in a 1155mm active material coating length on the front
side, the positive electrode mixture-containing paste, dry.

Then, by performing the calender process to adjust the thickness of the electrode total thickness so as to 134ym,
andis cut so that the width of 3.0mm, thereby preparing a positive electrode of the strip.

At both endsofthe positive electrode of the strip was made, the activé material uncoated portion is formed.

Here, the surface of the positive electrode current collector refers to the outer peripheralside of the case of
forming a wound body, and the back side, a negative electrode refers to the inner peripheral side of the case of
forming a wound body, will be described later The same applies to the current collector.

Graphite negative-electrode active material <Preparation of Negative Electrode>: 90 parts by weight, PVDF as
the binder: and the 5 parts by weight, by adding a solvent NMP, and prepare a negative electrode mixture-
containing paste is mixed to form a uniform were.

To both sides of a copperfoil with 12ym in thickness as a negative electrode current collector, the active material
coating length 1207mm, the back side is applied in a 1207mm active material coating length on the front side, the
negative electrode mixture-containing paste, dry.

Then, by performing the calender process to adjust the thickness of the electrode total thickness so as to 142,1m,
and is cut so that the width of 3.5mm, thereby preparing a negative electrodeofthestrip.

At both ends of the negative electrode strip was prepared, the active material uncoated portion is formed.

Betweenthe positive and negative electrode of the strip was made as described above <Preparation of the wound
body>, by winding by placing 20um in thickness, a separator made of a microporous polyethylenefilm of width
4.3mm, | was making a winder.

Wound body was formed so as to face the negative electrode active material coating portion all of the positive
electrode active material coating portion on both sides of the positive electrode.

Then removed from the folded end portion of the outer peripheral side of the wound body, the aluminum foil of the
active material uncoated portion of the positive electrode, to form a single electrode lead. .
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Further, the taken out from the folded end portion (center side) inner peripheral side of the wound body, a copper
foil of the active material uncoated portion of the negative electrode, to form a single anodelead.

The outer diameter D of the winding body, which was manufactured height, H 23.5mm, the winderis 6 3.7mm, the
ratio D/H thereof.

Was4.

In addition, 398mm2, effective reaction area Ris 7128mm2, 17 the ratio R/ A These area A of the upper surface
portion of the winder.

Was 9.

Mixed solvent (EC) and diethyl carbonate (DEC) <Preparation of electrolyte> ethylene carbonate (EC: mixing
volume ratio of DEC 1:2) preparing an electrolytic solution was 1.2mol /L LiPF6 dissolved in were.

The battery can of aluminum outer diameter 24mm <manufacture of battery>, 5.0mm height, 0.25mm thickness
aspect, of 0.3mm thick bottom, the lid of the aluminum diameter 24mm, thickness of 0.4mm wasprepared.

The centerofthelid, the negative electrode terminal made of nickel having a diameter of 6mmis fitted through a
packing made of polypropylene.

Then, the bottom of the battery can, and placed the lowerinsulating plate made of PPS of 0.05mm thick, the
direction of the winding axis winder becomes the same as the height direction of the battery can, the | was
inserted into the battery can the winder.

Then, after placing an upper insulating plate made of PPS of 0.05mm thickness on top of the wound body was
welded to the back side of the negative electrode terminal and the negative lead.

Were then joined by laser welding a lid and the battery can while sandwiched betweenthelid and the battery can
and the positive electrode lead.

Finally, after which it is poured in the electrolyte solution from the injection port with a diameter of 1.5mm provided
in the cap and impregnated sufficiently electrolyte solution to the electrocle body, and the laser is inserted into the
injection port sealing pin by sealing by welding, cell volume secondary battery was produced coin-typelithium ion
2.3cm3,

(Example 2) except that 162um total thickness surface 678mm,rear side 624mm, calendar treatment, and was
2.0mm width 25m, the active material coated length the thickness of the positive electrode current collector
<Preparation of Positive Electrode> and thereby producing a positive electrode in the same manneras in
Example 1.

Except that the 177ym tota! thickness surface 667mm, rear side 667mm,calendar treatment, and was 2.5mm
width 20um, the active material coated length the thickness of the negative electrode current collector
<Preparation of Negative Electrode>, Example 1 thereby producing a negative electrode in the same manneras.

Was used instead of the negative electrode and the positive electrode, and a 3.3mm width of the separator, using”
the battery can outer diameter 20mm, the 4.0mm height, in the same manneras in Example 4, a battery volume
of 1.3em3 | secondary battery was produced in coin-shaped non-aqueouselectrolyte solution.

The outer diameterDofthe winding body of the present embodiment, H height 19.5mm, the winderis 7 2.7mm,the ratio D / H thereof.

Was-2.

In addition, 269mm2, effective reaction area R is 2604mmz2,9 the ratio R / A These area A of the upper surface
portion of the winder.

Was7.
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(Example 3) exceptthat the 115ymtotal thickness surface 3146mm, back side 3047mm, calendar treatment, and
the 3.5mm width of the active material coating length <Preparation of Positive Electrode>, the cathodein the
same manneras in Example 1 | was prepared.

Except that the 122um total thickness surface 3121mm, back side 3121mm, the calendertreatment, to obtain a
4.0mm width of the active material coating length <Preparation of Negative Electrode>, in the same mannerasin
Example 1 to prepare a negative electrode.

Was used instead of the negative electrode and the positive electrode, and a 4.8mm width of the separator, using
the battery can outer diameter 35mm, the 5.5mm height, in the same manneras in Example 1, a battery volume
of 5.3cm3 | secondary battery was produced in coin-shaped non-aqueous electrolyte solution.

The outer diameter D of the winding body of the present embodiment, H height 34.5mm, the winderis 8 4.2mm,
the ratio D/ H thereof. :

Was 2.

In addition, 88i1mm2, effective reaction area R is 21676mmz2, 24 the ratio R / A These area A of the upper surface
portion of the winder.

Was6.

(Comparative Example 1) except for using 89yrn total thickness surface 1750mm, back side 1685mm, the
calendertreatmentafter the active material coating length <Preparation of Positive Electrode>, and a positive
electrode was prepared in the same manneras in Example 1.

Except for using 91m total thickness surface 1735mm, back side 1735mm, the calender treatmentafter the
active material coating length <Preparation of Negative Electrode>, to produce a negative electrode in the same
manneras in Example 1.

But using the negative electrode and the positive electrode, in the same manner as in Example 1, cell volume
secondary battery was manufactured coin-type non-aqueouselectrolyte solution of 2.3cm3.

The outer diameter D of the winding body of the present Comparative Example, H height 23.5mm, the winderis 6
3.7mm, the ratio D / H thereof.

Was4.

in addition, 398mm2,effective reaction area R is 10305mm2, 25 the ratio R / A These area A of the upper surface
portion of the winder.

Was9.

(Comparative Example 2) except that 185m total thickness surface 603mm, rear side 548mm, calendar
treatment, and was 2.0mm width 25um, the active material coated length the thickness of the positive electrode
currentcollector <Preparation of Positive Electrode> and thereby producing a positive electrode in the same
manner as in Example 1.

Except that the 203m total thickness surface 592mm, rear side 592mm, calendartreatment, and was 2.5mm
width 20um, the active material coated length the thickness of the negative electrode current collector
<Preparation of Negative Electrode>, Example 41 thereby producing a negative electrode in the same manneras.

Was usec instead of the negative electrode and the positive electrode, and a 3.3mm width of the separator, using
the battery can outer diameter 20mm, the 4.0mm height, in the same manneras in Example 1, a battery volume
of 1.3crn3 | secondary battery was produced in coin-shaped non-aqueous electrolyte solution.

The outer diameter D of the winding body of the present Comparative Example, H height 19.5mm, the winderis 7
2.7mm,the ratio D/H thereof.

Was2.
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In addition, 269mm2,effective reaction area R is 2302mmz2,8 the ratio R / A These area A of the uppersurface
_ portion of the winder.

Was6.

Are shown in Table 1 and Table 2 the size of the positive and negative electrodes 1 and 2 and Comparative
Examples Examples 1 to 3.

| also shownin Table 3 and Table 4 winder battery parameters and parameters of Comparative Examples 1 and 2
and Examples 1 to 3.

For each battery of Comparative Examples 1 and 2 and 1-3 Example <Evaluation of battery characteristics>, 0.

42C.

3V to perform the constant current charging, then the current value is 0.

