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METHODS TO FORM BIOCOMPATIBLE ENERGIZATION ELEMENT&OR
BIOMEDICAL DEVICES COMPRISING LAMINATES AND PLACED
SEPARATORS

CROSSREFERENCE TO RELATED APPLICATIONS

This patent application claims the benefit of Udiftates Provisional Application
No. 62/040178 filed August 21, 2014 and entitledTWEODS AND APPARATUS TO
FORM BIOCOMPATIBLE ENERGIZATION ELEMENTS FOR BIOMELRTAL
DEVICES. The contents are relied upon and herebyrporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Methods and apparatus to form biocompatible enatigiz elements are described.
In some examples, the methods and apparatus tatfi@rimiocompatible energization
elements involve forming a separator element oktiergization element. The active
elements including anodes, cathodes and electsotytgy be electrochemically connected
and may interact with the formed separator elemelmtsome examples, a field of use for
the methods and apparatus may include any biocadoigadevice or product that requires

energization elements.

2. Discussion of the Related Art

Recently, the number of medical devices and theictionality has begun to
rapidly develop. These medical devices may inclfmlegxample, implantable
pacemakers, electronic pills for monitoring andésting a biological function, surgical
devices with active components, contact lenseasiaoh pumps, and neurostimulators.
Added functionality and an increase in performacte many of the aforementioned
medical devices has been theorized and developmaetér, to achieve the theorized
added functionality, many of these devices now ireggelf-contained energization means
that are compatible with the size and shape reaginés of these devices, as well as the

energy requirements of the new energized components
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Some medical devices may include components susragonductor devices
that perform a variety of functions and may be ipooated into many biocompatible
and/or implantable devices. However, such semicctodicomponents require energy
and, thus, energization elements must also bededlin such biocompatible devices. The
topology and relatively small size of the bioconiipiatdevices creates novel and
challenging environments for the definition of s functionalities. In many examples,
it is important to provide safe, reliable, compaietl cost effective means to energize the
semiconductor components within the biocompatilelei@ks. Therefore, a need exists for
novel examples of forming biocompatible energizagtements for implantation within
or upon biocompatible devices where the struct@itbebattery elements provides
enhanced containment for chemical components odnleegization elements as well as
improved control over the quantity of chemical caments contained in the energization
element.

SUMMARY OF THE INVENTION

Accordingly, methods and apparatus to form biocdibfgaenergization elements
are disclosed which afford manufacturing advantaggte creating structures which may
significantly contain the battery chemistry. Asliwthe structural design may also
provide for inherent control of the quantities lo¢ tenergization elements found within the
battery elements.

One general aspect includes a method of forminig@mpatible energization
element, the method including: receiving a firdiduate film of a first insulating material,
receiving a second substrate film of a second atsig material; cutting a cavity in the
second substrate film to form a gap spacer laygting a cavity in the first substrate film
to form a cathode spacer layer, where an edgeeatdtity defines a sidewall of the
cavity; laminating a first surface of the gap spdager to a first surface of the cathode
spacer layer; placing a separator or separatorifitoithe biocompatible energization
element through the cavity in the gap spacer lageeiving an anode film; adhering a
second surface of the gap spacer layer to a firkice of the anode film; receiving a
cathode slurry; and placing the cathode slurry theocavity in the cathode spacer layer,
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where the sidewall of the cavity in the cathodecspéayer and a surface of the placed
separator form a bounded cavity to contain theadstslurry.

Implementations may include one or more additiéestures. The method may
additionally include receiving a cathode contaeh fand adhering a second surface of the
cathode spacer layer to at least a portion ofsa$urface of the cathode contact film. The
method may also include receiving a first packadiing including a film stack where one
layer is a metallic moisture barrier and adherhmgfirst packaging film to at least a
portion of a second surface of the cathode cofiitactin some examples, the method
includes receiving a second packaging film inclgdafilm stack where one film layer is
a metallic moisture barrier and adhering the seqautkaging film to at least a portion of
a second surface of the anode film. The methodadditionally include adhering the
biocompatible energization element to a portioa bfomedical device, where the cathode
slurry is contained at least partially by the sidéwf the cavity in the cathode spacer
layer, by the first packaging film and by the sett@ackaging film.

In some examples, the method may include stepsentherbiocompatible
energization element is added to an insert of mbdical device and where the
biocompatible energization element is sealed withéinsert, where the cathode slurry is
contained at least partially by the sidewall of tlagity in the cathode spacer layer and by
the insert. The method may also be characterizestenihe biomedical device is a contact
lens.

In some examples, the method may additionally oheladding an electrolyte
formulation upon the separator element. In sontbede examples, the method may
additionally include methods where the adding efelectrolyte formulation upon the
separator element is performed before the pladitigeocathode slurry.

In some examples, the method may be charactenmzeni the cathode slurry
includes manganese dioxide. The method may inaudeples where the manganese
dioxide includes electrolytic manganese dioxidesdme examples, the methodology may
additionally include processing of the cathodergltw remove large particulates. When
the processing includes removing large particles particle sizes may be less than
approximately 70 microns. In some examples, thk blithe particles may have sizes that

are less than approximately 25 microns. Procedsingmove large particulates may
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include ball milling. In some other examples, thetinod to remove large particulates
includes jet milling.

The methods may include examples where the fitsstsate film is polyethylene
terephthalate (PET).

In some examples, the method for cutting the cawithe first substrate film
utilizes a laser.

The method may include examples where adheringdiesl activating a pressure-
sensitive adhesive.

In some examples, the method includes cutting pialtavities into the cathode
spacer layer where additionally the separator elemay deposited into at least two of
the multiple cavities.

The method may include electroplating a zinc layson the anode film before or
after adhering the first surface of the anode &ofittst surface of the cathode spacer layer,
where the surface of the electroplated zinc laybsequently becomes the first surface of
the anode film.

In some examples, the method additionally incluglestrically contacting the
biocompatible energization element to an electroiruit, and electrically contacting the
electronic circuit to an electroactive element di@medical device.

In some examples, the method may also include hgrttle device including the
energization element, an electrical circuit andnamtions to an electroactive element of
the biomedical device. The bending may form d@ashaped piece by joining,
physically and electrically, two ends of the devimeuding the energization element, an

electrical circuit and connections to an electrivactlement of the biomedical device.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other features and advantagt®eohvention will be apparent
from the following, more particular descriptionmeferred embodiments of the invention,

as illustrated in the accompanying drawings.

Fig.1A-1D illustrate exemplary aspects of bioconigatenergization elements in

concert with the exemplary application of contactses.
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Fig. 2 illustrates exemplary size and shape ofviddial cells of an exemplary

battery design.

Fig. 3A illustrates a stand-alone, packaged bioatih[e energization element

with exemplary anode and cathode connections.

Fig. 3B illustrates a stand-alone, packaged bio@iible energization element

with exemplary anode and cathode connections.

Figs. 4A-4N illustrate exemplary method steps far formation of biocompatible

energization elements for biomedical devices.

Fig. 5 illustrates an exemplary fully formed bioquatible energization element.

Figs. 6A-6F illustrate exemplary method steps forctural formation of

biocompatible energization elements.

Figs. 7A-7F illustrate exemplary method steps foarctural formation of

biocompatible energization elements with altermdg¢etroplating method.

Figs. 8A-8H illustrate exemplary method steps far formation of biocompatible

energization elements with hydrogel separator fomiedical devices.

Figs. 9A-C illustrate exemplary methods steps farcural formation of

biocompatible energization elements with alterreaeparator processing examples.

DETAILED DESCRIPTION OF THE INVENTION
Methods and apparatus to form three-dimensiona@idonpatible energization
elements are disclosed in this application. Theusgpr element within the energization

elements may be formed in novel manners and maydaaovel materials. In the



10

15

20

25

30

following sections, detailed descriptions of vasaxamples are described. The
descriptions of examples are meant as exemplarpeéimients only, and various
modifications and alterations may be apparentasdrskilled in the art. Therefore, the
examples do not limit the scope of this applicatibime three-dimensional biocompatible
energization elements are designed for use in@dmate to the body of a living

organism.

Glossary
In the description and claims below, various temay be used for which the

following definitions will apply:

"Anode" as used herein refers to an electrode tiravhich electric current flows
into a polarized electrical device. The directidrelectric current is typically opposite to
the direction of electron flow. In other words, #lectrons flow from the anode into, for
example, an electrical circuit.

"Binders" as used herein refer to a polymer thagable of exhibiting elastic
responses to mechanical deformations and thaeisicially compatible with other
energization element components. For example, ksnday include electroactive
materials, electrolytes, polymers, etc.

“Biocompatible” as used herein refers to a matenalevice that performs with an
appropriate host response in a specific applicaiton example, a biocompatible device
does not have toxic or injurious effects on biotadjisystems.

"Cathode" as used herein refers to an electrode¢fir which electric current
flows out of a polarized electrical device. Theediton of electric current is typically
opposite to the direction of electron flow. Therefahe electrons flow into the cathode of
the polarized electrical device and out of, forrapée, the connected electrical circuit.

“Coating” as used herein refers to a deposit ofemaltin thin forms. In some uses,
the term will refer to a thin deposit that subgtht covers the surface of a substrate it is
formed upon. In other more specialized uses, time teay be used to describe small thin
deposits in smaller regions of the surface.

"Electrode” as used herein may refer to an actigsesin the energy source. For

example, it may include one or both of the anodeaathode.
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"Energized" as used herein refers to the stateioigoable to supply electrical
current or to have electrical energy stored within.

"Energy" as used herein refers to the capacitymfyasical system to do work.
Many uses of the energization elements may retetieet capacity of being able to perform
electrical actions.

"Energy Source" or “Energization Element” or “Eneegion Device” as used
herein refers to any device or layer which is cégpabsupplying energy or placing a
logical or electrical device in an energized statee energization elements may include
batteries. The batteries may be formed from alkatiype cell chemistry and may be solid-
state batteries or wet cell batteries.

"Fillers" as used herein refer to one or more eamatipn element separators that
do not react with either acid or alkaline electtety Generally, fillers may include
substantially water insoluble materials such abaablack; coal dust; graphite; metal
oxides and hydroxides such as those of silicormadum, calcium, magnesium, barium,
titanium, iron, zinc, and tin; metal carbonateshsas those of calcium and magnesium;
minerals such as mica, montmorollonite, kaoliratgapulgite, and talc; synthetic and
natural zeolites such as Portland cement; pretguitanetal silicates such as calcium
silicate; hollow or solid polymer or glass microspés, flakes and fibers; etc.

“Film” as used herein refers to a thin layer of atemial that may act as a covering
or a coating; in laminate structures the film tyhig approximates a planar layer with a
top surface and a bottom surface and a body; whéneibody is typically much thinner
than the extent of the layer.

"Functionalized" as used herein refers to makitayar or device able to perform
a function including for example, energization j\aion, and/or control.

"Mold" as used herein refers to a rigid or semietigbject that may be used to
form three-dimensional objects from uncured forriales. Some exemplary molds
include two mold parts that, when opposed to orathean, define the structure of a three-
dimensional object.

"Power" as used herein refers to work done or eneagsferred per unit of time.

"Rechargeable” or "Re-energizable" as used heedém to a capability of being

restored to a state with higher capacity to do whtny uses may relate to the capability
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of being restored with the ability to flow electlcurrent at a certain rate for certain,
reestablished time periods.

"Reenergize" or "Recharge" as used herein referdtoring to a state with higher
capacity to do work. Many uses may relate to r@sfjcat device to the capability to flow
electrical current at a certain rate for a certagstablished time period.

"Released" as used herein and sometimes referiesl"teleased from a mold"
means that a three-dimensional object is eithempbetely separated from the mold, or is
only loosely attached to the mold, so that it maydmoved with mild agitation.

"Stacked" as used herein means to place at leastdmponent layers in
proximity to each other such that at least a portibone surface of one of the layers
contacts a first surface of a second layer. In sexaenples, a coating, whether for
adhesion or other functions, may reside betweetvwbdayers that are in contact with
each other through said coating.

"Traces" as used herein refer to energization edtc@mponents capable of
connecting together the circuit components. Fongite, circuit traces can include copper
or gold when the substrate is a printed circuitrb@nd can typically be copper, gold or
printed film in a flexible circuit. A special typef “Trace” is the current collector.
Current collectors are traces with electrochengoahpatibility that makes the current
collector suitable for use in conducting electramand from an anode or cathode in the
presence of electrolyte.

The methods and apparatus presented herein reldeing biocompatible
energization elements for inclusion within or cat fbr three-dimensional biocompatible
devices.

