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DETECTION MECHANISM

Background Art

Various electronic devices such as portable computing devices include batteries. A battery
is a power storage device that includes one or more electrochemical cells that convert stored
chemical energy into electrical energy. Batteries have two electrodes, a cathode and an anode.
By definition, in electrochemical cells, positively charged ions flow from the anode to the
cathode, while electrons flow through an external circuit from the anode to the cathode.
Although the definition of the anode and cathode are reversed during the recharge cycle, as used
herein, the terms anode and cathode will refer to the electrodes in the discharge cycle.

In some cases, batteries may malfunction due to dendrite formation. A dendrite is a
deposit, for example, of metal formed at the anode during charging of the battery. When a
dendrite that has formed on the anode comes in contact with the cathode, the battery may short

circuit, leading to very high current flows through the dendrite.

Brief Description of the Drawings

Fig. 1is a diagram illustrating a cross sectional side view of a battery including a detection
mechanism.

Fig. 2 is a diagram illustrating a peripheral view of a plurality of detection grids to be
disposed in the dielectric of the battery.

Fig. 3 is a diagram illustrating a cross sectional side view of a battery including a plurality
of detection grids.

Fig. 4 is a block diagram illustrating a method of forming a detection grid.

The same numbers are used throughout the disclosure and the figures to reference like
components and features. Numbers in the 100 series refer to features originally found in Fig. 1;

numbers in the 200 series refer to features originally found in Fig. 2; and so on.

Description of the Embodiments
The present disclosure relates generally to a detection mechanism to detect dendrite
formation in a battery. The detection mechanism may include a detection grid. The grid may be
disposed between a cathode and an anode of the battery. The detection grid may be composed of
conductive material and communicatively coupled to the anode such that when a dendrite is

formed on the anode and contacts the detection grid an impedance may be detected.
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Fig. 1is a diagram illustrating a cross sectional side view of a battery including a detection
mechanism. The battery 100 may include an anode 102 and a cathode 104. The battery 100
includes a detection grid 106 configured to detect a formation 108, such as a dendrite. The
formation 108 may be formed during a charge, or recharge, cycle of the battery 100.

The battery 100 is an electrochemical cell battery. In embodiments, the battery 100 is a
rechargeable battery including various electrically conductive materials for the cathode 104 and
the anode 102. In a lithium ion-battery, for example, the anode 104 may be composed, for
example, of lithium metal, a composite of lithium and carbon, or other materials. The cathode
104 may be composed of, for example, lithium iron phosphate, lithium cobalt oxide, or other
similar materials. The battery 100 may include other rechargeable battery types such as lead-
acid batteries, nickel cadmium batteries, nickel metal hydride batteries, lithium polymer
batteries, and the like. In these rechargeable battery types, the anode 102 and cathode 104 will,
of course, have different compositions.

During recharge, dendrites may form at the anode 102 as illustrated by the dendrite 108 of
Fig. 1. Dendrites are deposits of conductive material, such as lithium metal, that may form on
the surface of the anode 102 during recharge of the battery 100. As noted herein, the definitions
of the anode and cathode during the discharge cycle will be used consistently. Dendrite
formation may become problematic if the dendrite 108 communicatively couples the anode 102
to the cathode 104.

The detection mechanism of the battery 100 includes a detection grid 106 and a detection
module 110. As illustrated in Fig. 1, the dendrite 108 may form at the anode 102. As the
dendrite 108 forms, the dendrite 108 may communicatively couple the detection grid 106 to the
anode 102. The detection module 110 may be configured to monitor an impedance value
between the anode 102 and the detection grid 104. When the dendrite 108 is communicatively
coupled to the detection grid 106, the detection module 110 may detect a change, for example, a
decrease, in the impedance value due to the coupling between the dendrite 108 and the detection
grid 106. The detection module 110 may be configured to reduce or mitigate the formation of
the dendrite by reducing recharge of the battery 100.

In embodiments, the detection grid 106 has an opening to enable ion flow between the
anode 102 and the cathode 104. The opening, described in more detail below, may be defined by
a grid pattern of the detection grid 106. While the opening may be large enough to enable ion
flow, the opening may be small enough to prevent a dendrite from passing through the opening

undetected by the detection module 110.
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Although Fig. 1 illustrates various components of the battery 100, additional components
may be used. Further, the battery 100 may be communicatively coupled to an electronic device,
and the battery 100 may include components configured to provide electrical charge to the
electronic device. Additionally, the battery 100 may be configured to receive electrical charge
from a charging device that may plug into a wall outlet, for example.

