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1
MICRO BATTERY DESIGN AND DIAGNOSIS

BACKGROUND

The present disclosure relates to electrical energy sources,
and particularly to micro batteries and micro battery diag-
nosis.

Conventional micro batteries can contain several compo-
nents, including a cathode, an anode, and an electrolyte
material. Such micro batteries can be used in a variety of
applications. Industry demands ever smaller and more effi-
cient energy sources, resulting in frequent testing and analy-
sis of various component materials and battery designs.
However, in a conventional battery, testing of individual
component properties, such as impedance characteristics,
can be difficult and in some cases only information con-
cerning the fully assembled battery can be discerned, and not
individual electrodes. It would be desirable to have the
ability to test individual micro battery components to opti-
mize battery materials and design.

SUMMARY

In accordance with an embodiment, a microbattery
includes a cathode layer and an anode layer physically
separated from the cathode layer. The microbattery also
includes an electrolyte layer in physical contact with the
anode layer and the cathode layer. The microbattery also
includes at least one auxiliary electrode in physical contact
with the electrolyte layer, the auxiliary electrode including at
least one metal coating and at least one non-conductive film,
wherein the at least one metal coating is physically separated
from the cathode and the anode.

In accordance with another embodiment, a method of
evaluating a micro battery, includes providing a micro
battery containing a cathode layer and an anode layer
physically separated from the cathode layer, and an electro-
lyte layer in contact with the anode and the cathode. The
method also includes providing at least one auxiliary elec-
trode in physical contact with the electrolyte layer, the
auxiliary electrode comprising at least one metal coating and
at least one non-conductive film, wherein the at least one
metal coating is physically separated from the cathode and
the anode. The method also includes forming a first electri-
cal circuit between the auxiliary electrode and one of the
cathode layer or the anode layer. The method also includes
applying an external electrical potential to the first electrical
circuit. The method also includes measuring one or more of
a cathode layer property and an anode layer property.

In yet another embodiment, a method of evaluating a
microbattery includes providing a micro battery. The micro-
battery includes a cathode layer, an anode layer physically
separated from the cathode layer, an electrolyte layer in
contact with the anode layer and the cathode layer, and a first
auxiliary electrode and a second auxiliary electrode. Each of
the first auxiliary electrode and the second auxiliary elec-
trode are in physical contact with the electrolyte layer and
each contains at least one metal coating and at least one
non-conductive film. The at least one metal coating is
physically separated from the cathode and the anode. The
method also includes forming a first electrical circuit
between the first auxiliary electrode and the second auxiliary
electrode. The method also includes applying an external
electrical potential to the first electrical circuit. The method
also includes measuring a property of the electrolyte layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter which is regarded as the invention is
particularly pointed out and distinctly claimed in the claims
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2

at the conclusion of the specification. The foregoing and
other features and advantages of the invention are apparent
from the following detailed description taken in conjunction
with the accompanying drawings.

FIGS. 1A-1C depict cross sectional views of conventional
micro-batteries, in which:

FIG. 1A depicts a cross sectional side view of an exem-
plary conventional micro-battery;

FIG. 1B depicts a cross sectional side view of another
exemplary conventional micro-battery; and

FIG. 1C depicts a cross sectional side view of yet another
exemplary conventional micro-battery.

FIG. 2A depicts a cross sectional side view of a micro-
battery with an electrically isolated microelectrode in accor-
dance with an exemplary embodiment.

FIG. 2B depicts a cross sectional side view of a micro-
battery with an electrically isolated microelectrode in accor-
dance with another exemplary embodiment.

FIG. 3A depicts a cross sectional side view of a micro-
battery with an electrically isolated microelectrode having
hydrogel adjacent to a top and bottom microelectrode sur-
face in accordance with an exemplary embodiment.

FIG. 3B depicts a cross sectional side view of a micro-
battery with an electrically isolated microelectrode having
hydrogel adjacent to a top and bottom microelectrode sur-
face in accordance with another exemplary embodiment.

FIG. 4A depicts a top down cross sectional view of a
micro-battery with an electrically isolated microelectrode in
accordance with an exemplary embodiment.