Wassubjected to constant voltage charging until the 02C.

Then, 0.

3 2C.

| asked (a) initial capacity OV to perform the constant current discharge.

The "C" means the currentvalue whenit is discharged in one hour design capacity of the battery.

Subsequently, to 0 each battery.

426.

3V to perform the constant current charging, then the current value is 0.

Was subjected to constant voltage charging until the 02C.

Then, 3 2C.

| asked (b) heavy load capacity OV to perform the constant current discharge.

Is determined from the following equation capacity retention ratio Z (%) From the above results, it was evaluated
as the discharge load characteristics.

Z = (b/a) x 100

| are shown in Table 5 along with the parameters R / A parameters and D/H, and the battery characteristics.

| went to then charge-discharge cycle test <evaluation cycle characteristics>.

For each battery, charging 0.

450.

3V to perform the constant current charging, then the current value is 0.

Wassubjected to constant voltage charging until the 02C.

Discharge, 3 1C.
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| was subjected to constant current discharge to OV.

| repeated up to 200 cycles of charge and dischargethis.

Next, the visually observed appearanceof the battery, it was confirmed whetheror not the deformation of the
battery.

| are shownin Table 5.

From Table 5, Examples 1 to 3 in the range of 9-25 parameters R/ A and that (heavy load characteristics) high
capacity retention ratio Z as compared with Comparative Examples 1 and2is in the range understand.

Further, there was no any deformation of the battery can be repeated 200 times to charge and dischargein the
batteries of Comparative Examples 1 and 2 and Examples1 to 3.

As described above, the present invention can provide a secondary battery coin-shaped non-aqueouselectrolyte
solution discharge load characteristics is high, no deformation of the battery due to charging and discharging.

Notonly the powerof the wearable device for secondary battery coin-sHaped non-aqueous electrolyte solution,
can be widely used as powersources for various equipment.

It is a perspective view of the wound body used in the present invention.

Is a perspective view showing a step of being inserted into a battery can of a cylindrical winder.

Is a perspective view afterit Is inserted into the battery can winder, showing the steps that are disposed an upper
insulating plate on a winder.

Is a perspective view of a state where welded to the anode lead and the back portion of the negative terminal is
placed on the wound body andinsulating plate, which is disposed in the central portion ofthelid.

5A is a perspective view of a state joined by laser welding or the like and the lid and battery can, FIG 5B is a
cross-sectional view of line B-B in FIG 5A.

And is a schematic diagram of the winder.

ls a schematic diagram of the positive electrode for describing the parameters of the present invention.

Is a cross-sectional view ofline |-l in FIG.

is a cross-sectional view ofline il-Il of FIG.

Is a perspective view showing another embodimentofthe positive lead of FIG.

18 injection port 19 lower insulating plate 20 positive electrode 21 positive electrode current coliector 22 first
positive electrode 17 insulating packing the positive electrode 1 2 3 negative electrode separator 10 winder 11
positive electrode lead 12 negative electrode lead 13 battery can 14 upper insulating plate 15 cover the negative
electrode terminal 16 active material layer 23 second positive electrode active material layer 24 cathode lead 25
positive lead .
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Hl. CLAIMS JP 2008-262825

A secondary battery coin-shaped non-aqueous electrolyte solution comprising a positive electrode of the strip,
and the strip-shaped negative electrode, a separatorstrip, the battery can of the coin,

The pasitive electrode and the negative electrode, to constitute a wound body of the cylindrically wound through
the separator,

Direction winding axis of the wound bodyis, is the same as the direction of the heightof the battery can,

Outer diameter D of the Kai-tai and (mm), the ratio D / H of the (mm) H heightdirection winding axis of the
winding wound body, wherein the 7 to 25.

The ratio R / A effective reaction area R in which the area A of the upper surface portion of the Kai-tai and (mm2),
the positive electrode and the negative electrode winding the faces and (mm2)is a feature that is 9-25 secondary
battery coin non-aqueous electrolyte solution to be.

(2).

The ratio D/ His 1.

Secondary battery coin non-aqueouselectrolyte solution according to claim 4 is 5 to 23.

(3).

The volume of the secondary battery of the coin-shaped non-aqueouselectrolyte secondary battery coin-shaped
non-aqueouselectrolyte solution according to claim 1, wherein at least 1cm3‘7cm3 less.

(4).

Outer diameterof the battery can, two battery coin non-aqueouselectrolyte solution according to claim 1, wherein
at least 20mm 50mm orless.

(5).

The negative electrode and the positive electrode, a secondary battery coin-shaped non-aqueous electrolyte
solution according to claim 1 which is capable of absorbing and desorbinglithium ions.
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Ei Lczx oS, 40

[0018].

ke. LRRBAKORR MGM, BSMHPoOmsA AM LAMENTS, COBR

kO, SMOWER- WHFML, MEK RAR EMHOBDMOBR-ARL. WHE   
QL TChEMOBBEBIECS SB,

{0014]

ke. kKHBAROWKBDE, BA RKOREHMAAORAHEORKD,/H (FE)

1~2S5REAZHNM CWS, DAHA RC, AA VYBBMW EWA. Re

CMA EBDERSNAVAZFT ITV ABA OM AY BRHEAK ERROR BMWS RW,

{oo015]

Eile. DAHR2 508 244, MHOBMRHOMABRe METS, Bb,

   
 

     
  

             

  
ae fi # 50   
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io

BEt+SRETERCR ABS RMB RER CENA mmMIHECHSE NY, BEKOB

HeAAMORSHORS HS 2 mmChS. Ek, BMEBRTSRAOKE S05, BA

(KO HH BE DORKMHAS OmmESA BRS. ZOkM, DA/HORATEIM 25k RS,
ABM, BHWEBRI CRBCBDEREMWAReSRBTSED/HI1. 5~>~2 3849

BE LY.

[ooi6]

kk. REMOSZAY MEK ERBRIKBw CH, LER RObLMBOmMRBALL £

At KP AM LAM LCM AZ RISA REMUERAAM, O~25BRRE SH

kh OMEL KML SOK 2 OKREANS., CHKELY, KEARReS Him EC

 HAWREDEBRANASERRNOBME CRM L RA, COC. RADAR 10

i BA SREEMLARMOB MR BALAMAL CW SAHRA, BRUF DATS
YOURE CM, RRR UF UO AFY PPP BEC RY LIOK, AMADOR

SILMBEMRBOMRMLO KES L. ERB MARBOSH RARE DAB icoM AL TW

4k0,. Ri ADMMIX, SRNL EBEMARORICHTWSHDOMBE RS,

[0017]

He, KREW OM VBE KEM RE WORM, le mILhkE7 co m3 F CHS

CE MBRBELW, COMAA CH nit, BH) CAARDBBRANAT AT TT NAB

AOzrYBEK BM IKROI KRM CRM ERS, :

[0018]

SOK, KRHEWOAYBHEKBRMI RBM, BMT OARS, 20mm Et 5 O 20
mmUFCHSLEBMELD, COMMA CONN, LH ¢mMR KBR hBCRAED
BRAND AV*tSTITVEBHOAYBPKBMMI KR BME LCR ERS

[0019]

Ril, RRA OA YBHEKERIRI KEIO Se IESE RAT So MBL ey
1~M10 CH, A-RAOKMAM-OBSBEHL, BH LEMAR RT OCBAD SS,

[0020]

Hii, KRACK ADSZHRAKROPMNM CHS, M1li BWC, BAK 1 OM, HK

ERMCBERORMLe, PROKAVL-FENL CBE L CFM SN WS,

[oo21]
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LREMR, ERMA, EMA MEDAL EMA VY PSC RPA WK. BAe 30

ink CHAP ICRML CB EM eH2 he eMbeep uwheeeei, $OEMAA RB EME ORARUMEORMBERKHMT SILI LYMM CS
    

{oo022)

hi EMG MB Loin, MAI, LicCoOgFOUFYVAAAA Sh BibwW. LiM
n,O4gZOVFUAVTY AYR wm. LiNiO,FOUF YAR Y TAB IWS DD eR
CHER. VF UAAYERM RMA CH non sk hearer,

[0023]

 
       

                
 

  
    

             

   

LEER BAL UCM, BRAN E BMI BD CREAM ILE NI RER ET REA
CHhHITRICME ANA, EME BAL LCi, MarR, FEA D LR BAW SH
B. 40

[oo024]