Fig. 2 is a diagram illustrating a peripheral view of a plurality of detection grids to be
disposed in the dielectric of the battery. Like numbered items are as described in Fig. 1. In
some embodiments, the detection grid 106 is a first detection grid and the battery may include a
second detection grid 202. The detection grids 106, 202 may be disposed within dielectric
material 204. The dielectric material 204 may be electrolyte mixture such as such as ethylene
carbonate or diethyl carbonate containing complexes of lithium ions in the case of a lithium ion
battery. In some embodiments, the dielectric material may include an absorbent material that is
saturated with the electrolyte mixture. In some embodiments, the dielectric material may be
solid-state electrolyte which conducts lithium ions.

As illustrated in Fig. 2, the detection grids 106, 202 may include an opening, or a number
of openings configured to enable ions to flow between a cathode and an anode of a battery, such
as the battery 100 of Fig.1. The openings may be small enough to prevent dendrites from
passing through the grid without detection. In some embodiments, the detection grids 106, 202
may be laterally offset with respect to each other in order to reduce the ability of a dendrite from
passing through the detection grids 106, 202 undetected.

Fig. 3 is a diagram illustrating a cross sectional side view of a battery including a plurality
of detection grids. Like numbered items are as described in Figs. 1 and 2. The detection grids
106, 202, are indicated by the dashed boxes in Fig. 3. As illustrated in Fig. 3, the first detection
grid 106 is laterally offset with respect to the second detection grid 202. By providing two
detection grids 106, 202, and by disposing each detection grid as laterally offset with respect to
each other, a dendrite 302 may be substantially prevented from passing through the second
detection grid 202 without being detected by the first detection grid 106. The first and the
second detection grids 106, 202 may be communicatively coupled to the detection module 110
and to the anode 102. As discussed above, the detection module 110 may be configured to
measure the impedance between the anode and the detection grids 106, 202. If a dendrite, such
as the dendrite 302 shown in Fig. 3, communicatively couples to either detection grid 106, 202,
the impedance value may be relatively less than if the dendrite was not coupled to either
detection grid 106, 202. In embodiments, the detection module 110 may be configured to take

action if a dendrite is detected, for example, by reducing or stopping any charging processes of
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the battery 100 in order to significantly reduce further dendrite formation or growth, or by
applying high voltage pulses to break down the dendrite, among others..

Fig. 4 is a block diagram illustrating a method of forming a detection mechanism. The
method 400 may include forming, at block 402, a detection grid defining an opening to enable
ion flow. The detection grid may be formed between an anode and a cathode of a battery. The
detection grid may detect when a deposit, such as a dendrite, formed at the anode. The method
400 may include forming, at block 404, an interface to communicatively couple the detection
grid to the anode of the battery. The interface may be a mechanism to enable the communicative
coupling via a two-wire interface for example.

In embodiments, the interface includes detection circuitry configured to reduce charging
activity of the battery when the deposit contacts the detection grid. For example, the detection
grid is composed of conductive material. The detection circuitry may be configured to monitor
the impedance value between the anode and the detection grid. Once the deposit formed on the
surface of the anode approaches or contacts the detection grid, the impedance value may drop,
and the detection circuitry may reduce charging activity of the battery.

In embodiments, the detection grid is a first detection grid. The method 400 may include
forming a second detection grid. The first and the second detection grid may be configured to be
laterally offset from each other to enable electron flow between the cathode and the anode, and
to prevent a dendrite to pass through either detection grid undetected.

An embodiment is an implementation or example. Reference in the specification to "an

"o 1" e LYY

embodiment," "one embodiment," “some embodiments,” “various embodiments,” or "other
embodiments" means that a particular feature, structure, or characteristic described in connection
with the embodiments is included in at least some embodiments, but not necessarily all
embodiments, of the present techniques. The various appearances of "an embodiment," "one
embodiment," or “some embodiments” are not necessarily all referring to the same
embodiments.

Not all components, features, structures, characteristics, etc. described and illustrated
herein need be included in a particular embodiment or embodiments. If the specification states a
component, feature, structure, or characteristic “may”, “might”, “can” or “could” be included,
for example, that particular component, feature, structure, or characteristic is not required to be
included. If the specification or claim refers to "a" or "an" element, that does not mean there is
only one of the element. If the specification or claims refer to "an additional" element, that does

not preclude there being more than one of the additional element.



