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(54) Title: THIN FILM BATTERY

(57) Abstract: The present invention concerns a flat battery comprising a package formed by a cathode, an anode, and a separator
layer sandwiched between the cathode and the anode, a sealing frame extending circumferentially around said package, a first cur-
rent collector contacting the anode, and a second current collector contacting the cathode. The first and second current collectors
each partly cover the sealing frame in a zone being adjacent to the package. According to the invention, the battery further com-
prises a first polymeric jacket layer being arranged on the first current collector and a second polymeric jacket layer being ar-
ranged on the second current collector, said first and second polymeric jacket layers extending circumferentially beyond the cur-
rent collectors and beyond the sealing frame and being sealed together to form an outer jacket for the battery. Furthermore, the
present invention also concerns a method to produce such a battery.
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THIN FILM BATTERY

Backaround of the Invention

The present invention relates in general to thin film primary batteries.

Electrochemical elements, i.e. batteries, are known in many different
physical forms. In most cases, they have a mechanically robust housing and
are in the form of round, button or prismatic cells. A positive and a negative
electrode, a separator and an electrolyte are arranged in such a cell. The
housing of this type of cells is in general composed of steel, a stainless steel

alloy or aluminum.

However, for certain applications very thin batteries having a flexible
housing are needed. These applications include active radio frequency
identification (RFID) tags, PCMCIA cards, smart cards, etc. A battery which
shall be used in such applications must be flexible and compact, deliver
high energy density and specific energy with a low rate of self discharge,
and should be provided with a reliable sealing. The sealing is extremely
important, as moisture should be prevented from entering into the battery to
avoid drain and self discharge, as well as to prevent drying out resulting
from loosing the organic solvents in the electrolyte, even when the battery is
distorted or under mechanical stress. Furthermore, the battery should be

manufacturable in a cost-efficient and reliable way.

Different thin film batteries are known from prior art, most of them

using lithium as the anode material.

US 5,989,751 for example, discloses a primary lithium battery having

a flexible and compact design. The cell is provided with an electrolyte-
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containing composite cathode. A packaging using a spacer and polymeric

sheets is provided.

US 2003/0228517 A1 shows a thin cell with a packaging being
formed by two plastic sheets sealed to each other. The thin cells described
in this document are stacked to form a larger electrochemical element. The
plastic sheets are metallized in certain areas to form the electrical contacts
with the electrodes of the cell.

US 2005/0239917 also discloses a thin film lithium battery, wherein
the anode is printed on a copper current collector using lithium metal
powder based ink. The anode and cathode current collectors are sealed

around the perimeter of the battery by a polyester sealant frame.

US 6,752,842 B2 discloses a thin film cell which is manufactured by
printing different layers on top of each other.

In terms of quality of the sealing and cost-efficiency upon production,

the above described batteries are not yet completely satisfying.

Summary of the invention

The present invention relates to a flat battery comprising a package
formed by a cathode, an anode, and a separator layer sandwiched between
the cathode and the anode. A sealing frame extends circumferentially
around said package. The battery further comprises a first current collector
contacting the anode and a second current collector made of a metal foil
and contacting the cathode, wherein the first and second current collectors
each partly cover the sealing frame in an area being adjacent to the

package.

Said battery further comprises a first polymeric jacket layer being
arranged on the first current collector and a second polymeric sheet being
arranged on the second current collector, said first and second polymeric
sheets extending circumferentially beyond the current collectors and beyond
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the sealing frame and being sealed together to form an outer jacket for the

battery.

The present invention also relates to a method for making a flat
battery comprising the following steps:

(a) providing a first polymeric jacket layer,

(b) providing a first current collector and arranging same on said
first polymeric sheet,

(c) applying an anode material on said first current collector,
(d) providing a second polymeric jacket layer,

(e) providing a second current collector and arranging same on

said second polymeric jacket layer,

(fy providing a sealing frame having an inner contour
corresponding substantially to an outer contour of the anode material and
the separator on the first current collector,

(9) arranging said frame on one of the current collectors, the

frame covering the outer circumference of the current collector,

(h) providing a cathode material and applying same on the

second current collector,

(i) providing a separator layer and arranging same on the
cathode material,

() assembling the flat battery by returning one of the two
polymeric jacket layer and arranging it and on the other polymeric jacket
layer such that the separator layer is sandwiched between the cathode
material and the anode material, the sealing frame then extending
circumferentially around the anode material, the cathode material and the
separator, and
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(k) sealing together said first and second polymeric jacket layer
in a zone extending circumferentially beyond the current collectors to form

an outer jacket for the battery package.

