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METHOD FOR PRODUCING LITHIUM-ION BATTERIES, IN PARTICULAR HIGH
POWER LITHIUM-ION BATTERIES, AND BATTERY OBTAINED BY THIS METHOD

Technical field of the invention

The present invention relates to the manufacture of lithium-ion batteries. The invention
relates to a novel method for manufacturing batteries, and in particular high-power lithium-
ion batteries. It further relates to the batteries obtained by this method, which have a novel

architecture giving them a longer life.
Prior art

In order to increase the production output for rechargeable batteries with a high energy
density and a high power density, such as solid-state batteries or batteries impregnated
with a liquid electrolyte, the simultaneous manufacture of a plurality of batteries can be
achieved by superimposing alternating anode and cathode foils previously coated with an

electrolyte layer.

The international patent document WO 2016/001584 (I-TEN) describes foils comprising a
conductive substrate covered successively with an electrode layer covered with an
electrolyte layer; these foils are cut, before or after deposition, in patterns, in particular in a
U-shape. These foils are stacked alternately in order to form a stack of a plurality of unit
cells. The anode and cathode cutting patterns are placed in a "head-to-tail" configuration so
that the stacking of the cathode and anode layers is laterally offset. After the stacking step,
this document discloses depositing a conformal thick-layer encapsulation system, typically
a polymer layer, about ten microns thick, on the stack and in the available cavities present
within the stack. This firstly ensures the stiffness of the structure at the cutting planes and
secondly protects the battery cell from the atmosphere. Once the stack has been produced
and is encapsulated in a stiff structure, it is cut along cutting planes to obtain unit batteries,
with the cathode and anode connections of the batteries being exposed on each of the
cutting planes. When these cuts are made, the encapsulation system can be torn off,
resulting in a break in the battery's impervious seal. Terminations (i.e. electrical contacts)

are also known to be added where these cathode and anode connections are apparent.

This prior art is explained herein in greater detail with reference to Fig. 12, which shows a
lithium-ion battery structure described in the international patent document
WO 2016/001584. The battery 200 comprises a plurality of anodes 230 and a plurality of
cathodes 210, which are disposed alternately one below the other. Each anode and each

cathode comprises a layer of a respective anode or cathode active material, referred to as
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an anode layer, or respectively a cathode layer. Moreover, a layer of an electrolyte material,
not shown in Fig. 12, is sandwiched between the anode and the cathode, such that this
electrolyte material separates two active layers facing one another. The thickness of the
various layers that constitute them does not normally exceed 15 ym, and is often comprised
between 2 um and 8 um. The battery has, on a first lateral edge 201, anode connections
230', situated one below the other. Moreover, on the opposite lateral edge 202, cathode
connections 210" are provided, situated one below the other. The stacking of the anodes
230 and cathodes 210 is laterally offset. The cathode connections 210" are situated such
that they project from the free face 230" of the anode. Similarly, on the opposite edge 201,
the free face 210" of the cathode is set back from the free face of the anode on which anode
connections 230" are subsequently deposited.

However, this known solution has certain drawbacks. More specifically, depending on the
positioning of the electrodes, in particular the proximity of the edges of the electrodes for
multi-layer batteries and the cleanness of the cuts, a leakage current can appear at the
ends, typically in the form of a creeping short-circuit. It reduces battery performance, despite
the use of an encapsulation system around the battery and near the cathode and anode
connections. Moreover, an unsatisfactory deposition of the encapsulation system on the
battery is occasionally observed, in particular on the edges of the battery at the spaces

created by the lateral offsetting of the electrodes on the edges of the battery.

Moreover, since the respective anode and cathode terminations are set back from the
adjacent respective anode and cathode layers, a large cut is required. Such a cut must thus
be filled with an insulating material. Due to the large dimensions thereof, this cutting leads
to a substantial loss of materials useful for producing the battery itself. Moreover, it requires
the application of thick insulator layers in the available cavities present within the stack. A
thick insulator can weaken the entire battery encapsulation system, because, when cutting,
the encapsulation system deposited as a thick layer tends to become delaminated. The

architecture according to the prior art thus has both technical and economic drawbacks.

Finally, in numerous applications, the resistance of the batteries must be reduced, which
leads to a loss of power. For very high-power batteries according to the prior art, the
resistance of the connecting elements significantly contributes to the resistance of the
battery: a battery architecture that has the effect of increasing the resistance of the
connecting elements would not be acceptable, even if it could be capable of solving some
of the other problems listed hereinabove. In this respect, the connection between the
connecting elements and the conductive surfaces of the battery intended to come into

contact with said connecting elements has a contact resistance, which must be minimised.
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This connection can be made simply by adhesive bonding. To illustrate this with the
aforementioned Fig. 12, a metal foil can be adhesively bonded onto the edges of the
anodes 230" and cathodes 210", after encapsulation of the battery and lateral cutting, which
exposes these edges. A good connection has a low electrical resistance, which must not

degrade during the life of the battery.

However, the conductive glues that are often used to adhesively bond metal foils at the
terminations usually have a high contact resistance, especially glues containing graphite.
By contrast, excellent electrical conduction properties are known to be obtained with inks
containing metallic nanoparticles or carbide or nitride nanoparticles. However, this low
resistance is only achieved if these inks undergo heat treatment at a temperature that is
sufficient to cause sintering of the conductive nanoparticles. As a general rule, a
temperature of about 400°C causes incomplete sintering, but such a temperature is far too

high for batteries containing a liquid electrolyte.

Moreover, the density of the sintered inks is not high enough to make them impermeable to
water vapour (this permeability is expressed by the Water Vapour Transmission Rate
(hereafter referred to as WVTR); this is the case, for example, of the Métalon®-Nano Copper
ink by Novacentrix®. There is thus a real need to improve the quality of the electrical contact
between the conductive surfaces of the battery and the connecting elements, both to reduce

contact resistance and to improve the durability of this electrical contact.

The present invention aims to overcome, at least in part, some of the aforementioned

drawbacks of the prior art.

It in particular aims to increase the production output for rechargeable batteries with a high
energy density and a high power density and to produce more efficient encapsulations at a

lower cost.

It in particular aims to propose a method that reduces the risk of a short-circuit, and that

allows a battery with a low self-discharge rate to be manufactured.

It in particular aims to propose a method that allows a battery with a very long life to be

manufactured in a simple, reliable and fast manner.

It further aims to propose such a method, which uses a higher-quality cutting step than that

used in the prior art.

It further aims to propose such a method, which enhances the encapsulation phases and
the encapsulation itself, which takes place during the production of the final battery.



10

15

20

25

30

4

It further aims to propose a method for manufacturing batteries that generates a smaller

loss of material.

In any case, the solution to these problems must not increase the resistance of the battery,

and must, where possible, reduce it.
Objects of the invention

At least one of the above purposes is achieved by means of at least one of the objects
according to the invention as described hereinbelow. The respective objects proposed by
the present invention relate to a battery, the manufacturing method thereof, an energy-
consuming device and a battery according to another embodiment, these objects being set

out in the accompanying claims.

The present invention provides as a first object a battery (1000) comprising at least one
anode (3) and at least one cathode (1), alternately disposed one above the other, said
battery (100) comprising lateral edges (101, 102) comprising at least one anode connection
zone and at least one cathode connection zone, laterally opposite the anode connection

zone, and longitudinal edges (103, 104), wherein the anode (3) comprises:

- acurrent-collecting substrate,
- atleast one anode layer, and
- optionally a layer of an electrolyte material or of a separator impregnated
with an electrolyte,
and the cathode (1) comprises:
- acurrent-collecting substrate,
- atleast one cathode layer, and
- optionally a layer of an electrolyte material or of a separator impregnated
with an electrolyte,
such that the battery comprises a unit stack successively formed by at least one
anode layer, at least one layer of an electrolyte material or of a separator

impregnated with an electrolyte, and at least one cathode layer,

characterised in that
- each anode and each cathode comprises a respective primary body (111,
131), separated from a respective secondary body (112, 132) by a space
(113, 133) free of any electrode material, electrolyte and current-collecting
substrate, said free space connecting the opposing longitudinal edges (103,
104) of the battery,
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each anode and each cathode comprises, when viewed from overhead, at
least one first through-hole (51, 53) made in the primary body and one
second through-hole (52, 54) made in the secondary body,

with the understanding that each first through-hole (51) made in the primary
body of the cathode extends in the continuation of each second through-hole
(54) made in the secondary body of the anode, such that these holes (51,
54) extending in the continuation of one another, form a first through-
passage (61) which passes through the battery from end to end,

and that each first through-hole (53) made in the primary body of the anode
extends in the continuation of each second through-hole (52) made in the
secondary body of the cathode, such that these holes (53, 52) extending in
the continuation of one another, form a second through-passage (63) which
passes through the battery from end to end,

the battery further comprises at least one cathode conductive means (71,
71', 71") received in said first through-passage (61) and at least one anode
conductive means (73, 73', 73") received in said second through-passage
(63), the anode conductive means (73, 73, 73") being capable of collecting
at least a part of the battery current flowing towards at least one anode
connection zone and the cathode conductive means (71, 71', 71") being
capable of collecting at least a part of the battery current flowing towards at

least one cathode connection zone.

According to other features of the battery according to the invention, which may be taken in

isolation or according to any technically compatible feature:

each through-passage extends at a distance from an opposing lateral edge
(101, 102),
the shortest distance (Dso/Dss) separating each through-passage (61) and
said opposing lateral edge is comprised between 0.04 mm and 1.95 mm,
each through-passage is made directly in said lateral edge (401, 402), the
cathode or respectively the anode conductive means being flush with said
lateral edge and having in particular the shape of a half-cylinder,
the anode and cathode conductive means are chosen, indifferently from one
another, from among:

0 a bar made of an electrically conductive material,

0 a tight fit metal rod,
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0 a metal rod surrounded by an electrically conductive sheath material,
the two opposite ends of either said bar or of said metal rod define fastening
heads,
the battery further comprises:

» an electrical connection support, made at least in part from a

conductive material,

> electrical insulation means, enabling two distant regions of this

connection support to be insulated from one another, these distant
regions forming respective electrical connection paths,

> said cathode conductive means being brought into electrical

contact with a first electrical connection path, whereas said anode
conductive means is brought into electrical contact with the second
electrical connection path,
the electrical connection support is of the single-layer type, in particular a
metal grid or a silicon interlayer,
the electrical connection support comprises a plurality of layers disposed one
below the other, this support being in particular of the printed circuit board
type,
the transverse dimension, or width, of the free space (L113) is comprised
between 0.01 mm and 0.5 mm,
the transverse dimension, or width, of the secondary body (L112) is comprised
between 0.05 mm and 2 mm,
free faces of the secondary bodies respectively of the cathodes (112') and
of the anodes (132'), which are opposite the free space, are flush with the
free faces of the primary body respectively of the anodes (131') and of the
cathodes (111'),
it comprises an encapsulation system coating four of the six faces of said
battery, and partially coating the other two faces, these other two faces being
opposite and substantially perpendicular to the first and second through-
passages (61, 63) of the battery comprising at least one anode connection
zone and at least one cathode connection zone,
the encapsulation system comprises:
> at least one first cover layer, preferably chosen from among
parylene, parylene F, polyimide, epoxy resins, silicone, polyamide,
sol-gel silica, organic silica and/or a mixture thereof, deposited on

the battery,
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> at least one second cover layer consisting of an electrically
insulating material, deposited by atomic layer deposition or
PECVD, HDPCVD or ICP CVD on said at least one first cover layer,

> with the understanding that this sequence of at least one first cover
layer and at least one second cover layer can be repeated z times,
where z 2 1,

- the encapsulation system comprises:

» at least one first cover layer with a very low WVTR, preferably a
WVTR of less than 10-°g/m?2.d, deposited at the outer periphery of
the stack of anode and cathode foils,

with the understanding that this first cover layer can be repeated z'

times, where z' 2 1,

- the at least first cover layer comprises:
» a ceramic material, preferably chosen from among oxides, nitrides,
oxynitrides, SixNy, SiO., SiON, amorphous silicon or SiC, and/or
> a low melting point glass, preferably a glass with a melting point
below 600°C, more preferably a low melting point glass chosen
from among SiO2-B20s3; Bi203-B203, ZnO-Bix03-B203, TeO2-V20s
and PbO-SiO,,
- it comprises a termination system covering at least the anode connection
zone (75, 75') and at least the cathode connection zone (76, 76'),
- the termination system successively comprises:
> afirst layer of conductive polymer, preferably a silver-filled resin,
> asecond layer of nickel disposed on the first layer of the termination
system, and
> athird layer of tin, disposed on the second layer of the termination

system.

