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Description

Button cells and method for producing same

[0001] The present invention relates to button cells comprising two metallic housing half-
parts, which are 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 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.

[0002] 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
example zinc/MnO,, primary and secondary lithium systems, or secondary systems such as
nickel/cadmium or nickel/metal 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
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um. In order 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 area within the housing.

[0004] By virtue of the design, however, various problems also occur in the case of button
cells which contain such stacks of clectrode-separator assemblies. On the one hand, it is
necessary, of course, for the electrodes of the same polarity cach 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 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.

[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
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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 cell 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 and a flat top area 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
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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 cell housing) are particularly suitable for use as the metallic material.

[0010] By way of example, an injection-molded or film seal can be used as a seal. The latter
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 clectrodes are connected to one another via a flat
separator. The electrodes are preferably laminated or adhesively bonded onto this separator.
The eclectrodes and the separator generally each have thicknesses only in the pm 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 eclectrode 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 a button cell according to the invention is
the opposite of this.

[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
improvement in 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 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 of this.

[0014] Particularly preferably, the electrodes and the flat separator of a button cell according
to the invention are each in the form of strips 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 clectrodes are applied, in particular laminated, once again in
particular in the form of strips or at least rectangles.

[0015] In the housing of a button cell according to the invention, 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 electrodes flat, in particular in the form of strips, 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.
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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 arca of the housing), such that the end faces of the winding face in the
direction of the flat bottom area and of the flat top area.

[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, which at 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.

[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 embodiment of 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 end it is bounded by corresponding surfaces of the bottom area and of the top

arca 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 area and the flat top area, which is parallel to 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 surrounding it, thus ensuring a contact pressure in the axial direction as
well.

[0022] By way of example, an axially slotted hollow cylinder may be used as 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
steel or plastic.

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

button cell according to the invention has one of the following layer sequences:

o negative electrode/separator/positive electrode/separator
or
o 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 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 example separators composed of a sequence of different polyolefin
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 around the
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 pum, in particular of between 30 um and 500 um.

[0030] In preferred embodiments of a button cell 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 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
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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
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 clamped joint.

[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 clectrode material. Uncovered subareas, in

JLab/Cambridge, Exh. 1002, p. 16



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 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.

[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 and the flat bottom and top 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 separate 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 they are at least slightly pressed against the housing (if they are not
welded to 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 composed of plastic, 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 invention is,
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
which is 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 arca and a top area, a casing arca,
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 clectrodes, separator etc. As in the
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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 arecas. 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
arcas, which are arranged at right angles to them. By way of example, the edge arcas 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
area to the non-overlapping areas are in this case governed by the respective height of the casing
arcas 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 cach relate to the height of the casing or of the casing arca). 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 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 arca 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 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 the method according
to the invention has a casing arca with an essentially constant radius in the direction of the cut
edge.

[0045] In the case of button cells produced using a method such as this, 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.

[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 casier 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
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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 area, 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 arca. 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] When a 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 areca. The resultant button cell has casing arcas
which are aligned parallel to one another, in particular in the overlapping arca.

[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.
The seal 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 of a thermoplastic.
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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
least, 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.

[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 of the seal in the finished cell. It is clear
that, at least in the overlapping area, this generally corresponds to 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 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 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 areca 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
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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 drawn radially inward. In particular, this relates to that part of the casing arca
which does not overlap the casing area of the cell top.

[0056] It has been found that this process of drawing in radially makes it 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 compressed in 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 cells having
a housing with a flat bottom 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.

[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

16

JLab/Cambridge, Exh. 1002, p. 23



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.
[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:

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

o 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 edge of the top part.
[0064] When a button cell which is not beaded over is produced, the corresponding steps as
described above are carried out.
[0065] Before the housing is closed, the electrodes are 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 wound directly onto a core such as this.
[0067] The spiral winding is 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, and this is 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 of the 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 shows a 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 the cell 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,
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they form a housing with a flat bottom arca 103 and a flat top area 104 parallel to it. When in
use, 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 of the cell top
102.

[0075] An arrangement comprising an electrode 105 in the form of a strip, an electrode 106
in the form of a strip, and the separators 107 in the form of strips 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
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 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.

[0077] Figure 2 shows the 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

19

JLab/Cambridge, Exh. 1002, p. 26



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 temperature (for example of 250°C, as illustrated), then
these separator edges shrink. The separators are drawn in at least partially between adjacent
clectrodes. 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 clectrode 202 are
covered.

[0079] When a winding that 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.
[0080] Figure 3 shows an clectrode-separator assembly for button cells according to the
invention, 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 and is held
together by an adhesive tape 306 on its outside.

[0081] Figure 4 shows a sectioned illustration 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

clectrodes 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 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 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 are connected to one another, sealed by means of a seal 510. Together, they form a housing
with a flat bottom area 503 and a flat top area 504 parallel to it. When in use, these flat arcas 503
and 504 form the poles of the button cell, from which current can be drawn by a load.

[0084] The cell top 502 is inserted into the cell cup 501 such that the casing areas of the cell
top and of the cell cup overlap, with the internal radius of the cell cup 501 in the overlapping
arca 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

1s not beaded over.
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[0085] An assembly comprising an electrode 508 in the form of a 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 of the flat top area 504 which is 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. 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 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 (not illustrated 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) and a flat 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 of flat layers and are connected to one another by 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, characterized in that the electrodes and/or

the separator are/is in the form of strips 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 clectrode/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 cell as claimed in one of claims 3 to 6, characterized 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 and the flat bottom and top 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 of plastic, for example a plastic film, which

is arranged between the end faces of the winding and the flat bottom and top 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 cell as claimed in one of the 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 of a 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 clectrode-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.

26
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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 area (103; 503) and a flat top area (104; 504) parallel 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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SUBSTITUTE SPECIFICATION (Marked-Up)

o

Butten-—cells-and method-for produeing sameBUTTON 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]  ThepresentinventionThis disclosure relates to button cells comprising two metallic
housing half-parts;—which—are 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 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 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-ef-this, prefabricated electrode-separator assemblies are preferably inserted flat into the
housing. In thisthat 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—ease-generally [[has]]lhave a maximum thickness of a few
hundred um. JIs-erderteTo 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] By virtue of the design, however, various problems also occur in the case of button
cells which contain such stacks of clectrode-separator assemblies. On the one hand, it is
necessary, of course, for the electrodes of the same polarity cach 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—stil—unpublished—German [[p]]Patent
[[a]]Application with—the—file—referenee—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] Fhe—presentinvention—was—based—on—theobjectof providinglt 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 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.

[0009]

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 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

ovCr.

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

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

the clectrode 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.

JLab/Cambridge, Exh. 1002, p. 43



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 effect of heat treatment of a wound-up electrode-separator

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 shows a 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 aecording—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 and a flat top area 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 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.

[0018] By way of example, an injection-molded or film seal can be used as a seal. The latter

are described, for example, in DE 196 47 593.
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[0019] Within the housing, a button cell aeeerding—to—the—imvention—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 cach have thicknesses only in the pm range. In
general, a porous plastic film is used as the separator.

[0020] In contrast to the button cells mentioned initially, [[the]]our button cell accerding—te
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 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 [[a]]our button cell accerdingto—the
invention-is the opposite of this.

[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]]our button cell-accerding—to—the—invention,
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-aecordingto-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 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 presumably a result of this.

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

aceording—to—the—invention—are cach in the form of strips or ribbons. By way of example, the

production of [[a]]our button cell aecerdingto-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 of strips or at least rectangles.

[0023] In the housing of [[a]]our button cecll-aeeording—to—the—invention, 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 electrodes flat, in particular in the form of strips, 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 aeceerding—to—the
invention-(-erderso 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 area and of the flat top area.
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[0025] Preferably, our
button cells aceording-to-the-invention-have a fixed winding core in the center of the winding,
which at 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 aceording—to-the
irventiop-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] According-to-the preferred-embediment-ofPreferably. 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
arca and of the top arca of the button cell housing.

[0028] Correspondingly, the winding core which is contained in [[a]]our button cell
aceording—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 the flat top area, which is parallel to it.
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[0029] In-partienlarly-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 of a button
cell-aceordingto-the-invention. 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 used as a radially self-
expanding winding core. However, alternatively, it is also conceivable to use other radially self-
expanding materials, for example, based on plastic.
[0031] Particularly preferably, the winding core is composed of a metal such as stainless
steel or plastic.
[0032] Particularly preferably, the assembly comprising electrodes and a separator in [[a]]our
button cell accerdingto-the-invention-has one of the following layer sequences:

[[#]] negative clectrode/separator/positive electrode/separator

or

[[]] 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 accerdingto—the—invention
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 example, separators composed of a sequence of different polyolefin

layers, for example, with the sequence polyethylene/polypropylene/polyethylene.
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[0035] It is not essential to use a plurality of separate separators i—erder—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.

[0036] The separators which can preferably be used in [[a]]our button cell aceerding—to-the
inventien-preferably have a thickness of between 3 um and 100 pum, in particular of between 10
um and 50 um.

[0037] The electrodes ef-abutton—eel-accordingto-the-nventienpreferably have a thickness
of between 10 um and 1000 um, in particular of between 30 um and 500 um.

[0038] ionPreferably, 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
to-the—imvention. In the simplest case, for example, a positive and a negative electrode 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 clectrode 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] In-particularlypreferred-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 use additional
electrical contacts and connecting means.

[0040] However, malternative-preferred-embedimentsalternatively, 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 electrodel[[,]] in [[a]]our button cell-aceording—to—the—inventien, to be connected to the
flat bottom and top arcas 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 clamped joint.

[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 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.

[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 clectrodes 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. Ia—preferred
embedimentsPreferably, 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 and the flat bottom and top areas.

[0044] In one development, it is preferable for the electrodes in [[a]]our button cell accerding
to—the—invention—such as this to be connected via the already mentioned separate output
conductors to the flat bottom and top arcas. 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 case). This can be achieved surprisingly efficiently by a suitable arrangement
of the winding core that has been mentioned, in [[a]]our button cell-accerdingto-the-invention.
[0046] By way of example, the insulating means may be a flat layer composed of plastic, 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-accordingto-the-invention.
[0047] Corresponding to the above statements, the button cell aceerdingto-the—invention-is,

in particular, a rechargeable button cell. [[A]]Our button cell aceording—to—the—invention

particularly preferably has at least one lithium-intercalating electrode.

12
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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-aeeordingto-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 arca 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.

[0049] The button cell aecording—to—the—invention—is particularly preferably a button cell
which is not beaded over, as is described in the-patent-apphication—with—the—file—referenceDE
Patent Application 10 2009 017 514.8, svhich—has—already—beenr—mentioned in—the

intreduetionabove. Correspondingly, there is preferably an exclusively force-fitting connection
between the housing half-parts. Therefore, [[the]]our button cell aceording-te-the-invention-does
not have a beaded-over cup edge, as is always the case with known button cellsknewnfrom-the
prier-art. 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 area which is arranged between the bottom and top arcas 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 clectrodes, separator [[etc]]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 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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arcas 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
arcas, 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.

[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
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 cach relate to the height of the casing or of the casing arca). Before being
inserted into the housing cup and/or the housing top, the other conventional components of a
button cell (clectrodes, separator, clectrolyte 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 of the cell cup,
in particular in the area of the cut edge, inorder—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 and cell

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

14
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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 arcas are therefore preferably chosen such that it 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 [[the]]our method
accordingto-the-inventien-has a casing arca with an essentially constant radius in the direction of
the cut edge.

[0053] In the case of button cells produced using a method such as this, 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 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.

[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 arca;in—preferred-embediments. 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
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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.

[0056] When a 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 areca. The resultant button cell has casing areas
which are aligned parallel to one another, in particular in the overlapping arca.

[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 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 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 interference fit, as a consequence of
which the button cell that has been produced has highly excellent sealing characteristics. Net
feasttheThe 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 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 of the seal in the finished cell. It is clear
that, at least in the overlapping area, this generally corresponds to the distance between the inside
of the cell cup and the outside of the cell top.

[0062] -erderteTo 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 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 arca 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 arca of the cell top.
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[0064] It has been found that this process of drawing in radially makes it 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 compressed in 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 arca of the cell cup, although the drawing-in process is
preferably carried out in a subsequent, separate step.

[0066] [[The]]Our method accordingte-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 cells
having a housing with a flat bottom area and a flat 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 aeceerdingto-the—invention—(housing parts and dimensions,
clectrodes, separator ete-and the like), reference can therefore be made to the above statements
and explanations in 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] As already 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]]lour method aecerding—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.
[0071] The edge of the 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 above are carried out.
[0073] Before the housing is closed, the clectrodes 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 electrode-
separator assembly can also be wound directly onto a core such as this.
[0075] The spiral winding is 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, and this is 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 advantages ef-the—nvention—will become evident

from the description which now follows of the drawings—in—eenjunetion—with—the—dependent
clatms. In this case, the-individual features efthe-invention-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 fer-better understanding-ef-the-ivention, and should in no way be understood as

being restrictive.

[0082] Fig[[ure]]. 1 schematically illustrates the cross section through one preferred
embedimentexample of a button cell 100-accordingto-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, they form a housing with a flat bottom arca 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 of a strip, an electrode 106
in the form of a strip, and the separators 107 in the form of strips 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
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 effect of the heat treatment of an electrode-separator winding
200, which is provided in preferred embedimentsexamples of the method aecerding—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 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
clectrodes. 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] When a winding that 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 clectrode-separator assembly for button cells aceordingto-the
invention;-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 and is held
together by an adhesive tape 306 on its outside.

[0089] Fig[[ure]]. 4 shows a sectioned illustration of one preferred embedimentexample 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 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 of thin plastic disks. This
prevents clectrodes 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
t example of a button cell 500-accordingto-the-invention.
[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 and a flat top area 504 parallel to it. When in use, these flat arcas 503
and 504 form the poles of the button cell, from which current can be drawn by a load.
[0092] The cell top 502 is inserted into the cell cup 501 such that the casing areas of the cell
top and of the cell cup overlap, with the internal radius of the cell cup 501 in the overlapping
arca 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 aceording-to-the-invention-is therefore a button cell
which is not beaded over.
[0093] An assembly comprising an electrode 508 in the form of a 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 area
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503 and of the flat top area 504 which is 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. 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.

[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 (not illustrated in the drawing), for example, by a thin film.
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SUBSTITUTE SPECIFICATION (Clean Copy)

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 A1, 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 arca and a flat 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

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 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, prefabricated electrode-separator assemblies are preferably inserted flat into the housing.
In that 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 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 area 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. 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] 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] 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 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.

[0010] We also provide a method for producing the button cell including inserting an
electrode-separator assembly with electrodes in the form of a 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 section 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 clectrode-separator assembly in the form of a winding, as can be
installed in a button cell.

[0014] Fig. 4 shows a 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 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 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-molded or 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 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 um range. In general, a porous plastic 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 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 our button cell is the opposite of this.
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[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 of this.

[0021] Particularly preferably, the electrodes and the flat separator of our button cell are each
in the form of strips 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-
plied, in particular laminated, once again in particular in the form of strips or at least 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
electrodes flat, in particular in the form of strips, 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,
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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 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 of the flat top area.

[0024] Preferably, our button cells have a fixed winding core in the center of the winding,
which at 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.

[0025] In addition, a winding core such as this also makes the button cell 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 winding 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 bound-
ed by corresponding surfaces 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, which is parallel to it.
[0028] Particularly 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 of a button cell. When the radially
compressed winding core expands, it exerts a radial pressure on the clectrode winding
surrounding it, thus ensuring a contact pressure in the axial direction as well.
[0029] By way of example, an axially slotted hollow cylinder may be used as a 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 as stainless
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 electrode/separator/positive electrode/separator

or

positive clectrode/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 of different 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 pum, in
particular of between 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
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.

[0038] Particularly preferably, 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 example, a direct electrical and mechanical contact is made between the
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clectrodes 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 least 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 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 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 clectrode 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 and the 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 separate output conductors to the flat bottom and top
arcas. 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
welded to 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 composed of plastic, 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 arca 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.

11

JLab/Cambridge, Exh. 1002, p. 74



[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 cell does 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 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 ¢lse may be rounded.

[0050] The procedure for producing a button cell which is not beaded over is generally to
first of all apply a secal 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
arcas 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 cach relate to the height of the casing or of the casing arca). Before being
inserted into the housing cup and/or the housing top, the other conventional components of a
button cell (electrodes, separator, clectrolyte 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 of the 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 alrcady been mentioned the external diameter of the cell
housing can therefore also be calibrated.

[0051] It is particularly important for the heights of the casing areas 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 arcas are therefore preferably chosen such that it 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 as this, 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.

[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 casier 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 areca. 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.
[0055] When a 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
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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 arcas
which are aligned parallel to one another, in particular in the overlapping area.

[0056] 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.

[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 interference fit, 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 seals, in particular plastic films, based
on polyamide or based on polyether ether ketones in the present case.

[0060] It is preferable for the scal 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 of the seal in the finished cell. It is clear
that, at least in the overlapping area, this generally corresponds to the distance between the inside

of the cell cup and the outside of the 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 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 arca 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%.

[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 arca
which does not overlap the casing area of the cell top.

[0063] It has been found that this process of drawing in radially makes it 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 cones-
quence being compressed in 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 arca 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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arca 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, electrodes, separator and the like), reference can
therefore be made to the above statements and explanations in their entirety.
[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] As already 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 edge of the top part.
[0071] When a button cell which is not beaded over is produced, the corresponding steps as
described above are carried out.
[0072] Before the housing is closed, the eclectrodes 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 wound directly onto a core such as this.
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[0074] The spiral winding is 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, and this is 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.

[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 being restrictive.
[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 area 103 and a flat top arca 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.

[0077] An arrangement comprising an electrode 105 in the form of a strip, an electrode 106
in the form of a strip, and the separators 107 in the form of strips 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 is provided in preferred examples of the method for producing a button cell. The illustra-
tion 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.
[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 winding that 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.
[0082] Fig. 3 shows an electrode-separator 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 and is held together by an adhesive tape 306 on its outside.

[0083] Fig. 4 shows a sectioned illustration of one preferred example of a button cell 400.
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 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 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 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 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 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.
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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, sealed by means of a seal 510. Together, they form a housing
with a flat bottom area 503 and a flat top area 504 parallel to it. When in use, these flat arcas 503
and 504 form the poles of the button cell, from which current can be drawn by a load.

[0086] The cell top 502 is inserted into the cell cup 501 such that the casing areas of the cell
top and of the cell cup overlap, with the internal radius of the cell cup 501 in the overlapping
arca 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
above for a button cell 500 is therefore a button cell which is not beaded over.

[0087] An assembly comprising an electrode 508 in the form of a 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 of the flat top area 504 which is 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. 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 and the 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 (not illustrated in the drawing), for example, by a thin film.

22

JLab/Cambridge, Exh. 1002, p. 85



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 electrode-separator assembly within the housing including at least 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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{57y Abstraei: A button cell (100; 408, 300Y is described, covrprising hwo metel housing halves {101, 102; 401, 402, 561, S0,
whtich are scalimgly connested to cach other snd fovw a housing baving a glanar dase sren (303 503) snd a plawar cover avea {104,
S0y parallel thereis, whersin positive and pegative electrodes (105, 106; 201, 207, 304, 305, 407, 40%; 508, 509) are srrangad 83
fat foyers ingide the housing snd wreconneited to sach offer wia an avesl separator { 107; 203 302, 303, 403, 408; 507}, wherein
tiie electrode lavers have an orthogonal orientation relative 1o the plansr bave and cover areas, Purthenmore, 2 method for proda-
cing such a button ool s described.