10

15

20

25

WO 2014/209992 PCT/US2014/043856

It is to be noted that, although some embodiments have been described in reference to
particular implementations, other implementations are possible according to some embodiments.
Additionally, the arrangement and/or order of circuit elements or other features illustrated in the
drawings and/or described herein need not be arranged in the particular way illustrated and
described. Many other arrangements are possible according to some embodiments.

In each system shown in a figure, the elements in some cases may each have a same
reference number or a different reference number to suggest that the elements represented could
be different and/or similar. However, an element may be flexible enough to have different
implementations and work with some or all of the systems shown or described herein. The
various elements shown in the figures may be the same or different. Which one is referred to as
a first element and which is called a second element is arbitrary.

It is to be understood that specifics in the aforementioned examples may be used anywhere
in one or more embodiments. or instance, all optional features of the computing device
described above may also be implemented with respect to either of the methods or the computer-
readable medium described herein.

Furthermore, although flow diagrams and/or state diagrams may have been used herein to
describe embodiments, the techniques are not limited to those diagrams or to corresponding
descriptions herein. For example, flow need not move through each illustrated box or state or in
exactly the same order as illustrated and described herein.

The present techniques are not restricted to the particular details listed herein. Indeed,
those skilled in the art having the benefit of this disclosure will appreciate that many other
variations from the foregoing description and drawings may be made within the scope of the
present techniques. Accordingly, it is the following claims including any amendments thereto

that define the scope of the present techniques.
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CLAIMS
What is claimed is:
1. A detection mechanism, comprising a detection means to be disposed in a

dielectric material between a cathode and an anode of a battery.

2. The detection mechanism of claim 1, wherein the detection means comprises an
opening to enable ion flow between the cathode and the anode; and wherein the detection means

is to detect when a deposit formed at the anode contacts the detection means.

3. The detection mechanism of claim 2, wherein a deposit formed at the anode

comprises a dendrite.

4. The detection mechanism of claim 1, comprising detection circuitry means
communicatively coupling the detection means to the anode, wherein the detection circuitry

means is to reduce charging activity of the battery when a deposit contacts the detection means.

5. The detection mechanism of claim 1, wherein the detection means is composed of

a conductive material.

6. The detection mechanism of claim 1, comprising a second detection means to be

disposed between the cathode and the anode of the battery.

7. The detection mechanism of claim 6, wherein the second detection means is

laterally offset with respect to the first detection means.

8. A detection mechanism, comprising a detection grid to be disposed in a dielectric

material between a cathode and an anode of a battery.

0. The detection mechanism of claim 8, wherein the detection grid comprises an
opening to enable ion flow between the cathode and the anode; and wherein the detection grid is

configured to detect when a deposit formed at the anode contacts the detection grid.

10. The detection mechanism of claim 9, wherein a deposit formed at the anode

comprises a dendrite.
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11. The detection mechanism of any of claims 8, 9, or 10, comprising detection
circuitry communicatively coupling the detection grid to the anode, wherein the detection

circuitry is to reduce charging activity of the battery when a deposit contacts the detection grid.

12. The detection mechanism of any of claims 8, 9, 10, or 11, wherein the detection

grid is composed of a conductive material.

13. The detection mechanism of any of claims 8, 9, 10, 11, or 12, comprising a

second detection grid to be disposed between the cathode and the anode of the battery.

14. The detection mechanism of any of claims 8, 9, 10, 11, 12, or 13, wherein the

second detection grid is laterally offset with respect to the detection grid.

15. A detection mechanism, comprising a detection grid to be disposed in a dielectric

material between a cathode and an anode of a battery.

16. A method for forming a detection mechanism, comprising:
forming a detection grid to be disposed between a cathode and an anode of a battery; and

forming an interface to communicatively couple the detection grid to the anode.

17. The method of claim 16, wherein the detection grid defines an opening to enable ion

flow between the cathode and the anode.

18. The method of any of claims 16 or 17, wherein the detection grid is to detect

when a deposit formed at the anode contacts the detection grid.

19. The method of any of claims 16, 17, or 18, wherein the detection grid is formed to
be communicatively coupled to the anode via detection circuitry via the interface, wherein the
detection circuitry is to reduce charging activity of the battery when a deposit contacts the

detection grid.

20. The method of any of claims 16, 17, 18, or 19, wherein the detection grid is

composed of a conductive material.
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21. The method of any of claims 16, 17, 18, 19, or 20, wherein the detection grid is a
first detection grid, the method comprising forming a second detection grid to be disposed

between the cathode and the anode of the battery.

22. The method of any of claims 16, 17, 18, 19, 20, or 21, wherein the second

detection grid is to be disposed laterally offset with respect to the first detection grid.
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