FIG. 4B depicts a top down cross sectional view of a
micro-battery with two electrically isolated microelectrodes
in accordance with another exemplary embodiment.

FIG. 5 is a photograph of an exemplary micro-battery in
accordance with the disclosure.

FIG. 6 is a Nyquist plot of impedance analysis for an
exemplary micro battery in accordance with the disclosure
tested before discharging.

FIG. 7 is a Nyquist plot of impedance analysis for the
same exemplary micro battery in FIG. 6 tested after being
discharged for six hours.

FIG. 8 is another exemplary micro battery in accordance
with the disclosure.

FIG. 9A is Nyquist plot of impedance analysis for an
exemplary micro battery in accordance with the disclosure
tested after being stored for four days and eleven days.

FIG. 9B is a rescaled Nyquist plot of impedance analysis
for the exemplary micro battery in accordance with the
disclosure in FIG. 9A.

DETAILED DESCRIPTION

In accordance with exemplary embodiments of the dis-
closure, a micro battery including an auxiliary electrode is
provided. The micro battery of the disclosure can be sub-
jected to an improved evaluation and analysis to measure
separate properties and performance of the micro battery
cathode, anode, or electrolyte. In embodiments of the dis-
closure, battery performance or degradation of performance
of a given design after manufacture, upon storage, or over
operational time can be evaluated with reference to indi-
vidual battery components by using an auxiliary electrode as
a reference or working electrode in combination with a
cathode, an anode, or another auxiliary electrode.

With reference now to the figures, FIGS. 1A-1C illustrate
exemplary conventional micro batteries. As shown in FIG.
1A, an exemplary micro battery includes two current col-
lectors 10. In between the current collectors are a cathode
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layer 16, an electrolyte layer 20, and an anode layer 14. As
is shown, cathode layer 16 and anode layer 14 each have a
side that is in physical contact with one of the current
collectors 10 and another side that is in contact with the
electrolyte layer 20, which physically separates the cathode
layer 16 from the anode layer 14. The cathode layer 16 and
electrolyte layer 20 can be physically isolated from compo-
nents external to the micro battery with an insulating mate-
rial 12, such as polymer. The anode layer 14 can be a
universal anode such that it extends beyond the insulating
layer 12 adjacent the cathode layer 16 and electrolyte layer
20 and is thereby not isolated from components external to
the micro battery.

In other exemplary micro batteries, for example as illus-
trated in FIG. 1B, the anode layer 14 can be adjacent to an
insulating material 12 such that it is isolated from compo-
nents external to the micro battery.

FIG. 1C illustrates an exemplary micro battery, in which
two current collectors 10 are provided and, in between the
current collectors 10, are a cathode paste 18, an electrolyte
in hydrogel 22, and a zinc anode 26. The cathode paste 18,
electrolyte in hydrogel 22, and zinc anode 26 are isolated
from external components with insulating material 12.

With reference to FIG. 2A, an embodiment of the disclo-
sure includes a micro battery having two current collectors
10, a cathode layer 16 in contact with the first current
collector and an anode layer 14 in contact with the second
current collector. An electrolyte layer 20 is positioned
between the cathode layer 16 and anode layer 14. In some
embodiments, as shown, the micro battery can include
insulating material isolating micro battery components from
components and systems external to the micro battery. As
shown in FIG. 2A, for example, insulating material 12
isolates the cathode layer 16 and electrolyte layer 20 from
external components. As illustrated, an embodiment
includes an auxiliary electrode 100. The auxiliary electrode
100 includes a metal coating 110 and a non-conductive film
120. The metal coating 110 contacts electrolyte layer 20 but
is not in contact with cathode layer 16 or anode layer 14.
Thus, the auxiliary electrode 100 is electrically isolated from
the anode layer 14 and cathode layer 16, but is ionically
connected to both layers. The auxiliary electrode 100
extends through the periphery of the micro battery to the
exterior of the battery and is thereby accessible for appli-
cation of a current, for example for battery testing and
analysis.