There may be other examples of how to assemble@mitjure batteries
according to the present disclosure, and some maebcribed in following sections.
However, for many of these examples, there aret®elg@parameters and characteristics of
the batteries that may be described in their oghtriln the following sections, some

characteristics and parameters will be focused upon
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Exemplary Biomedical Device Construction with Biogoatible Energization Elements

An example of a biomedical device that may incoap®the Energization
Elements, “Batteries”, of the present disclosurg tmaan electroactive focal-adjusting
contact lens. Referring to Fig. 1A, an exampleunfrsa contact lens insert may be
depicted as contact lens insert 100. In the coteastinsert 100, there may be an
electroactive element 120 that may accommodate ébeaacteristic changes in response
to controlling voltages. The circuit 105 to provid®se controlling voltage signals as well
as to provide other function such as controllingssgg of the environment for external
control signals may be powered by a biocompatibléeby element 110. As depicted in
Fig. 1A, the battery element may be found as mleltipajor pieces, in this case three
pieces, and may include the various configuratadrisattery chemistry elements as has
been discussed. The battery elements may haveugdrterconnect features to join
together pieces as may be depicted underlyingaiem of interconnect 114. The battery
elements may be connected to a circuit elemenitlgthave its own substrate 111 upon
which interconnect features 125 may be locatedr@uit 105, which may be in the form
of an integrated circuit, may be electrically afygically connected to the substrate 111
and its interconnect features 125.

Referring to Fig. 1B, a cross sectional relief @oatact lens 150 may include
contact lens insert 100 and its discussed constgu&he contact lens insert 100 may be
encapsulated into a skirt of contact lens hydrdg&l which may form encapsulate the
insert and provide a comfortable interface of thetact lens 150 to a user’s eye.

In reference to concepts of the present disclosheehattery elements may be
formed in a two-dimensional form as depicted inthkapexample of Fig. 1C. In this
depiction there may be two main regions of batt&lis in the regions of battery
component 165 and the second battery componeheiregion of battery chemistry
element 160. The battery elements, which are degictflat form in Fig. 1C, may
connect to a circuit element 163, which, in theneple of Fig. 1C, may contain two major
circuit areas 167. The circuit element may conbtetihe battery element at an electrical
contact 161 and a physical contact 162. The ftatgire may be bent into a three-
dimensional conical structure as has been deschibie present disclosure. In that

process a second electrical contact 166 and a dgatorsical contact 164 may be used to
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connect and physically stabilize the three-dimaemaligtructure. Referring to Fig. 1D, a
representation of this three-dimensional conicalcstire 180 may be found. The physical
and electrical contact points 181 may also be famdithe illustration may be viewed as
a three-dimensional view of the resulting structdit@s structure may include the
modular electrical and battery component that alincorporated with a lens insert into a
biocompatible device.

Segmented Battery Schemes

Referring to Fig. 2, an example of different typésegmented battery schemes is
depicted for an exemplary battery element for aairiens type example. The segmented
components may be relatively circular-shaped 2g@dae-shaped 272 or rectangular-
shaped. In rectangular-shaped examples, the réetacan be small rectangular shapes

273, larger rectangular shapes 274, or even laeggaingular shapes 275.

Custom Shapes of Flat Battery Elements

In some examples of biocompatible batteries, theebas may be formed as flat
elements. Referring to Fig. 3A, an example of @aamegular outline 310 of the battery
element may be depicted with an anode connecti@re8d a cathode connection 312.
Referring to Fig. 3B an example of a circular m&lB30 of a battery element may be
depicted with an anode connection 331 and a catbaaeection 332.

In some examples of flat-formed batteries, theinesl of the battery form may be
dimensionally and geometrically configured to fitdustom products. In addition to
examples with rectangular or circular outlines toos“free-form” or “free shape”
outlines may be formed which may allow the batmgfiguration to be optimized to fit
within a given product.

In the exemplary biomedical device case of a végiaptic, a “free-form” example
of a flat outline may be arcuate in form; the ffeen may be of such geometry that when
formed to a 3-dimmensional shape, it may take e fof a conical, annular skirt that fits
within the constraining confines of a contact ldhsay be clear that similar beneficial
geometries may be formed where medical devices testgctive 2D or 3D shape

requirements.

10



10

15

20

25

30

Biocompatibility Aspects of Batteries

As an example, the batteries according to the pteisclosure may have
important aspects relating to safety and biocorbpay. In some examples, batteries for
biomedical devices should preferably meet requirdmabove and beyond those for
typical usage scenarios. In some examples, desjggrts may be considered related to
stressing events. For example, the safety of aitrel@c contact lens may need to be
considered in the event a user breaks the lensglimsertion or removal. In another
example, design aspects may consider the potéotialuser to be struck in the eye by a
foreign object. Still further examples of stressfahditions that may be considered in
developing design parameters and constraints niate e the potential for a user to wear
the lens in challenging environments like the emwinent under water or the environment
at high altitude in non-limiting examples.

The safety of such a device may be influenced bymhterials that the device is
formed with, by the quantities of those materiaigp®yed in manufacturing the device,
and also by the packaging applied to separatedhieeas from the surrounding on- or in-
body environment. In an example, pacemakers maytppical type of biomedical device
which may include a battery and which may be imi@dnn a user for an extended period
of time. Accordingly, in some examples, such paderamay typically be packaged with
welded, hermetic titanium enclosures, or in oth@neples, multiple layers of
encapsulation. Emerging powered biomedical devitag present new challenges for
packaging, especially battery packaging. Thesedmuces may be much smaller than
existing biomedical devices, for example an elestraontact lens or pill camera may be
significantly smaller than a pacemaker. In sucm#as, the volume and area available

for packaging may be greatly reduced.

Electrical Requirements of Microbatteries

Another area for design considerations may retatgddctrical requirements of the
device upon the battery device. In order to funcas a power source for a medical
device, an appropriate battery may need to meduthelectrical requirements of the

system when operating in a non-connected or noareaily powered mode. An emerging

11



10

15

20

25

30

field of non-connected or non-externally powereahieédical devices may include, for
example, vision-correcting contact lenses, heafthitoring devices, pill cameras, and
novelty devices. Recent developments in integratedit (IC) technology may permit
meaningful electrical operation at very low currlaviels, for example, picoamps of
standby current and microamps of operating curi€. may also permit very small
devices.

Microbatteries for biomedical applications may bquired to meet many
simultaneous, challenging requirements. For exantipdemicrobattery may be required to
have the capability to deliver a suitable operatialjage to an incorporated electrical
circuit. This operating voltage may be influencedsbveral factors including the IC
process “node”, the output voltage from the cirtoianother device, and a particular
current consumption target which may also relate desired device lifetime.

With respect to the IC process, nodes may typidadlygifferentiated by the
minimum feature size of a transistor, such asstsc¢alled” transistor channel. This
physical feature, along with other parameters efl@ fabrication, such as gate oxide
thickness, may be associated with a resultinggagtandard for turn-on, or threshold,
voltages of field-effect transistors (FET’s) falated in the given process node. For
example, in a node with a minimum feature size.6frflicrons it may be common to find
FET’s with turn-on voltages of 5.0V. However, ahaimum feature size of 90 nm the
FET’'s may turn-on at 1.2, 1.8, and 2.5V. The ICnidty may supply standard cells of
digital blocks, for example inverters and flip-floghat have been characterized and are
rated for use over certain voltage ranges. Dessgeignse an IC process node based on
several factors including density of digital dedcanalog/digital mixed signal devices,
leakage current, wiring layers, and availabilityspecialty devices such as high-voltage
FET’s. Given these parametric aspects of the étattomponents which may draw
power from a microbattery, it may be importanttfoe microbattery power source to be
matched to the requirements of the chosen proaahs and IC design, especially in terms
of available voltage and current.

In some examples, an electrical circuit powerea Ipyicrobattery, may connect to
another device. In non-limiting examples, the nmbatbery-powered electrical circuit may

connect to an actuator or a transducer. Dependirteapplication these may include a
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light-emitting diode (LED), a sensor, a microeleatechanical system (MEMS) pump, or
numerous other such devices. In some examples,camctected devices may require
higher operating voltage conditions than commompi@:ess nodes, for example, a
variable-focus lens may require 35V to activatee ©herating voltage provided by the
battery may therefore be a critical consideratitremwdesigning such a system. In some
examples of this type of consideration, the efficigof a lens driver to produce 35V from
a 1V battery may be significantly less than it niigh when operating from a 2V battery.
Further requirements such as die size may be dieafiatdifferent considering the
operating parameters of the microbattery as well.

Individual battery cells may typically be rated widpen-circuit, loaded, and cutoff
voltages. The open-circuit voltage is the potergralduced by the battery cell with
infinite load resistance. The loaded voltage ispbeential produced by the cell with an
appropriate, and typically also specified, load @éaignce placed across the cell terminals.
The cutoff voltage is typically a voltage at whitlost of the battery has been discharged.
The cutoff voltage may represent a voltage, or elegrf discharge, below which the
battery should not be discharged to avoid delatsreffects such as excessive gassing.
The cutoff voltage may typically be influenced I ttircuit to which the battery is
connected, not just the battery itself, for examfile minimum operating voltage of the
electronic circuit. In one example, an alkalind ogy have an open-circuit voltage of
1.6V, a loaded voltage in the range 1.0 to 1.5\, acutoff voltage of 1.0V. The voltage
of a given microbattery cell design may depend uptber factors of the cell chemistry
employed. And, different cell chemistry may therefbave different cell voltages.

Cells may be connected in series to increase \@ltagvever, this combination
may come with tradeoffs to size, internal resistamnd battery complexity. Cells may
also be combined in parallel configurations to dase resistance and increase capacity;
however, such a combination may tradeoff size &uedf $ife.

Battery capacity may be the ability of a battergl&diver current, or do work, for a
period of time. Battery capacity may typically pesified in units such as microamp-
hours. A battery which can deliver 1 microamp afrent for 1 hour has 1 microamp-hour
of capacity. Capacity may typically be increasedrayeasing the mass (and hence

volume) of reactants within a battery device, hogratymay be appreciated that

13



10

15

20

25

30

biomedical devices may be significantly constrainachvailable volume. Battery capacity
may also be influenced by electrode and electrahaéerial.

Depending on the requirements of the circuitry tocl the battery is connected, a
battery may be required to source current ovengeaf values. During storage prior to
active use, a leakage current on the order of pipsato nanoamps may flow through
circuits, interconnects, and insulators. Duringv&cbperation, circuitry may consume
guiescent current to sample sensors, run timedsparform such low power consumption
functions. Quiescent current consumption may btherorder of nanoamps to milliamps.
Circuitry may also have even higher peak currentatals, for example, when writing
flash memory or communicating over radio frequefily). This peak current may extend
to tens of milliamps or more. The resistance anpkidance of a microbattery device may
also be important to design considerations.

Shelf life typically refers to the period of timehigh a battery may survive in
storage and still maintain useful operating paransetShelf life may be particularly
important for biomedical devices for several reasdtiectronic devices may displace
non-powered devices, as for example may be thefoa#ige introduction of an electronic
contact lens. Products in these existing marketespmay have established shelf life
requirements, for example three years, due to metosupply chain, and other
requirements. It may typically be desired that sspécifications not be altered for new
products. Shelf life requirements may also be gehbé distribution, inventory, and use
methods of a device including a microbattery. Adaagly, microbatteries for biomedical
devices may have specific shelf life requiremewtsich may be measured in the number
of years for example.

In some examples, three-dimensional biocompatibdegzation element may be
rechargeable. For example, an inductive coil msy be fabricated on the three-
dimensional surface. The inductive coil could therenergized with a radio-frequency
("RF”) fob. The inductive coil may be connectedhe three-dimensional biocompatible
energization element to recharge the energizatement when RF is applied to the
inductive coil. In another example, photovoltaitgy also be fabricated on the three-
dimensional surface and connected to the threefdifoeal biocompatible energization

14



10

15

20

25

30

element. When exposed to light or photons, theqiuditaics will produce electrons to
recharge the energization element.

In some examples, a battery may function to prothe@eelectrical energy for an
electrical system. In these examples, the battery Ine electrically connected to the
circuit of the electrical system. The connectioasrgen a circuit and a battery may be
classified as interconnects. These interconnecysh®eome increasingly challenging for
biomedical microbatteries due to several factorsdme examples, powered biomedical
devices may be very small thus allowing little aaea volume for the interconnects. The
restrictions of size and area may impact the etattresistance and reliability of the
interconnections.

In other respects, a battery may contain a ligledtelyte which could boil at
high temperature. This restriction may directly gate with the desire to use a solder
interconnect which may, for example, require rekdsi high temperatures such as 250
degrees C to melt. Although in some examples thiedyachemistry, including the
electrolyte, and the heat source used to form sdlased interconnects may be isolated
spatially from each other, in the cases of emerbinghedical devices, the small size may
preclude the separation of electrolyte and soldgietg by sufficient distance to reduce heat

conduction.