TEE RO — ICI TE AAIS A be BA LOTR Se OR Oehy

ARIE ORY C BILD TE ke YD — ‘LIMB RESTS, HER. BEAR
LH BB rd KO Twa PCB Cb ES, yimEf OD pitan POI RI Ob EW,SG, CRKRRUM SHOR CR RIT SLA EB) -FPRRAT. EMRE AO

BMH BCM BRL COSTSRBELCEMI-PFELTHEEW,
[0025]

LRAMIL, AME DA, AMA BREDA AMAA TY FStRbRe wit, BAe
          

MACHR RBRALCRKAM BA NK-AhE, RRR KOMAC RAL CORR LER
}
ii, £ORMAOABEMEOBAROMEORMBEKHMATSZ IE ED BMRCES, 50
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[0026]

hRAMIE DHE UCM, ZIT, KRAE HR RO. REWORK BG, ER BSS O
A id BaD © ik HM BLS PHRER VSU AP HVE mi AHH CHNP ONS
CREA MEW,

{ao027]}

ERAMABAL LUM, BR ANDE BMRB CSA LEDKRER EBT SMAK
 
  
    ChhITRIMesAnRY), AMBEBAL UCM, WZ, HRSA RY bn,

 
 

        
 

  
 
 

  
 

  
         

  
    

[0 028}

A Ba SR KD ~~ Yee BB IT ae A-ALRBA LTR EBRABM RORY On,KR AKR MM SORT OL , AMI—-FLOSBRAN CWS, EK, KBB 10He ik, AB EK @ GWBi euch he. Ai —-PREKO MMBC EE,
SO, RBKRHME ROU CB RT SELMAMY-— PICA RT, ABER AO

BS MLMBIB LC OF FRB CAMBY FELTBEELYW,

{oo029]

Mick, FMVU- FLL eB1 OOAR ABO. AYU P12 eee 1 OO

AA MICRO ED, EMIU-PLIe BRR LOOAR MIRO, Amv F12ee

KL OOARAM CROTCH ES. ER. TEMIU- PLL ROBYPL Oe ibe

KLOOHA MIR CH LV,

[0030]

hE NRE OPEL CH, KERATYEWMERVUMEORMBA REL AT SHRED 20

MSIE PIB AD SNS, EK, HERE E (100~140C) CHAEHBL,

Hie LKWSHRHEZATAZLOR, BMORSMHMELORDPOMELY, Boawicik, £

He SU- PLUCK, MARAE ROORKEE AT SRV Prey, KUTT EY

BOAvVIAYRARV YORE V FP AMMBPORAY Oh. RR. MBL Rare e+

VROMFERAA CHA LESZLARSBS BAY ONS,

[oo031]

      
     

 
 qeS     

       
 

   
     

  
   

     
 

   
  
 

          
 
  

 
 

M2, BAA 1 OF ARROBMH 1 GICAL CMS LR ER TREE CHS.

Gk i Om, CORRS AND BMH 1 3O0ORAHFAMEM-ERSALIR, BMH 1

SHAH S, BWHL SOM B, FAT HVAERRV ONS, BK. B13

OR Mic. FRM RR (MRP. ) ORBAN CWS, FRBRROMBIR E 30

SHR, KV 7 eraevrnrvsr ft F (PPS) BORDTHBLAWSZIEB CES,

{oo032]

Msi, BPAA1L OS Bit 1 SMALE BK, BAK LOOK EAR RI 4

  

  
 

 ERE LCWALHERTARM CHS, EMMA 1 4 OM BI, baIR LOR

POUBARA CES,

{003 3]

BM 40k. LHR R 14 PRR LODO EERE L, BLSOPRRICABR ANE A

WEL OONRMLAMI-—FI2&eRReLERBOREMNM CHS, #15 - Aint 1

ce eeeeneeatteem e aBIC T Via UAB SAW SAYA, Afip+ 1 6 OMB, my TN SRAD ONS, 40io eU PL TOMER. MU SDELY (oP) BOA CME WArLERCE
Do

{0-034]

MosAtk, BRIS EBL SLLBES IChLOBALERBROSHM Ch S

» MSBKR, MSAMDB-BROMMMCHS, MSBIKBWT, BLS tempise

CERES NKBAABAIHEAK1ORIRASH, BMG 1 3 OW BITRE RMR RIO

DHRBSHTWS, HL, HSBC, BAK1OOKAANOMSRMAK LTWRY,

Hime 1 Ol, AROLBY, PROMI LB ROBMALEL HPROEALY-F#B8e

PUTER RA LEMME AUCWS, BERK, EMV Pili, Bie 1 ste

SEOMCRENME RIB CHEA EAN THOS, CMC LY, Bi1 8 RUE 1 5 BIE Th 50
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FLUCT 4. (RL. Bw 1 30% Bic kot, BmMH13IRURI SOBA weE

ROEBGbbS. REI. ERO 1 8Pb, BRR RL. ERA 1 8 tHe (RA

eP, ) Rho tCH OT HHA VY BHA RRA KERMA ERTS,

{003 5]

kee MIRIL. PIA. Pavey aroma (VC). Ferrey W— RH) CP

C)., BFUY AO RK Fb (CEC). FFU YAH RH bb OBC). PAF NAR

x—- bk (DMC), VPEFNMA-KRKA—-—b (DEC) . ARFADFAN-HRH—b (ME

CC). y-FFRIIRYEORMBBAER Se 1 MMU ORM LRA LEBER, fat

LictoO,yg LiPFg LiBF,4 LiAsFg LiSbFg LiCF3S 034%
DPeBen6z2hbR<C LI MMOVF UDB ERP A CPR BRBRe ADH ky. COs 10

MR POLiA SY OMHM, 0. 5~1. Smo lI/LETHREY,

[0636]
Melt, BHA1lOOMAM CHS, M6 CH, EMIU-FKRUARMI- FORRES

WUC) 4S, BAALOOARBRD (mm) +. HHA1LOOBRA MFM ORS H (mm)

EMOMDY/HM, 1~25EKRRESHNTWS, ER, BAR LOD LARMORRA (mm

2) b, EMLAME RMA LCD 4ZRSAMABMR (mm7) LMOUR/AU, 9O~25
ICR ARTS,

       

      
 

 
  

  

  

 
 

     

    
 

 
  
        
  

   
 

     

    
   

 
  M7, RBHOADPA-FRRATAZROOEMORANM CHS, MTIBWC, H

KOE 2 OOEMBRBEA2 1 OMMICIL, BlLEMBMARB2 26. Bl EMH e 20
pK

       =ay  
  

     2208 <RMRAHEB2EMEMAB2323E SB MAN CWS, ERE IB A He rk

SANTOR WEMERBK 21 OUWD OM Sa CIEMU- P24 RL TVS,

oC, BL ERMEMARB22O0RASEL (mm) . $2EMBMRB23O0KRSEI] (m

m) . E@RBA2 1 ORBeEW (mm) EFS6E, REAWMBAR (mm?) Kk. R= (
L+tJ) xWwkteS, ,

{0038]

kk. EMRBA2 1. Bl EMMA 2 2, 2EMEMRB 23 Ft Eth 20

OUMBRMeB (mm?) . EMIV-—FoRen EFSEL, MCNGOKLY (BXn) tke

O0OO~8SO000ORHBELY,

foo39] 30

MS8ik, MI OL—-IRMOMMNM CHS. EK. HOR. RTOLI-Lli&gowee

ChA, LOC, EMY-F 240M Re C (mm*7) . EMV—-—FOH Qn, EGE

BeR2L.OMmMBe S (mm?) EFSZEL CMHOM (CxXn) KSHIBEChS SO
& BARU,

[oo4a]

             
          

 
         

 

 
   

#  Ey
 

     
 

  
    

 
  

        “

  

   
  

  
 

 
   

 

Mion, B7ORMU-~FORORBRe RTA CHS. M10 Cl. EMRE K

PLOW MIRIT ERE T SZ LICE OEMVU-—F25ekBRUCWA, ML OOrRBRS

both, LHRLEHKLY (BxXn) . bh (CXKn) SSORBRAMAR CHS.