The current collectors 10 can comprise conductive mate-
rials, including copper, nickel, gold, titanium, carbon,
indium tin oxide, or any combination of such. In some
embodiments, current collectors are conductive materials,
including copper, nickel, gold, titanium, carbon, indium tin
oxide, or any combination of such, coated on non-conduc-
tive materials, such as polymer.

The anode layer 14 and cathode layer 16 are electrodes
and can be composed of any material useful as an electrode
in a micro battery system. A cathode layer 16 can include,
for example, an oxide, such as iron oxide, cuprous oxide,
cupric oxide, cobaltic oxide, manganese dioxide, lead diox-
ide, silver oxide, nickel dioxide, or silver dioxide, or it can
include, for instance, ferrate, nickel oxyhydroxide, perman-
ganate or bromate. In some embodiments, a cathode layer
can include, for example, an amorphous vanadium-oxide,
VO,, thin film. In some embodiments, the cathode layer
includes manganese, such as manganese dioxide. In some
embodiments, the cathode layer includes a cathode paste,
such as Co,Oj paste, or a MnQO, paste. In some embodiments
the cathode paste contains conductive material at least partly
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of one or more allotropes of carbon, such as carbon powder,
carbon graphite powder or carbon nanotubes.

The anode layer 14 can include, for instance, a metal, such
as copper, nickel, lead, iron, chromium, aluminum, magne-
sium, or zinc. For example, in embodiments of the inven-
tion, micro batteries contain high-capacity anodes made
from porous silicon. In some embodiments, the anode is
zinc. In some embodiments, the anode 14 is oxidized at a
potential lower than the potential at which the cathode is
reduced.

Insulating material 12 can electrically separate micro
battery components from external components. The insulat-
ing material 12 can also protect micro battery components
from air. For example, insulating material can be a polymer
coating resistant to acidic electrolytes, such as an adhesive
tape or film including a polyimide, polyethylene, polypro-
pylene, polyurethane, PET, or an epoxy resin coating.

In accordance with the disclosure, the non-conductive
film 120 is a thin flexible polymer strip composed of an
insulating material. The non-conductive film 120 acts as a
substrate for at least one layer of metal coating 110. For
example, the non-conductive film can be a flexible poly-
meric material, such as a polymethylmethacrylate, poly-
amide, polycarbonate, polyethylene, polystyrene, polyvinyl
chloride, polyethylene terephthalate, polyethylene naphtahl-
ate, polypropylene, or polyimide material. In some embodi-
ments, the non-conductive film is a Kapton substrate.

In some embodiments, the metal coating 110 consists of
at least one metal, such as silver, gold, copper, platinum,
zine, palladium, tungsten, molybdenum, zirconium, tanta-
lum, or combinations thereof. In preferred embodiments the
metal coating includes a noble metal. In some embodiments,
the metal includes platinum or zinc.

In some embodiments, the non-conductive film is coated
on one side with the metal coating. In some embodiments,
the non-conductive film is coated on multiple sides with a
metal coating. In embodiments in which the non-conductive
film is coated on multiple sides with a metal coating, the
coated sides can be coated with the same metal coatings or
with different metal coatings.

In some embodiments, as shown in FIG. 2A, the metal
coating 110 faces in the direction of the anode layer 14. In
such embodiments, an electrolyte layer can be optionally be
positioned between the metal coating 110 and the cathode
layer 16 or, in some embodiments, the auxiliary electrode
100 can be electrically isolated from the cathode layer 16 by
the non-conductive film 120.

As shown in FIG. 2B, in some embodiments, a micro
battery includes two current collectors 10 and, in between
the current collectors 10, are a cathode paste 18, an elec-
trolyte in hydrogel 22 and a zinc anode 26. Electrolyte in
hydrogel can include, for example, an electrolyte solution of
zinc chloride, ammonia chloride, potassium chloride, potas-
sium hydroxide, and other salts and combination of salts.
The hydrogel can be, for example, a silicon oxide gel,
sodium silicate gel, and other materials. An auxiliary elec-
trode 100 is positioned in between the cathode paste 18 and
the zinc anode 26, such that the auxiliary electrode is
electrically isolated from the cathode 18 and anode 26 but
ionically connected to both of the cathode 18 and anode 26.
As is shown in FIG. 2B, auxiliary electrode includes a metal
coating 110 in contact with the electrolyte in hydrogel 22. A
non-conductive film 120 of the auxiliary electrode 100 is
adjacent the cathode paste 18.

