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BIOCOMPATIBLE RECHARGABLE ENERGIZATION ELEMENTS
FOR BIOMEDICAL DEVICES WITH ELECTROLESS SEALING LAERS

CROSS REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of Unit8tates Patent Application No.
14/746,178 filed June 26, 2015, which in turn ckaittme benefit of United States Provisional
Application No. 62/040,178 filed August 21, 201helcontents are relied upon and hereby

incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Methods and apparatus to form biocompatible enatigia elements are described
herein. In some embodiments, the methods and appaaform the biocompatible
energization elements involve forming a separdement of the energization element. The
active elements including anodes, cathodes antfelges may be electrochemically
connected and may interact with the formed sepaedonents. The active elements may be
configured in such a manner that the battery magiseharged and recharged in multiple use
steps. In some embodiments, a field of use fontethods and apparatus may include any

biocompatible device or product that requires ematgpn elements.

2. Discussion of the Related Art

Recently, the number of medical devices and theictionality has begun to rapidly
develop. These medical devices can include, fomgka, implantable pacemakers, electronic
pills for monitoring and/or testing a biologicahittion, surgical devices with active
components, contact lenses, infusion pumps, ancsemulators. Added functionality and
an increase in performance to many of the aforeireed medical devices has been
theorized and developed. However, to achieve therthed added functionality, many of
these devices now require self-contained energizatieans that are compatible with the size
and shape requirements of these devices, as wibleanergy requirements of the new
energized components.

Some medical devices may include components suseragonductor devices that

perform a variety of functions and can be incorpeaanto many biocompatible and/or
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implantable devices. However, such semiconductorpmments require energy and, thus,
energization elements should preferably also bleded in such biocompatible devices. The
topology and relatively small size of the bioconipiatdevices creates novel and challenging
environments for the definition of various functabities. In many embodiments, it is
important to provide safe, reliable, compact anst effective means to energize the
semiconductor components within the biocompatileléaks. Therefore, a need exists for
novel embodiments of forming biocompatible energaraelements for implantation within

or upon biocompatible devices where the struct@itbebattery elements provides enhanced
containment for chemical components of the enetigzalements as well as improved

control over the quantity of chemical componentstaimed in the energization element.

SUMMARY OF THE INVENTION

Accordingly, methods and apparatus to form biocdibfgmenergization elements are
disclosed which afford manufacturing advantagedendreating structures which may
significantly contain the battery chemistry. As ly#ie structural design may also provide
for inherent control of the quantities of the emeagon elements found within the battery
elements.

One general aspect includes a biocompatible exadign element which may also
include a gap spacer layer. The biocompatible éresign element may also include at least
a first hole located in the gap spacer layer. Tihedmpatible energization element may also
include a cathode spacer layer, where the cathuatges layer is attached to the gap spacer
layer. The biocompatible energization element may eclude at least a second hole located
in the cathode spacer layer, where the second$alegned to the first hole, and where the
second hole is smaller than the first hole suchween the first hole and the second hole are
aligned there is a ridge of cathode spacer laypoged in the first hole. The biocompatible
energization element may also include a separayer| where the separator layer is placed
within the first hole in the gap spacer layer amddhered to the ridge of cathode spacer
layer. The biocompatible energization element magy enclude a cavity between sides of the
second hole and a first surface of the separayer ,Javhere the cavity is filled with cathode
chemicals. The biocompatible energization elemeay aiso include a first current collector
coated with anode chemicals. The biocompatiblegnation element may also include a
second current collector, where the second cuo@igctor is in electrical connection with

the cathode chemicals. The biocompatible energizaiement may also include an
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electrolyte including electrolyte chemicals. Thedmmpatible energization element also
includes a plated metallic exterior coating, whetée plated metallic exterior coating
comprises a portion that is plated with electrolg@asing, and wherein the thickness of the
plated metallic exterior coating is thick enouglath as a barrier to ingress and egress of
moisture from the biochemical energization elem&he electroless plating may include
copper based chemistry to deposit a layer of coppire plated metallic exterior coating. In
some examples, there may be a portion of the bipatibie energization element wherein a
blocking material prevents the plated metallic eatecoating from forming in the region of
one or more of the anode contact and the cathaueao

Implementations may include one or more of thiefang features: the
biocompatible energization element where the calubemicals, anode chemicals and
electrolyte chemicals are consistent with multigharging and discharging cycles of the
energization The biocompatible energization elemegy also include examples where the
cathode chemicals include a salt of lithium. Thecbimpatible energization element may
include lithium iron phosphate. The biocompatibhermgization element may also include
intercalated metal atoms. The biocompatible enatigiz element may also include
intercalated lithium atoms. The biocompatible ergigon element may also include one or
more of lead, nickel, lithium, cobalt, zinc, soditwanadium, silver, or silicon. The
biocompatible energization element may also inckmium carboxymethyl cellulose. The
biocompatible energization element may also inclexkamples where the cathode chemicals
include one or more of synthetic graphite and cattidack. The biocompatible energization
element may also include examples where the cattloelmicals include one or more of
styrene butadiene rubber. The biocompatible enatigiz element may also include lithium
hexafluorophosate. The biocompatible energizatiement may include examples where the
biocompatible energization element is electricabiynected to an electroactive element
within a biomedical device. The biocompatible emgation element may also include
examples where the biomedical device is an ophibalevice. In some examples the
ophthalmic device may be a contact lens.

The biocompatible energization element may alstudeexamples where the
electrolyte includes lithium hexafluorophosphatbe biocompatible energization element
may also include examples where the separator @cmixture includes one or more of
poly(vinylidene fluoride), poly(dimethylsiloxane);n dimethyl acetamide). Additional
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examples may also include glycerol. The biocompagmergization element may be
included within a biomedical device.

One general aspect includes the biocompatibleggeaagion element which may be
included into an ophthalmic device where the oplhtidevice is a contact lens. The
biocompatible energization element may also inclu@@compatible energization element
including a cathode spacer layer; at least alfiot located in the cathode spacer layer; a
first current collector coated with anode chemicadisere the first current collector is
attached to a first surface of the cathode spager|and where a first cavity is created
between sides of the first hole and a first surfaicie first current collector coated with
anode chemicals; a separator layer, where theaepéayer is formed within the first cavity
after a separator precursor mixture is dispendgediie cavity; a second cavity between sides
of the first hole and a first surface of the sefmrkayer, where the second cavity is filled
with cathode chemicals; a second current collecidgrere the second current collector is in
electrical connection with the cathode chemicatst @n electrolyte. Implementations may
include biocompatible energization elements whieeecathode chemicals, anode chemicals
and electrolyte chemicals are consistent with mldtcharging and discharging cycles of the
energization element.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs.1A-1D illustrate exemplary aspects of biocotitgh@ energization elements in

concert with the exemplary application of contactses.

Fig. 2 illustrates the exemplary size and shagadividual cells of an exemplary

battery design.

Fig. 3A illustrates a first stand-alone, packageddampatible energization element

with exemplary anode and cathode connections.

Fig. 3B illustrates a second stand-alone, packagembmpatible energization element

with exemplary anode and cathode connections.

Figs. 4A-4N illustrate exemplary method steps Fa tormation of biocompatible

energization elements for biomedical devices.
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Fig. 5 illustrates an exemplary fully formed bioqoatible energization element.

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

biocompatible energization elements.

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

biocompatible energization elements with altermdgetroplating method.

Figs. 8A-8H illustrate exemplary method steps Fa tormation of biocompatible

energization elements with hydrogel separator iomiedical devices.

Figs. 9A-C illustrate exemplary methods steps farcsural formation of
biocompatible energization elements utilizing aeralative separator processing

embodiments.

Figs. 10A illustrates a side cross section viewa &illy formed biocompatible

energization element with platting.

Figs. 10B illustrate a top view of a fully formetbompatible energization element

platting.

DETAILED DESCRIPTION OF THE INVENTION

Methods and apparatus to form three-dimensionaidonpatible energization
elements are disclosed in this application. Theusgpr element within the energization
elements may be formed with novel methods and maypcse novel materials. In the
following sections, detailed descriptions of vas@mbodiments are described. The
description of both preferred and alternative eninedts are exemplary embodiments only,
and various modifications and alterations may lEaegnt to those skilled in the art.
Therefore, the exemplary embodiments do not lihetgcope of this application. The three-
dimensional biocompatible energization elementslasigned for use in or proximate to the

body of a living organism.
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Glossary
In the description and claims below, various temas be used for which the

following definitions will apply:

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

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

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

"Cathode" as used herein refers to an electrodeidfr which electric current flows
out of a polarized electrical device. The directodrelectric current is typically opposite to
the direction of electron flow. Therefore, the élens flow into the cathode of the polarized
electrical device and out of, for example, the @uted electrical circuit.

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

"Electrode" as used herein can refer to an acti@ssnn the energy source. For
example, it may include one or both of the anodéaathode.

"Energized" as used herein refers to the stateioigbable to supply electrical current
or to have electrical energy stored within.

"Energy" as used herein refers to the capacitymfysical system to do work. Many
uses of the energization elements may relate toapacity of being able to perform
electrical actions.

"Energy Source" or “Energization Element” or “Enieagion Device” as used herein
refers to any device or layer which is capableupipdying energy or placing a logical or

electrical device in an energized state. The enatigin elements may include batteries. The

6



10

15

20

25

30

batteries can be formed from alkaline type celincistry and may be solid-state batteries or
wet cell batteries.

"Fillers" as used herein refer to one or more ematipn element separators that do
not react with either acid or alkaline electrolyt€gnerally, fillers may include substantially
water insoluble materials such as carbon blacK; adast; graphite; metal oxides and
hydroxides such as those of silicon, aluminum,igai¢ magnesium, barium, titanium, iron,
zinc, and tin; metal carbonates such as thoselotioaand magnesium; minerals such as
mica, montmorollonite, kaolinite, attapulgite, aatt; synthetic and natural zeolites such as
Portland cement; precipitated metal silicates saghalcium silicate; hollow or solid polymer
or glass microspheres, 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 typigapproximates a planar layer with a top
surface and a bottom surface and a body; whereibdly is typically much thinner than the
extent of the layer.

"Functionalized" as used herein refers to makiteyar or device able to perform a
function including, for example, energization, aation, and/or control.

"Mold" as used herein refers to a rigid or semierigbject that may be used to form
three-dimensional objects from uncured formulati®mme preferred molds include two
mold parts that, when opposed to one another, eléfi@ structure of a three-dimensional
object.

"Power" as used herein refers to work done or gneeagsferred 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 whtany uses may relate to the capability of
being restored with the ability to flow electricalrrent at a certain rate for certain,

reestablished time periods.

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

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

"Stacked" as used herein means to place at leastdmponent layers in proximity to

each other such that at least a portion of on@serdf one of the layers contacts a first
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surface of a second layer. In some embodimentsaing, whether for adhesion or other
functions, may reside between the two layers tleatracontact with each other through said
coating.

"Traces" as used herein refer to energization ektic@mponents capable of
connecting together the circuit components. Forgue, circuit traces can include copper or
gold when the substrate is a printed circuit b@ard can typically be copper, gold or printed
film in a flexible circuit. A special type of “Tr&C is the current collector. Current collectors
are traces with electrochemical compatibility thetkes the current collector suitable for use
in conducting electrons to and from an anode drati in the presence of electrolyte.

The methods and apparatus presented herein relfdsrting biocompatible
energization elements for inclusion within or cat fbr three-dimensional biocompatible
devices. A particular class of energization elememdy be batteries that are fabricated in
layers. The layers may also be classified as lamilagers. A battery formed in this manner
may be classified as a laminar battery.

There may be other examples of how to assemble@miture batteries according to
the present disclosure, and some may be descnidetlawing sections. However, for many
of these examples, there are selected parametiharacteristics of the batteries that may
be described in their own right. In the followingcsons, some characteristics and parameters

will be focused upon.

Exemplary Biomedical Device Construction with Biogoatible Energization Elements

An example of a biomedical device that may incoap®the energization elements,
batteries, of the present disclosure may be arrebative focal-adjusting contact lens.
Referring to Fig. 1A, an example of such a conls insert may be depicted as contact lens
insert 100. In the contact lens insert 100, theag bre an electroactive element 120 that may
accommodate focal characteristic changes in regpionsontrolling voltages. A circuit 105
to provide those controlling voltage signals aslhaslto provide other function such as
controlling sensing of the environment for extero@htrol signals may be powered by a
biocompatible battery element 110. As depictedign EA, the battery element 110 may be
found as multiple major pieces, in this case timeees, and may comprise the various
configurations of battery chemistry elements asb®e discussed. The battery elements 110
may have various interconnect features to jointtogepieces as may be depicted underlying

the region of interconnect 114. The battery elesm@ad may be connected to a circuit
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element that may have its own substrate 111 upachwhterconnect features 125 may be
located. The circuit 105, which may be in the farhan integrated circuit, may be
electrically and physically connected to the sudistd 11 and its interconnect features 125.

Referring to Fig. 1B, a cross sectional relief @oatact lens 150 may contain contact
lens insert 100 and its discussed constituentsc@htact lens insert 100 may be
encapsulated into a skirt of contact lens hydrdgé which may form encapsulate the insert
and provide a comfortable interface of the contiac$ 150 to a user’s eye.

In reference to concepts of the present discloshechattery elements may be formed
in a two-dimensional form as depicted in anothemegle of Fig. 1C. In this depiction there
may be two main regions of battery cells in theaeg of battery component 165 and the
second battery component in the region of batteeyristry element 160. The flat element
may connect to a circuit element 163, which ingkample of Fig. 1C may contain two
major circuit areas 167. The circuit element 16¥ m@nnect to the battery element at an
electrical contact 161 and a physical contact I62. flat structure may be bent into a three-
dimensional conical structure as is described énpitesent disclosure. In that process a
second electrical contact 166 and a second physicaéhict 164 may be used to connect and
physically stabilize the three-dimensional struetiReferring to Fig. 1D, a representation of
this three-dimensional conical structure 180 mafoo@d. The physical and electrical
contact points 181 may also be found and the ritish may be viewed as a three-
dimensional view of the resulting structure. Thrsisture may comprise the modular
electrical and battery component that will be ipoyated with a lens insert into a

biocompatible device.

Seagmented Battery Schemes

Referring to Fig. 2, an example of different typésegmented battery schemes is
depicted for an exemplary battery element for aaxiriens type example. The segmented
components may be relatively circular-shaped 2qdare-shaped 272 or rectangular-shaped.
In rectangular-shaped examples, the rectanglebe&amall rectangular shapes 273, larger

rectangular shapes 274, or large rectangular st2affes

Custom Shapes of Flat Battery Elements

In some examples of biocompatible batteries, thebas may be formed as flat

elements. Referring to Fig. 3A an example of aamgtlar outline 310 of the battery element

9



10

15

20

25

30

may be depicted with an anode connection 311 aradhede connection 312. Referring to
Fig. 3B an example of a circular outline 330 ofadtéry element may be depicted with an
anode connection 331 and a cathode connection 332.

In some examples of flat-formed batteries, theioedl of the battery form may be
dimensionally and geometrically configured to fitdustom products. In addition to
examples with rectangular or circular outlines toas“free-form” or “free shape” outlines
may be formed which may allow the battery configiorato 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 freexfanay be of such geometry that when
formed to a 3-dimmensional shape, it may take ¢ 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 tesigctive 2D or 3D shape

requirements.

