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BATTERY

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to and benefits of the following applications:

1) Chinese Patent Application Serial No. 201210566506.X, filed with the State Intellectual
Property Office of P. R. China on December 25, 2012;

2) Chinese Patent Application Serial No. 201210566932.3, filed with the State Intellectual
Property Office of P. R. China on December 25, 2012; and

3) Chinese Patent Application Serial No. 201220720638.9, filed with the State Intellectual
Property Office of P. R. China on December 25, 2012.

The entire content of the above applications are incorporated herein by reference.

FIELD

The present disclosure relates to the battery field, more particularly to a lithium ion battery.

BACKGROUND

In recent years, with gradual exhaustion of non-renewable resources, such as oil, and
increasingly severe environmental damages, more and more attentions are paid on new energy
vehicles. As the key role of the new energy vehicle, power battery has obtained increasingly higher
attention nowadays.

However, during running of the power battery, there are many uncontrollable and extremely
bad situations which may cause short circuit inside the battery. The short circuit may produce a lot
of heat, which may damage the battery or harm the users, thus reduce the safety and reliability of

the power battery. Accordingly, a safe and reliable battery is in need in this field.

SUMMARY
Embodiments of the present disclosure seek to solve at least one of the problems existing in
the prior art to at least some extent, and a battery which is reliable and safe even used in an
unfavorable condition is provided.
According to embodiments of the present disclosure, a battery is provided. The battery

comprises: a shell; a core received in the shell and having first and second electrode tabs, a first
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current collector connected to the first electrode tab, and a second current collector connected to
the second electrode tab; and a protection component including two insulating layers and a
conducting layer disposed between the two insulating layers, in which the conducting layer defines
a first end electrically connected to the first electrode tab and a second end configured as a free
end, and an outmost current collector of the core is configured by the second current collector.

In some embodiments of the present disclosure, the battery comprises one core, and the
protection component is disposed between the shell and the core.

In one embodiment of the present disclosure, the battery comprises at least two cores, and at
least two protection components disposed between the shell and the core, and/or between two
adjacent cores.

In some embodiments of the present disclosure, the conducting layer is made by metal.

In one embodiment of the present disclosure, the insulting layer is made by at least one
selected from a group consisting of: an insulating ceramic material, an insulating coating material,
and an insulating plastic material.

In yet one embodiment of the present disclosure, the insulting layer and a separator of the
core are made by the same material.

In some embodiments of the present disclosure, the first electrode tab is disposed at a first end
of the core, and the second electrode tab is disposed at a second end of the core.

In one embodiment of the present disclosure, the first electrode tab and the second electrode
tab are disposed at the same end of the core.

According to embodiments of the present disclosure, the battery comprises a protection
component connected to the core, specially, the first end of the conduction layer of the protection
component is connected to the first electrode tab of the core. When the battery is deformed due to
an external force, the protection component is capable of automatically forming a short circuit in
the battery, for example, a short circuit between positive and negative electrode current collectors.
Therefore, the heat produced by the short circuit may be reduced to a minimum amount. In
addition, the heat conduction path in the battery may be shortened. That is to say, not only the heat
production rate may be reduced, but also the heat dissipation time may be increased. Thus, the
safety and reliability of the battery may be improved, even under poorer situations. In addition,
when the battery according to embodiments of the present disclosure is working normally, the heat

dissipation speed may be increased, which facilitates to achieve a heat balance inside the battery.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and advantages of embodiments of the present disclosure will
become apparent and more readily appreciated from the following descriptions made with
reference to the accompanying drawings, in which:

Fig.1 is a schematic view of a battery according to an embodiment of the present disclosure;

Fig.2 is a schematic view of a battery according to an embodiment of the present disclosure,
in which the battery is in a first unfavorable condition; and

Fig.3 is a schematic view of a battery according to an embodiment of the present disclosure,

in which the battery is in a second unfavorable condition.

DETAILED DESCRIPTION

Reference will be made in detail to embodiments of the present disclosure. The embodiments
described herein with reference to drawings are explanatory, illustrative, and used to generally
understand the present disclosure. The embodiments shall not be construed to limit the present
disclosure. The same or similar elements and the elements having same or similar functions are
denoted by like reference numerals throughout the descriptions.

It should be understood that the term “battery” in the present disclosure may refer to a lithium
ion battery or the like.