FIG. 3 A depicts another embodiment of the disclosure, in
which an auxiliary electrode 100 includes a metal coating
110 and a non-conductive film 120, in which the metal
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coating 110 and the non-conductive film 120 are in contact
with electrolyte in hydrogel 22. The auxiliary electrode 100
is electrically isolated from the anode layer 14 and the
cathode layer 16, but is ionically connected to both layers.
In some embodiments, as shown, the metal coating 110 faces
in the direction of the cathode layer 16. In such embodi-
ments, as illustrated, an electrolyte layer is positioned
between the metal coating 110 and the cathode layer 16.

In some embodiments, as shown for example in FIG. 3B,
an auxiliary electrode 100 contains more than one metal
coating 110. For example, an auxiliary electrode 100 can
have a metal coating 110 on a side of the auxiliary electrode
100 facing a cathode paste 18 and a second metal coating
110 on a side of the auxiliary electrode facing a zinc anode
26. A non-conductive layer 120 is positioned between the
two metal coatings 110. Each metal coating 110 is electri-
cally isolated from the cathode paste 18 and the zinc anode
26 but is ionically connected to both through electrolyte in
hydrogel 22.

FIG. 4A depicts a top down cross sectional view of an
exemplary micro battery depicted in FIG. 3 A, taken through
the electrolyte in hydrogel 22. As is shown, an auxiliary
electrode 100 contacts the electrolyte in hydrogel 22 and
passes through insulating material 12 such that it is acces-
sible outside of the micro battery.

FIG. 4B depicts a top down cross sectional view of an
exemplary micro battery according to another embodiment,
taken through electrolyte in hydrogel 22. As is shown,
multiple auxiliary electrodes 100 contact the electrolyte in
hydrogel 22 and passes through insulating material 12 such
that they are accessible outside of the micro battery. In some
embodiments, a micro battery includes two auxiliary elec-
trodes 100. In some embodiments, a micro battery includes
more than two auxiliary electrodes, such as three or four
auxiliary electrodes.

FIG. 5 is a photograph of an exemplary zinc (Zn)-
manganese oxide (MnO,) micro battery with a platinum
coated auxiliary electrode 100 in accordance with the dis-
closure. As is shown, auxiliary electrode 100 extends outside
of the micro battery and is accessible, for example, for
impedance spectroscopy.

In accordance with the disclosure, a method of testing a
micro battery includes providing a micro battery with one or
more auxiliary electrodes as disclosed herein. An electrical
circuit between the auxiliary electrode and either the cathode
or the anode can be formed and an external electrical
potential can be applied to the auxiliary electrode-anode or
auxiliary electrode-cathode circuit. The use of the auxiliary
electrode as a reference can allow deconvolution of anode
and cathode performance in testing and analysis of micro
batteries.

For example, an electrical circuit between the anode and
cathode can be formed and evaluated in a first test using
standard techniques known to persons skilled in the art, such
as Impedance Spectroscopy. Thereafter, an electrical circuit
between the anode and auxiliary electrode can be formed
and evaluated in a second test using the same standard
techniques. Thereafter, an electrical circuit between the
cathode and the auxiliary circuit can be formed and evalu-
ated using a third test using the same standard techniques.
Thereafter, comparison of the first, second, and third test
results can reveal results that are attributable to one or the
other of the cathode or the anode. In some embodiments,
circuit resistance can be measured and compared. In some
embodiments, charge transfer resistance can be measured
and compared. In some embodiments, open circuit potential
can be measured and compared.

10

15

20

25

30

35

40

45

50

55

60

65

6

Impedance spectroscopy using the auxiliary electrode as
a reference electrode can be used to separately evaluate the
battery anode and the battery cathode. Impedance spectros-
copy using two auxiliary electrodes as a working electrode
and a reference electrode can be used to evaluate the
electrolyte.