(32 ie fl) -

[oo41] 40
DF. ERP ICHEORABA ERATOR, RRR FORM ICRE AN SEO

   
 

th ze vy,

{004 2]

(hi #1)

<1EMO fe >

EMBWAChSLiCoOg: 80OBBRBRL., BEMAICHOTEFLY AF oy:
1LOHBBRBE. AAV SF CHERV AP yvferPaVury (PVDF) :5BeBeR. N-

AFuw-2-EnY RY (NMP) &€RBAE CCMA TC. WH RALAMRA LUCE

SGHUAAA-AbEMRLE, COEMGAM SA KARE, EMRBKEROHE 20

umOFVML=aKVAROMABI. KRHNOBMABHRERBRL22 1mm, RHMOBMH 50
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BAER LL 5S oammice ako RHLlL. MBL. EOKR, AVY F-MEBYTOT

SER 1 284 pmetRZLARBMORBSERMEL. 8. OmmKRAZLIMODEL
C, EB ROEMERCHR LE. PRLER KOE MOMMA MBICN, RDB KRA ABA RS
WTW4,

[0043]

ZIG, KHERRERCORAN EH, BAKER RLUEGRAOWAMEWDW. COB
Mceit, BAAR RLAEBFAOANARM AWW, BRI 4 MMA E(k OB & REC

 

        
   

 
          

 

 
 

    
 

  
 

  
          

 
 

 
   

Tal

Be

{0044]

<A ho (ER > 10
BME ACH SBD: 9OREBMBE. AVF CHSPVDE : 5SHEMWEIL NM

PEBALE LOMATCT, H-HKRAZLIOWBA LU CAMANAASN-AhRAMLE,
DORMAALGAA-ALRS, IGUK & eBS281 2p mOWMMOMMI, KH MOwW
mABRES1207Tmm, BHHOBMRAMTEB120OTmmneRSL OIC RBAL,

BBLeE, £EOB. PUY F-MBe FOC. BRB L 4A 2a mi RoI BMOBS

eMIEL. 8. SmmeRSLIIMOM LC, PROAMERMLE. FMLEBRO

AMOMMBRCIL, BRARRHARBREN TOS
[oo045]

< #8 © (FR >

hHOLOKERMLEE ROE ME AML OM, BS&20um, H4. SmmORKY 20
ZF VU YR OMBLU TZ AM ALVRSLAL-FeRBLCBEALT, BARE ER L

fe. BHA, EROHMHOEME DER RARREACRHE MRR AME MAT OL DK

em Li, KI, EM OM MR RAARBOT ASH DARE, BARON AMMO mE

HOU CROWL, EMU PELAB MLK. EK. AMOR DA RB ii MO ME

   
              

     
 

&, BAROAR BRA (POM) OMBLOPORLCRYU OAL. AMV FE LAR
Lk.

{o046]

eM LEBAAOMAEDIX, 23. 5mm, KAKORASHEA3, Tmm, CH5EOkK
D/AHIH6. 4Cbok. Bk. BAKO LARMOMBAH 3 98mm", RKAWHE
RIX7128mm", 2HSOHKRAAMIT. OCHO, 30
{oo047]

< 7B Me @ RL >

mRFU VEO RR-b (EC) EVYRFAA—-—KRAR-+b (DEC) LORARBH (CEC

-DECOBARMHKM1 : 2) HiLIiPPFetl. 2molYLAMS CE BIRR
MMULE.
[0048]

< Bi (FR >

KGE2QAmm, B&S5. Omm, MHBSO. 25mm, KRHESO. B8mmO7NVR

a0 APBOBMMHEL AB2 4mm, SSO. 4mm VL AV DHOBe BLE.
Bowprinig, BES mmOsyTFAROBRMBFE ORV SAE VY MOR YR YALE 40
LURES ENTWS, KK, LHREMHORB. BXO. OSmmOP PS HO EFPM

BREMELEKE,. BE KORA T AR BMHOmRs Hat ld— eee roi, hee

Mik + BNA LE. RR, BAROLMIKESO. OSmmOPPSHOLMH

RBREMB LEB. AMY FEAR FORMIBRELE. OR, ERU-—F RBH

Bee LOMCRARP RE EBM REBEL EL VBR LORBALE,

[oo049]

RRiC, BRO CHEB 1. SmomORROPCLRERREARL. BAKE

RE HR e+ DeMeee. HCY eM HA LCL OPH RRP SIEM EOS
OUC, BMARA 2. 8 cmFnatVvRVUF VAL AY IKBMWEePRLE,

[oo50]} 50
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(32 Hi Gl 2 )

<TR O (eR >

TEMBBAOB AY 25pm, 
 
   
  

   
  
  

 
 

   
    

1 ABi

AvYVP-MABOePEBEeELE2um, Be

  

woMm

 

eRHME6 78mm, B

OmmeEL ERMA, KP 1 & MR

JP 2008-262825 A 2008.10.30

  
Afl6é 24mm,   
 

Se 

 
  

 
  
  

 

 

  
  
 
 

LCUEMeFRLE.

{oo51]

<ARoO fH >

BAMEBAKORSeE20um, PORBARE RAW 66 7mm, M6 6 7mm,

DeYA—-MBBCOBSEE1TT um, Be2. SmmbLREUHI, Rio 1 bw Ric

LCBMe FRLE.

[oo5 2]

KEM ROLPAMA AY, EAL -F OES. SmmtEL, AHE2AOmm, HS

4. OmmOBWRe AVERSA, BMH 1 EAR Ut, Bea 1. 8c msn

a4 VY IGZE KR MOK BME MLE,
[0053]

KEW POR GAOAEDI. 19. Smm, BAKORAHM2. Tmm, 2HS5OH”

KD/HIE7. 2Gbhok, EK. BHKOLMBOHBAN 2 69mm?, RAO
FER IK2 6 04mm7, “MEMOKRSANS.

 
       
 

7 CGhok,

 

[oo054]

(32 hi FI 3 )

< ERO fe >

EWA BRReERAAMS 146mm, B
115m,

[0055]

< AO iF IR >

 
 

 
   
   
  

   
   
     
      

 

 
    

  

 

ffl 3 04 7mm,

Be3. SmmELEMHI, BHM Lemme CES ERLE.

 

AvYP-MEROBEBE
 

  

 

HMEREBREERAWS12imm, BAW 31 2imm, POY FY -ABBOSBRE

122um, B44. OmmtELEVA, KGW 1 EMI Ut, Amel.

[oo56]

ELREMBROLMAME AW. tAL-FORE 4. BmmeEL, HRS S5mm, AS

5. SmmOBMee ADEM, SMH 1 LMR UC. Beem 5. 8c msn
Af VBHAKABRROK BME PRL.

[oo05 7)

ASMOOREAAOABDIZ, 84. Bmm, HAKAORBSHH4, 2mm, 2N5OD

KDAHIAS. 2Chok., ER. BH AKOLHROMRMAI8 Simm?, REAM
MRIt21676mm", CHE OHKR/SAI 24. 6 CHR,

{005 8]

(re Be HJ 1)

< TE fi OD (ER >

EWMRAPEeRAW1 75 Omm, BHM 16 8ibmm, Wey ¥-MEBBOBES  

B89umeELELAN, KA 1 & Ric
{oo059]

< & HD (EB >

  
 

 

LCEMe PRL.

     
   

 

    
 

  
  

 
 

 
   35mm, AvY PF —-MBBOLRR 

 

SIR BEDS2. 38cm ZUT,

 

 KOBSHNS. Tmm, LHOD 
 
 

GwMARBAREKREH 173 S5mm, Bw1 7

9ivpme LEKI, SMH LEM RRL CAME ERLE.

{oo060]

bHEMRORGRAMSe AWK US, Ziel 1 & AR

SHAVE KERRI KBE PERLE.

[0061]

ALE BORE ROABDIZ, 23. 5mm, BE

KD/YHH6, 4CbHok, Be. BE
   
 

(KOLMBOHRMAIT3 9 8mm?, RKADH  

20

30

40

50
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f§F#R1E10305mm7, CHSEOHKRAAUW25. ICH,

{006 2]

(Ee Bs fi]2)
< TFB ORA>
EMBRBAOB Ae 2 56 um, SWHAEREReERAM6O8mm, RAMS 4 8mm,

DVYVYS—-MBBOSER 1 85 um, He2,. OmmELEUH RM, KWH 1 & MeRic

LUFme? (FRLE.

[oo63]

< AMO fe >

HMERBKORSE2Onm, FHORBHRERMAMS9Smm, HAMS 9 2mm, 10
pveYF -MBABOSEe2L O38 um, BEEZ. SmmELEWUSHIS, KP 1 b Ric

LUAme FRLE.