Interconnects

Interconnects may allow current to flow to and frima battery in connection with
an external circuit. Such interconnects may intefaith the environments inside and
outside the battery, and may cross the boundasgarbetween those environments.
These interconnects may be considered as trac&mgm@onnections to an external
circuit, passing through the battery seal, and t@mecting to the current collectors
inside the battery. As such, these interconnecishmge several requirements. Outside
the battery, the interconnects may resemble tyicated circuit traces. They may be
soldered to or otherwise connect to other traceanlexample where the battery is a
separate physical element from a circuit boardaiaitg an integrated circuit, the battery
interconnect may allow for connection to the exarircuit. This connection may be

formed with solder, conductive tape, conductiveonkepoxy, or other means. The
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interconnect traces may need to survive in therenment outside the battery, for
example not corroding in the presence of oxygen.

As the interconnect passes through the batteryis@ady be of critical importance
that the interconnect coexist with the seal andhfiesealing. Adhesion may be required
between the seal and interconnect in additiona@atthesion which may be required
between the seal and battery package. Seal integay need to be maintained in the
presence of electrolyte and other materials infidebattery. Interconnects, which may
typically be metallic, may be known as points oluie in battery packaging. The
electrical potential and/or flow of current mayriease the tendency for electrolyte to
“creep” along the interconnect. Accordingly, arentbnnect may need to be engineered to
maintain seal integrity.

Inside the battery, the interconnects may interfaitle the current collectors or
may actually form the current collectors. In thegard, the interconnect may need to meet
the requirements of the current collectors as desdrerein, or may need to form an
electrical connection to such current collectors.

One class of candidate interconnects and curréigicoars is metal foils. Such
foils are available in thickness of 25 micronsesd, which make them suitable for very
thin batteries. Such foil may also be sourced Vath surface roughness and
contamination, two factors which may be critical battery performance. The foils may

include zinc, nickel, brass, copper, titanium, otimetals, and various alloys.

Electrolyte
An electrolyte is a component of a battery whidtilfates a chemical reaction to

take place between chemical materials of the @ldes. Typical electrolytes may be
electrochemically active to the electrodes, fomagke, allowing oxidation and reduction
reactions to occur. In some examples, this imporekettrochemical activity may make
for a challenge to creating devices that are biqeadrhle. For example, potassium
hydroxide (KOH) may be a commonly used electroigtalkaline cells. At high
concentration the material has a high pH and migyant unfavorably with various living
tissues. On the other hand, in some examples elgets may be employed which may be

less electrochemically active; however, these nasemay typically result in reduced
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electrical performance, such as reduced cell veltagl increased cell resistance.
Accordingly, one key aspect of the design and ezgging of a biomedical microbattery
may be the electrolyte. It may be desirable foreleetrolyte to be sufficiently active to
meet electrical requirements while also being nedfyt safe for use in- or on-body.

Various test scenarios may be used to determinsate¢y of battery components,
in particular electrolytes, to living cells. Thassults, in conjunction with tests of the
battery packaging, may allow engineering desiga béttery system that may meet
requirements. For example, when developing a pahesatact lens, battery electrolytes
may be tested on a human corneal cell model. Tiest® may include experiments on
electrolyte concentration, exposure time, and adddit The results of such tests may
indicate cell metabolism and other physiologicglesss. Tests may also incluithevivo
testing on animals and humans.

Electrolytes for use in the present invention mragjude zinc chloride, zinc
acetate, ammonium acetate, and ammonium chloridess concentrations from
approximately 0.1% to 50%, and in a non-limitingueple may be approximately 25%.
The specific concentrations may depend on electmdatal activity, battery performance,
shelf life, seal integrity, and biocompatibility.

In some examples, several classes of additivesbhmayilized in the composition
of a battery system. Additives may be mixed in® ¢tectrolyte base to alter its
characteristics. For example, gelling agents sscigar may reduce the ability of the
electrolyte to leak out of packing, thereby incregsafety. Corrosion inhibitors may be
added to the electrolyte, for example, to impradvelfdife by reducing the undesired
dissolution of the zinc anode into the electrolyitkese inhibitors may positively or
adversely affect the safety profile of the batt&ketting agents or surfactants may be
added, for example, to allow the electrolyte to thet separator or to be filled into the
battery package. Again, these wetting agents maob#ive or negative for safety. The
addition of surfactant to the electrolyte may irase the electrical impedance of the cell,
according the lowest concentration of surfactargdioieve the desired wetting or other
properties should be used. Exemplary surfactangsintiude Triton' X-100, Triton"
QS44, and Dowfax™ 3B2, all available from the Dohe@ical company, in

concentrations from 0.01% to 2%.
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Novel electrolytes are also emerging which may ditazally improve the safety
profile of biomedical microbatteries. For exampeslass of solid electrolytes may be
inherently resistant to leaking while still offegisuitable electrical performance.

Batteries using “salt water” electrolyte are comigarsed in reserve cells for
marine use. Torpedoes, buoys, and emergency kgaysuse such batteries. Reserve cells
are batteries in which the active materials, tieetebdes and electrolyte, are separated
until the time of use. Because of this separatiom cell’s self-discharge is greatly reduced
and shelf life is greatly increased. Salt watetdyags may be designed from a variety of
electrode materials, including zinc, magnesiummahwm, copper, tin, manganese
dioxide, and silver oxide. The electrolyte may btial sea water, for example, water
from the ocean flooding the battery upon contactnay be a specially engineered saline
formulation. This type of battery may be particlyarseful in contact lenses. A saline
electrolyte may have superior biocompatibility tassical electrolytes such as potassium
hydroxide and zinc chloride. Contact lenses aredtm a “packing solution” which is
typically a mixture of sodium chloride, perhapshwather salts and buffering agents. This
solution has been demonstrated as a battery digetin combination with a zinc anode
and manganese dioxide cathode. Other electrolyteekattrode combinations are
possible. A contact lens using a “salt water” bgtteay contain an electrolyte based on
sodium chloride, packing solution, or even a spcengineered electrolyte similar to
tear fluid. Such a battery could, for exampleabgvated with packing solution, maintain
an opening to the eye, and continue operating @fosure to human tears.

In addition to or instead of possible benefitsdmcompatibility by using an
electrolyte more similar to tears, or actually gsiears, a reserve cell may be used to meet
the shelf life requirements of a contact lens pobdlypical contact lenses are specified
for storage of 3 years or more. This is a challeggequirement for a battery with a small
and thin package. A reserve cell for use in a airéns may have design similar to those
shown in Figures 1 and 3, but the electrolyte wadt be added at the time of
manufacture. The electrolyte may be stored in apudenwithin the contact lens and
connected to the battery, or saline surroundind#ttery may be used as the electrolyte.
Within the contact lens and battery package, aevahport may be designed to separate

the electrolyte from the electrodes until the wes#ivates the lens. Upon activation,
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perhaps by simply pinching the edge of the coréarg similar to activating a glow stick,
the electrolyte is allowed to flow into the battenyd form an ionic pathway between the
electrodes. This may involve a one-time transfezlettrolyte or may expose the battery
for continued diffusion.

Some battery systems may use or consume electohlyireg the chemical
reaction. Accordingly, it may be necessary to eagira certain volume of electrolyte into
the packaged system. This electrolyte may be “gHrikevarious locations including the
separator or a reservoir.

In some examples, a design of a battery systemimehyde a component or
components that may function to limit dischargeacdy of the battery system. For
example, it may be desirable to design the mageaiatl amounts of materials of the
anode, cathode, or electrolyte such that one of timay be depleted first during the
course of reactions in the battery system. In suchxample, the depletion of one of the
anode, cathode or electrode may reduce the pdtémtiagroblematic discharge and side
reactions to not take place at lower dischargeagek. These problematic reactions may
produce, for example, excessive gas or byprodubishacould be detrimental to safety

and other factors.

Modular Battery Components

In some examples, a modular battery component redgrimed according to some
aspects and examples of the present inventidiebe examples, the modular battery
assembly may be a separate component from othtsrgdahe biomedical device. In the
example of an ophthalmic contact lens device, sudbsign may include a modular
battery that is separate from the rest of a mediart. There may be numerous advantages
of forming a modular battery component. For examipléhe case of the contact lens, a
modular battery component may be formed in a sépanan-integrated process which
may alleviate the need to handle rigid, three-disiamally formed optical plastic
components. In addition, the sources of manufaagumay be more flexible and may
operate in a more parallel mode to the manufaawfrthe other components in the
biomedical device. Furthermore, the fabricatiothef modular battery components may

be decoupled from the characteristics of three-dsmmmal shaped devices. For example,
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in applications requiring three-dimensional finairhs, a modular battery system may be
fabricated in a flat, or roughly two-dimensionatrgpective, and then shaped to the
appropriate three-dimensional shape. A modulaebatomponent may be tested
independently of the rest of the biomedical dewnd yield loss due to battery
components may be sorted before assembly. Theirgsaoiodular battery component
may be utilized in various media insert constriicéd do not have an appropriate rigid
region upon which the battery components may badadr; and in a still further example,
the use of modular battery components may faalith¢ use of different options for
fabrication technologies than would otherwise bkzet, such as web-based technology
(roll to roll), sheet-based technology (sheet-teeth printing, lithography, and
“squeegee” processing. In some examples of a moHdateery, the discrete containment
aspect of such a device may result in additionaéna being added to the overall
biomedical device construct. Such effects may seinstraint for the use of modular
battery solutions when the available space parasetquire minimized thickness or
volume of solutions.

Battery shape requirements may be driven at legstit by the application for
which the battery is to be used. Traditional bgtferm factors may be cylindrical forms
or rectangular prisms, made of metal, and may beegetoward products which require
large amounts of power for long durations. Thegdiegtions may be large enough that
they may contain large form factor batteries. Iother example, planar (2D) solid-state
batteries are thin rectangular prisms, typicallyrfed upon inflexible silicon or glass.
These planar solid-state batteries may be formadnme examples using silicon wafer-
processing technologies. In another type of baftamy factor, low power, flexible
batteries may be formed in a pouch construct, usiimgfoils or plastic to contain the
battery chemistry. These batteries may be madé2i), and may be designed to function
when bowed to a modest out-of-plane (3D) curvature.

In some of the examples of the battery applicatioriee present disclosure where
the battery may be employed in a variable optis,|&me form factor may require a three-
dimensional curvature of the battery component wlaeradius of that curvature may be
on the order of approximately 8.4 mm. The natdirguch a curvature may be considered

to be relatively steep and for reference may apgprate the type of curvature found on a
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human fingertip. The nature of a relative steepauure creates challenging aspects for
manufacture. In some examples of the present disdoa modular battery component
may be designed such that it may be fabricatedliat,awo-dimensional manner and then

formed into a three-dimensional form of relativgthcurvature.

Battery Module Thickness

In designing battery components for biomedical ejpibns, tradeoffs amongst
the various parameters may be made balancing dhsafety and functional
requirements. The thickness of the battery compomery be an important and limiting
parameter. For example, in an optical lens applinahe ability of a device to be
comfortably worn by a user may have a critical cej@mce on the thickness across the
biomedical device. Therefore, there may be critezabling aspects in designing the
battery for thinner results. In some examples goathickness may be determined by the
combined thicknesses of top and bottom sheetsesgheets, and adhesive layer
thicknesses. Practical manufacturing aspects muag dertain parameters of film
thickness to standard values in available sheeksto addition, the films may have
minimum thickness values to which they may be d@etbase upon technical
considerations relating to chemical compatibilitygisture / gas impermeability, surface
finish, and compatibility with coatings that may deposited upon the film layers.

In some examples, a desired or goal thicknesdiafshed battery component may
be a component thickness that is less than 220nuthese examples, this desired
thickness may be driven by the three-dimensionahgdry of an exemplary ophthalmic
lens device where the battery component may nebd fih inside the available volume
defined by a hydrogel lens shape given end usefargrbiocompatibility, and acceptance
constraints. This volume and its effect on the sedattery component thickness may
be a function of total device thickness specifmatas well as device specification relating
to its width, cone angle, and inner diameter. Aroimportant design consideration for
the resulting battery component design may retatee volume available for active
battery chemicals and materials in a given batteryiponent design with respect to the

resulting chemical energy that may result from thestign. This resulting chemical energy
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may then be balanced for the electrical requiremeha functional biomedical device for

its targeted life and operating conditions

Battery Module Flexibility

Another dimension of relevance to battery desightarthe design of related
devices that utilize battery based energy souscwei flexibility of the battery
component. There may be numerous advantages ocexhigyrflexible battery forms. For
example, a flexible battery module may facilitdte previously mentioned ability to
fabricate the battery form in a two-dimensional fam. The flexibility of the form may
allow the two-dimensional battery to then be fornmed an appropriate 3D shape to fit
into a biomedical device such as a contact lens.