{57} Zissnanueniasswng;
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fForsetzung o der ndchsten Sei}
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Veréifensiichs:
sl intesnationaiem Reckerchenberiohs (drtiked 21 dbsasz
3

Beschriehes wird sine Knoplzelis (100, 400; 500}, umizssend mwel wetallische Gehitusehallesile (101, 102; 401, 403; $61, 3023,
welche dichtend mivinamder verbunden sind und sin Gebifuse wmit cinom gbenen Bodanbereich {103 303} und cinem daz paral-
Ielen ebsaen Deckelbereivk (HM: S04} ansbilden, wobhel tnnerball des Gebfuses als flache Schichien cespebiidete positive and
riegative Blekiroden (108, 106; 201, 203; 304, 38§; 407, 40%; S0, 509) sageordnet sind, die dher oimen fichipen Separmor {107,
2302, 203; 45, 406; 207 miteinander vorbusnden sind, wobet die Flekirodenschichten orthogonal wu dem ebenen Bodas- und
Tieckoibereich ansgerichiet sind. Weiterhin wird efs Verfabren sur Howstefung einer solohen Knopfrelle beschrizbes,
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No. 3904163

Index at Acceptance:—HI1 B (DI10A, SIAS5, S1A6, S1A10, S1A14, S1A15, S1A16, S1A18, SI1C3,

S1C4, S3A1).
Int. Cl:—H 01 m 43/04,

COMPLETE SPECIFICATION

« Electric Cells

We, BURNDEPT LIMITED, of Canada Road,
Oyster Lane, Byfleet, Surrey, a British Com-
panay, do hereby declare the invention, for
which we pray that a Patent may be granted

5 to us, and the method by which it is to be
performed, to be particularly described in
and by the following statement:—

The invention relates to the construction

«. of sealed alkaline -eclectrolyte 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

10 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 to overdischarge of one ccll in a battery
of cells, and the larger quoted difference
between the charges on the two electrodes

30 was 25% of the smaller capacity.

QOur invention on the other hand is con-
cerned with the solution of problems which
arise in the production of cells which arc
designed to deliver substantially all their

34 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 4s. 6d.]

It has bean established that the negative,
cadmium electrodes 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 now discovered that this relative
inefliciency of the negative electrodes is
much more pronounced in cells which are
to be discharged at high rates and we have
cbserved that the efficiency of a typical 55
cadmium oxide electrode material may fall
from 1009, of the theoretical capacity at
extremely low discharge rate to 609 at an
average discharge current in amperes equal
to its capacity in Ah and to as litde as 60
459 at a rate in amperes of 4 times its
capacity 1n Ah. The corresponding figures
for a typical cadmium hydroxide material
are 809 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 and the 80
negative electrode is to have a main body
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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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-
tially 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 deterioration of the
electrode during its expected lifetime.

To obviate the risk of dangerous rises in
pressure upon overcharging it is already the
practice in the manufacture of this sort of
cell to make the negative clectrode of a
higher capacity than the positive electrode
20 and fo easure that, at the moment of seal-

ing the cell, the negative clectrode 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 te 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 carcfully 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 negative electrode so that it may
possess the required electrical capacity and

~ the extent to which it needs to be pre-

charged must depend upon the quality of
the materials employed and that it may
vary from batch to tatch in the course of

. the manufacturing run. This raises the
problem of varying the amount and pre-

50 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

_ negative 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
sealed. In such a conmstruction 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-

Lh

10

15

45

trode assembly.

Preferably the electrodes of a cell in
accordance  with the invention comprise
active materials mixed with conductive
materials in powder form and bound with
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 can be
used. If the elastomer is mixed with the
powdered materials as a solution it is an
advantage to use cne which shrinks as it
dries because this will have the effect of
compressing the powdered material slightly.
thus helping to ensure electrical contacts
between the particles, thus helping to ensure
electrical contacts betwesn the particles.
Such electrodes are described in greater
detail in the specification of our copending
application number 29846/59 (Serial No.
970638).

Alternatively the electrodes may be of the
consfruction in which a rorous sintered
mass of nickel powder is impregnated with
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
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
roll thus formed is then removed from the
mandrel and placed inside a suitable cylin-
drical can. This method of winding facilitates
the handling of the components and helps
to produce an accurate roll even where
the diameter is large in propoction 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
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
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
II-IT of Figure 1, through the same cell:

Figure 3 is a vertical section on the line
HI-IIT of Figure 4, through another cylin-
drical cell with strip clectrodes wound from
the centre;

Figure 4 is a cross-section on the line 130

70

75

90

95

100

105

110

115

125
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IV-1V 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 cell shown in Figures 1 and 2 com-
prises main positive and negative electrodes
10 and 12 respectively and an auxiliary
cadmivm negative 14 with porous separators
16 and 18 between the two electrode

10 systems. The three electrodes and the
saparators are in strip form and wound into
a spiral in a manner to be described below.

The two separators 16 and 18 may con-
venietly 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 serarators 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 ncgative
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 1 and 2.

The positive electrodes of the cells shown
in the drawings may advantageously com-

40 prise a mixture of 36.779% 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 3.29% by weight of polyisobutylene binder
in the form of “Vistanex™ 1.140.

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 309% by
weight, The total of active ingredients should

55 preferably be between 30 and 709 by
weight and if cobalt hydroxide is included
it may be present in a proportion up to
30% of the weight of nickel 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
509% by weight and up to 10% by weight
graphite and 209 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 30
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 for five 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 clectrode.

The strip which is to form auxiliary nega-
tive electrodes is fully precharged in electro-
Iyte, 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 170
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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 means of rollers
and turning the mandrel several times after
the assembly is wound on. The mandrel is
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 down 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 of the charged auxiliary 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 arc 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 54 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
clectrolyte 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 tep 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 clectrode 507, 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 for the positive contact 66

If 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 Ing
on the fop cap. By a suitable choice of
material and thickness for the diaphragm

matters can be arranged so thzt 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 e 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 mement of sealing the positive electrode
system has material in the uncharged state,
while the negative electrode system has a
main bedy of material in the uncharged,
cadmium oxide or hydroxide, state, and, in
addition such a reserve of material in the
charged, cadmivm metal state that the total
charge on the negative electrode system
excceds 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 I, in which
the reserve of charged material in the nega-
tive electrode system includes an addition
for the anticipated deterioration of the
elelctrode during the expected lifetime of the
cell.

3. A cell according to claim 1 or claim
2, in which the additions] 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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material.

6. A cell according to claim 4, com-
prising a cylindrical roll of electrodes and
separators in strip form in a cylindrical can.

5 7. A cell according to any of claims 1
to 5, comprising electrodes and separatcrs
in the form of flat plates layed up in a stack
in a cylindrical can having a diameter large
in proportion to its length.

(0 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-

15 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

20 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

25 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-

30 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 35
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 40
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 45
secondary cell according to claim 1, having
a negative electrode of the composition
quoted herein.

12. A sealed alkaline electrolvte
secondary cell according to claim 1 or claim 50
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 55
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
2, or Figure 5 of the accompanying draw- 60
ings.

SEFTON-JONES, O'DELL &
STEPHENS,
Chartered Patent Agents,

15 Great James Street,
London, W.C.1.
Agents for the Applicants.

Berwick-upon-Tweed: Printed for Her Majesty’s Stationery Office by The Tweeddale Press Ltd.— 1967

Published at the Patent Office. 25

Southampton Buildings. London. W.C.2 from which copies may

be obtained.
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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 elecirade 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
electrochemical 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 electrical 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 to be made between the
various cathode plates and the external electrical
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 ssparator
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-
ode is itself continuous, only one electrical contact
need be made fo 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;
b) a layer of a malleable anode-active material;
and
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¢) 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, the electrochemical
cell constructed with the accordian folded electrode
assembly of this invention has 1) decreased inter-
nal resistance and 2) better utilization 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 metal foil
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 metal 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 1o 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, lithium
anodes and MnO. 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 as lithium coated on a .0254 mm (1 mil) 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 (available
from Celanese) and/or non-woven polypropylene is
rolled over the entire lithium anode 11 formed of
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the anode-active material 12 and the current collec-
for 13. The separator is a porous electrically-in-
sulating material which prevents electrical contact
between the anode and the cathode but allows
movement of 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 lla 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 shown in Fig. 2.
In the embodiment shown it is made with MnOa.
The MnO: cathode 1 comprises a grid current
collector 22 such as stainless steel coated on one
or both sides with a mixture of MnO2, carbon and
Teflon® 23. A small portion of the stainiess steel
current collecior 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
polyfluoracarbons, i.6.(CF), X < 4 and n is some
indeterminate large number, FeS,, FeS, CuO and
Bi>Os.

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 electrical
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 assembiies of this invention com-
prise two or more "V" folds. The length of each leg
in the fold and the number of 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 shorts with
an ohmmeter, the elecirode assembly is made into
an electrochemical cell or battery by first inserting
the assembly into a container 25 such as shown in
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 tetrafluoroborate, 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 known in 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 to 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

1. 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 1o 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,
FeSz, FeS, CuO, MnO; or Biz0s.

An assembly according to claim 5, wherein the
anode-active material is lithium and the
cathode-active material is MnQ2.

An assembly according to 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 and a lithium 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 metal
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 haif
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'élecirodes 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) étant pliés en accordéon ;

caractérisé en ce que I'anode (11) et le sépa-
rateur (15) ont une longueur approximative-
ment du double de la longueur de la cathode
(1) et sont pliés en deux autour de la cathode
(1) avant de former le pliage en accordéon.

Assemblage selon la revendication 1, dans le-
quel I'anode (11) comprend un laminé formé
de trois pi€ces comprenant, dans I'ordre sui-
vant :

a) un collecteur de courant en feuille métal-

ligue (13)

b) une couche (12) d'un matériau malléable

2 activité anodique : et

¢) un séparateur isolant (15)

Assemblage selon la revendication 2, dans le-
quel le matériau 2 activité anodique de I'anode
est un métal malléable.

Assemblage selon la revendication 3, dans le-
quel la cathode (1) comprend une couche (23)
d'un matériau a 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, MnOz ou
Bi20s.

Assemblage selon la revendication 5, dans le-
quel le matériau & activitdé anodique est du
lithium et le matériau & activité cathodique est
Mn02.
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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 2 activité ca-
thodique.

Cellule électrochimique comprenant un électro-
lyte et un assemblage d'élecirodes selon I'une
quelcongue des revendications précédentes.

Cellule élecirochimique selon la revendication
8, dans laquelle I'électrolyte comprend un mé-
lange solvant de carbonate de propyléne et de
diméthoxyéthane et un sel de lithium.

. Cellule électrochimique selon la revendication
8, dans laquelle '€lectrolyte comprend un mé-
lange solvant de diméthoxyéthane et de buty-
rolactone et un sel de lithium.

. Procédé de fabrication de cellule &lectrochimi-
que consistant

& former une anode (11) en recouvrant une
feuille collectrice de courant (13) avec une
couche (12) d'un matériau a activité anodique ;

placer un séparateur isolant (16) sur le
matériau & activit® anodique pour former un
laminé ;

former une cathode (1) en appliquant un
matériau & 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 & I'inté-
rieur ;

plier I'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-
harmonikaf&rmig zusammengefaltet sind, da-
durch gekennzeichnet, daB die Anode (11)
und das Trennelement (15) etwa zweimal so
lang sind wie die Kathode (1) und zur Hilfte
gefaltet um die Kathode (1) herumgelegt wer-
den, bevor die ziehharmonikaférmige Faltung
erfolgt.

System nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Anode (11) ein dreiteiliges
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Laminat umfaBt, das der Reihe nach aus
a) einem aus einer Metallfolie bestehenden
Stromabnehmer (13),
b) einer aus einem formbaren anodisch akti-
ven Material bestehenden Schicht (12) und
¢) dem isolierenden Trennelement (15) auf-
gebaut ist.

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 Metallgitter
bestehenden Stromabnehmer (22) aufgetragen
ist.

System nach Anspruch 4, dadurch gekenn-
zeichnet, daB das kathodisch aktive Material
aus einem Polyfluorkohlenstoff, FeSz, FeS,
CuOQ, MnO; oder Bi»O3 besteht.

System nach Anspruch 5, dadurch gekenn-
zeichnet, daf das anodisch aktive Material aus
Lithium und das kathodisch aktive Material aus
MnO; bestehen.

System nach Anspruch 4, dadurch gekenn-
zeichnet, daB der aus einem Metallgitter aufge-
baute Stromabnehmer (22) aus Edelstahl be-
steht und auf beiden Seiten mit dem katho-
disch aktiven Material beschichtet ist.

Elektrochemische Zelle, gekennzeichnet durch
einen Elektrolyten sowie ein Elektrodensystem
nach einem der vorhergehenden Anspriiche.

Elekirochemische Zelle nach Anspruch 8, da-
durch gekennzeichnet, daf der Elektrolyt aus
sinem L&sungsmittelgemisch aus Propylenkar-
bonat und Dimethoxyéthan sowie einem Lit-
hiumsalz besteht.

. Elekirochemische Zelle nach Anspruch 8, da-

durch gekennzeichnet, daB der Elekirolyt aus
einem L&sungsmittelgemisch aus Dimethoxy-
dthan und Butyrolacton sowie einem Lithiums-
alz besteht.

Verfahren zur Herstellung einer elekirochemi-
schen Zelle, dadurch gekennzeichnet, daB

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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{iber 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-
schlieBt,

der so entstandene Verband ziehharmonikafGr-
mig zusammengefaltet wird,

der so gefaltete Verband in ein Geh&duse ein-
gesetzt wird und

das Gehduse mit einem Elektrolyten gefiillt
wird.
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In the Specification

A Substitute Specification (Marked-Up) is enclosed with the amendments to the Speci-
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In the Claims
Patent-Claims
1. (Currently Amended) A button cell (00;400:-500);,comprising;

(-1

housing cup and a housing top separated from one another by an electrically insulating

seal (H09:-403:-51403-and which form a housing with a flat bottom area (+03:-503)-and a
flat top area (104;-564)-parallel to it, as-weH-asand |
([-]] . within—the—housing;—an electrode-separator assembly within the housing
comprising at least one positive and at least one negative electrode (—1-95,—1-06—2-9-}—2-92—,
304,—395;—407,—498;—508,499},—w4éeh-ere-in _the form of flat layers and are-connected to
one another by at least one flat separator-3-07:-203;-302,-303:-405,-406:-507),

withwherein the electrode layers beingare aligned essentially at right angles to the flat

bottom and top areas_and the button cell 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 of strips or ribbons.

3. (Currently Amended) The button cell as claimed in claim 1-er—elaim—2,
charaeterized-in-thatwherein the electrode-separator assembly is in the form of a winding(200;
300;-404)—in-particutar-a-spiral winding[[,]) whose end faces (204,-205:-30H-face in [[the]]a

direction of the flat bottom area and the flat top area.
4, (Currently Amended) The button cell as claimed in claim 3, eharacterized—in

thatwherein the winding has an axial cavity in its center, which axial cavity is at least partially

filled by a winding core-(168;-5+2).
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5. (Currently Amended) The button cell as claimed in ene—of—the—preceding
claim([s]]_1, eharacterized—in—thatwherein the electrode-separator assembly- has one of the
following iayer sequences:

[[-]] negative electrode/separator/positive electrode/separator_and

[[-]] 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 (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]]an area of the flat bottom area and/or of the flat top area.

7. (Currently Amended) The button cell as claimed in ene—ef-claim[[s]] 3—te—6,

characterized-in-that-the-button-cell-eomprisesfurther comprising at least one insulating-means

¢34 4insulator which prevents direct-mechanical and electrical contact between the end

faces of the winding and the flat bottom and top areas.

8. (Currently Amended) The button cell as claimed in claim 7, echaracterized—in

thatwherein the at least one insulating-means—(43;-4H4insulator is a flat layer composed of

plastic{fer-example-a-plasticfilm;—which-is arranged between the end faces of the winding and
the flat bottom and top areas.

9. (Curreﬁtly Amended) The button cell as claimed in ene—of—the—preceding
claim[[s]]_1, eharacterized-in-that-the-butten-eellwhich is rechargeable.

10.  (Currently Amended) The button cell as claimed in ene—of—the—preceding
claim[[s]]_1, characterized—in—that-the—butten-eel-hashaving a height:diameter ratio of < I;
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11.  (Currently Amended) A method for producing a button cell;-in-partieulara-butten
eeH-{100:400;-500) according to ene-ef-the-precedingclaim[[s]]_1, with-a-housingbeing-fitted

tnsertedcomprising inserting an electrode-separator assembly with electrodes in the form of a flat

layer into the housing such that the electrode layers are aligned essentially at right angles to the

flat bottom and top areas+03+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, characterized—in
thatwherein the electrode-separator assembly is inserted as a winding—(200:+300:—404)—in
el iral-winding.
13. (Currently Amended) The method as claimed in claim 12, further comprising-the
foHowing-steps:
([-]] insertien-efinserting the winding {200;360;-464)-into the metallic top part-4+62;

462:-582), and
[[-]] insertien-ofinserting the metallic top part with the winding into a metallic cup part

14, (Currently Amended) The method as claimed in claim 12-e=13, characterized-in

thatwherein the winding (200;300;404)-is heat-treated on its end faces (204:205:301)-before
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being installed, with it being at least greatlyfor a short time subjected to a temperature at which

the separator (167;-203:-302;:303:-405;406;-507)-is thermoplastically deformable.
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In the Abstract

Kindly replace the Abstract with the following:
A button cell (+80;-400:-500)-is-deseribed;—comprising—two—metallicincludes a housing
half-parts-(101102:-404,-402:-504-502)which-are-eonneeted-tecup and a housing top separated

from one another forming-aby an electrically insulating seal[[,]} and which form a housing with a

flat bottom area (103:-503)-and a flat top area {404:-504)-parallel to it;-with_and an electrode-

separator assembly within the housing including at least one positive and at least one negative

electrode: in the form of flat layers being

arranged—within—the—heousing—and being—connected to one another wia—aby at least one flat
separator-(H07:-203:-302,303+-405,406:-507), withwherein the electrode layers beingare aligned
essentially at right angles to the flat bottom and top areas—A-rrethod—is—alse-deseribed—for

predueing-a and the button cell sueh-as-thisis closed without being beaded over.
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(57) Abstract: A button cell (100; 400; 500) is described, comprising two metal housing halves (101, 102; 401, 402; 501, 502),
which are sealingly connected to each other and form a housing having a planar base area (103; 503) and a planar cover area (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 a button cell is described.

(57) Zusammenfassung:
[Fortsetzung auf der ndchsten Seite]
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Veroffentlicht:

—  mit internationalem Recherchenbericht (Artikel 21 Absatz

3)

Beschrieben wird eine Knopfzelle (100; 400; 500), umfassend zwei metallische Gehdusehalbteile (101, 102; 401, 402; 501, 502),
welche dichtend miteinander verbunden sind und ein Gehéduse mit einem ebenen Bodenbereich (103; 503) und einem dazu paral-
lelen ebenen Deckelbereich (104; 504) ausbilden, wobei innerhalb des Gehéduses als flache Schichten ausgebildete positive und
negative Elektroden (105, 106; 201, 202; 304, 305; 407, 408; 508, 509) angeordnet sind, die tiber einen flachigen Separator (107;
203; 302, 303; 405, 406; 507) miteinander verbunden sind, 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 Gehause 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 tiber mindes-
tens einen flachigen Separator miteinander verbunden sind, sowie ein
Verfahren zur Herstellung von solchen Knopfzellen.