The first and second polymeric jacket layers which are sealed
together to form an outer jacket for the battery help to avoid that water or
other liquids enter the cell and establish a conductive path which may result
in high self-discharge rates. Furthermore, electrolyte is prevented from
escaping the battery, and a dry-out of the battery is thereby avoided. The
sealing frame extending circumferentially around the package formed by the
anode, the cathode, the separator and the electrolyte, further contributes to
the high quality of the sealing. Due to the fact that the sealing frame extends
circumferentially around said package, while the first and second polymeric
sheets extend circumferentially beyond the frame, a double sealing is
provided. The current collectors partly covering the sealing frame form a first
sealing zone and the polymeric sheets extending circumferentially beyond
said sealing area form a second additional sealing zone.

According to a preferred embodiment of the invention, the sealing
frame is coated with a heat-sealable material. The sealing frame itself can
be made of a polymer such as nylon, polyester (PET), polypropylene or any
suitable polymer, in particular of PET (poly(ethylene terephthalate), a resin
in the polyester family). The coating may consist of hot-melt adhesive EVA
(ethylene vinyl acetate) or EMA (ethyl methyl acrylate), or another suitable
heat-sealable material. Due to the coating, the frame can easily be sealed to
the current collectors and the polymeric sheets. The sealing frame can also
consist of two frame elements, each of these elements forming a frame
itself. Typically, one such frame element will be arranged on the cathode
side, and another one on the anode side during assembly of the battery,
and the two frame elements will be bonded together during a final assembly
step to form one frame. In case of the use of two frame elements, the

separator can arranged with its circumferential edges lying between the two
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frame elements. It will thus be held in place by the two frame elements
when they are bonded together, and any contact between the anode
material and the cathode can be avoided in a very reliable and simple way.

The first and second polymeric jacket layer may also be coated with a
hot-melt adhesive on the side lying on the first and second current
collectors, respectively. The two polymeric jacket layer can thus be sealed
together to form the outer jacket just by applying heat in a laminating
operation.

The polymeric jacket layers can be simple polymeric sheets having a
surface which is larger than the surface of the current collector on which it is
arranged. The complete current collector will then covered by the polymeric
sheets, and the jacket formed by the two polymeric sheets will thus not
leave any parts of the battery accessible, except for two contact tabs.

Alternatively, the polymeric jacket layers can also be formed by a
polymeric frame which will typically be cut out from a polymeric sheet, and
which covers the outer contour of the current collector on which it is
arranged. The use of such a frame has the advantage that the whole battery
will be thinner than when complete sheets are used, and the additional
sealing is limited to those areas where such a sealing is really critical,
namely to the outer contour of the current collector. On the other hand, it is
easier to obtain certain desired surface properties for the battery when using
a whole sheet than when using merely a frame. A complete sheet might
thus be the preferred solution when a certain adhesion or a certain

appearance is needed.

The current collectors are preferably metal foils, in particular copper
foils. Contact tabs for contacting the battery from the outside can be formed
integrally with such a copper foil, and there is thus no need for additional
contacts. However, the use of a metallized polymeric film or sheet instead of
a metal foil is also possible. According to a preferred embodiment of the

invention, at least one of the current collectors is a preformed metal foil
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having a depression formed in a central area thereof. Such a depression
can form a receptacle for a cathode mixture when same is applied to the
current collector, and will thus facilitate the assembly of the battery.

Preferably, the anode material is lithium. However, it is also possible
to use another material such as zinc (Zn), cadmium (Cd), lead (Pb),
hydrogen absorbing alloys or any other suitable material for the anode
without departing from the scope of the present invention.

According to a preferred embodiment of the invention, the cathode
comprises manganese-dioxide (MnO,) as the active material. Typically,
electrolytic manganese dioxide, or EMD, will be used for this purpose.
However, it is also possible to use another material such as nickel
hydroxide, silver oxide, carbon monofluoride or any other suitable material
for the cathode without departing from the scope of the present invention.

It should further be noted that the first and the second polymeric
jacket layers can be made of one single sheet which is folded in the middle
to form the outer jacket and thereby seal the battery. The advantage of such
a solution is that the folding line already provides one side which will be

perfectly sealed.

