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CLAM SHELL FORM BIOMEDICAL DEVICE BATTERIES

CROSS-REFRENCE TO RELATED APPLICATIONS

This patent application claims the benefit oftddiStates Provisional Patent
Application No. 62/393,281 filed September 12, 2016

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to electronic oplintic devices, such as wearable
lenses, including contact lenses, implantable knseluding intraocular lenses (IOL’s) and
any other type of device comprising optical compaseand more particularly, to designs
and methods to improve the biocompatibility aspettsatteries, particularly by forming
clamshell forms made of solid structures. In soheoexamples, a field of use for the
biocompatible batteries may include any biocompatilevice or product that requires

energy.

2. Description of the Related Art

As electronic devices continue to be miniaturized, becoming increasingly more
likely to create wearable or embeddable microebeitrdevices for a variety of uses. Such
uses may include monitoring aspects of body cheyniatiministering controlled dosages of
medications or therapeutic agents via various ntashes, including automatically, in
response to measurements, or in response to elxtemteol signals, and augmenting the
performance of organs or tissues. Examples of dagltes include glucose infusion pumps,
pacemakers, defibrillators, ventricular assist deviand neurostimulators. A new,
particularly useful field of application is in off@mic wearable lenses and contact lenses.
For example, a wearable lens may incorporate adsssmbly having an electronically
adjustable focus to augment or enhance performainte eye. In another example, either
with or without adjustable focus, a wearable conlierts may incorporate electronic sensors

to detect concentrations of particular chemicattheprecorneal (tear) film. The use of
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embedded electronics in a lens assembly introda@edential requirement for
communication with the electronics, for a methogafvering and/or re-energizing the
electronics including power control or power mamagat circuitry, for interconnecting the
electronics, for internal and external sensing @naonitoring, and for control of the
electronics and the overall function of the lens.

The human eye has the ability to discern milliohsadors, adjust easily to shifting
light conditions, and transmit signals or infornoatito the brain at a rate exceeding that of a
high-speed internet connection. Lenses, such aaadenses and intraocular lenses,
currently are utilized to correct vision defectslsas myopia (nearsightedness), hyperopia
(farsightedness), presbyopia and astigmatism. Hew@voperly designed lenses
incorporating additional components may be utilimeédnhance vision as well as to correct
vision defects.

Contact lenses may be utilized to correct mydmpyaeropia, astigmatism as well as
other visual acuity defects. Contact lenses may lad¢sutilized to enhance the natural
appearance of the wearer’s eyes. Contact lensesmacts” are simply lenses placed on the
anterior surface of the eye. Contact lenses arsidered medical devices and may be worn
to correct vision and/or for cosmetic or other #psutic reasons. Contact lenses have been
utilized commercially to improve vision since th@5Ds. Early contact lenses were made or
fabricated from hard materials, were relativelyengve and fragile. In addition, these early
contact lenses were fabricated from materialsdithhot allow sufficient oxygen
transmission through the contact lens to the caniua and cornea which potentially could
cause a number of adverse clinical effects. Altiotingse contact lenses are still utilized,
they are not suitable for all patients due to tpemr initial comfort. Later developments in
the field gave rise to soft contact lenses, baged inydrogels, which are extremely popular
and widely utilized today. Specifically, silicongdrogel contact lenses that are available
today combine the benefit of silicone, which hasemely high oxygen permeability, with
the proven comfort and clinical performance of log#ls. Essentially, these silicone
hydrogel based contact lenses have higher oxygengadility and are generally more
comfortable to wear than the contact lenses madleeagarlier hard materials.

Conventional contact lenses are polymeric strustuiiéh specific shapes to correct

various vision problems as briefly set forth aboMe.achieve enhanced functionality,
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various circuits and components have to be intedrato these polymeric structures. For
example, control circuits, microprocessors, commatnon devices, power supplies, sensors,
actuators, light-emitting diodes, and miniaturesantis may be integrated into contact lenses
via custom-built optoelectronic components to mdy@orrect vision, but to enhance vision
as well as provide additional functionality asxplained herein. Electronic and/or powered
contract lenses may be designed to provide enhansed via zoom-in and zoom-out
capabilities, or just simply modifying the refra@icapabilities of the lenses. Electronic
and/or powered contact lenses may be designechtmea color and resolution, to display
textural information, to translate speech into iays in real time, to offer visual cues from a
navigation system, and to provide image procesamginternet access. The lenses may be
designed to allow the wearer to see in low-lightdibons. The properly designed electronics
and/or arrangement of electronics on lenses mawdbr projecting an image onto the
retina, for example, without a variable-focus ofies, provide novelty image displays and
even provide wakeup alerts. Alternately, or in &ddito any of these functions or similar
functions, the contact lenses may incorporate comapis for the noninvasive monitoring of
the wearer’s biomarkers and health indicators.éxample, sensors built into the lenses may
allow a diabetic patient to keep tabs on blood slgyeels by analyzing components of the
tear film without the need for drawing blood. Ind&dn, an appropriately configured lens
may incorporate sensors for monitoring cholestemdijum, and potassium levels, as well as
other biological markers. This, coupled with a \ss data transmitter, could allow a
physician to have almost immediate access to amgatiblood chemistry without the need

for the patient to waste time getting to a labaratnd having blood drawn. In addition,
sensors built into the lenses may be utilized teadight incident on the eye to compensate
for ambient light conditions or for use in determmblink patterns.