The invention also relates to a method of manufacturing the above battery, said

manufacturing method comprising:

a) supplying a stack (I) of alternating foils, this stack comprising first foils or
anode foils each of which is intended to form an anode layer of a plurality of
batteries, and second foils or cathode foils each of which is intended to form

a cathode layer of a plurality of batteries,
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b)

e)

each anode foil comprising at least one groove or zone (34) devoid of any
anode and each cathode foil comprising at least one groove or zone (14)
devoid of any cathode, each groove delimiting at least a part of said space
free of any electrode material, electrolyte and current-collecting substrate,
heat treating and/or mechanically compressing the previously supplied stack
of alternating foils,

for each anode and each cathode, producing at least one first through-hole
(51, 53) in the primary body and producing at least one second through-hole
(52, 54) in the secondary body,

- said first through-hole (51) made in the primary body of the cathode
extending in the continuation of the second through-hole (54) made
in the secondary body of the anode, such that these holes (51, 54)
extending in the continuation of one another, form a first through-
passage (61) which passes through the battery from end to end,

- and said first through-hole (53) made in the primary body of the
anode extending in the continuation of the second through-hole (52)
made in the secondary body of the cathode, such that these holes
(53, 52) extending in the continuation of one another, form a second
through-passage (63) which passes through the battery from end to
end, with the understanding that step c) can be carried out before
step a) on the anode and cathode foils or after step b),

inserting a cathode conductive means (71, 71', 71") into the first through-
passage (61) and an anode conductive means (73, 73', 73") into the second
through-passage (63), each of these conductive means being capable of
collecting at least a part of the battery current,

making cuts (D, D's) to insulate a given battery.

According to other features of the process according to the invention, which may be taken

in isolation or according to any technically compatible feature:

the through-passages are made at a distance from the lateral edge,

at least one perforation is made along the path of each cut, each perforation
delimiting at least a part of each through-passage,

said anode groove and cathode grooves, respectively, comprise two
longitudinal parts (16, 36) at least partly superimposed, intended to delimit
the longitudinal edges (103, 104) of the battery, as well as a lateral part (18,



10

15

20

25

30

38) connecting said two longitudinal parts, the lateral part of the anode
groove (38) and the lateral part of the cathode groove (18) being offset from
one another, the first cut extending between the lateral part of the anode
groove and the end facing the longitudinal parts, whereas the second cut
extends between the lateral part of the cathode groove and the end facing
the longitudinal parts,
each groove has an overall H shape, with the longitudinal parts forming the
vertical main recesses of the H, whereas the lateral part forms the channel
of the H,
said anode and cathode grooves, respectively, are elongated, in particular
having an |-shape, said anode grooves being superimposed on top of one
another, said cathode grooves being superimposed on top of one another,
said anode grooves being offset relative to said cathode grooves so as to
define a plurality of intermediate spaces, said cuts being made in said
intermediate spaces,
it comprises, after step b) or after step e) of producing the cut stack, a step
f) of impregnating the cut stack with a phase carrying lithium ions such as
liquid electrolytes or an ionic liquid containing lithium salts,
it comprises, after step €) or after step f), encapsulating the cut stack, by
depositing:
> at least one first cover layer, preferably chosen from among
parylene, parylene F, polyimide, epoxy resins, silicone, polyamide,
sol-gel silica, organic silica and/or a mixture thereof, on the battery,
and then
> at least one second cover layer consisting of an electrically
insulating material, deposited by atomic layer deposition or
PECVD, HDPCVD or ICP CVD on said at least one first cover layer,
with the understanding that the sequence of at least one first cover
layer and at least one second cover layer can be repeated z times,

where z > 1,

the two cuts (Dn, D'n) are made through at least a majority of the anodes and

cathodes, in particular through all of the anodes and cathodes,

The invention also has as object an electric energy-consuming device comprising a body
(2002) and the above battery, said battery being capable of supplying electric energy to
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said electric energy-consuming device, and in which the electric connection support of said

battery is fastened to said body.

Finally, the invention has the object of a method of manufacturing a battery, said battery
comprising at least one anode (3) and at least one cathode (1), disposed alternately one
above the other, said battery (100) comprising longitudinal edges (103, 104) and lateral
edges (101, 102),

wherein the anode (3) comprises:

- acurrent-collecting substrate,

- atleast one anode layer, and

- optionally a layer of an electrolyte material or of a separator impregnated

with an electrolyte,
and the cathode (1) comprises:

- acurrent-collecting substrate,

- atleast one cathode layer, and

- optionally a layer of an electrolyte material or of a separator impregnated

with an electrolyte,

such that the battery comprises a unit stack successively formed by at least one anode
layer, at least one layer of an electrolyte material or of a separator impregnated with an
electrolyte, and at least one cathode layer,
each anode (3) comprising an anode connection zone, situated in the vicinity of a first lateral
edge of the battery, whereas each cathode (1) comprises a cathode connection zone,
situated on a second lateral edge of the battery, opposite said first edge,
in which battery each anode and each cathode comprises a respective primary body (111,
131), separated from a respective secondary body (112, 132) by a space (113, 133) free of
any electrode material, electrolyte and current-collecting substrate, said free space
connecting the opposing longitudinal edges (103, 104) of the battery,
said manufacturing method comprising:
a) supplying a stack () of alternating foils, this stack comprising first foils or anode foils each
of which is intended to form an anode layer of a plurality of batteries, and second foils or
cathode foils each of which is intended to form a cathode layer of a plurality of batteries,
each anode foil comprising at least one groove or zone (34) devoid of any anode and each
cathode foil comprising at least one groove or zone (14) devoid of any cathode, each groove
delimiting at least a part of said space free of any electrode material, electrolyte and current-
collecting substrate, heat treating and/or mechanically compressing the previously supplied

stack of alternating foils,
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b) heat treating and/or mechanically compressing the previously supplied stack of
alternating foils,

c) making two cuts (D,, D'n) extending at least partially inside said grooves, the first cut
extending between the lateral part of the anode groove and the end facing the longitudinal
parts, whereas the second cut extends between the lateral part of the cathode groove and
the end facing the longitudinal parts,

the method being characterised in that at least one perforation is made along the path of
each cut, so that this cut is easy to make using a cutting tool.

Figures

The accompanying figures, given as non-limiting examples, show different aspects and
embodiments of the invention. [Fig. 12] shows a battery according to the prior art.

[Fig. 1] is a perspective view of the anode and cathode foils intended to form a stack

according to the method for manufacturing batteries according to the invention.
[Fig. 2] is a front view showing one of the foils in Fig. 1.

[Fig. 3] is a front view, at a larger scale, showing H-shaped grooves made in adjacent foils
as well as first and second passages made in adjacent foils.

[Fig. 4] is a perspective view, also at a large scale, showing these H-shaped grooves made

in adjacent foils as well as these first and second passages made in adjacent foils.

[Fig. 5] is an overhead view showing a cutting step carried out on different grooves made in

the stack in the preceding figures.

[Fig. 6] is an overhead view showing the cuts made along a H-shaped groove at a larger

scale.
[Fig. 7] is a sectional view along the VII-VII line shown in Fig. 6.
[Fig. 8] is a sectional view along the VIII-VIII line shown in Fig. 6.

[Fig. 9] is an overhead view showing a battery according to the invention, which can be

obtained in particular according to the method shown in the preceding figures.

[Fig. 10] is a sectional view, along the X-X line shown in Fig. 6, of a battery according to the
invention, which can be obtained in particular according to the method shown in the

preceding figures.
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[Fig. 11] is a perspective view showing a battery according to the invention, which can be

obtained in particular according to the method shown in the preceding figures.
[Fig. 12] is a perspective view showing a battery according to the prior art.

[Fig. 13] is an overhead view showing a cutting step carried out on different H-shaped
grooves made in an anode foil or a cathode foil according to a second alternative
embodiment of the invention and showing the first and second passages made in this anode

or cathode foil according to the second alternative embodiment of the invention.

[Fig. 14] is an overhead view showing, at a larger scale, the cuts made along H-shaped

grooves according to the second alternative embodiment of the invention.

[Fig. 15] is a perspective view showing a battery according to the invention, which can be

obtained in particular according to the second alternative embodiment of the invention.

[Fig. 16] comprises Fig. 16A, 16B and 16C. These Fig. 16A, 16B and 16C are sectional
views, along the line XVI-XVI shown in Fig. 15, of a battery according to the invention, which
can be obtained in particular according to the method shown in the preceding figures, and
wherein first and second passages made in this battery are filled with conductive means in

order to make the electrical connection between the cells of the battery.

[Fig. 17] is a sectional view of a battery according to the invention, which can be obtained
in particular by the method shown in the preceding figures, this battery comprising the
conductive means for making the electrical connection between the cells of the battery and

an encapsulation system.

[Fig. 18] is a view similar to that in Fig. 5, showing a method for manufacturing a battery

according to an alternative embodiment of the invention.

[Fig. 19] is a perspective view showing the battery formed using the method shown in Fig.
18.

[Fig. 20] is a sectional view similar to that in Fig. 16, showing the battery in Fig. 19.

[Fig. 21] is a sectional view similar to that in Fig. 20, showing the battery in Fig. 20, which
further includes an encapsulation and a conductive support, while being integrated into an

energy-consuming device.

[Fig. 22] is a perspective view, similar to that in the first figure, showing another embodiment

of the anode foils and cathode foils.
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[Fig. 23] is a view similar to that in Fig. 18, showing a manufacturing method using the foils
in Fig. 22.

[Fig. 24] is a sectional view along the line XXIV in Fig. 23, showing a strip formed from a cut

shown in Fig. 23.

[Fig. 25] is a sectional view similar to that in Fig. 21, showing the battery which includes a

conductive support according to an alternative embodiment of the invention.
Description of the invention

The method according to the invention firstly comprises a step wherein a stack | of
alternating foils is produced, these foils being referred to hereinbelow as "anode foils" and
"cathode foils" depending on the case at hand. As will be seen in more detail hereafter,
each anode foil is intended to form the anode of a plurality of batteries, and each cathode
foil is intended to form the cathode of a plurality of batteries. The example shown in Fig. 1
illustrates five cathode foils 1 and five anode foils 3. In practice, this stack is formed by a
higher number of foils, typically between ten and one thousand. In one advantageous
embodiment, all of these foils have perforations 2 at the four ends thereof so that when
these perforations 2 are superimposed, all of the cathodes and all of the anodes of these
foils are specifically arranged, as will be explained in more detail hereinbelow (see Fig. 1
and 2). These perforations 2 at the four ends of the foils are positioning marks for aligning

the foils during the stacking thereof.