The present invention also concerns a method to make a battery
according to claim 12. Preferred embodiments of this method arise from the
dependent claims and from the description of two preferred embodiments

given below.

Brief description of the drawings

The subject matter of the invention will be explained more in detail in
the following description with reference to the drawings, wherein

Fig. 1 is a sectional view of a flat battery according to a first embodiment of

the invention;
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Fig. 2 is a sectional view of a flat battery according to a second embodiment

of the invention;
Fig. 3(a) is a top view of a first preassembled part of the flat battery of fig. 1;

Fig. 3(b) is a top view of a second preassembled part of the flat battery of
fig. 1.

Detailed description

It will be appreciated that the following description is intended to refer
to two specific embodiments of the invention which have been selected for
illustration in the drawings but which are not intended to define or limit the

invention, other than in the appended claims.

Figure 1 shows a cross-section through a flat battery according to the
invention, whereas figures 3(a) and 3(b) each show a top view of a
preassembled part of the flat battery shown in Figure 1. More precisely,
Figure 3(a) shows the upper layers of the battery shown in Fig. 1, while
Fig. 3(b) shows the lower layers of the same.

Referring to figures 3(a) and 3(b), a method according to the
invention to produce the battery as shown in Figure 1 will now be described.

Firstly, the preassembly of the lower layers as shown in Fig. 3(b) will
be described.

In a first step, a first rectangular polymeric sheet 24 being coated with
a heat-sealable material on one side is provided. It should be noted that,
although rectangular components have been chosen for the embodiments
described herein, the individual components and the assembled battery can
have any desired shape, e.g. rectangular with rounded edges, oval, circular
etc. A first current collector 18 is arranged on the side being coated with a
heat-sealable material of said polymeric sheet 24. Said current collector 18
is made of a rectangular copper foil or another appropriate metal foil and
has a perimeter which is smaller than the perimeter of the polymeric
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sheet 24, for example by some millimeters on all sides. On one side, it is
provided with a contact tab 17 extending beyond the outer contour of the
polymeric sheet 24. The current collector 18 will be arranged in the centre of
the first polymeric sheet 24 such that a frame-like outer zone of the
polymeric sheet 24 remains uncovered, as it can be seen in Figure 3(a).

In the next step, a first frame element 22a will be arranged on the first
polymeric sheet 24 and the first current collector 18. This frame element is a
rectangular polyester frame 22 having a thickness lying In the order of
about 100 uym and being coated with hot-melt adhesive EVA (ethylene vinyl
acetate) on its upper and its lower surface. The outer perimeter of this frame
element 22a is smaller than the perimeter of the polymeric sheet 24, but
larger than the perimeter of the current collector 18, whereas the inner
perimeter of the frame element 22a is smaller than the perimeter of the
current collector 18. The frame element 22a will be arranged on the
polymeric sheet 24 and the current collector 18 symmetrically with respect
to the center of all components, such that an inner region of the frame
element 22a lies on the current collector 18, while an outer region of the
frame element 22a lies directly on the polymeric sheet 24.

These three elements, i.e. the first polymeric sheet 24, the first
current collector 18, and the first frame element 22a will be bonded to each
other. To do so, it is sufficient to apply heat and pressure, e.g. by applying a
heated block, and the hot-melt coating on the polymeric sheet and on the
frame element 22a will melt and adhere to the metal foil lying in the middle.
Alternatively, one can also bond these three elements together only

temporarily by applying heated pins to some selected points.

In the next step, a lithium foil which will form an anode 12 is arranged
on the current collector copper foil 18. This is normally done under a low
moisture environment to protect the lithium. The anode lithium foil 12 is also
rectangular with its surface being slightly smaller than the surface of the
current collector 18. It will preferably be arranged symmetrically in the
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middle of the current collector 18, thereby leaving a frame-like outer region

of the current collector 18 uncovered.

Now referring to fig. 3(a), in the same manner, a second polymeric
sheet 26 identical to the first polymeric sheet 24 and thus also coated with a
heat-sealable material will be provided. A second current collector 20 with a
second contact tab 19 will be arranged on said second polymeric sheet 26
in the same way as described above for the first polymeric sheet 24 being
arranged on the first current collector 18. In a next step, a second frame
element 22b identical to the first frame element 22a described above will be
arranged on the on the second polymeric sheet 26 and the second current
collector 20 just as described above. The second polymeric sheet 26, the
second current collector 20, and the second frame element 22b will then
also be bonded to each other just as described above referring to fig. 3(a).