In some embodiments, the auxiliary electrodes can be
removed after battery evaluation. For example, in some
embodiments, portions of the auxiliary electrodes can be cut
from the device. In some embodiments, the auxiliary elec-
trodes can be pulled from the device.

In some embodiments, a micro battery contains two
auxiliary electrodes in contact with an electrolyte layer. In
such embodiments, one auxiliary electrode can be used as a
reference electrode and one as a working electrode to
evaluate the electrolyte layer. A counter electrode can
include a battery anode, battery cathode, or another auxiliary
electrode. Measuring impedance at high frequency can indi-
cate a series resistance between working and reference
electrodes, which largely reflects the resistance of the elec-
trolyte. Comparing the series resistance along the discharge
of the battery, or of an aging battery, can indicate the
electrolyte conductivity or concentration change, thereby
providing diagnostic information.

In some embodiments, impedance is measured as a func-
tion of discharge time. In some embodiments, impedance is
measured as a function of storage time.

An exemplary micro battery for use in an impedance test
is depicted in FIG. 8. The micro battery includes a titanium
current collector 200 in physical contact with a cathode
paste 18. Cathode paste 18 is adjacent to an electrolyte in
hydrogel 22. An auxiliary electrode 100 is positioned
between the cathode paste 18 and the electrolyte hydrogel 22
such that a metal coating 110, such as platinum coating, is
in physical contact with the electrolyte but electrically
isolated from the cathode paste by way of the non-conduct-
ing strip 120, such as a Kapton strip. The electrolyte
hydrogel is adjacent to a zinc anode 210, which rests atop a
nickel/titanium layer 220, which in turn rests atop a Kapton
layer 230. In an impedance test, the platinum of the auxiliary
electrode 100 can be used as a reference electrode.

The dimensions of the micro battery can vary based upon
the desired application. For example, in some embodiments,
the micro battery has a length of 0.1 mm to 10 mm, such as
from 0.5 mm to 10 mm, or from 0.5 mm to 5 mm. In some
embodiments, the micro battery has a width of 0.1 mm to 10
mm, such as 0.5 mm to 10 mm, or from 0.5 mm to 5 mm.
The micro battery can have a thickness of 0.1 mm to 1 mm,
for example 0.1 mm to 0.8 mm, or 0.1 mm to 0.5 mm. In
some embodiments, the micro battery has a trench width of
0.5 mm to 200 mm and a length of 5 mm to 300 mm.