In another example of the benefits that may beeroed by flexibility in the
battery module, if the battery and the subsequewitd is flexible then there may be
advantages relating to the use of the device. iexample, a contact lens form of a
biomedical device may have advantages for insérgaroval of the media insert based
contact lens that may be closer to the insertiomdraal of a standard, non-filled hydrogel
contact lens.

The number of flexures may be important to the megjing of the battery. For
example, a battery which may only flex one timearfra planar form into a shape suitable
for a contact lens may have significantly differdasign from a battery capable of
multiple flexures. The flexure of the battery masoeextend beyond the ability to
mechanically survive the flexure event. For examateelectrode may be physically
capable of flexing without breaking, but the medbahand electrochemical properties of
the electrode may be altered by flexure. Flex-ieduchanges may appear instantly, for
example as changes to impedance, or flexure meydunte changes which are only

apparent in long-term shelf life testing.

Battery Module Width

There may be numerous applications into which thedmpatible energization

elements or batteries of the present disclosurebraytilized. In general, the battery

width requirement may be largely a function of #pplication in which it is applied. In an
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exemplary case, a contact lens battery system @y ¢tonstrained needs for the
specification on the width of a modular battery pament. In some examples of an
ophthalmic device where the device has a varigplie éunction powered by a battery
component, the variable optic portion of the dewigy occupy a central spherical region
of about 7.0 mm in diameter. The exemplary batéeynents may be considered as a
three-dimensional object, which fits as an annwanjcal skirt around the central optic
and formed into a truncated conical ring. If thguieed maximum diameter of the rigid
insert is a diameter of 8.50 mm, and tangencydertain diameter sphere may be targeted
(as for example in a roughly 8.40 mm diameter)ntheometry may dictate what the
allowable battery width may be. There may be gedmetodels that may be useful for
calculating desirable specifications for the rasglgeometry which in some examples
may be termed a conical frustum flattened intociogseof an annulus.

Flattened battery width may be driven by two feesunf the battery element, the
active battery components and seal width. In soxaengles relating to ophthalmic
devices a target thickness may be between 0.10@meh®.500 mm per side, and the
active battery components may be targeted at rgu@yBDO mm wide. Other biomedical
devices may have differing design constraints batgrinciples for flexible flat battery

elements may apply in similar fashion.

Cavities as Design Elements in Battery Componesidde

In some examples, battery elements may be desigmadnners that segment the
regions of active battery chemistry. There may lbo@erous advantages from the division
of the active battery components into discrete s In a non-limiting example, the
fabrication of discrete and smaller elements maififate production of the elements. The
function of battery elements including numerous lfEnalements may be improved.
Defects of various kinds may be segmented and aoctibnal elements may be isolated
in some cases to result in decreased loss of fumctihis may be relevant in examples
where the loss of battery electrolyte may occue iBolation of individualized
components may allow for a defect that resulte@kage of electrolyte out of the critical
regions of the battery to limit the loss of functim that small segment of the total battery

element whereas the electrolyte loss through tfectleould empty a significantly larger

23



10

15

20

25

30

region for batteries configured as a single caetlaller cells may result in lowered volume
of active battery chemicals on an overall perspectiut the mesh of material surrounding

each of the smaller cells may result in a strengtigeof the overall structure.

Battery Element Internal Seals

In some examples of battery elements for use imbdical devices, the chemical
action of the battery involves agueous chemisthene water or moisture is an important
constituent to control. Therefore it may be impott@ incorporate sealing mechanisms
that retard or prevent the movement of moistuteeeibut of or into the battery body.
Moisture barriers may be designed to keep thenateanoisture level at a designed level,
within some tolerance. In some examples, a moidtarger may be divided into two
sections or components: the package and the seal.

The package may refer to the main material of titdosure. In some examples,
the package may comprise a bulk material. The ¥Wé&por Transmission Rate (WVTR)
may be an indicator of performance, with ISO, AS3$tdndards controlling the test
procedure, including the environmental conditiopsrant during the testing. Ideally, the
WVTR for a good battery package may be “zero.” Egkanmaterials with a near-zero
WVTR may be glass and metal foils. Plastics, onatier hand, may be inherently porous
to moisture, and may vary significantly for diffateypes of plastic. Engineered materials,
laminates, or co-extrudes may usually be hybridh@®fcommon package materials.

The seal may be the interface between two of tiekggpge surfaces. The connecting
of seal surfaces finishes the enclosure along thiglpackage. In many examples, the
nature of seal designs may make them difficulttaracterize for the seal’s WVTR due to
difficulty in performing measurements using an I&CASTM standard, as the sample
size or surface area may not be compatible witeglpyocedures. In some examples, a
practical manner to testing seal integrity may henational test of the actual seal design,
for some defined conditions. Seal performance neag function of the seal material, the
seal thickness, the seal length, the seal widith tlae seal adhesion or intimacy to package
substrates.

In some examples, seals may be formed by weldioggss that may involve

thermal, laser, solvent, friction, ultrasonic, or processing. In other examples, seals may
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be formed through the use of adhesive sealantsasiglues, epoxies, acrylics, natural
rubber, and synthetic rubber. Other examples mayeal&om the utilization of gasket
type material that may be formed from cork, nataral synthetic rubber,
polytetrafluoroethylene (PTFE), polypropylene, ailitones to mention a few non-
limiting examples.

In some examples, the batteries according the preseention may be designed
to have a specified operating life. The operatifegrhay be estimated by determining a
practical amount of moisture permeability that rbayobtained using a particular battery
system and then estimating when such a moistukadeamay result in an end of life
condition for the battery. For example, if a battsrstored in a wet environment, then the
partial pressure difference between inside anddarithe battery will be minimal;
resulting in a reduced moisture loss rate, ancetbez the battery life may be extended.
The same exemplary battery stored in a particudmyyand hot environment may have a
significantly reduced expectable lifetime due te sitrong driving function for moisture

loss.

Battery Element Separators

Batteries of the type described in the presenialsice may utilize a separator
material that physically and electrically separdtesanode and anode current collector
portions from the cathode and cathode current coligoortions. The separator may be a
membrane that is permeable to water and dissoleett@yte components; however, it
may typically be electrically non-conductive. Whadanyriad of commercially-available
separator materials may be known to those of skile art, the novel form factor of the
present invention may presents unique constraimtbie task of separator selection,
processing, and handling.

Since the designs of the present invention ma luitva-thin profiles, the choice
may be limited to the thinnest separator matetigdcally available. For example,
separators of approximately 25 microns in thickmaayg be desirable. Some examples
which may be advantageous may be about 12 microtisakness. There may be
numerous acceptable commercial separators inclictefibrillated, microporous

polyethylene monolayer and/or polypropylene-polykthe-polypropylene (PP/PE/PP)
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trilayer separator membranes such as those prodiyc€elgard (Charlotte, NC). A
desirable example of separator material may beate 1824 PP/PE/PP trilayer
membrane having a thickness of 12 microns. Altéraaxamples of separator materials
useful for examples of the present disclosure malpde separator membranes including
regenerated cellulose (e.g. cellophane).

While PP/PE/PP trilayer separator membranes mag addvantageous thickness
and mechanical properties, owing to their polyolieficharacter, they may also suffer from
a number of disadvantages that must be overcomelar to make them useful in
examples of the present disclosure. Roll or stteek of PP/PE/PP trilayer separator
materials may have numerous wrinkles or other ferrars that may be deleterious to the
micron-level tolerances applicable to the battediescribed herein. Furthermore,
polyolefin separators may need to be cut to ultexige tolerances for inclusion in the
present designs, which may therefore implicaterlasting as an exemplary method of
forming discrete current collectors in desirableps with tight tolerances. Owing to the
polyolefinic character of these separators, cexatting lasers useful for micro
fabrication may employ laser wavelengths, e.g. @85 that will not cut polyolefins; the
polyolefins do not appreciably absorb the lasergghand are thereby non-ablatable.
Finally, polyolefin separators may not be inhergmtettable to aqueous electrolytes used
in the batteries described herein.

Nevertheless, there may be methods for overcomieggtinherent limitations for
polyolefinic type membranes. In order to presemti@oporous separator membrane to a
high-precision cutting laser for cutting piece®iatc segments or other advantageous
separator designs, the membrane may need to ntlavrinkle-free. If these two
conditions are not met, the separator membranenoilye fully cut because the cutting
beam may be inhibited as a result of defocusingy @therwise scattering the incident
laser energy. Additionally, if the separator memieregs not flat and wrinkle-free, the form
accuracy and geometric tolerances of the separaorbrane may not be sufficiently
achieved. Allowable tolerances for separators ofetu examples may, for example, be +0
microns and -20 microns with respect to charadterisngths and/or radii. There may be
advantages for tighter tolerances of +0 microns-a0dmnicron and further for tolerances

of +0 microns and -5 microns. Separator stock nateray be made flat and wrinkle-free
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by temporarily laminating the material to a flodésp carrier with an appropriate low-
volatility liquid. Low-volatility liquids may be aghntageous over temporary adhesives
due to the fragility of the separator membrane @gunlto the amount of processing time
that may be required to release separator memin@mean adhesive layer. Furthermore,
in some examples achieving a flat and wrinkle-Beparator membrane on float glass
using a liquid has been observed to be much maoike fdlnan using an adhesive. Prior to
lamination, the separator membrane may be madefnearticulates. This may be
achieved by ultrasonic cleaning of separator men#ta dislodge any surface-adherent
particulates. In some examples, handling of a sepamembrane may be done in a
suitable, low-particle environment such as a lamiloav hood or a cleanroom of at least
class 10,000. Furthermore, the float glass sulestnaty be made to be particulate free by
rinsing with an appropriate solvent, ultrasoniadieg, and/or wiping with clean room
wipes.

While a wide variety of low-volatility liquids malye used for the mechanical
purpose of laminating microporous polyolefin separanembranes to a float glass carrier,
specific requirements may be imposed on the litpi@cilitate subsequent laser cutting
of discrete separator shapes. One requirement m#hyab the liquid has a surface tension
low enough to soak into the pores of the sepamatierial which may easily be verified
by visual inspection. In some examples, the sepanaaterial turns from a white color to
a translucent appearance when liquid fills the apores of the material. It may be
desirable to choose a liquid that may be benign“safe” for workers that will be
exposed to the preparation and cutting operatibtisecseparator. It may be desirable to
choose a liquid whose vapor pressure may be lowgnso that appreciable evaporation
does not occur during the time scale of proces@nghe order of 1 day). Finally, in some
examples the liquid may have sufficient solvatiiogvpr to dissolve advantageous UV
absorbers that may facilitate the laser cuttingaip@n. In an example, it has been
observed that a 12 % (w/w) solution of avobenzoNeabsorber in benzyl benzoate
solvent may meet the aforementioned requirememtsray lend itself to facilitating the
laser cutting of polyolefin separators with higlegsion and tolerance in short order
without an excessive number of passes of the guitiiser beam. In some examples,

separators may be cut with an 8W 355 nm nanosetiodé-pumped solid state laser
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using this approach where the laser may have gsttor low power attenuation (e.g. 3%
power), a moderate speed of 1 to 10 mm/s, andbtdy3 passes of the laser beam. While
this UV-absorbing oily composition has been protehe an effective laminating and
cutting process aid, other oily formulations mayeipeisaged by those of skill in the art
and used without limitation.

In some examples, a separator may be cut whild fiae float glass. One
advantage of laser cutting separators while fixea float glass carrier may be that a very
high number density of separators may be cut framseparator stock sheet, much like
semiconductor die may be densely arrayed on asilicafer. Such an approach may
provide economy of scale and parallel processinvgrigiges inherent in semiconductor
processes. Furthermore, the generation of scraggaep membrane may be minimized.
Once separators have been cut, the oily procedbialdnay be removed by a series of
extraction with miscible solvents, the last exti@timay be performed with a high-
volatility solvent such as isopropyl alcohol in ssexamples. Discrete separators, once
extracted, may be stored indefinitely in any sudédbw-particle environment.

As previously mentioned polyolefin separator membgamay be inherently
hydrophobic and may need to be made wettable teagusurfactants used in the
batteries of the present disclosure. One appraaoiake the separator membranes
wettable may be oxygen plasma treatment. For exgrapparators may be treated for 1 to
5 minutes in a 100% oxygen plasma at a wide vagepower settings and oxygen flow
rates. While this approach may improve wettabfiiya time, it may be well-known that
plasma surface modifications provide a transieieicethat may not last long enough for
robust wetting of electrolyte solutions. Anothepagach to improve wettability of
separator membranes may be to treat the surfacebsporating a suitable surfactant on
the membrane. In some cases, the surfactant magdokin conjunction with a
hydrophilic polymeric coating that remains withiretpores of the separator membrane.