Biocompatibility Aspects of Batteries

As an example, the batteries according to the ptesclosure may have important
aspects relating to safety and biocompatibilityséme examples, batteries for biomedical
devices must meet requirements above and beyosd fhotypical usage scenarios. In some
examples, design aspects may be considered rétagtigessing events. For example, the
safety of an electronic contact lens may need toonsidered in the event a user breaks the
lens during insertion or removal. In another exan@esign aspects may consider the
potential for a user to be struck in the eye bgraign object. Still further examples of
stressful conditions that may be considered in ldgieg design parameters and constraints
may relate to the potential for a user to weatehs in challenging environments like the
environment under water or the environment at hitjtude as non-limiting examples.

The safety of such a device may be influenced bynhterials that the device is
formed with, by the quantities of those materiatgptyed in manufacturing the device, and
also by the packaging applied to separate the dg¥iom the surrounding on- or in-body
environment. In an example, pacemakers may beieatyiype of biomedical device which
may include a battery and which may be implanteal user for an extended period of time.
Accordingly, in some examples, such pacemakerstygmgally be packaged with welded,

hermetic titanium enclosures, or in other examptagtiple layers of encapsulation.
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Emerging powered biomedical devices may presentaimalenges for packaging, especially
battery packaging. These new devices may be muahesrthan existing biomedical devices,
for example, an electronic contact lens or pill eaamay be significantly smaller than a
pacemaker. In such examples, the volume and aeglalale for packaging may be greatly

reduced.

Electrical Requirements of Microbatteries

Another area for design considerations may retatddctrical 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 meet the fatitetal requirements of the system when
operating in a non-connected or non-externally pedienode. An emerging field of non-
connected or non-externally powered biomedical @ks/may include, for example, vision-
correcting contact lenses, health monitoring dejipédl cameras, and novelty devices.
Recent developments in integrated circuit (IC) tetbgy may permit meaningful electrical
operation at very low current levels, for examplepamps of standby current and
microamps of operating current. IC’s may also pexary small devices.

Microbatteries for biomedical applications may bguired to meet many
simultaneous, challenging requirements. For exantipéemicrobattery may be required to
have the capability to deliver a suitable operatialjage to an incorporated electrical circuit.
This operating voltage may be influenced by seviabrs including the IC process “node,”
the output voltage from the circuit to another deyiand a particular current consumption
target which may also relate to a desired devfeére.

With respect to the IC process, nodes may typidadlgifferentiated by the minimum
feature size of a transistor, such as its “so-daliensistor channel. This physical feature,
along with other parameters of the IC fabricatg&ugh as gate oxide thickness, can be
associated with a resulting rating standard fam-tum, or threshold, voltages of field-effect
transistors (FET's) fabricated in the given procasde. For example, in a node with a
minimum feature size of 0.5 microns it may be comntwfind FET’s with turn-on voltages
of 5.0V. However, at a minimum feature size of @@ the FET's may turn-on at 1.2, 1.8, and
2.5V. The IC foundry may supply standard cellsigitdl blocks, for example, inverters and
flip-flops that have been characterized and aedrédr use over certain voltage ranges.
Designers chose an IC process node based on staataak including density of digital

devices, analog/digital mixed signal devices, lgakeurrent, wiring layers, and availability
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of specialty devices such as high-voltage FET se@ithese parametric aspects of the
electrical components which may draw power fromierabattery, it may be important for
the microbattery power source to be matched toafeirements of the chosen process node
and IC design especially in terms of availableagdt and current.

In some examples, an electrical circuit powereda Inyicrobattery, may connect to
another device. In non-limiting examples, the netbery-powered electrical circuit may
connect to an actuator or a transducer. Dependirtgeapplication, these may include a
light-emitting diode (LED), a sensor, a microeleatechanical system (MEMS) pump, or
numerous other such devices. In some examples,caunctected devices may require higher
operating voltage conditions than common IC proceskes, for example, a variable-focus
lens may require 35V to activate. The operatingagd provided by the battery may
therefore be a critical consideration when desigisinch a system. In some examples of this
type of consideration, the efficiency of a lenwdrito produce 35V from a 1V battery may
be significantly less than it might be when opemgfirom a 2V battery. Further requirements
such as die size may be dramatically different ictamgg the operating parameters of the
microbattery as well.

Individual battery cells may typically be rated kvdpen-circuit, loaded, and cutoff
voltages. The open-circuit voltage is the potemralduced by the battery cell with infinite
load resistance. The loaded voltage is the potgmiauced by the cell with an appropriate,
and typically also specified, load impedance plaaadss the cell terminals. The cutoff
voltage is typically a voltage at which most of thadtery has been discharged. The cutoff
voltage may represent a voltage, or degree of drgeh below which the battery should not
be discharged to avoid deleterious effects, suaxesssive gassing. The cutoff voltage may
typically be influenced by the circuit to which thattery is connected, not just the battery
itself, for example, the minimum operating voltagfehe electronic circuit. In one example,
an alkaline cell may have an open-circuit voltafj.6V, a loaded voltage in the range 1.0 to
1.5V, and a cutoff voltage of 1.0V. The voltageaafiven microbattery cell design may
depend upon other factors of the cell chemistryleygal. And, different cell chemistry may
therefore have different cell voltages.

Cells may be connected in series to increase \altagwever, this combination may
come with tradeoffs to size, internal resistanoel ldattery complexity. Cells may also be
combined in parallel configurations to decreasestasce and increase capacity, however

such a combination may tradeoff size and shelf life
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Battery capacity may be the ability of a battergléiver current, or do work, for a
period of time. Battery capacity may typically lpesified in units such as microamp-hours.
A battery which can deliver 1 microamp of curremt hour has 1 microamp-hour of
capacity. Capacity may typically be increased ltyeasing the mass (and hence volume) of
reactants within a battery device; however, it rhayappreciated that biomedical devices
may be significantly constrained on available vodufattery capacity may also be
influenced by electrode and electrolyte material.

Depending on the requirements of the circuitry tock the battery is connected, a
battery may be required to source current ovengaaf 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 currentat@ls, for example, when writing flash
memory or communicating over radio frequency (R)s peak current may extend to tens
of milliamps or more. The resistance and impedarfigemicrobattery device may also be
important to design considerations.

Shelf life typically refers to the period of timéhigh a battery may survive in storage
and still maintain useful operating parametersliSifie may be particularly important for
biomedical devices for several reasons. Electrdeidces may displace non-powered
devices, as for example, may be the case for thedinction of an electronic contact lens.
Products in these existing market spaces may retablshed shelf life requirements, for
example, three years, due to customer, supply chathother requirements. It may typically
be desired that such specifications not be altenedew products. Shelf life requirements
may also be set by the distribution, inventory, asd methods of a device comprising a
microbattery. Accordingly, microbatteries for biodieal devices may have specific shelf life
requirements, which may be measured in the nunfbgrass for example.

In some embodiments, three-dimensional biocompaghkrgization elements may
be rechargeable. For example, an inductive coil atsy 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, photovoltaicaynalso be fabricated on the three-
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dimensional surface and connected to the threerdifoeal biocompatible energization
element. When exposed to light or photons, the@iudtaics will produce electrons to
recharge the energization element.

In some examples, a battery may function to proth@eelectrical energy for an
electrical system. In these examples, the battery Ine electrically connected to the circuit
of the electrical system. The connections betwearcait and a battery may be classified as
interconnects. These interconnects may becomeasiogly challenging for biomedical
microbatteries due to several factors. In some @kesnpowered biomedical devices may be
very small thus allowing little area and volume floe interconnects. The restrictions of size
and area may impact the electrical resistance @rability of the interconnections.

In other respects, a battery may contain a ligledtelyte which could boil at high
temperature. This restriction may directly compeitd the desire to use a solder interconnect
which may, for example, require relatively high maratures such as 250 degrees C to melt.
Although in some examples the battery chemistrgiuoting the electrolyte, and the heat
source used to form solder based interconnectshméagolated spatially from each other, in
the cases of emerging biomedical devices, the sizalmay preclude the separation of

electrolyte and solder joints by sufficient distario reduce heat conduction.

Interconnects

Interconnects may allow current to flow to and frima battery in connection with an
external circuit. Such interconnects may interfadé the environments inside and outside
the battery, and may cross the boundary or seaideet those environments. These
interconnects may be considered as traces, makimgections to an external circuit, passing
through the battery seal, and then connectingdatinrent collectors inside the battery. As
such, these interconnects may have several regemtsmrOutside the battery, the
interconnects may resemble typical printed cirtiaices. They may be soldered to or
otherwise connect to other traces. In an exampkrevtihe battery is a separate physical
element from a circuit board containing an integgatircuit, the battery interconnect may
allow for connection to the external circuit. Thsnnection may be formed with solder,
conductive tape, conductive ink or epoxy, or otineans. The interconnect traces may need
to survive in the environment outside the battéyyexample, not corroding in the presence

of oxygen.
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As the interconnect passes through the batteryis@ahy be of critical importance
that the interconnect coexist with the seal andhjtesealing. Adhesion may be required
between the seal and interconnect in additiongaatthesion which may be required between
the seal and battery package. Seal integrity maygl t@be maintained in the presence of
electrolyte and other materials inside the battingrconnects, which may typically be
metallic, may be known as points of failure in battpackaging. The electrical potential
and/or flow of current may increase the tendencefectrolyte to “creep” along the
interconnect. Accordingly, an interconnect may nieble engineered to maintain seal
integrity.

Inside the battery, the interconnects may interfaitie the current collectors or may
actually form the current collectors. In this redjahe interconnect may need to meet the
requirements of the current collectors as descritezdin, or may need to form an electrical
connection to such current collectors.

One class of candidate interconnects and curréieicoars is metal foils. Such foils
are available in thickness of 25 microns or ledsctv make them suitable for very thin
batteries. Such foil may also be sourced with lawexe roughness and contamination, two
factors which may be critical for battery perforrnanThe foils may include zinc, nickel,

brass, copper, titanium, other metals, and varabloys.

Electrolyte
An electrolyte is a component of a battery whiadtilfiates a chemical reaction to take

place between the chemical materials of the eldegoTypical electrolytes may be
electrochemically active to the electrodes, fomegke, allowing oxidation and reduction
reactions to occur. In some examples, this impogkattrochemical activity may make for a
challenge to creating devices that are biocompathdr example, potassium hydroxide
(KOH) may be a commonly used electrolyte in alkaloells. At high concentration the
material has a high pH and may interact unfavoralilly various living tissues. On the other
hand, in some examples electrolytes may be emplaygch may be less electrochemically
active; however, these materials may typically teaueduced electrical performance, such
as reduced cell voltage and increased cell resistakccordingly, one key aspect of the
design and engineering of a biomedical microbatteay be the electrolyte. It may be
desirable for the electrolyte to be sufficientlyiae to meet electrical requirements while also

being relatively safe for use in- or on-body.
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Various test scenarios may be used to determingafegy of battery components, in
particular electrolytes, to living cells. Theseuies, in conjunction with tests of the battery
packaging, may allow engineering design of a batgstem that may meet requirements.
For example, when developing a powered contact leatsery electrolytes may be tested on a
human corneal cell model. These tests may inclugeranents on electrolyte concentration,
exposure time, and additives. The results of sests tmay indicate cell metabolism and other
physiological aspects. Tests may also inclundévo testing on animals and humans.

Electrolytes for use in the present invention nregjude zinc chloride, zinc acetate,
ammonium acetate, and ammonium chloride in masserdrations from approximately 0.1
percent to 25 percent. The specific concentratinag depend on electrochemical activity,
battery performance, shelf life, seal integrityd dmocompatibility.

In some examples, several classes of additivesbmayilized in the composition of a
battery system. Additives may be mixed into thetetdyte base to alter its characteristics.
For example, gelling agents such as agar may retiecability of the electrolyte to leak out
of packing, thereby increasing safety. Corrosidnhitors may be added to the electrolyte,
for example, to improve shelf life by reducing thedesired dissolution of the zinc anode into
the electrolyte. Corrosion inhibitors may includétdn® QS-44 and indium acetate as non-
limiting examples. These inhibitors may positivelyadversely affect the safety profile of the
battery. Wetting agents or surfactants may be addeéxample, to allow the electrolyte to
wet the separator or to be filled into the battgmgkage. Again, these wetting agents may be
positive or negative for safety. The addition affaatant to the electrolyte may increase the
electrical impedance of the cell, according thedstaconcentration of surfactant to achieve
the desired wetting or other properties shoulddsluExemplary surfactants may include
Triton® X-100, Tritorf’ QS44, and Dowfax3B2 in concentrations from 0.01 percent to 2
percent.

One example of an electrolyte formulation may W#6Zinc chloride, 500 ppm of
Triton® QS-44, 200 ppm of indium +3 ion supplied as indacetate, and balance with
water.

Novel electrolytes are also emerging which may diacally improve the safety
profile of biomedical microbatteries. For examg@eglass of solid electrolytes may be
inherently resistant to leaking while still offegiisuitable electrical performance.

Batteries using “salt water” electrolyte are comigarsed in reserve cells for marine

use. Torpedoes, buoys, and emergency lights magucsebatteries. Reserve cells are
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batteries in which the active materials, the eteigs and electrolyte, are separated until the
time of use. Because of this separation, the selfsdischarge is greatly reduced and shelf
life is greatly increased. Salt water batteries maylesigned from a variety of electrode
materials, including zinc, magnesium, aluminum,pEptin, manganese dioxide, and silver
oxide. The electrolyte may be actual sea wateretample, water from the ocean flooding
the battery upon contact, or may be a speciallynereged saline formulation. This type of
battery may be particularly useful in contact lengesaline electrolyte may have superior
biocompatibility to classical electrolytes suchpasassium hydroxide and zinc chloride.
Contact lenses are stored in a “packing solutiohictvis typically a mixture of sodium
chloride, perhaps with other salts and bufferingrag. This solution has been demonstrated
as a battery electrolyte in combination with a zzanode and manganese dioxide cathode.
Other electrolyte and electrode combinations assipte. A contact lens using a “salt water”
battery may contain an electrolyte based on sodinloride, packing solution, or even a
specially engineered electrolyte similar to teardl Such a battery could, for example, be
activated with packing solution, maintain an opegrtimthe eye, and continue operating with
exposure to human tears.

In addition to or instead of possible benefitsbamcompatibility 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 pobdiiypical contact lenses are specified for
storage of 3 years or more. This is a challengenmirement for a battery with a small and
thin package. A reserve cell for use in a contags Imay have design similar to those shown
in Figures 3 but the electrolyte would not be adathe time of manufacture. The
electrolyte may be stored in an ampule within thetact lens and connected to the battery,
or saline surrounding the battery may be usedeasldctrolyte. Within the contact lens and
battery package, a valve or port may be designedarate the electrolyte from the
electrodes until the user activates the lens. Wmbivation, perhaps by simply pinching the
edge of the contact lens similar to activatingangstick, the electrolyte is allowed to flow
into the battery and form an ionic pathway betwesenelectrodes. This may involve a one-
time transfer of electrolyte or may expose thedvgtfor continued diffusion.