Once the frame element 22b lies on the copper foil forming the
current collector 20 and has been bonded thereto and to the polymeric
sheet 26 as described above, instead of the lithium foil forming the
anode 12, a mixture which will form the cathode 16 is applied to the central
zone of the current collector 20. This central zone is bordered by the frame
element 22b which forms a wall to hold the mixture in place. Said mixture
contains preferably manganese dioxide as the active cathode material, but
other suitable cathode materials can also be chosen without departing from
the scope of the present invention. In addition to the active cathode
material, the mixture further comprises an electrolyte, typically a lithium salt,
such as lithium perchlorate (LiClOy), lithium hexafluorophosphate (LiPFg), or
lithium triflate (LICF3SQOg3), in a mixture of aprotic organic solvents, such
as PC:EC (propylene carbonate : ethylene carbonate), EC:DME (ethylene
carbonate : dimethoxyethane), or EC:DMC (ethylene carbonate : dimethyl
carbonate). Any other suitable electrolyte can also be used. Furthermore,
the cathode mixture comprises a conductive phase to promote electrical

conductance and to enhance utilization of the active material, such as
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conductive carbon, graphite, or another suitable material. The mixture
further comprises a substance acting as binder to hold the different
components together, such as PTFE (Polytetrafluoroethylene) or PVDF. .

After the application of the cathode mixture forming a composite
cathode 16, a porous film serving as a separator 14, e.g. a PE or PP film, as
it is well known in the art, is arranged on this cathode 16. For the example
shown here, the outer contour of the separator 14 corresponds to the inner
contour of the two frame elements 22a, 22b. The separator can also have a
bigger surface than the cathode and extend circumferentially beyond the
cathode. Such a solution will in general be preferred, because it allows to
avoid that the cathode and the anode contact each other. To be kept in
place, the separator might be arranged between the two frame elements

described above on its outer circumference.

The preassembled unit shown in Figure 3(b) comprising the first
polymeric sheet 24, the first current collector 18, frame element 22a and the
anode 12 can now be assembled to the preassembled unit shown in
figure 3(a). To do so, one of the two preassembled units will be flipped over,
and the two halves will be arranged on each other such that the two frame
elements 22a, 22b are aligned with each other and form one frame 22. The
anode 12 is thereby brought into contact with the separator 14, the outer
contours of the two polymeric sheets 24, 26 now lying on top of each other.
It should be noted that it is also possible to use a frame made in one piece
instead of a frame comprising two frame elements as described herein. This
frame will then preferably arranged on the cathode side before the two units
shown in figures 3(a) and 3(b) are assembled to each other, just as it is
described below for the second embodiments shown in fig. 2.

As shown in figure 1, the anode 12, separator 14 and cathode 16
then form a substantially block-shaped package 10 in the heart of the
battery with the frame 22 formed by the frame elements 22a, 22b
circumscribing said package 10. The inner contour of the frame 22
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corresponds to the outer contour of the package 10, and the height h of the
frame 22 corresponds to the height h of the package 10 formed by the
anode 12, the cathode 16 and the separator 14. The circumferentially outer
area of the current collector 18 extending beyond the anode 12 lies on the
sealing frame 22 in an area being adjacent to the package 10, i.e. in an
circumferentially inner area of the frame 22, thereby partly covering said
frame. As one can see in figures 1 and 2, approximately half of the surface
of the frame 22 is covered by the current collectors 18, 20, whereas a
circumferentially outer area of the frame 22 is not covered by the current
collector 18, 20 and is in direct contact with the polymeric sheets 24, 26

when the battery is assembled.

In a laminating operation the heat-melt adhesive coatings on the
contact surface of the frame elements 22a, 22b are melted, such that the
two frame elements 22a, 22b are now definitively bonded to form one
frame 22. If this has not happened beforehand, the frame
elements 22a, 22b will also be bonded to the current collectors 18, 20. At
the same time, the two polymeric sheets 24, 26 being coated with a heat-
sealable material on their inner sides contacting each other are sealed
together on their outer circumference in an outer sealing area having a
width W. The polymeric sheet 24, 26 serving as a polymeric jacket layer to
form the outer jacket will typically have a thickness of 50-75 um. This
laminating operation can be limited to three sides of the battery in a first
step, a fourth side being left unsealed temporarily. In this case, a vacuum
will be applied in a next step to remove any air, vapor, moisture etc. from
the battery. While this vacuum is applied, the fourth side will be laminated to
seal the battery completely. It is also possible to seal all for sides in one
step while evacuating the battery at the same time, but this is slightly more
difficult to handle. As this evacuation step may take longer than the
assembly steps previously described, the batteries may be grouped during
evacuation and during sealing of the fourth side, even if the previous
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assembly steps have been carried out individually, e.g. on a rotating

assembly diode or on a conveyer belt.