Another approach to provide more permanence thydeophilicity imparted by
an oxidative plasma treatment may be by subsedreaiment with a suitable hydrophilic
organosilane. In this manner, the oxygen plasmalmaysed to activate and impart
functional groups across the entire surface ar¢laeoficroporous separator. The

organosilane may then covalently bond to and/orcmralently adhere to the plasma
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treated surface. In examples using an organositaaanherent porosity of the
microporous separator may not be appreciably clthnmgenolayer surface coverage may
also be possible and desired. Prior art methodspocating surfactants in conjunction
with polymeric coatings may require stringent colgtrover the actual amount of coating
applied to the membrane, and may then be subjgrbtmess variability. In extreme cases,
pores of the separator may become blocked, thexébsrsely affecting utility of the
separator during the operation of the electrochahaiell. An exemplary organosilane
useful in the present disclosure may be (3-aming)iethoxysilane. Other hydrophilic
organosilanes may be known to those of skill inatteand may be used without
limitation.

Still another method for making separator membravestable by agueous
electrolyte may be the incorporation of a suitalgactant in the electrolyte formulation.
One consideration in the choice of surfactant fakimg separator membranes wettable
may be the effect that the surfactant may havéderattivity of one or more electrodes
within the electrochemical cell, for example, bgreasing the electrical impedance of the
cell. In some cases, surfactants may have advaniagati-corrosion properties,
specifically in the case of zinc anodes in aquesestrolytes. Zinc may be an example
known to undergo a slow reaction with water tor#te hydrogen gas, which may be
undesirable. Numerous surfactants may be knowhdsetof skill in the art to limit rates
of said reaction to advantageous levels. In othses, the surfactant may so strongly
interact with the zinc electrode surface that bagerformance may be impeded.
Consequently, much care may need to be made setketion of appropriate surfactant
types and loading levels to ensure that separattability may be obtained without
deleteriously affecting electrochemical performaatthe cell. In some cases, a plurality
of surfactants may be used, one being presentgarinwettability to the separator
membrane and the other being present to facilgatecorrosion properties to the zinc
anode. In one example, no hydrophilic treatmedbise to the separator membrane and a
surfactant or plurality of surfactants is addethi® electrolyte formulation in an amount
sufficient to effect wettability of the separatoembrane.

Discrete separators may be integrated into thenanmicrobattery by direct

placement into a designed cavity, pocket, or stinectvithin the assembly. Desirably, this
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pocket may be formed by a spacer having a cuteditniay be a geometric offset of the
separator shape. Furthermore, the pocket may hiegga or step on which the separator
rests during assembly. The ledge or step may mgitioinclude a pressure-sensitive
adhesive which retains the discrete separator. Atdgaously, the pressure-sensitive
adhesive may be the same one used in the conetrutd stack up of other elements of

an exemplary laminar microbattery.

Pressure Sensitive Adhesive

In some examples, the plurality of components awsimg the laminar
microbatteries of the present disclosure may be toglether with a pressure-sensitive
adhesive that also serves as a sealant. While iasngk commercially available pressure-
sensitive adhesive formulations may exist, suchmigations almost always include
components that may make them unsuitable for udenna biocompatible laminar
microbattery. Examples of undesirable componengseassure-sensitive adhesives may
include: low molecular mass leachable componentgpadants e.g. BHT and/or MEHQ,
plasticizing oils, impurities, oxidatively unstabi®ieties containing for example
unsaturated chemical bonds, residual solvents antdaomers, polymerization initiator
fragments, polar tackifiers, and the like.

Suitable PSAs may on the other hand exhibit thHeviehg properties. They may
be able to be applied to laminar components toeaehihin layers on the order of 2 to 20
microns. As well, they may contain a minimum of, éxample, zero undesirable or non-
biocompatible components. Additionally, they mayéaufficient adhesive and cohesive
properties so as to bind the components of thenantattery together. And, they may be
able to flow into the micron-scale features inhéierdevices of the present construction
while providing for a robust sealing of electrolytéhin the battery. In some examples of
suitable PSAs, the PSAs may have a low permeabulityater vapor in order to maintain
a desirable aqueous electrolyte composition wittenbattery even when the battery may
be subjected to extremes in humidity for extenderbops of time. The PSAs may have
good chemical resistance to components of eleté®lyuch as acids, surfactants, and
salts. They may be inert to effects of water imnogrsSuitable PSAs may have a low

permeability to oxygen to minimize the rate of direxidation, which may be a form of
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self-discharge, of zinc anodes. And, they may itatd a finite permeability to hydrogen
gas, which may be slowly evolved from zinc anoaeaqueous electrolytes. This property
of finite permeability to hydrogen gas may avoiduald-up of internal pressure.

In consideration of these requirements, polyisdieuaty (PIB) may be a
commercially-available material that may be fornhedbinto PSA compositions meeting
many if not all desirable requirements. Furtherm®&i8 may be an excellent barrier
sealant with very low water absorbance and low erygermeability. An example of PIB
useful in the examples of the present disclosung mesOppandl B15 by BASF
Corporation. Oppan8IB15 may be dissolved in hydrocarbon solvents sisctoluene,
dodecane, mineral spirits, and the like. One PSAamsition, for example, may include
30 % Oppandl B15 (w/w) in a solvent mixture including 70% (w/t@luene and 30%
dodecane. The adhesive and rheological propertietBobased PSA's may be determined
in some examples by the blending of different mali@cmass grades of PIB. Acommon
approach may be to use a majority of low molar niiBs e.g. Oppan8IB10 to effect
wetting, tack, and adhesion, and to use a minofityigh molar mass PIB to effect
toughness and resistance to flow. Consequentlgdslef any number of PIB molar mass
grades may be envisioned and may be practicednitilei scope of the present disclosure.
Furthermore, tackifiers may be added to the PSétibation so long as the
aforementioned requirements may be met. By they mature, tackifiers impart polar
properties to PSA formulations, so they may nedaktased with caution so as to not
adversely affect the barrier properties of the PBAthermore, tackifiers may in some
cases be oxidatively unstable and may include #oxagant, which could leach out of the
PSA. For these reasons, exemplary tackifiers ferm$SA's for biocompatible laminar
microbatteries may include fully- or mostly hydrogéed hydrocarbon resin tackifiers

such as the Regalrez series of tackifiers fromrgaistChemical Corporation.

Additional Package and Substrate consideratioBsanompatible Battery Modules

There may be numerous packaging and substratedesagons that may dictate
desirable characteristics for package designs insedcompatible laminar microbatteries.
For example, the packaging may desirably be predamiy foil and/or film based where

these packaging layers may be as thin as possiblexample 10 to 50 microns.
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Additionally, the packaging may provide a suffidieliffusion barrier to moisture gain or
loss during the shelf life. In many desirable exbapthe packaging may provide a
sufficient diffusion barrier to oxygen ingress itmit degradation of zinc anodes by direct
oxidation.

In some examples, the packaging may provide afpermeation pathway to
hydrogen gas that may evolve due to direct rednafaovater by zinc. And, the packaging
may desirably sufficiently contain and may isoltte contents of the battery such that
potential exposure to a user may be minimized.

In the present disclosure, packaging constructsin@yde the following types of
functional components: top and bottom packagingrayPSA layers, spacer layers,
interconnect zones, filling ports, and secondagkpging.

In some examples, top and bottom packaging layass oomprise metallic foils
or polymer films. Top and bottom packaging layeesyncomprise multi-layer film
constructs containing a plurality of polymer anddarrier layers. Such film constructs
may be referred to as coextruded barrier laminbtes fAn example of a commercial
coextruded barrier laminate film of particular iilin the present disclosure may be 3M
Scotchpak 1109 backing which consists of a PETieraneb, a vapor-deposited
aluminum barrier layer, and a polyethylene layenposing a total average film thickness
of 33 microns. Numerous other similar multilayerrig films may be available and may
be used in alternate examples of the present dis@o

In design constructions including a PSA, packadgyer surface roughness may
be of particular importance, because the PSA mayrated to seal opposing packaging
layer faces. Surface roughness may result from faaturing processes used in foil and
film production, for example, processes employiolfg, extruding, embossing and/or
calendaring, among others. If the surface is togho PSA may be not able to be applied
in a uniform thickness when the desired PSA thisknmaay be on the order of the surface
roughness Ra. Furthermore, PSA's may not adequsgelyagainst an opposing face if the
opposing face has roughness that may be on the afrtiee PSA layer thickness. In the
present disclosure, packaging materials havingfaseiroughness, Ra, less than 10
microns may be acceptable examples. In some exapsulgace roughness values may be

5 microns or less. And, in still further examplése surface roughness may be 1 micron or
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less. Surface roughness values may be measuredariety of methods including but not
limited to measurement techniques such as whike ilgerferometry, stylus profilometry,
and the like. There may be many examples in thefatirface metrology that surface
roughness may be described by a number of alteenpéirameters and that the average
surface roughness, Ra, values discussed hereithenaneant to be representative of the

types of features inherent in the aforementionedufaturing processes.

Current Collectors and Electrodes

In some examples of zinc-carbon and Leclanché,dbliscathode current collector
may be a sintered carbon rod. This type of matene} face technical hurdles for thin
electrochemical cells of the present disclosureoime examples, printed carbon inks may
be used in thin electrochemical cells to replasatered carbon rod for the cathode
current collector, and in these examples, the tiegutlevice may be formed without
significant impairment to the resulting electrocheahcell. Typically, the carbon inks
may be applied directly to packaging materials Wwhiwy include polymer films, or in
some cases metal foils. In the examples whereabkaging film may be a metal foil, the
carbon ink may need to protect the underlying mieibfrom chemical degradation
and/or corrosion by the electrolyte. Furthermanehese examples, the carbon ink current
collector may need to provide electrical condutgifiom the inside of the
electrochemical cell to the outside of the eledtasuical cell, implying sealing around or
through the carbon ink. Due to the porous natureadfon inks, this may be not easily
accomplished without significant challenges. Carimiis also may be applied in layers
that have finite and relatively small thickness, dgample 10 to 20 microns. In a thin
electrochemical cell design in which the total intd package thickness may only be
about 100 to 150 microns, the thickness of a camblotayer may take up a significant
fraction of the total internal volume of the elecinemical cell, thereby negatively
impacting electrical performance of the cell. Farthlihe thin nature of the overall battery
and the current collector in particular may implgraall cross-sectional area for the
current collector. As resistance of a trace inesagith trace length and decreases with
cross-sectional already, there may be a direcetfaitbetween current collector thickness

and resistance. The bulk resistivity of carbonnmky be insufficient to meet the resistance
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requirement of thin batteries. Inks filled wittveir or other conductive metals may also
be considered to decrease resistance and/or tisickbet they may introduce new
challenges such as incompatibility with novel elelgtes. In consideration of these
factors, in some examples it may be desirabledbze=efficient and high performance
thin electrochemical cells of the present discleduy utilizing a thin metal foil as the
current collector, or to apply a thin metal filmao underlying polymer packaging layer to
act as the current collector. Such metal foils imaye significantly lower resistivity,
thereby allowing them to meet electrical resistarecgiirements with much less thickness
than printed carbon inks.

In some examples, one or more of the top and/dotvopackaging layers may
serve as a substrate for a sputtered current tmileeetal or metal stack. For example,
3M® Scotchpak 1109 backing may be metallized usingishyvapor deposition (PVD)
of one or more metallic layers useful as a curcefiector for a cathode. Example metal
stacks useful as cathode current collectors may-bé (Titanium-Tungsten) adhesion
layers and Ti (Titanium) conductor layers. Exemplaretal stacks useful as anode current
collectors may be Ti-W adhesion layers, Au (Golahductor layers, and In (Indium)
deposition layers. The thickness of the polyvingtid fluoride (PVDF) layers may be, for
example, less than 500 nm in total. If multipledes/of metals are used, the
electrochemical and barrier properties may nedztoompatible with the battery. For
example, copper may be electroplated on top o&d Bger to grow a thick layer of
conductor. Additional layers may be plated upondbygper. However, copper may be
electrochemically incompatible with certain elebttes especially in the presence of zinc.
Accordingly, if copper is used as a layer in thédog, it may need to be sufficiently
isolated from the battery electrolyte. Alternativedopper may be excluded or another
metal substituted.