Some battery systems may use or consume electohlyiieg the chemical reaction.
Accordingly, it may be necessary to engineer aagesolume of electrolyte into the
packaged system. This electrolyte may be “parked/arious locations including the

separator or a reservoir.
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In some examples, a design of a battery systemimeayde a component or
components that may function to limit dischargeacdy of the battery system. For example,
it may be desirable to design the materials anduatscof materials of the anode, cathode, or
electrolyte such that one of them may be deplatstiduring the course of reactions in the
battery system. In such an example, the deplefieame of the anode, cathode or electrolyte
may reduce the potential for problematic dischange side reactions to not take place at
lower discharge voltages. These problematic reastimay produce, for example, excessive
gas or byproducts which could be detrimental tetyadnd other factors.

Modular Battery Components

In some examples, a modular battery component redgrimed according to some
aspects and examples of the present disclosutieese examples, the modular battery
assembly may be a separate component from othisrqfehe biomedical device. In the
example of an ophthalmic contact lens device, sudbsign may comprise a modular battery
that is separate from the rest of a media insérd may be numerous advantages of
forming a modular battery component. For exampléhe example 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-dimeraigriormed optical plastic components. In
addition, the sources of manufacturing may be rlexgble and may operate in a more
parallel mode to the manufacturing of the other gonents in the biomedical device.
Furthermore, the fabrication of the modular batmygnponents may be decoupled from the
characteristics of three-dimensional shaped devieasexample, in applications requiring
three-dimensional final forms, a modular batterstegn may be fabricated in a flat or
roughly two-dimensional perspective and then shapéke appropriate three-dimensional
shape. A modular battery component may be testigpandently of the rest of the
biomedical device and yield loss due to battery ponents may be sorted before assembly.
The resulting modular battery component may bézeatilin various media insert constructs
that do not have an appropriate rigid region upbickvthe battery components may be
formed; and, in a still further example, the usenafdular battery components may facilitate
the use of different options for fabrication teclugies than would otherwise be utilized,
such as web-based technology (roll to roll), sheested technology (sheet-to-sheet), printing,
lithography, and “squeegee” processing. In somengkas of a modular battery, the discrete

containment aspect of such a device may resuliditianal material being added to the
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overall biomedical device construct. Such effecéy et a constraint for the use of modular
battery solutions when the available space parasiegquire minimized thickness or volume
of solutions.

Battery shape requirements may be driven at legsit by the application for which
the battery is to be used. Traditional battery féaotors may be cylindrical forms or
rectangular prisms, made of metal, and may be ddaveard products which require large
amounts of power for long durations. These appboatmay be large enough that they may
contain large form factor batteries. In anothemapi®, planar solid-state batteries may be
thin rectangular prisms, typically formed upon éxible silicon or glass. These planar solid-
state batteries may be formed in some exampleg sgioon wafer-processing technologies.
In another type of battery form factor, low powkexible batteries may be formed in a pouch
construct, using thin foils or plastic to contane tbattery chemistry. These batteries may be
made flat, and may be designed to function wheneoloiw a modest out-of-plane curvature.

In some of the examples of the battery applicatioribe present invention where the
battery may be employed in a variable optic lelng,form factor may require a three-
dimensional curvature of the battery component w/iaeradius of that curvature may be on
the order of approximately 8.4 mm. The nature ahsa curvature may be considered to be
relatively steep and for reference may approxirntaeype of curvature found on a human
fingertip. The nature of a relative steep curvatureates challenging aspects for manufacture.
In some examples of the present invention, a modhatiery component may be designed
such that it may be fabricated in a flat, two-disienal manner and then formed into a three-

dimensional form of relative high curvature.

Battery Module Thickness

In designing battery components for biomedical magibns, tradeoffs amongst the
various parameters may be made balancing techsafaty and functional requirements. The
thickness of the battery component may be an impbend limiting parameter. For
example, in an optical lens application the abititya device to be comfortably worn by a
user may have a critical dependence on the thiskae®ss the biomedical device.
Therefore, there may be critical enabling aspectesigning the battery for thinner results.
In some examples, battery thickness may be detedrbg the combined thicknesses of top
and bottom sheets, spacer sheets, and adhesiveHeymesses. Practical manufacturing

aspects may drive certain parameters of film theglento standard values in available sheet
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stock. In addition, the films may have minimum Kmess values to which they may be
specified base upon technical considerations ngjat chemical compatibility, moisture /
gas impermeability, surface finish, and compatypivith coatings that may be deposited
upon the film layers.

In some examples, a desired or goal thicknesdiofshed battery component may be
a component thickness that is less than 220 ptheke examples, this desired thickness may
be driven by the three-dimensional geometry ofxaan®lary ophthalmic lens device where
the battery component may need to be fit insideatta@lable volume defined by a hydrogel
lens shape given end user comfort, biocompatib#ityd acceptance constraints. This volume
and its effect on the needs of battery componecirtess may be a function of total device
thickness specification as well as device spediboarelating to its width, cone angle, and
inner diameter. Another important design considendor the resulting battery component
design may relate to the volume available for &chattery chemicals and materials in a
given battery component design with respect tadlsalting chemical energy that may result
from that design. This resulting chemical energy tnen be balanced for the electrical
requirements of a functional biomedical deviceifetargeted life and operating conditions

Battery Module Flexibility

Another dimension of relevance to battery desigihtarthe design of related devices
that utilize battery based energy sources is thelfility of the battery component. There
may be numerous advantages conferred by flexiliteyeorms. For example, a flexible
battery module may facilitate the previously meméid ability to fabricate the battery form in
a two-dimensional flat form. The flexibility of tHerm may allow the two-dimensional
battery to then be formed into an appropriate tisiegensional shape to fit into a biomedical
device such as a contact lens.

In another example of the benefits that may beearoed by flexibility in the battery
module, if the battery and the subsequent devitlex#le then there may be advantages
relating to the use of the device. In an examptgrdact lens form of a biomedical device
may have advantages for insertion/removal of thdiasert based contact lens that may be
closer to the insertion/removal of a standard, filked hydrogel contact lens.

The number of flexures may be important to the megjiing of the battery. For
example, a battery which may only flex one timarfra planar form into a shape suitable for

a contact lens may have significantly differentige$rom a battery capable of multiple
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flexures. The flexure of the battery may also eatbayond the ability to mechanically
survive the flexure event. For example, an eleenoay be physically capable of flexing
without breaking, but the mechanical and electrotubal properties of the electrode may be
altered by flexure. Flex-induced changes may apipstantly, for example, as changes to
impedance, or flexure may introduce changes whieloaly apparent in long-term shelf life

testing.

Battery Module Width

There may be numerous applications into which tbedmpatible energization
elements or batteries of the present disclosurebraytilized. In general, the battery width
requirement may be largely a function of the aggtian in which it is applied. In an
exemplary case, a contact lens battery system anagy tonstrained needs for the
specification on the width of a modular battery pmment. In some examples of an
ophthalmic device where the device has a varigplie dunction powered by a battery
component, the variable optic portion of the deviegy occupy a central spherical region of
about 7.0 mm in diameter. The exemplary battersnelds may be considered as a 3-
dimensional object, which fits as an annular, cals&irt around the central optic and formed
into a truncated conical ring. If the required nmaxim diameter of the rigid insert is a
diameter of 8.50 mm, and tangency to a certain efiansphere may be targeted (as for
example in a roughly 8.40 mm diameter), then gepmmeay dictate what the allowable
battery width may be. There may be geometric maithatsmay be useful for calculating
desirable specifications for the resulting geometinych in some examples may be termed a
conical frustum flattened into a sector of an ansul

Flattened battery width may be driven by two feesuof the battery element, the
active battery components and seal width. In soxaeneles relating to ophthalmic devices a
target thickness may be between 0.100 mm and OsO@er side, and the active battery
components may be targeted at roughly 0.800 mm.v@tieer biomedical devices may have
differing design constraints but the principlesflexible 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 lb@erous advantages from the division of
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the active battery components into discrete segsnémar non-limiting example, the
fabrication of discrete and smaller elements mailifate production of the elements. The
function of battery elements including numerous lnalements may be improved. Defects
of various kinds may be segmented and non-fundtieleanents may be isolated in some
cases to result in decreased loss of function. ilaig be relevant in examples where the loss
of battery electrolyte may occur. The isolationrafividualized components may allow for a
defect that results in leakage of electrolyte duhe critical regions of the battery to limit the
loss of function to that small segment of the tb&ttery element whereas the electrolyte loss
through the defect could empty a significantly &rgegion for batteries configured as a
single cell. Smaller cells may result in lowereduoe of active battery chemicals on an
overall perspective, but the mesh of material surding each of the smaller cells may result
in a strengthening of the overall structure.

Battery Element Internal Seals

In some examples of battery elements for use imbdical devices, the chemical
action of the battery involves aqueous chemisthen® water or moisture is an important
constituent to control. Therefore it may be impott@ incorporate sealing mechanisms that
retard or prevent the movement of moisture eithuerod or into the battery body. Moisture
barriers may be designed to keep the internal nn@dével at a designed level, within some
tolerance. In some examples, a moisture barrierlmajivided into two sections or
components; namely, the package and the seal.

The package may refer to the main material of ttdosure. In some examples, the
package may comprise a bulk material. The Wateo¥a@pansmission Rate (WVTR) may
be an indicator of performance, with ISO, ASTM slards controlling the test procedure,
including the environmental conditions operant dgrihe testing. Ideally, the WVTR for a
good battery package may be “zero.” Exemplary nmedtewith a near-zero WVTR may be
glass and metal foils. Plastics, on the other haray; be inherently porous to moisture, and
may vary significantly for different types of plastEngineered materials, laminates, or co-
extrudes may usually be hybrids of the common pgekaaterials.

The seal may be the interface between two of tiekgupe surfaces. The connecting of
seal surfaces finishes the enclosure along witlp#tgage. In many examples, the nature of
seal designs may make them difficult to characgeiaz the seal's WVTR due to difficulty in

performing measurements using an ISO or ASTM stah@a the sample size or surface area
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may not be compatible with those procedures. Ineseramples, a practical manner to
testing seal integrity may be a functional testhef actual seal design, for some defined
conditions. Seal performance may be a functiomefsieal material, the seal thickness, the
seal length, the seal width, and the seal adhesiartimacy to package substrates.

In some examples, seals may be formed by a wefttimgess that may involve
thermal, laser, solvent, friction, ultrasonic, oc processing. In other examples, seals may be
formed through the use of adhesive sealants sugluas, epoxies, acrylics, natural rubber,
and synthetic rubber. Other examples may derive fite utilization of gasket type material
that may be formed from cork, natural and synthetidber, polytetrafluoroethylene (PTFE),
polypropylene, and silicones to mention a few nianiting examples.

In some examples, the batteries according to tegegnt invention may be designed to
have a specified operating life. The operatingnif@y 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 andderithe battery will be minimal, resulting in
a reduced moisture loss rate, and therefore theridife may be extended. The same
exemplary battery stored in a particularly dry &t environment may have a significantly

reduced expectable lifetime due to the strong dgvunction for moisture loss.

Battery Element Separators

Batteries of the type described in the presentritive may utilize a separator
material that physically and electrically separdesanode and anode current collector
portions from the cathode and cathode current coltgoortions. The separator may be a
membrane that is permeable to water and dissoleetr@yte components; however, it may
typically be electrically non-conductive. While ymad of commercially-available separator
materials may be known to those of skill in the #m¢ novel form factor of the present
disclosure may presents unique constraints oraledf separator selection, processing, and
handling.

Since the designs of the present invention may héxee-thin profiles, the choice may
be limited to the thinnest separator materialsdgihy available. For example, separators of
approximately 25 microns in thickness may be dbtreéSome examples which may be

advantageous may be about 12 microns in thickfiégse may be numerous acceptable
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commercial separators include microfibrillated, raporous polyethylene monolayer and/or
polypropylene-polyethylene-polypropylene (PP/PE/RiRyer separator membranes such as
those produced by Celgard (Charlotte, NC). A deseraxample of separator material may be
Celgard M824 PP/PE/PP trilayer membrane havingclrbss of 12 microns. Alternative
examples of separator materials useful for exangflése present invention may include
separator membranes comprising regenerated cal(#og. cellophane).

While PP/PE/PP trilayer separator membranes mag ddvantageous thickness and
mechanical properties, owing to their polyolefinl@aracter, they may also suffer from a
number of disadvantages that must be overcomeder ®0 make them useful in examples of
the present invention. Roll or sheet stock of PAPPHrilayer separator materials may have
numerous wrinkles or other form errors that mayéleterious to the micron-level tolerances
applicable to the batteries described herein. Eambre, polyolefin separators may need to
be cut to ultra-precise tolerances for inclusiothie present designs, which may therefore
implicate laser cutting as a preferred method ohfog discrete current collectors in
desirable shapes with tight tolerances. Owing éopiblyolefinic character of these separators,
certain cutting lasers useful for micro fabricatroay employ laser wavelengths, e.g. 355
nm, that will not cut polyolefins. The polyolefin® not appreciably absorb the laser energy
and are thereby non-ablatable. Finally, polyolsgparators may not be inherently wettable
to aqueous electrolytes used in the batteries ibescherein.

Nevertheless, there may be methods for overcorieggtinherent limitations for
polyolefinic type membranes. In order to presemti@coporous 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 membrane may not bedullbecause the cutting beam may be
inhibited as a result of defocusing of or othervgsattering the incident laser energy.
Additionally, if the separator membrane is not #ad wrinkle-free, the form accuracy and
geometric tolerances of the separator membranenaidye sufficiently achieved. Allowable
tolerances for separators of current examples rmgydferably +0 microns and -20 microns
with respect to characteristic lengths and/or radiere may be advantages for tighter
tolerances of +0 microns and -10 micron and furtbetolerances of +0 microns and -5
microns. Separator stock material may be madeafidtwrinkle-free by temporarily
laminating the material to a float glass carriethvéin appropriate low-volatility liquid. Low-

volatility liquids may be preferred over temporaghesives due to the fragility of the
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separator membrane and due to the amount of progdsse that may be required to release
separator membrane from an adhesive layer. Furtivetnm some examples achieving a flat
and wrinkle-free separator membrane on float glagsg a liquid has been observed to be
much more facile than using an adhesive. Pricataination, the separator membrane may
be made free of particulates. This may be achibyadtrasonic cleaning of separator
membrane to dislodge any surface-adherent partesulin some examples, handling of a
separator membrane may be done in a suitable, foticle environment such as a laminar
flow hood or a cleanroom of at least class 10,6Q0thermore, the float glass substrate may
be made to be particulate free by rinsing with pprapriate solvent, ultrasonic cleaning,
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 separator meames to a float glass carrier, specific
requirements may be imposed on the liquid to fiatédi subsequent laser cutting of discrete
separator shapes. One requirement may be thagtheé has a surface tension low enough to
soak into the pores of the separator material whialy easily be verified by visual
inspection. In some examples, the separator mhterres from a white color to a translucent
appearance when liquid fills the micropores ofriiederial. It may be desirable to choose a
liquid that may be benign and “safe” for workeratttvill be exposed to the preparation and
cutting operations of the separator. It may berdbk to choose a liquid whose vapor
pressure may be low enough so that appreciableoeatagn does not occur during the time
scale of processing (on the order of 1 day). inaillsome examples the liquid may have
sufficient solvating power to dissolve advantagedWsabsorbers that may facilitate the laser
cutting operation. In an example, it has been ofeskthat a 12 percent (w/w) solution of
avobenzone UV absorber in benzyl benzoate solvagtmeet the aforementioned
requirements and may lend itself to facilitating taser cutting of polyolefin separators with
high precision and tolerance in short order witheouexcessive number of passes of the
cutting laser beam. In some examples, separatordmaut with an 8W 355 nm nanosecond
diode-pumped solid state laser using this approdre the laser may have settings for low
power attenuation (e.g. 3 percent power), a mode@ated of 1 to 10 mm/s, and only 1 to 3
passes of the laser beam. While this UV-absorbitygcomposition has been proven to be an
effective laminating and cutting process aid, othigr formulations may be envisaged by
those of skill in the art and used without limidetti
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In some examples, a separator may be cut whild figa float glass. One advantage
of laser cutting separators while fixed to a flgitss carrier may be that a very high number
density of separators may be cut from one sepastiok sheet; much like semiconductor die
may be densely arrayed on a silicon wafer. Sucipg@noach may provide economy of scale
and parallel processing advantages inherent incegrductor processes. Furthermore, the
generation of scrap separator membrane may be medmOnce separators have been cut,
the oily process aid fluid may be removed by aeseoff extraction steps with miscible
solvents, the last extraction may be performed withgh-volatility solvent such as isopropyl
alcohol in some examples. Discrete separators, exicacted, may be stored indefinitely in
any suitable low-particle environment.