The proper combination of devices could yield po#dhy unlimited functionality;
however, there are a number of difficulties asgediavith the incorporation of extra
components on a piece of optical-grade polymegeimeral, it is difficult to manufacture
such components directly on the lens for a numbegasons, as well as mounting and
interconnecting planar devices on a non-planaasaetrflt is also difficult to manufacture to
scale. The components to be placed on or in theriead to be miniaturized and integrated

onto just 1.5 square centimeters of a transpam@gtrer while protecting the components
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from the liquid environment on the eye. It is aflfficult to make a contact lens comfortable
and safe for the wearer with the added thicknesslditional components.

Given the area and volume constraints of an opimicadevice such as a contact lens,
and the environment in which it is to be utilizélae physical realization of the device must
overcome a number of problems, including mountind iaterconnecting a number of
electronic components on a non-planar surfaceytlieof which comprises optic plastic.
Accordingly, there exists a need for providing achamically and electrically robust
electronic contact lens.

As these are powered lenses, energy, or more plartic current consumption to run
the electronics, is a concern given battery teatmobn the scale for an ophthalmic lens. In
addition to normal current consumption, poweredas/or systems of this nature generally
require standby current reserves, precise voltage@ and switching capabilities to ensure
operation over a potentially wide range of ope@parameters, and burst consumption, for
example, up to eighteen (18) hours on a singlegehafter potentially remaining idle for
years. Accordingly, there exists a need for a fpowered ophthalmic lens that is optimized
for low cost, long-term reliable service, safetgesand speed while providing the requisite
power to drive various components, including aalale-focus optic.

One important component of such lenses are th@iaéion elements used to power
a lens, which in many cases may be a battery. Wheng a battery in biomedical type
applications, it may be important that the batttryucture and design accommodate aspects
of biocompatibility. Therefore, a need exists fowval examples of forming biocompatible
batteries for use in biocompatible energizatiomelets that may have significantly

improved containment aspects.

SUMMARY OF THE INVENTION

Accordingly, improved containment-related strategiad designs for use in
biocompatible energization elements are disclogedih. A Clamshell form may generally
relate to shapes that have depressions with a adgend the edge which may be brought
together to seal along the edge. The ridge mawlwéchted as a thin feature along the side of
the cavity or depression which may be filled wither material. The thin feature beside the

battery material may be sealed in various manmensake a hermetic seal. Hermetic seals
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may be important as has been mentioned for biocthilfis of the battery. Hermetic seals
may also be important to the function of the bgitemce important battery constituents may
be prevented from leaking out of the battery. Ime@ases, importance of the seal may relate
to prevention of material from leaking into thetbay.

The clamshell format may allow for the processihgarious materials to fill pieces
of clamshell with battery chemicals and componants then to afford a reliable and
convenient means of processing a seal region tupea good seal. Various materials may
be used to form clamshell parts, including metz¢samics, glasses, semiconductors and the
like. Each of these material types may have diffeeglvantages or features associated with
them as is discussed here. For example, a semictondunaterial may be doped with a
dopant to change the conductivity of the matemal ereate contact regions.

In some examples, the seals of the various clainskamnples may be made even
more hermetic by coating them and the clamsheléeratat least in portions of the material
surface with a metallic seal. In some exampleglectroless process, either alone or with a
subsequent electroplating process, may be useeateca metallic deposit on surfaces that
may not be amenable to deposition by electrochdmieans directly. A seal improvement
and battery integrity may particularly be improvedplastic form battery components.

One general aspect includes a biomedical devidading: an electroactive
component, and a battery. The battery also incladesnode current collector or else the
anode serves as its own collector. The batteryiatdodes a cathode current collector. The
battery also includes an anode. The battery aldades a cathode. The battery also includes
a clamshell encapsulating the anode and cathotleavitst penetration for the anode current
collector, a second penetration for the cathodeesaticollector, and a hermetic seal between
a top clamshell half and a bottom clamshell hatie Dattery also includes a metallic coating
surrounding at least a portion of an exterior stgfaf the top clamshell half and the bottom
clamshell half, where the metallic coating is déf@oswith at least a first layer of electroless
plating. The battery also includes a first biocotiiga encapsulating layer, where the first
biocompatible encapsulating layer encapsulatesast the electroactive component and the
battery.

One general aspect includes a clamshell battetyding: an anode current collector,

where the anode current collector is a first migtéilin or foil within a top clamshell half; an
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anode, where an anode chemistry is contained withdeposited upon the top clamshell
half; a cathode current collector, where the cathadrent collector is a second metallic film
or foil within a bottom clamshell half; a cathodé)ere a cathode chemistry is contained
within or deposited upon the bottom clamshell haitfd where the top clamshell half and the
bottom clamshell half are formed from one or mdra oeramic, metal, glass or plastic
material, and where a seal is formed between léslgares of the top clamshell half and the
bottom clamshell half.

One general aspect includes a clamshell battetyding: an anode current collector,
where the anode current collector is a first migtalamshell piece; an anode, where an
anode chemistry is contained within the first metalamshell piece; a cathode current
collector, where the cathode current collector s#eond metallic clamshell piece; a cathode,
where a cathode chemistry is contained within #e®sd metallic clamshell piece; an
insulating intermediate clamshell piece with atfésaling surface that sealably interfaces
with the first metallic clamshell piece and a satemaling surface that sealably interfaces
with the second metallic clamshell piece; and &irsganaterial located in a gap between the
first sealing surface and first metallic clamshell.

One general aspect includes a clamshell battetyding: an anode current collector,
where the anode current collector is a first ptasliamshell piece, where the plastic may be a
conductive organic semiconductor; an anode, whe@nade chemistry is contained within
the first plastic clamshell piece; a cathode curoafiector, where the cathode current
collector is a second plastic clamshell piece;thade, where a cathode chemistry is
contained within the second plastic clamshell giacel a seal including a melted region
including ledge regions of the first plastic clamiipiece and the second plastic clamshell
piece. In some examples, the second clamshell piagebe a flat piece in a clamshell
battery.