Knopfzellen weisen Ublicherweise ein Gehause aus zwei Gehdusehalb-
teilen, einem Zellenbecher und einem Zellendeckel, auf. Diese kénnen
beispielsweise aus vernickeltem Tiefziehblech als Stanzziehteile herge-
stellt werden. Gewodhnlich ist der Zellenbecher positiv und der Gehéause-
deckel negativ gepolt. In dem Gehause kénnen die verschiedensten e-
lektrochemischen Systeme enthalten sein, beispielsweise Zink/MnO,,
primdre und sekundare Lithium-Systeme oder sekundare Systeme wie
Nickel/Cadmium oder Nickel/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 Knopfzellengehduses 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 Gehause eingelegt. Als Separator
dient dabei bevorzugt eine porése Kunststofffolie, auf welche die Elekt-
roden flachig auflaminiert oder aufgeklebt sind. Der Gesamtverbund aus
Separator und Elektroden ist dabei in der Regel maximal wenige 100 pm

BESTATIGUNGSKOPIE
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dick. Um Knopfzellengeh&use ublicher Dimensionen ausfullen zu kén-
nen, werden daher haufig mehrere solcher Verbiinde flach iibereinander
gelegt. Auf diese Weise lassen sich Stapel in grundsatzlich beliebiger
Hohe erhalten, jeweils abgestimmt auf die zur Verfiigung stehenden Di-
mensionen des Knopfzellengehauses, in das der Stapel verbaut werden
soll. So wird eine optimale Ausnutzung des zur Verfiigung stehenden

Gehauseinnenraumes gewahrleistet.

Konstruktionsbedingt treten bei Knopfzellen, die solche Stapel aus Elek-
troden-Separator-Verbiinden enthalten, allerdings auch diverse Proble-
me auf. Zum einen ist es naturlich erforderlich, Elektroden von jeweils
gleicher Polaritdt innerhalb des Stapels miteinander zu verbinden und
dann jeweils mit dem entsprechenden Pol des Knopfzellengehéduses zu
kontaktieren. Die erforderlichen elektrischen Kontakte verursachen Ma-
terialkosten, der durch sie eingenommene Raum steht zudem fur Aktiv-
material nicht mehr zur Verfugung. Die Herstellung der Elektrodenstapel
ist dariiber hinaus kompliziert und teuer, da bei der Kontaktierung der
Verbunde untereinander leicht Fehler auftreten kénnen, die die Aus-
schussrate erhéhen. Zum anderen wurde festgestellt, dass Knopfzellen
mit einem Stapel aus Elektroden und Separatoren sehr schnell undicht

werden.

Der flussigkeitsdichte Verschiuss von Knopfzellen erfolgt klassisch durch
Umbérdeln des Randes des Zellenbechers tiber 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 kraftschlissige Verbindung zusammengehalten werden und die
keinen umgebdrdelten 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 Bdérdelung aufweisen kénnen, sind sie in axialer Richtung
jedoch weniger belastbar als vergleichbare Knopfzellen mit umgebérdel-
tem Becherrand, insbesondere was axiale mechanische Belastungen
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 Volumen&dnderungen ausgesetzt.
Die dabei auftretenden axialen Krafte kénnen bei Knopfzellen ohne Bér-
delung natirlich vergleichsweise leichter zu Undichtigkeiten fuhren als
bei Knopfzellen mit Bérdelung.

Der vorliegenden Erfindung lag die Aufgabe zugrunde, eine Knopfzelle
bereitzustellen, bei der die oben angesprochenen Probleme nicht oder
nur in stark verringertemm Maf} auftreten. Die Knopfzelle soll insbesonde-
re gegeniber in axialer Richtung auftretenden mechanischen Belastun-
gen widerstandsfahiger sein als herkbmmliche Knopfzellen, insbesonde-
re auch dann, wenn sie als Knopfzelle ohne umgebdérdeiten Becherrand

gefertigt wird.

Diese Aufgabe wird geldst durch die Knopfzelle mit den Merkmalen des
Anspruchs 1. Bevorzugte Ausfuhrungsformen der erfindungsgemaéaiien
Knopfzelle sind in den abhangigen Ansprichen 2 bis 10 definiert. Auch
das Verfahren gemal Anspruch 11 tragt zur Losung der erfindungsge-
malen Aufgabe bei. Bevorzugte Ausfihrungsformen des erfindungsge-
malen Verfahrens sind in den abhangigen Anspriichen 12 bis 14 defi-
niert. Der Wortlaut sdmtlicher Anspriiche wird hiermit durch Bezugnah-

me zum Inhalt dieser Beschreibung gemacht.

Eine erfindungsgemaRe Knopfzelle umfasst stets zwei metallische Ge-
hdusehalbteile, die durch eine elektrisch isolierende Dichtung voneinan-
der getrennt sind und die ein Gehause mit einem ebenen Bodenbereich
und einem dazu parallelen ebenen Deckelbereich ausbilden. Bei den
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beiden Geh&ausehalbteilen handelt es sich, wie eingangs bereits er-
wéahnt, in der Regel um einen sogenannten Gehausebecher und einen
Gehausedeckel. Als Gehausehalbteile 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 Aulen- und die Kupferschicht bevorzugt die Innenseite

des Knopfzellengehauses bildet).

Als Dichtung kann beispielsweise eine Spritzgu3- oder eine Foliendich-
tung zum Einsatz kommen. Letztere sind beispielsweise in der DE 196
47 593 beschrieben.

Innerhalb des Geh&uses umfasst eine erfindungsgemae 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 GOber 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 um-Bereich auf. Als

Separator dient in der Regel eine porése Kunststofffolie.

Im Gegensatz zu den eingangs erwahnten Knopfzelien zeichnet sich die
erfindungsgemafRe 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-Verbunden
diese stets flach eingelegt enthalten, so dass die Elektrodenschichten im
wesentlichen parallel zu den ebenen Boden- und Deckelbereichen aus-
gerichtet sind, ist bei einer erfindungsgemafen Knopfzelle das Gegenteil
der Fall.
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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 erfindungsgeméafen Knopfzelle einhergeht, insbesondere bei
Knopfzellen auf Basis von Lithium-lonen-Systemen. Die Elektroden von
wiederaufladbaren Lithium-lonen-Systemen sind bei Lade- und Entlade-
vorgéangen stets Volumenédnderungen ausgesetzt. Zu solchen Volumen-
anderungen kann es naturlich auch bei den Elektroden einer erfin-
dungsgeméfRen Knopfzelle kommmen. Die dabei entstehenden mechani-
schen Kréafte wirken jedoch nicht mehr primar axial, wie das im Falle ei-
nes flach eingelegten Stapels aus Elektroden-Separator-Verbinden 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 werden als axiale. Vermutlich
lassen sich darauf die verbesserten Dichtigkeitseigenschaften zuriick-

fahren.

Besonders bevorzugt sind die Elektroden und der flachige Separator ei-
ner erfindungsgeméfRen 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 Gehéause 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 fiih-

ren, was im Folgenden noch genauer beschrieben wird.

Der Elektrodenwickel ist innerhalb einer erfindungsgemafen Knopfzelle
(damit die Elektrodenschichten des Wickels orthogonal zu dem ebenen
Boden- und Deckelbereich des Geh&auses ausgerichtet sind) bevorzugt
derart angeordnet, dass die Stirnseiten des Wickels in Richtung des e-
benen Bodenbereichs und des ebenen Deckelbereichs weisen.

Gemal der vorliegenden Erfindung ist es vorgesehen, dass eine erfin-
dungsgeméfle Knopfzelle in bevorzugten Ausfihrungsformen einen fes-
ten Wickelkern im Zentrum des Wickels aufweist, der den axialen Hohl-
raum im Zentrum des Wickels mindestens teilweise ausfullt. Ein solcher
Wickelkern fixiert den Elektrodenwickel in radialer Richtung und verhin-
dert eine mogliche Implosion des Wickels in den axialen Hohlraum. Bei
einer derartigen Entspannung des Wickels lasst 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) ausiben. Wird dies unterbunden, so resultieren in der Regel auch
keine Probleme mit der elektrischen Kontaktierung der Elektroden und
der metallischen Gehé&usehalbteile.

Daneben verbessert ein solcher Wickelkern auch die Stabilitat der erfin-
dungsgemaéaflen Knopfzelle gegentber aueren mechanischen Einflus-
sen. Eine Beschadigung des Elektrodenwickels in der Knopfzelle durch
einen dulReren mechanischen Druck in axialer Richtung ist in der Regel

nicht mehr moéglich.

Gemall der bevorzugten Ausfuhrungsform des Elektrodenwickels als
spiralférmiger 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 Fliachen des Boden-
bzw. des Deckelbereichs des Knopfzellengehauses.

Entsprechend ist auch der in einer erfindungsgemaRen Knopfzelle ent-
haltene Wickelkern bevorzugt als Zylinder, insbesondere als Hohlzylin-
der, ausgebildet. Die Hohe eines solchen Zylinders entspricht bevorzugt
dem jeweiligen Abstand des ebenen Bodenbereichs von dem dazu pa-

rallelen ebenen Deckelbereich.

In besonders bevorzugten Ausfuhrungsformen kann der Wickelkern ra-
dial selbstexpandierende Eigenschaften aufweisen. Es ist zum Beispiel
moglich, den Wickelkern in einer radial komprimierten Konfiguration in
den axialen Hohlraum des Wickels einer erfindungsgemafen Knopfzelle
einzufuhren. Bei Entspannung des radial komprimierten Wickelkerns tbt
dieser einen radialen Druck auf den ihn umgebenden Elektrodenwickel
aus und gewabhrieistet so einen Anpressdruck auch in axialer Richtung.

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.

Besonders bevorzugt weist der Verbund aus Elektroden und Separator
in einer erfindungsgemafRen Knopfzelle eine der folgenden Schichtab-

folgen auf:
o negative Elektrode / Separator / positive Elektrode / Separator
oder
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. positive Elektrode / Separator / negative Elektrode / Separator.

Derartige Verbunde lassen sich sehr einfach herstellen und aufwickeln,
ohne dass es zu Kurzschlissen zwischen entgegengesetzt gepolten

Elektroden kommt.

Bei den in einer erfindungsgeméfen 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
handeit. 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 Verbinden der oben genannten Abfolge miussen
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 uym und 100 pm, ins-
besondere zwischen 10 um und 50 um, auf.

Die Elektroden einer erfindungsgemaRen Knopfzelle weisen bevorzugt
eine Dicke zwischen 10 ym und 1000 pm, 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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malken 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 gréfRer ist als der ver-
gleichbare Abstand von der negativen Elektrode aus gemessen. Umge-
kehrtes gilt dann naturlich im Hinblick auf den Abstand zum unteren Se-

paratorrand.

In besonders bevorzugten Ausfuhrungsformen 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 Gehauseteilen, ohne dass zusatzliche elektrische Kontakte

und Verbindungsmittel zum Einsatz kommen mussen.

In alternativen bevorzugten Ausfuhrungsformen kann es allerdings auch
bevorzugt sein, dass zumindest eine der Elektroden, vorzugsweise so-
wohl die mindestens eine negative als auch die mindestens eine positive
Elektrode in einer erfindungsgemaRen Knopfzelle, iber 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 kénnen die Ableiter z.B. an einen Stromkollektor angebunden sein.
Eine Anbindung der Ableiter ans Gehaduse und/oder an die Stromkollek-
toren kann z.B. Uber Verschweissung oder tUber eine Klemmverbindung

erfolgen.
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Im einfachsten Fall kébnnen 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 kébnnen umgebogen
und in Kontakt mit dem Knopfzellengehause gebracht werden.

Die Verwendung von Ableitern kann insbesondere dann vorteilhaft sein,
wenn die negative Elektrode und die positive Elektrode innerhalb des
Verbundes derart zueinander angeordnet sind, dass fiur 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
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 Ausfuhrungsformen kann die erfindungsgemate
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
erfindungsgeméaRen Knopfzelle Uber die bereits erwahnten 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 Gehauses flach an der
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Innenseite der Gehausehalbteile anliegt. Ideal ist die elektrische Kontak-
tierung der Ableiter mit den Innenseiten des Gehauses naturlich dann,
wenn sie zumindest leicht an das Gehaduse angepresst werden (falls sie
nicht ohnehin angeschweisst sind). Uberraschend effizient kann dies
durch geeignete Anordnung des oben erwihnten Wickelkerns in einer
erfindungsgemaRen 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 Gehduses einer erfindungsgeméaflen Knopfzelle angeordnet

ist.

Bei der erfindungsgemafRen Knopfzelle handelt es sich entsprechend
den obigen Ausfihrungen insbesondere um eine wiederaufladbare
Knopfzelle. Besonders bevorzugt weist eine erfindungsgemiale Knopf-
zelle mindestens eine Lithium-interkalierende Elektrode auf.

Das Verhaltnis von Héhe zu Durchmesser liegt bei Knopfzellen definiti-
onsgemald unterhalb von 1. Besonders bevorzugt liegt dieses Verhaltnis
bei einer erfindungsgemaflen Knopfzelle zwischen 0.1 und 0.9, insbe-
sondere zwischen 0.15 und 0.7. Unter der H6he 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 erfindungsgemaien
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 ausschilieRlich kraftschlissige Verbindung. Die
erfindungsgemaRe Knopfzelle 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.
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Fur solche boérdelfreien 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. Zusammen bilden Zellenbecher und Zellende-
ckel ein Gehause, das eine Aufnahme fur die tublichen Innenkomponen-
ten einer Knopfzelle wie Elektroden, Separator etc. bildet. Wie ublich
sind in diesem Gehé&duse 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
Aullenradius 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 ausgebildet sein.

Zur Herstellung einer boérdelfreien Knopfzelle geht man in der Regel so
vor, dass zundchst 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 dass sich ein Bereich ergibt, in dem die Mantelbereiche von
Zellenbecher und Zellendeckel uberlappen. Die GréRe des Uberlap-
pungsbereiches bzw. das Verhdltnis von Uberlappendem Bereich zu
nicht Gberlappendem 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 Hohe des Mantels bzw. des
Mantelbereichs). Vor dem Einschieben kénnen in den Gehéausebecher
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 Geh&ause ab-
zudichten. Dabei sollen die zusammengefiigten Gehauseteile méglichst
keinen oder nur sehr geringen Belastungen in axialer Richtung unterlie-
gen. Der Druck wird daher insbesondere radial angelegt. Abgesehen
von der bereits erwdhnten Abdichtung des Gehauses kann so auch der
AuBRendurchmesser des Zellengehéuses kalibriert werden.

Besonders wichtig ist es dass die H6hen 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 Hohen der Mantelbereiche sind also bevorzugt so
gewahlt, dass ein Umbiegen der Schnittkante des Zellenbechers nach
innen Gber den Randbereich des vollstiandig in den Zellenbecher einge-
schobenen Zellendeckels nicht moglich ist. Es findet entsprechend keine
Umbdérdelung des Randes des Zellenbechers tiber den Randbereich des
Zellendeckels statt. In Folge dessen weist der Zellenbecher einer nach
dem erfindungsgeméaRen Verfahren gefertigten Knopfzelle einen Man-
telbereich mit einem im wesentlichen konstanten Radius in Richtung der
Schnittkante auf.

Bei nach einem solchen Verfahren hergesteliten Knopfzelien besteht
zwischen den Gehausekomponenten Zellenbecher, Zellendeckel und
Dichtung vorzugsweise eine ausschlieBllich kraftschlissige 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 Gegenkrifte vorzugsweise erst bei
nahezu volistdndigem 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
eingeschoben wird, ist in bevorzugten Ausfihrungsformen 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 erwahnten
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 Auf3en-
radius auf. Dies betrifft gegebenenfalls insbesondere den Teil, der nach
dem Einschieben 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 &ffnender 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
AuBlenseite des Zellendeckels im tiberlappenden Bereich im wesentli-
chen gleichmaRig voneinander beabstandet sind. Die resultierende
Knopfzelle weist Mantelbereiche auf, die parallel zueinander ausgerich-
tet sind, insbesondere im Uberlappenden Bereich.

Ein wichtiger Aspekt dabei ist die Wahl der Dichtung, die den Zellenbe-
cher mit dem Zellendeckel verbindet. Bevorzugt handeit 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-
schrieben ist, 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 ermdglicht nicht zuletzt die Verwendung von Foliendichtungen
den Verzicht auf ein Umbdérdeln des Randes des 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 ym und 250 um, besonders bevor-
zugt zwischen 70 pm und 150 pm, 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. Es ist klar, dass diese zumindest im Uberlappenden Bereich in
der Regel dem Abstand zwischen der Innenseite des Zellenbechers und
der AuRenseite des Zellendeckels entspricht.

Damit eine ausreichend hohe Reibung zwischen Zellenbecher und Zel-
lendeckel entstehen kann, sollten sowohl die Au3en- 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. Fur die
dabei verwendeten Teile gilt bevorzugt, dass die Differenz zwischen
dem Auflenradius 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 besonders bevorzugt 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 uber-

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 Gehdusebechers anliegenden Randabschnitt bzw. auf die
zwischen Gehausedeckel und Gehdusebecher angeordnete Dichtung

ausgeubt, die in der Folge in diesem Bereich zusammengepresst wird.
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Das Einziehen kann zeitgleich zu der bereits erwdhnten Druckausiibung
auf den Mantelbereich des Zellenbechers erfolgen, bevorzugt erfolgt das

Einziehen aber in einem spéteren separaten Schritt.

Das erfindungsgeméafe Verfahren zur Herstellung einer Knopfzelle kann
insbesondere zur Herstellung von Knopfzellen dienen, wie sie vorste-
hend beschrieben wurde, also von Knopfzellen mit einem Gehause mit
einem ebenen Bodenbereich und einem dazu parallelen ebenen De-
ckelbereich. Es eignet sich sowoh! zur Herstellung von bérdelfreien
Knopfzellen als auch von solchen mit Bérdelung.

Betreffend die bevorzugten Ausfuhrungsformen der einzelnen in einem
erfindungsgemaRen Verfahren verwendeten Komponenten (Gehéausetei-
le und —dimensionen, Elektroden, Separator etc.) kann somit vollum-
fanglich auf die obenstehenden Ausfihrungen und Erlduterungen Bezug

genommen und verwiesen werden.

Das Gehause wird in der Regel aus einem metallischen Becherteil (Ge-
hausebecher) und einem metallischen Deckelteil (Gehausedeckel) zu-
sammengefugt, wobei ein Elektroden-Separator-Verbund mit als flache
Schicht ausgebildeten Elektroden derart in das Gehause 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 spiralférmiger Wickel.

In aller Regel umfasst das erfindungsgemaRe Verfahren stets die Schrit-

te
. Einsetzen des Wickels in das metallische Deckelteil und
. Einsetzen des metallischen Deckelteils mit dem Wickel in ein me-

tallisches Becherteil.
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Danach erfolgt optional das Umbérdeln des Randes des Becherteils -
ber den Rand des Deckelteils.

Sofern eine bérdelfreie Knopfzelle hergestellt wird, werden die entspre-
chenden oben beschriebenen Schritte durchgefuhrt.

Vor dem Schliellen des Gehaduses werden die Elektroden Ublicherweise

noch mit Elektrolytlésung 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 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 verformbar ist. 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.

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
far sich allein oder in Kombination miteinander verwirklicht sein. Die be-
schriebenen Ausfuhrungsformen dienen lediglich zur Erlduterung und
zum besseren Verstandnis der Erfindung und sind in keiner Weise ein-

schrankend zu verstehen.
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Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten Ausfiih-

rungsform einer erfindungsgemaRen Knopfzelle.

Fig. 2 illustriert den Effekt der Warmebehandlung eines aufgewickel-
ten Elektrode-Separator-Verbundes, welche bei bevorzugten
Ausfuhrungsformen des erfindungsgemaRen Verfahrens zum
Einsatz kommt.

Fig. 3 zeigt einen Elektroden-Separator-Verbund in Form eines Wi-
ckels, wie er in einer erfindungsgeméfRen Knopfzelle verbaut

werden kann.

Fig. 4 zeigt eine geschnittene Darstellung einer weiteren bevorzugten
Ausfuhrungsform einer erfindungsgemafien Knopfzelle.

Fig. 5 zeigt schematisch den Querschnitt einer bevorzugten Ausfih-
rungsform einer erfindungsgemalen Knopfzelle, bei der der
Rand des Zellenbechers nicht Gber den Rand des Zellende-

ckels gebdrdelt ist.