As previously mentioned, polyolefin separator meanless may be inherently
hydrophobic and may need to be made wettable teagusurfactants used in the batteries of
the present invention. One approach to make therap membranes wettable may be
oxygen plasma treatment. For example, separatoydmaeated for 1 to 5 minutes in a 100
percent oxygen plasma at a wide variety of powtings and oxygen flow rates. While this
approach may improve wettability for a time, it n@ywell-known that plasma surface
modifications provide a transient effect that may last long enough for robust wetting of
electrolyte solutions. Another approach to impresattability of separator membranes may
be to treat the surface by incorporating a suitabléactant on the membrane. In some cases,
the surfactant may be used in conjunction with @ghilic polymeric coating that remains
within the pores of the separator membrane.

Another approach to provide more permanence tbyHdeophilicity imparted by an
oxidative plasma treatment may be by subsequeathtent with a suitable hydrophilic
organosilane. In this manner, the oxygen plasmalmeaysed to activate and impart
functional groups across the entire surface ar¢leomicroporous separator. The
organosilane may then covalently bond to and/orcavalently adhere to the plasma treated
surface. In examples using an organosilane, theremi porosity of the microporous
separator may not be appreciably changed, monosay&ce coverage may also be possible
and desired. Prior art methods incorporating stafés in conjunction with polymeric
coatings may require stringent controls over thea@mount of coating applied to the
membrane, and may then be subject to process iayidh extreme cases, pores of the
separator may become blocked, thereby adversagtaf§ utility of the separator during the

operation of the electrochemical cell. An exemplaryanosilane useful in the present
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disclosure may be (3-aminopropyl)triethoxysilanéh& hydrophilic organosilanes may be
known to those of skill in the art and may be us@tiout limitation.

Still another method for making separator membravedtable by aqueous electrolyte
may be the incorporation of a suitable surfactarithe electrolyte formulation. One
consideration in the choice of surfactant for mgkseparator membranes wettable may be
the effect that the surfactant may have on theiactof one or more electrodes within the
electrochemical cell, for example, by increasing e¢kectrical impedance of the cell. In some
cases, surfactants may have advantageous antstmrnoroperties, specifically in the case of
zinc anodes in aqueous electrolytes. Zinc may bexample known to undergo a slow
reaction with water to liberate hydrogen gas, whiey be undesirable. Numerous
surfactants may be known by those of skill in thte@limit rates of said reaction to
advantageous levels. In other cases, the surfatiayso strongly interact with the zinc
electrode surface that battery performance maynpeded. Consequently, much care may
need to be made in the selection of appropriataciant types and loading levels to ensure
that separator wettability may be obtained withideleteriously affecting electrochemical
performance of the cell. In some cases, a plurafigurfactants may be used, one being
present to impart wettability to the separator memé and the other being present to
facilitate anti-corrosion properties to the zinode. In one example, no hydrophilic
treatment is done to the separator membrane anda&nt or plurality of surfactants is
added to the electrolyte formulation in an amourficgent to effect wettability of the
separator membrane.

Discrete separators may be integrated into thenanmicrobattery by direct
placement into a designed cavity, pocket, or stingctvithin the assembly. Desirably, this
pocket may be formed by a spacer having a cutatitntiay be a geometric offset of the
separator shape. Furthermore, the pocket may hiedgya or step on which the separator
rests during assembly. Said ledge or step maymgidtioinclude a pressure sensitive adhesive
which retains the discrete separator. Advantaggote pressure sensitive adhesive may be
the same one used in the construction and staok ofher elements of an exemplary laminar

microbattery.

Pressure Sensitive Adhesive

In some examples, the plurality of components casmg the laminar microbatteries
of the present invention may be held together wigitessure-sensitive adhesive (PSA) that

27



10

15

20

25

30

also serves as a sealant. While a myriad of comaigravailable pressure sensitive
adhesive formulations may exist, such formulatiainsost always include components that
may make them unsuitable for use within a biocorjeataminar microbattery. Examples of
undesirable components in pressure sensitive adigesiay include: low molecular mass
leachable components, antioxidants e.g. BHT andEIiHQ, plasticizing oils, impurities,
oxidatively unstable moieties containing, for exdémpnsaturated chemical bonds, residual
solvents and/or monomers, polymerization initidtagments, polar tackifiers, and the like.

Suitable PSAs may on the other hand exhibit theviehg properties. They may be
able to be applied to laminar components to achiewelayers on the order of 2 to 20
microns. As well, they may contain a minimum ogferably 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 inhérerdevices 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 permeabilityater vapor in order to maintain a
desirable aqueous electrolyte composition withenlihttery even when the battery may be
subjected to extremes in humidity for extendedqaiyiof time. The PSAs may have good
chemical resistance to components of electrolydel as acids, surfactants, and salts. They
may be inert to the effects of water immersiont&le PSAs may have a low permeability
to oxygen to minimize the rate of direct oxidati@amich may be a form of self-discharge, of
zinc anodes. And, they may facilitate a finite peafility to hydrogen gas, which may be
slowly evolved from zinc anodes in aqueous elegtesl This property of finite permeability
to hydrogen gas may avoid a build-up of internalspure.

In consideration of these requirements, polyisdieay (PIB) may be a
commercially-available material that may be fornbedeinto PSA compositions meeting
many if not all desirable requirements. Furtherm®i& may be an excellent barrier sealant
with very low water absorbance and low oxygen peatnigy. An example of PIB useful in
the examples of the present invention may be Opfidit6 by BASF Corporation.

Oppanof B15 may be dissolved in hydrocarbon solvents siscioluene, dodecane, mineral
spirits, and the like. One exemplary PSA compositimy include 30 percent Oppafi@15
(w/w) in a solvent mixture including 70 percent\Wwytoluene and 30 percent dodecane. The
adhesive and rheological properties of PIB basedi$8ay be determined in some examples

by the blending of different molecular mass graofeB3I1B. A common approach may be to
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use a majority of low molar mass PIB, e.g. Opp&al0 to affect wetting, tack, and
adhesion, and to use a minority of high molar nitiSsto affect toughness and resistance to
flow. Consequently, blends of any number of PIB anohass grades may be envisioned and
may be practiced within the scope of the preserdrition. Furthermore, tackifiers may be
added to the PSA formulation so long as the aforgimeed requirements may be met. By
their very nature, tackifiers impart polar propestto PSA formulations, so they may need to
be used with caution so as to not adversely affecbarrier properties of the PSA.
Furthermore, tackifiers may in some cases be axglgtunstable and may include an
antioxidant, which could leach out of the PSA. Fase reasons, exemplary tackifiers for use
in PSA's for biocompatible laminar microbatteriesynmclude fully- or mostly hydrogenated
hydrocarbon resin tackifiers such as the Regakdes of tackifiers from Eastman Chemical
Corporation.

Additional Package and Substrate consideratioBsdoompatible Battery Modules

There may be numerous packaging and substratedevasons that may dictate
desirable characteristics for package designs inseidcompatible laminar microbatteries.
For example, the packaging may desirably be predamtiy foil and/or film based where
these packaging layers may be as thin as pos&iblexample, 10 to 50 microns.
Additionally, the packaging may provide a suffidieiiffusion barrier to moisture gain or loss
during the shelf life. In many desirable examptlks,packaging may provide a sufficient
diffusion barrier to oxygen ingress to limit degaéidn of zinc anodes by direct oxidation.

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

In the present disclosure, packaging constructsceoayprise the following types of
functional components; namely, top and bottom pgicigalayers, PSA layers, spacer layers,
interconnect zones, filling ports, and secondaigkpging.

In some examples, top and bottom packaging layessaamprise metallic foils or
polymer films. Top and bottom packaging layers rec@amprise multi-layer film constructs
containing a plurality of polymer and/or barrieydas. Such film constructs may be referred
to as coextruded barrier laminate films. An exangbla commercial coextruded barrier

laminate film of particular utility in the presentvention may be 3M Scotchpak 1109
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backing which consists of a PET carrier web, a valgposited aluminum barrier layer, and a
polyethylene layer comprising a total average fiickness of 33 microns. Numerous other
similar multilayer barrier films may be availablecamay be used in alternate examples of
the present invention.

In design constructions comprising a PSA, packalziggr surface roughness may be
of particular importance, because the PSA mayrasul to seal opposing packaging layer
faces. Surface roughness may result from manufagtprocesses used in foil and film
production, for example, processes employing rgllaxtruding, embossing and/or
calendaring, among others. If the surface is taghg PSA may be not able to be applied in a
uniform thickness when the desired PSA thicknesg Ibeaon the order of the surface
roughness Ra. Furthermore, PSA's may not adequsagelyagainst an opposing face if the
opposing face has roughness that may be on the airtiee PSA layer thickness. In the
present disclosure, packaging materials havingfasiroughness, Ra, less than 10 microns
may be acceptable examples. In some examplescsudaghness values may be 5 microns
or less. And, in still further examples, the suefacsughness may be 1 micron or less. Surface
roughness values may be measured by a variety thioghe including but not limited to
measurement techniques such as white light intarfetry, stylus profilometry, and the like.
There may be many examples in the art of surfadeotogy that surface roughness may be
described by a number of alternative parameterstaidhe average surface roughness, Ra,
values discussed herein may be meant to be repatiserof the types of features inherent in

the aforementioned manufacturing 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 matema} face technical hurdles for thin
electrochemical cells of the present disclosureoime examples, printed carbon inks may be
used in thin electrochemical cells to replace &esau carbon rod for the cathode current
collector, and in these examples, the resultingogeway be formed without significant
impairment to the resulting electrochemical cefpi€ally, said carbon inks may be applied
directly to packaging materials which may comppsé&/mer films, or in some cases metal
foils. In the examples where the packaging film rhaya metal foil, the carbon ink may need
to protect the underlying metal foil from chemidalgradation and/or corrosion by the

electrolyte. Furthermore, in these examples, thiearaink current collector may need to
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provide electrical conductivity from the insidetbge electrochemical cell to the outside of the
electrochemical cell, implying sealing around aotigh the carbon ink. Due to the porous
nature of carbon inks, this may be not easily aqastned without significant challenges.
Carbon inks also may be applied in layers that lignte and relatively small thickness, for
example, 10 to 20 microns. In a thin electrochetrdel design in which the total internal
package thickness may only be about 100 to 150oms¢ithe thickness of a carbon ink layer
may take up a significant fraction of the totakimtal volume of the electrochemical cell,
thereby negatively impacting electrical performaatée cell. Further, the thin nature of the
overall battery and the current collector in pare may imply a small cross-sectional area
for the current collector. As resistance of a tiaceeases with trace length and decreases
with cross-sectional, there may be a direct tradestiveen current collector thickness and
resistance. The bulk resistivity of carbon ink nb@yinsufficient to meet the resistance
requirement of thin batteries. Inks filled withvat or other conductive metals may also be
considered to decrease resistance and/or thickimgisg)ey may introduce new challenges
such as incompatibility with novel electrolytes.consideration of these factors, in some
examples it may be desirable to realize efficiemdt high performance thin electrochemical
cells of the present disclosure by utilizing a thiatal foil as the current collector, or to apply
a thin metal film to an underlying polymer packaglayer to act as the current collector.
Such metal foils may have significantly lower résigy, thereby allowing them to meet
electrical resistance requirements with much legkmhess than printed carbon inks.

In some examples, one or more of the top and/doivopackaging layers may serve
as a substrate for a sputtered current collectéalroe metal stack. For example, 3M
Scotchpak 1109 backing may be metallized usingipalygapor deposition (PVD) of one or
more metallic layers useful as a current colletora cathode. Example metal stacks useful
as cathode current collectors may be Ti-W (Titanilungsten) adhesion layers and Ti
(Titanium) conductor layers. Exemplary metal staegsful as anode current collectors may
be Ti-W adhesion layers, Au (Gold) conductor layarsl In (Indium) deposition layers. The
thickness of the PVD layers may be preferably teas 500 nm in total. If multiple layers of
metals are used, the electrochemical and barrgrgpties may need to be compatible with
the battery. For example, copper may be electreglan top of a seed layer to grow a thick
layer of conductor. Additional layers may be platgan the copper. However, copper may
be electrochemically incompatible with certain élelytes especially in the presence of zinc.

Accordingly, if copper is used as a layer in thedyg, it may need to be sufficiently isolated
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from the battery electrolyte. Alternatively, copmeay be excluded or another metal
substituted.

In some other examples, top and/or bottom packagitgymay 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 a preferred embodimeathode current collector packaging foils
may comprise titanium foil, Hastelloy C-276 foihromium foil, and/or tantalum foil. In
certain designs, one or more packaging foils mafyeeblanked, embossed, etched,
textured, laser machined, or otherwise processpdotade desirable form, surface

roughness, and/or geometry to the final cell paiticqag

Anode and Anode Corrosion Inhibitors

The anode for the laminar battery of the presergntion may preferentially
comprise zinc. In traditional zinc carbon battereeginc anode may take the physical form of
a can in which the contents of the electrochengeldllmay be contained. For the battery of
the present disclosure, a zinc can may be an exafol there may be other physical forms
of zinc that may provide desirable to realize ufinaall battery designs.

Electroplated zinc may have examples of use innalb@u of industries, for example,
for the protective or aesthetic coating of metatgpdn some examples, electroplated zinc
may be used to form thin and conformal anodes usafbatteries of the present invention.
Furthermore, the electroplated zinc may be pattermseemingly endless configurations,
depending on the design intent. A facile meangéiterning electroplated zinc may be
processing with the use of a photomask or a phlysiagk. A plating mask may be fabricated
by a variety of approaches. One approach may hesiog a photomask. In these examples, a
photoresist may be applied to a conductive sulesttiaé substrate on which zinc may
subsequently be plated. The desired plating patteybe then projected to the photoresist
by means of a photomask, thereby causing curirsgletcted areas of photoresist. The
uncured photoresist may then be removed with apjatepsolvent and cleaning techniques.
The result may be a patterned area of conductivermabthat can receive an electroplated
zinc treatment. While this method may provide benefthe shape or design of the zinc to be
plated, the approach may require use of availabiégpatternable materials, which may have
constrained properties to the overall cell packagestruction. Consequently, new and novel

methods for patterning zinc may be required toizeaome designs of thin microbatteries of
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the present disclosure.