[0064]

L#LIEMROLHRAME AY. BEAU -F OMe 3. BmmeEL, AR2Omm, BS
4, OmmOBMM AWE UA, SMM LER LC, BABA 1. BomFo
IA VBE KERRI KARI EER LE.

[0065] , -

ALLER A ORBEARKOABDIZ, 19. Smm, BAAM BAHIA. Tmm, “NSO

KD/HIE7. 2Cbhok, EK, BAKOLMMOMMAN 2 69mm*?, KAM
FRIk2302mm7, 2HOOKRSAIMS8. 6 Chk, 20
[oo066]

SMW L~ SROURH 1, 2OERROAMOBTHEERLRORACEL OTRAS

  
 

 
        

   

 

 
      

 

   
    

  

  
 
 

   
  

  
       

 

  
 

  
         

   

a

 
  

 
 
 

 

 

 

 
 

  
   

 

 
  

   
 

 
  

  

     
 

[0067]

[#1]

| TE #m <t #& (mm) - ;
= TbRaAk ae bs

EGA 1 3. 0 1221/1155 0.134 0. 02
=eB 2 2. 0 678/624 0. 162 0. 025 30

AHEM 3 3.5 8146/3047|0. 115 0. 02
Eepl1| 3. 0 1750/1685 0. 089 0.02 °
LBSBil 2 2. 0 603/548 0. 185 0. 025

{006 8]

[#& 2]

a fm St & (mm) —
7 WORRAE as

MPA 1 3. 5 1207/1207 0. 142 0. 012 |
HGR 2 2. 5 667/667 0.177 0. 02
EKG 3 4. 0 3121/3121 0. 122 0. 012

FLBBe fal 1 8.65 1735/1735 0. O91 0. 012

ELBE fF 2 2. 5 592/592 0. 203 0. 02

[oo69a9]
  

Ee, ZMAM 1 ~S RUM PL, 2 ORMA TA -FROBAEAD A-FeRRBR
O# 4m,

[0070] 50
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 <b NAPE O HF fh >

BPA NRREKRI LIK ok, RECS BWicoVy

ECEBHABE IW. CORB,

 
  

 

Tc, O.

 
 

   
   

   
   
 

[#3]

em N > A

ee | AES LAT|AEURAAD|BEERS H D/H(mm) (mm) (cm$) (mm) (mm)
SeePA 1 24 5. 0 2. 3 23. 5 3. 7 6. 4
HG 2|2 0 4. 0 1. 3 19. 5 2.7 |7. 2
HIPI3 | 35 5. 5 5. 3 34.5 4. 2 8. 2
Heipa) 1 24 5. 0 2. 3 23. 5 3. 7 8. 4on 20 | 4. 0 1. 3 19. 5 2.7|7. 2 0

{oo71]

[#4]

| ga kN > 2 — % |

FeaEmRHERA | RSASHAAR R/A(mm?) . (mm?)

Seii 1 398 | 7128 17. 9
Hit fal 2 269 | 2604 9. 7

iP 3 | 881 : 21676 24. 6 20HeReB | 398 10305 25. 9
POR2 | 269 | 2302 8. 6

[0072]

< Fe RTE @ BF fh >

EMAL ~ S RULER 1, 2ORMMIOWT, O. 2CC4A, SVECERKEE

Kf. OB. BHMRO. OPCERARCHHBERBt HOR, Ki. 0. 20
3. OVECHBHKRB ETO CMMARB (a) ROK. BHR. FC) Li, BOR

HAEL LMM ChE TZHAOEREe BRITS.

[0073] 30
BMEvoC., BRMEO. 2CC4. SVECHERRRBETIV. COR, BHHAO. 0

2CHERAECHEBREREBe rok, Mii, 2CC38. OVECHHRRKB EI OCHA

BAB (b) ERO.

{[oa7a4T

GRDORRZ (%) EPFRHADORO, MBAR RIEL LCP ih le.

{oa75]

Z= (b4%a) X100

‘[oo076]

REPEL AFRAID L/SHRORFA-FRLSALEKBKERSIKARY,

[0077] 40

aC C4. 38V

EMA O. O2CLERAECEREREe Tok,

Berk, 1CC3. OVECHERMKBe Tok, CORMBEIPAINAELT200F

AINE CMOB Le. Kit, SWOAMSARCLYRBL,

Lk, @ORREROMART,

{007 8]

    HO BE

 
 
 

BO) Ay Ee BE TE 
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[#5]

NF A 2 © 7h of Uf 7 VERE

AURA|ARERR Z|ge oe granD/H R/A (mAh) (%) HWA BORI
HEP1 6. 4 | 17. 9 220 90 46 L
eK2|7. 2 | 9. 7 96 8 6 EL
EWS|8. 2 | 24. 6 585 87 EL
PeePil 1 6. 4 | 25. 9 180 6 7 HEL
tkesel2|7. 2 | 8. 6 99 5 6 AL

[oo079]

REMGS. AFA-FR/SABI~ 2S OMAN SS RMHAL~ SH, COMMA I
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(57) The inventionis directed to a cylindrical lithium
secondary battery (200) comprising:
an electrode assembly (300) which hasa first electrode
plate (310), a second electrode plate (320), and a sepa-
rator (330) provided between the first electrode plate
(310) and the second electrode plate (320), and has a
central space at the center of winding;
acore member(800, 900) whichis formedin atube shape
having a cut-groove (810, 910) along a longitudinal di-
rection, and includes atleast one notch (830, 930) formed
in a longitudinal direction at an inner lateral surface of
the tube shape;
a case (400) which hasa space for containing the elec-
trode assembly (300) and including an open portion; and
a cap assembly (500) which is connected to the open
portion of the case (400) so as to seal the case (400).

Core memberfor a cylindrical lithium secondary battery

FIG. 4B
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Description

BACKGROUND OFTHE INVENTION

1. Field of the Invention

[0001] Aspects of the present invention relate to a cy-
lindrical lithium ion secondary battery, and more partic-
ularly, toa cylindrical lithium ion secondary battery having
an improved stability with respect to external pressure.

2. Description of the Related Art

[0002] In general, a cylindrical lithium ion secondary
battery includes an electrode assembly that is wound
substantially in the form of a cylinder, a cylindrical can
that is connected to the electrode assembly, an electro-
lytic solution that is infused inside the canto allow lithium
ions to move, and a cap assembly that is connected to
one side of the can and prevents the electrolytic solution
from leaking and prevents the electrode assembly from
separating.
[0003] The cylindrical lithium ion secondary battery
typically has a capacity of approximately 2000 to
2400mA,and thus is mainly used in electronic devices
requiring high powersuch as notebook PCs,digital cam-
eras, or camcorders. For example, a required numberof
cylindrical lithium ion secondary batteries may be con-
nected in series or parallel, may include a protectioncir-
cuit, and may be assembledin a specific shape in a hard
packto be used as a power source connected to an elec-
tronic device.

[0004] The cylindrical lithium ion secondary battery is
manufactured by the following method.
[0005] First, a negative electrode plate that includes
an active material and a positive electrode plate thatin-
cludes a separator and the active material are laminated
together. One end thereof is then connected to a pole-
shaped wind-axis, and is then woundin a substantial
cylindrical shape, thereby forming an electrode assem-
bly. Thereafter, the electrode assemblyis inserted into a
cylindrical can, an electrolytic solution is then infused
therein, andacap assemblyis welded at an upperportion
of the cylindrical can, thereby formingalithium ion sec-
ondary battery having a substantial cylindrical shape.
[0006] Recently, acore member 100 having a substan-
tial pole shape as shownin FIG. 1 has been inserted in
the center of the electrode assembly, so that the elec-
trode assemblyis not deformed when thecylindricallith-
ium ion secondary battery is charged or discharged. The
core member100 is generally formed by winding a ma-
terial that initially has a form of a plate, so that a tube
shape having a circularcross-section is formed. A portion
thereof is cut along a longitudinal direction.
[0007] However, in the cylindrical lithium ion second-
ary battery above, the core member 100 may move due
to an external impact such as a drop. The movementof
the core member 100 may affect the cap assembly lo-
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cated at an upper portion of the core member 100.In
particular, when the core member 100 collides with a
safety belt of the cap assembly, the safety belt may be
inverted or damaged.If the safety belt is inverted or dam-
aged,it may severely affect a safety of a lithium second-
ary battery.
[0008] Further, when the core member100 rotates, a
lower end of the electrode assembly may comein contact
with the core member100, and thus a short may occur
at the lower endof the electrode assembly.
[0009] Furthermore, when the core member 100 is de-
formed or damaged, the separator of the electrode as-
sembly may be damaged, and the damageto the sepa-
rator may lead to a short between thepositive electrode
plate and the negative electrode plate, which may pro-
duce even greater damage or an explosion ofthe cylin-
dricallithium ion secondary battery. In particular, when
external pressure is applied, the core member 100 may
be deformed in a specific direction at a point where the
external pressure is concentrated. The electrode assem-
bly receives the pressurein the specific direction, thereby
producing a short betweenthe electrode plates.