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten Ausfuh-
rungsform einer erfindungsgemafien 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. Zusammen bilden 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 uber
den Rand des Zellendeckels 102 gebdérdelt.

Im Inneren der Elektrode ist ein Verbund aus einer streifenférmigen E-
lektrode 105, einer streifenférmigen Elektrode 106 und den streifenfor-
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 paralielen 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 Kréafte iberwiegend radial und kén-
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 Warmebehandiung eines Elektroden-Separa-
tor-Wickels 200, die in bevorzugten Ausfuhrungsformen des erfindungs-
gemalen Verfahrens zur Herstellung einer Knopfzelle vorgesehen ist.
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-
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 zurtck. Dabei werden an der Stirnseite 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 gewéahrleistet, dass E-
lektroden gleicher Polaritét jeweils nur am Gehausebecher oder am Ge-
hausedeckel unmittelbar anliegen kénnen. Separate elektrische Verbin-
dungen zwischen den Elektroden und den Gehéauseteilen sind nicht er-

forderlich.

Fig. 3 zeigt einen Elektroden-Separator-Verbund fir erfindungsgemaéafe
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 schrdg von oben dargestelit 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 spiralférmig aufgewickelt und wird durch ein
Klebeband 306 auf seiner AuBenseite zusammengehalten.

Fig. 4 zeigt eine geschnittene Darstellung einer bevorzugten Ausfih-
rungsform einer erfindungsgemaflen Knopfzelle 400. Zu erkennen ist
das Gehause der Knopfzelle aus dem Becherteil 401 und dem Deckelteil
402, zwischen denen die Dichtung 403 angeordnet ist. Innerhalb des
Gehduses ist ein Verbund aus Elektroden und Separatoren, wie er in
Fig. 3 dargestellt ist, als spiralférmiger 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 verbunden ist. Der Ableiter 410 ist vorzugs-
weise mit dem Deckelteil 402 verschweisst. Dagegen ist der Ableiter 409
mit dem Becherteil 402 tber eine Klemmverbindung verbunden (er ist
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 Isoliermittel 411 und 412 angeordnet, bei denen es sich jeweils
um dunne Kunststoffscheiben handelt. Durch diese wird verhindert, dass
Elektroden entgegengesetzter Polaritéat gleichzeitig in Kontakt mit dem
Becher- oder dem Deckelteil 401 und 402 kommen kdnnen. Einem

Kurzschluss wird dadurch vorgebeugt.

Fig. 5§ zeigt schematisch den Querschnitt einer bevorzugten Ausfiuh-
rungsform einer erfindungsgemaen Knopfzelle 500.

Diese weist ein metallisches Becherteil 501 und ein metallisches Deckel-
teil 502 auf. Uber eine Dichtung 510 sind die beiden Teile dichtend mit-
einander verbunden. Zusammen bilden 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 Verbraucher erfolgen kann.

Der Zellendeckel 502 ist in den Zellenbecher 501 eingeschoben, so
dass die Mantelbereiche des Zellendeckels und des Zellenbechers tuber-
lappen, wobei der Innenradius des Zellenbechers 501 im Uberlappenden
Bereich in Richtung der Schnittkante im wesentlichen konstant ist. Der
Rand des Zellenbechers 501 ist also nicht iUber den Rand 511 des Zel-
lendeckels 502 gebdrdelt, bei der vorliegend beschriebenen bevorzug-
ten Ausfiihrungsform einer erfindungsgemafen Knopfzelle 500 handelt

es sich somit um eine boérdelfreie 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 W.ickelkern 512 im Zentrum der
Knopfzelle 500. Sowoh!l 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 oder verlieren,
wirken die dabei resultierenden mechanischen Krifte iberwiegend radi-
al und kénnen vom Mantelbereich der Knopfzelle 500 aufgefangen wer-

den.

Kontaktiert sind die positiven und die negativen Elektroden mit den Ge-
hausehalbteilen Becher und Deckel tUber 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

danne Folie.
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Patentanspriiche

1. Knopfzelle (100; 400; 500), umfassend

- zwei metallische Gehausehalbteile (101, 102; 401, 402; 501,
502), die durch eine elektrisch isolierende Dichtung (109; 403;
510) voneinander getrennt sind und die ein Gehause mit einem
ebenen Bodenbereich (103; 503) und einem dazu parallelen
ebenen Deckelbereich (104; 504) ausbilden sowie

- innerhalb des Gehéauses 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 tber mindestens
einen flachigen Separator (107; 203; 302, 303; 405, 406; 507)
miteinander verbunden sind,

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 spiralférmiger 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) ausgefillt

ist.
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Knopfzelle 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 Gehause 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 angeordnet ist.

Knopfzelle nach einem der vorhergehenden Anspriche, dadurch

gekennzeichnet, dass sie wiederaufladbar ist.

Knopfzelle nach einem der vorhergehenden Anspriiche, dadurch
gekennzeichnet, dass sie ein Verhiltnis Hohe : 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 Geh&dusehalbteilen, insbesondere
einem metallischen Becherteil (101; 401; 501) und einem metalli-
schen Deckelteil (102; 402; 502), ein Gehause 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 Gehause 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, insbesondere als spiralférmiger 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-

formbar ist.
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Beschreibung

Knopfzelle und Verfahren zu ihrer Herstellung

Die vorliegende Erfindung betrifft eine Knopfzelle mit einem Gehéause
aus einem metallischen Becherteil und einem metallischen Deckeilteil,
die dichtend miteinander verbunden sind, sowie ein Verfahren zur Her-
stellung von solchen Knopfzellen.

Wiederaufladbare Knopfzellen kénnen 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, tablettenférmigen Elektroden angeordnet. Stattdessen wer-
den bevorzugt vorgefertigte Elektroden-Separator-Verbinde 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 pm dick. Um Knopfzeilengehause
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Ublicher Dimensionen ausfiullen zu kénnen, werden daher haufig mehre-
re solcher Verbunde flach Ubereinander gelegt. Auf diese Weise lassen
sich Stapel in grundsatzlich beliebiger H6he erhalten, jeweils abge-
stimmt auf die zur Verfugung stehenden Dimensionen des Knopfzellen-
gehauses, in das der Stapel verbaut werden soll. So wird eine optimale
Ausnutzung des zur Verfigung stehenden Geh&useinnenraumes ge-
wahrleistet.

Konstruktionsbedingt treten bei Knopfzellien, die solche Stapel aus Elekt-
roden-Separator-Verbinden enthalten, allerdings auch diverse Proble-
me auf. Zum einen ist es naturlich 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 fur Aktiv-
material nicht mehr zur Verfugung. Die Herstellung der Elektrodenstapel
ist dariber hinaus kompliziert und teuer, da bei der Kontaktierung der
Verbinde untereinander leicht Fehler auftreten kénnen, die die Auss-
chulrate erhéhen. Zum anderen wurde festgestellt, dass Knopfzellen
mit einem Stapel aus Elektroden und Separatoren sehr schnell undicht

werden kénnen.

Der vorliegenden Erfindung lag die Aufgabe zugrunde, Knopfzellen be-
reitzustellen, bei denen die genannten Probleme nicht auftreten. Die be-
reitzustellenden Knopfzellen soliten eine mdéglichst einfache Konstrukti-
onsweise aufweisen, héchsten Anforderungen im Hinblick auf die Dich-
tigkeit im Betrieb genligen und sehr einfach herzustellen sein.

Diese Aufgabe wird gelost durch die Knopfzelle mit den Merkmalen des
Anspruchs 1 sowie das Verfahren mit den Merkmalen des Anspruchs 9.
Bevorzugte Ausfihrungsformen der erfindungsgemaéaiien Knopfzelle sind
in den abhangigen Ansprichen 2 bis 8 angegeben. Bevorzugte Ausfih-
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rungsformen des erfindungsgemafien Verfahrens finden sich in den An-
sprichen 10 bis 12. Der Wortlaut samtlicher Anspriiche wird hiermit

durch Bezugnahme zum Inhalt dieser Beschreibung gemacht.

Eine erfindungsgemale Knopfzelle weist ein metallisches Becherteil und
ein metallisches Deckelteil auf, die dichtend miteinander verbunden
sind. Zusammen bilden die beiden Teile ein Gehause 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 Auflen- und die Kupferschicht bevorzugt die Innenseite
des Knopfzellengehauses bildet). Als Dichtung kann beispielsweise eine

Spritzguss- oder eine Foliendichtung zum Einsatz kommen.

Innerhalb des Gehéauses 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 aufgekiebt. Die Elektroden
und der Separator weisen in der Regel jeweils nur Dicken im ym-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
erfindungsgemalle 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 erfindungsgemaen 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 erfindungsgemafen 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 Volumendnderungen ausgesetzt. Zu solchen Volumen-
anderungen kann es natirlich auch bei den Elektroden einer erfin-
dungsgemaRen Knopfzelle kommen. Die dabei entstehenden mechani-
schen Krafte wirken jedoch nicht mehr priméar axial, wie das im Falle ei-
nes flach eingelegten Stapels aus Elektroden-Separator-Verbinden der
Fall ist. Aufgrund der orthogonalen Ausrichtung der Elektroden wirken
sie stattdessen radial. Radiale Krafte kénnen von dem Gehéause einer
Knopfzelle allerdings sehr viel besser aufgenommen werden als axiale,
worauf vermutlich die verbesserten Dichtigkeitseigenschaften zurtckzu-
fuhren sind.

Besonders bevorzugt sind die Elektroden und der flachige Separator ei-
ner erfindungsgemaBRen Knopfzelle jeweils streifen- oder bandférmig
ausgebildet. So kann zur Herstellung einer erfindungsgemaflen 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 streifenférmig 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 erfindungsgemale Knopf-
zelle entsprechend den Verbund aus Elektroden und Separator als Wi-
ckel, besonders bevorzugt als spiralférmigen Wickel.

Besonders bevorzugt weist der Verbund aus Elektroden und Separator
in einer erfindungsgeméalen Knopfzelle eine der folgenden Schichtab-

folgen auf:

e negative Elektrode / Separator / positive Elektrode / Separator
oder

e positive Elektrode / Separator / negative Elektrode / Separator.

Derartige Verblinde lassen sich sehr einfach herstellen und aufwickeln,
ohne dass es zu Kurzschliissen zwischen entgegengesetzt gepolten E-

lektroden kommt.

In besonders bevorzugten Ausfuhrungsformen 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
erfindungsgeméafRen Knopfzelle eine jeweils unterschiedliche Beabstan-
dung der Elektroden zu den ebenen Boden- und Deckelbereichen resul-
tiert. Im einfachsten Fall kbnnen z.B. eine positive und eine negative
Elektrode als gleich breite Streifen leicht versetzt auf die gegeniberlie-
genden Seiten eines Separatorbandes aufgebracht werden, so dass der
Abstand der positiven Elektrode zum oberen Separatorrand groRer ist
als der vergleichbare Abstand von der negativen Elektrode aus gemes-
sen. Umgekehrtes gilt dann naturlich im Hinblick auf den Abstand zum

unteren Separatorrand.
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In besonders bevorzugten Ausfuhrungsformen 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 ermdéglicht also eine
Kontaktierung der Elektroden mit den jeweiligen Gehauseteilen, ohne
dass zusatzliche elektrische Kontakte und Verbindungsmittel zum Ein-

satz kommen missen.

Bei den in einer erfindungsgemélen 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.

Die in einer erfindungsgemaen Knopfzelle bevorzugt einsetzbaren Se-
paratoren weisen bevorzugt eine Dicke zwischen 3 pm und 100 ym, ins-

besondere zwischen 10 ym und 50 ym, auf.
Die Elektroden einer erfindungsgemafien Knopfzelle weisen bevorzugt
eine Dicke zwischen 10 pm und 1000 pm, insbesondere zwischen 30

pum und 500 um, auf.

Wie bereits eingangs erwahnt wurde, handelt es sich bei der erfin-
dungsgeméafllen Knopfzelle insbesondere um eine wiederaufladbare
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Knopfzelle. Besonders bevorzugt weist eine erfindungsgeméalRe Knopf-

zelle mindestens eine Lithium interkalierende Elektrode auf.

Das Verhaltnis H6he : Durchmesser einer erfindungsgeméaf3en 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 erfindungsgemalen Verfahren verwendeten Komponenten
(Gehéauseteile und —dimensionen, Elektroden, Separator etc.) kann so-
mit vollumfanglich auf die obenstehenden Ausfihrungen und Erlaute-

rungen Bezug genommen und verwiesen werden.

Das Gehause wird aus einem metallischen Becherteil und einem metal-
lischen Deckelteil zusammengefugt, 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 erwéahnt, wird der Elektroden-Separator-Verbund in Form

eines Wickels verbaut, insbesondere als spiralférmiger Wickel.

In aller Regel umfasst das erfindungsgemale 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,

Umbordeln des Randes des Becherteils.

Vor dem Schlief3en des Gehauses werden die Elektroden ablicherweise

noch mit Elektrolytiésung getrankt.

Der Wickel befindet sich beim Einsetzen bevorzugt aufgerolit 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 verformbar ist. 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.

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
far 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.
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Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer erfindungsgemaen

Knopfzelle.

Fig. 2 illustriert den Effekt der Warmebehandlung eines aufgewickel-
ten Elektrode-Separator-Verbundes, welche bei bevorzugten
Ausfuhrungsformen des erfindungsgemafen Verfahrens zum

Einsatz kommt.

Fig. 1 zeigt schematisch den Querschnitt einer erfindungsgemallen
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. Zusammen bilden sich ein Ge-
hduse 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 uber den Rand des Zellendeckels
102 gebdrdelt.

Im Inneren der Elektrode ist ein Verbund aus einer streifenférmigen
Elektrode 105, einer streifenférmigen 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 oder verlie-

JLab/Cambridge, Exh. 1002, p. 186



P 49 226 DE -10-

ren, wirken die dabei resultierenden mechanischen Kréafte radial und

kénnen vom Mantelbereich der Knopfzelle 100 aufgefangen werden.

Hervorzuheben ist, 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 Warmebehandlung eines Elektroden-
Separator-Wickels 200, die in bevorzugten Ausfuhrungsformen des er-
findungsgemaRen 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 zurick. Dabei werden an der Stirnseite 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 gewahrleistet, dass

Elektroden gleicher Polaritat jeweils nur am Gehdusebecher oder am
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Gehausedeckel unmittelbar anliegen kénnen. Separate elektrische Ver-
bindungen zwischen den Elektroden und den Gehauseteilen sind nicht

erforderlich.
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Patentanspriche

1. Knopfzelle (100), umfassend ein metallisches Becherteil (101) und
ein metallisches Deckelteil (102), welche dichtend miteinander
verbunden sind und ein Gehause 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) enthailt, insbesondere als spiralférmigen 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

S. Knopfzelle nach einem der vorhergehenden Anspriche, 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 vorhefgehenden Anspriiche, dadurch
gekennzeichnet, dass sie ein Verhaltnis Hohe : 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 Anspruche, 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,

insbesondere als spiralférmiger 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),

- Umbdérdeln 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

verformbar ist.
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Zusammenfassung

Beschrieben wird eine Knopfzelle (100), die ein metallisches Becherteil
(101) und ein metallisches Deckeiteil (102) aufweist, welche dichtend
miteinander verbunden sind und ein Geh&use mit einem ebenen Boden-
bereich (103) und einerh dazu parallelen ebenen Deckelbereich (104)
ausbilden, wobei innerhalb des Gehauses als 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-
hause 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 Knopfzellengeh&uses 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-
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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 ausfillen zu kénnen, werden daher haufig mehrere solcher Verbun-
de flach ubereinander gelegt. Auf diese Weise lassen sich Stapel in
grundsatzlich beliebiger Hohe erhalten, jeweils abgestimmt auf die zur
Verfugung stehenden Dimensionen des Knopfzellengehdauses, in das
der Stapel verbaut werden soll. So wird eine optimale Ausnutzung des

zur Verfigung stehenden Gehauseinnenraumes gewahrleistet.

Konstruktionsbedingt treten bei Knopfzellen, die solche Stapel aus Elek-
troden-Separator-Verblinden 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 Knopfzellengehauses zu
kontaktieren. Die erforderlichen elektrischen Kontakte verursachen Ma-
terialkosten, der durch sie eingenommene Raum steht zudem fur Aktiv-
material nicht mehr zur Verfugung. Die Herstellung der Elektrodenstapel
ist daruber hinaus kompliziert und teuer, da bei der Kontaktierung der
Verblinde untereinander leicht Fehler auftreten kénnen, die die Aus-
schussrate 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 mdglichst einfache Konstrukti-
onsweise aufweisen, hochsten Anforderungen im Hinblick auf die Dich-

tigkeit im Betrieb genligen und sehr einfach herzustellen sein.
Diese Aufgabe wird gelost durch die Knopfzelle mit den Merkmalen des

Anspruchs 1 sowie das Verfahren mit den Merkmalen des Anspruchs

13. Bevorzugte Ausfuhrungsformen der erfindungsgemaflen Knopfzelle
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sind in den abhangigen Anspriichen 2 bis 12 angegeben. Bevorzugte
Ausfuhrungsformen des erfindungsgemafRen Verfahrens finden sich in
den Ansprichen 14 bis 16. Der Wortlaut samtlicher Anspriche wird
hiermit durch Bezugnahme zum Inhalt dieser Beschreibung gemacht.

Eine erfindungsgeméaRe Knopfzelle weist ein metallisches Becherteil und
ein metallisches Deckelteil auf, die dichtend miteinander verbunden
sind. Zusammen bilden die beiden Teile ein Gehduse aus, das einen
ebenen Bodenbereich und einen dazu paralielen 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 Auen- und die Kupferschicht bevorzugt die In-
nenseite des Knopfzellengehéuses bildet). Als Dichtung kann beispiels-

weise eine Spritzguss- oder eine Foliendichtung zum Einsatz kommen.

Innerhalb des Geh&duses sind mindestens eine positive und mindestens
eine negative Elektrode angeordnet, und zwar jeweils in Form von fla-
chen Elektrodenschichten. Die Elektroden sind dabei tiber 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 pm-Bereich
auf. In bevorzugten Ausfuhrungsformen bilden sie zusammen einen
Elektroden-Separator-Verbund aus, wie er bereits eingangs erwahnt
wurde.

Im Gegensatz zu den eingangs erwahnten Knopfzellen zeichnet sich die
erfindungsgemérse 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-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 erfindungsgemaBRen 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 erfindungsgeméafien 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 naturlich auch bei den Elektroden einer erfin-
dungsgemaRen Knopfzelle kommen. Die dabei entstehenden mechani-
schen Krafte wirken jedoch nicht mehr priméar axial, wie das im Falle ei-
nes flach eingelegten Stapels aus Elektroden-Separator-Verbinden der
Fall ist. Aufgrund der orthogonalen Ausrichtung der Elektroden wirken
sie vielmehr radial. Radiale Krafte kénnen von dem Gehé&use einer
Knopfzelle sehr viel besser aufgenommen werden als axiale. Vermutlich
lassen sich darauf die verbesserten Dichtigkeitseigenschaften zurtck-

fuhren.

Besonders bevorzugt sind die Elektroden und der flachige Separator ei-
ner erfindungsgemaien 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

streifenférmigen Elektroden und streifenférmigem Separator gut aufwi-
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ckeln. In bevorzugten Ausfithrungsformen enthalt eine erfindungsgema-
Re Knopfzelle entsprechend den Verbund aus Elektroden und Separator
als Wickel, besonders bevorzugt als spiralférmigen Wickel. In der erfin-
dungsgemalen 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 Verbunde lassen sich sehr einfach herstellen und aufwickeln,
ohne dass es zu Kurzschlissen zwischen entgegengesetzt gepolten
Elektroden kommt.