One general aspect includes a clamshell battetyding: an anode current collector,
where the anode current collector is a first semuc@tor clamshell piece; an anode, where
an anode chemistry is contained within the firghisenductor clamshell piece; a cathode
current collector, where the cathode current ctidleis a second semiconductor clamshell
piece; a cathode, where a cathode chemistry isiced within the second semiconductor

clamshell piece; a seal between ledge regionsedfitst semiconductor clamshell piece and
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the second semiconductor clamshell piece; and whelated regions of the first
semiconductor clamshell piece and the second sachicbor clamshell piece are doped to
allow current flow in doped regions from within thattery to an external connection.

One general aspect includes a method of manufagtarclamshell battery including
receiving a first clamshell half and a second clagfihalf made of insulating material,
where clamshell halves have a body region for supy@ battery component surrounded by
a ledge. In general, examples the ledge of matexgl protrude from the edge of material of
the body region to form a lip. In some other exaapthe ledge may be a flat region at the
end of the material forming the body of the claralshn still further examples, one of the
halves of pieces that form a clamshell battery heaye a body and a ledge, while the second
piece may be a flat piece where a ledge may beadtical feature around or near the
periphery of the flat piece. The ledge surfacetheftwo pieces, or the ledge of a first piece
and a portion of a second flat piece form surfalbasmay be sealed around the entire body
of the clamshell device.

The method also includes defining a conductiveetiadhe first clamshell half. The
method also includes depositing an anode in teedlamshell half. The method also
includes depositing a cathode in the second claliisdlé The method also includes placing
a separator film on one or both of the first claaishalf and the second clamshell half. The
method also includes depositing an electrolyte ame or both of the first clamshell half and
the second clamshell half. The method also inclymieghg the clamshell halves. The
method also includes forming a seal between thgeledf the clamshell halves.

One general aspect includes a method of manufagtarclamshell battery including
receiving a first clamshell half and a second cleefihalf made of plastic material, where
clamshell halves have a body region for suppos béttery component surrounded by a
ledge, where the ledge may be used for sealingnmidibod also includes defining a
conductive trace in the first clamshell half. Thethod also includes depositing an anode in
the first clamshell half. The method also includepositing a cathode in the second
clamshell half. The method also includes placisg@arator film on one or both of the first
clamshell half and the second clamshell half. Tle¢hwd also includes depositing an
electrolyte into one or both of the first clamshelf and the second clamshell half. The

method also includes joining the clamshell halvdsge method also includes forming a seal
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between the ledges of the clamshell halves, wheréorming of the seal includes melting
the plastic ledges of the first clamshell half #imel second clamshell half together. The
method also includes sealing at least portionssefrtace of the first clamshell half and the
second clamshell half with electroless plating.

One general aspect includes a method of manufagtarclamshell battery including
receiving a first clamshell half made of a semiaartohg material and a second clamshell
half made of the semiconducting material, wherenslzell halves have a body region for
support of a battery component surrounded by aeledbere the ledge may be used for
sealing. The method also includes doping regioreefor both of the first clamshell half
and the second clamshell half, where the dopingeases conductivity of the material to
form a contact region. The method also include®diéipg a metallic film upon a surface of
the first clamshell half. The method also includepositing an anode in the first clamshell
half. The method also includes depositing a catlidee second clamshell half. The method
also includes placing a separator film on one @h lod the first clamshell half and the second
clamshell half. The method also includes depos#éin@lectrolyte into one or both of the first
clamshell half and the second clamshell half. Tle¢hod also includes joining the clamshell
halves. The method also includes forming a sealdxt the ledges of the clamshell halves.
The method also includes sealing at least porwdnise surface of the first clamshell half

and the second clamshell half with electrolessrgat

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantagt®eohvention will be apparent
from the following, more particular descriptionmeferred embodiments of the invention, as
illustrated in the accompanying drawings.

Figs.1A-1B illustrate exemplary aspects of eneigpraelements in concert with the
exemplary application of contact lenses.

Fig. 2Al illustrates a cross section of an exenyptéamshell form with in-line ledge
features.

Fig. 2A2 illustrates a cross section of an exenyptéamshell form with protruding

ledge features.
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Fig. 2A3 illustrates a cross section of an exenyptéamshell form with a recessed
clamshell half and a flat piece.

Figs. 2B-2E illustrate aspects of an exemplary slaetl form with hermetic sealing.

Figs. 3A-3l illustrate additional exemplary clamblattery designs.

Fig. 4 illustrates a clamshell design with morenth&o containment components.

Figs. 5A- 5D illustrate an exemplary plastic claeitform with electroless
deposition and electro-plating for hermetic sealing

Figs. 6A — 6D illustrate an exemplary shaped claetidiattery design.

Fig. 7 illustrates an exemplary method flow for mmaka clamshell battery with
clamshell halves made of insulating material.

Fig. 8 illustrates an exemplary method flow for mmaka clamshell battery with
clamshell halves made of plastic material.

Fig. 9 illustrates an exemplary method flow for mmgka clamshell battery with
clamshell halves made of metallic material.

Fig. 10 illustrates an exemplary method flow forking a clamshell battery with

clamshell halves made of semiconducting material.

DETAILED DESCRIPTION OF THE INVENTION

Methods of forming clamshell form batteries withpiraved biocompatibility are
disclosed in the present application. In the folluysections, detailed descriptions of various
examples are described. The descriptions of exangpeeexemplary embodiments only, and
various modifications and alterations may be appgarethose skilled in the art. Therefore,
the examples do not limit the scope of this appilbica In some examples, these
biocompatible batteries may be designed for useriproximate to, the body of a living

organism.