An alternative means of patterning zinc anodes bealgy means of a physical mask
application. A physical mask may be made by cuttiegirable apertures in a film having
desirable barrier and/or packaging properties. falally, the film may have pressure
sensitive adhesive applied to one or both sidesllyj the film may have protective release
liners applied to one or both adhesives. The reléasr may serve the dual purpose of
protecting the adhesive during aperture cutting@otecting the adhesive during specific
processing steps of assembling the electrochemetialspecifically the cathode filling step,
described in following description. In some exarspbezinc mask may comprise a PET film
of approximately 100 microns thickness to whiclhr@spure sensitive adhesive may be
applied to both sides in a layer thickness of appnately 10-20 microns. Both PSA layers
may be covered by a PET release film which may laalesv surface energy surface
treatment, and may have an approximate thickneS8 aficrons. In these examples, the
multi-layer zinc mask may comprise PSA and PET.flR&T films and PET/PSA zinc mask
constructs as described herein may be desirabbepsed with precision nanosecond laser
micromachining equipment, such as an Oxford LaSe$&ries laser micromachining
workstation, to create ultra-precise aperturefiémask to facilitate plating. In essence, once
the zinc mask has been fabricated, one side aktease liner may be removed, and the
mask with apertures may be laminated to the anodert collector and/or anode-side
packaging film/foil. In this manner, the PSA createseal at the inside edges of the apertures,
facilitating clean and precise masking of the zlnang electroplating.

The zinc mask may be placed and then electroplafimge or more metallic
materials may be performed. In some examples,meng be electroplated directly onto an
electrochemically compatible anode current colletdo such as brass. In alternate design
examples where the anode side packaging comprigelymer film or multi-layer polymer
film upon which seed metallization has been appl@it, and/or the plating solutions used
for depositing zinc, may not be chemically compatibith the underlying seed metallization.
Manifestations of lack of compatibility may incluélen cracking, corrosion, and/or
exacerbated Hevolution upon contact with cell electrolyte. brch a case, additional metals
may be applied to the seed metal to affect betteratl chemical compatibility in the system.
One metal that may find particular utility in elemthemical cell constructions may be
indium. Indium may be widely used as an alloyingragn battery grade zinc with its

primary function being to provide an anti-corrosoperty to the zinc in the presence of
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electrolyte. In some examples, indium may be swsfultg deposited on various seed
metallizations such as Ti-W and Au. Resulting filoisl-3 microns of indium on said seed
metallization layers may be low-stress and adheternhis manner, the anode-side
packaging film and attached current collector hgan indium top layer may be
conformable and durable. In some examples, it negydssible to deposit zinc on an indium-
treated surface, the resulting deposit may be menyuniform and nodular. This effect may
occur at lower current density settings, for exaanf@D amps per square foot (ASF). As
viewed under a microscope, nodules of zinc mayldseiwed to form on the underlying
smooth indium deposit. In certain electrochemiedll designs, the vertical space allowance
for the zinc anode layer may be up to about 5-1€¥ens maximum, but in some examples,
lower current densities may be used for zinc ptatand the resulting nodular growths may
grow taller than the maximum anode vertical alloegarit may be that the nodular zinc
growth stems from a combination of the high ovegptal of indium and the presence of an
oxide layer of indium.

In some examples, higher current density DC piatiay overcome the relatively
large nodular growth patterns of zinc on indiunfates. For example, 100 ASF plating
conditions may result in nodular zinc, but the sizéhe zinc nodules may be drastically
reduced compared to 20 ASF plating conditions.Haurhore, the number of nodules may be
vastly greater under 100 ASF plating conditionse Tésulting 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 atsel® microns.

An added benefit of indium in the electrochemial may be reduction of hydrogen
gas, which may be a slow process that occurs ir@eielectrochemical cells containing
zinc. The indium may be beneficially applied to @menore of the anode current collector,
the anode itself as a co-plated alloying compormmds a surface coating on the
electroplated zinc. For the latter case, indiunfeggr coatings may be desirably appiied
situ by way of an electrolyte additive such as indiuichioride or indium acetate. When
such additives may be added to the electrolytenallsconcentrations, indium may
spontaneously plate on exposed zinc surfaces assvpbrtions of exposed anode current
collector.

Zinc and similar anodes commonly used in commepiatary batteries is typically
found in sheet, rod, and paste forms. The ano@enahiature, biocompatible battery may be

of similar form, e.g. thin foil, or may be platesl previously mentioned. The properties of
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this anode may differ significantly from those iisting batteries, for example, because of
differences in contaminants or surface finish bittieéd to machining and plating processes.
Accordingly, the electrodes and electrolyte maynexspecial engineering to meet capacity,
impedance, and shelf life requirements. For exangplecial plating process parameters,
plating bath composition, surface treatment, aedtedlyte composition may be needed to

optimize electrode performance.

Cathode Mix

There may be numerous cathode chemistry mixesrtagtbe 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 battepgshode, may be applied as a paste or
slurry and may comprise manganese dioxide, sonme édiconductive carbon such as carbon
black or graphite, and other optional componemtsoime examples, these optional
components may comprise one or more of binderstrelgte salts, corrosion inhibitors,
water or other solvents, surfactants, rheology firergi and other conductive additives such
as conductive polymers. Once formulated and apaigby mixed, the cathode mix may
have a desirable rheology that allows it to eitteedispensed onto desired portions of the
separator and/or cathode current collector, oreggeed through a screen or stencil in a
similar manner. In some examples, the cathode naix Ioe dried prior to later cell assembly
steps, while in other examples, the cathode matagosome or all of the electrolyte
components, and may only be partially dried tolacted moisture content.

The manganese dioxide which may be used in th@datimix may be preferably
electrolytic manganese dioxide (EMD) due to thedbieral additional energy capacity that
this type of manganese dioxide provides relativeth@r forms, such as, natural manganese
dioxide or chemical manganese dioxide. FurthermbeeEMD useful in batteries of the
present invention may need to have a particleaizkparticle size distribution that may be
conducive to the formation of depositable or piiteecathode mix pastes/slurries.
Specifically, the EMD may be processed to remogaificant large particulate components
that would be considered large relative to othatuies such as battery internal dimensions,
separator thicknesses, dispense tip diametergilstgening sizes, or screen mesh sizes. In
some examples, EMD may have an average partideo$iz microns with a large particle
content that may contain particulates up to abOuni€rons. In alternative examples, the

EMD may be sieved, further milled, or otherwisea@aped or processed to limit large
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particulate content to below a certain threshadd eikample, 25 microns or smaller. One
process useful for the particle size reduction MCEmMay be jet milling where sub-micron
particulate may be obtained. Other processes ukefldrge particle size reduction may
include ball milling or 3-roll milling of the catli® 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-particle eieatrnetwork between EMD particles and
carbon particles. A secondary function of the binday be to facilitate electrical contact to
the cathode current collector. A third functiortloé binder may be to influence the
rheological properties of the cathode mix pasteatbrantageous dispensing and/or
stenciling/screening. Still, a fourth function bktbinder may be to enhance the electrolyte
uptake and distribution within the cathode. Theichof the binder polymer as well as the
specific amount to be used may be critical to thedficial function of the cathode in the
electrochemical cell of the present disclosuréhéfbinder polymer is too soluble in the
electrolyte to be used, then the primary functibthe binder, electrical continuity, may be
drastically impacted to the point of cell non-fupnaoglity. On the contrary, if the binder
polymer is insoluble in the electrolyte to be ugsattions of EMD may be ionically insulated
from the electrolyte, resulting in diminished ga#irformance such as reduced capacity, lower
open circuit voltage, and/or increased interndbktance. In the end, choice of binder polymer
and amount to be used may be a careful balancirthatcmay need to be determined by
careful experimentation, in some examples usingdhsign of experiments” approach.
Examples of binder polymers useful for the preskstlosure comprise
polyvinylpyrrolidone, polyisobutylene, rubbery tidck copolymers comprising styrene end
blocks such as those manufactured by Kraton Polynsgyrene-butadiene latex block
copolymers, polyacrylic acid, hydroxyethylcellulpsarboxymethylcellulose, among others.

The cathode may also comprise silver dioxide okelioxyhydroxide among other
candidate materials. Such materials may offer as®d capacity and less decrease in loaded
voltage during discharge relative to manganeseidigpboth desirable properties in a battery.
Batteries based on these cathodes may have cexamiples present in industry and
literature. A novel microbattery utilizing a silvdioxide cathode may include a
biocompatible electrolyte, for example, one compgsinc chloride and/or ammonium
chloride instead of potassium hydroxide.
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Battery Architecture and Fabrication

Battery architecture and fabrication technology rhayclosely intertwined. As has
been discussed in earlier sections of the spetditaa battery has the following elements:
cathode, anode, separator, electrolyte, cathoderdurollector, anode current collector, and
packaging. Clever design may try to combine thésments in easy to fabricate
subassemblies. In other examples, optimized des@nhave dual-use components, such as
using a metal package to double as a current ¢oflderom a relative volume and thickness
standpoint, these elements may be nearly all the s@lume, except for the cathode. In
some examples, the electrochemical system mayreeghiout two (2) to ten (10) times the
volume of cathode as anode due to significant idiffees in mechanical density, energy
density, discharge efficiency, material purity, ahd presence of binders, fillers, and
conductive agents. In these examples, the relatake of the various components may be
approximated in the following thicknesses of thenednts: Anode current collector = 1 um;
Cathode current collector = 1 um; Electrolyte =istitial liquid (effectively O um);
Separator = as thin or thick as desired where ldrenpd maximal thickness may be
approximately 15 pum; Anode =5 um; and the Catho86 um. For these examples of
elements the packaging needed to provide suffigestection to maintain battery chemistry
in use environments may have a planned maximatribis of approximately 50 um.

In some examples, which may be fundamentally diffefrom 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 configurationgh wattery elements arranged inside. The
containment may have two films or one film bentrometo the other side either
configuration of which may form two roughly plararrfaces, which may be then sealed on
the perimeter to form a container. This thin-butlevform factor may make battery elements
themselves thin and wide. Furthermore, these exasnphy be suitable for application
through coating, gravure printing, screen printisygttering, or other similar fabrication
technology.

There may be numerous arrangements of the inteomaponents, such as the anode,
separator and cathode, in these “pouch-like” batt@amples with thin-but-wide form factor.
Within the enclosed region formed by the two filniggse basic elements may be either “co-
planar” that is side-by-side on the same planecoffacial” which may be face-to-face on

opposite planes. In the co-planar arrangementrbee, separator, and cathode may be
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deposited on the same surface. For the co-fac@hgement, the anode may be deposited on
surface-1, the cathode may be deposited on suBfaaed the separator may be placed
between the two, either deposited on one of thessior 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 form, to Buip a battery layer by layer. Sheets may be
bonded to each other using adhesives, such asipessitive adhesives, thermally
activated adhesives, or chemical reaction-basedsagks. In some examples the sheets may
be bonded by welding techniques such as thermalimgelultrasonic welding and the like.
Sheets may lend themselves to standard industcyigea as roll-to-roll (R2R), or sheet-to-
sheet assembly. As indicated earlier, an interidduwe for cathode may need to be
substantially larger than the other active elementke battery. Much of a battery construct
may have to create the space of this cathode rakhtand support it from migration during
flexing of the battery. Another portion of the et construct that may consume significant
portions of the thickness budget may be the sepanaaterial. In some examples, a sheet
form of separator may create an advantageous aolfdr laminate processing. In other
examples, the separator may be formed by dispehskhgmgel material into a layer to act as
the separator.

In these laminate battery assembly examples, timeirig product may have an anode
sheet, which may be a combination of a package &y& an anode current collector, as well
as substrate for the anode layer. The forming proghay also have an optional separator
spacer sheet, a cathode spacer sheet, and a cattemteThe cathode sheet may be a
combination of a package layer and a cathode ducadlector layer.

Intimate contact between electrodes and curretgatols is of critical importance for
reducing impedance and increasing discharge cgpHairtions of the electrode are not in
contact with the current collector, resistance mayease since conductivity is then through
the electrode (typically less conductive than thieent collector) or a portion of the electrode
may become totally disconnected. In coin cell aylthdrical batteries, intimacy is realized
with mechanical force to crimp the can, pack pasgtea can, or through similar means.
Wave washers or similar springs are used in comalarells to maintain force within the
battery; however, these would add to the overatktiess of a miniature battery. In typical
patch batteries, a separator may be saturateédtr@lyte, placed across the electrodes, and
pressed down by the external packaging. In a lamiogacial battery there are several

methods to increase electrode intimacy. The anaaelra plated directly onto the current
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collector rather than using a paste. This proadssrently results in a high level of intimacy
and conductivity. The cathode; however, is typicalpaste. Although binder material present
in the cathode paste may provide adhesion and imohesechanical pressure may be needed
to ensure the cathode paste remains in contactiatbathode current collector. This may be
especially important as the package is flexed hadattery ages and discharges, for
example, as moisture leaves the package througtatid small seals. Compression of the
cathode may be achieved in the laminar, cofaci@éhaby introducing a compliant separator
and/or electrolyte between the anode and cathodel glectrolyte or hydrogel separator, for
example, may compress on assembly and not simplgutiof the battery as a liquid
electrolyte would. Once the battery is sealedgleetrolyte and/or separator may then push
back against the cathode. An embossing step magrbermed after assembly of the laminar

stack, introducing compression into the stack.

Exemplary Illustrated Processing of Biocompatibieffization Elements — Placed Separator

An example of the steps that may be involved ircessing biocompatible
energization elements may be found referring te. M@\ — 4N. The processing at some of the
exemplary steps may be found in the individualfggu In Fig. 4A, a combination of a PET
cathode spacer 401 and a PET gap spacer 404 nibysbrated. The PET cathode spacer
401 may be formed by applying films of PET 403 vhifor example, may be roughly 3 mils
thick. On either side of the PET layer may be fol&A layers or these may be capped with
a polyvinylidene fluoride (PVDF) release layer 40Rich may be roughly 1 mil in thickness.
The PET gap spacer 404 may be formed of a PVDF &3@ which may be roughly 3 mils
in thickness. There may be a capping PET layendtibh may be roughly 0.5 mils in
thickness. Between the PVDF layer 409 and the ogpPET layer 405, in some examples,
may be a layer of PSA.

Proceeding to Fig. 4B, a hole 406 in the gap spayer 404 may be cut by laser
cutting treatment. Next at Fig. 4C, the cut PET ga@acer layer 404 may be laminated 408 to
the PET cathode spacer layer 401. Proceeding tagtBiga cathode spacer hole 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 |dQdr. At Fig. 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 argvbeh the size of the previous two laser cut
holes, and approximately the size of the PET gapephole 406 , forming a precut separator
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420. Proceeding to Fig. 4G, a pick and place t@dl dhay be used to pick and place discrete
pieces of Celgard into their desired locationstengrowing device. At Fig. 4H, the placed
Celgard pieces 422 are fastened into place andttieelRVDF release layer 423 may be
removed. Proceeding to Fig. 41, the growing desgitaecture may be bonded to a film of the
anode 425. The anode may be comprised of an amdléetor film upon which a zinc anode
film has been electrodeposited.