In besonders bevorzugten Ausfuhrungsformen 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
erfindungsgemaflen Knopfzelle eine jeweils unterschiedliche Beabstan-
dung der Elektroden zu den ebenen Boden- und Deckelbereichen resul-
tiert. Im einfachsten Fall kbnnen z.B. eine positive und eine negative
Elektrode als gleich breite Streifen leicht versetzt auf die gegenuberlie-
genden Seiten eines Separatorbandes aufgebracht werden, so dass der

Abstand der positiven Elektrode zum oberen Separatorrand grofB3er ist
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als der vergleichbare Abstand von der negativen Elektrode aus gemes-
sen. Umgekehrtes gilt dann naturlich 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 Ausfihrungsform besteht ein unmittelbarer
elektrischer und mechanischer Kontakt zwischen den Elektroden und
dem Becher- bzw. Deckelteil. Die versetzte Anordnung der Elektroden
zueinander ermoglicht also eine Kontaktierung der Elektroden mit den
jeweiligen Gehauseteilen, ohne dass zusatzliche elektrische Kontakte

und Verbindungsmittel zum Einsatz kommen missen.

In weiteren bevorzugten Ausfuhrungsformen kann es allerdings auch
bevorzugt sein, dass zumindest eine der Elektroden, vorzugsweise so-
wohl die mindestens eine negative als auch die mindestens eine positive
Elektrode in einer erfindungsgemaflen Knopfzelle, Giber einen oder meh-
rere separate Ableiter mit den ebenen Boden- und Deckelbereichen ver-
bunden sind. Bei den Ableitern kann es sich beispielsweise um Ableiter-
fahnen aus Kupfer oder einem anderen geeigneten Metall handein.
Elektrodenseitig kénnen die Ableiter z.B. an einen Stromkollektor ange-
bunden sein. Eine Anbindung ans Gehause kann z.B. tber Verschweis-

sung oder eine Klemmverbindung erfolgen.

Separate Ableiter kénnen insbesondere vorteilhaft sein, wenn die nega-
tive Elektrode und die positive Elektrode innerhalb des Verbundes derart
zueinander angeordnet sind, dass fur die Elektroden eine jeweils gleiche
Beabstandung zu den ebenen Boden- und Deckelbereichen resulitiert.

Qder mit anderen Worten, wenn die Elektroden innerhalb des Elektro-
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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 berithren, so dass ein Kurzschluss ent-
steht. In bevorzugten Ausfiihrungsformen kann die erfindungsgemafe
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
erfindungsgemaRen Knopfzelle Uber die bereits erwahnten separaten
Ableiter mit den ebenen Boden- und Deckelbereichen verbunden sind.
Diese gewabhrleisten den elektrischen Kontakt zwischen den Elektroden

und dem Gehause.

Bei dem lIsoliermittel 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 Gehauses einer erfindungsgemaRen Knopfzelle angeordnet
ist.

Bei den in einer erfindungsgemaBRen 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.
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Die in einer erfindungsgemaRen Knopfzelle bevorzugt einsetzbaren Se-
paratoren weisen bevorzugt eine Dicke zwischen 3 pym und 100 pm, ins-

besondere zwischen 10 ym und 50 ym, auf.

Die Elektroden einer erfindungsgemafien Knopfzelle weisen bevorzugt
eine Dicke zwischen 10 ym und 1000 pm, insbesondere zwischen 30
pm und 500 pm, auf.

Wie bereits eingangs erwahnt wurde, handelt es sich bei der erfin-
dungsgemaflen Knopfzelle insbesondere um eine wiederaufladbare
Knopfzelle. Besonders bevorzugt weist eine erfindungsgemale Knopf-

zelle mindestens eine Lithium interkalierende Elektrode auf.

Das Verhaltnis Héhe : Durchmesser einer erfindungsgeméaflen Knopfzel-
le betragt vorzugsweise < 1. Besonders bevorzugt liegt es zwischen 0.1
und 0.9, insbesondere zwischen 0.15 und 0.7. Unter der Hohe 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 erfindungsgemaRe 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 Ausfuhrungsformen der einzeinen in einem
erfindungsgemaiaRen Verfahren verwendeten Komponenten (Gehéausetei-
le und —dimensionen, Elektroden, Separator etc.) kann somit
vollumfanglich auf die obenstehenden Ausfihrungen und Erlauterungen

Bezug genommen und verwiesen werden.
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Das Gehause wird aus einem metallischen Becherteil und einem metal-
lischen Deckelteil zusammengefigt, 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 bevorzugt

in Form eines Wickels verbaut, insbesondere als spiralférmiger Wickel.

In aller Regel umfasst das erfindungsgemafe Verfahren stets die Schrit-
te
- 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 SchlieRen des Gehauses werden die Elektroden ublicherweise
noch mit Elektrolytlésung 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 verformbar ist. 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 Knopfzellengehduse 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-

schrdankend zu verstehen.

Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten Ausfih-

rungsform einer erfindungsgeméfen Knopfzelle.

Fig. 2 illustriert den Effekt der Warmebehandlung eines aufgewickel-
ten Elektrode-Separator-Verbundes, welche bei bevorzugten
Ausfiihrungsformen des erfindungsgeméafen Verfahrens zum
Einsatz kommt.

Fig. 3 zeigt einen Elektroden-Separator-Verbund in Form eines Wi-
ckels, wie er in einer erfindungsgeméBen Knopfzelle verbaut

werden kann.

Fig. 4 zeigt eine geschnittene Darstellung einer weiteren bevorzugten

Ausfuhrungsform einer erfindungsgeméafen Knopfzelle.

Fig. 1 zeigt schematisch den Querschnitt einer erfindungsgemafien
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. Zusammen bilden sie ein Gehau-
se mit einem ebenen Bodenbereich 103 und einem dazu parallelen ebe-

nen Deckelbereich 104 aus. Im 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
gebdrdelt.

Im Inneren der Elektrode ist ein Verbund aus einer streifenférmigen
Elektrode 105, einer streifenférmigen Elektrode 106 und den streifen-
formigen 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 anstosst. Aufgewi-
ckelt ist der Verbund auf dem Kern 108 im Zentrum der Knopfzelle 100.
Sowoh! 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 Kréfte Uberwiegend radial und kén-

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 Ausfiihrungsformen des erfindungs-
gemiRen Verfahrens zur Herstellung einer Knopfzelle vorgesehen ist.
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-

moplastisch 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 Separatorréander. Die Se-
paratoren ziehen sich zumindest teilweise zwischen benachbarte Elek-
troden zuruick. Dabei werden an der Stirnseite 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
Elektroden gleicher Polaritat jeweils nur am Gehédusebecher oder am
Gehausedeckel unmittelbar anliegen kénnen. Separate elektrische Ver-
bindungen zwischen den Elektroden und den Gehauseteilen 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, wéhrend in der Dar-
stellung B der Wickel 300 in einer Ansicht schrag von oben dargestelit
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 Verbund ist spiral-
formig aufgewickelt und wird durch ein Klebeband 306 auf seiner Au-

Renseite zusammengehalten.

Fig. 4 zeigt eine geschnittene Darstellung einer bevorzugten Ausfih-
rungsform einer erfindungsgeméafien Knopfzelle 400. Zu erkennen ist
das Gehiuse der Knopfzelle 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 spiralférmiger 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. Dagegen ist der Ableiter 409
mit dem Becherteil 402 Uiber eine Klemmverbindung verbunden (er ist
zwischen dem Stutzring 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 Isoliermittel 411 und 412 angeordnet, bei denen es sich jeweils
um dunne Kunststoffscheiben handelt. Durch diese wird verhindert, dass
Elektroden entgegengesetzter Polaritit gleichzeitig in Kontakt mit dem
Becher- oder dem Deckelteil 401 und 402 kommen koénnen. Einem

Kurzschluss wird dadurch vorgebeugt.

JLab/Cambridge, Exh. 1002, p. 208



P 49 226 DE1 -14 -

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 Gehéauses ei-
ne positive und eine negative Elektrode (105, 106; 201, 202; 304,
305; 407, 408), die als flache Schichten ausgebildet und tber
mindestens einen flachigen Separator (107; 203; 302, 303; 405,
406) miteinander verbunden sind, wobei die Elektrodenschichten
(105, 106; 201, 202; 407, 408) im wesentlichen orthogonal zu 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 hach 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 Anspriche 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 fir 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 verbunden sind.

8. Knopfzelle nach einem der Anspriche 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 lIsoliermittel (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 angeordnet ist.

Knopfzelle nach einem der vorhergehenden Anspriche, dadurch

gekennzeichnet, dass sie wiederaufladbar ist.

Knopfzelle nach einem der vorhergehenden Anspriche, dadurch
gekennzeichnet, dass sie ein Verhaltnis Hohe : 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 spiralférmiger Wickel.

Verfahren nach Anspruch 14, umfassend die Schritte

- Einsetzen des W.ickels (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),

- Umbordeln 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 verformbar ist.
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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 Gehause mit ei-
nem ebenen Bodenbereich (103) und einem dazu parallelen ebenen
Deckelbereich (104) ausbilden, wobei innerhalb des Gehéauses als 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 verbunden sind,
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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Beschreibung

Knopfzelle mit Elektrodenwickel

Die vorliegende Erfindung betrifft Knopfzellen mit einem Geh&use aus
zwei metallischen Gehausehalbteilen, das einen gewickelten Elektro-
den-Separator-Verbund enthait.

Knopfzellen weisen Ublicherweise ein Gehause aus zwei Gehadusehalb-

_ teilen, einem Zellenbecher und einem Zellendeckel, auf. Diese kénnen
beispielsweise aus vernickeltem Tiefziehblech als Stanzziehteile herge-
stellt werden. Gewdhnlich ist der Zellenbecher positiv und der Gehéuse-
deckel negativ gepolt. In dem Gehéause kénnen die verschiedensten e-
lektrochemischen Systeme enthalten sein, beispielsweise Zink/MnO;,
primare und sekundéare Lithium-Systeme oder sekundare Systeme wie
Nickel/Cadmium oder Nickel/Metallhydrid.

Der flussigkeitsdichte Verschluss von Knopfzellen erfolgt klassisch durch
Umbérdeln des Randes des Zellenbechers Uiber 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 méglich, Knopfzellen zu fertigen, bei denen
Zellenbecher und Zellendeckel in axialer Richtung ausschlielich durch
eine kraftschlissige Verbindung zusammengehalten werden und die
keinen umgebdrdelten Becherrand aufweisen. Derartige Knopfzellen
sowie ein Verfahren zu ihrer Herstellung sind in der bislang noch unver-
offentlichten 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
umgebodrdeitem 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 Entladevorgéngen stets Volumenanderungen
ausgesetzt. Die dabei auftretenden axialen Krafte konnen bei Knopfzel-
len ohne Bérdelung naturlich vergleichsweise leichter zu Undichtigkeiten

fuhren 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 Mal auftreten. Die Knopfzelle soll insbesonde-
re gegeniber in axialer Richtung auftretenden mechanischen Belastun-
gen Widerstandsféhiger sein als herk6mmliche Knopfzellen, insbesonde-
re auch dann, wenn sie als Knopfzelle ohne umgebérdelten Becherrand

gefertigt wird.
Diese Aufgabe wird gelést durch die Knopfzelle mit den Merkmalen des

Anspruchs 1. Bevorzugte Ausfiihrungsformen der erfindungsgemaéafRen

Knopfzelle sind in den abhangigen Ansprichen 2 bis 6 definiert. Der
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Wortlaut samtlicher Anspriche wird hiermit durch Bezugnahme zum In-

halt dieser Beschreibung gemacht.

Eine erfindungsgemaBle Knopfzelle umfasst stets zwei metallische Ge-
h&usehalbteile, 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 Gehausehalbteilen handelt es sich, wie eingangs bereits er-
wahnt, in der Regel um einen sogenannten Geh&dusebecher und einen
Gehausedeckel. Als Gehausehalbteile 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 Auflen- und die Kupferschicht bevorzugt die Innenseite

des Knopfzellengehauses bildet).

Als Dichtung kann beispielsweise eine Spritzgu3- oder eine Foliendich-
tung zum Einsatz kommen. Letztere sind beispielsweise in der DE 196
47 593 beschrieben.

Innerhalb des Gehé&uses sind mindestens eine positive und mindestens
eine negative Elektrode angeordnet und zwar jeweils in Form von fla-
chen Elektrodenschichten. Die Elektroden sind vorzugsweise tber einen
flichigen 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 pm-Bereich
auf. Als Separator dient in der Regel eine porése Kunststofffolie.

Im Gehause einer erfindungsgeméalRen Knopfzelle liegt dieser Verbund
in Form eines Wickels, insbesondere in Form eines spiralférmigen Wi-
ckels, vor. Derartige Wickel lassen sich nach bekannten Verfahren (s.
z.B. DE 36 38 793) recht einfach herstellen, indem auf einen ais 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 Umstéanden zu Proble-
men bei der elektrischen Kontaktierung der Elektroden mit den metalli-
schen Gehausehalbteilen fuhren, was im Folgenden noch genauer be-

schrieben wird.

Der Elektrodenwickel ist innerhalb einer erfindungsgemaflRen 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 Gehiduses ausgerichtet.
Dadurch kénnen radiale Kréafte, wie sie bei den erwahnten Lade- und
Entladevorgéngen von Lithium-lonen-Systemen auftreten, grundsatzlich
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-
umfénglich durch Bezugnahme zum Inhalt dieser Beschreibung ge-
macht. Dies gilt insbesondere auch fiur die darin beschriebenen bevor-
zugten Ausfuhrungsformen betreffend den Verbund aus Elektroden und
Separator in einer erfindungsgeméaRen Knopfzelle sowie die beschrie-
benen Ausfuhrungsformen betreffend die elektrische Kontaktierung der
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positiven und negativen Elektroden des Verbundes mit den Gehéause-

halbteilen (Becher und Deckel).

Demgeman weist auch der Verbund aus Elektroden und Separator in
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 erfindungsgeméafRe Knopfzelle besonders bevor-
zugt einen oder mehrere separate Ableiter auf, die die Elektroden mit

den Gehausehalbteilen verbinden.

Dabei ist es bevorzugt, dass zumindest ein Teilabschnitt des oder der
Ableiter im Boden- bzw. im Deckelbereich des Gehauses flach an der
Innenseite der Gehausehalbteile anliegt. Ideal ist die elektrische Kontak-
tierung der Ableiter mit den Innenseiten des Gehauses naturlich dann,
wenn sie zumindest leicht an das Geh&duse angepresst werden. Uberra-
schend effizient kann dies durch geeignete Anordnung eines Wickel-

kerns in einer erfindungsgemaaRen Knopfzelle erreicht werden.

Gemaf der vorliegenden Erfindung ist es vorgesehen, dass eine erfin-
dungsgemiafRe 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 ausuiben. Wird dies unterbunden, so resultieren auch keine
Probleme mit der elektrischen Kontaktierung der Elektroden und den

metallischen Geh&ausehalbteilen.

Daneben verbessert ein solcher Wickelkern auch die Stabilitat der erfin-
dungsgeméaBRen Knopfzelle gegenuber duRBeren mechanischen Einflus-
sen. Eine Beschadigung des Elektrodenwickels in der Knopfzelle durch
einen auBBeren mechanischen Druck in axialer Richtung ist in der Regel

nicht mehr méglich.

GemaR der bevorzugten Ausfiihrungsform des Elektrodenwickels als
spiralférmiger Elektrodenwickel ist der erwadhnte axiale Hohlraum im
Zentrum des Wickels vorzugsweise im Wesentlichen zylindrisch (insbe-
sondere kreiszylindrisch) ausgebildet. Mantelseitig wird er durch den
Wickel begrenzt, stirnseitig durch entsprechende Flidchen des Boden-

bzw. des Deckelbereichs des Knopfzellengehéuses.

Entsprechend ist auch der in einer erfindungsgemaRen Knopfzelle ent-
haltene Wickelkern bevorzugt als Zylinder, insbesondere als Hohlzylin-
der, ausgebildet. Die Hbhe 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
moéglich, den Wickelkern in einer radial komprimierten Konfiguration in
den axialen Hohlraum des Wickels einer erfindungsgemaen Knopfzelle
einzufuhren. Bei Entspannung des radial komprimierten Wickelkerns bt
dieser einen radialen Druck auf den ihn umgebenden Elektrodenwickel

aus und gewiébhrleistet 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 erfindungsgeméafRen Knopfzelle handelt es sich entsprechend
den obigen Ausfuhrungen insbesondere um eine wiederaufladbare
Knopfzelle. Besonders bevorzugt weist eine erfindungsgeméBRe Knopf-
zelle mindestens eine Lithium-interkalierende Elektrode auf.

Das Verhaltnis von H6he zu Durchmesser liegt bei Knopfzellen definiti-
onsgemalk unterhalb von 1. Besonders bevorzugt liegt dieses Verhaltnis
bei einer erfindungsgemaBen Knopfzelle zwischen 0.1 und 0.9, insbe-
sondere zwischen 0.15 und 0.7. Unter der H6he 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 erfindungsgemaien
Knopfzelle um eine Knopfzelle ohne Bérdelung, wie sie in der eingangs
bereits erwéhnten Patentanmeldung mit dem Aktenzeichen 10 2009 017
514.8 beschrieben ist. Entsprechend besteht zwischen den Gehé&use-
halbteilen bevorzugt eine ausschliel3lich kraftschlissige Verbindung. Die
erfindungsgemaéafle 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 konnen 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 Verstédndnis der Erfindung und sind in keiner Weise ein-

schrankend zu verstehen.

Figurenbeschreibung

Fig. 1 zeigt schematisch den Querschnitt einer bevorzugten Ausfiih-

rungsform einer erfindungsgeméafRen 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. Zusammen bilden sie ein Gehiduse 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 tber-
lappen, wobei der Innenradius des Zellenbechers 101 im Uberiappenden
Bereich in Richtung der Schnittkante im wesentlichen konstant ist. Der
Rand des Zellenbechers 101 ist also nicht ttber den Rand 111 des Zel-
lendeckels 102 gebdrdelt, bei der vorliegend beschriebenen bevorzug-
ten Ausfihrungsform einer erfindungsgeméafen Knopfzelle 100 handelt

es sich somit um eine bérdelfreie 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 oder verlieren,
wirken die dabei resultierenden mechanischen Kréafte Uberwiegend radi-
al und kénnen vom Mantelbereich der Knopfzelle 100 aufgefangen wer-

den.

Kontaktiert sind die positiven und die negativen Elektroden mit den Ge-
héusehalbteilen Becher und Deckel tiber den Ableiter 105 und den
Ableiter 106. Der Ableiter 105 besteht aus Aluminium, der Ableiter 106
aus Nickel (oder alternativ aus Kupfer). Bei beiden Ableitern handelt es
sich um dunne 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 Isolatorelement
(in der Zeichnung nicht dargestellt) getrennt, beispielsweise durch eine

dinne 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 Gehéauses,
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. Knopfzelle nach Anspruch 1, dadurch gekennzeichnet, dass der
Wickelkern als Hohlzylinder ausgebildet ist.

3. Knopfzelle nach Anspruch 1 oder Anspruch 2, dadurch gekenn-
zeichnet, dass der Wickelkern radial selbstexpandierend ausge-
bildet ist.

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 Anspriche, 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 Gehédusehalbtei-
len, die durch eine elektrisch isolierende Dichtung voneinander getrennt
sind und die ein Gehiuse 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 mindestens teilweise ausflit.
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Alexandria, VA 22313-1450
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I
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Attorney Docket Now RUF-11-1270

Original Application
PCT National Application

LS. Designated Office

e

Continuation o Divisional Application
Continuation-in-Part Application

a0

COMBINED BECLARATION,
POWER OF ATTORNEY AND PETITION

As & below named inventor, 1 hereby declare that:

My residence, post office addvess and citizenship are as stated below next to my name,

I helieve | am the origieal, first and sole fnventor (if oaly one name IS Hsted below) or an oviginal, first ard joint inventor (3¢

plural names are Rated below) of the subject matter which s eleimed and for which a patenit {5 sought on the invention
entitied BUTTON CELLS AND METHOR FOR PRODUCING SAME

£3 which is deseribed in the specificativn and claims
{3 attached hereto.