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

following definitions will apply:
"Anode" as used herein refers to an electrode diravhich electric current flows

into a polarized electrical device, such as a battiuring a discharge cycle. The direction of
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electric current is typically opposite to the diten of electron flow. In other words, the
electrons flow from the anode into, for examplegbattrical circuit. As used herein, the
same element of a polarized device is referred aneanode even if during a recharge cycle
and other events such as electroplating of theaiénstandard definitions may call the
element differently.

Battery as used herein refers to an electrochempmakr source which consists of a
single electrochemical cell or a multiplicity oketrochemical cells, suitably connected
together to furnish a desired voltage or currehe Gells may be primary (non-rechargeable)
or secondary (rechargeable) cells.

"Binder" as used herein refers to a polymer thagable of exhibiting elastic
responses to mechanical deformations and thaeisicially compatible with other
energization element components. For example, ksnday include electroactive materials,
electrolytes, polymers, etin some examples, binder may refer to a substdraténblds
particles and/or particles + liquid together inchesive mass.

“Biocompatible” as used herein refers to a matenalevice 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 electrode ¢fir which electric current flows
out of a polarized electrical device, such as &ebgtduring a discharge cycle. The direction
of electric current is typically opposite to theedition of electron flow. Therefore, the
electrons flow into the cathode of the polarizezteical device, and out of, for example, the
connected electrical circuit. As used herein, traes element of a polarized device is
referred to as a cathode even if during a recheygle and other events such as
electroplating of the element, standard definitiores/ call the element differently.

“Clamshell” as used herein refers generally to seapat have depressions with a
ridge around the edge which may be brought togetheeal along the edge. In some
examples, the pieces may be joined together. ler@kamples, the pieces may exist as
separate clamshell portions. In some examplesmastiell battery may be formed by a first
piece that has a depression with a ridge for sgalimere the second piece is a flat material
which may be sealed to the ridge of the first piece

10
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“Coating” as used herein refers to a deposit ofeniatin thin forms. In some uses,
the term will refer to a thin deposit that subgtht covers the surface of a substrate it is
formed upon. In other more specialized uses, ttme teay be used to describe small thin
deposits in smaller regions of the surface.

"Electrode" as used herein may refer to an actigsesnin the energy source. For
example, it may include one or both anode and c&tho

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

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

"Energy Source" or “Energization Element” or “Enegdion Device” as used herein
refers to any device or layer which is capableupiptying energy or placing a logical or
electrical device in an energized state. The enatigih elements may include batteries. The
batteries may be formed from alkaline type cellnoistry and may be solid-state batteries or
wet cell batteries includingqueous alkaline, aqueous acid or aqueous salt electrolyte
chemistry or non-aqueous chemistries, molten salinistry or solid state chemistry. The
batteries may be dry cell (immobilized electrolyoe)wet cell (free, liquid electrolyte) types.

"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; dest; graphite; metal oxides and
hydroxides such as those of silicon, aluminum,igad¢ magnesium, barium, titanium, iron,
zinc, and tin; metal carbonates such as thoselafioaand magnesium; minerals such as
mica, montmorollonite, kaolinite, attapulgite, aatt; synthetic and natural zeolites such as
Portland cement; precipitated metal silicates sagchalcium silicate; hollow or solid
polymer or glass microspheres, flakes and fiberd;the like.

"Functionalized" as used herein refers to makitayar 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®@@me exemplary molds include two
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mold parts that, when opposed to one another, eléfia structure of a three-dimensional
object.

"Power" as used herein refers to work done or eneagsferred per unit of time.
"Rechargeable” or "Re-energizable" as used heeden to a capability of being
restored to a state with higher capacity to do whtny 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 refezdioring to a state with higher
capacity to do work. Many uses may relate to r@sfjcat device to the capability to flow
electrical current at a certain rate for a certagstablished time period.

"Released" as used herein and sometimes referiesl"teleased from a mold" means
that a three-dimensional object is 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@aserdf one of the layers contacts a first
surface of a second layer. In some examples, angoathether for adhesion or other
functions, may reside between the two layers tieatracontact with each other through said
coating.

"Traces" as used herein refer to energization edtc@mponents capable of
connecting together the circuit components. Fongta, circuit traces may include copper
or gold when the substrate is a printed circuitrb@nd may typically be copper, gold or
printed film in a flexible circuit. A special typ# trace is the current collector. Current
collectors are traces with electrochemical comfldgitthat make the current collectors
suitable for use in conducting electrons to andhfeocathode or anode of an electrochemical
cell.

There may be other examples of how to assemble@mitjure batteries according to
the present invention, and some may be describ&dlawing sections. However, for many
of these examples, there are selected parameicharacteristics of the batteries that may
be described in their own right. In the followingcions, some characteristics and

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

An example of a biomedical device that may incoap®the energization elements,
batteries, of the present invention may be an mactive focal-adjusting contact lens.
Referring to Fig. 1A, an example of such a conlrs 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 regponsontrolling voltages. A circuit 105,
to provide those controlling voltage signals aslhaslto provide other functions such as
controlling sensing of the environment for exterc@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 timieees, and may include the various
configurations of battery chemistry elements ash®e discussed. The battery elements 110
may have various interconnect features to jointtogyepieces as may be depicted underlying
the region of interconnect 114. The battery elesx@d0 may be connected to the circuit
element 105 that may have its own substrate 116 wbach interconnect features 125 and
130 may be located. The circuit 105, which mayrbthe form of an integrated circuit, may
be electrically and physically connected to thessatbe 115 and its interconnect features 125
and 130.