These perforations 2 at the four ends of the foils can be made by any suitable means, in
particular in anode and cathode foils after manufacture or in anode and/or cathode foils
coated with an electrolyte layer or coated with a separator such that this electrolyte layer or
this separator is sandwiched between two foils of opposite polarity, i.e. between the anode

foil and the cathode foil.

The physical-chemical structure of each anode or cathode foil, which can be of a known
type, does not fall within the scope of the invention and will be described only briefly. Each
anode foil 3 comprises an anode current-collecting substrate coated with an active layer of
an anode material, hereinafter referred to as an anode layer. Each cathode foil 1 comprises
a cathode current-collecting substrate coated with an active layer of a cathode material,
hereinafter referred to as a cathode layer. Each of these active layers can be solid, and
more particularly have a dense or porous nature. Moreover, in order to prevent any electrical
contact between two adjacent foils, i.e. between two active layers of opposite polarity, an

electrolyte layer or a separator impregnated with a liquid electrolyte (not shown in Fig. 1) is
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disposed on at least one of these two foils, i.e. on the active layer of at least one of these
current-collecting substrates previously coated with the active layer, in contact with the
active layer of the opposite foil. The electrolyte layer or the separator impregnated with a
liquid electrolyte, not shown in the figures describing the present invention, is sandwiched
between two foils of opposite polarity, i.e. between the anode foil and the cathode foil. More
specifically, the electrolyte layer or the separator can be disposed on the anode layer and/or
on the cathode layer; the electrolyte layer or the separator forms an integral part of the
anode foil 3 and/or of the cathode foil 1 comprising same.

A unit cell of a battery successively comprises at least one anode current-collecting
substrate, at least one anode layer, at least one layer of an electrolyte material or of a
separator impregnated with an electrolyte, at least one cathode layer, and at least one

cathode current-collecting substrate. The current-collecting substrates can be metal strips.

Advantageously, the two faces of the anode or respectively cathode current-collecting
substrate can be coated with an anode layer or respectively with a cathode layer, and
optionally with an electrolyte or separator layer, disposed on the anode layer or respectively
on the cathode layer. In such a case, the anode or respectively the cathode current-
collecting substrate will act as a current collector for two adjacent unit cells. The use of
these substrates in the batteries increases the production output for rechargeable batteries

with a high energy density and a high power density.

The mechanical structure of one of the cathode foils 1 will now be described, with the
understanding that the other cathode foils have an identical structure. Furthermore, as will
be seen hereinbelow, the anode foils 3 have a structure that is very similar to that of the

cathode foils 1.

As shown in Fig. 2, the cathode foil 1 has a quadrilateral shape, substantially a square
shape. It delimits a so-called perforated central zone 10, wherein H-shaped grooves are
made, which will be described hereinbelow. With reference to the positioning of these H-
shaped grooves, a so-called vertical direction YY of the foil is defined, which corresponds
to the vertical direction of these H's, as well as a so-called horizontal direction XX of the foil,
perpendicular to the direction YY. The central zone 10 is bordered by a peripheral frame 12
which is solid, i.e. free of grooves. The function of this frame is in particular to ensure the
easy handling of each foil.

The H-shaped grooves are distributed into lines L, to Ly, disposed one below the other, and
into rows R4 to Ry disposed next to one another. By way of non-limiting examples, within

the scope of the manufacture of micro-batteries of the surface-mount device type
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(hereinafter referred to as SMD), the anode and cathode foils used can be 100 mm x
100 mm wafers. Typically, the number of lines of these foils is comprised between 10 and
500, whereas the number of rows is comprised between 10 and 500. As a function of the
desired battery capacity, the dimensions thereof can vary and the number of lines and rows
per anode and cathode foil can be adjusted accordingly. The dimensions of the anode and
cathode foils used can be modulated according to requirements. As shown in Fig. 2, two
adjacent lines are separated by bridges of material 20, the height whereof, denoted Hao, is
comprised between 0.05 mm and 5 mm. Two adjacent rows are separated by strips of
material 22, the width whereof, denoted L2, is comprised between 0.05 mm and 5 mm.
These bridges and strips of material of the anode and cathode foils give them sufficient
mechanical stiffness for them to be easily handled.

The grooves 14 are penetrating, i.e. they open out respectively on the top and bottom faces
of the foil. The grooves 14 can be produced in a manner known per se, directly on the
substrate, prior to any deposition of anode or cathode materials by chemical etching,
electroforming, laser cutting, microperforation or stamping. These grooves can also be
produced on substrates coated with anode or cathode materials, or on anode or cathode
foils coated with an electrolyte layer or with a separator in a manner known per se, for
example by laser cutting, femtosecond laser cutting, microperforation or stamping. The

grooves 14 made in all of the cathodes are superimposed as shown in particular in Fig. 3.

One of the H-shaped grooves 14 will now be described, with the understanding that all of
the cuts made in the cathode foil are identical. The groove 14 is formed by two vertical and
parallel main recesses 16, which are connected in the top part thereof by a horizontal
channel 18, preferably perpendicular to the two vertical main recesses 16. The following

denotations are given:

o His is height of the entire groove, which is typically comprised between 0.25 mm and
10 mm;

o L44is the width thereof, which is typically comprised between 0.25 mm and 10 mm;

o L+ is the width of each main recess, which is typically comprised between 0.02 mm and
5 mm;

e Hjs is the height of each channel, which is typically comprised between 0.01 mm and
0.5 mm;

o Dqs is the difference in height between the top of the main recesses and the top of the

channel, which is typically comprised between 0.05 mm and 2 mm.
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Furthermore, as shown in particular in Fig. 10, at least a first through-hole 51 is made in the

primary body and a second through-hole 52 is made in the secondary body.

The through-holes 51 / 52 / 53 / 54 are also referred to as penetrating, i.e. they open out
respectively onto the top and bottom faces of the foil. These through-holes can be made in
a manner known per se directly on the anode and/or cathode foils before stacking or after
stacking alternating foils comprising first foils or anode foils each of which is intended to
form an anode layer of a plurality of batteries, and second foils or cathode foils each of
which is intended to form a cathode layer of a plurality of batteries. The through-holes can

be made by chemical etching, electroforming, laser cutting, microperforation or stamping.

The first 51 and second 52 through-holes, made in all of the cathodes, are superimposed

as shown in particular in Fig. 3. The through-holes 53 and 54 are shown in Fig. 10.

Each anode is further provided with different lines and rows of grooves 34, provided in the
same number as there are grooves 14. As shown in particular in Fig. 4, the structure of
each groove 34 is substantially similar to that of each groove 14, i.e. this groove 34
comprises two vertical main recesses 36, connected by a channel 38. The dimensions of
the vertical main recesses 36 are identical to those of the vertical main recesses 16 and,

similarly, the dimensions of the channels 38 are similar to those of the channels 18.

When viewed from overhead, the vertical main recesses 36 are superimposed with the
vertical main recesses 16. The only difference between the grooves 14 and 34 is that the
channels 38 are provided in the bottom part. As shown in particular in Fig. 3, the channels
18 and 38 are mutually symmetrical when viewed from overhead, relative to the median line
of the H's, which is denoted XH.

Furthermore, as shown in particular in Fig. 3, at least a first through-hole 53 is made in the

primary body and a second through-hole 54 is made in the secondary body.

Advantageously, the first through-hole 51 made in the primary body of the cathode extends
in the continuation of the second through-hole 54 made in the secondary body of the anode,
such that these holes 51 / 54 extend in the continuation of one another, and form a first
through-passage 61 which passes through the battery from end to end. Furthermore, the
first through-hole 53 made in the primary body of the anode extends in the continuation of
the second through-hole 52 made in the secondary body of the cathode, such that these
holes 53 / 52 extend in the continuation of one another, and form a second through-passage

63 which passes through the battery from end to end.
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Advantageously the second through-holes 52 / 54 are made at a certain distance from the
channels 18 and 38 of the grooves in order to prevent any risk of a short-circuit while
maintaining the mechanical strength of the stack. This distance is advantageously chosen
as a function of the nature of the anode and cathode foils, in particular the nature of the
current-collecting substrate used, the thickness thereof and the stiffness thereof. The
presence of these through-holes in the stack must not weaken the mechanical strength of
the stack. The dimensions of the through-holes can be modulated depending on the

requirements.

Advantageously, the first and second through-holes 53 / 52 / 51 / 54 are made at a certain
distance from the lateral edges 101 and 102 of the battery, delimiting a band of material 56
/57 / 58 / 59 as described in detail hereinbelow. Advantageously, the second through-holes
respectively 52 / 54 are made in the respective secondary bodies 112 / 132 at a certain
distance from the respective free spaces 113 / 133 in the battery, delimiting a second band
of material not shown in the figures. It is assumed that the stack, described hereinabove, is
subjected to steps ensuring the overall mechanical stability thereof. These steps, which are
known per se, in particular include hot pressing the different layers. As will be seen
hereinbelow, this stacking allows for the formation of individual batteries, the number
whereof is equal to the product of the number of lines Y and the number of rows X.

For this purpose, with reference to Fig. 5, three lines Ln.1 to Ln+1 and three rows Ri-1 t0 R+
have been shown. According to the invention, two cuts D, and D', are made per line of
grooves. Each cut, which is made in a penetrating manner, i.e. it extends through the entire
height of the stack, is made in a manner known per se. Non-limiting examples include

cutting by sawing, in particular cutting into cubes, guillotine cutting or laser cutting.

As shown in particular in Fig. 6, which is a larger scale view of one of the grooves in Fig. 5,
each cut is made between a respective channel and the end facing the H. It is assumed
that the thickness of said cut is disregarded. Under these conditions, with reference to this

Fig. 6, in the form of non-limiting examples, the following should be noted:

» the distance D2 between the cut D, and the opposite face of the horizontal channel 18
is comprised between 0.05 mm and 2 mm, with the understanding that this distance D2
is less than or equal to D1s;

+ the distance D4o between cut D', and the opposite face of the horizontal channel 38 is
comprised between 0.05 mm and 2 mm, with the understanding that this distance D4 is

less than or equal to D3s.
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Still with reference to Fig. 5, each final battery is delimited, at the top and bottom, by the
two cuts and, on the right and left, by the inner faces of the vertical main recesses of the H.
In this Fig. 5, the batteries 100, once cut along the cutting lines D, and D'y, have been
hatched, and the zones 40 of the foils in the stack that do not form the batteries have been
shown as dotted, whereas the volume of the grooves has been left blank. Moreover, Fig. 5
shows the first and second passages 61 / 63 that pass through the battery from end to end,
which passages will be subsequently filled with conductive means projecting from both the
top and bottom surfaces of the battery. These first and second passages 61 / 63 are
preferably substantially perpendicular to the cathode foils and to the anode foils making up

the stack.

Fig. 7 and 8 are sectional views taken along parallel cutting lines. The cutting plane VII-VII
extends through the vertical main recesses of the H, whereas the cutting plane VIII-VIII
passes through the material. Fig. 7 shows the zones 40, also shown in Fig. 5, which
correspond to material offcuts, particularly offcuts of anode materials 43 and of cathode
materials 41. Fig. 8 shows that the cuts are made through both the anodes and cathodes,
i.e. at a distance Dz from the channels of the H-shaped grooves so as to have, for each
cathode 1, respectively each anode 3, of the battery 100, a primary body 111, respectively
131, separated from a secondary body 112, respectively 132, by a space free of any
electrode material, electrolyte and/or current-collecting substrate 113, respectively 133.
This is a particularly advantageous feature of the invention in that it improves the quality of
the cut compared to the prior art and prevents short-circuits at the lateral edges of the

battery.