In some other examples, top and/or bottom packagitggmay also function as
current collectors. For example, a 25 micron bfagsnay be useful as an anode current
collector for a zinc anode. The brass foil may pgamally electroplated with indium prior
to electroplating with zinc. In one example, catadrrent collector packaging foils may
include titanium foil, Hastelloy C-276 foil, chromn foil, and/or tantalum foil. In certain

designs, one or more packaging foils may be fiaek#d, embossed, etched, textured,
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laser machined, or otherwise processed to provedeable form, surface roughness,

and/or geometry to the final cell packaging.

Anode and Anode Corrosion Inhibitors

The anode for the laminar battery of the presanention may , for example,
comprise zinc. In traditional zinc-carbon batteri@ginc anode may take the physical
form of a can in which the contents of the eledternical cell may be contained. For the
battery of the present invention, a zinc can magrbexample but there may be other
physical forms of zinc that may provide desiraloledalize ultra-small battery designs.

Electroplated zinc may have examples of use innal@wn of industries, for
example, for the protective or aesthetic coatinmefal parts. In some examples,
electroplated zinc may be used to form thin andaromal anodes useful for batteries of
the present disclosure. Furthermore, the electtegplzinc may be patterned in seemingly
endless configurations, depending on the desigminA facile means for patterning
electroplated zinc may be processing with the dgephotomask or a physical mask. A
plating mask may be fabricated by a variety of apphes. One approach may be by using
a photomask. In these examples, a photoresist mapplied to a conductive substrate,
the substrate on which zinc may subsequently begldhe desired plating pattern may
be then projected to the photoresist by meanspbiodomask, thereby causing curing of
selected areas of photoresist. The uncured phatbreay then be removed with
appropriate solvent and cleaning techniques. Todtrenay be a patterned area of
conductive material that can receive an electreglainc treatment. While this method
may provide benefit to the shape or design of the to be plated, the approach may
require use of available photopatternable matenatsch may have constrained
properties to the overall cell package constructi@onsequently, new and novel methods
for patterning zinc may be required to realize sa@&gns of thin microbatteries of the
present disclosure.

An alternative means of patterning zinc anodes bealgy means of a physical
mask application. A physical mask may be made Ibyngudesirable apertures in a film
having desirable barrier and/or packaging propereditionally, the film may have

pressure-sensitive adhesive applied to one ordidds. Finally, the film may have
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protective release liners applied to one or botieaves. The release liner may serve the
dual purpose of protecting the adhesive duringtapercutting and protecting the
adhesive during specific processing steps of aslgegrthe electrochemical cell,
specifically the cathode filling step, describedalowing description. In some examples,
a zinc mask may comprise a PET film of approxihyat®0 microns thickness to which a
pressure-sensitive adhesive may be applied todidds in a layer thickness of
approximately 10-20 microns. Both PSA layers magdeered by a PET release film
which may have a low surface energy surface treattraed may have an approximate
thickness of 50 microns. In these examples, thdi#ayer zinc mask may comprise PSA
and PET film. PET films and PET/PSA zinc mask carids as described herein may be
desirably processed with precision hanosecond faggpmachining equipment, such as
for example Oxford Lasers E-Series laser micronmasgiworkstation, to create ultra-
precise apertures in the mask to facilitate lakating. In essence, once the zinc mask has
been fabricated, one side of the release linermeagmoved, and the mask with apertures
may be laminated to the anode current collectofarahode-side packaging film/foil. In
this manner, the PSA creates a seal at the indigieseof the apertures, facilitating clean
and precise masking of the zinc during electroptati

The zinc mask may be placed and then electroplafioge or more metallic
materials may be performed. In some examples,mig be electroplated directly onto an
electrochemically compatible anode current colletdd such as brass. In alternate design
examples where the anode side packaging inclugesymer film or multi-layer polymer
film upon which seed metallization has been applratc, and/or the plating solutions
used for depositing zinc, may not be chemically patible with the underlying seed
metallization. Manifestations of lack of compatityilmay include film cracking,
corrosion, and/or exacerbated H2 evolution uportamtwith cell electrolyte. In such a
case, additional metals may be applied to the sexdl to affect better overall chemical
compatibility in the system. One metal that maylfparticular utility in electrochemical
cell constructions may be indium. Indium may beeiydused as an alloying agent in
battery grade zinc with its primary function betogorovide an anti-corrosion property to
the zinc in the presence of electrolyte. In sormengdes, indium may be successfully

deposited on various seed metallizations such-&% and Au. Resulting films of 1-3
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microns of indium on the seed metallization layeesy be low-stress and adherent. In
this manner, the anode-side packaging film anala¢tzh current collector having an
indium top layer may be conformable and durablesdme examples, it may be possible
to deposit zinc on an indium-treated surface, #seilting deposit may be very non-
uniform and nodular. This effect may occur at lowerrent density settings, for example
20 amps per square foot (ASF). As viewed underaascope, nodules of zinc may be
observed to form on the underlying smooth indiumad$&. In certain electrochemical cell
designs, the vertical space allowance for the aimade layer may be up to about 5-10
microns max, but in some examples, lower currensidies may be used for zinc plating,
and the resulting nodular growths may grow talantthe maximum anode vertical
allowance. It may be that the nodular zinc growéms from a combination of the high
overpotential of indium and the presence of an@jiayer of indium.

In some examples, higher current density DC pdatiiay overcome the relatively
large nodular growth patterns of zinc on indiunfaces. For example, 100 ASF plating
conditions may result in nodular zinc, but the $izéhe zinc nodules may be drastically
reduced compared to 20 ASF plating conditions.Hausrhore, the number of nodules may
be vastly greater under 100 ASF plating conditidie resulting zinc film may ultimately
coalesce to a more or less uniform layer with aagne residual feature of nodular growth
while meeting the vertical space allowance of al&el® microns.

An added benefit of indium in the electrochemical may be reduction of
hydrogen gas, which may be a slow process thatrsacwaqueous electrochemical cells
containing zinc. The indium may be beneficially bggbto one or more of the anode
current collector, the anode itself as a co-plalémy/ing component, or as a surface
coating on the electroplated zinc. For the latéeyeg indium surface coatings may be
desirably applied in situ by way of an electrolgitigitive such as indium trichloride or
indium acetate. When such additives may be add#tetelectrolyte in small
concentrations, indium may spontaneously platexpoged zinc surfaces as well as
portions of exposed anode current collector.

Zinc, and similar anodes commonly used in commkEptienary batteries, is
typically found in sheet, rod, and paste forms. &hede of a miniature, biocompatible

battery may be of similar form, e.g. thin foil, may be plated as previously mentioned.
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The properties of this anode may differ signifi¢afitom those in existing batteries, for
example, because of differences in contaminanssidace finish attributed to machining
and plating processes. Accordingly, the electr@eselectrolyte may require special
engineering to meet capacity, impedance, and Bfeetequirements. For example, special
plating process parameters, plating bath composisiorface treatment, and electrolyte

composition may be needed to optimize electrodpaance.

Cathode Mix

There may be numerous cathode chemistry mixesrhgtbe consistent with the
concepts of the present disclosure. In some exanpleathode mix, which may be a term
for a chemical formulation used to form a battepdshode, may be applied as a paste or
slurry and may include manganese dioxide, some &droonductive carbon such as
carbon black or graphite, and other optional conepts In some examples, these
optional components may include one or more of érisdelectrolyte salts, corrosion
inhibitors, water or other solvents, surfactartgology modifiers, and other conductive
additives such as for example conductive polym@rsee formulated and appropriately
mixed, the cathode mix may have a desirable rhgdiugt allows it to either be dispensed
onto desired portions of the separator and/or citlooirrent collector, or squeegeed
through a screen or stencil in a similar mannesdme examples, the cathode mix may be
dried prior to later cell assembly steps, whil®iher examples, the cathode may contain
some or all of the electrolyte components, and oy be partially dried to a selected
moisture content.

The manganese dioxide which may be used in th@datmix may be, for
example, electrolytic manganese dioxide (EMD) duthe beneficial additional energy
capacity that this type of manganese dioxide pewielative to other forms such as
natural manganese dioxide or chemical manganesgeldid-urthermore, the EMD useful
in batteries of the present disclosure may nedrte a particle size and particle size
distribution that may be conductive to the formatad depositable or printable cathode
mix pastes/slurries. Specifically, the EMD may lbegessed to remove significant large
particulate components that would be consideregtleglative to other features such as

battery internal dimensions, separator thicknesispense tip diameters, stencil opening
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sizes, or screen mesh sizes. In some examples, lB8MChave an average particle size of
7 microns with a large particle content that magtam particulates up to about 70
microns. In alternative examples, the EMD may leeexl, further milled, or otherwise
separated or processed to limit large particulatgent to below a certain threshold, for
example 25 microns or smaller. One process usefuh€ particle size reduction of EMD
may be jet milling where sub-micron particulate nb@yobtained. Other processes useful
for large particle size reduction may include mailling or 3-roll milling of the cathode
mix paste prior to use.

A critical aspect of the cathode mix paste mayheepolymeric binder. The binder
may serve a number of functions in the cathodepaste. The primary function of the
binder may be to create a sufficient inter-partediectrical network between EMD
particles and carbon particles. A secondary funabibthe binder may be to facilitate
electrical contact to the cathode current colle&dhird function of the binder may be to
influence the rheological properties of the cathotbe paste for advantageous dispensing
and/or stenciling/screening. Still, a fourth fuoctiof the binder may be to enhance the
electrolyte uptake and distribution within the @ath. The choice of the binder polymer as
well as the specific amount to be used may becatito the beneficial function of the
cathode in the electrochemical cell of the presiéstlosure. If the binder polymer is too
soluble in the electrolyte to be used, then thmary function of the binder, electrical
continuity, may be drastically impacted to the pahcell non-functionality. On the
contrary, if the binder polymer is insoluble in #lectrolyte to be used, portions of EMD
may be ionically insulated from the electrolytesuking in diminished cell performance
such as reduced capacity, lower open circuit veltagd/or increased internal resistance.
In the end, choice of binder polymer and amouritet@ised may be a careful balancing act
that may need to be determined by careful expetiatien, in some examples using the
design of experiments (DOE) approach. Examplesmafds polymers useful for the
present disclosure include polyvinylpyrrolidone|ymsobutylene, rubbery triblock
copolymers including styrene end blocks such asameanufactured by Kraton Polymers,
styrene-butadiene latex block copolymers, polyactid, hydroxyethylcellulose,
carboxymethylcellulose, among others.

The cathode may also include silver dioxide or eiakkyhydroxide among other
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candidate materials. Such materials may offer as®d capacity and less decrease in
loaded voltage during discharge relative to mangarwkoxide, both desirable properties
in a battery. Batteries based on these cathodesmagycurrent examples present in
industry and literature. A novel microbattery wiitig a silver dioxide cathode may include
a biocompatible electrolyte, for example one coreplas zinc chloride and/or ammonium

chloride instead of potassium hydroxide.

Battery Architecture and Fabrication

Battery architecture and fabrication technology roaylosely intertwined. As has
been discussed in earlier sections of the presscibdure, a battery has the following
elements: cathode, anode, separator, electroitieode current collector, anode current
collector, and packaging. Clever design may trgdmbine these elements in easy to
fabricate subassemblies. In other examples, opitniesign may have dual-use
components, for example, using a metal packageubld as a current collector. From a
relative volume and thickness standpoint, thesaehts may be nearly all the same
volume, except for the cathode. In some exampbeselectrochemical system may
require about two (2) to ten (10) times the volurheathode as anode due to significant
differences in mechanical density, energy dendisgharge efficiency, material purity, and
the presence of binders, fillers, and conductivenggy In these examples, the relative scale
of the various components may be approximatedaridtiowing thicknesses of the
elements: Anode current collector = 1 um; Cathadeeat collector = 1 um; Electrolyte =
interstitial liquid (effectively O um); Separatoras thin or thick as desired where the
planned maximal thickness may be about 15 um; AroBleim; and the Cathode = 50
pm. For these examples of elements the packagededeto provide sufficient protection
to maintain battery chemistry in use environmenty imave a planned maximal thickness
of about 50 pm.

In some examples, which may be fundamentally afiefrom large, prismatic
constructs such as cylindrical or rectangular foamd which may be different than wafer-
based solid state construct, such examples maynasatipouch”-like construct, using
webs or sheets fabricated into various configuratiovith battery elements arranged

inside. The containment may have two films or alme bended over onto the other side
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either configuration of which may form two rouglgdianar surfaces, which may be then
sealed on the perimeter to form a container. Thishbut-wide form factor may make
battery elements themselves thin and wide. Furtbe¥pthese examples may be suitable
for application through coating, gravure printisgreen printing, sputtering, or other
similar fabrication technology.