Referring to Fig. 1B, a cross sectional relief @oatact lens 150 may comprise
contact lens insert 100 and its discussed constgu&he contact lens insert 100 may be
encapsulated into a skirt of contact lens hydrd&&l which may encapsulate the contact lens

insert 100 and provide a comfortable interfacenef¢ontact lens 150 to a user’s eye.

Electrical Requirements of Microbatteries

Another area for design considerations may retatbe electrical requirements of the
device, which may be provided by the battery. keoito function as a power source for a
medical device, an appropriate battery may needetet the full electrical requirements of
the system when operating in a non-connected oemtarnally powered mode. An
emerging field of non-connected or non-externatiypred biomedical devices may include,
for example, vision-correcting contact lenses, theonitoring devices, pill cameras, and

novelty devices. Recent developments in integratedit (IC) technology may permit
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meaningful electrical operation at very low currlavels, for example, picoamps of standby
current and microamps of operating current. IC’'y@ao permit very small devices.

Microbatteries for biomedical applications may bquired to meet many
simultaneous, challenging requirements. For exantipdemicrobattery may be required to
have the capability to deliver a suitable operatioljage 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 devieérie.

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 fabricatguch as gate oxide thickness, may be
associated with a resulting rating standard formiton” or “threshold” voltages of field-
effect transistors (FET’s) fabricated in the giygncess node. For example, in a node with a
minimum feature size of 0.5 microns, it may be camrto find FET’s with turn-on voltages
of 5.0V. However, at a minimum feature size of 99, the FET’s may turn-on at 1.2, 1.8,
and 2.5V. The IC foundry may supply standard a#flidigital blocks, for example, inverters
and flip-flops that have been characterized andatezl for use over certain voltage ranges.
Designers chose an IC process node based on staetaab including density of digital
devices, analog/digital mixed signal devices, lgakeurrent, wiring layers, and availability
of specialty devices such as high-voltage FET se@ithese parametric aspects of the
electrical components, which may draw power fromierobattery, it may be important for
the microbattery power source to be matched togheirements of the chosen process node
and IC design, especially in terms of availabldgageg and current.

In some examples, an electrical circuit powerea Ipyicrobattery, may connect to
another device. In non-limiting examples, the nmatbery-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,camctected devices may require higher
operating voltage conditions than common IC prooeskes. For example, a variable-focus
lens may require 35V to activate. The operatingags provided by the battery may

therefore be a critical consideration when desigsimch a system. In some examples of this
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type of consideration, the efficiency of a lenwdrito produce 35V from a 1V battery may
be significantly less than it might be when opergfirom a 2V battery. Further requirements,
such as die size, may be dramatically differensm®ering the operating parameters of the
microbattery as well.

Individual battery cells may typically be rated hidpen-circuit, loaded, and cutoff
voltages. The open-circuit voltage is the potergraduced by the battery cell with infinite
load resistance. The loaded voltage is the polgumauced by the cell with an appropriate,
and typically also specified, load impedance plaamadss the cell terminals. The cutoff
voltage is typically a voltage at which most of tedtery has been discharged. The cutoff
voltage may represent a voltage, or degree of digeh below which the battery should not
be discharged to avoid deleterious effects su@xesssive 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 voltagehe electronic circuit. In one example,
an alkaline cell may have an open-circuit voltag&.6V, a loaded voltage in the range 1.0 to
1.5V, and a cutoff voltage of 1.0V. The voltageadfiven microbattery cell design may
depend upon other factors of the cell chemistryleygul. And, different cell chemistry may
therefore have different cell voltages.

Cells may be connected in series to increase \@ltagwvever, this combination may
come with tradeoffs to size, internal resistanoel, lattery complexity. Cells may also be
combined in parallel configurations to decreasestasce and increase capacity; however,
such a combination may tradeoff size and shelf life

Battery capacity may be the ability of a battergl&diver current, or do work, for a
period of time. Battery capacity may typically esified in units such as microamp-hours.
A battery that may deliver 1 microamp of current Tdhour has 1 microamp-hour of
capacity. Capacity may typically be increased lzyeasing the mass (and hence volume) of
reactants within a battery device; however, it rhayappreciated that biomedical devices
may be significantly constrained on available vatuiBattery capacity may also be
influenced by electrode and electrolyte materiaivall as other factors such as the physical
design of the electrodes, the nature and dimensibasy separator material disposed
between the electrodes and the relative proporttbasode, cathode active materials,

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

Shelf life typically refers to the period of timénigh a battery may survive in storage
and still maintain useful operating parameters|fSifiee may be particularly important for
biomedical devices for several reasons. Electrdaigces may displace non-powered
devices, as for example may be the case for theduttion of an electronic contact lens.
Products in these existing market spaces may lstablished 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, aed methods of a device including a
microbattery. Accordingly, microbatteries for biotneal devices may have specific shelf life
requirements, which may be, for example, measuré¢de number of years.

In some examples, three-dimensional biocompatitéggzation elements may be
rechargeable. For example, an inductive coil mag bk fabricated on the three-dimensional
surface. The inductive coil could then be energizét a radio-frequency (“RF”) fob. The
inductive coil may be connected to the three-dinmrad biocompatible energization element
to recharge the energization element when RF iBegpi the inductive coil. In another
example, photovoltaics may also be fabricated ertliree-dimensional surface and
connected to the three-dimensional biocompatibéegmation element. When exposed to
light or photons, the photovoltaics will producecatons to recharge the energization
element.