The international patent application WO 2016/001584 describes stacks of a plurality of unit
cells, made up of anode and cathode foils stacked in an alternating manner and laterally
offset (see Fig. 12), encapsulated in an encapsulation system to protect the battery cell from
the atmosphere. The cutting of these encapsulated stacks to obtain unit batteries, with bare
anode and cathode connections, is carried out along a cutting plane passing through an
alternating succession of electrodes and encapsulation systems. Due to the difference in
density between the electrode and the encapsulation system of the battery of the prior art,
cutting along this cutting plane creates a risk of the encapsulation system being torn away
in the vicinity of the cutting plane, and thus the creation of short-circuits. In the prior art,
during encapsulation, the encapsulation layer fills the gaps of the stack of the foils bearing
the U-shaped cuts. This encapsulation layer inserted at these gaps is thick and does not
adhere very well to the stack, which results in this risk of the encapsulation system being

torn away during subsequent cutting.
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According to the present invention, this risk is eliminated with the use of foils bearing H-
shaped cuts, because the hot-pressed H-shaped mechanical structure is extremely stiff in
the vicinity of the cut as a result of the alternating superimposition of cathode and anode
foils. The use of such a stiff structure, together with the use of foils bearing H-shaped cuts,
allows the number of defects during cutting to be reduced, the cutting speed to be increased
and thus the production output of the batteries to be improved.

According to the invention, the D', and D, cuts are made through the anodes and cathodes
of similar density, inducing a higher quality, clean cut. Furthermore, the presence of a space
free of any electrode material, electrolyte and/or current-collecting substrate prevents any

risk of a short-circuit.

Reference is now made to Fig. 9 to 11, which show one 100 of the batteries according to
the invention. The longitudinal and lateral median lines of this battery are respectively given
the references X100 and Y100. The lateral edges of this battery are given the reference
numerals 101 and 102, and the longitudinal edges of this battery are given the reference
numerals 103 and 104. Moreover, each cathode is given the reference numeral 110 and
each anode is given the reference numeral 130. The number of these cathodes, which is
identical to the number of these anodes, corresponds to the number of cathode foils and of

anode foils in the stack described hereinabove.

As shown in Fig. 9, i.e. when viewed from overhead, the free spaces in the cathodes are
superimposed. Moreover, according to this same overhead view, the free spaces in the
anodes are superimposed. Finally, according to this same overhead view, the free spaces
in the cathodes and of the anodes are not aligned, i.e. they are not superimposed on one

another. This is in particular shown, by way of example, in Fig. 10.

The free space 113 connects the opposing longitudinal edges of the battery, which are
shown as top and bottom edges in Fig. 9. This free space extends between the opposing
longitudinal edges of the battery separating, for each anode and each cathode, a primary

body from a secondary body.

Each cathode 110 comprises a primary body 111, a secondary body 112 situated on a first
lateral edge 101, and a space free of any electrode material, electrolyte and/or current-
collecting substrate 113. The latter, whose width corresponds to that of the channel 18 of
the groove 14 described hereinabove, extends between the longitudinal edges 103 and
104. Similarly, each anode 130 comprises a primary body 131, as well as a secondary body
132 situated on the lateral edge 102, opposite the edge 101. The primary body 131 and the

secondary body 132 are separated by a space 133 free of any electrode material, electrolyte
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and/or current-collecting substrate, connecting the edges 103 and 104, i.e. extending
between the longitudinal edges 103 and 104. The 2 free spaces 113 and 133 are mutually

symmetrical, relative to the median line Y100.

The width L4413 of each free space 113 corresponds to the width of the channel 18 belonging
to the groove described in the preceding figures. Moreover, the width L1412 of each secondary

body 112 corresponds to the distance Do, as described with reference to Fig. 6 or Fig. 8.

Fig. 13 shows an additional alternative embodiment of the invention. In this Fig. 13, any
mechanical elements similar to those in Fig. 1 to 11 showing the first embodiment, are given

the same reference numerals incremented by 1000.

This second alternative embodiment differs from the first alternative embodiment essentially
in that the H-shaped grooves 1014 are distributed into lines L to Ly, disposed one below
the other, and into rows R4 to Rx disposed next to one another. In this manner, at least one
of the vertical main recesses 1016 of the groove positioned in row Ry is aligned with at least
one of the vertical main recesses 1016 of the adjacent groove positioned in row R,.1 and/or
Rn+1. In such a case, the two adjacent rows are not separated by strips of material. As shown
in Fig. 13, two adjacent lines are separated by bridges of material 1020, the height whereof,
denoted Hioz20, is comprised between 0.05 mm and 5 mm. These bridges of material give

the anode and cathode foils sufficient mechanical stiffness for them to be easily handled.

In this second alternative embodiment of the invention, the H-shaped grooves 1014 can
preferably be the same as in the first alternative embodiment. The groove 1014 is preferably
formed by two vertical and parallel main recesses 1016, which are connected in the top part
thereof by a horizontal channel 1018, preferably perpendicular to the two vertical main
recesses 1016.

Each cathode is provided with different lines and rows of grooves 1014. Each anode is
further provided with different lines and rows of grooves 1034, provided in the same number

as there are grooves 1014.

The structure of each groove 1034 is substantially similar to that of each groove 1014, i.e.
this groove 1034 comprises two vertical main recesses 1036, connected by a channel 1038.
The dimensions of the vertical main recesses 1036 are identical to those of the vertical main
recesses 1016 and, similarly, the dimensions of the channels 1038 are similar to those of
the channels 1018.

When viewed from overhead, the vertical main recesses 1036 are superimposed with the

vertical main recesses 1016. The only difference between the grooves 1014 and 1034 is
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that the channels 1038 are provided in the bottom part. As shown in particular in Fig. 14,
the channels 1018 and 1038 are mutually symmetrical when viewed from overhead, relative

to the median line of the H's, which is denoted XH'.

It is assumed that the stack of the anode and cathode foils, described hereinabove, is
subjected to steps ensuring the overall mechanical stability thereof. These steps, which are
known per se, in particular include hot pressing the different layers. As will be seen
hereinbelow, this stacking allows for the formation of individual batteries, the number

whereof is equal to the product of the number of lines Y and the number of rows X.

For this purpose, with reference to Fig. 14, three lines Ln.1 to La+1 and three rows Rn4 to
Rn+1 have been shown. According to the invention, two cuts D, and D', are made per line
of grooves. Each cut, which is made in a penetrating manner, i.e. it extends through the
entire height of the stack, is made in a manner known per se. Non-limiting examples include

cutting by sawing, in particular cutting into cubes, guillotine cutting or laser cutting.

Each cut is made between a respective channel and the end facing the H. It is assumed
that the thickness of said cut is disregarded. The cuts are made through both the anodes
and cathodes, i.e. at a distance D1920 from the channels of the H-shaped grooves so as to
have, for each cathode 1110, respectively each anode 1130, of the battery 1100, a primary
body 1111, respectively 1131, separated from a secondary body 1112, respectively 1132,
by a space free of any electrode material, electrolyte and/or current-collecting substrate
1113, respectively 1133, as shown in Fig. 15. This is a particularly advantageous feature of
the invention in that it improves the quality of the cut compared to the prior art and prevents
short-circuits at the lateral edges of the battery. Each final battery 1100 is delimited, at the
top and bottom, by the two cuts and, on the right and left, by the inner faces of the vertical
main recesses of the H. In Fig. 13, the batteries 1100, once cut along the cutting lines D,
and D', have been hatched, and the zones 1040 of the foils in the stack that do not form
the batteries have been shown as dotted, whereas the volume of the grooves has been left
blank.

According to the invention, the D', and D, cuts are made through the anodes and cathodes
of similar density, inducing a high quality, clean cut. Furthermore, the presence of a space
free of any electrode material, electrolyte and/or current-collecting substrate prevents any
risk of a short-circuit.

As shown in Fig. 15, each cathode 1110 comprises a primary body 1111, a secondary body
1112 situated on a first lateral edge 1101, and a space 1113 free of any electrode material,

electrolyte and/or current-collecting substrate. The latter, whose width corresponds to that
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of the channel 1018 of the groove 1014 described hereinabove, extends between the
longitudinal edges. Similarly, each anode 1130 comprises a primary body 1131, as well as
a secondary body 1132 situated on the lateral edge 1102, opposite the edge 1101. The
primary body 1131 and the secondary body 1132 are separated by a space 1133 free of
any electrode material, electrolyte and/or current-collecting substrate, connecting the
longitudinal edges, i.e. extending between the longitudinal edges 1103 and 1104. The two

free spaces 1113 and 1133 are mutually symmetrical, relative to the median line Y100.

The width L4113 of each free space 1113 corresponds to the width of the channel 1018
belonging to the groove described in the preceding figures. Moreover, the width L1112 of

each secondary body 1112 corresponds to the distance D120, as described hereinabove.

The battery 1100 obtained according to the second alternative embodiment of the invention
is identical in all respects to that obtained according to the first alternative embodiment of

the invention even though the arrangement of the grooves 1014 is different.

In a third alternative embodiment of the invention, which is not shown in the figures, the H-
shaped grooves 14 / 1014 can be distributed into lines L4 to Ly, disposed one below the
other, and into rows R4 to Rx disposed next to one another. In this way, on the same anode
and/or cathode foil, the H-shaped grooves 14 / 1014 are disposed according to the first and
second alternative embodiment of the invention, on the anode and/or cathode foils, in such
a way as to maintain sufficient mechanical stiffness for these foils to be easily handled and

for the stack to advantageously be able to define a maximum number of unit batteries.

The battery 1100 obtained according to the third alternative embodiment of the invention is
identical in all respects to that obtained according to the first and/or second alternative
embodiments according to the invention even though the arrangement of the grooves 14 /

1014 on the anode and/or cathode foils is different.

A comparison between Fig. 11 and 12 highlights the advantages of the invention. More
specifically, substantially the entire overall volume of the battery is occupied by useful
material, i.e. material that contributes to the electrochemical functioning of the battery 100.
More specifically, only the two very small free spaces 133 / 1133 cannot be considered as
useful material. In this respect, with reference to Fig. 10, it can be seen that the free faces
112' of the secondary cathode bodies are flush with the free faces 131" of the primary body
of the anodes, whereas the free faces 132" of the secondary anode bodies are flush with
the free faces 111’ of the primary body of the cathodes. In other words, the opposing lateral

edges of the battery according to the invention, comprising electrode materials, are
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substantially continuous compared to those of the prior art shown in Fig. 12, which are

discontinuous due to the presence of the set-back regions.

The "free face of the secondary body" corresponds to the face belonging to the secondary
body that is opposite the primary body. The "free face of the primary body" corresponds to
the face belonging to the primary body that is opposite the secondary body.

With reference to Fig. 10, the following should be noted:

o the first through-hole 51 made in the primary body of the cathode extends
in the continuation of the second through-hole 54 made in the secondary
body of the anode, such that these holes 51 / 54 extend in the continuation
of one another, and form a first through-passage 61 which passes through
the battery from end to end, and

o the first through-hole 53 made in the primary body of the anode extends in
the continuation of the second through-hole 52 made in the secondary body
of the cathode, such that these holes 53 / 52 extend in the continuation of
one another, and form a second through-passage 63 which passes through

the battery from end to end.