According to embodiments of the present disclosure, as shown in Figs.1-3, there is provided a
battery. The battery comprises: shell 1; a core 4 received in the shell 1 and having first and second
electrode tabs 41, 42, a first current collector (not shown) connected to the first electrode tab 41,
and a second current collector (not shown) connected to the second electrode tab 42; and a
protection component 2 including two insulating layers 22 and a conducting layer 21 disposed
between the two insulating layers 22, in which the conducting layer 21 defines a first end (for
example, left end in Fig. 1) electrically connected to the first electrode tab 41 and a second end
(for example, right end in Fig. 1) configured as a free end, and an outmost current collector of the
core is configured by the second current collector.

In the present disclosure, the battery may comprise one or more cores. The core may have a
winding structure or a stack structure formed by several layers, without limitation in the present
disclosure. In some embodiments of the present disclosure, the first electrode tab is disposed at a

first end of the core, and the second electrode tab is disposed at a second, opposite end of the core.
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In some embodiments, the first and second electrode tabs are disposed at the same end of the core.

In one embodiment, the first electrode tab is a positive electrode tab, and the second electrode
tab is a negative electrode tab. In another embodiment, the first electrode tab is a negative
electrode tab, and the second electrode tab is a positive electrode tab. It should be noted that there
are no special limitations for the polarity of the first and second electrode tabs.

In some embodiments, the free end of the protection component 2 may be covered by the
insulating layers 22, i.e. the free end of the conducting layer 21 may be sealed by the insulating
layers 22. Alternatively, the free end of the conducting layer 21 may not be sealed by the insulating
layer 22.

A battery comprising three cores 4, 5, 6 will be described in details below as an example, in
which each protection component is formed by two insulating layers and one conducting layer
disposed there between, also named as a stacked structure. As shown in Fig.1, in the present
example, each core comprises a first electrode tab and a second electrode tab, and the first
electrode tab is a positive electrode tab, and the second electrode tab is a negative electrode tab.

As shown in Fig.1, the battery comprises a shell 1, two cover plates 7, 8 (a positive cover
plate 8 and a negative cover plate 7) configured to define a cavity with the shell 1, and three cores
4, 5, 6 received in the cavity. It is known that, the battery further comprises electrolyte solution
enclosed in the cavity.

In some embodiments of the present disclosure, the shell 1 may be made by metal or other
conductive material.

In some embodiments, the core defines a first electrode tab (for example, a positive electrode
tab) at a first end thereof and a second electrode tab (for example, a negative electrode tab) at a
second end thereof. As shown in Fig.1, the core 4 comprises positive and negative electrode tabs
41, 42; the core 5 comprises positive and negative electrode tabs 51, 52; and the core 6 comprises
positive and negative electrode tabs 61, 62.

In some embodiments, the battery comprises at least two cores, and at least two protection
components disposed between the shell and the core, and/or between two adjacent cores.

In an embodiment, each core is connected with one protection component. As shown in Fig.1,
the protection component 2 connected to the core 4 is disposed between the shell 1 and the core 4;
the protection component 3 connected to the core 5 is disposed between the core 4 and the core 5;

and the protection component 2 connected to the core 6 is disposed between the core 6 and the
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shell 1.

In the present disclosure, the three protection components connected to the three cores
respectively has a same structure, specifically, has a structure formed by three stacked layers, i.e.
two insulating layers and a conducting layer disposed therebetween. Referring to Fig. 1, the
protection component 2 includes two insulating layers 22 and a conducting layer 21 disposed
between the two the insulating layers 22; the protection component 3 includes two insulating
layers 32 and a conducting layer 31 disposed between the two the insulating layers 32.

In some embodiments, the conducting layer of the protection component is connected to the
positive electrode tab, then the protection component is a positive electrode protection component,
and the outmost current collector of the core is the negative current collector (which is connected
with the negative electrode tab, i.e. the second electrode tab in Fig. 1). In some embodiments, if
the conducting layer of the protection component is connected to the negative electrode tab, then
the protection component is a negative electrode protection component, and the outmost current
collector of the core is the positive current collector (which is connected with the positive
electrode tab, i.e. the first electrode tab in Fig. 1).

As shown in Fig.1, in the present example, the protection component 2 connected to the core
4 and disposed between the shell 1 and the core 4 is a positive electrode protection component, in
which the first end of the conducting layer 21 is electrically connected to the positive electrode tab
41 (that is, the first end of the conducting layer 21 is connected to the positive electrode current
collector of the core 4) and the second end of the conducting layer 21 is a free end. The outmost
current collector is the negative electrode current collector (connected with the negative electrode
tab) of the core 4.