In some examples, a battery may function to prothaeelectrical energy for an

electrical system. In these examples, the battery Ine electrically connected to the circuit
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of the electrical system. The connections betweancait and a battery may be classified as
interconnects. These interconnects may becomeasiogly challenging for biomedical
microbatteries due to several factors. In some g@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 compeith the desire to use a solder
interconnect which may, for example, require rekdsi high temperatures such as 250
degrees Celsius to melt. Although in some examghesbattery chemistry, including the
electrolyte, and the heat source used to form sdldsed interconnects, may be isolated
spatially from each other. In the cases of emergiogedical devices, the small size may
preclude the separation of electrolyte and soldgietg by sufficient distance to reduce heat

conduction.

Modular Battery Components

In some examples, a modular battery component radgrimed according to some
aspects and examples of the present inventiohelsetexamples, the modular battery
assembly may be a separate component from othtsrgdahe biomedical device. In the
example of an ophthalmic contact lens device, sudbsign may include a modular battery
that is separate from the rest of a 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-dimeraligrformed optical plastic components. In
addition, the sources of manufacturing may be rflexgble 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 (3D) shapedlcds. For example, in applications
requiring three-dimensional final forms, a moddattery system may be fabricated in a flat
or roughly two-dimensional (2D) perspective anchtekaped to the appropriate three-
dimensional shape. In some examples, the batteyybmamall enough to not perturb a

three-dimensional shape even if it is not benkdme other examples, a coupling of multiple

17



10

15

20

25

30

small batteries may fit into a three dimensionalwaped space. A modular battery
component may be tested independently of the febediomedical device and yield loss
due to battery components may be sorted beforendbgeT he resulting modular battery
component may be utilized in various media insenistructs that do not have an appropriate
rigid region upon which the battery components tmayormed; and, in a still further
example, the use of modular battery componentsfa@itate the use of different options

for fabrication technologies than might otherwigeutilized, such as, web-based technology
(roll to roll), sheet-based technology (sheet-teeth printing, lithography, and “squeegee”
processing. In some examples of a modular batlegyliscrete containment aspect of such a
device may result in additional material being atittethe overall biomedical device
construct. Such effects may set a constraint ®ute of modular battery solutions when the

available space parameters require minimized tles&mor volume of solutions.

Battery Element Internal Seals

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

The package may refer to the main material of titbosure. In some examples, the
package may comprise a bulk material. The Wateio¥apansmission Rate (WVTR) may
be an indicator of performance, with 1SO, and/ofTASstandards controlling the test
procedure, including the environmental conditioperant during the testing. Ideally, the
WVTR for a good battery package may be “zero.” Eglamy materials with a near-zero
WVTR may be glass and metal foils as well as cerarand metallic pieces. Plastics, on the
other hand, may be inherently porous to moisturd,raay vary significantly for different
types of plastic. Engineered materials, laminatesp-extrudes may usually be hybrids of

the common package materials.
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The seal may be the interface between two of tiekgepge surfaces. The connecting of
seal surfaces finishes the enclosure along witlp#o&age. In many examples, the nature of
seal designs may make them difficult to characteiioz the seal’s WVTR due to difficulty in
performing measurements using an ISO or ASTM stahde the sample size or surface
area may not be compatible with those procedunesoiine examples, a practical manner to
testing seal integrity may be a functional testhef actual seal design, for some defined
conditions. Seal performance may be a functiomefseal material, the seal thickness, the
seal length, the seal width, and the seal adhesiortimacy 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 suglues, epoxies, acrylics, natural rubber,
synthetic rubber, resins, tars or bitumen. Othangdes may derive from the utilization of
gasket type material that may be formed from n&tnd synthetic rubber,
polytetrafluoroethylene (PTFE), polypropylene, aictones to mention a few non-limiting
examples. In some examples, the sealing materiglma thermoset, thermoplastic or a
combination of a thermoset and a thermoplastic.

In some examples, the batteries according to thgepit invention may be designed to
have a specified operating life. The operatingiif@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 thereforbaltery life may be extended. The same
exemplary battery stored in a particularly dry &od environment may have a significantly

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

Metal/Metal, Metal/Glass, Metal/Ceramic, Glass/Gl&emiconductor/Semiconductor and

Metal/Semiconductor Seals

There may be numerous means to form a hermetietsealed interface between
solid materials that may act as containment fotrelbathemistry. Typical means for forming

a proper hermetic mechanical bond between soliémadd includes soldering, brazing, and
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welding. These methods may be seen as largelyasiras they all include thermally treating
both base materials (the materials to be bondethvdan be either homogeneous or
heterogeneous materials) and a filler material bloaids between the two base materials. The
main distinctions that exist between these metinoalg be seen as the specific temperatures
that are used to heat the materials for each methddhow these temperatures affect the
properties of each material when applied over gtteof time. More specifically, both
brazing and soldering may utilize a temperaturé ithabove the liquidus temperature of the
filler material, but below the solidus temperatafdoth base materials. The main distinction
that may exist between brazing and soldering masele as the specific temperature that is
applied. For example, if the applied temperatutgeisw 450°C, the method may be referred
to as soldering, and may be referred to as brakthg applied temperature is above 450°C.
Welding, however, may utilize an applied tempemathiat is above the liquidus of the filler
material and base materials alike.

Each of the aforementioned methods can work fargety of material combinations,
and specific material combinations may be ablestbdnded together by more than one of
these methods. The optimal choice among those m&tfar bonding two materials together,
may be determined by any number of characterist@ading but not limited to, the specific
material properties and liquidus temperatures efisired materials, other thermal
properties of the desired bonding or filler matistighe skill, timing, and precision of the
worker or machine bonding the two materials, and@reptable level of mechanical or
surface damage to the bonded materials by eactochdthsome examples, consistent with
the present invention, the materials used for baptivo materials together may include pure
metals such as gold, silver, indium and platinunrmay also include alloys such as silver-
copper, silver-zinc, copper-zinc, copper-zinc-siwepper-phosphorus, silver-copper-
phosphorus, gold-silver, gold-nickel, gold-coppedium alloys and aluminum-silicon. It
may also include active braze alloys such as titaractive braze alloys which may include
gold, copper, nickel, silver, vanadium or alumindrhere may be other brazing materials
which may be consistent with the sealing needs imeed in the present disclosure.