Advantageously, the second through-hole 52 is made in the secondary body of the cathode,
at a certain distance Ds; from the free space 113 (corresponding to the channel 18 of the
groove 14) in order to prevent any risk of a short-circuit. In an identical manner, the second
through-hole 54 is made in the secondary body of the anode, at a certain distance Dsg from
the free space 133 (corresponding to the channel 38 of the groove 34) in order to prevent

any risk of a short-circuit.

Advantageously, the first and second through-holes 53 / 52 / 51 / 54 are made at a certain
distance from the lateral edges 101 and 102 of the battery, delimiting a band of material 56
/ 57 / 58/ 59.

The following denotations are given:

. Dss is the width of the band of material 56, which corresponds to the distance
between the free face 111" of the battery 100 according to the invention and the face
opposite the first through-hole 51 made in the primary body of the cathode; this distance
Dsg is comprised between 0.04 mm and 1.95 mm, with the understanding that this distance
Dse is substantially equal to the distance Dso, and is less than the width of the secondary
anode body;
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. Ds7 is the width of the band of material 57, which corresponds to the distance
between the free face 112" of the battery 100 according to the invention and the face
opposite the second through-hole 52 made in the secondary body of the cathode; this
distance Ds7 is comprised between 0.04 mm and 1.95 mm, with the understanding that this
distance Dsy is substantially equal to the distance Dsg, and is less than the width of the

secondary cathode body;

. Dss is the width of the band of material 58, which corresponds to the distance
between the free face 131" of the battery 100 according to the invention and the face
opposite the first through-hole 53 made in the primary body of the anode; this distance Dsg
is comprised between 0.04 mm and 1.95 mm, with the understanding that this distance Dss

is substantially equal to the distance Dsy;

. Dsy is the width of the band of material 59, which corresponds to the distance
between the free face 132" of the battery 100 according to the invention and the face
opposite the second through-hole 52 made in the secondary body of the anode; this
distance Dsg is comprised between 0.04 mm and 1.95 mm, with the understanding that this

distance Dsg is substantially equal to the distance Dse.

The first and second passages 61 / 63 made in the battery according to the invention are
filled with conductive means for making the electrical connection between the cells of the

battery as shown in Fig. 16A, 16B and 16C. These conductive means project from the top

and bottom surfaces of the battery.

The conductive means can be obtained from electrically conductive materials.
Advantageously, the WVTR of these conductive means is extremely low; these conductive
means are impervious. They are in intimate contact with the electrical connection zones of
the stack.

By way of example, the conductive means can be:

e abar made of an electrically conductive material, such as a conductive glass
or a metal inserted in the molten state or by any suitable means into the
passage. When solidified, this material forms the aforementioned bar, the
two opposite ends whereof preferably define fastening heads as shown in
Fig. 16A,

e a tight fit metal rod, the two opposite ends whereof preferably define
fastening heads, as shown in Fig. 16B,

e a metal rod surrounded by an electrically conductive sheath material, the

sheath being obtainable from a glass or a metal inserted in the molten state
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or by any suitable means into the passage. When solidified, this material
forms the aforementioned metal rod surrounded by an electrically conductive
sheath, the two opposite ends whereof preferably define fastening heads as

shown in Fig. 16C.

The top of each of these fastening heads or each of the opposing ends of the conductive
means can define an electrical connection zone, i.e. an anode connection zone 75/ 75" or
cathode connection zone 76 / 76" of the battery according to the invention, such that the
battery comprises at least one anode connection zone 75/ 75 ' and at least one cathode

connection zone 76 / 76".

The conductivity of the conductive glass can be obtained by adding particles of gold, nickel,
chromium, nickel-chromium alloy, tungsten, molybdenum, graphite, carbides or nitrides to

the glass.

These electrical connections are impervious and have a low water vapour transmission rate
(WVTR, also referred to as water vapour permeance). This rate depends in particular on
the materials used and the manner in which they are manufactured. The water vapour
permeability or permeance can be measured using a method that is the object of the U.S.
patent document US 7,624,621 and that is also described in the publication "Structural
properties of ultraviolet cured polysilazane gas barrier layers on polymer substrates" by A.
Mortier et al. published in Thin Solid Films 6+550 (2014) 85-89. The lower the WVTR, the

more impervious the encapsulation system.

The "free face of the secondary body" corresponds to the face belonging to the secondary

body that is opposite the primary body.

The "free face of the primary body" corresponds to the face belonging to the primary body

that is opposite the secondary body.

Moreover, the presence of free spaces in each anode layer and respectively cathode layer
of the battery does away with the need to use any encapsulation system, i.e. any insulating
material, such as parylene, within the battery, as these free spaces act as electrical
insulators. This facilitates the final steps in the manufacture of the batteries, such as
encapsulation. It is no longer necessary, as in the prior art and shown in Fig. 12, to insulate
the set-back regions 210", 230" within the battery, i.e. to fill the gaps in the structure of the
prior art with an encapsulation system, and to fill the space present in the U-shaped cuts
positioned head-to-tail and offset with an encapsulation system to prevent any short-circuits.

The use of a stiff structure according to the invention, together with the use of foils bearing
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H-shaped cuts, facilitates the encapsulation and reduces the encapsulation thicknesses
compared to the prior art. Encapsulation systems of the multi-layer type with thinner and
stiffer layers than those of the prior art can be considered.

Advantageously, after the step of stacking the anode and cathode foils, the stack obtained

is assembled by heat treatment and/or mechanical compression.

Advantageously, after the step of stacking the anode and cathode foils, the heat treatment
of the stack, allowing the battery to be assembled, is carried out at a temperature comprised
between 50°C and 500°C, preferably at a temperature below 350°C, and/or the mechanical
compression of the stack of the anode and cathode foils to be assembled is carried out at
a pressure comprised between 10 and 100 MPa, preferably between 20 and 50 MPa. In
one specific embodiment, after the stacking and heat treatment step thereof, the first
through-passage 61 and the second through-passage 63 are advantageously produced as
indicated hereinabove, then a cathode conductive means 71, 71', 71" is inserted into the
first through-passage 61 and an anode conductive means 73, 73', 73" is inserted into the
second through-passage 63, each of these conductive means being capable of collecting

at least a part of the battery current.

In any case, these anode and cathode conductive means project from the opposing
surfaces of the stacked anode and cathode foil structure; these conductive means thus

protrude from the overall volume of the stack as shown in Fig. 16A, 16B and 16C.

The stack of anode and cathode foils, comprising anode and cathode conductive means, is
then cut by any suitable means along the cutting lines D', and D, so as to obtain unit

batteries.

In the case of batteries impregnated with a liquid electrolyte, the impregnation of the battery
with a liquid electrolyte is advantageously carried out after producing the ionic conductive
means, by a phase carrying lithium ions such as an ionic liquid and/or a mixture of ionic
liquids with or without a solvent and containing a lithium salt; this phase carrying lithium ions
penetrates the battery by capillarity. Impregnation can be carried out using techniques

known per se.

After the conductive means have been formed, or in the case of batteries impregnated with
a liquid electrolyte, after the battery has been impregnated with a lithium ion carrier phase,
the stack is advantageously encapsulated by depositing an encapsulation system to protect
the battery cell from the atmosphere. The encapsulation system must be chemically stable,
able to withstand a high temperature and impermeable to the atmosphere to fulfil its function

as a barrier layer. Advantageously, the stack of anode and cathode foils according to the
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invention can be covered with a sequence, preferably z sequences, of an encapsulation

system comprising:

- a first cover layer, preferably selected from parylene, parylene F, polyimide, epoxy

resins, silicone, polyamide and/or a mixture thereof, deposited on the stack of anode and
cathode foils,
a second cover layer formed by an electrically insulating material, deposited by atomic
layer deposition (ALD) or by plasma-enhanced chemical vapour deposition (PECVD) or
by high density plasma chemical vapour deposition (HDPCVD) or by inductively coupled
plasma chemical vapour deposition (ICP CVD) on said first cover layer.

This sequence can be repeated z times, where z = 1. This multi-layer sequence has a barrier

effect. The more the sequence of the encapsulation system is repeated, the greater this

barrier effect will be. It will increase as the number of thin layers deposited increases.

Typically, the first cover layer is made of a polymer, for example silicone, or epoxy resin, or
polyimide, polyamide, or poly-para-xylylene (better known as parylene). This first cover
layer protects the sensitive elements of the battery from the environment. This first layer
further closes off the porosities in the surface of the stack and creates a uniform adhesion
layer for the subsequent layers of the encapsulation system. This layer advantageously
covers the six faces of the battery and completely encloses the battery. The thickness of

said first cover layer is preferably comprised between 0.5 ym and 50 um.

Advantageously, the first cover layer can be made from parylene C, parylene D, parylene
N (CAS 1633-22-3), parylene F or a mixture of parylene C, D, N and/or F. Parylene (also
called polyparaxylylene or poly(p-xylylene)) is a dielectric, transparent, semi-crystalline
material with high thermodynamic stability, excellent resistance to solvents and very low
permeability. Parylene also has barrier properties to protect the battery from the external
environment thereof. The protection of the battery is enhanced when this first cover layer is
made from parylene F. This first cover layer is advantageously obtained from the
condensation of gaseous monomers deposited by chemical vapour deposition (CVD) on
the surfaces, which results in a conformal, thin and uniform covering of all of the accessible
surfaces of the stack. This first cover layer is advantageously stiff; it cannot be considered
to be a flexible surface. Since this first cover layer is not sufficiently impervious (in terms of
water vapour permeance), at least one second cover layer made of an electrically insulating
material, preferably with low water vapour permeance, should be deposited on this first

cover layer.
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The second cover layer is formed by an electrically insulating material, preferably an
inorganic material. It is advantageously deposited by atomic layer deposition (ALD), so as
to obtain a conformal covering of all of the accessible surfaces of the stack previously
covered with the first cover layer. The layers deposited by ALD are mechanically very fragile
and require a stiff bearing surface to fulfil their protective role. The deposition of a fragile
layer on a flexible surface would result in the formation of cracks, causing this protective
layer to lose integrity. Furthermore, the growth of the layer deposited by ALD is influenced
by the nature of the substrate. A layer deposited by ALD on a substrate having zones of
different chemical natures will have inhomogeneous growth, which can cause this protective

layer to lose integrity.

ALD deposition techniques are particularly well suited for covering surfaces with a high
roughness in a completely impervious and conformal manner. They allow for the production
of conformal layers, free of defects such as holes (so-called "pinhole-free" layers) and
represent very good barriers. The WVTR thereof is extremely low. The second cover layer
can advantageously be deposited by plasma-enhanced chemical vapour deposition
(PECVD) or by chemical vapour deposition of the HDPCVD or ICP CVD type. This second
cover layer preferably has a thickness comprised between 10 nm and 10 ym. The thickness
of this second layer is advantageously chosen as a function of the desired level of
imperviousness to gases, i.e. the desired WVTR, and depends on the deposition technique
used, chosen in particular from among ALD, PECVD, HDPCVD and ICP CVD. The second
cover layer can be made of a ceramic material, vitreous material or glass-ceramic material,
for example in the form of an oxide, of the Al.O3; or Ta,Os type, a nitride, a phosphate, an

oxynitride or a siloxane.

This second cover layer deposited by ALD, PECVD, HDPCVD or ICP CVD on the first cover
layer firstly makes it possible to render the structure impervious, i.e. to prevent water from
migrating inside the object, and secondly makes it possible to protect the first cover layer,
which is preferably made of parylene F, from the atmosphere, in particular from air and
moisture, and from thermal exposure in order to prevent the degradation thereof. This

second cover layer improves the life of the encapsulated battery.