As shown in Fig. 1, the protection component 3 connected to the core 5 and disposed between
the core 4 and the core 5 is a negative electrode protection component, in which the first end of the
conducting layer 31 is electrically connected to the negative electrode tab 52 (that is, the first end
of the conducting layer 31 is connected to a negative electrode current collector of the core 5) and
the second end of the conducting layer 31 is a free end. The outmost current collector is the
positive electrode current collector (connected with the positive electrode tab) of the core 5.

As shown in Fig. 1, the protection component 2 connected to the core 6 and disposed between
the shell 1 and the core 6 is a positive electrode protection component, in which the first end of the

conducting layer 21 is electrically connected to the positive electrode tab 61 (that is, the first end
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of the conducting layer 21 is connected to a positive electrode current collector of the core 6) and
the second end of the conducting layer 21 is a free end. The outmost current collector is the
negative electrode current collector (connected with the negative electrode tab) of the core 6.

In some embodiments of the present disclosure, the conducting layer may made by metal
having an excellent heat-conducting property. In some embodiments, the conducting layer and the
electrode tab which is connected to the conducting layer are made of the same metal. For example,
the metal may be copper or aluminum, without limitation in the present disclosure.

In some embodiments of the present disclosure, the insulting layer is made by at least one
selected from a group consisting of: an insulating ceramic material, an insulating coating material,
and an insulating plastic material. In some embodiments of the present disclosure, the insulting
layer is made by material having a low deformation temperature. In one embodiment of the present
disclosure, the insulting layer and a separator layer of the battery is made by the same material. It
should be noted that if the protection component is disposed between the shell and the core, the
insulating layer between the shell and the core could be substituted by the separator layer
surrounding the core.

It has been surprisingly found by the inventors that when the battery is in an unfavorable
situation (for example, subjected to a serious impact, extruding, or press), short circuits caused in
the core are very complicated, including a short circuit between the positive electrode current
collector and the negative electrode materials, a short circuit between the negative electrode
current collector and the positive electrode materials, a short circuit between the positive and
negative electrode materials, and a short circuit between the positive and negative electrode
current collectors. Different short circuits may have different heat production rates. The inventors
has found that, under the same situation, a first heat produced by the short circuit between the
positive and negative electrode materials is the maximum, while a second heat produced by the
short circuit between the positive and negative electrode current collectors is the minimum, in
which the first heat is ten times of the second heat. And a heat production rate of first heat is about
two or even three times of that of the second heat.

As described above, with the battery according to embodiments of the improvement of the
present disclosure, when the battery is deformed by an external force, the complicated short
circuits occurred inside the battery may be changed. The short circuit between the positive and

negative electrode current collectors may occur firstly, in which the produced heat and the heat
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production rate are both the minimum, thus the safety and reliability of the battery may be
improved.

Specifically, the working principle of the battery according to embodiments of the present
disclosure will be described in details below.

(1) When the battery is working normally.

The cores 4, 5, 6 each are connected with a protection component respectively, and the
protection component includes a conducting layer which has an excellent heat conduction
performance. Therefore, the heat dissipation path inside the battery may be: current collector -
conducting layer of the protection component - insulating layer of the protection component - shell.
On one hand, the heat conduction path is greatly shortened; on the other hand, the heat conduction
path may have a lower heat resistance. Therefore, a heat-conducting property of the battery may be
improved and the heat dissipation speed may be increased, which facilitates to form a heat balance
inside the battery, so that a local temperature increase (up to an extremely high value) may be
avoided.

(2) When the battery is working in a first unfavorable condition (for example, as shown in
Fig.2, when the battery is extruded or pressed with an external material 9).

In the present example, with the action of the produced heat and an external force from the
external material 9, the two insulting layers 22 of the protection component 2 located between the
shell 1 and the core 4 will be destroyed quickly, and a middle portion of the conducting layer 21 of
the protection component 2 will be deformed, so as to contact to the outermost current collector
(negative electrode current collector) of the core 4. As the first end of the conducting layer 21 is
electrically connected to the positive electrode tab 41 (thus connected with positive electrode
current collector) of the core 4, the short circuit between the positive and negative electrode
current collectors of the core 4 may occur firstly. In a condition of this kind of short circuit, the
produced heat is the minimum and about one tenth to about one third of those produced by a
conventional battery. In addition, the heat production rate is relatively lower in the present
example. Therefore, a heat dissipation time of the battery will be increased to further reduce the
heat produced in the unfavorable condition. With the short circuit between the positive and
negative electrode current collectors, most of energy inside the battery may be consumed before
the complicated short circuits occurred inside the battery. As the energy inside the battery is almost

used up, the heat produced by the following complicated short circuits is also less, thus the risk of
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overheating, catching fire, and explosion of the battery will be efficiently decreased.