Different material combinations for each of thesading methods may include
metal/metal, metal/glass, metal/ceramic, glassgglsamiconductor/semiconductor, and

metal/semiconductor.
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In a first type of example, a metal seal to metal snay be formed. Soldering,
brazing, and welding, are all very commonly usedhietal/metal bonding. Since the
material properties of various metals may varyequitdely from metal-to-metal, the liquidus
temperature of a metal may typically be the degdiharacteristic for which bonding

method to use with a desired metal, for examplegse metal may have such a low liquidus

temperature that it will melt quickly at brazingrtperatures, or a base metal may have such a

high liquidus temperature that is does not cheryicakpond to soldering temperatures to
form a proper bond.

In another type of example, a metal-to-glass (asglto metal) seal may be formed.
Due to the inhomogeneity of metal and glass asnmaégtypical metal/metal bonding
methods may not be conducive to the bonding of Is\etdh glass. For example, typical
filler materials used in metal/metal soldering nbayd well to a metal, but may not react
with glass to bond to its surface under thermaltireent. One possibility to overcome this
issue may be to use other materials, such as epaka bond to both materials. Typical
epoxies have pendant hydroxyl groups in their stingcthat may allow them to bond
strongly to inorganic materials. Epoxy may be gaaild cheaply applied between materials,
bonding ubiquitously to many types of surfaces.g®may be easily cured as well before
or after application through many methods, suctmiagng of chemicals that are then quickly
applied, thermal, light based, or other types dfaton that introduce energy into the epoxy
to induce a bonding/curing reaction, or througheotethods. Many different types of
epoxies may have differing desirability for diffateapplications, based on many different
properties including, but not limited to, bond styth, ease of applicability, curing method,
curing time, bondable materials, and many othays aEhieving true hermetic sealing with
epoxy, it is vital to consider the leak rates atam fluids through the epoxy. Hermetic
sealing with epoxy, however, offers the flexibilaf using copper alloys for wires or pins
while still maintaining a hermetic seal, as oppoelé#ss conductive materials that are
required for other types of bonding or hermetidiagaEpoxy seals, however, are typically
viable under much more constrained operation teatpex ranges than other bonding
methods, and may also have a significantly lowerdogtrength.

In another type of example, a metal-to-ceramicgramic-to-metal) seal may be

formed. Brazing may be seen as a typical methoddbieving metal-to-ceramic bonding,
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and there are a multitude of proven and accepteédade for achieving a hermetic seal
between the materials. This may include the molgbhde manganese/nickel plating method,
where molybdenum and manganese particles are mikbdylass additives and volatile
carriers to form a coating that is applied to taemic surface that will be brazed. This
coating is processed and then plated with nickél@ncessed further, to be now readily
brazed using standard methods and filler materials.

Thin film deposition is another commonly used bmgznethod. In this method, a
combination of materials may be applied to a noathietsurface using a physical vapor
deposition (PVD) method. The choice of materialgliad may depend on desired material
properties or layer thicknesses, and occasionaliljipfe layers are applied. This method has
many advantages including a wide diversity of gassmetals for application, as well as
speed and proven consistent success with standsstiats. There are disadvantages,
however, including the need for specialized PVDigepent to apply coatings, the need for
complicated masking techniques if masking is ddsiaad geometric constraints with the
ceramic that may prevent uniform coating thicknes$ée PVD layer may include
constituents such as titanium, zirconium and hafiand in some examples, may be
between 100 nanometers to 250 nanometers thigare examples a noble over-layer may
be deposited comprising constituents such as ®aliladium, Platinum or Silver as non-

limiting examples.

Nanofoil® material Bonding

A commercially available product called Nanofoil@®@nanotechnology material
available from Indium Corporation, may provide gnsiicant example when sealing metal,
ceramic and/or semiconductor containment for bakanay be required. In some examples,
it may be desirable that any thermal effects inftiimation of the seal are as localized to the
seal itself as possible. Material composites sigscNanofoil® material may provide
significant thermal localization while forming heetic bonded seals. The Nanofoil® type
composite films may be made of hundreds or thousahdanoscale film levels. In an
example, a reactive multi-layer foil is fabricateglvapor-depositing thousands of alternating
layers of Aluminum (Al) and Nickel (Ni). These laganay be nanometers in thickness.

When activated by a small pulse of local energynfedectrical, optical or thermal sources,
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the foil reacts exothermically. The resulting exathic reaction delivers a quantifiable
amount of energy in thousandths of seconds thas heaery high local temperatures at
surfaces but may be engineered not to deliverah ambount of energy that would increase
temperature in the metal, ceramic or semicondymemes that are being sealed.

S-Bond® sealing

A similar example to Nanofoil® material bonding mas S-Bond® material
bonding. S-Bond material may comprise a conventisolaer alloy base with the addition of
titanium or other rare earth elements to the maitard is available from S-Bond
Technologies. The active materials like titaniumatenith oxides or other inert materials at a
bonding interface and either chemically bond tortloe transport them into the solder melt.
Upon heating, the S-bond® materials may melt blithstve a thin surface oxide thereupon.
When that surface oxide is disrupted, the activeena reactions occur with the surface
regions of the bond/seal. The oxide may be distupfieh scraping processes, but may also
be disrupted with ultrasonics. Therefore, a surfeeetion may be initiated at relatively low
temperature and a bond may be made to materidlsight be difficult to bond otherwise.
In some examples, the S-Bond® material may be coasbwith the Nanofoil® material to
form a structure that may be locally bonded withgighificant thermal load to the rest of the

battery system.