There may be numerous arrangements of the inteonaponents, such as the
anode, separator and cathode, in these “pouchh&gery examples with thin-but-wide
form factor. Within the enclosed region formed bg two films, these basic elements
may be either “co-planar” that is side-by-side lo@ $ame plane or “co-facial” which may
be face-to-face on opposite planes. In the co-plamangement, the anode, separator, and
cathode may be deposited on the same surfaceh&aoptfacial arrangement, the anode
may be deposited on surface-1, the cathode magesded on surface-2, and the
separator may be placed between the two, eithersited on one of the sides, or inserted
as its own separate element.

Another type of example may be classified as lateiagsembly, which may
involve using films, either in a web or sheet fotmpuild up a battery layer by layer.
Sheets may be bonded to each other using adhesuasas pressure-sensitive
adhesives, thermally activated adhesives, or clemeaction-based adhesives. In some
examples the sheets may be bonded by weldingitpessuch as thermal welding,
ultrasonic welding and the like. Sheets may lemairibelves to standard industry practices
as roll-to-roll (R2R), or sheet-to-sheet assemidyindicted earlier, an interior volume for
cathode may need to be substantially larger thamther active elements in the battery.
Much of a battery construct may have to createsgiaee of this cathode material, and
support it from migration during flexing of the bexty. Another portion of the battery
construct that may consume significant portionthefthickness budget may be the
separator material. In some examples, a sheetdbsmparator may create an
advantageous solution for laminate processingthereexamples, the separate may be
formed by dispensing hydrogel material into a lageact as the separator. For the sheet
separator approach, another laminate layer magth®liiced to contain this element. For
the dispensed hydrogel separator, the thickne$gedbrmed device may increase in order

to accommodate contain the necessary spacer niat@tane to contain the separator.
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In these laminate battery assembly examples, timairig product may have an
anode sheet, which may be a combination of a packegr and an anode current
collector, as well as substrate for anode layee. fbhming product may also have an
optional separator spacer sheet, a cathode sgaset and a cathode sheet. The cathode
sheet may be a combination of a package layer @athade current collector layer.

Intimate contact between electrodes and curretgatols is of critical importance
for reducing impedance and increasing dischargeagp If portions of the electrode are
not in contact with the current collector, resisemay increase since conductivity is then
through the electrode (typically less conductivantthe current collector) or a portion of
the electrode may become totally disconnectedoilim cell and cylindrical batteries,
intimacy is realized with mechanical force to crithg can, pack paste into a can, or
through similar means. Wave washers or similamggrare used in commercial cells to
maintain force within the battery; however, thesmild add to the overall thickness of a
miniature battery. In typical patch batteries, pasator may be saturated in electrolyte,
placed across the electrodes, and pressed dowrelaxternal packaging. In a laminar,
cofacial battery there are several methods to asgelectrode intimacy. The anode may
be plated directly onto the current collector ratiwan using a paste. This process
inherently results in a high level of intimacy aswhductivity. The cathode, however, is
typically a paste. Although binder material presarthe cathode paste may provide
adhesion and cohesion, mechanical pressure magdaked to ensure the cathode paste
remains in contact with the cathode current catledthis may be especially important as
the package is flexed and the battery ages antatiges, for example as moisture leaves
the package through thin and small seals. Commessithe cathode may be achieved in
the laminar, cofacial battery by introducing a cdiamt separator and/or electrolyte
between the anode and cathode. A gel electrolyitdnogel separator, for example, may
compress on assembly and not simply run out obétery as a liquid electrolyte would.
Once the battery is sealed, the electrolyte arg¥parator may then push back against the
cathode. An embossing step may be performed aftsamably of the laminar stack,

introducing compression into the stack.
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Exemplary lllustrated Processing of Biocompatiblefization Elements

— Placed Separator

An example of the steps that may be involved ircessing biocompatible
energization elements may be found referring t@.Fd@\ — 4N. The processing at some of
the exemplary steps may be found in the individigalres. In Fig. 4A, a combination of a
PET Cathode Spacer 401 and a PET Gap Spacer 408anbhystrated. The PET Cathode
Spacer 401 may be formed by applying films of PBE which for example may be
roughly 3 mils thick. On either side of the PETdaynay be found PSA layers or these
may be capped with a PVDF release layer 402 whiay Ine roughly 1 mil in thickness.
The PET Gap spacer 404 may be formed of a PVDF k3@ which may be roughly 3
mils of thickness. There may be a capping PET ld@&rwhich may be roughly 0.5 mils
in thickness. Between the PVDF layer 409 and tippicgy PET layer 405, in some
examples, may be a layer of PSA.

Proceeding to Fig. 4B, a cavity 406 in the Gap ep&yer may be cut by laser
cutting treatment. Next at Fig. 4C, the cut PET Gpacer layer may be laminated 408 to
the PET Cathode Spacer layer. Proceeding to Figa4iathode spacer cavity 410 may be
cut by laser cutting treatment. The alignment ¢f tutting step may be registered to the
previously cut features in the PET Gap spacer La\tdfig. 4E, a layer of Celgard 412,
for an ultimate separator layer, may be bondeddaraer 411. Proceeding to Fig. 4F, the
Celgard material may be cut to figures that arevbeh the size of the previous two laser
cut cavities, and approximately the size of the BB spacer cavity, forming a precut
separator 420. Proceeding to Fig. 4G, a pick aadepiool 421 may be used to pick and
place discrete pieces of Celgard into their dedwedtions on the growing device. At Fig.
4H, the placed Celgard pieces 422 are fasteneglate and then the PVDF release layer
423 may be removed. Proceeding to Fig. 41, the grgwevice structure may be bonded
to a film of the anode 425. The anode may includaraode collector film upon which a
zinc anode film has been electrodeposited.

Proceeding to Fig. 4J, a cathode slurry 430 mgyléeed into the formed gap. A
squeegee 431 may be used in some examples to speceathode mix across a work
piece and in the process fill the gaps of the batlevices being formed. After filling, the

remaining PVDF release layer 432 may be removedhwinay result in the structure
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illustrated in Fig. 4K. At Fig. 4L, the entire stiture may be subjected to a drying process
which may shrink the cathode slurry 440 to alsatihe height of the PET layer top.
Proceeding to Fig. 4M, a cathode film layer 450iclmay already have the cathode
collector film upon it, may be bonded to the grogvstructure. In a final illustration at
Fig. 4N a laser cutting process may be performednmove side regions 460 and yield a
battery element 470. There may be numerous albbesgtdeletions, changes to materials
and thickness targets that may be useful withirirttent of the present disclosure.

The result of the exemplary processing may be diegio some detail at Fig. 5. In
an example, the following reference features magidimed. The Cathode chemistry 510
may be located in contact with the cathode andockgitollector 520. A pressure-sensitive
adhesive layer 530 may hold and seal the cathdéctmy 520 to a PET Spacer layer 540.
On the other side of the PET Spacer layer 540, meagnother PSA layer 550, which seals
and adheres the PET Spacer layer 540 to the PETa@ap560. Another PSA layer 565
may seal and adhere the PET Gap layer 560 to tbdeédand Anode Current Collector
layers. A Zinc Plated layer 570 may be plated enéAnode Current Collector 580. The
separator layer 590 may be located within the siredo perform the associated functions
as have been defined in the present disclosusarire examples, an electrolyte may be
added during the processing of the device, in atkamples, the separator may already

include electrolyte.

Exemplary Processing lllustration of BiocompatiBleergization Elements

— Deposited Separator

An example of the steps that may be involved ircessing biocompatible
energization elements may be found in Figs. 6A-TBE processing at some of the
exemplary steps may be found in the individual iggu There may be numerous
alterations, deletions, changes to materials aic#lrtess targets that may be useful within
the intent of the present disclosure.

In Fig. 6A, a laminar construct 600 may be illustth The laminar structure may
comprise two laminar construct release layers,&8@2602a; two laminar construct
adhesive layers 604 and 604a, located betweemihiedr construct release layers 602

and 602a; and a laminar construct core 606, lodatbédeen the two laminar construct
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adhesive layers 604 and 604a. The laminar conseledse layers, 602 and 602a, and
adhesive layers, 604 and 604a, may be producedrongsed, such as a commercially
available pressure-sensitive adhesive transfervatbeprimary liner layer. The laminar
construct adhesive layers may be a PVDF layer wimaiz be approximately 1-3
millimeters in thickness and cap the laminar carcdtcore 606. The laminar construct
core 606 may comprise a thermoplastic polymenrsgch as polyethylene terephthalate,
which for example may be roughly 3 millimeters thiProceeding to Fig. 6B, a cavity for
the cathode pocket 608 may be cut in the laminastcoct by laser cutting treatment.

Next, at Fig. 6C, the bottom laminar constructastelayer 602 may be removed
from the laminar construct, exposing the laminarstauct adhesive layer 604. The
laminar construct adhesive layer 604 may then bd tsadhere an anode connection foil
610 to cover the bottom opening of the cathode @pBR8. Proceeding to Fig. 6D, the
anode connection foil 610 may be protected on xpesed bottom layer by adhering a
masking layer 612. The masking layer 612 may benancercially available PSA transfer
tape with a primary liner. Next, at Fig. 6E, theda connection foil 610 may be
electroplated with a coherent metal 614, Zinc faraple, which coats the exposed
section of the anode connection foil 610 insidéhefcathode pocket. Proceeding to 6F,
the anode electrical collection masking layer Gl2moved from the bottom of the anode
connection foil 610 after electroplating.

Figs. 7A— 7F may illustrate an alternate moderotessing the method steps
illustrated in Figs. 6A — 6F. Figs. 7A — 7B maydtrate similar processes as depicted in
Figs. 6A — 6B. The laminar structure may be comgagdwo laminar construct release
layers, 702 and 702a, one layer on either endjaminar construct adhesive layers, 704
and 704a, located between the laminar construeasellayers 702 and 702a; and a
laminar construct core 706, located between thelawonar construct adhesive layers 704
and 704a. The laminar construct release layeradhdsive layers may be produced or
purchased, such as a commercially available pressnsitive adhesive transfer tape with
primary liner layer. The laminar construct adhedaxgers may be a polyvinylidene
fluoride (PVDF) layer which may be approximatel Inillimeters in thickness and cap
the laminar construct core 706. The laminar coesitare 706 may comprise a

thermoplastic polymer resin such as polyethyleneptethalate, which for example may
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be roughly 3 millimeters thick. Proceeding to H&, a cavity for the cathode pocket 708
may be cut in the laminar construct by laser cgttreatment. In Fig. 7C, an anode
connection foil 710 may be obtained and a proteatimnasking layer 712 applied to one
side. Next, at Fig. 7D, the anode connection fd may be electroplated with a layer 714
of a coherent metal, for example zinc. Proceedifgg. 7E, the laminar constructs of
Figs. 7B and 7D may be combined to form a new lamaonstruct as depicted in Fig. 7E
by adhering Fig. 7B to the electroplated layer @iL&ig. 7D. The release layer 702a of
Fig 7B may be removed in order to expose adheaiuer [704a of Fig. 7B for adherence
onto electroplated layer 714 of Fig. 7D. Proceediext to Fig 7F, the anode protective
masking layer 712 may be removed from the bottoth@f&anode connection foil 710.

Figs. 8A — 8H may illustrate implementation of egieation elements to a
biocompatible laminar structure, which at timeseiferred to as a laminar assembly or a
laminate assembly herein, similar to, for examghlese illustrated in Figs. 6A — 6F and
7A -7F. Proceeding to Fig. 8A, a hydrogel separptecursor mixture 820 may be
deposited on the surface of the laminate assentiblgome examples, as depicted, the
hydrogel precursor mixture 820 may be applied uposlease layer 802. Next, at Fig. 8B,
the hydrogel separator precursor mixture 820 magdoeegeed 850 into the cathode
pocket while being cleaned off of the release |8@%. The term “squeegeed” may
generally refer to the use of a planarizing or gicrg tool to rub across the surface and
move fluid material over the surface and into dasitis they exist. The process of
squeegeeing may be performed by equipment sinaildret vernacular “Squeegee” type
device or alternatively and planarizing device saslknife edges, razor edges and the like
which may be made of numerous materials as mayémically consistent with the
material to be moved.

The processing depicted at Fig. 8B may be perforsesdral times to ensure
coating of the cathode pocket, and increment tioiriless of resulting features. Next, at
Fig. 8C, the hydrogel separator precursor mixtuag tve allowed to dry in order to
evaporate materials, which may typically be solgemtdiluents of various types, from the
hydrogel separator precursor mixture; and therdibigensed and applied materials may
be cured. It may be possible to repeat botheptlocesses depicted at Fig. 8B and Fig.

8C in combination in some examples. In some exasphe hydrogel separator precursor
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mixture may be cured by exposure to heat whilgleoexamples the curing may be
performed by exposure to photon energy. In siilfer examples the curing may involve
both exposure to photon energy and to heat. Tinasebe numerous manners to cure the
hydrogel separator precursor mixture.