Encapsulating the stack of anode and cathode foils in this sequence of the encapsulation
system, preferably in z sequences, allows the WVTR of the encapsulation system to be
reduced as far as possible, i.e. it allows the imperviousness of the stack and of the final

battery to be increased.
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The stack of anode and cathode foils thus encapsulated in this sequence of the
encapsulation system, preferably in z sequences, can then be coated with a final cover
layer so as to mechanically protect the stack thus encapsulated and optionally give it an
aesthetic appearance. This last cover layer protects and improves the life of the battery.
Advantageously, this last cover layer is also chosen to withstand high temperatures and
has sufficient mechanical strength to protect the battery during the subsequent use thereof.
Advantageously, the thickness of this last cover layer is comprised between 1 ym and
50 um. Ideally, the thickness of this last cover layer is about 10-15 um, since such a

thickness range protects the battery from mechanical damage.

This last cover layer preferably has an epoxy resin, polyethylene naphthalate (PEN),
polyimide, polyamide, polyurethane, silicone, sol-gel silica or organic silica base.

Advantageously, this last cover layer is deposited by dip coating.

Alternatively, the encapsulation system for protecting the battery cell, or the stack of anode
and cathode foils according to the invention, from the atmosphere can be formed by a
sequence, preferably z' sequences, comprising a first alternative cover layer having a very
low WVTR, preferably less than 10-°g/m?.d,. This sequence can be repeated z' times, where
z 2 1. It has a barrier effect, which increases as the value of z' increases. Encapsulating the
stack of anode and cathode foils in this sequence of the encapsulation system, preferably
in z' sequences, allows the WVTR of the encapsulation system to be reduced as far as
possible, i.e. it allows the imperviousness of the encapsulation to be increased, the
imperviousness of the stack to be increased and ultimately the imperviousness of the

battery to be increased.

The thickness of said first alternative cover layer is preferably comprised between 0.5 pm
and 50 pm.

This alternative cover layer can be formed by a ceramic material and/or a low melting point
glass, preferably a glass having a melting point below 600°C, deposited at the outer
periphery of the stack of anode and cathode foils. The ceramic and/or glass material used

in this layer is advantageously chosen from among:

- alow melting point glass (typically > 600°C), preferably SiO,-B203; Bi2O3-B203, ZnO-Bi2O3-
5203, T602-V205, PbO-Si02,

- oxides, nitrides, oxynitrides, SixNy, SiO2, SION, amorphous silicon or SiC.

These glasses can be deposited by moulding or dip coating.
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The ceramic materials are advantageously deposited by PECVD or preferably by HDPCVD
or ICP CVD at a low temperature; these methods allow a layer with good imperviousness

to be deposited.

Advantageously, the alternative encapsulation system can comprise z' alternative cover
layers of different natures in order to reduce the WVTR of the encapsulation, i.e. to increase
the imperviousness of the stack. By way of example, the encapsulation system can
comprise a first layer composed of a ceramic material, a second layer composed of a low

melting point glass disposed on the first layer, and vice-versa.

Encapsulation in a glass film can be obtained by depositing an ink comprising oxides,

phosphates, borates and/or precursors of a low melting point glass, followed by sintering.

The result is a stiff and impervious encapsulation, which in particular prevents water vapour

from passing at the interface between the encapsulation system and the contact members.

After the imperviousness of the battery cell has been ensured via the encapsulation thereof,
the electrical connections are exposed at the ends of the conductive means of the battery

by any means, including polishing.

Terminations (electrical contacts) are added where the cathode or respectively anode
connections are apparent (not coated with an insulating electrolyte). These contact zones
are preferably disposed on opposite sides of the stack of the battery to collect the current.
The connections are galvanised using techniques known to a person skilled in the art,

preferably by immersion in a conductive epoxy resin and/or a bath of molten tin.

The terminations can be made in the form of a single metal layer, for example tin, or made
of multi-layers. Preferably, the terminations are constituted, near the cathode and anode
connections, by a first stack of layers successively comprising a first layer of conductive
polymer, such as a silver-filled resin, a second layer of nickel deposited on the first layer
and a third layer of tin deposited on the second layer. The nickel and tin layers can be

deposited by electroplating techniques.

In this three-layer complex, the nickel layer protects the polymer layer during the welding

assembly steps, and the tin layer ensures the weldability of the battery interface.

The terminations allow positive and negative electrical connections to be made on the top
and bottom faces of the battery. These terminations allow parallel electrical connections to
be made between the different battery elements. The cathode connections preferably
protrude on one lateral side of the battery and the anode connections are preferably

available on the other lateral side.
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Fig. 18 to 20 show an alternative embodiment of the battery 100 relative to the first
embodiment described hereinabove. In these Fig. 18 to 20, any mechanical elements
similar to those of the first embodiment, are given the same reference numerals

incremented by 300.

The final battery according to this alternative embodiment shown in Fig. 18 to 20, which is
given the reference numeral 400, differs from the battery 100 in particular in that the
conductive members are not provided at the same location. Fig. 18, which is similar to Fig.
5, shows the arrangement of the H-shaped grooves 334, which are not associated with
through-passages such as 61 and 63. More specifically, perforations 361 and 363 are made
in the anode and cathode foils. For each H-shaped groove, the perforations 361 form a first
row 362 between the recesses 316, 336 of this H. Moreover, the other perforations 363

form a second row 364 between the same recesses 316, 336.

In the example shown, each row 362 and 364 is respectively formed by three perforations.
Alternatively, a different number of these perforations can be provided, this number
depending in particular on the width of the component. A single perforation can be provided,

or conversely, a number of perforations far greater than three can be provided.

Each row of perforations is arranged along a respective cutting line D361 and D363, with
these cutting lines passing therethrough. Advantageously, each cutting line passes through
the different perforations, crossing the centre of these perforations. In the example shown,
each perforation has a circular shape, with a diameter that is typically comprised between
50 ym and 5 mm. As a result, each cutting line forms a diameter of the different perforations
through which it passes. Finally, the distance between the edge of each perforation and the
opposite wall, either of a recess or of a channel of the groove, will be chosen by a person
skilled in the art so as to prevent the foil from unintentionally tearing.

During manufacture, the inner volume of the different perforations is filled with a suitable,
conductive material. Examples include a resin, a polymer or even a conductive glass. The
cuts D361 and D363 thus produce conductive members 371 and 373, as shown in Fig. 19
and 20 showing the final battery. The conductive members 371 are formed from the
conductive material, which is initially inserted into the perforations 361, whereas the

conductive members 373 are formed from the conductive material of the perforations 363.

Since the different foils are cut through the centre of the perforations 361, 363, each
conductive member 371, 373 has a substantially semi-cylindrical shape, the diameter
whereof corresponds to that of a perforation. This conductive member is received in a

through-passage, in the sense given with reference to the first embodiment. Contrary to this
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first embodiment, this through-passage is not cylindrical, but semi-cylindrical since it

corresponds to the shape of the conductive member described hereinabove.

As can be seen in particular in Fig. 19, each lateral edge 401, 402 is formed by an
alternation of electrically conductive zones, each formed by a respective conductive
member 371, 373, and so-called open stack zones. The latter, which are given the reference
numerals 375 and 377, allow for easy impregnation by the electrolyte. It should be noted
that, in the embodiment shown in Fig. 18 to 20, each conductive member is flush with a
respective lateral edge 401 and 402, as opposed to the first embodiment wherein the

conductive members are situated at a distance from the opposite lateral edge.

There are specific advantages to this embodiment shown in Fig. 18 to 20. More specifically,
each conductive member is formed at the same time as the foils are cut. With this in mind,
the perforations, which allow these conductive members to be produced, help facilitate the
cutting operations. Moreover, the material making up the conductive member is solidified
before filling with the ionic liquid. This guarantees a satisfactory electrical contact.

It should also be noted that each conductive member opens out, on the one hand
horizontally onto the lateral edges 401, 402 of the battery, and on the other hand vertically
respectively onto the top face 405 and bottom face 406 of this battery. This procures great
convenience in terms of recovering the electric current generated. More specifically, this
current can be collected either only at the lateral edges, only at the top and bottom faces,

or both at these lateral edges and at these opposing faces.

In particular, as shown in Fig. 21, the current can be recovered through a support provided
underneath the battery. This support 500, which is generally planar, typically has a
thickness of less than 300 um, preferably less than 100 um. This support is advantageously
made of an electrically conductive material, typically a metal material. In particular,
aluminium, copper or stainless steel are chosen, since these materials can be coated with
a thin layer of gold, nickel and tin to improve the weldability thereof. The front face of the
support is respectively given the reference numeral 510 and faces the anode and cathode

layers, and the opposite, rear face is given the reference numeral 520.

This support is perforated, i.e. it has spaces 530 and 540 delimiting a central base plate
550 and two opposite lateral strips 560 and 570. The different regions 550, 560 and 570 of
this support are thus electrically insulated from one another. For this purpose, the spaces

530 and 540 are filled with any suitable non-conductive material.
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Moreover, the lateral strips 560 and 570 form regions electrically insulated from one another
and which are connected to the conductive members 371 and 373 described hereinabove.
For this purpose, each conductive member is advantageously fastened to a respective

lateral strip by the insertion of a buffer 562, 572 made of an electrically conductive adhesive.

This embodiment provides for an encapsulation system 380 made of any suitable material
similar to that of the encapsulation system 80 described hereinabove. In order to guarantee
the essential imperviousness criterion, it must be ensured that the components that are
potentially detrimental to the correct operation of the battery, cannot access the unit stack
of the anodes and cathodes. In other words, according to the invention, this involves
preventing any potential "gateway" for the detrimental components thereof.

For this purpose, the encapsulation material 380 firstly covers the lateral edges of the
battery, i.e. the conductive members 371 and 373, and the open stack zones 375 and 377.
It also advantageously occupies the free spaces 530 and 540 in the support 500. It also fills
the intermediate space between, on the one hand the lower face of the unit stack of the
anodes and cathodes, and on the other hand the opposite face of the support. Given that
this encapsulation is typically carried out in thin layers, generally no thicker than 10 ym, the
encapsulation material is found in particular on the various surfaces, which it tends to line.
In order to better visualise the filling of the different zones of the battery with this

encapsulation material, the reference 380 has been provided multiple times in this Fig. 21.

Finally, it can be seen that, according to one advantageous embodiment of the invention,
the battery is further equipped with a stiffening system, denoted as a whole by the reference
numeral 390. This stiffening system covers the entire encapsulation system 380, opposite
the support 500. Moreover, this stiffening material advantageously occupies all or part, on
the one hand, of the free spaces 530 and 540 and on the other hand the intermediate space
between the support and the anode and cathode foils. In these different zones, this
stiffening material is thus intimately linked to the encapsulation material. This intimate
mixture can be found at least on the surfaces since, as shown hereinabove, the
encapsulation material is mostly present on these surfaces. The presence of the
aforementioned materials ensures that the desired functions are optimised, not only in terms

of imperviousness, but also in terms of mechanical stiffness.

This stiffening system 390 can be made of any material, allowing this specific mechanical

stiffness function to be provided. With this in mind, a resin can be chosen for example, which
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can consist of a simple polymer or a polymer filled with inorganic fillers. The polymer matrix
can be from the family of epoxies, acrylates or fluorinated polymers for example, and the

fillers can be formed by particles, flakes or glass fibres.