EXAMPLE 1

A micro battery with a platinum auxiliary electrode in
accordance with the disclosure was evaluated using imped-
ance spectroscopy. The micro battery included a MnO,
cathode paste and a Zn anode. Using the platinum auxiliary
electrode as a reference, Open Circuit Potential (O.C.P./V)
and circuit resistance were measured in a fresh battery.
Results are depicted in Table 1 below. A Nyquist plot of the
impedance spectroscopy is depicted in FIG. 6, wherein Rs is
the resistance in series and Rc is the charge transfer resis-
tance of the circuit.
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TABLE 1 TABLE 3-continued
Electrodes tested O.C.P. (Volts) Rs/(Ohms)  Re/(Ohms) Storage Time O.C.P. Impedance (Ohms)
MnO, vs. Zn 1.69 2041 30000 (Day) (Volts) Rs Re
MnO, vs. Pt 117 1431 17000 5
Zn vs. Pt -0.52 469 740 MnO?2 versus Pt
4 1.0748 200 35000
As is shown in Table 1, the Open Circuit Potential is 11 0.957 346 1.40E+05
measurable not only for the overall micro battery, but also is Zn versus Pt
measurable through the auxiliary e.lectrode, separately for 1° 4 ~0503 28 400
the anode and for the cathode. Similarly, Impedance Spec- 11 _0.533 25 100
troscopy reveals an overall micro battery series resistance of
2041 ohm and charge transfer resistance of about 30000 ochm . .
when testing is cc%nducted using the cathode and anode. Tgble 3 SI,IOWS’ fqr exanmple, a drop in O.C.P. over time
Using the auxiliary electrode instead of either the cathode or 3 th?‘t is associated with the gathode laygr for th.e exemplary
the anode allows separate analysis of the cathode and anode. micro battery. At the same time, the resistance in series and
As is shown in Table 1, the cathode was evaluated against resistance of the charge transfer increases over time for the
the auxiliary electrode and revealed a cathode series resis- cathode. The resistance of charge transfer resistance for the
tance of 1431 ohm and a cathode charge transfer resistance zinc anode versus the auxiliary electrode decreases over
of 17000 ohm. Anode evaluated against the auxiliary elec- 2° time. Thus, it is evident that the loss in performance over
trode revealed an anode series resistance of 469 ohm and time of the exemplary micro battery is primarily associated
anode charge transfer resistance of 740 ohm. Thus, in this with the MnO2 cathode.
example, the main series resistance and main charge transfer The terminology used herein is for the purpose of describ-
resistance were determined to originate from the MnO, ing particular embodiments only and is not intended to be
cathode. 2 limiting of the invention. As used herein, the singular forms
EXAMPLE 2 “a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
The same micro battery described in EXAMPLE 1 was be furthq understood thaF the. terms. “corpprises” .and/or
measured after a six hour discharge in a similar manner. 30 “comprising,” when used n this specification, sp.e01fy the
Results are depicted in Table 2 below. A Nyquist plot of the ~ Presence of stated features, integers, steps, operations, ele-
impedance spectroscopy is depicted in FIG. 7. ments, and/or components, but do not preclude the presence
TABLE 2 or addition of one or more other features, integers, steps,
operations, element components, and/or groups thereof.
Electrodes tested O.C.P. (Volts) Rs/(Ohms) Re/(Ohms) . . .
35 The corresponding structures, materials, acts, and equiva-
MnO, vs. Zn 118 3100 greater than lents of all means or step plus function elements in the
- 0.7 2700 gri?jﬁm claims below are intended to include any structure, material,
2 ’ 8.0E+5 or act for performing the function in combination with other
Zn vs. Pt -0.48 360 240 claimed elements as specifically claimed. The description of
40 the present invention has been presented for purposes of
As is shown in Table 2, the auxiliary electrode allows illustration and description, but is not intended to be exhaus-
separate evaluation of the anode and for the cathode. Imped- tive or limited to the invention in the form disclosed. Many
ance Spectroscopy reveals that degradation of the micro  modifications and variations will be apparent to those of
battery, or the increase in charge transfer resistance, after six ordinary skill in the art without departing from the scope and
hour discharge is attributable to the MnQO, cathode. 4 spirit of the invention. The embodiment was chosen and
described in order to best explain the principles of the
EXAMPLE 3 invention and the practical application, and to enable others
. . . . of ordinary skill in the art to understand the invention for
A micro battery as depicted in FIG. 8, containing a MnO, various embodiments with various modifications as are
cathode and a Zn anode was subjected to impedance testing 30 . .
after manufacture and over the course of storage at day four suited to the Pamcular use contemplated..
and day eleven. Nyquist plots of the impedance spectros- The flow diagrams deplgted hereu} are just one example.
copy of the battery after being stored for four and eleven There may be many variations to this diagram or the steps
days are depicted in FIGS. 9A and 9B. Results are summa- (or operations) described therein without departing from the
rized in Table 3 below, wherein Rs is the resistance in series, ss spirit of the invention. For instance, the steps may be
Rc is the charge transfer resistance of the circuit for each performed in a differing order or steps may be added, deleted
designated set of electrodes. or modified. All of these variations are considered a part of
the claimed invention.
TABLE 3 The descriptions of the various embodiments of the
Storage Time R Impedance (Ohms) 60 present invention have? been presented for. purposes of
o illustration, but are not intended to be exhaustive or limited
(Day) (Volts) Rs Re to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
MnO2 versus Zn_ art without departing from the scope and spirit of the
4 158 240 40000 65 described embodiments. The terminology used herein was
11 148 350 1.40E+05 chosen to best explain the principles of the embodiments, the

practical application or technical improvement over tech-
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nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What is claimed is:

1. A micro battery, comprising:

a cathode layer;

an anode layer physically separated from the cathode

layer;

an electrolyte layer in physical contact with the anode

layer and the cathode layer; and

at least one auxiliary electrode in physical contact with

the electrolyte layer and one of the cathode layer or the
anode layer, the auxiliary electrode comprising at least
one metal coating and at least one non-conductive film,
wherein the at least one metal coating is physically
separated from the cathode and the anode.