Proceeding to Fig. 4J, a cathode slurry 430 mgyldeed 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 batteryiab=/being formed. After filling, the
remaining PVDF release layer 432 may be removediwmay result in the structure
illustrated in Fig. 4K. At Fig. 4L the entire sttuce 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 450ickhmay already have the cathode
collector film upon it, may be bonded to the grogvsiructure. In a final illustration at Fig.
4N a laser cutting process may be performed to versale regions 460 and yield a battery
element 470. There may be numerous alterationstioies, changes to materials and
thickness targets that may be useful within thenhof the present disclosure.

The result of the exemplary processing may be tieghio some detail at Fig. 5. In an
example, the following reference features may bmee@. The cathode chemistry 510 may be
located in contact with the cathode and cathodedol 520. A pressure sensitive adhesive
layer 530 may hold and seal the cathode colle@6rté6 a PET spacer layer 540. On the other
side of the PET spacer layer 540, may be anotharn®®r 550, which seals and adheres the
PET spacer layer 540 to the PET gap layer 560.#a1d®SA layer 565 may seal and adhere
the PET gap layer 560 to the anode and anode twodector layers. A Zinc plated layer
570 may be plated onto the anode current colléx®0r The separator layer 590 may be
located within the structure to perform the asdeddunctions as have been defined in the
present disclosure. In some examples, an eleatratgy be added during the processing of
the device, in other examples, the separator nrag@y comprise 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
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exemplary steps may be found in the individual figgu There may be numerous alterations,
deletions, changes to materials and thicknessttatigat may be useful within the intent of
the present disclosure.

Figs. 6A — 6F may illustrate a biocompatible lamis@ucture for energization
elements. In Fig. 6A, a laminar construct 600 mayllbstrated. The laminar structure may
be comprised of two laminar construct release B@62 and 602a, one layer on either end;
two laminar construct adhesive layers 604 and 6@4ated between the laminar construct
release layers 602 and 602a; and a laminar constoue 606, located between the two
laminar construct adhesive layers 604 and 604aldrhimar construct release layer 602 and
602a and adhesive layers 604 and 604a may be modugurchased, such as a
commercially available pressure sensitive adhdsaresfer tape with primary liner layer. The
laminar construct adhesive layers 604 and 604abeayPVDF layer which may be
approximately 1-3 millimeters in thickness and tag@laminar construct core 606. The
laminar construct core 606 may comprise a thernstiplpolymer resin such as polyethylene
terephthalate (PET),, which for example, may beghbtyi3 millimeters thick. Proceeding to
Fig. 6B, a hole for the cathode pocket 608 mayutencthe laminar construct by laser cutting
treatment. This may form a cathode spacer layer.

Next, at Fig. 6C, the bottom laminar constructastelayer 602a may be removed
from the laminar construct, exposing the laminarstauct adhesive layer 604a. The laminar
construct adhesive layer 604a may then be usedhiera an anode connection foil 610 to
cover the bottom opening of the cathode pocket Bé&ceeding to Fig. 6D, the anode
connection foil 610 may be protected on the expdsagtbm layer by adhering a masking
layer 612. The masking layer 612 may be a commigragailable PSA transfer tape with a
primary liner. Next, at Fig. 6E, the anode conractoil 610 may be electroplated with a
coherent metal 614, Zinc for example, which coat¢sexposed section of the anode
connection foil 610 inside of the cathode pockebcBeding to 6F, the anode electrical
collection masking layer 612 is removed from thé&dra of the anode connection foil 610
after electroplating. In some examples, to be dised in a later section, materials may be
coated into the cavity other than metals, sucheg®sits of graphite, graphite intercalated
with metals or semiconductor layers.

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 comprise twoif@nconstruct release layers, 702 and
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702a, one layer on either end; two laminar constrdbesive layers, 704 and 704a, located
between the laminar construct release layers 76Z7@8a; and a laminar construct core 706,
located between the two laminar construct adhdaies 704 and 704a. The laminar
construct release layers and adhesive layers mpyooeiced or purchased, such as a
commercially available pressure-sensitive adhesaresfer tape with primary liner layer. The
laminar construct adhesive layers may be a polydege fluoride (PVDF) layer which may
be approximately 1-3 millimeters in thickness aag the laminar construct core 706. The
laminar construct core 706 may comprise a thernstipl@olymer resin such as polyethylene
terephthalate, which for example may be roughlyilBmeters thick. Proceeding to Fig. 7B,
a cavity for the cathode pocket 708 may be cubénlaminar construct by laser cutting
treatment. In Fig. 7C, an anode connection foil iy be obtained and a protective masking
layer 712 applied to one side. Next, at Fig. 7[@,dhode connection foil 710 may be
electroplated with a layer 714 of a coherent mébalexample, zinc. Proceeding to Fig. 7E,
the laminar constructs of Figs. 7B and 7D may beldoed to form a new laminar construct
as depicted in Fig. 7E by adhering Fig. 7B to tleeteoplated layer 714 of Fig. 7D. The
release layer 702a of Fig 7B may be removed inrdalexpose adhesive layer 704a of Fig.
7B for adherence onto electroplated layer 714 gf AD. Proceeding next to Fig 7F, the
anode protective masking layer 712 may be remongad the bottom of the 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 examilese illustrated in Figs. 6A -6F and 7A —
7F. Proceeding to Fig. 8A, a hydrogel separatocyyssr mixture 820 may be deposited on
the surface of the laminate assembly. In some eleanas depicted, the hydrogel separator
precursor mixture 820 may be applied upon a relkzgse 802. Next, at Fig. 8B, the
hydrogel separator precursor mixture 820 may beegged 850 into the cathode pocket
while being cleaned off of the release layer 80% ferm “squeegeed” may generally refer to
the use of a planarizing or scraping tool to rutnss the surface and move fluid material
over the surface and into cavities as they exist. @rocess of squeegeeing may be performed
by equipment similar to the vernacular “Squeeggpé tdevice or alternatively and
planarizing device such as knife edges, razor edgédshe like which may be made of
numerous materials as may be chemically consistghtthe material to be moved.

The processing depicted at Fig. 8B may be perforseedral times to ensure coating
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of the cathode pocket, and increment the thickoésssulting features. Next, at Fig. 8C, the
hydrogel separator precursor mixture may be allotwetty in order to evaporate materials,
which may typically be solvents or diluents of was types, from the hydrogel separator
precursor mixture; then, the dispensed and apptigrials may be cured. It may be possible
to repeat both of the processes depicted at FigurtBFig. 8C in combination in some
examples. In some examples, the hydrogel sepgregoursor mixture may be cured by
exposure to heat while in other examples the cunag be performed by exposure to photon
energy. In still further examples the curing mayoive both exposure to photon energy and
to heat. There may be numerous manners to cuieytiregel 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 surfageon in proximity to an anode or cathode
feature which in the present example may be anafeature. Adherence of the material to
the sidewalls of the cavity may be useful in thgasation function of a separator. The result
of curing may be to form a dehydrated polymerizeztprsor mixture concentrate 822 which
may be simply considered the separator of the Reticeeding to Fig. 8D, cathode slurry 830
may be deposited onto the surface of the laminastcact release layer 802. Next, at Fig. 8E
the cathode slurry 830 may be squeegeed into theda pocket and onto the dehydrated
polymerized precursor mixture concentrate 822. ddteode slurry may be moved to its
desired location in the cavity while simultaneoustéyng cleaned off to a large degree from
the laminar construct release layer 802. The pso€FEig. 8E may be performed several
times to ensure coating of the cathode slurry 88@p of the dehydrated polymerized
precursor mixture concentrate 822. Next, at Figti8& cathode slurry may be allowed to dry
down to form an isolated cathode fill 832 on tophs dehydrated polymerized precursor
mixture concentrate 822, filling in the remaindétie cathode pocket.

Proceeding to Fig. 8G, an electrolyte formulatid® 8ay be added on to the isolated
cathode fill 832 and allowed to hydrate the isalatathode fill 832 and the dehydrated
polymerized precursor mixture concentrate 822. NaxEig. 8H, a cathode connection foll
816 may be adhered to the remaining laminar coctsadhesive layer 804 by removing the
remaining laminar construct release layer 802 amdging the connection foil 816 in place.
The resulting placement may result in coveringhtypdrated cathode fill 842 as well as
establishing electrical contact to the cathodeB#l? as a cathode current collector and
connection means.

Figs. 9A through 9C may illustrate an alternagxample of the resulting laminate
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assembly illustrated in Fig. 7D. In Fig. 9A, theode connection foil 710 may be obtained
and a protective masking layer 712 applied to ate. §he anode connection foil 710 may
be plated with a layer 714 of coherent metal wibth.example, zinc in a similar fashion as
described in the previous figures. Proceeding ¢p $8, a hydrogel separator 910 may be
applied without the use of the squeegee methaostidited in Fig. 8E. The hydrogel separator
precursor mixture may be applied in various manrersexample, a preformed film of the
mixture may be adhered by physical adherence, lehatively a diluted mixture of the
hydrogel separator precursor mixture may be disgggeasd then adjusted to a desired
thickness by the processing of spin coating. Alguely the material may be applied by
spray coating, or any other processing equivalent.

Next, at Fig. 9C, processing is depicted to craagegment of the hydrogel separator
that may function as a containment around a sepat@gion. The processing may create a
region that limits the flow, or diffusion, of matalis such as electrolyte outside the internal
structure of the formed battery elements. Sucloekinhg feature 920 of various types may
therefore be formed. The blocking feature, in sexemples, may correspond to a highly
crosslinked region of the separator layer as mayptmed in some examples by increased
exposure to photon energy in the desired regidheblocking feature 920. In other
examples, materials may be added to the hydrogekawr material before it is cured to
create regionally differentiated portions that upganng become the blocking feature 920. In
still further examples, regions of the hydrogelasepor material may be removed either
before or after curing by various techniques incigdor example chemical etch of the layer
with masking to define the regional extent. Theaegf removed material may create a
blocking feature in its own right or alternativehaterially may be added back into the void
to create a blocking feature. The processing ofrtipermeable segment may occur through
several methods including but not limited to: imagk processing, increased cross-linking,
heavy photodosing, back-filling, or omission of hygel adherence to create a void. 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 discreteragp (as described in a previous
section) may be precluded due to a variety of nemsach as the cost, the availability of

materials, the quality of materials, or the compilegf processing for some material options
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as non-limiting examples. In such cases, a castror-in-place separator which may have
been depicted in the processes of Figs. 8A — 8léxXample, may provide desirable benefits.
While starch or pasted separators have been useaherially with success in AA and other
format Leclanché or zinc carbon batteries, suclseprs may be unsuitable in some ways
for use in certain examples of laminar microbag®rParticular attention may need to be paid
to the uniformity and consistency of geometry foy aeparator used in the batteries of the
present disclosure. Precise control over sepavatame may be needed to facilitate precise
subsequent incorporation of known cathode volumessabsequent realization of consistent
discharge capacities and cell performance.

A method to achieve a uniform, mechanically rodasn-in-place separator may be
to use UV-curable hydrogel formulations. Numerowades-permeable hydrogel formulations
may be known in various industries, for example,¢bntact lens industry. An example of a
common hydrogel in the contact lens industry mapdilg (hydroxyethylmethacrylate)
crosslinked gel, or simply pHEMA. For numerous agilons of the present disclosure,
pHEMA may possess many attractive properties ferimd_eclanché and zinc carbon
batteries. pHEMA typically may maintain a water wort of approximately 30-40 percent in
the hydrated state while maintaining an elastic mhaglof about 100 psi or greater.
Furthermore, the modulus and water content prageedi crosslinked hydrogels may be
adjusted by one of skill in the art by incorporgtadditional hydrophilic monomeric (e.g.
methacrylic acid) or polymeric (e.g. polyvinylpylidone) components. In this manner, the
water content, or more specifically, the ionic peatility of the hydrogel may be adjusted by
formulation.

Of particular advantage in some examples, a castaial polymerizable hydrogel
formulation may contain one or more diluents talift@te processing. The diluent may be
chosen to be volatile such that the castable nextely be squeegeed into a cavity, and then
allowed a sufficient drying time to remove the \idasolvent component. After drying, a
bulk photopolymerization may be initiated by exp@sto actinic radiation of appropriate
wavelength, such as blue UV light at 420 nm, fer¢thosen photoinitiator, such as CGI 819.
The volatile diluent may help to provide a desieadypplication viscosity so as to facilitate
casting a uniform layer of polymerizable matenathe cavity. The volatile diluent may also
provide beneficial surface tension lowering effepeticularly in the case where strongly
polar monomers are incorporated in the formulatforother aspect that may be important to

achieve the casting of a uniform layer of polymaiiz material in the cavity may be the
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application viscosity. Common small molar mass tiegaanonomers typically do not have
very high viscosities, which may be typically omyew centipoise. In an effort to provide
beneficial viscosity control of the castable antypwrizable separator material, a high molar
mass polymeric component known to be compatiblé thié polymerizable material may be
selected for incorporation into the formulationaxples of high molar mass polymers which
may be suitable for incorporation into exemplamnfalations may include
polyvinylpyrrolidone and polyethylene oxide.

In some examples the castable, polymerizable agpanay be advantageously
applied into a designed cavity, as previously dbedr In alternative examples, there may be
no cavity at the time of polymerization. Instedt tastable, polymerizable separator
formulation may be coated onto an electrode-cointgisubstrate, for example, patterned
zinc plated brass, and then subsequently exposadtitoc radiation using a photomask to
selectively polymerize the separator material igdted areas. Unreacted separator material
may then be removed by exposure to appropriatengrsolvents. In these examples, the

separator material may be designated as a phaterpable separator.

Primary Battery Example

In some examples of the processing of biocompaéibérgization elements with
deposited separators, a primary battery may beddr typical primary battery may be
characterized by its single-use property. In anrgxa consistent with the laminar
processing, a battery may be formed with the folhgicharacteristics and elements as set

forth in the table below.

Element Material
Cathode Current Collector Titanium Foil
Cathode Electrode (Slurry) Slurry Containing Elelttic Manganese

Dioxide and Carbon
Separator Hydrogel
Anode Electrode Electrodeposited Zinc

Anode Current Collector Brass Foll

Laminate Polyethylene Terphalate Core with Adhesiv

Electrolyte ZnCY/NH,CI Base
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There may be numerous formulations of cathode chteyrthat may be consistent
with this invention. As a non-limiting example,@&rnulation may comprise electrolytic
manganese dioxide in a graphite mixture. In onemge, a powder mixture may be formed
by mixing jet-milled electrolytic manganese dioxiddEMD) and KS6 graphite as available
from Timcal (TIMCAL TIMREX® KS6 Primary Synthetic Graphite) in a 80 percenEJD
to 20 percent KS6 ratio by weight. The mixing mayperformed by numerous means. For
example, the IMEMD and KS6 may be mixed by grinllimgi the two powders for an
extended period on the order of minutes to hoarsome examples, the resulting powder
mixture may be mixed with a 10 percent polyisoberd (PIB) in toluene solution. The 10
percent PIB solution may be formed from polyisolerg grade B50 mixed with toluene in a
roughly 10 parts PIB B50 to 90 parts toluene fomtioh by weight. The 10 percent PIB may
be mixed with an additional amount of toluene aritth the JMEMD/K6 powder to formulate
a slurry for cathode processing. This mixture elstihmaterials may start with approximately
1.5 parts PIB B50/Toluene solution. To this, apprately 2.3 parts Toluene may be added.
The mixture may be completed with 4.9 parts IMEM®S@Kpowder. This may result in a
mixture that is approximately 1.7 percent PIB, ¢5cent JIMEMD, 11 percent KS6, and the
remainder, toluene. The mixing may proceed untihorm slurry with a paste-like
consistency is formed. The amount of solvent (todui an example) in the system may be
varied to affect the characteristics of the sldoiyned, and in other examples, the relative
amount of PIB B50 in the slurry may be varied fribra example.