SUMMARYOF THE INVENTION

[0010] Aspects of the present invention provide a cy-
lindrical lithium ion secondary battery having animproved
safety with respect to an external pressure.
[0011] Accordingto the present invention, acore mem-
ber insertable into a central space of an electrode as-
sembly of a cylindrical lithium secondary battery has a
tubular shape, has a cut-groove along a longitudinaldi-
rection, and includes at least one notch formed in a lon-

gitudinal direction at an innerlateral surface of the core
member. More precisely, the cylindricallithium second-
ary battery comprising:

an electrode assembly which hasafirst electrode
plate, a secondelectrodeplate, and a separatorpro-
vided between the first electrode plate and the sec-
ondelectrode plate, and

has a central space at the center of winding;

a core memberwhichis formedin a tube shape hav-
ing a cut-groove along a longitudinal direction, and
includes at least one notch formedin a longitudinal
direction at an inner lateral surface of the tube shape;

acase which hasaspace for containing the electrode
assembly and including an open portion; and

a cap assembly which is connected to an open por-
tion of the case so as to seal the case.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and/or other aspects and advantagesof
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the invention will become apparent and morereadily ap-
preciated from the following description of the embodi-
ments, taken in conjunction with the accompanying draw-
ings of which:

FIG. 1 is a perspective view of a conventional core
member;

FIG. 2A is a perspective view of a cylindrical lithium
secondary battery;

FIG. 2B is a cross-sectional view along the A-Aline
of FIG. 2A;

FIG. 2C is a cross-sectional view along the B-Bline
of FIG. 2A;

FIG. 3A is a vertical cross-sectional viewillustrating
a cylindrical lithium secondary battery according to
he present invention;

FIG. 3B is a horizontal cross-sectional viewillustrat-

ing a cylindrical lithium secondary battery according
‘o the embodiment of FIG. 5A; and

FIGS. 4A and 4B are perspective viewsillustrating
core membersof a cylindricallithium secondary bat-
ery according to the present invention.

 
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0013] Reference will now be made in detail to the
present embodiments of the presentinvention, examples
of which are illustrated in the accompanying drawings,
whereinlike reference numerals referto the like elements

throughout. The embodiments are described below in
order to explain the present invention by referring to the
figures.
[0014] FIG. 2A is a perspective view of a cylindrical
lithium secondary battery. FIG. 2B is a cross-sectional
view along the A-A line of FIG. 2A. FIG. 2C is a cross-
sectional view along the B-B line of FIG. 2A.
[0015] Referringto FIGS. 2A to2C,acylindricallithium
ion secondary battery 200 includes an electrode assem-
bly 300 which generates a voltage difference at charging/
discharging time, a cylindrical case 400 which contains
the electrode assembly 300, a cap assembly 500 which
is assembled at an upperportion of the cylindrical case
400 and preventsthe electrode assembly 300 from sep-
aration, and a core member 600 whichis located at a
central space of the electrode assembly 300.
[0016] The electrode assembly 300 includesa positive
(or negative) active material, such as, for example, a first
electrode plate 310 coated with the positive active ma-
terial, and a negative (or positive) active material, such
as, for example, a second electrode plate 320 coated
with the negative active material. In addition, a separator
330 is located between thefirst electrode plate 310 and
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the second electrode plate 320. The separator 330 pre-
vents the first and second electrode plates 310 and 320
from shorting and allows only lithium ions to move. Fur-
ther, the first electrode plate 310, the second electrode
plate 320, and the separator 330 are woundin a spiral
shape, have a specific space at the center of winding,
and are contained in the cylindrical case 400. Thefirst
electrode plate 310 is generally made of aluminum (Al),
andis bonded withafirst electrode tab 315 that protrudes
upwardsin a specific length. The second electrode plate
320 is generally made of nickel (Ni), and is bonded with
a second electrode tab 325 that protrudes downwardsin
a specific length. However, the present invention is not
limited thereto. Moreover, upper and lower isolating
plates 341 and 345 are further included at upper and
lower portions of the electrode assembly 300, respec-
tively, in order to avoid a direct contact with a cap as-
sembly 500 or the cylindrical case 400.
[0017] Inthe cylindrical case 400, a cylindrical surface
410 defines a specific space with a specific diameter. A
bottom surface 420 is formed at a lower portion of the
cylindrical surface 410 to block a lower spaceofthe cy-
lindrical surface 410, and an upperportion of the cylin-
drical surface 410 is open so that the electrode assembly
300 can be inserted. Either the first electrode tab 315 of

the electrode plate 310 or the second electrode tab 325
of the second electrode plate 320 is bonded at the center
of the bottom surface 420 of the cylindrical case 400, and
thus, the cylindrical case 400 itself functions as an ex-
tension of the first electrode plate 310 or second elec-
trode plate 320. For example, the second electrode tab
325 may be bondedat the centerof the bottom surface
420 of the cylindrical case 400 so that the cylindrical case
functions as part of the negative electrode. Thecylindrical
case 400 is generally made of aluminum (Al), steel (Fe),
or an alloy of Al and Fe. Further, in the upper portion of
the cylindrical case 400, a crimping portion 430 is curved
in one direction so as to press the cap assembly 500,
and a beading portion 440is concaved inwardsto press
the cap assembly 500fram bottom to top.
[0018] The cap assembly 500 includes a conductive
safety belt 510 whichis weldedto thefirst electrode tab
315 and whichis inverted in the case of over-charging
or abnormal heating, a printed circuit board (PCB) 520
whichis electrically or mechanically connected to an up-
per portion of the safety belt 510 and cuts a circuit when
the safety belt 510 is inverted, a positive temperature
element 530 whichis electrically and mechanically con-
nected to an upper portion of the PCB 520 and cuts a
circuit at a specific temperature and a higher tempera-
ture, a conductive electrode cap 540 whichis electrically
and mechanically connected to an upper portion of the
positive temperature element 530 and applies a practical
current to an external side, and a gasket 550 which en-
closes lateral circumferences of the safety belt 510, the
PCB 520, the positive temperature element 530, and the
electrode cap 540, to isolate them from the cylindrical
case 400. Here, the electrode cap 540 may be bonded
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to either the first electrode 315 of the electrode assembly
300 or the second electrode tab 325 thereof. For exam-

ple, the electrode cap 540 may be bonded to thefirst
electrode tab 315 and mayfunction as part of the same
electrode along with the first electrode plate 310, which
may be, for example, the positive electrode.
[0019] Thecore member 600is inserted into the center
portion of the woundtype electrode assembly 300. The
core member 600 prevents the wound type electrode as-
sembly 300 from releasing and loosening, and also pre-
vents the wound type electrode assembly 300 from de-
forming due to external pressure.
[0020] The core member600 is formed by winding a
metal plate into a substantially tubular shape. Further, a
cut-groove, gap, or slit opening 630 is formed along a
longitudinal direction of the core member 600. Bothlat-
eral ends of the cut-groove 630 of the core member 600
are bent to face inwards, and the both lateral ends thereof
are bent again so that the edges thereof face outwards
with respect to the core member600.
[0021] Preferably, butnotnecessarily, diameters of the
core member 600 are smallerat the first and second tube

end portions than at the center portion. In other words,
the core member 600 maybe tapered atthefirst tube
end and the second tube end.