O siedon

Application Serial Mo,

and was amended on

{f applicable)
B which is deseribed it International Application No. FCT/EPZOIHO00TET filed U9 February 2010 and as amendsd on
{ifany),

which { have reviewed and for which { salich 5 United States patent,
i hereby state that | have reviewed and understand the contents of the above-identified specification, including the claims, as
amended by any amendment referved (o above:

acknowledpe the duty to disclose information which s material to patentabifity as defined in 37 C.F.R. $1.56, including for

continuation-hi-part applications, material information which became available between the §iing date of the prior
application and the national or PCY international filing date of the contimation-in-part application.
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COMBINED DECLARATION, POWER OF ATTORNEY AND PETITION
{Page 2}

Attorney Docket No, RUF-11-1270

P hereby claim foreign priority benefits under Title 35, United States Code, §119%ald) or §365(b) of any forsign
epplication(s) for patent or inventor's certificate, or §363(a) of any PCT International Application which d" signated at least
one country other than the United States of Americs, listed below and have also identified below any foraign apphication(s)

N

for patent or inventor's certificate o of any POT International Application having a filing date before that >f the application
on which priovity is claimed:

Date of Filing

Numbey Country {day,month,year) Priority Claimed
10 2009 008 3508 Germany (2 February 2089 Hyes oo
14 2009 030 3526 Cierraany 18 June 2009 yes Ll ne
14 2009 060 788.9 Germany 22 December 2009 & yes Uno

Dyes Uno

Oyes Ono

I hereby claim the benefit ander Title 35, United States Code, §119(e) or §120 {as applivable} of any United Staies
application{s) or §365{cy of any PCT International Application designating the United States of America, listed below and,
insofar ag the suirjcct matter of each of the claims of this application §s not disclosed in the prior United States or FOT
international Application{s) in the manner provided by the fivst pavagraph of Title 35, United States Code, $112:

PCT/EP2OIBAGHTRT 09 February 2010 Pending
{Application Serial Noj (Filing Date} (Starusi{patentad pending, abandoned)
{Appiication Serial No.} (Fifing Date} {Stotusipetesiod pending, abandoned)

POWER OF ATTORNMEY: As a named invemtor, 1 hereby appoint the following registered attorneys to prosecute this
application and transact afi business in the Usnited States Patent and Trademark Office connected therewith:

T. Danlel Christenbury Reg. No. 31,730 William L. Bartow Reg: No. 54,981
Paud AL Taufer Keg. Na. 35,703 Erin Pacella RBeg. No. 58,239
Darfas C. Gambinoe Reg. No. 41,472 Michael L. Burns IV Reg, No. 87,593
Richard L. Cruz Reg. No, 32,733 Lisa M. Lint Reg, No. 60,858

SEND CORRESPONDENCE TO: DHRECT TELEPHONE CALLS TG

Customer No. 638813, whose contact information is: ATTORNEY OF RECORDY AT

iP Departmient of DLA Piper LLP (US)

One Liberty Place, Suite 4900 {215) 656-3381

£650 Market Street

Philadelphia, PA 19103
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COMBINED DECLARATION, POWER OF ATTORNEY AND PETITION

(Page 1)

Attorney Docket No, RUF-11-127¢

Phereby petition for grant of @ United States Letters Patent o this invention,

{hereby declare that all statements made herein of my own knowledge are true and thet 8t statements made an nformation
and belief are believed o be true; and Rather that these slatements were made with the krnowledge that willful false
statentents and the Hie so made are punishable by fine or imprisonment, or both, under Section 10061 of Title {8 of the United
States Code and that such witifsl false statements may jeopardize the validity of the application or any patent issued thereor,

TOFULLNAME OF SOLE OR FIRET NVENTOR
Eduard Pytlik

INVERNTOR'S SIGN AT

DATE

ey

o ¥

BESDOEN

CUNZENSEP

Germany

Ellwangen, Genmany

BOSTOFFICE ADDRESK “\i S Y <
~Adagmenstrafe?, 73479 Elfwanoen, £

I, PULL NAMEDF MENTINVERTOR IF ANY c"l

Jirgen Lindner )

INVENTOH'E S

DATE

REBIGENCE

Eilwangen, Germany

[§]

Germany

POEY QEFICE ADDREYS

Kottenwiesen 9, 73479 Ellwaneen, Germany

FFLLL NAME OF ADDITHINAL JONT INVENTOR, I¥ ANY
Ulrich Barenthin

INVENTOR™S BCNATUERE

JREEES

2303 A4

RESUENCE DiveNsnw
Elfwangen, Germany Germany

POEY OF
Bahwhofstralie $/1, 73479 Efiwanges, Germany

DRREEN

" .
4. FULL NAME OF ADDITIONAL JOINT INVENTOR, IF ANY ENVENTOR'S SIGNAT{RE ; { DATE 9/3 O§ 2@4&
Winfried Gaugler - > > AU
RESHIENCE CITIERNSTHP
Elbwangen, Germany Germany
POST OFFICE ADDRESY
Birklen 26, 73479 Ellwangen. Germany
3FIB3MAME OF ADDITIONAL JGINT MEVENTOR, (F 4NY INVENTOR'S SIGNATURE DavE
KESIENCE CITRENSRY
POST OFFICE ADDRESS
G FULL NANE OF ADDITIONAL JOINT BIVENTOR 18 ANY TNVENTOR S SIGNATURE DATE
RESWWENCE CITZENSHY
FOET QUFICE ADDRESS
T FULL NAME DF ADDITIONAL JOINT INVENTOR, P ANY INVENTOR 'S HIGNATURE. FATE

REHGENTE

LITIZENES R

POST ORI

ALPRESS
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Electronic Patent Application Fee Transmittal

Application Number:

13146669

Filing Date:

Title of Invention:

BUTTON CELLS AND METHOD FOR PRODUCING SAME

First Named Inventor/Applicant Name:

Eduard Pytlik

Filer:

Thomas Daniel Christenbury/Carol Coney

Attorney Docket Number:

RUF-11-1270

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Suz-;'s(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Oath/decl > 30 months from priority date 1617 1 130 130

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

JLab/Cambridge, Exh. 1002, p. 242




Description Fee Code Quantity

Amount

Sub-Total in
UsD($)

Miscellaneous:

Total in USD ($)

130
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Electronic Acknowledgement Receipt

EFS ID: 10894074
Application Number: 13146669
International Application Number:
Confirmation Number: 6273

Title of Invention:

BUTTON CELLS AND METHOD FOR PRODUCING SAME

First Named Inventor/Applicant Name:

Eduard Pytlik

Customer Number:

35811

Filer:

Thomas Daniel Christenbury/Carol Coney

Filer Authorized By:

Thomas Daniel Christenbury

Attorney Docket Number: RUF-11-1270
Receipt Date: 07-SEP-2011
Filing Date:
Time Stamp: 15:03:17

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $130

RAM confirmation Number 1401

Deposit Account 502719

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as 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)

File Listing:

Document
Number

Document Description

File Name

File Size(Bytes)/
Message Digest

Multi
Part /.zip

Pages
(if appl.)

Transmittal Letter

transmittalletter1.pdf

196345

a4ab8649e3c2aech40c4c30fefab6e83a258

no

Warnings:

Information:

Non Patent Literature

writtenopinion.pdf

2266483

9dbc17cf19ff368f245974a1775845493512)

9b3

no

Warnings:

Information:

Miscellaneous Incoming Letter

transmittalletter2.pdf

237083

clcfadbc92de65c934a5c636878%d0bc96
262af

no

Warnings:

Information:

Oath or Declaration filed

Declaration.pdf

954229

9815a4277c40a3313 1eaad 12bfaaa31e0e3 |
abcc

no

Warnings:

Information:

Fee Worksheet (SB06)

fee-info.pdf

30164

5e70da3e19d0467e32988ccfehdadbd007(]
a0e3b

no

Warnings:

Information:

Total Files Size (in bytes):|

3684304
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 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
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Art Ut : _ Customer No.: §35811%
Examiner :

Sertal No. 1 13/146,669

Filed : July 28, 2011

PCT No. + PCT/ERZOING00787

PCT Filed ¢ February %, 2010

Inventors . Eduard Pytlik Docket No.: RUF-11-1270
: Hirgen Lindner
» Ulrich Barenthin Confirmation No.: 6273

 Winfried Gaugler
Title » BUTTON CELLS AND METHOD
: FOR PRODUCING SAME Dated: September 7, 2011

TRANSMITTAL LETTER

Mail Stop PCT
{Commissioner for Patents
PO, Box 1450

Alexandria, VA 22313-1450

Sirs
The Applicants enclose a copy of an English translation of the Written Opinion of the

international Sesrching Authority for the Examiner’s convenience,

Respectfully submitted,

T. Daniel Christenbury
Reg. No, 31750

TDC /e
{215) 656-3381

EASTME740088.
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PATENT COOPERATION TREATY RCTEP2010/000787

From the INTERNATIONAL

PCT v

o o o
22 zétif\g. 2533 ;
NOTIFICATION OV TRANSMITTAL 3
2 COPES OF TRANSLATICN ‘
OF THE RVPERNATICN!

L PREVIMINARY REPORT ‘ EBERLE, Michaet »
MLITY Ruft, Withelm, Befer, Dauster
O OHAPTER 1T Postfach 1040 38
0035 Stuttgart
ALLEMAGNE

DR PATE
CHAPTER §

B Pating

L

EPCT Bules 44bi5:3(0) and 7%

Date of mailing {doyimonhdpear)

18 August 2013 {18.08.201%)

Appticants oragem’s file reference

P 48226 WO

IMPORTANT NOTIRICATION
Interastions] application No. Imernasioval Shog date {Havimondvyens)
PCT/EF2010/000787 0% Fabruary 2010 (09.02.2010)

Appiican

VARTA MICROBATTERY GMBEH et al

Transufttat of the transiation to the applicant.

x The Interastions) Bureass teanswits hovewith 3 copy of the Baglish nanslstion of the international prefiminavy report on
patentabitity (Chapter 1.

3

The iny forut Bureny tranismiss heeewdth a copy of e Hoglish tanslation of e intereations prelimingry report on
patena Chapter )

2. Tramsmsittal of the copy of the tanslation to the designated or slected Offices.

The International Tureay naifies the appiic

elected Uffices reguiriag sach teanslation:
Nonhe

ant that wopies of hat venslation have been transmitied o e following, designated or

The following designated v electad Offfces, having waived the reguivement for such 2 wavsmittal at s tinne, will receive copies of
3 h - B B 3 & N !
that transiation from the International Bureay ouly apon thelr roguesy

AR, AG, AL, AM, AC, AP, AT, AU, A7, RA, B8, BG, BH, BR, BW, 8Y BZ, CA, CH, CL, CN, CO, CR, €U, ©F, DE,
DK, DM, DO, DZ, €A, EC, EE, EG, EP, ES, R

. BB, GD, GE, GH, GM, GT, HN, BR, HU, iD, 1L, I, 18, I, KE, KG,
KB, KN, BPKR, KZ, €8, LT, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, N&, NG, 3
NG, NZ, OA, OM. PE, PG, PH, PL, PT, RO, RS, R, SC, 8D, SE. 86, 8K, 8L, 8, 57, SV, Y, TH, T3, TM, TN,
TR, T, TZ, V&, UG, US, W2, VT, VN, Z&, ZM, ZW

Reminder regarding translation bite {(one of) the official langage(s) of the elected Officefs).

The applicant is reminded that, where 2 nanslation of the international application must be fumished w an olenied Offire, tha
translation must contaign 2 ranslation of aRY 3MRORES o

the nternational preliminary repon on patesn 1y {Chiaprer i)

§t is the applicant’s vesponsibility to prepare and furnish sach transiation divectly to eack elected Offios concersed within the
applicable fme it (Rule 74.8). See Volume IF of the POP Applicant’s Gulde for further details,

T

The intersational Rurean of WIRG
34, chemin des Colombettes

1211 Cisseva 20 Switzesland i Agﬂes V‘fiﬁﬂ'iaﬂn- RE‘}‘QiS

Authorized officer
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL PFRELIMINARY REPORT ON PATENTABILITY
{Chapter'T of the Patent Cooperation Treaty)

{(PCT Rude 44bis)

Applicant’s or agent’s file reforence FOR FURTHER ACTION See item 4 below
48228 WO

msernational application N, International filing date fdapdmonthiveans) Pricriey dute {day/montivyenr]
RCTIERP2040/00078T 08 February 2010 {(08.02.2010) 08 Februsry 2009 {09.02.2009)
International Patent Classification {8k edition untess older edition indivated) '

See refevant information in Form POTASARST

Applicant
VARTA MICROBATTERY GMBH

This biterrational preliminary veport oa patentability (Chapier 1) 3s fssued by the International Duresy on behalf of the
Internationsl Seasching Authority tnder Rale 44 s 1(3).
2. This HEPORT consists of a total of 7 shests, including s cover sheet,

In the attached sheets, any velerence to the sritien opinton of the Internationsl Searching Aethority showld be resd s 2
reference to the intenational preliminary report on patentabitity (Chaprer I} instead.

[
o
o
g

s veport coptains Indications relating to the following items:

=

Box No. § Basis of the repors

Bax Ne. [ Priosity

(L]

s
H
it
ff)':
7

¢ No, 8 Noseestablishroent of opinion with regard to novelty, inventive step and indastrial
applicability

Box Mo, IV ack of urdwy of Invention

ot

x Mo, ¥ Ressoned siatement wnder Article 35(8) with repard & novely, inventive step or
indnaerial applisability; citatons and explanaions suppordng sunh siaement

AL BRI

Box Na. Vi Clertain docoments cited
i Pox No. VI Certain defects n the internations} application

Box Ne. Vi

v

Clertain observations on the internetional spplication

4 The Intemationg! Burean will commmicate tiis report -t designated Offices in accordance with Rudes Adbiv 3C) and S3bis 1
tat not, except where the applicant mabies an express request under Asticle 23(2), before the oxpiration of 30 months fom
the priovity date {Rule 44bis .2}

Date of issuance of this report
0% August 2011 {£8.08.201%)

Authosized officer

The Inteynatona) Burean of WIFG
34, chemin des Colombatios ‘ . .
1211 CGoneva 20, Switzerland AQQQS Wzttmanﬁuﬁeggs
Fansimile No, +41 22 338 82 70 B e-maik pidfpc@wipo.int

Fome POTAR/ATS {Senvary 2004)
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PATENT COOPERATION TREATY

Vrom the
INTERNATION AL SEARCHING AUTHORITY

T

by
®an

PCT
N @@’

WRITTEN GFINION OFTHE
INTERMATIONAL SEARUHING AUTHORITY

{PCT Rule 438i0.1)

ate of mailing
{duvimonsiiecr}

Applicant's oo agess’s flevefeoensee

P 49238 WO

FOR VURTHER ACTION

Ree pasagraph 2 bejow
§

Intrenational applicstion No

PCT/ER201G/000787

Interratinnal fiing date (davmonhiear)

09.02.2010

Pricsity date {daymonihfvear)

68.02.2008

Interautional Paten: Classificstion (VAT ox both safinnal classilication and IFC

ROIMI0A04 HOIME/0Z

Applicant

VARTA MICROEBATTERY GMBE

i s opinion cordales indications ralating to the following ems:
% Box No. 1 Busis of the opieicn
D Hox No, {i Frionty
B Rox N, Hi Now-osiablishment of apision wiih regard to novelly, inventive siep and indiztrint apphcability
g Fox Mo, [V Taack of unity ofinverdion
& Rax Mo ¥ Reswoned statement snder Rube $3is. 1)} with regard 1o novelty, inventive step e industrial
appticability; citations and explanations supparting such statoment
™
L. BoxNo. VY Certain docusents ciled
H
B Fox No VH Cortain defects in the intertaions) spystication
S seeno v coe . e
N BoxNo. VI Cortdin absorvitions on the intcinational applicnticn
2 FURTHER ACTION
I a demuand for intevnationsl proliminary exwwminstion i made, this opinion will e considered 1o be a writlen opinien of the
Intermational Freliminary Exdmining Avthovity (“IPILA™) exvept that this does net sppiy where the applicant chooses an Sothority othes
than thiz ore to Be the IPEA and the chosen TPEA has notified the International Mursay gnder Rule 66 il b)Y that written opintans of
this Infernationsd Sesrching Authority will oot be so considered. i
If this opinion is as provided sbove, comsidired 36 be.a wiition opinforn of the IPHA, the applicant is invited 1o sulumit ko the TPEA
written ceply together, wher sppropeiate, with amendments, befece the expiration of 3 monihs from the-date of maiting of Form
POTASA 228 on beford: e pxpivstion of 22 mounths fmrthe priveity date, whichever sxpres Jater:
For furthes options, sée Foom PUIAS A0,
3. For further detatls, see fotes o flopm WITASAZI0,

Nante and maifing addecss of the IBAEP

Facsimdle No.

Trabe of completion of (s opinion. | Authorized offices

Didephons No.

Fore POTASARETY (wover sheet) (Aqwil 2007y
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WRITTEN OPINION 08 THE Sniernational applicstion Mo,
INTRENATIONAL SEARCHING AUERORILY  BCT/ER2010/000787

£

Box Koo ¥

Basisof thix apinfon

&

a.

4 {1

3 With regard to any nudleotide andfor mhine add sequence disclosed in the lnterations!
investion, this ofinion hes heen catablisfied on the hasis i

T With segird to the Janguage, this opinion huss bees sstabfished o the hasis of:

the international application in the langiage i which it was filed
k3 g o

& transiation of the internstions! appleation into »widds B ¢ langtage of a

transtation fornished for the prrposes of intexmationa} sesceh (Rules F2.3¢) and 23.10b).

This opinion has been established taking tntes sccouat the vectification of ar shyvieis niistake authorized by o wotified to this
Agshority under Rile 0 1y Sy}

appliction and uecessary 1o the claimed

type of materiat

i :

i % a smpence iy

;f § tableds) related to the sequence fisting

formmat of sudesl

(g eticay

i .
Lj i cleetroaie fomt

effurnishing

g:; contained i the international application as filed

E::; filad together with the isterwtional applicution in dlectronic form
ﬁ (enished subseguently (o Gis Aothority for the preposes of search

T addition, i the case that imone. thai one version or copy of & soquence Hming sndior table(s) relating theseto has been Bled or
fomished, the sequired statentents that the information in fhe suf or additionsl coples is identical 10 that fo the application s

3

filad or does not go beyond the application as filed, as appropiiate, weee famished,

S Additicmal comments:

Form POIASAS

(Box No. 1) {apeil 26073
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WERITTEN DPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

Imernational apphication No.
PET/EP2O]

N T
*..\‘\;A()/OU'\J -”8.’

Box Ne. ¥V
sitations and explanativas supporiing such statement

Reasoned sintement snder Rude £3bis,J(aHi) with regard to novelty, inventive step or indusizinl applicability;

i Sigesent

Howvelty (M) a4
Clain LT3
Invientive siep (I8) Clams L4
-
Claims &k 3
Indusirial applicabiiity (1A) Slatms 1-14
Clabms

YRS
Ny

2. ltationsand explanations:

1 CITER

DOCUMENTS

D1

U8 6 265

<

Bl
{2001-07-24;

& NOVELTY

Apart from the lack of clarity noted in

reguiremants

Q
are not met.
button ©

D1 discloaes a

halves whi

9]
o3

are ssparat

alectrically insulating seal

naving a flat bass area

therete, and an

housing comprising at

nzgative electrode

are bonded with each other by

separator, wherein the elsctrode

substantially orthogonal to the

has

igures 13 to 15, column 27, line 1 to

26 and column 29, lines 42 to 57).