Continuing with the primary battery example, a fog#l separator may be formed in
the manners discussed in this disclosure from eupser mixture. In one example, a
precursor mixture may be formed by mixing hydrokyéhethacrylatd HEMA) with
ethylene glycol dimethylacrylate (EGDMA) and witblpvinylpyrrolidone (PVP). There
may be other constituents added to the mixture aggdhotoinitiators. An exemplary
photoinitiator may be phenylbis (2,4,6-trimethylkewl)-phosphine oxide, which may be
available in commercial formulations including logae® 819, which may also be called
“CGI 819" herein. There may also be numerous sdb/grat may be used in varying
amounts to reach a desired rheology of the mixtara.non-limiting example, 2-proponol
may be used as an appropriate solvent.

Many of the general discussions on elements ofdonpatible energization devices,
such as the cathode and cathode slurry, have egamgated to primary battery elements,

and the variations and examples for these varimmsents may be expected to comprise
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other examples of primary battery elements forptesent specification.

In some examples, the zinc anode may be formedesyredepositing the zinc upon
the anode current collector material. In other gxasy as have been discussed, the
electrodeposition may occur through the laminatectire to only exposed portions of the
anode current collector material. There may be maosemanners of depositing anode
materials, for example, lamination or metal cladgiand, other battery systems may employ
other chemical species other than zinc, such asrsk a non-limiting example.

The battery may include various types of electefgrmulations. Basic solutions of
hydroxide may be included in the electrolyte. Hoarein some examples of biocompatible
batteries, less basic electrolyte formulations mmaytilized. Electrolytes for use in the
present invention may include zinc chloride, zinetate, ammonium acetate, ammonium
chloride, and similar salts in mass concentratfom® approximately 0.1 percent to 30
percent. In addition, surfactants may be addebdcetectrolyte formulation, for example to
improve wetting or reduce corrosion. Exemplary acidnts may include TritonX-100,
Triton" QS44, and Dowfax 3B2 in concentrations from 0.01 percent to 2 perc&s an
example Triton X-100 may be added to the zinc chloride, ammonitioride solution. One
example of an electrolyte formulation may be: 2a#i€ zhloride, 500 ppm of Trit6hQS-44,

200 ppm of indium +3 ion supplied as indium acetatel balance with water.

Secondary Battery Examples

The structure and manufacturing processes that lbese described in the present
disclosure may be useful in general for the pradaadf secondary, or rechargeable,
batteries. There may be a number of consideratelated to secondary battery elements that
may differ from considerations made for primarynedmts. The recharging process for a
battery element may result in swelling and shrigkof battery components, and therefore the
dimensions of features and containment layers dsawéhe composition of the battery may
be adjusted in some embodiments. The use of getlisaner layers for the electrolytes may
allow for a layer which may take up some of thelBageand shrinking aspects as electrode
ions are moved around the device during chargitesy and subsequently, during
discharging cycles.

In secondary batteries, the anode and cathodeslayay switch designation
depending on whether the device is charging ohdiggng, and may be considered first and

second electrodes. Therefore, it may be usefudfar to the anode and cathode in reference
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to whether the battery cell is being charged shahit may be considered an electrolytic cell
or whether it is being discharged such that it tn@ygonsidered a galvanic cell. Therefore,
when referred to as the cathode of the galvanictbel first electrode structure would
function to spontaneously accept electrons frorexdarnally connected circuit. As well, the
cathode of the electrolytic cell is physically gerond electrode in the secondary battery
which accepts electrons from an external chargiegnent.

Although in some examples the class of batteri#iging zinc and manganese
dioxide electrodes may function as secondary basiethere are many more common
examples of secondary batteries. In a common ofesscondary batteries, lithium ions may
comprise the energy storing chemical species. Timanebe numerous manners to form
electrodes in lithium ion batteries. In the typedef/ices according to the present invention,
there may be numerous intercalated lithium compsuhat might be present in the anode of
the galvanic cell. For example, the cathode slaray include lithium nickel manganese
cobalt oxide, lithium manganese oxide, and lithioom phosphate amongst others.

The second electrode may be the anode of thagjaleell and, in some examples,
may be formed of or coated with graphite or otleemis of carbon. In other examples,
various forms of deposited silicon may be usedirmlar manners to the electroplating of
zinc discussed with respect to primary batteridisps may be electroplated either in regions
or in a flat layer across the substrate. Electtedlailicon may be formed onto the current
collector metal contact layer which may have swfe@atings of platinum, titanium or a thin
layer of silicon in some examples. The plattinghaf electrode material may occur in non-
aqueous media comprising SICBIHCLs, SiBr, Si(ChChg)s, or Si(OOCCH)4 as non-
limiting examples. In other examples, graphiteibcan layers may be sputter deposited to
the current collector surface to form the secomdetu collector region in a manner similar to
that depicted at Figure 7D.

The electrodes may be formed upon metal sheet&umers consistent with the prior
discussions relating to laminate processing. Tleéserodes and metal sheets may form the
base layer, i.e. underneath the laminate layetddha the cavity. Also, the other current
collector may be used to cap the laminate strucfiez the cathode has been formed and the
cell has been filled with electrolyte.

To form electrolyte solutions, lithium salts magypically be dissolved in non-aqueous
solvent systems. Therefore, these non-aqueousrgaystems may interact with the various

adhesive layers in different manners, and sincéntiegrity of seals in the battery devices
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may be important, there may be alterations in tieoe of adhesive systems that may be
required depending on the use of non-aqueous dslv@elled forms of polymer electrolytes
are known in lithium polymer devices incorporatpmymer electrolytes. The methods of
formation of separators starting with liquid preswurfilling of a cavity may be performed for
these types of secondary batteries where a polyetseparator may be formed from
polymers such as PVDF or poly(acrylonitrile). Inmepexamples, it may be possible to utilize
hydrogel forming precursors where the polymer ifedewith conventional salts consistent
with lithium cells. For example, in a non-limitirgkample a separator precursor may be
mixed with lithium hexafluorophosphate in non-aquesolvents such as ethylene carbonate,
dimethyl carbonate, and diethyl carbonate as nuoitiig examples. The resulting gelled
layer may be formed with excess solvent to allomsforinkage as has been described in
relationship to the hydrogel precursor processing.

In a specific non-limiting example, a cavity-basachinate structure may be formed,
as has been described in the prior discussiomuhkte processing, where the bottom layer
may be the current collector upon which a graphitsilicon layer has been attached. The
laminate layers that attach to the current collectay have the cavities formed into them as
has been described. In a non-limiting example sér@g solution may be formed by mixing a
roughly two-to-one ratio of poly(vinylidene fluoegl (PVDF) and poly(dimethylsiloxane)
(PDMS) into a solvent mixture comprising N-N DimgtAcetamide (DMAc) and glycerol.
The ratio of the DMACc to glycerol may be varied andy affect characteristics such as the
porosity of the resulting separator layer. An esaafsthe solvent mixture may be used to
allow for the shrinkage of the resulting layer lie tcavity to form a thin separator layer. In
some examples, especially for high levels of sdlvitie adhesive system for the laminate
structure may be altered to optimize consistendly thie DMAc-glycerol solvent system.
After squeegee processing of the casting solutilmthe defined cavities, the resulting
structure may be dried at room temperature or eeMmperature for some time period.
Other manners of dispensing the casting solutioy lImeaconsistent with the processes
described herein. Thereafter, the structure maynbgersed into a room temperature water
bath for 20-40 hours to allow for the glycerol iesblve out of the separator layer and result
in a layer with a desired porosity. The resultitgacture may then be dried in a vacuum
environment over a period of 20-40 hours.

In some examples, the resulting separator layerbeayeated with exposure to an

electrolyte solution. In a non-limiting example -anblar Lithium Hexafluorophosphate
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solution in a roughly 1/1/1 mixture of Ethylene Banate (EC)/Dimethyl Carbonate (DMC)
and Ethyl Methyl Carbonate (EMC) may be formed disgpensed into the cavity. In some
other examples exposure to the electrolyte mayraaifter the cathode is formed into the
cavity.

In a different type of example the laminate stroetmay be built in the manner
outlined in reference to Figs. 4A-4N. A separasoich as a film of Celgard, may be cut to a
size of a feature in a gap spacer layer and trecedlinto the laminate structure as opposed
to being filed into the cavity. The placed separatay also be treated with an exposure to
electrolyte before further processing with a “catdalurry.”

The resulting structure may now be ready to recaitreatment with the cathode
slurry. A number of cathode slurries comprisindedi#nt types of lithium compounds may be
used; although, other chemical types than lithiuay tme possible. In a non-limiting example,
a lithium iron phosphate (LiFePO4) based slurry inayised. In some examples the lithium
iron phosphate slurry may be formed by first mixgaglium carboxymethyl cellulose in
deionized water. To the resulting mixture, a powatenprising Lithium Iron Phosphate and
conductive agents such as synthetic graphite attidlack may then be added and
extensively mixed. Next a further refined slurryyniee formed by adding styrene butadiene
rubber and extensively mixing. The slurry may tbermprocessed into the cavity structure in
means as have been described in the present diszkwsch as through use of a squeegee
process. The rheology of the slurry may be adjuiiedptimizing the integrity of the
squeegee based filing process for example, by gditinemoving solvent or by adjusting the
relative amount of the styrene butadiene rubbeeddthe resulting filled structure may then
be dried in a vacuum environment over 20-40 hours.

In some examples, the resulting cathode and sepadagers may be treated with
exposure to an electrolyte solution. In a non-limgitexample a 1-molar Lithium
Hexafluorophosphate solution in a roughly 1/1/1 tomi& of Ethylene Carbonate
(EC)/Dimethyl Carbonate (DMC) and Ethyl Methyl Canate (EMC) may be formed and
dispensed into the cavity. In some examples, thetrellyte may be added to the cathode with
the assistance of either pressure treatment ouma¢reatment to enhance the diffusion of
the electrolyte mixture into the layers.

The second current collector layer may be atidt¢heéhe laminate structure after the
removal of a release layer from laminate structline adhered current collector may contact
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the deposited slurry and provide electrical conitettveen the metal current collector and the

electrolyte infused cathode resulting in a batstrycture.

Electroless Plating of Metallic Layers to Seal BattStructurestroduction

Metal plating has great utility in many applicaofor aesthetic purposes in jewelry
or metal appliances, adding corrosion resistan@adistrial machinery or surfaces of
appliances or materials, or even to add electdeatluctivity to a surface, as non-limiting
examples. In a biocompatible energization elen@ating which surrounds the battery body
may be useful to form a sealed barrier to matengess or egress. There may be numerous
methods to plate a metal layer upon a battery tstreicbut the basic premise may involve
depositing a coating or layer of a metallic matesiathe surface of the exterior surfaces of
the battery. Metal plating may be done with numerypes of metals, including copper,
nickel, platinum, rhodium, and many others. Thelltesf metal plating may be the
depositing of metals on numerous types of otheerras, including but not limited to, other
metals, semiconductors, or plastics.

Typical examples of metal plating methods may idelelectroplating and electroless
plating; both involve coating a material with adayf metal. However, electroplating may
involve an induced electrical charge on the matéwie coated, whereas electroless plating
may not involve electricity, and may involve a cheamhreaction that deposits the metal.

Electroplating may involve numerous steps to aaheedesired finish, consistent
thickness of deposited material, and other qualdiesired in a successful coating. In some
examples a piece may first be thoroughly pre-tagateensure effective plating. Pre-treating
steps may include, but are not limited to polishimgsking, etching, washing, steam
cleaning, rinsing, ultrasonic washing, or electl@aaing as non-limiting examples. In some
examples, the pre-treatment may remove oil, greasgther contaminants from the surface
of a piece to be coated.

After successful pre-treatment, the object to la¢égol may be placed in a solution
bath containing the metal in ionic form to be defauk Typically, electroplating methods
may involve inducing a positive electrical chargelte solution bath, and a negative
electrical charge to the object to be plated. @ifference in electrical charge may induce an
attractive electrical force between the metal pbasiin the solution bath and the plated
object. This attractive force may chemically modtig ionic state and bind the metal

particles from the solution bath to the object tocwpits surface.
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Depending on the composition of the material tpla¢ed and the solution bath,
certain conditions including but not limited to,ltame, pH of the solution bath, concentration
of metal in the solution, duration of plating anmdlkaent temperature, should preferably be
maintained to ensure effective plating. Adjustihngde conditions may change various aspects
of the plating, including but not limited to thaigh of the resulting metal surface, the color
of the deposited metal, the speed of depositiothethickness of the deposited metal. Other
ambient conditions, such as air bubbles or contantéin the solution bath, may also effect
the resulting finish; these imperfections may moheed by agitating the bath or applying a
carbon treatment to the bath, as non-limiting edampgn some examples, it may be
important to reduce all causes of imperfections plated surface upon a biocompatible
energization element; since such imperfections radyce the effectiveness of a seal.

Various forms of post-treating may also be necgssaensure success in
electroplating, including but not limited to ringinsteam cleaning, heat drying or other
methods.

Electroless plating may involve numerous stepsltoexe a desired finish, consistent
thickness of deposited material, and other qualdiesired in a successful coating. Electroless
plating may have the same requirements relating&tng and sealing of a biocompatible
energization element as have been discussed tetatelectroplating. First, a piece to be
coated may be thoroughly pre-treated, to ensueet®fe plating. Pre-treating steps may
include, but are not limited to cleaning. Cleanimgy help remove contaminants and/or
debris remaining from any prior processing stephefobject to be coated, as well as oill,
grease, or other contaminants from the surfacepié@e to be coated. Cleaning may be
achieved with acids or other types of cleaningtsmhs; in choosing the proper cleaning
solution, it may be important to consider what mater debris is to be removed, the
temperature at which the cleaned piece (and tHuiGm) are kept during cleaning, the
desired concentration of the cleaning solution, newch mechanical work (agitation, etc.)
may be required with the cleaner, as well as gtlbssible aspects.

Pre-treating steps may also include etching, maskinsing, drying, and submersing
the object to be plated in an activator pre-dipgoh as well as an activator solution, as non-
limiting examples. Etching may involve using a cleahand/or mechanical means, as non-
limiting examples, to etch a profile into a workj@tt to be plated, that will serve as a
prescribed location for plating. A pre-dip solutioray contain ions common to those of the

activator solution, which will prepare the work geefor the actual plating; this pre-dip
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solution may be typically designed to be appliethework piece and not rinsed off before it
is added to the activator solution. A pre-dip solutmay be less sensitive to metal ion
contamination than an accompanying activator smuflhere may be numerous advantages
for the use of a pre-dip solution including in andoniting sense a result that is less
expensive, and may save the activator solution frmoetal ion contamination, to help the
process be more efficient create results of higleatity.