[0022] Although not shown,an electrolytic solution is
infused into the cylindrical case 400 sothata lithium ion
can move betweenthe electrodes. The electrolytic solu-
tion functions as a medium for moving lithium (Li) ions
generated by an electrochemical reaction that occurs in
positive and negative electrode inside a battery during
charging/discharging. The electrolytic solution may be a
non-aqueoustype organic electrolytic solution which is
a mixture of a lithium salt and an organic solvent with
high purity. Further, the electrolytic solution may be a
polymer using a polymer electrolyte, but the type of the
electrolytic solution material is not limited thereto.
[0023] FIG. 3A is a vertical cross-sectional view illus-
trating a cylindrical lithium secondary battery according
to another embodimentof the present invention. FIG. 3B
is a horizontal cross-sectional viewillustrating a cylindri-
callithium secondary battery according to this embodi-
ment of the present invention.
[0024] Overall structures of the cylindrical lithium sec-
ondary battery illustrated in FIGS. 3A to 3B are similar
to those of the cylindricallithium secondary battery illus-
trated in FIGS. 2A to 2C.

[0025] The only difference can be seenin the structure
of acore member. The core member800 is inserted into

a central space of the wound type electrode assembly
300, prevents the wound type electrode assembly 300
from releasing and loosening, and also prevents the
wound type electrode assembly 300 from deforming due
to an external pressure. The core member 800 has a
substantially tubular shape. A cut-groove 810 is formed
along a longitudinal direction of the core member800.
The cut-groove 810 is bonded when the core member
800 is joined with the electrode assembly 300. In some
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cases, the cut-groove 810 may be separated to maintain
a specific distance.
[0026] Further, the core member800includes a pro-
trusion 820 that protrudes by a specific length at a lower
portion of the core member800, thatis, at the tube end
portion of the core member 800 that faces the bottom or
closed end of the case, and at least one notch 830 is
formedat aninnerlateral surface of the tube shaped core
member 800 along a longitudinal direction of the core
member 800.

[0027] In addition, the height of the core member 800
is 90 to 110% of the height of the electrode assembly
300 when a tube end portion of the core member800is
located on the second electrode tab 325.If the height of
the core member800is equalto or less than 90% of the
height of the electrode assembly 300, the core member
800 lacks sufficient strength for fixing and supporting the
electrode assembly 300. In addition, if the height of the
core member 800is equal to or greater than 110% of the
height of the electrode assembly 300, the core member
600 may comeinto contact with an element of the cap
assembly 500, thereby creating problems.
[0028] Although not shown,an electrolytic solution is
infused into the cylindrical case 400 so thatlithium ions
can move betweenthe electrodes. The electrolytic solu-
tion functions as a medium for moving lithium (Li) ions
generated by an electrochemical reaction that occursin
positive and negative electrodes inside a battery during
charging/discharging. The electrolytic solution may be a
non-aqueous type organic electrolytic solution which is
a mixture of a lithium salt and an organic solvent with
high purity. Further, the electrolytic solution may be a
polymer using a polymerelectrolyte, but the type of the
electrolytic solution material is notlimited thereto.
[0029] FIGS. 4A and 4B are perspective viewsillus-
trating core membersof a cylindrical lithium secondary
battery according to additional embodiments of the
presentinvention.
[0030] Referring to FIGS. 4A and 4B, core members
800 and 900ofthe cylindrical lithium secondary battery
200 have a substantially tubular shape, and cut-grooves
810 and 910 are formed along longitudinal directions of
the core members 800 and 900. As used herein, the term
"cut-groove" refers to any longitudinal gap in the wound
core members 800 and 900. The cut-groove may be
formed by cutting the core memberafter it has been
formedinto a tubular shape, or may be formed bycutting
the plate from which the core memberis formed so that
whenthe core memberis formed, the plate material does
not extend in an entire circumference.

[0031] The core members 800 and 800 each include
a protrusion 820 and 920 that protrudes by a specific
length from the lowerportion, of the core member800 or
900. The core members 800 and 900 each have atubular

shape in which diameters at edges of upper and lower
portions of the core members 800 and 900 are smaller
than diameters at center portions thereof. This prevents
lower portions of elements of the electrode assembly
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300, forexample, thefirst electrode plate 310, the second
electrode plate 320, and the separator 330, from being
damaged by the cut-grooves 810 and 910, when the core
member800 and 900 rotate due to an external pressure.
[0032] Further, one or more notches 830 and 930 are
formed at an inner lateral surface of the tube-shapedcore
members 800 and 900 alonga longitudinal direction of
the core members 800 and 900. Through the notches
830 and 930, a deformation direction of the core mem-
bers 800 and 900 can be predetermined, so that when
an external pressure equal to or greater than a specific
pressure is applied, the core members 800 and 900 can
be deformed in a predetermined direction, and thus a
short of the electrode assembly 300 can be prevented
which may otherwise occur when the core members 800
and 900 are deformed.

[0033] The notches 830 and 930 formedatthe inner
lateral surface of the core members 800 and 900 may be
disposed in various forms.
[0034] For example, as shownin FIG. 4A,in an inner
lateral surface of the core member800,the core member
800 mayinclude a pair of notches 830 formed along a
longitudinal direction of the core member800. Here, the
notches 830 may be located in asymmetrical manner on
left and right sides of the cut-groove 810, and may be
located on a circumference with an angle of 45° from left
and right sides of the cut-groove 810. In other words, the
notches 830 may be located at the left and right sides of
the cut-groove 810 at the same distance from the cut-
groove.

[0035] Asshownin FIG. 4B, the core member 900 may
include four notches 930 formed along a longitudinaldi-
rection of the core member900 at an inner lateral surface

of the core member 900. The four notches 930 may be
respectively located in pairs at left and right sides with
respect to the cut-groove 910 in a symmetrical manner,
and may be located on the circumference of the core
memberat 45°, 135°, 225°, and 315° with respect to the
cut-groove 910. In other words, in the four notches 930
formed on theinnerlateral circumferential surface of the

core member800, imaginary lines connecting each ad-
jJacent notch may form a trapezoid. In particular, the four
notches 930 formed on the circumference of the core

member 900 may be located so that the imaginary lines
connecting each adjacent notch form a square.
[0036] As described above, the cylindricallithium sec-
ondary battery 200 according to the present invention
includes the protrusions 820 and 920 at lower portions
of the core members 800 and 900 and the notches 830

and 930 formed in a longitudinal direction at the inner
lateral surface of the core members 800 and 900, thereby
improving the stability of the cylindricallithium secondary
battery 200.
[0037] In particular, the protrusions 820 and 920
formed at the lowerportions of the core members 800
and 900 may prevent damageto the lowerportion of the
electrode assembly 300 when the core members 800
and 900rotate.
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[0038] Further, when an external pressure equal to or
greater than a specific pressure is applied to the core
members 800 and 900, the notches 830 and 930 may
allow for the core members 800 and 900 to be deformed

to a spiral shape in a central direction thereof. Thus, a
short of the electrode assembly caused by deformation
of the core members 800 and 900 can be prevented.
[0039] Accordingly, the present invention provides a
cylindrical lithium secondary battery having improved
stability with respect to an external pressure.

Claims

1. A-cylindrical lithium secondary battery (200) com-
prising:

an electrode assembly (300) which hasa first
electrode plate (310), a second electrode plate
(320), and a separator (330) provided between
the first electrode plate (310) and the second
electrode plate (320), and has a central space
at the center of winding;
a core member(800, 900) whichis formed ina
tube shape having acut-groove (810, 910) along
a longitudinal direction, andincludesat least one
notch (830, 930) formedin a longitudinal direc-
tion at an innerlateral surface of the tube shape;
a case (400) which has a spacefor containing
the electrode assembly (300) and including an
open portion; and
a cap assembly (500) whichis connected to the
open portion of the case (400) so as to seal the
case (400).

2. The cylindrical lithium secondary battery of claim 1,
wherein the at least one notch (830, 930) allows the
core member (800, 900) to deform in a predeter-
mineddirection when an external pressureis applied
to the case (400).

3. The cylindrical lithium secondary battery according
to claim 1,
wherein the core member (900) comprises four
notches (930) on a circumference, and wherein im-
aginary lines connecting adjacent notches (930)to-
gether form a trapezoid.

4. The cylindrical lithium secondary battery according
to claim 3,
wherein,inthe fournotches (930) formed on an inner
lateral circumferential surface of the core member

(900), the imaginary lines connecting adjacent
notches (930) form a square.

5. The cylindrical lithium secondary battery according
to claim 1,
wherein the core member (830, 930) further com-
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prises a protrusion (820, 920) which is protruded
from a lower portion by a specific length.