{SAASKI ELRIC W

noval

planar layers

(s

,
Gt

I
L

B

Box VIIL, the

(BT

£ PUT Article

within the

and

At

onte planar

e and Qover ar€as

ocolumnn 28, line

Form POTASAR3T (Box No. V) {April 2067)
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WRESTEN OFINION OF THE Itrnational spplicetion No.
INTERNATIONAL SEARCIING AUTHORITY PCT/EPZOLO/000TET
HBox Na ¥ Ressoned satement under Bule 43bis Hand 1 with regard fo suvalty, Inventive step or indnst il uppiicability;
sitations and expisnstions sy pposiing sseh sletoment

Bl also disclosss the subiject matter of:
- Claim Z: {column 29, lines 42 to 57y :
- Claim 2 {figures 13 to 15y
- Claim 4: {(column 28, lines 15 to 28);
= Claim 5: {column 27, line 1 to column 28, line Z83;
~ Qlaim 63 {(column 27, linezs 1 to 17y ;

Claims 7 and 8: {columm 27, lines 1§ to 26) ;
- Claim 20 {column 26, lines 3% to 383

Claim 10: {column 29, lines 4% to 59 3 ;
- Claims 11 and 12: {golumn 27, lines 1 Lo 28);
= Claim 13: {cclumn 28, lines 15 o 26) .
The subject matter of claims 1 to 12 is therafore not
aovael (FCT article 33(2)).
In zontrast, the subject matter of olaim 14 cannot e
found in the cited prior art, neither is it generaliy
known, and thersfore said claim zatisfiss the regquiremsni
of FCT Article 33(2) in respect of novelty.
3 INVENTIVE STREp
DY, which is considered t¢ be th closest prier art,
dizcloses a method for produ ing a butteon cell having an
2lectrode separator unit as a winding in which tha
glectrode layers ave aligned orthegonal to the Flat bass
anda cover area from which the subiject marter of olaim 14
differs in that the front faces of the winding are heat-
treated hefore installation, wherein the winding is
exposed at least briefly to a temperature at which the
separater is thermoplastically deformable.
The problem €0 be solved by the present invention can

Foves BOTASAIT (Box No. V) {Aprif 2007,
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WRITTEN GFINION OF THE Trdornational sppliestdon Nou
INTERNATIONAL SHARCHING AUTHORITY POT/ERY

G787

Box No. ¥ Reasisied sintement ander Rule 43bis 1{a)i) with regard to movelty, ventve siep or industsist aypiicability;
cibsitons sud expl tons supporting wich statenent

therefors be congidered that of providing a simplified

i

n

o

£ inmproved method for producing a button csll.

The solution proposed in olaim 14 of the presant
application is considered inventive (PUY Axtiaols 33{33}}
since a person skilled in the art, on the basis of DI,
would neither consider the process step of a heat
treatment to thermoplastically deform the sepsrator
hefore installing the winding to solve the stated

problam, nor would he consideyr it a conventional

procedura.

Porm POBISA3T (Bok Ko, V) (Aprtl 2007)
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WRITYEN OPINIORN OF THE
INTERNATIONAL SRARCHING SUTSORITY

International application No.

PCT/ERPECLOS0007EY

B No. VL Crrtain sheervativas on the internation spplication

The {ellowing obsarvations on the clarity of the rlaime, denertption, and dra
the description, are made:

Clarity

The application does

The ezpression “substantially or

R¥s

vague and unclear and leaves the
the meaning of the technical fea
result, the subiect matter of asn

defined (PCT Article 6).

@& not mest the regquirsments of pOT

Articie 6 bevause claim 1 isg unclear.

wings o on the question whethi the dsims ave fully supported by

St

thogonal™ in claim 1 is
readery uncertain ag to
ture in guestion. As a

id claim iz not clearly

Form BUTASAIIZT (Rox VI (Apeil 2007
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| U.S. APPLICATION NUMBER NO. | FIRST NAMED APPLICANT ATTY. DOCKET NO. |
13/146,669 Eduard Pytlik RUF-11-1270

35811 [ INTERNATIONAL APPLICATION NO. |

IP GROUP OF DLA PIPER LLP (US) PCT/EP10/00787

ONE LIBERTY PLACE LA. FILING DATE PRIORITY DATE

1650 MARKET ST, SUITE 4900 02/09/2010 02/09/2009

PHILADELPHIA, PA 19103
CONFIRMATION NO. 6273

371 FORMALITIES LETTER

e

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 (37 CFR 1.494):

+ Priority Document

+ Copy of the International Application filed on 07/28/2011
+ English Translation of the |A filed on 07/28/2011

+ Copy of the International Search Report filed on 07/28/2011
+ Preliminary Amendments filed on 07/28/2011

« Information Disclosure Statements filed on 07/28/2011

+ Oath or Declaration filed on 09/07/2011

+ U.S. Basic National Fees filed on 07/28/2011

« Substitute Specification filed on 07/28/2011

+ Assignee Statement for PGPUB filed on 07/28/2011

* Priority Documents filed on 07/28/2011

Applicant's response filed 09/07/2011 is hereby acknowledged. The following requirements set forth in the
NOTIFICATION of MISSING REQUIREMENTS mailed 08/12/2011 have not been completed.

The following items MUST be 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 number and international filing date. The current oath or declaration does not
comply with 37 CFR 1.497(a) and (b) in that it:

+ Applicant change the address on the oath and it's not legible, please initial changes.

Date Mailed: 09/13/2011

Applicant is required to complete the response within a time limit of ONE MONTH from the date of

this Notification or within the time remaining in the response set forth in the Notification of Missing
Requirements, whichever is the longer. No extension of this time limit may be granted under 37 CFR
1.136, but the period for response set 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 given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

page 1of 2

FORM PCT/DO/EQ/916 (371 Formalities Notice)
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For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

DEBORAH A THOMAS

Telephone: (571) 272-7175

page 2 of 2

FORM PCT/DO/EQ/916 (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 ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR1.18(a), (b}, or (0)) N/A N/A N/A N/A 330
SEARCH FEE
(37 GFR 1.16(K). ), or () N/A N/A N/A N/A 430
EXAMINATION FEE
(37 GFR 1.16(0), (8}, or (a) N/A N/A N/A N/A 220
(nggé\RLglg(%;MS 14 minus 20= OR [x 52 - 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 1 minus 3 = x 220 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $270 ($135 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL TOTAL 980
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total g i w -
=S (37 CF(:H 16(7)) Minus x = OR |[«x =
2 Independent * Minus | *** =
5 (37 CFR 1.16(h) X = OR |x -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = =
= (37 CF?H.IB(H) X OR |«x -
% Independent * Minus | *** = X = OR |x =
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR 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.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Art Llnit : Customer Ng,: §38811
Examiner :

Serial No, 1 13/146,669

Filed > haly 28,2011

PCT No. : POCT/EP2010/000787
PCT Filed : February 8, 2010

Invertors » Eduard Pytlik Docket No.: RUF-11~1270
: dlirgen Lindner
¢ Ulrich Barenthin Confirmation No.: 6273
¢ Winfried Gaugler

Title : BUTTON CELLS AND METHOD

: FOR PRODUCING SAME

Lo

Dated: September 28, 2011

JRANSMITTAL LETTER

Mail Stop Missing Parts
Commissioner for Patents
£.Q, Box 1450
Alexandria, VA 22313-1450
Sir

In response to the Notification of Defective Response dated September 13, 2011, applicants
resubmit the exeented Combined Declaration, Power of Attorney and Petition which has been
initialed a second time and request that it be formally entered in the official file.

The fee was submitied on September 7, 2011 with the filing of the original Declaration.
Therefore no fee is required at this time.

The Commissioner is authorized to charge any insufficiency or credit any overpayment to

Deposit Aceount Mo, §0-2719,

Respectfully submitied,

T. Daniel Christenbury
Reg. No. 31,750

Th{ /e

(215) 656-3381

EART R4 1005,
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Antorney Dockat No. RUF-11-1276

Qriginal Application
POT National Application

B 1

LLS. Designated Office

Continuation or Divisional Application
Continuation-in-Part Application

{1

COMBINED BECLARATION,
POWER OF ATTORNEY AND PETITION
As a below named inventor, 1 heveby declare that:
My residence, post office address and sitizenship ave as stated below next to my name,

&

{ believe ¥ am the origingl, fivst and sole inventor (if only one name is listed below) or an original, fivst and joint invenior (if
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention
entitles) BUTTON CELLS AND METHOD FOR PRODUCIRG SAME

L3 which is described in the apecification and claims

] attached hereto.

7 #led on

Application Serial No.

and was amended on

{if applicable}
which is desoribed in Inernational Application No. PCTAEP2010/000787 Gled 09 February 2010 and as amended on
(ifany),

which § have reviewed and for which 1 solieit a United States patent,

{ hereby state that D have reviewed and understand the contents of the above~identified specification, including the ¢laling, as
armended by any amiendment referred to above.

facknowledge the duty to disclose information which is materfal to patentability as defined in 37 C.F.R. §1.56, neluding for

continuation-in-part applications, material informanion which became available between the fing date of the prior
appiication and the national or PCT internationa! {iiing date of the continuation-fa-past application.
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COMBINED DECLARATION, POWER OF ATTDRNEY AND PETITION
{(Page 2}

Attorney Docket No. RUF-11-
{ hereby olaim foreign prioeity benefits wnder Title 35, United States Code, §119¢a)(d) or §385(h) of any foreign
applicatfon(s) for patent or taventor's certificate, or §365(z ) of any PCT Insernational Application whic}‘. designated al feast
one country other than the United States of America, Hsted below and have also identificd below any foreign applcation(s)
for patent or inventor's cortificate or of any PCT International Application baving a filiag date before that of the application
on which priority is clsbmed:

Drate of Filing

Mumber Country {day,month, year) Priavity Claimed
10 2009 808 859.8 Germany 09 February 2009 ®yes [Ino
10 20000303548 Germany 18 June 2009 HFyes oo
1 2009 060 788.9 {ermany 22 December 2009 ¥ yex Do

Oyes Ono

Oyes Dno

! hereby claim the benefit under Title 35, United States Code, §11%ey or §120 {as applicable) of an v Linited States
application{s} or §363(c) of any PCT International Application desipnating the United States of America, listed below and,
insofar as the subject matter of each of the clabms of this application s not disclosed i the prior Um&\ E:st'ates or PCT
Intevnational Application(s} in the manner provided by the first paragraph of Title 35, United Stares Code, §

PCT/EP2Q10/30G07R7 0% February 2010 Pending
{Application Serfal No.} {Filing Dare} {Status)(pazented, pending abondoned)
{Application Serial No.} (Filing Darg) (Starusi{patented pending, abardoned)

FOWER OF ATTORNEY: As a named inventer, 1 hereby appoint the following registersd attomeys to prosecute this
application and transact all business in the United States Patent and Trademark Office connected therswith:

T, Daniel Christenbury  Reg. Ne, 31,750 Willlam L. Bartow Reg. No. 54 981
Paul A, Taufer Heg. No. 35,703 Erin Pacella Heg. No, 56,239
Erarius . GGambine Reg. No. 41,472 Michael L. Burns IV Reg. Mo, 37,343
Richard L. Croz Reg. No. 52,783 Lisa M. Lint Reg, Mo, 60,858

SENT CORRESPONDENCE ¢ UIRECT TELEPHONE CALLS TO

Customer Mo, 635811, whose LG*‘*&C“ information is: ATTORNEY OF RECORD AT:

P Department of DLA Piper LLP (US)

One Liberty Place, Suite 4960 {215) 656-3381

1650 Market Street

Philadelphia, PA 19103
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COMBINED DECLARATION, POWER OF ATTORNEY AND P
{Prge

Attoraey Docket No. RUP-HE-T270

atall statemonts made herein of my own ke

eved to be o and further that these s i
tke somade are punishable by fae

Swates Code and that such williud false statements naay

ternents were. made with the kaowicdge that willfd
imprisonment; o both, undey Seetdon 1601 of Title 1§ ofthe U

jeopardize the valrdity of the appiivaiion o any prient issusd thareon,

v

T

Oy mANE DLEOR FIRSTINVENTOR INVENTORE S 3

i

Eduard Py ) |
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Electronic Acknowledgement Receipt

EFS ID: 11068698
Application Number: 13146669
International Application Number:
Confirmation Number: 6273

Title of Invention:

BUTTON CELLS AND METHOD FOR PRODUCING SAME

First Named Inventor/Applicant Name:

Eduard Pytlik

Customer Number:

35811

Filer:

Thomas Daniel Christenbury/Carol Coney

Filer Authorized By:

Thomas Daniel Christenbury

Attorney Docket Number: RUF-11-1270
Receipt Date: 28-SEP-2011
Filing Date:
Time Stamp: 15:14:43

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

no

File Listing:

Document

Document Description
Number P

File Size(Bytes)/

File Name Message Digest

Multi

Part /.zip

Pages
(if appl.)

1 Miscellaneous Incoming Letter

245313

transmittalletter.pdf

af12590745426d90ce6d84b48bc40a45262)

no

Warnings:

Information:
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918980
2 Oath or Declaration filed Declaration.pdf no 3
15beb77e48c91f827¢72780fd8338d9b10f9)
8fac
Warnings:
Information:
Total Files Size (in bytes):i 1164293

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 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
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY DOCKET.NO ITOT CLAIMSI IND CLAIMSl
13/146,669  09/07/2011 1110 RUF-11-1270 14 1
CONFIRMATION NO. 6273
35811 FILING RECEIPT
IP GROUP OF DLA PIPER LLP (US)
ONE LIBERTY PLACE T AL A
000000050263096

1650 MARKET ST, SUITE 4900
PHILADELPHIA, PA 19103

Date Mailed: 10/12/2011

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Eduard Pytlik, Ellwangen, GERMANY;
Jurgen Lindner, Ellwangen, GERMANY;
Ulrich Barenthin, Ellwangen, GERMANY;
Winfried Gaugler, Ellwangen, GERMANY;
Assignment For Published Patent Application
VARTA MICROBATTERY GMBH, Ellwangen, DE

Power of Attorney:

Thomas Christenbury--31750 Erin Pacella--56239
Paul Taufer--35703 Michael Burns--57593
Darius Gambino--41472 Lisa Lint--60856

Richard Cruz--52783
William Bartow--54981

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/EP10/00787 02/09/2010

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

GERMANY 10 2009 008 859.8 02/09/2009

GERMANY 10 2009 060 788.9 12/22/2009

GERMANY 10 2009 030 359.6 06/18/2009

If Required, Foreign Filing License Granted: 10/06/2011

page 1 of 3

JLab/Cambridge, Exh. 1002, p. 265



The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/146,669

Projected Publication Date: 01/19/2012
Non-Publication Request: No

Early Publication Request: No
Title

BUTTON CELLS AND METHOD FOR PRODUCING SAME

Preliminary Class

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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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 ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR1.18(a), (b}, or (0)) N/A N/A N/A N/A 380
SEARCH FEE
(37 GFR 1.16(K). ), or () N/A N/A N/A N/A 490
EXAMINATION FEE
(37 CFR 1.16(0), (B} or (@) N/A N/A N/A N/A 250
(nggé\RLglg(%;MS 14 minus 20= OR [x 60 = 0.00
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 1 minus 3 = x 250 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1120
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total . i - =
=S (37 CF(:H 16(7)) Minus x = OR |[«x =
2 Independent * Minus | *** =
5 (37 CFR 1.16(h) X = OR |x -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = =
= (37 CF?H.IB(H) X OR |«x -
% Independent * Minus | *** = X = OR |x =
w (37 CFR 1.16(h)) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL OR 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.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| U.S. APPLICATION NUMBER NO. | FIRST NAMED APPLICANT ATTY. DOCKET NO. |
13/146,669 Eduard Pytlik RUF-11-1270

35811 [ INTERNATIONAL APPLICATION NO. |

IP GROUP OF DLA PIPER LLP (US) PCT/EP10/00787

ONE LIBERTY PLACE LA. FILING DATE PRIORITY DATE

1650 MARKET ST, SUITE 4900 02/09/2010 02/09/2009

PHILADELPHIA, PA 19103
CONFIRMATION NO. 6273

371 ACCEPTANCE LETTER

O A

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a
Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

09/07/2011 09/07/2011
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), DATE OF COMPLETION OF ALL
(©)(2) and (c)(4) REQUIREMENTS 35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35
U.S.C. 371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the
international application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all
correspondence to the Group Art Unit designated thereon.

The following items have been received:

+ Copy of the International Application filed on 07/28/2011

« English Translation of the |A filed on 07/28/2011

+ Copy of the International Search Report filed on 07/28/2011
+ Preliminary Amendments filed on 07/28/2011

+ Information Disclosure Statements filed on 07/28/2011

+ Oath or Declaration filed on 09/07/2011

+ U.S. Basic National Fees filed on 07/28/2011

« Substitute Specification filed on 07/28/2011

+ Assignee Statement for PGPUB filed on 07/28/2011

* Priority Documents filed on 07/28/2011

page 1of 2

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

DEBORAH A THOMAS

Telephone: (571) 272-7175

page 2 of 2

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/146,669 09/07/2011 Eduard Pytlik RUF-11-1270
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1 DESCRIPTION JP 2008-262825

The present invention relates to a secondary battery coin-shaped non-aqueous electrolyte solution discharge load
characteristics are enhanced.

Secondary battery coin non-agueous electrolyte 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 headphone set, a
watch-type communication device, a body-mounted medical it 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 punched into a circle.

However, the battery of this type, the problem that the electrode is 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., patent literature 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 Document 3, 4 references. Patent Document 1).

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 separator strip, 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, because it is formed in a square shape when seen in the
height direction of the battery, there is a problem that a gap is formed between the 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 deformed in the direction of height when repeatedly charged and discharged.

Meanwhile, the battery has been proposed in Patent Document 3 and Patent Document 4, since the direction of
winding axis of the electrode body, and the height direction 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
improvement in heavy load characteristics is not disclosed at all.

Of course, the specific configuration for improvement in heavy load characteristics is not disclosed at all'in Patent
Document 2 and Patent Document 1.

The present invention has solved the above problems, and is intended to provide a secondary battery coin-
shaped non-agueous electrolyte solution discharge load characteristics are enhanced.

Secondary battery coin non-aqueous electrolyte solution of the present invention is a secondary battery coin-
shaped non-aqueous electrolyte 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
diameter D of the wound body, and the height H of the winding axis direction of the wound body is 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 that it 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 embodiment of the secondary battery coin-shaped non-aqueous electrolyte solution of
the present invention.

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, a secondary battery coin-shaped
non-aqueous electrolytic solution of the present invention, spirally wound with the separator and constitutes a
wound body of 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 above is 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 diameter direction 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 to 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 equipment for high capacity is required in a small thin.

In addition, D / H is more than 25, | will depart from the acceptable range of normal cell design.

That is, since the electrode width to withstand the manufacturing process for winding the electrode is required
about 2mm at least, the minimum value 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 b'attery, the maximum value of the outer o
diameter D of the winder and 50mm.

Therefore, the maximum value of D/ H is 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-aqueous electrolytic 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 opposed to , 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
equipment for heavy load characteristics are required.

Here, means the 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
area R is, 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 7cm3 less.
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When it is within this range, it is optimal as a secondary battery coin-shaped non-aqueous electrolyte 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 diameter of the
battery can is at least 20mm 50mm or less.

When it is within this range, it is optimal as a secondary battery coin-shaped non-aqueous electrolyte 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-
aqueous electrolytic 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 body used in the present invention.

In Figure 1, the wound body 10 is fabricated by winding via a separator strip, and a negative electrode 6f the strip-
shaped positive electrode and the strip.

The mixture containing the positive electrode active material, positive electrode conductive additive and Seikyoku-
yo binder or 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 solvent can be formed by,
after drying, is controlled to a predetermined electrode density and a predetermined thickness of the positive
electrode mixture layer.