It should be noted that it is also possible to use only one polymeric
sheet instead of two separate sheets 24, 26. In this case, the first current
collector 18, the first frame element 22a, and the anode 12 will be applied
on one half of this sheet as described above, while the second current
collector 20, the cathode 16, the second frame element 22b and the
separator 14 will be arranged on the second half just as previously
described for two separate sheets 24, 26. The polymeric sheet will then be
folded in the middle to assemble the battery, and one proceeds with the
laminating operation as described above. One advantage of this method is
that one side, namely the one which is folded, does not need to be sealed,
and that it can be easier to align the two halves forming the battery with
each other.

Fig. 2 shows a second embodiment of a battery according to the
invention. The same parts are denoted using the same reference numerals,
and in the following only the differences with respect to the first embodiment
will be described.

As one can see in Fig. 2, instead of the polymeric sheets 24, 26
shown in fig. 1, polymeric frames 24’, 26’ are used. These have the same
function as the polymeric sheets 24, 26 in the first embodiment. Said
polymeric frames 24°, 26’ can be cut out in a polymeric sheet as it is used
for the polymeric sheets 24, 26 of the first embodiment, and will thus also
typically have a thickness of 50-75 um. The outer contour of the polymeric
frames 24’, 26’ shown in Fig. 2 corresponds to the outer contour of the
sheets 24, 26 used for the first embodiment and shown in fig. 1. The inner
contour of the frames 24’, 26’ is slightly smaller than the outer contour of
current collectors 18’, 20, such that the outer contour of the current
collectors 18", 20’ is covered by the frames 24, 26’ after assembly of the
battery. The outer jacket formed by the two polymeric frames 24’, 26’ is thus
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not completely closed, and the current collectors 18, 20’ are not covered in
their center. The uncovered centre can also serve as a contact, and contact
tabs as shown in figs. 3(a), 3(b) are thus not absolutely necessary, when a
frame instead of complete sheets is used to form the jacket.

The current collectors 18’, 20’ are copper foils just as for the first
embodiments, but the second current collector 20’ has been preformed and
is provided with a depression in its center. This depression forms a
receptacle for the cathode mixture 16, as it can be seen in Fig. 2. The first
current collector 18’ can also be provided with a depression to receive the
lithium foil forming the anode 12’, but as the thickness of the anode is rather
small compared to the thickness of the cathode, . the advantages of such a
depression on the lithium side are less obvious than for the depression on
the cathode side forming a receptacle for the cathode mixture.

The frame 22’ is not formed by two frame elements 22a, 22b as
described for the first embodiment above, but is merely formed by one
single frame. This frame will be arranged on the cathode side, i.e. on the
second current collector 20’ and polymeric frame 26’ just as described
above for the first embodiment, and these three parts will be bonded
together before application of the cathode mixture 16’. The total thickness of
the frame 22’ is smaller than the thickness of the package 10’ formed by the
active materials and can lie somewhere between the thickness of the
separator layer 14 and the thickness of the package 10. In the final
laminating step, the frame 22’, which is coated with a hot-meld adhesive on
both sides, will be bonded to the first current collector 18’ and to the
polymeric frames 24°, 26’ forming the outer jacket.

With the embodiment as shown in fig. 2, one can obtain a battery
having a total thickness lying under the thickness one can achieve with the
embodiment of fig. 1.

One of the main advantages of the battery described herein is the

multiple sealing zones. As it can be seen in figures 1 and 2, a
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circumferentially inner part of the frame 22, 22’ is sandwiched between the
two current collectors 18,18, 20, 20’ and is bonded to them via the melted
hot-melt-adhesive coating of the frame 22, 22'. The current
collectors 18, 18’, 20, 20’ and the frame 22 lying between them thus form a
hermetically sealed “housing” protecting the package 10, 10’ and thus the

battery’s anode and cathode from the entry of moisture.