Advantageously, this stiffening system 390 can provide an additional moisture barrier
function. With this in mind, a low melting point glass can be chosen, thus ensuring the
mechanical strength and providing an additional moisture barrier. This glass can be, for
example, from the SiO,-B203; Bi203-B203, Zn0O-Bix03-B203, TeO2-V205 or PbO-SiO; family.

The thickness of the encapsulation system is advantageously very low, in particular less
than 50 um, preferably equal to 20 um. Typically, the stiffening system is much thicker than
the encapsulation system. By way of example, the thickness of this stiffening system is
comprised between 50 and 250 pym, and is typically equal to about 100 um. The presence
of an additional stiffening system brings additional advantages, i.e. a mechanical and

chemical protection function, optionally combined with an additional gas barrier function.

In operation, electrical energy is generated, conventionally, at the anodes 3 and cathodes
1. This energy is transmitted to the conductive regions 560, 570 of the support 500, via the
conductive members 371, 373. Since these conductive regions are insulated from one
another, there is no risk of a short-circuit. The electrical energy is then directed from the

regions 560 and 570 to an energy-consuming device of any appropriate type.

In Fig. 21, this energy-consuming device is represented diagrammatically and is denoted
by the reference numeral 2000. It comprises a body 2002, on which the bottom face of the
support rests, an energy-consuming element 2004, and an electrical connection 2006
connecting the bottom face of the support 50 with this element 2004. Control thereof can
be provided by any appropriate means, in particular by means of a component, not shown,
belonging to the device 2000. Alternatively, this control function can be provided by a

component, mounted on the aforementioned support 500.

By way of non-limiting examples, such an energy-consuming device can be an electronic
circuit of the amplifier type, an electronic circuit of the clock type (such as a real time clock
(RTC) component), an electronic circuit of the volatile memory type, an electronic circuit of
the static random access memory (SRAM) type, an electronic circuit of the microprocessor
type, an electronic circuit of the watchdog timer type, a component of the liquid crystal

display type, a component of the LED (light emitting diode) type, an electronic circuit of the
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component of the CPU (central processing unit) type.

An alternative embodiment will now be described with reference to Fig. 25, wherein the
conductive support 750 is of the multi-layer type, as opposed to the aforementioned support
50, which is of the single-layer type. Furthermore, this support 750 is of the solid type, as
opposed in particular to the metal grid hereinabove which is of the perforated type. As
shown in this figure, the support 750 is formed by layers, for example made of a polymer
material. These layers extend one below the other, the main plane thereof being
substantially parallel to the plane of the layers forming the stack of anodes and cathodes.
The structure of this support is thus similar to that of a printed circuit board (PCB).

Fig. 25 shows, from top to bottom, a layer 756 on which the stack of the battery will be
deposited. This layer 756, which is mainly made of a polymer material, such as epoxy resin,
is provided with 2 inserts 757. These are made of a conductive material, in particular a metal
material, and are designed to cooperate with the anode and respectively the cathode
contacts of the battery. It should be noted that these inserts 757 are insulated from one

another, thanks to the epoxy resin of the layer 756.

Immediately below the layer 756 is a layer 758, also made of a polymer material such as
an epoxy resin. This layer 758 is provided with 2 inserts 759, made of a conductive material,
which are brought into electrical contact with the first inserts 757. As with the layer 756,

these inserts 759 are insulated from one another.

A median layer 760 is then present, which is significantly different from the layers 756 and
758 described hereinabove. More specifically, this layer 760 is made of a conductive
material, typically similar to that forming the inserts 757 and 759 described hereinabove.
This layer is equipped with 2 ring-shaped inserts 761, which are made of an insulating
material, in particular an epoxy resin as described hereinabove. These inserts 761 receive,
in the hollow central part thereof, discs 762 made of a conductive material, which are placed
in contact with the adjacent conductive inserts 759. It should be noted that these conductive

discs 762 are insulated from one another via the rings 761.

Finally, the bottom layers 764 and 766 in Fig. 25 are present, which are respectively
identical to the layers 758 and 756 described hereinabove. The layer 764 is equipped with
2 inserts 765, in contact with the discs 762, whereas the bottom layer 766 is provided with
2 inserts 767, in contact with the aforementioned inserts 765. The different conductive
inserts 757, 759, 762, 765 and 767 define conductive paths denoted by the reference
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numerals 753, 754, which electrically connect the opposing end faces of the support 705.
These paths are insulated from one another, either by the layers 756, 758, 764 and 766 or
by the discs 761. In this embodiment, the stiffening system can be different from that 80 of
the first embodiment. A protective film 780 can in particular be deposited by means of a
lamination step. Such a film, which has barrier properties, is for example made of
polyethylene terephthalate (PET) incorporating inorganic multi-layers; such a suitable
product is commercially available from the company 3M under the reference Ultra Barrier
Film 510 or Ultra Barrier Solar Films 510-F.

Fig. 25 further shows the integration, on an energy-consuming device 2000, of the support
705, the stack 702, the conductive pads 730 and 740, the encapsulation 707 and the film
708. As with the first embodiment, the energy generated at the stack 702 is transmitted, via
the contact members 730 and 740, to the upper inserts 757. This energy is then transmitted
along the connection paths 753, 754 described hereinabove, to the energy-consuming
device 2000.

In the most general structure thereof, the multi-layer support can be formed of only two
separate layers, one below the other, which define conductive paths, similar to the
conductive paths 753, 754 described hereinabove. This particular embodiment has specific
advantages, since the multi-layer substrate such as that denoted by the reference numeral
750 has a very small thickness, advantageously less than 100 um. Moreover, such a
support has a certain flexibility, so that it can accommodate slight changes in the dimensions
of the battery, referred to as "breaths" in the introduction to this description. This support
further benefits from a particularly satisfactory bending strength, with a view to the

integration thereof on a flexible electronic circuit.

According to an additional alternative embodiment, not shown, the alternative embodiment
of Fig. 18 to 20 can be combined with the alternative embodiment of Fig. 13 and 14. In such
a case, perforations are made between each pair of adjacent recesses 1016 belonging to
the groove 1014. According to an additional alternative embodiment, not shown, the battery

100 of the first embodiment can be placed on the support 500 shown in Fig. 23.

Fig. 22 to 24 show an alternative embodiment to the manufacturing method shown with
reference to Fig. 18 to 20. It should be noted that the method in Fig. 22 to 24 produces a
battery 400, which is similar to that obtained using the method shown in Fig. 18 to 20. In
Fig. 22 to 24, the mechanical elements that are similar to those shown in Fig. 18 to 20, are

given the same reference numerals incremented by 300.
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As shown in Fig. 22 and 23, each anode foil 601 and cathode foil 602 has grooves or empty
zones, denoted by the reference numerals 614 and 634 respectively, which are elongated
and typically I-shaped. With particular reference to Fig. 23, these grooves are distributed
into lines L1 to Ln, which are horizontal in this figure, disposed one below the other, as well
as into rows R1 to Rm, which are vertical in this figure, disposed next to one another.
Adjacent lines are separated by horizontal bridges of material 650, whereas adjacent rows
are separated by vertical bridges of material 660. Typically, the width of these different
bridges of material is comprised between 0.05 mm and 5 mm. These different bridges of

material give the different foils sufficient mechanical stiffness for them to be easily handled.

When viewed from overhead, as shown in Fig. 23, the different cathode grooves 614 are
aligned, i.e. superimposed on top of one another. Similarly, the different anode grooves 634
are also aligned. By contrast, the anode and cathode grooves are not aligned in that they
are offset from one another. These grooves thus create a plurality of intermediate spaces
635, along which perforations 661 are made. These are typically similar in shape and size
to the perforations 361 and 363 in Fig. 18 to 20. As with the embodiment shown in Fig. 18
to 20, the perforations 661 receive a material suitable for forming a conductive member 371
or 373.

It is assumed that, as in the above case, the stack formed by the foils 601 and 602 has
undergone operations to ensure the overall stability thereof. Then, pairs of so-called pre-
cuts are made, one DX whereof can be seen in Fig. 22. More specifically, Fig. 23 shows a
plurality of these cuts. Each pair of cuts DX1, DX2 or DX3 insulates a given line of batteries
from adjacent lines. For this purpose, these cuts are made near the opposing longitudinal
ends of each I-shaped groove, i.e. near the top and bottom ends respectively thereof in Fig.
23. The number of batteries within a single line corresponds to the number of rows in
particular shown in Fig. 22.

Additional so-called main cuts are then made to separate each battery, belonging to a given
line, from the batteries adjacent thereto. For this purpose, as shown in Fig. 24, these main
cuts DY are made in the intermediate spaces defined hereinabove through the perforations
661. As with the preceding embodiment, each cut preferably extends through the middle of

these perforations.

After these cuts DY have been made, the different batteries are separated from one another.
Moreover, each cut allows two conductive members to be delimited, each of which belongs
to a respective battery. In Fig. 4, conductive members belonging to three adjacent batteries

400, 400' and 400" have been referenced. The conductive members 373' and 371 are



10

15

20

25

38

insulated from one another by the first cut DY, whereas the conductive members 373 and

371" are insulated from one another by the neighbouring cut DY".

According to an additional alternative embodiment, also not shown, the perforations can be
left empty. This possibility has specific advantages in that it improves the cutting operation.
More specifically, thanks to the presence of the perforations, this cutting operation is faster.

Moreover, the heating of the cutting tools is advantageously reduced.

According to the invention, the battery can comprise any technically compatible combination
of the encapsulation systems as described, of the anode and cathode conductive means

and of the terminations.

The battery according to the invention can be a lithium-ion microbattery, a lithium-ion mini-
battery, or a high-power lithium-ion battery. In particular, it can be designed and
dimensioned to have a capacity of less than or equal to about 1 mA h (commonly known as
a "microbattery"), to have a power of greater than about 1 mAh up to about 1 Ah
(commonly known as a "mini-battery"), or to have a capacity of greater than about 1 A h
(commonly known as a "high-power battery"). Typically, microbatteries are designed to be

compatible with methods for manufacturing microelectronics.
The batteries of each of these three power ranges can be produced:

- with layers of the "solid-state" type, i.e. without impregnated liquid or paste
phases (said liquid or paste phases can be a lithium-ion conductive medium,
capable of acting as an electrolyte),

- or with layers of the mesoporous "solid-state" type, impregnated with a liquid or
paste phase, typically a lithium-ion conductive medium, which spontaneously
penetrates the layer and no longer emerges therefrom, so that the layer can be
considered to be quasi-solid,

- or with impregnated porous layers (i.e. layers with a network of open pores which
can be impregnated with a liquid or paste phase, which gives these layers wet

properties).
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CLAIMS

Battery (100) comprising at least one anode (3) and at least one cathode (1),

alternately disposed one above the other, said battery (100) comprising lateral

edges (101, 102) comprising at least one anode connection zone and at least one

cathode connection zone, laterally opposite the anode connection zone, and

longitudinal edges (103, 104), wherein the anode (3) comprises:

a current-collecting substrate,
at least one anode layer, and
optionally a layer of an electrolyte material or of a separator impregnated

with an electrolyte,

and the cathode (1) comprises:

a current-collecting substrate,
at least one cathode layer, and
optionally a layer of an electrolyte material or of a separator impregnated

with an electrolyte,

such that the battery comprises a unit stack successively formed by at least one

anode layer, at least one layer of an electrolyte material or of a separator

impregnated with an electrolyte, and at least one cathode layer,

characterised in that

each anode and each cathode comprises a respective primary body (111,
131), separated from a respective secondary body (112, 132) by a space
(113, 133) free of any electrode material, electrolyte and current-collecting
substrate, said free space connecting the opposing longitudinal edges (103,
104) of the battery,

each anode and each cathode comprises, when viewed from overhead, at
least one first through-hole (51, 53) made in the primary body and one
second through-hole (52, 54) made in the secondary body,

with the understanding that each first through-hole (51) made in the primary
body of the cathode extends in the continuation of each second through-hole
(54) made in the secondary body of the anode, such that these holes (51,
54) extending in the continuation of one another, form a first through-
passage (61) which passes through the battery from end to end,

and that each first through-hole (53) made in the primary body of the anode
extends in the continuation of each second through-hole (52) made in the
secondary body of the cathode, such that these holes (53, 52) extending in
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the continuation of one another, form a second through-passage (63) which
passes through the battery from end to end,

- the battery further comprises at least one cathode conductive means (71,
71", 71") received in said first through-passage (61) and at least one anode
conductive means (73, 73', 73") received in said second through-passage
(63), the anode conductive means (73, 73', 73") being capable of collecting
at least a part of the battery current flowing towards at least one anode
connection zone and the cathode conductive means (71, 71', 71") being
capable of collecting at least a part of the battery current flowing towards at
least one cathode connection zone.