The cylindrical lithium secondary battery according
to claim 1,
wherein diameters at upper and lower portionsof the
core member(830, 930) are smaller than a diameter
at a center portion.
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FIG. 1
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FIG, 2A
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FIG. 2B
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FIG, 2C
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FIG. 3A
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FIG. 3B
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FIG. 4A
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FIG. 4B
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under 37 CFR §1.56 and is believed related to this application for the reasonsstated.
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Statementbe officially entered into the file and that appropriate notification be made that it was

considered by the Examiner.
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Application No. Applicant(s)

 
13/146,669 PYTLIK ET AL.

Office Action Summary Examiner Art Unit AIA (FirstInventor to File)
JULIAN ANTHONY 1726 No
 

-- The MAILING DATEof this communication appears on the cover sheet with the correspondenceaddress--
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY|S SET TO EXPIRE 3MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED(35 U.S.C. § 133).

Any reply received by the Office later than three monthsafter 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) filedon
L] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon_.

2a)L] This action is FINAL. 2b)X] This action is non-final.
3)0 An election was madeby the applicant in response to a restriction requirement set forth during the interview on

; the restriction requirement and election have been incorporated into this action.

4)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*

5) Claim(s) 1-14 is/are pending in the application.

 
5a) Of the above claim(s)__ is/are withdrawn from consideration.

6)L] Claim(s) is/are allowed.
7)K] Claim(s) 1-14 is/are rejected.
8)L] Claim(s)__ is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.

 

* IF any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

hito/Awww.usoto.dov/patents/init events/pohyindex.jsp or send an inquiry to PPHieedback@uspte.dqov.
 

Application Papers

10)ZJ The specification is objected to by the Examiner.
11)X] The drawing(s)filed on 7-28-2071 is/are: a)[_] accepted or b)[X] 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).

Priority under 35 U.S.C. § 119

12)] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)X] All) Some** c)L Noneofthe:
1.[] Certified copies of the priority documents have beenreceived.
2.0 Certified copies of the priority documents have beenreceived in Application No.
3. Copies ofthe certified copies of the priority documents have been receivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).
™ See the attached detailed Office action foralist of the certified copies not received.

 
 

Attachment(s)

1) Xx Notice of References Cited (PTO-892) 3) | Interview Summary (PTO-413)
; : Paper No(s)/Mail Date. :

2) Xx Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 oO Other:Paper No(s)/Mail Date 7-28-2011, 1-29-2014. ) ther: __.
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper Na./Mail Date 20140313
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Art Unit: 1726

DETAILED ACTION

Notice ofPre-AIA or AIA Status

The present application is being examined underthe pre-AJAfirst to invent provisions.

Information Disclosure Statement

The IDSfiled on July 28, 2011 has been considered by the examiner, except for citation

AK whichis presently lined-through. Only one page of the cited documentis present in the

application file, which also appears to be merely the bibliographic data.

The IDSfiled on January 29, 2014 has been considered by the examiner.

Drawings

The drawings are objected to under 37 CFR 1.83(a). The drawings must show every

feature of the invention specified in the claims. Therefore, the claimed insulator which prevents

direct mechanical and electrical contact between the end faces of the winding and the flat bottom

and top areas must be shownorthe feature(s) canceled from the claim(s). No new matter should

be entered.

Corrected drawing sheets in compliance with 37 CFR 1|.121(d) are required in reply to

the Office action to avoid abandonmentof the application. Any amended replacement drawing

sheet should includeall of the figures appearing on the immediate prior version of the sheet,

even if only one figure is being amended. The figure or figure number of an amended drawing

should not be labeled as “amended.” If a drawing figure is to be canceled, the appropriate figure
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must be removed from the replacement sheet, and where necessary, the remaining figures must

be renumbered and appropriate changes madeto the brief description of the several views of the

drawings for consistency. Additional replacement sheets may be necessary to show the

renumbering of the remaining figures. Each drawing sheet submitted after the filing date of an

application must be labeled in the top margin as either “Replacement Sheet”or “New Sheet”

pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner, the applicant will

be notified and informed of any required corrective action in the next Office action. The

objection to the drawings will not be held in abeyance.

Claim Rejections - 35 USC § 102

The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 102 that

form the basis for the rejections under this 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 countryor 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.

Claims 1, 2, 6, 10 and 11 are rejected under pre-AIA 35 U.S.C. 102(b) as being

anticipated by Nakayama (US 4,224,387).

Nakayamateaches a button cell comprising a housing cup [14] and a housing top [20]

separated from one anotherby an electrically insulating seal [26] and which form a housing with

a flat bottom area and a flat top area parallel to it, i.e. the vertical flat part of the housing top and

the vertical flat part of the housing cup. An electrode-separator assembly is within the housing

and comprisesstrips or rectangular sections of a positive electrode [12] and a negative [10]

electrode in the form offlat layers and are connected to one another by a flat separator [16]. The
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Application/Control Number: 13/146,669 Page 4

Art Unit: 1726

electrode layers are aligned essentially at right angles to the flat bottom area and flat top area as

defined previously. Furthermore, the button cell is closed without being beaded over. (Figure 1)

See col. | line 59 et seq. Thus, Nakayamaalso teaches a method for producing a button cell such

that the electrode layers are aligned essentially at right angles to the flat bottom and top areas as

defined previously.

Claim Rejections - 35 USC § 103

The following is a quotation of pre-AIA 35 U.S.C. 103(a) which formsthe basis for all

obviousness rejections set forth in this Office action:

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

Claims 3-5, 9, 12 and 13 are rejected under pre-AIA 35 U.S.C. 103(a) as being

unpatentable over Nakayama (US 4,224,387) in view of Suzuki et al. (US 7,566,515)

The teachings of Nakayamaare discussed above.

Nakayama doesnot explicitly teach a spiral winding. However, Suzuki teaches electrode

assemblies both in flat sheet form (Fig. |) and in flat spiral windings form.(col. 6 line 43 et seq.)

The prior art as a whole is considered to recognize the equivalence offlat electrode assemblies

(as disclosed in Nakayama and Suzuki) with spiral electrode assemblies (as disclosed in Suzuki).

Thepriorart’s clear recognition of mutual equivalence of these components, independent of

applicant’s disclosure, is herein relied upon as the rationale to support an obviousnessrejection.

In re Ruff, 256 F.2d 590, 118 USPQ 340 (CCPA 1958) Furthermore, the claims would have

been obvious because the substitution of one known element for another would have yielded
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predictable results to one of ordinary skill in the art at the time the invention was made.

Addtionally, Suzuki teaches that spiral windings “have the advantagethat they are firmly wound

and excellent in adhesion.” (col. 6 line 61 et seq.)

Nakayama doesnot explicitly teach a rechargeable battery. However, Suzuki teaches a

rechargeable battery, which the skilled artisan would find as an obvious modification in view of

secondary cells having the benefit of renewable energy.

Claims 7, 8 and 14 are rejected under pre-AIA 35 U.S.C, 103(a) as being unpatentable

over Nakayama (US 4,224,387) in view of Suzuki et al. (US 7,566,515), and further in view of

Cantaveet al. (US 6,443,999)

The teachings of Nakayama and Suzukiare discussed above.

Nakayama does not explicitly teach an insulator which prevents direct mechanical and

electrical contact between the end faces of the winding and the flat bottom and top areas.

However, Cantave teaches an insulator [74] to line the end of the battery casing. (col. 5 line 59 et

seq.) Furthermore, improved insulation is accomplished by reshaping an edge ofthe separator

layer, as by heat forming, and using said reshaped portion of the separator layer to also function

as a continuouselectrical insulation layer between the positive cathode sheet and the cell casing,

particularly at the closed endof the casing. (col. 2 line 66 et seq.) The skilled artisan would find

obvious to further modify Nakayama’s invention in the manner claimed. The motivation for

such a modification is to improve the electrical insulation of thecell.
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Conclusion

Any inquiry concerning this communication or earlier communications from the

examinershould be directed to Julian Anthony whose telephone numberts (571) 272-1289. The

examiner can normally be reached on Mondaythrough Friday.

If attempts to reach the examinerby telephone are unsuccessful, the examiner's

supervisor, Patrick J. Ryan, can be reached on (571) 272-1292. The fax phone numberfor 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 PATR or Public PAIR. Status information for unpublished

applications is available through Private PAIR only. For more information about the PAIR

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

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

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone numberis (703) 308-0661.

/Julian Anthony/
Examiner, Art Unit 1726

/PATRICK RYAN/

Supervisory Patent Examiner, Art Unit 1726
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