In addition to this inner sealing provided by the frame 22, 22’ sealed
to the current collectors 18, 18’, 20, 20’, an outer sealing jacket is formed by
the two polymeric jacket layers, i.e. by polymeric sheets 24, 26 in the first
embodiment, or by polymeric frames 24’, 26’ in the second embodiment,
which are sealed to each other on their outer circumference. This jacket
forms an additional protection for the complete battery, including the current
collectors 18, 18, 20, 20. Furthermore, the polymeric jacket
layers 24, 24’, 26, 26’ are also sealed to the frame 22, 22’ in a region which
lies circumferentially outwards of the current collectors 18, 18’, 20, 20'.
Finally, the polymeric jacket layers 24, 24’, 26, 26’ are sealed to the current
collectors 18, 18, 20, 20° on the complete surface of these current
collectors. Due to the low thickness of the single layers, i.e. of the polymeric
jacket layers, the current collectors, the active materials as well as the
frame, the whole battery will remain flexible while being perfectly sealed.

The combination of the frame sandwiched between the current
collectors in a circumferentially inner region and sandwiched between the
two polymeric jacket layers in an outer region with the jacket formed by
these jacket layers thus provides an excellent sealing for the battery
according to the invention.
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Reference numerals

10, 10’
12,12’
14,14’
16, 16’
17

19

18, 18’
20, 20’
22,22’
22a, 22b
24,24’

26, 26’

package

anode

separator

cathode

contact tab

contact tab

first current collector
second current collector
frame

frame element

first polymeric jacket layer
second polymeric jacket layer
height

width

PCT/EP2008/061816



WO 2010/025773 PCT/EP2008/061816

10

15

20

25

- 16 -

Claims

1. Flat battery comprising

a package (10) formed by a cathode (16), an anode (12), and a
separator layer (14) sandwiched between the cathode (16) and the
anode (12),

a sealing frame (22, 22’) extending circumferentially around said
package (10),

a first current collector (18, 18’) contacting the anode (12, 127),

a second current collector (20, 20’) contacting the
cathode (16, 16),

wherein the first and second current collectors (18, 18’; 20, 20’) each partly
cover the sealing frame (22, 22’) in a zone being adjacent to the
package (10, 10’), said battery further comprising a first polymeric jacket
layer (24, 24’) being arranged on the first current collector (18) and a
second polymeric jacket layer (26, 26’) being arranged on the second
current collector (20, 20’), said first and second polymeric jacket
layers (24, 24’; 26, 26’) extending circumferentially beyond the current
collectors (18, 18’; 20, 20’) and beyond the sealing frame (22, 22’) and
being sealed together to form an outer jacket for the battery.

2. Flat battery according to claim 1, wherein the sealing
frame (22, 22’) is coated with a heat-sealable material.

3. Flat battery according to claim 1 or 2, wherein the sealing
frame (22) is made of a polymer, in particular of PET.

4. Flat battery according to any of the preceding claims, wherein
the sealing frame (22) comprises two frame elements (22a, 22b) being

arranged on top of each other.
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5. Flat battery according to any of the preceding claims, wherein
the first and second polymeric jacket layers (24, 24’; 26, 26’) are coated with
a hot-melt adhesive on the side lying on the first and second current
collectors (18,18’ 20, 20°), respectively.

6. Flat battery according to any of the preceding claims, wherein
the first and second polymeric jacket layers (24, 26) are polymeric sheets
completely covering the current collectors (18, 20) on which they are
arranged.

7.  Flat battery according to any of claims 1 to 5, wherein the first
and second polymeric jacket layers (24', 26°) are polymeric frames (24, 26’)
covering an outer contour of the current collectors (18, 20) on which they
are arranged.

8.  Flat battery according to any of the preceding claims, wherein at
least one of the current collectors (18’) is a preformed metal foil provided

with a depression formed in a central portion thereof.

9. Flat battery according to any of the preceding claims, wherein

the anode (12) comprises lithium as the active material.

10. Flat battery according to any of the preceding claims, wherein
the cathode (16) comprises manganese-di-oxide (MnO.) as the active

material.