Battery according to the preceding claim, wherein each through-passage extends
at a distance from an opposing lateral edge (101, 102).

Battery according to the preceding claim, wherein the shortest distance (Dsy/Dse)
separating each through-passage (61) and said opposing lateral edge is comprised
between 0.04 mm and 1.95 mm.

Battery according to claim 1, wherein each through-passage is made directly in said
lateral edge (401, 402), the cathode or respectively the anode conductive means
being flush with said lateral edge and having in particular the shape of a half-
cylinder.

Battery according to any of the preceding claims, wherein the anode and cathode
conductive means are chosen, indifferently from one another, from among:

e a bar made of an electrically conductive material,

¢ atight fit metal rod,

e a metal rod surrounded by an electrically conductive sheath material.

Battery according to the preceding claim, wherein the two opposite ends of either
said bar or of said metal rod define fastening heads.

Battery according to one of the preceding claims, further comprising:

- an electrical connection support, made at least in part from a conductive material,
- electrical insulation means, enabling two distant regions of this connection support
to be insulated from one another, these distant regions forming respective electrical
connection paths,

- said cathode conductive means being brought into electrical contact with a first
electrical connection path, whereas said anode conductive means is brought into
electrical contact with the second electrical connection path.

Battery according to the preceding claim, wherein the electrical connection support

is of the single-layer type, in particular a metal grid or a silicon interlayer.
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Battery according to the preceding claim, wherein the electrical connection support
comprises a plurality of layers disposed one below the other, this support being in
particular of the printed circuit board type.

Battery according to any of the preceding claims, wherein the transverse dimension,
or width, of the free space (L113) is comprised between 0.01 mm and 0.5 mm.
Battery according to any of the preceding claims, wherein the transverse dimension,
or width, of the secondary body (L112) is comprised between 0.05 mm and 2 mm.
Battery according to any of the preceding claims, wherein free faces of the
secondary bodies respectively of the cathodes (112') and of the anodes (132"),
which are opposite the free space, are flush with the free faces of the primary body
respectively of the anodes (131') and of the cathodes (111").

Battery according to any of the preceding claims, comprising an encapsulation
system coating four of the six faces of said battery, and partially coating the other
two faces, these other two faces being opposite and substantially perpendicular to
the first and second through-passages (61, 63) of the battery comprising at least
one anode connection zone and at least one cathode connection zone.

Battery according to claim 13, wherein the encapsulation system comprises:

- at least one first cover layer, preferably chosen from among parylene,
parylene F, polyimide, epoxy resins, silicone, polyamide, sol-gel silica,
organic silica and/or a mixture thereof, deposited on the battery,

- at least one second cover layer consisting of an electrically insulating
material, deposited by atomic layer deposition or PECVD, HDPCVD or ICP
CVD on said at least one first cover layer,
with the understanding that this sequence of at least one first cover layer and
at least one second cover layer can be repeated z times, where z = 1.

Battery according to claim 13, wherein the encapsulation system comprises:

- at least one first cover layer with a very low WVTR, preferably a WVTR of

less than 10-5g/m?.d, deposited at the outer periphery of the stack of anode

and cathode foils,

with the understanding that this first cover layer can be repeated z' times,
where z' 2 1.
Battery according to claim 15, wherein the at least first cover layer comprises:
- a ceramic material, preferably chosen from among oxides, nitrides,

oxynitrides, SixNy, SiO,, SiON, amorphous silicon or SiC, and/or
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a low melting point glass, preferably a glass with a melting point below
600°C, more preferably a low melting point glass chosen from among SiO-
BzOs; Bi203-8203, ZnO-Bi203-Bzo3, TeOQ-V205 and PbO'SiO2,

17. Battery according to any of the preceding claims, comprising a termination system

covering at least the anode connection zone (75, 75') and at least the cathode

connection zone (76, 76').

18. Battery according to the preceding claim, wherein the termination system

successively comprises:

a first layer of conductive polymer, preferably a silver-filled resin,
a second layer of nickel disposed on the first layer of the termination system,
and

a third layer of tin, disposed on the second layer of the termination system.

19. Method of manufacturing a battery according to one of the preceding claims, said

manufacturing method comprising:

a)

c)

supplying a stack (I) of alternating foils, this stack comprising first foils or
anode foils each of which is intended to form an anode layer of a plurality of
batteries, and second foils or cathode foils each of which is intended to form
a cathode layer of a plurality of batteries,

each anode foil comprising at least one groove or zone (34) devoid of any
anode and each cathode foil comprising at least one groove or zone (14)
devoid of any cathode, each groove delimiting at least a part of said space
free of any electrode material, electrolyte and current-collecting substrate,
heat treating and/or mechanically compressing the previously supplied stack
of alternating foils,

for each anode and each cathode, producing at least one first through-hole
(51, 53) in the primary body and producing at least one second through-hole
(52, 54) in the secondary body,

- said first through-hole (51) made in the primary body of the cathode
extending in the continuation of the second through-hole (54) made
in the secondary body of the anode, such that these holes (51, 54)
extending in the continuation of one another, form a first through-
passage (61) which passes through the battery from end to end,

- and said first through-hole (53) made in the primary body of the
anode extending in the continuation of the second through-hole (52)
made in the secondary body of the cathode, such that these holes
(53, 52) extending in the continuation of one another, form a second
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through-passage (63) which passes through the battery from end to
end, with the understanding that step c¢) can be carried out before
step a) on the anode and cathode foils or after step b),

d) inserting a cathode conductive means (71, 71", 71") into the first through-
passage (61) and an anode conductive means (73, 73', 73") into the second
through-passage (63), each of these conductive means being capable of
collecting at least a part of the battery current,

e) making cuts (Dn, D'n) to insulate a given battery.

Method according to the preceding claim, for manufacturing a battery according to
one of claims 2 or 3, wherein the through-passages are made at a distance from
the lateral edge.

Method according to claim 19, for manufacturing a battery according to claim 4,
wherein at least one perforation is made along the path of each cut, each perforation
delimiting at least a part of each through-passage.

Method according to one of claims 19 to 21, wherein said anode groove and cathode
grooves, respectively, comprise two longitudinal parts (16, 36) at least partly
superimposed, intended to delimit the longitudinal edges (103, 104) of the battery,
as well as a lateral part (18, 38) connecting said two longitudinal parts, the lateral
part of the anode groove (38) and the lateral part of the cathode groove (18) being
offset from one another, the first cut extending between the lateral part of the anode
groove and the end facing the longitudinal parts, whereas the second cut extends
between the lateral part of the cathode groove and the end facing the longitudinal
parts.

Method according to the preceding claim, wherein each groove has an overall H
shape, with the longitudinal parts forming the vertical main recesses of the H,
whereas the lateral part forms the channel of the H.

Method according to one of claims 19 to 21, wherein said anode and cathode
grooves, respectively, are elongated, in particular having an I-shape, said anode
grooves being superimposed on top of one another, said cathode grooves being
superimposed on top of one another, said anode grooves being offset relative to
said cathode grooves so as to define a plurality of intermediate spaces, said cuts
being made in said intermediate spaces.

Method according to one of claims 19 to 24, comprising, after step b) or after step
e) of producing the cut stack, a step f) of impregnating the cut stack with a phase
carrying lithium ions such as liquid electrolytes or an ionic liquid containing lithium
salts.
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26. Method according to one of claims 19 to 25, comprising, after step e) or after step

f), encapsulating the cut stack, by depositing:

at least one first cover layer, preferably chosen from among parylene,
parylene F, polyimide, epoxy resins, silicone, polyamide, sol-gel silica,
organic silica and/or a mixture thereof, on the battery, and then

at least one second cover layer consisting of an electrically insulating
material, deposited by atomic layer deposition or PECVD, HDPCVD or ICP

CVD on said at least one first cover layer,

with the understanding that the sequence of at least one first cover layer and at least

one second cover layer can be repeated z times, where z > 1.

27. Method according to any of claims 19 to 26, wherein the two cuts (D, D'y) are made

through at least a majority of the anodes and cathodes, in particular through all of

the anodes and cathodes.

28. Electric energy-consuming device (2000) comprising a body (2002) and a battery

according to one of claims 1 to 18, said battery being capable of supplying electric

energy to said electric energy-consuming device, and said electric connection

support of said battery being fastened to said body.

29. Method of manufacturing a battery, said battery comprising at least one anode (3)

and at least one cathode (1), disposed alternately one above the other, said battery
(100) comprising longitudinal edges (103, 104) and lateral edges (101, 102),

wherein the anode (3) comprises:

a current-collecting substrate,
at least one anode layer, and
optionally a layer of an electrolyte material or of a separator impregnated

with an electrolyte,

and the cathode (1) comprises:

a current-collecting substrate,
at least one cathode layer, and
optionally a layer of an electrolyte material or of a separator impregnated

with an electrolyte,

such that the battery comprises a unit stack successively formed by at least one

anode layer, at least one layer of an electrolyte material or of a separator

impregnated with an electrolyte, and at least one cathode layer,

each anode (3) comprising an anode connection zone, situated in the vicinity of a

first lateral edge of the battery, whereas each cathode (1) comprises a cathode
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connection zone, situated on a second lateral edge of the battery, opposite said first
edge,
in which battery each anode and each cathode comprises a respective primary body
(111, 131), separated from a respective secondary body (112, 132) by a space (113,
133) free of any electrode material, electrolyte and current-collecting substrate, said
free space connecting the opposing longitudinal edges (103, 104) of the battery,
said manufacturing method comprising:
a) supplying a stack (l) of alternating foils, this stack comprising first foils or anode
foils each of which is intended to form an anode layer of a plurality of batteries, and
second foils or cathode foils each of which is intended to form a cathode layer of a
plurality of batteries,
each anode foil comprising at least one groove or zone (34) devoid of any anode
and each cathode foil comprising at least one groove or zone (14) devoid of any
cathode, each groove delimiting at least a part of said space free of any electrode
material, electrolyte and current-collecting substrate, heat treating and/or
mechanically compressing the previously supplied stack of alternating foils,
b) heat treating and/or mechanically compressing the previously supplied stack of
alternating foils,
¢) making two cuts (Dn, D'n) extending at least partially inside said grooves, the first
cut extending between the lateral part of the anode groove and the end facing the
longitudinal parts, whereas the second cut extends between the lateral part of the
cathode groove and the end facing the longitudinal parts,

the method being characterised in that
at least one perforation is made along the path of each cut, so that this cut is easy

to make using a cutting tool.