2. The micro battery according to claim 1, comprising two
auxiliary electrodes in physical contact with the electrolyte
layer.

3. The micro battery according to claim 1, further com-
prising a first current collector in physical contact with the
cathode layer and a second current collector in physical
contact with the anode layer.

4. The micro battery according to claim 3, where the first
and second current collectors comprise conductive materials
selected from the group consisting of titanium, carbon,
nickel, indium tin oxide.

5. The micro battery according to claim 1, wherein the
auxiliary electrode is electrically isolated from the cathode
layer and from the anode layer.

6. The micro battery according to claim 1, wherein the
cathode layer comprises a cathode paste.

7. The micro battery according to claim 1, wherein the
anode layer comprises zinc.

8. The micro battery according to claim 1, wherein the
electrolyte layer comprises at least one electrolyte in a
hydrogel.

9. The micro battery according to claim 1, wherein the
metal coating is platinum or zinc.

10. The micro battery according to claim 1, wherein the
non-conductive film is a polyimide film.

11. The micro battery according to claim 1, wherein the
auxiliary electrode is removable.

12. A method of evaluating the micro battery of claim 1,
comprising

providing a micro battery comprising:

a cathode layer;

an anode layer physically separated from the cathode

layer;

an electrolyte layer in contact with the anode and the

cathode; and
at least one auxiliary electrode in physical contact with
the electrolyte layer, the auxiliary electrode comprising
at least one metal coating and at least one non-conduc-
tive film, wherein the at least one metal coating is
physically separated from the cathode and the anode;

forming a first electrical circuit between the auxiliary
electrode and one of the cathode layer or the anode
layer;

applying an external electrical potential to the first elec-

trical circuit; and
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measuring one or more of a cathode layer property and an

anode layer property.

13. The method according to claim 12, further compris-
ing:

forming a second electrical circuit between the cathode

and the anode;

applying an external electrical potential to the second

electrical circuit;

measuring a battery property; and

comparing the battery property to one or more of the

anode layer property and the cathode layer property.

14. The method according to claim 13, wherein the battery
property, the cathode layer property, and the anode layer
property comprise a circuit resistance.

15. The method according to claim 13, wherein the battery
property, the cathode layer property, and the anode layer
property comprise a charge transfer resistance.

16. The method according to claim 13, wherein the battery
property, the cathode layer property, and the anode layer
property comprise an open circuit potential of the electrical
circuit.

17. The method according to claim 12, wherein the at least
one auxiliary electrode is ionically connected to the cathode
layer and to the anode layer.

18. A method of evaluating the micro battery of claim 1,
comprising

providing a micro battery comprising:

a cathode layer;

an anode layer physically separated from the cathode

layer;

an electrolyte layer in contact with the anode layer and the

cathode layer; and

a first auxiliary electrode and a second auxiliary electrode,

each of the first auxiliary electrode and the second
auxiliary electrode in physical contact with the elec-
trolyte layer and each comprising at least one metal
coating and at least one non-conductive film, wherein
the at least one metal coating is physically separated
from the cathode and the anode;

forming a first electrical circuit between the first auxiliary

electrode and the second auxiliary electrode;
applying an external electrical potential to the first elec-
trical circuit; and

measuring a property of the electrolyte layer.

19. The method according to claim 18, further compris-
ing:

forming a second electrical circuit between the cathode

and the anode;

applying an external electrical potential to the second

electrical circuit;

measuring a battery property; and

comparing the battery property to the electrolyte layer

property.

20. The microbattery according to claim 1, wherein the at
least one auxiliary electrode is in physical contact with the
cathode layer.

21. The microbattery according to claim 1, wherein the at
least one auxiliary electrode is in physical contact with the
anode layer.