11. Flat battery according to any of the preceding claims, wherein
the first and the second polymeric jacket layers (24, 26) are made of one

single sheet which is folded in the middle, thereby forming the outer jacket.
12. Method for making a flat battery comprising the following steps:
(a) providing a first polymeric jacket layer (24, 24’),

(b) providing a first current collector (18) and arranging same on

said first polymeric sheet (24),
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(c) applying an anode material (12) on said first current

collector (18),
(d) providing a second polymeric sheet (26),

(e) providing a second current collector (20) made of a metal foil

and arranging same on said second polymeric sheet (26),

(f)y providing a sealing frame (22) having an inner contour
corresponding substantially to an outer contour of the anode material (12)
and the separator (14) on the first current collector (18),

(g) arranging said frame (22) on one of the current
collectors (20), the frame covering the outer circumference of the current

collector (20),

(h) providing a cathode material (16) and applying same on the

second current collector (20),

(i) providing a separator layer (14) and arranging same on the

cathode material (12),

(j) assembling the flat battery by returning one of the two
polymeric jacket layers (24; 26) and arranging it and on the other polymeric
jacket layer (26; 24) such that the separator layer (14) is sandwiched
between the cathode material (16) and the anode material (12), the sealing
frame (22) then extending circumferentially around the anode material (12),

the cathode material (16) and the separator (14), and

(k) sealing together said first and second polymeric jacket
layer (24, 26) in a zone extending circumferentially beyond the current

collectors (18, 20) to form an outer jacket for the battery package.

13. Method according to claim 12, wherein the sealing frame (22) is

arranged on the second current collector (20) before step (h) is executed.

14. Method according to claim 12 or 13, wherein the sealing
frame (22) consists of two sealing frame elements (22a, 22b), and wherein
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a first frame element (22a) is applied on the first current collector (18)

before execution of step (c), and

a second frame element (22a) is applied on the second current

collector (20) before execution of step (h), and

the two frame elements (22a, 22b) are bonded together to form a

frame (22) upon execution of step (k).

15. Method according to claim 14, wherein each sealing frame
element (22a, 22b), the current collector (18, 20) on which it is arranged and
the polymeric jacket layer (24, 26) on which said current collector (18, 20 is
arranged) are bonded to each other before the execution of steps (c)

and (h), respectively.

16. Method according to any of claims 12 to 15, wherein the sealing
frame (22) is coated with a heat-sealable material and is bonded to the

current collector (20) on which it is arranged before step (j) is executed.



WO 2010/025773 1 /2 PCT/EP2008/061816

Fig. 1

22b 20 16 14 10 26

W \ ) ] ] /
s / /
/—H / /}/ b DR PEK KKK AKX XK A

\\% :1:1:1:1:1:1:1:1:1:1:1:1:1:1:1:1:1:1:‘1:1:1:1:1:1:1:1:1:1:1:1:1:1:1:1£1:1:1:1:1:1:
X&W&%&WW@W s /
N "\

22 22a 18 12 24




2 / 2 PCT/EP2008/061816

WO 2010/025773

Fig. 3

™19

22b

™17

22a




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2008/061816

CLASSIFICATION OF SUBJECT MATTER

A.
INV. HO1M2/02 HO1M2/08 HO1M10/04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1M

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JP 60 131752 A (MATSUSHITA ELECTRIC IND CO 1-16
LTD) 13 July 1985 (1985-07-13)
abstract

X JP 01 167947 A (HITACHI MAXELL) 1-16
3 July 1989 (1989-07-03)
abstract

Y EP 0 691 695 A (YUASA BATTERY CO LTD [JP]) 1-16
10 January 1996 (1996-01-10)
claim 1; figures 1,4

Y JP 11 213969 A (YUASA BATTERY CO LTD) 1-16
6 August 1999 (1999-08-06)
abstract

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

P ¢ "T* later document published after the international filing date
or priority date and not in conflict with the appilication but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention

cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-

"A" decument defining the general state of the art which is not
considered to be of particular relevance

"E* earlier document but published on or after the international X
filing date

*L* document which may throw doubts on priofity claim(s) or
which is cited 1o establish the publication date of another e
citation or other special reason (as specified)

*O" document referring o an oral disclosure, use, exhibition or

other means ments, such combination being obvious to a person skilled
"P* document published prior to the international filing date but in the art. .
later than the priority date claimed *&" document member of the same patent family

Date of the actuat completion of the international search

15 May 2009

Date of malling of the international search report

28/05/2009

Name and mailing address of the 1SA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31~70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Cappadonia, Marcella

Form PCT/SA/210 (second shest) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2008/061816
Patent document Publication Patent family Publication
cited in search report date member({s) date
JP 60131752 A 13-07-1985  NONE
JP 1167947 A 03-07-1989  NONE
EP 0691695 A 10-01-1996 NONE
JP 11213969 A 06—08—1999 NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