As the positive electrode active material, for example, lithium nickel oxide such as lithium manganese oxide,
lithium cobalt oxide LiCoO2, etc., of LiMn204, etc., of the LiNiO2 and the like can be used, and these, if capable
of absorbing and desorbing lithium ions but are not limited to.

Examples of 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 end of the 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 ends of 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 is 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 ends of 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 component in 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 closiitg the micropores in (100 ~ 140 °C) predetermined temperature or higher, and has
a function to increase the resistance, from the viewpoint of improving safety of the battery.

Specifically, as the separator, were adhesively bonded particles of olefin polypropylene having hydrophobic and
organic solvent resistance, a sheet made of glass fibers or olefin polymers such as polyethylene, nonwoven or
woven fabric, porous layer and the like are used.

FIG 2 is a perspective view showing a process that is 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 material of the battery can 13 to be used is aluminum.
In the bottom of the battery can 13 (and not shown). Lower insulating plate
But it is disposed.

The material of the lower insulating plate is not particularly limited, and a polymer material is used polyphenylene
sulfide (PPS) and the like.

FIG 3 is a perspective view after inserting the battery can 13 and winder 10, showing a process that is disposed
an upper insulating plate 14 on the winder 10.

The material of the upper insulating 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 of the negative
electrode terminal 16 that is placed on a 10 winder upper 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 material of the lid 15 to be used is aluminum or the like in the same manner as the battery can 13.
The material of the negative electrode terminal 16 to be used is nickel.

Material of the insulating packing 17 can be used polymeric materials polypropylene (PP) or the like.

Figure 5A is a perspective view of a state where joined by laser welding or the 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 the lid 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 of the 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 cases the 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-aqueous electrolyte 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), diethyl 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 LiClO4, LiPF6, LiBF4,
LiAsF6, LiSbF6, LICF3SO3 etc. Bayoi.

Concentration of Li ions in the electrolytic solution, 0.

It may be setto 5~ 1.5mol / L.

Figure 6 is a schematic diagram of the winder 10.

In Figure 6, it is not shown in the positive and negative electrode leads.

Quter diameter D of the winder 10 and (mm), the ratio D / H of the (mm) H height direction 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 upper surface 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 the first 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 current collector 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 n is 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 x n).

JLab/Cambridge, Exh. 1002, p. 277



Figure 8 is a cross-sectional view of line |-l in FIG.
Further, Figure 9 is a cross-sectional view of line 1i-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-sectional area of the cathode lead 24, the ratio thereof (C x n) /S 1 be
at or more.

FIG 10 is a perspective view showing another embodiment of 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 x 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 examples.

(Example 1) LiCoO2 positive electrode 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 20um 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 134um,
and is cut so that the width of 3.0mm, thereby preparing a positive electrode of the strip.

At both ends of the 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 peripheral side 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 copper foil with 12um 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 142um,
and is cut so that the width of 3.5mm, thereby preparing a negative electrode of the strip.

At both ends of the negative electrode strip was prepared, the active material uncoated portion is formed.

Between the 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 polyethylene film 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 anode lead.

The outer diameter D of the winding body, which was manufactured height, H 23.5mm, the winder is 6 3.7mm, the
ratio D/ H thereof.

Was 4.

In addition, 398mm2, effective reaction area R is 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 LiPF86 dissolved in were.

The battery can of aluminum outer diameter 24mm <manufacture of battery>, 5.0mm height, 0.26mm thickness
aspect, of 0.3mm thick bottom, the lid of the aluminum diameter 24mm, thickness of 0.4mm was prepared.

The center of the lid, the negative electrode terminal made of nickel having a diameter of 6mm is fitted through a
packing made of polypropylene.

Then, the bottom of the battery can, and placed the lower insulating 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 between the lid 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 electrode body, and the laser is inserted into the
injection port sealing pin by sealing by welding, cell volume secondary battery was produced coin-type lithium ion
2.3cm3.

(Example 2) except that 162um total thickness surface 678mm, rear side 624mm, calendar treatment, and was
2.0mm width 25um, 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 manner as in
Example 1.

Except that the 177um total 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 manner as.

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 manner as in Example 1, a battery volume
of 1.3cm3 | 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 19.5mm, the winder is 7 2.7mm,
the ratio D / H thereof.

Was-2.

In addition, 269mm?2, effective reaction area R is 2604mm2, 9 the ratio R/ A These area A of the upper surface
portion of the winder.

Was 7.

JLab/Cambridge, Exh. 1002, p. 279




(Example 3) except that the 115um total thickness surface 3146mm, back side 3047mm, calendar treatment, and
the 3.5mm width of the active material coating length <Preparation of Positive Electrode>, the cathode in the
same manner as in Example 1 | was prepared.

Except that the 122um total thickness surface 3121mm, back side 3121mm, the calender treatment, to obtain a
4.0mm width of the active material coating length <Preparation of Negative Electrode>, in the same manner as in
Example 1 to prepare a ne'gative 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 manner as 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 winder is 8 4.2mm,
the ratio D / H thereof. :

Was 2.

In addition, 881mm?2, effective reaction area R is 21676mm2, 24 the ratio R / A These area A of the upper surface
portion of the winder.

Was 6.

(Comparative Example 1) except for using 89um total thickness surface 1750mm, back side 1685mm, the
calender treatment after the active material coating length <Preparation of Positive Electrode>, and a positive
electrode was prepared in the same manner as in Example 1.

Except for using 91pum total thickness surface 1735mm, back side 1735mm, the calender treatment after the
active material coating length <Preparation of Negative Electrode>, to produce a negative electrode in the same
manner as 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-aqueous electrolyte solution of 2.3cm3.

The outer diameter D of the winding body of the present Comparative Example, H height 23.5mm, the winder is 6
3.7mm, the ratio D / H thereof.

Was 4.

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.

Was 9.

(Comparative Example 2) except that 185um 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
current collector <Preparation of Positive Electrode> and thereby producing a positive electrode in the same
manner as in Example 1.

Except that the 203um total thickness surface 592mm, rear side 592mm, 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 manner as.

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 manner as in Example 1, a battery volume
of 1.3cm3 | 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 winder is 7
2.7mm, the ratio D / H thereof.

Was 2.
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In addition, 269mm?2, effective reaction area R is 2302mm2, 8 the ratio R / A These area A of the upper surface
_portion of the winder.

Was 6.

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 shown in 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.
4 2C.

3V to perform the constant current charging, then the current value is 0.

Was subjected to constant voltage charging until the 02C.

Then, 0.

32C.

I asked (a) initial capacity OV to perform the constant current discharge.

The "C" means the current\value when it is discharged in one hour design capacity of the battery.
Subsequently, to 0 each battery.

42C.

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)x100

| are shown in Table 5 along with the parameters R / A parameters and D/ H, and the battery characteristics.
I went to then charge-discharge cycle test <evaluation cycle characteristics>.

For each battery, charging 0.

45C.

3V to perform the constant current charging, then the current value is 0.

Was subjected 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 discharge this.

Next, the visually observed appearance of the battery, it was confirmed whether or not the deformation of the
battery.

| are shown in 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 and 2 is in the range understand.

Further, there was no any deformation of the battery can be repeated 200 times to charge and discharge in the
batteries of Comparative Examples 1 and 2 and Examples 1 to 3.

As described above, the present invention can 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.

Not only the power of the wearable device for secondary battery coin-shiaped non-aqueous electrolyte solution,
can be widely used as power sources 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 after it 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 and insulating plate, which is disposed in the central portion of the lid.

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.

Is a schematic diagram of the positive electrode for describing the parameters of the present invention.
Is a cross-sectional view of line I-| in FIG.

Is a cross-sectional view of line |I-Il of FIG.

Is a perspective view showing ancther embodiment of the positive lead of FIG.

18 injection port 19 lower insulating plate 20 positive electrode 21 positive electrode current collector 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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I CLAIMS JP 2008-262825

(1.

A secondary battery coin-shaped non—aqﬂeous electrolyte solution comprising a positive electrode of the sytrip,
and the strip-shaped negative electrode, a separator strip, the battery can of the coin,

The positive electrode and the negative electrode, to constitute a wound body of the cylindrically wound through
the separator,

Direction winding axis of the wound body is, is the same as the direction of the height of the battery can,

Outer diameter D of the Kai-tai and (mm), the ratio D / H of the (mm) H height direction winding axis of the
winding wound body, wherein the 1 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-aqueous electrolyte solution according to claim 1 is 5 to 23.
(3).

The volume of the secondary battery of the coin-shaped non-aqueous electrolyte secondary battery coin-shaped
non-aqueous electrolyte solution according to claim 1, wherein at least 1cm37cm3 less.

(4).

Outer diameter of the battery can, two battery coin non-aqueous electrolyte solution according to claim 1, wherein
at least 20mm 50mm or less.

(6).

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 desorbing lithium ions.
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SOLUTION: As for the coin-shaped nonaqueous
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(54) Core member for a cylindrical lithium secondary battery

(67)  The invention is directed to a cylindrical lithium
secondary battery (200) comprising:

an electrode assembly (300) which has a 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) which isformedin atube shape
having a cut-groove (810, 910) along a longitudinal di-
rection, and includes at least one notch (830, 930) formed
in a longitudinal direction at an inner lateral surface of
the tube shape;

a case (400) which has a 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).

FIG. 4B
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Description
BACKGROUND OF THE 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, toacylindrical lithiumion 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 can to 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 power such as notebook PCs, digital cam-
eras, or camcorders. For example, a required number of
cylindrical lithium ion secondary batteries may be con-
nected in series or parallel, may include a protection cir-
cuit, and may be assembled in a specific shape in a hard
pack to 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 that in-
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 wound in a substantial
cylindrical shape, thereby forming an electrode assem-
bly. Thereafter, the electrode assembly is inserted into a
cylindrical can, an electrolytic solution is then infused
therein, and a cap assembly is welded at an upper portion
of the cylindrical can, thereby forming a lithium ion sec-
ondary battery having a substantial cylindrical shape.
[0006] Recently, acore member 100 havingasubstan-
tial pole shape as shown in FIG. 1 has been inserted in
the center of the electrode assembly, so that the elec-
trode assembly is not deformed when the cylindrical lith-
ium ion secondary battery is charged or discharged. The
core member 100 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 movement of
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 beltis inverted or dam-
aged, it may severely affect a safety of a lithium second-
ary battery.

[0008] Further, when the core member 100 rotates, a
lower end ofthe electrode assembly may come in contact
with the core member 100, and thus a short may occur
at the lower end of the electrode assembly.

[0009] Furthermore, whenthe core member 100 is de-
formed or damaged, the separator of the electrode as-
sembly may be damaged, and the damage to the sepa-
rator may lead to a short between the positive electrode
plate and the negative electrode plate, which may pro-
duce even greater damage or an explosion of the cylin-
drical lithium 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 pressure in the specific direction, thereby
producing a short between the electrode plates.

SUMMARY OF THE INVENTION

[0010] Aspects of the present invention provide a cy-
lindrical lithiumion secondary battery having animproved
safety with respect to an external pressure.

[0011] Accordingtothe presentinvention, 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 longitudinal di-
rection, and includes at least one notch formed in a lon-
gitudinal direction at an inner lateral surface of the core
member. More precisely, the cylindrical lithium second-
ary battery comprising:

an electrode assembly which has a first electrode
plate, a second electrode plate, and a separator pro-
vided between the first electrode plate and the sec-
ond electrode plate, and

has a central space at the center of winding;

a core member which is formed in a tube shape hav-
ing a cut-groove along a longitudinal direction, and
includes at least one notch formed in a longitudinal

direction ataninner lateral surface of the tube shape;

acase which has a space forcontainingthe 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 advantages of
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the invention will become apparent and more readily ap-
preciated from the following description of the embodi-
ments, taken in conjunction withthe 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-A line
of FIG. 2A;

FIG. 2C is a cross-sectional view along the B-B line
of FIG. 2A;

FIG. 3Ais a vertical cross-sectional view illustrating
a cylindrical lithium secondary battery according to
the present invention;

FIG. 3B is a horizontal cross-sectional view illustrat-
ing a cylindrical lithium secondary battery according
to the embodiment of FIG. 5A; and

FIGS. 4A and 4B are perspective views illustrating
core members of a cylindrical lithium secondary bat-
tery according to the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0013] Reference will now be made in detail to the
present embodiments of the present invention, examples
of which are illustrated in the accompanying drawings,
wherein like reference numerals refer to 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. 2Ato 2C, acylindrical lithium
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 upper portion of the cylindrical case
400 and prevents the electrode assembly 300 from sep-
aration, and a core member 600 which is located at a
central space of the electrode assembly 300.

[0016] The electrode assembly 300 includes a positive
(or negative) active material, such as, for example, afirst
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 the first 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 wound in a spiral
shape, have a specific space at the center of winding,
and are contained in the cylindrical case 400. The first
electrode plate 310 is generally made of aluminum (Al),
andis bonded with afirst electrode tab 315 that protrudes
upwards in 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 downwards in
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 space of the cy-
lindrical surface 410, and an upper portion 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 bonded at the center of the bottom surface
420 of the cylindrical case 400 so thatthe cylindrical case
functions as part of the negative electrode. The cylindrical
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 440 is concaved inwards to press
the cap assembly 500 from bottom to top.

[0018] The cap assembly 500 includes a conductive
safety belt 510 which is welded to the first electrode tab
315 and which is inverted in the case of over-charging
or abnormal heating, a printed circuit board (PCB) 520
which is 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 which is 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 which is 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 the first
electrode tab 315 and may function as part of the same
electrode along with the first electrode plate 310, which
may be, for example, the positive electrode.

[0019] Thecore member600isinsertedintothe center
portion of the wound type 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 member 600 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. Both lat-
eral ends of the cut-groove 630 of the core member 600
are benttoface inwards, and the both lateral ends thereof
are bent again so that the edges thereof face outwards
with respect to the core member 600.

[0021] Preferably, but notnecessarily, diameters ofthe
core member 600 are smaller at the first and second tube
end portions than at the center portion. In other words,
the core member 600 may be tapered at the first tube
end and the second tube end.

[0022] Although not shown, an electrolytic solution is
infused into the cylindrical case 400 so that a lithium ion
can move between the 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-aqueous type organic electrolytic solution which is
a mixture of a lithium salt and an organic solvent with
high purity. Further, the electrolytic sclution 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 embodiment of the present invention. FIG. 3B
is a horizontal cross-sectional view illustrating a cylindri-
cal lithium 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 cylindrical lithium secondary battery illus-
trated in FIGS. 2A to 2C.

[0025] The only difference can be seeninthe structure
of a core member. The core member 800 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 member 800.
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 member 800 includes a pro-
trusion 820 that protrudes by a specific length at a lower
portion of the core member 800, that is, 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
formed atan inner lateral 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 member 800 is
located on the second electrode tab 325. If the height of
the core member 800 is equal to 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 800 is equal to or greater than 110% of the
height of the electrode assembly 300, the core member
600 may come into 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 that lithium ions
can move between the 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 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 polymer electrolyte, but the type of the
electrolytic solution material is not limited thereto.
[0029] FIGS. 4A and 4B are perspective views illus-
trating core members of a cylindrical lithium secondary
battery according to additional embodiments of the
present invention.

[0030] Referring to FIGS. 4A and 4B, core members
800 and 900 of the 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 member after it has been
formed into a tubular shape, or may be formed by cutting
the plate from which the core member is formed so that
when the core member is formed, the plate material does
not extend in an entire circumference.

[0031] The core members 800 and 900 each include
a protrusion 820 and 920 that protrudes by a specific
length from the lower portion, of the core member 800 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

JLab/Cambridge, Exh. 1002, p. 302



7 EP 1 968 134 A1 8

300, forexample, the first 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
member 800 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-shaped core
members 800 and 900 along a 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 formed at the inner
lateral surface of the core members 800 and 900 may be
disposed in various forms.

[0034] For example, as shown in FIG. 4A, in an inner
lateral surface of the core member 800, the core member
800 may include a pair of notches 830 formed along a
longitudinal direction of the core member 800. Here, the
notches 830 may be located in a symmetrical 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] AsshowninFIG. 4B, the core member 900 may
include four notches 930 formed along a longitudinal di-
rection of the core member 900 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
member at 45°, 135°, 225°, and 315° with respect to the
cut-groove 910. In other words, in the four notches 930
formed on the inner lateral circumferential surface of the
core member 800, imaginary lines connecting each ad-
jacent 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 cylindrical lithium 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 cylindrical lithium secondary
battery 200.

[0037] In particular, the protrusions 820 and 920
formed at the lower portions of the core members 800
and 900 may prevent damage to the lower portion of the
electrode assembly 300 when the core members 800
and 900 rotate.
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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 has a 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) which is formed in a
tube shape havingacut-groove (810, 910) along
alongitudinal direction, andincludes at leastone
notch (830, 930) formed in a longitudinal direc-
tion at an inner lateral surface of the tube shape;
a case (400) which has a space for containing
the electrode 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).

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-
mined direction when an external pressure is 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 onan 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 portions of the
core member (830, 930) are smaller than a diameter
at a center portion.
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FIG. 2A
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FIG. 2C
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FIG. 3A

500
540 510 520 530 550

200

|
w0 |5

440

4009 410

420 —-

i 320
di——— 330

M- 310
345
325

315
341 l

> 300

/ ]

800 820

11

JLab/Cambridge, Exh. 1002, p. 309



EP 1 968 134 A1

FIG. 3B
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FIG. 4A
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DETAILED ACTION

Notice of Pre-AIA or AIA Status

The present application is being examined under the pre-AIA first to invent provisions.

Information Disclosure Statement
The IDS filed on July 28, 2011 has been considered by the examiner, except for citation
AK which is presently lined-through. Only one page of the cited document is present in the
application file, which also appears to be merely the bibliographic data.

The IDS filed 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 shown or the 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 abandonment of the application. Any amended replacement drawing
sheet should include all 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 made to 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 made in this Office action:

A person shall be entitled to a patent unless —

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

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).

Nakayama teaches a button cell comprising a housing cup [14] and a housing top [20]
separated from one another by 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 comprises strips or rectangular sections of a positive electrode [12] and a negative [10]

electrode in the form of flat layers and are connected to one another by a flat separator [16]. The
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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. 1 line 59 et seq. Thus, Nakayama also 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 forms the basis for all

obviousness rejections set forth in this Office action:

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

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 Nakayama are discussed above.

Nakayama does not explicitly teach a spiral winding. However, Suzuki teaches electrode
assemblies both in flat sheet form (Fig. 1) and in flat spiral windings form. (col. 6 line 43 et seq.)
The prior art as a whole is considered to recognize the equivalence of flat electrode assemblies
(as disclosed in Nakayama and Suzuki) with spiral electrode assemblies (as disclosed in Suzuki).
The prior art’s clear recognition of mutual equivalence of these components, independent of
applicant’s disclosure, is herein relied upon as the rationale to support an obviousness rejection.
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 advantage that they are firmly wound
and excellent in adhesion.” (col. 6 line 61 et seq.)

Nakayama does not 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
Cantave et al. (US 6,443,999)

The teachings of Nakayama and Suzuki are 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 of the separator
layer, as by heat forming, and using said reshaped portion of the separator layer to also function
as a continuous electrical insulation layer between the positive cathode sheet and the cell casing,
particularly at the closed end of 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 the cell.
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Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Julian Anthony whose telephone number is (571) 272-1289. The
examiner can normally be reached on Monday through Friday.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Patrick J. Ryan, can be reached on (571) 272-1292. The fax phone number for the
organization where this application or proceeding is assigned is 703-872-9306.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
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 number is (703) 308-0661.

/Julian Anthony/
Examiner, Art Unit 1726

/PATRICK RYAN/
Supervisory Patent Examiner, Art Unit 1726
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