The result of curing may be to form the hydrogglasator precursor material to
the wall of the cathode pocket as well as the sarfagion in proximity to an anode or
cathode feature which in the present example mantenode feature. Adherence of the
material to the sidewalls of the cavity may be ukgf the separation function of a
separator. The result of curing may be to fornelaydrated polymerized precursor
mixture concentrate 822 which may be simply considé¢he separator of the cell.
Proceeding to Fig. 8D, cathode slurry 830 may lposiéed onto the surface of the
laminar construct release layer 802. Next, at 8iythe cathode slurry 830 may be
squeegeed into the cathode pocket and onto theldsby polymerized precursor mixture
concentrate 822. The cathode slurry may be mavéd tesired location in the cavity
while simultaneously being cleaned off to a larggrée from the laminar construct
release layer 802. The process of Fig. 8E may Herpged several times to ensure
coating of the cathode slurry 830 on top of theydesited polymerized precursor mixture
concentrate 822. Next, at Fig. 8F, the cathodeyshaay be allowed to dry down to form
an isolated cathode fill 832 on top of the dehyehigiolymerized precursor mixture
concentrate 822, filling in the remainder of théhoae pocket.

Proceeding to Fig. 8G, an electrolyte formulatid® 8ay be added on to the
isolated cathode fill 832 and allowed to hydrate idolated cathode fill 832 and the
dehydrated polymerized precursor mixture concem®2. Next, at Fig. 8H, a cathode
connection foil 816 may be adhered to the remaitangnar construct adhesive layer 804
by removing the remaining laminar construct reldager 802 and pressing the
connection foil 816 in place. The resulting placahmaay result in covering the hydrated
cathode fill 842 as well as establishing electrazaitact to the cathode fill 842 as a

cathode current collector and connection means.
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Alternative Examples of Placed Separators

Figs. 9A through 9C may illustrate an alternagxample of the resulting laminate
assembly illustrated in Fig. 7D. In Fig. 9A, theoda connection foil 710 may be obtained
and a protective masking layer 712 applied to athe. §he anode connection foil 710
may be plated with a layer 714 of coherent met#i Wor example, Zinc. In similar
fashion as described in the previous figures. &¥ding to Fig. 9B, a polymeric film
separator 910, which may be formed from Celgandragiously discussed, may be
applied. The polymeric film separator may be agpirevarious manners, for example a
preformed film of the mixture may be adhered bygitsl adherence, and alternatively a
diluted mixture of an adhesive may be dispensediae adjusted to a desired thickness
by the processing of spin coating. Alternativélg aidhesive material may be applied by
spray coating, or any other equivalent processimgthen the polymeric film separator
may be applied. In some examples, the polymdrtd$eparator may be patterned in
manners as described in reference to figure 4 bdfeing adhered to the anode. In some
alternative examples where the polymeric film sefmris placed in an unpatterned layer,
at Fig. 9C, processing may occur to create a segofi¢ine separator that may function as
containment around a separator region. The progessay create a region that may limit
the flow or diffusion of materials such as elegtteloutside the internal structure of the
formed battery elements. Such a blocking feat@ed various types may therefore be
formed. In some examples, regions of the polyrsgparator material may be removed,
for example, by chemical etch of the layer with kiag to define the regional extent. The
region of removed material may create a blockirguiee in its own right, or alternatively,
materially may be added back into the void to @eablocking feature. In some
examples, a laminate construct or assembly ofyihe depicted as the result of the
processing in Fig. 9C may be formed without theckilog feature 920.

Polymerized Battery Element Separators

In some battery designs, the use of a discreteratp (as described in a previous
section) may be precluded due to a variety ofaeasuch as the cost, the availability of
materials, the quality of materials, or the comfilegf processing for some material

options as non-limiting examples. In such casessaor form-in-place separator which
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may have been depicted in the processes of Figs.@Afor example, may provide
desirable benefits. While starch or pasted separatm/e been used commercially with
success in AA and other format Leclanché or zirrbaa batteries, such separators may be
unsuitable in some ways for use in certain exampilésminar microbatteries. Particular
attention may need to be paid to the uniformity eodisistency of geometry for any
separator used in the batteries of the presenibdig®. Precise control over separator
volume may be needed to facilitate precise subsegueorporation of known cathode
volumes and subsequent realization of consistechdrge capacities and cell
performance.

A method to achieve a uniform, mechanically rodasn-in-place separator may
be to use UV-curable hydrogel formulations. Numsraater-permeable hydrogel
formulations may be known in various industries,dgample the contact lens industry.
An example of a common hydrogel in the contact ladsstry may be poly
(hydroxyethylmethacrylate) crosslinked gel, or dyygHEMA. For numerous
applications of the present disclosure, pHEMA maggess many attractive properties for
use in Leclanché and zinc-carbon batteries. pHEMMCally may maintain a water
content of approximately 30-40 % in the hydratedestvhile maintaining an elastic
modulus of about 100 psi or greater. Furthermdre modulus and water content
properties of crosslinked hydrogels may be adjubtedne of skill in the art by
incorporating additional hydrophilic monomeric (engethacrylic acid) or polymeric (e.qg.
polyvinylpyrrolidone) components. In this mannée tvater content, or more specifically,
the ionic permeability of the hydrogel may be atgdsy formulation.

Of particular advantage in some examples, a cestaigl polymerizable hydrogel
formulation may contain one or more diluents talitate processing. The diluent may be
chosen to be volatile such that the castable nextuay be squeegeed into a cavity, and
then allowed a sufficient drying time to remove Wuodatile solvent component. After
drying, a bulk photopolymerization may be initiatedexposure to actinic radiation of
appropriate wavelength, such as blue UV light & A, for the chosen photoinitiator,
such as CG 819. The volatile diluent may helprtivigle a desirable application viscosity
so as to facilitate casting a uniform layer of poérizable material in the cavity. The

volatile diluent may also provide beneficial sugdension lowering effects, particularly
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in the case where strongly polar monomers are jporated in the formulation. Another
aspect that may be important to achieve the casfiaguniform layer of polymerizable
material in the cavity may be the application vigo Common small molar mass
reactive monomers typically do not have very higgteosities, which may be typically
only a few centipoise. In an effort to provide bicial viscosity control of the castable
and polymerizable separator material, a high molass polymeric component known to
be compatible with the polymerizable material maysbklected for incorporation into the
formulation. Examples of high molar mass polymehscly may be suitable for
incorporation into exemplary formulations may ird#upolyvinylpyrrolidone and
polyethylene oxide.

In some examples the castable, polymerizable agpanay be advantageously
applied into a designed cavity, as previously dbsdr In alternative examples, there may
be no cavity at the time of polymerization. Instethé castable, polymerizable separator
formulation may be coated onto an electrode-comtgisubstrate, for example patterned
zinc plated brass, and then subsequently exposactitoc radiation using a photomask to
selectively polymerize the separator material rgegted areas. Unreacted separator
material may then be removed by exposure to apgtepinsing solvents. In these
examples, the separator material may be desigaatagphoto-patternable separator.

The biocompatible devices may be, for example Jamable electronic devices,
such as pacemakers and micro-energy harvestectoalie pills for monitoring and/or
testing a biological function, surgical deviceshéictive components, ophthalmic devices,
microsized pumps, defibrillators, stents, and ike |

Specific examples have been described to illustateple embodiments for the
formation, methods of formation, and apparatusahition of biocompatible
energization elements including separators. Theamples are for said illustration and
are not intended to limit the scope of the claimany manner. Accordingly, the
description is intended to embrace all examplesrtizey be apparent to those skilled in

the art.
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WHAT IS CLAIMED IS:

1. A method of forming a biocompatible energizatioaneént, the method

comprising:

receiving a first substrate film of a first insuteg material;

receiving a second substrate film of a second atsig material;

cutting a cavity in the second substrate film torf@a gap spacer layer;

cutting a cavity in the first substrate film to fiora cathode spacer layer, wherein
an edge of the cavity defines a sidewall of thetgav

laminating a first surface of the gap spacer layex first surface of the cathode
spacer layer;

placing a separator into the biocompatible enetigimaelement through the cavity
in the gap spacer layer;

receiving an anode film;

adhering a second surface of the gap spacer layefitst surface of the anode
film;

receiving a cathode slurry; and

placing the cathode slurry into the cavity in tla¢hode spacer layer, wherein the
sidewall of the cavity in the cathode spacer |ayet a surface of the placed separator

form a cavity to contain the cathode slurry.

2. The method of claim 1 further comprising:

receiving a cathode contact film; and

adhering a second surface of the cathode spacartaat least a portion of a first
surface of the cathode contact film.

3. The method of claim 2 further comprising:

receiving a first packaging film comprising a fistack wherein one layer is a
metallic moisture barrier; and
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adhering the first packaging film to at least atjporof the cathode contact

film.

4. The method of claim 3 further comprising:
receiving a second packaging film comprising i fidtack wherein one film layer is a
metallic moisture barrier; and

adhering the second packaging film to at leastragroof the anode film.
5. The method of claim 4 further comprising adhetimg biocompatible

energization element to a portion of a biomedieadice.

6. The method of claim 2 wherein the biocompatiblergization element is added to
an insert of a biomedical device, wherein the biopatible energization element is sealed
within the insert.

7. The method of claim 6 wherein the biomedical devsca contact lens.

8. The method of claim 1 further comprising addingeectrolyte formulation upon

the separator.

9. The method of claim 8 wherein the adding an elégegdormulation upon the

separator is performed before the placing of thieacke slurry.

10. The method of claim 1 wherein the cathode slurmmaeses manganese dioxide.

11. The method of claim 10 wherein the manganese deocamprises electrolytic
manganese dioxide.

12. The method of claim 11 further comprising procegsif the cathode slurry to

remove large particulates.
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13. The method of claim 12 wherein particle sizes ass than approximately 70

microns.

14.  The method of claim 13 wherein the particle sizesl@ss than approximately 25

microns.

15. The method of claim 12 wherein the processing mworee large particulates

comprises ball milling.

16. The method of claim 12 wherein the processing mworee large particulates

comprises jet milling.

17. The method of claim 1 wherein the first substrédte &nd the second substrate

film are a same material.

18. The method of claim 17 wherein the same materipbligethylene terephthalate.

19. The method of claim 1 wherein the cutting a caintyhe first substrate film

utilizes a laser.

20. The method of claim 1 wherein the method of adlgecimmprises activating a

pressure-sensitive adhesive.

21.  The method of claim 1 wherein multiple cavities emginto the cathode spacer

layer, and the separator is placed into at leastafithe multiple cavities.

22.  The method of claim 1 additionally comprising
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electroplating a zinc layer upon the anode filnobefadhering the second surface,
wherein the surface of the electroplated zinc lsygasequently becomes the first surface

of the anode film.

23. The method of claim 1 further comprising:

electrically contacting the biocompatible energmaelement to an electronic circuit; and
electrically contacting the electronic circuit to @ectroactive element of a biomedical
device.

24.  The method of claim 23 further comprising bendimg device resulting from
claim 23 to form a conical-shaped piece by joinpigysically and electrically, two ends

of the device resulting from claim 23.

25. A method of forming a biocompatible energizatioaneént, the method
comprising:

receiving a first substrate film of a first insuiteg material;
cutting a cavity in the first substrate film to fiora cathode spacer layer, wherein an edge
of the cavity defines a sidewall of the cavity;
receiving an anode film;
receiving a separator film;
adhering a first surface of the separator filmmupgee anode film;
adhering a first surface of the cathode spacer laya second surface of the separator
film;

receiving a cathode slurry; and
placing the cathode slurry into the cavity in tla¢hode spacer layer, wherein the sidewall
of the cavity in the cathode spacer layer and ¢versd surface of the separator film

contain the cathode slurry.

26. The method of claim 25 further comprising:

receiving a cathode contact film; and
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adhering a second surface of the cathode spacart@aat least a portion of a first surface

of the cathode contact film.

27. The method of claim 26 further comprising:
receiving a first packaging film comprising a fistack wherein one layer is a
metallic moisture barrier; and

adhering the first packaging film to at least atipor of the cathode contact film.

28.  The method of claim 27 further comprising:
receiving a second packaging film comprising a fétack wherein one film layer
is a metallic moisture barrier; and

adhering the second packaging film to at leastraqoof the anode film.
29.  The method of claim 28 further comprising:

adhering the biocompatible energization elemeit portion of a biomedical
device.
30. The method of claim 26 wherein the biocompatiblergization element is added
to an insert of a biomedical device, wherein trecbmpatible energization element is

sealed within the insert.

31. The method of claim 30 wherein the biomedical devsca contact lens.
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