After the pre-dip, an activator solution may belagpto the work piece. An activator
may contain certain ions held in a reduced statetbgr ions in solution; in practice, the
reduced ions may be mechanically held to the bansiimface, which act as a catalyst for the
chemical reaction that will facilitate electrolgdating. While a sufficient layer of activator
solution on the surface of the work piece is imgotto catalyze the electroless plating
process, it may be important to note that too thitkyer of activator solution may possibly
act as a barrier to proper adhesion of the platet@imand should be avoided.

Pre-treating steps may also include a post-actimatiep, or acceleration as it may
also commonly be called. This step may serve tblertae activating species, deposited
from the activator solution in the pre-dip stepb&as ‘active’ as possible, prior to the actual
electroless plating step. This step may allow ttievating species to interact more readily
with the electroless plating solution in the actplakting step; not only may this decrease the
initiation time for the electroless plating reaatiat may also minimize the potential of the
activating species contaminating the electroleasrmg solution, increasing the quality of the
plating result. If this post-activation step istlefit, the activator solution deposited on the
work piece may contain marginally adherent specie,may result in contamination of the
electroless plating solution and may prolong thaition of the electroless deposition
reaction. In some examples, post-activating sahstimay be acidic, and may act to remove
metal oxides that can form on the work object stg$adue to rinsing steps between the
activator and post-activator; while this is goodtfte work object, it may serve to
contaminate the post-activator, and the solutiadh baay need to be replenished after it
becomes overly concentrated with these metalsh&r @ontaminants.

After pre-treatment, a work object may be submensedchemical bath, containing
the following possible ingredients as non-limitiegamples: metal salts (of the metal desired
for deposition), a reducing agent, alkaline hyddexichelating agents, stabilizers,
brighteners, and optionally wetting agents. Thaicath agent and hydroxide ions may

provide the reducing force necessary for the déiposof the metal contained within the
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solution bath. The deposition reaction may beategtl by the catalytic species that may have
been applied to the surface of the work objectrdptine activator step. Typical electroless
plating bath choices may depend on several fadgtwhkiding but not limited to temperature,
desired plating speed, desired plating thickness naetal concentration (and thus
repeatability of the plating reaction for multipl@rk objects in a single bath, although this

repeatability may be seen to depend on many oftugors as well).

Improved Package Barrier Strength and Mechanigcah§th Through Electroless Plating

In some examples, side seams in the laminate paisekage may create a region
with potentially poor barrier properties, enablithg transport of moisture and gaseous
species into and out of the cell. Conventionaldras packaged in laminates (“pouch cells”)
may have much wider seams on all sides. For exant@eside seal of a pouch cell may be
larger than the entire width of a micro-batteryd(8am per sideys under ~1 mm width for a
micro-battery). The wider seams, which may not @esgble to incorporate in a small micro-
battery, may act as an effective moisture and gaseb due to width. Thus, an alternative
solution may be desired for barrier strength wighywnarrow seams as is the case in the
laminate structures discussed herein.

In some examples, a solution may involve overcgdtie micro-batteries with a
conformal barrier layer using electroless platifigere may be a range of techniques
available for creating a conformal hermetic barceating. Overcoating a miniaturized
battery may present special challenges. The presgnuoisture within the battery
electrolyte combined with the imperfect barriergedies of the package may mean that
there may be a continual flux of moisture through packaging to the surface of the battery.
This flux may act to contaminate the surface. Farmrttore, the imperfect packaging may
enable outflow of moisture. Furthermore, limits nteyimposed by the melting point of the
plastic packaging (roughly 160 °C for polypropylexsean example) which may limit the
temperature possible for any coating method.

Vacuum techniques such as sputter deposition archti evaporation which require
a clean surface for deposition may also be infddoovercoating micro-batteries due to the
continual flux of moisture to the surface. And,rato layer deposition may be unsuitable for
the same reason. Other techniques such as sad@aig and chemical vapor deposition may
require exposure to temperatures which may dantegbadttery.
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In some examples, a desirable solution for imprg¥iarrier effectiveness and
mechanical strength may involve electroless plagéim@ technique for creating a conformal
barrier coating. Principles of electroless plativaye been discussed herein. Electroless
plating may deposit a conformal metal layer ontmaducting or nonconductive coating.
Electroless plating baths have been developeddpositing metals such as nickel, copper,
and tin onto plastic surfaces. The electrolesedlatetal may then be further plated using
electroless plating or electroplating with a wigeiety of metals, including nickel, copper,
tin, gold, silver, cadmium, and rhodium. In someesa because of cost, corrosion, and/or
mechanical concerns, it may be desirable to uageaed structure incorporating more than
one electroplate layer.

The coating may be made arbitrarily thick, and mmechanically reinforce the
battery in addition to acting as a barrier. Thi<hamical reinforcement may force hydrogen
out the sides of the cell, reducing or eliminatindging due to hydrogen gas generation
during zinc corrosion. To avoid the creation ohars circuit between the battery terminals
due to plating, it may be necessary to mask orthr terminals using a nonconductive
material during the plating process.

In some examples a layer may be formed with eledsoplating where electroless
plating and/or electroplating may be used to craateughly 1 mil (25 microns) conformal
copper coating on them. Platers’ tape may be wsathsk both terminals of these batteries
during plating to avoid short circuiting the baitésrduring the plating processing.

The tape may next be removed from the terminal$ tla@n the batteries may be aged

at room temperature at 50% relative humidity.

Plating Biocompatible Batteries

In an example, a fully formed laminate structureoselary battery may be sealed
using electroless deposition followed by electropta In a non-limiting example the
secondary battery may comprise a cathode currdiectar made from titanium foil, a
cathode electrode chemistry formed from lithiummighosphate. The secondary battery may
also comprise a polymer based separator mixedlithibm hexafluorophosphate, a graphite
or silicon based anode electrode chemistry andtaliegoil anode current collector. The
battery may have an electrolyte of a 1-molar Lithidexafluorophosphate solution in a
roughly 1/1/1 mixture of Ethylene Carbonate (ECiigthyl Carbonate (DMC) and Ethyl

Methyl Carbonate (EMC). There may be numerous tiaria on the make up of the various

56



10

15

20

25

30

components.

The various components may be formed in a lamistateture where the laminate
material may be polyethylene terphalate which mayniially bonded with an adhesive. In
some examples the edges of the terphalate lanmaes may be fused with ultrasonic
sealing or laser melting. The terphalate surface lbeacleaned and treated with acid wash
pre-dip to remove contaminates such as residualysfDther washes and cleans may include
RCA type cleans, SC1 and SC2 type peroxide basedh€| hydrofluoric acid, sulfuric acid
and combinations of acids. An accelerator or seesitnay include proprietary formulations
such as a “Type C” solution from Transene CompAnyactivator may next be used to treat
the surface. As a non-limiting example a “Type Dlusion from Transcene Company may be
used. Referring to Fig. 10 A, the result of thesating is illustrated as layer 1010 on the fully
formed biocompatible energization element of Figure

Next, the pretreated surface may be immersed itfeskfor electroless plating, in this
example of copper. The battery body that has bestngatted and activated may now be
immersed in a mixture of Transene Company “Typ@d &ype B” electroless copper bath
solution at elevated temperature of roughly 40 iIGaftme to form a number of microns of
deposition. The resulting deposition is illustratedlayer 1020. In some examples, the
surface may be post washed in acids to stabilietinface.

In some examples, a thicker layer of depositionhaes 10 or more microns thick of
copper may be deposited upon the electroless ismeg copper bath electroplating. The
resulting layer of copper is illustrated as lay@8Q. In some examples, an electroplating
treatment of rhodium may follow the electroplategger layer as layer 1040. Rhodium may
stabilize and protect the copper surface; thereddien layer may be added as the top surface
in some examples.

If an entire battery element were plated in a cojgeer, the two contacts of the
battery would be shorted and the battery woulddrefanctional. Therefore, one or both of
the contacts of the battery can be protected bglateng to prevent formation around the
contacts and isolate the contact. Referring to Fofg an exemplary top view of a laminate
structure battery before plating is illustratedtioa battery of Figure 3B with the anode
connection 331 and the cathode connection 332otegtive film, such as plater’s tape’ may
be placed around an anode contact 1050 and a eatibotbct 1060. The remaining surface
1070 of the battery may be coated with the eleet®hnd electroplating layers as illustrated

in Fig. 10A. The fact that the contact region mayédnnon-plated surface of the laminate
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structure may not be an issue for sealing the tyatte some examples, the contacts may be
made long enough so that there is a relativelyelagnl near the contact. In a different sense,
operation of a secondary battery may result irgtreeration of gases such as hydrogen gas.
The presence of a region around one or more afdhtacts which is not as well sealed may
be advantageous since it may create a path thatloay generated gases to slowly dissipate

through.

Biocompatible electroactive devices

The biocompatible electroactive devices may begkample, implantable electronic
devices, such as pacemakers and micro-energy enseslectronic pills for monitoring
and/or testing a biological function, surgical d®4d with active components, ophthalmic
devices, microsized pumps, defibrillators, steats] the like.

Specific examples have been described to illusgatieodiments for the formation,
methods of formation, and apparatus of formatiohiofompatible energization elements
comprising separators. These examples are foilkattation and are not intended to limit
the scope of the claims in any manner. Accordintly,description is intended to embrace all

embodiments that may be apparent to those skill¢ie art.
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WHAT IS CLAIMED IS:

1. A biocompatible energization element comprising

a gap spacer layer;

a first hole located in the gap spacer layer;

a cathode spacer layer, wherein the cathode slagegris attached to the gap
spacer layer;

a second hole located in the cathode spacer layerein the second hole is
aligned to the first hole, and wherein the secauld Is smaller than the first hole
such that when the first hole and the second hel@lggned there is a ridge of
cathode spacer layer exposed in the first hole;

a separator layer, wherein the separator laydaced within the first hole in
the gap spacer layer and is adhered to the ridgatbbde spacer layer;

a cavity between sides of the second hole andtsiirface of the separator
layer, wherein the cavity is filled with cathodeschicals;

a first current collector coated with anode cheisica

a second current collector, wherein the seconcentigollector is in electrical
connection with the cathode chemicals;

an electrolyte comprising electrolyte chemicalsj an

a plated metallic exterior coating, wherein thegdametallic exterior coating
comprises a portion that is plated with electrof@asing, and wherein the
thickness of the plated metallic exterior coatimghick enough to act as a barrier

to ingress and egress of moisture from the biocbanenergization element.

2. The biocompatible energization element of claimhewmin the cathode chemicals,

3.

4.

anode chemicals and electrolyte chemicals are st@msiwith multiple charging and

discharging cycles of the energization element.

The biocompatible energization element of claimH2min the cathode chemicals

comprise a salt of lithium.

The biocompatible energization element of claimi&min the cathode chemicals

comprise lithium iron phosphate.
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5. The biocompatible energization element of claimherein the anode chemicals

comprise intercalated metal atoms.

6. The biocompatible energization element of claimHemein the anode chemicals

comprise intercalated lithium atoms.

7. The biocompatible energization element of claimherein the plated metallic

exterior coating comprises copper.

8. The biocompatible energization element of claimh&win the cathode chemicals
comprise lithium iron phosphate.

9. The biocompatible energization element of claimhewmin the cathode chemicals

comprise sodium carboxymethyl cellulose.

10.The biocompatible energization element of claimHexein the cathode chemicals

comprise one or more of synthetic graphite andaraidack.

11.The biocompatible energization element of claimherein the cathode chemicals

comprise one or more of styrene butadiene rubber.

12.The biocompatible energization element of claimiexein the electrolyte comprises
lithium hexafluorophosphate.

13.The biocompatible energization element of clairwerein a blocking material
prevents the plated metallic exterior coating frimmming in the region of one or

more of the anode contact and the cathode contact.

14.The biocompatible energization element of claimvii@rein the biomedical device is

an ophthalmic device.
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15.The biocompatible energization element of claimvbérein the ophthalmic device is

a contact lens.

16. A biocompatible energization element comprising
a cathode spacer layer;
a first hole located in the cathode spacer layer;
a first current collector coated with anode cheisioaherein the first current
collector is attached to a first surface of thédnode spacer layer, and wherein a
first cavity is created between sides of the fasle and a first surface of the first
current collector coated with anode chemicals;
a separator layer, wherein the separator layermdd within the first cavity after
a separator precursor mixture is dispensed intcadkgy;
a second cavity between sides of the first holeaafidt surface of the separator
layer, wherein the second cavity is filled withleade chemicals;
a second current collector , wherein the secongnticollector is in electrical
connection with the cathode chemicals;
an electrolyte comprising electrolyte chemicalsj an
a plated metallic exterior coating, wherein thegdametallic exterior coating
comprises a portion that is plated with electrolgasing, and wherein the
thickness of the plated metallic exterior coatimghick enough to act as a barrier
to ingress and egress of moisture from the biocbanenergization element, and
wherein a blocking material prevents the platedaflietexterior coating from
forming in the region of one or more of the anodetact and the cathode
contact..

17.The biocompatible energization element of claimnmh@rein the cathode chemicals,
anode chemicals and electrolyte chemicals are s@msiwith multiple charging and

discharging cycles of the energization element.

18.The biocompatible energization element of claimnt@rein the cathode chemicals

comprise a salt of lithium.
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19. The biocompatible energization element of claimntrein the cathode chemicals

comprise lithium iron phosphate.

20.The biocompatible energization element of claimwt@rein the anode chemicals

comprise intercalated metal atoms.

21.The biocompatible energization element of claimn2@rein the anode chemicals

comprise intercalated lithium atoms.

22.The biocompatible energization element of claimnt@rein the cathode chemicals
comprise one or more of lead, nickel, lithium, dglEnc, sodium, vanadium, silver,

or silicon.

23.The biocompatible energization element of claimnt@rein the cathode chemicals

comprise sodium carboxymethyl cellulose.

24.The biocompatible energization element of claimnt@rein the cathode chemicals

comprise one or more of synthetic graphite andaraidack.

25.The biocompatible energization element of claimnt@rein the cathode chemicals

comprise one or more of styrene butadiene rubber.

26.The biocompatible energization element of claimvb@rein the electrolyte
comprises lithium hexafluorophosphate.

27.The biocompatible energization element of claimn2@rein the separator precursor
mixture comprises one or more of poly(vinylidengofiide), poly(dimethylsiloxane),
N-N Dimethyl Acetamide (DMAc) and glycerol.

28.The biocompatible energization element of claimn®iérein the separator comprises

glycerol in a concentration at least 90% reducethfa concentration of glycerol in

the separator precursor mixture.
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29.The biocompatible energization element of claimnt@rein the biocompatible
energization element is electrically connectedn@lactroactive element within a

biomedical device.

30. The biocompatible energization element of claimn2@rein the biomedical device is

an ophthalmic device.

31.The biocompatible energization element of claimnB@rein the ophthalmic device is

a contact lens.
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