In addition, the conducting state between the conducting layer 21 of the protection component
2 and the outermost current collector of the core 4 will be maintained for a certain time period, as
shown in Fig. 3. Because the second end of the conducting layer 21 is a free end, the free end will
act (for example, turned upwardly) accordingly with the penetrating of the external material 9,
until the conducting layer 21 is broken. To break the conducting layer 21 needs a certain time
period, therefore the short circuit of the protection component 2 will be kept for a certain time
period when the energy inside the battery is almost consumed. Thus, the safety performance of the
battery may be greatly improved.

According to some embodiments of the present disclosure, the protection components
connected to other cores (such as core 5, core 6) have a similar working principle with that of the
protection component connected to the core 4, thus the detailed description will be omitted here.

With the further penetration of the external material 9 into the battery, as shown in Fig.3, the
shell 1 will finally electrically contact to the conducting layer 21 of the protection component 2. In
this way, the heat dissipation path inside the battery may be: current collector - conducting layer of
the protection component - shell. The heat dissipation path is further shortened. As the all material
relating to the heat dissipation path has good heat-conducting property, thus the heat dissipation
speed is faster, and the safety and reliability performances of the battery under extremely
unfavorable situations will be further improved.

As described above, the battery comprises a protection component connected to the core,
specially, the first end of the conduction layer of the protection component is connected to the first
electrode tab of the core. When the battery is deformed due to an external force, the protection
component is capable of automatically forming a short circuit in the battery, for example, a short
circuit between positive and second electrode current collectors. Therefore, the heat produced by
the short circuit may be reduced to a minimum amount. In addition, the heat conduction path in the
battery may be shortened. That is to say, not only the heat production rate may be reduced, but also
the heat dissipation time may be increased. Thus, the safety and reliability of the battery may be
improved, even under poorer situations. When the battery according to embodiments of the present
disclosure is working normally, the heat dissipation speed may be increased, which facilitates to
achieve a heat balance inside the battery.

29 <

Reference throughout this specification to “an embodiment,” “some embodiments,” “one
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embodiment,” or “an example” means that a particular feature, structure, material, or characteristic
described in connection with the embodiment or example is included in at least one embodiment or
example of the present disclosure. Thus, the appearances of the phrases such as “in some
embodiments,” “in one embodiment,” “in an embodiment,” or “in the example” in various places
throughout this specification are not necessarily referring to the same embodiment or example of
the present disclosure. Furthermore, the particular features, structures, materials, or characteristics
may be combined in any suitable manner in one or more embodiments or examples.

Although explanatory embodiments have been shown and described, it would be appreciated
by those skilled in the art that the above embodiments cannot be construed to limit the present

disclosure, and changes, alternatives, and modifications can be made in the embodiments without

departing from spirit, principles and scope of the present disclosure.
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What is claimed is:
1. A battery, comprising:

a shell;

a core received in the shell and having first and second electrode tabs, a first current collector
connected to the first electrode tab, and a second current collector connected to the second
electrode tab; and

a protection component including two insulating layers and a conducting layer disposed
between two insulating layers,

wherein the conducting layer defines a first end electrically connected to the first electrode tab
and a second end configured as a free end, and an outmost current collector of the core is
configured by the second current collector.

2. The battery according to claim 1, wherein the battery comprises one core, and the protection
component is disposed between the shell and the core.

3. The battery according to claim 1, wherein the battery comprises at least two cores and at least
two protection components disposed between the shell and the core and/or between two adjacent
cores.

4. The battery according to any one of claims 1-3, wherein the conducting layer is made by metal.
5. The battery according to any one of claims 1-4, wherein the insulting layer is made by at least
one selected from a group consisting of: an insulating ceramic material, an insulating coating
material, and an insulating plastic material.

6. The battery according to any one of claims 1-5, wherein the insulting layer and a separator of
the core are made by the same material.

7. The battery according to any one of claims 1-6, wherein the first electrode tab is disposed at a
first end of the core, and the second electrode tab is disposed at a second end of the core.

8. The battery according to any one of claims 1-6, wherein the first and second electrode tabs are

disposed at the same end of the core.
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