Silicon Bonding

Silicon bonding may be achieved with S-Bond® maldrn some examples. The
composition of S-Bond® 220M may be used in somargples to form a solderable
interface. The S-Bond® 220M material may be depdsitpon the silicon surface to be
bonded/sealed at temperatures ranging from 118c40therefore, can shaped pieces of
silicon may be heavily doped on the closed entieeithrough the use of doped films such as
POCI, through implantation, or through other meafndoping. Another means may include
oxidizing the body of the semiconductor and theangitally etching the oxide in regions
where the dopant is desired. The doped regionstheaybe exposed to titanium and heated
to form a silicide. The regions of the silicon céinat are used to form seals may have S-
Bond 220M material applied to them and heated toonto the silicon surface, or silicide

surface. In some examples a film of Nanofoil® matenay be applied in the seal region for
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subsequent activation. The battery chemistry, elgte and other structures may be formed
into the can halves and then the two halves mayldieed together. Under the simultaneous
activation by ultrasonics and by activation of Nenofoil® material a rapid, low

temperature hermitic seal may be formed.

Battery Module Thickness

In designing battery components for biomedical epgtibns, tradeoffs amongst the
various parameters may be made balancing techsafaty and functional requirements.
The thickness of the battery component may be @oitant and limiting parameter. For
example, in an optical lens application the abitifya 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 detechby the combined thicknesses of top
and bottom sheets, spacer sheets, and adhesiveHaymesses. Practical manufacturing
aspects may drive certain parameters of film theslsnto standard values in available sheet
stock. In addition, the films may have minimum Hmess values to which they may be
specified base upon technical considerations ngldat chemical compatibility, moisture/gas
impermeability, surface finish, and compatibilitytkvcoatings that may be deposited upon
the film layers.

In some examples, a desired or goal thicknesdinfshed battery component may be
a component thickness that is less than 220 ptheke examples, this desired thickness
may be driven by the three-dimensional geometignoéxemplary ophthalmic lens device
where the battery component may need to be fitlenie available volume defined by a
hydrogel lens shape given end user comfort, bio@itifity, and acceptance constraints.
This volume and its effect on the needs of battermponent thickness may be a function of
total device thickness specification as well asakesgpecification relating to its width, cone
angle, and inner diameter. Another important desmrsideration for the resulting battery
component design may relate to the volume availiblactive battery chemicals and
materials in a given battery component design va#ipect to the resulting chemical energy
that may result from that design. This resultingraoical energy may then be balanced for the
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electrical requirements of a functional biomedibavice for its targeted life and operating

conditions.

Battery Module Width

There may be numerous applications into which thedmpatible energization

elements or batteries of the present invention beaytilized. In general, the battery width
requirement may be largely a function of the agian in which it is applied. In an
exemplary case, a contact lens battery system @y ¢tonstrained needs for the
specification on the width of a modular battery pament. In some examples of an
ophthalmic device where the device has a varigbiie dunction powered by a battery
component, the variable optic portion of the dewigy occupy a central spherical region of
about 7.0 mm in diameter. The exemplary battersnetgs may be considered as a three-
dimensional object, which fits as an annular, cals&irt around the central optic and
formed into a truncated conical ring. If the re@dimaximum diameter of the rigid insert is a
diameter of 8.50 mm, and tangency to a certain eiansphere may be targeted (as for
example in a roughly 8.40 mm diameter), then gepmmaay dictate what the allowable
battery width may be. There may be geometric maithalismay be useful for calculating
desirable specifications for the resulting geometiych in some examples may be termed a
conical frustum flattened into a sector of an aosul

Flattened battery width may be driven by two feasuof 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 @rsO@er side, and the active battery
components may be targeted at approximately 0.800nade. Other biomedical devices
may have differing design constraints but the ppies for flexible flat battery elements may

apply in similar fashion.

Battery Module Flexibility

Another dimension of relevance to battery desightarthe design of related devices
that utilize battery based energy sources is thaldility of the battery component. There
may be numerous advantages conferred by flexilitedygorms. For example, a flexible

battery module may facilitate the previously meméid ability to fabricate the battery form in
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a two-dimensional (2D) flat form. The flexibilityf the form may allow the two-dimensional
battery to then be formed into an appropriate 3@pslto fit into a biomedical device such as
a contact lens.

In another example of the benefits that may beearoad by flexibility in the battery
module, if the battery and the subsequent devitiex#le then there may be advantages
relating to the use of the device. In an examptmrdact lens form of a biomedical device
may have advantages for insertion/removal of thdia@sert based contact lens that may be
closer to the insertion/removal of a standard, fiked 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 timearfra planar form into a shape suitable for
a contact lens may have significantly differentige$rom a battery capable of multiple
flexures. The flexure of the battery may also eatbayond the ability to mechanically
survive the flexure event. For example, an eleenoady be physically capable of flexing
without breaking, but the mechanical and electrotbal properties of the electrode may be
altered by flexure. Flex-induced changes may apipsgantly, for example, as changes to
impedance, or flexure may introduce changes whietoaly apparent in long-term shelf life

testing.

Battery Shape Aspects

Battery shape requirements may be driven at legsit by the application for which
the battery is to be used. Traditional battery féawtors may be cylindrical forms or
rectangular prisms, made of metal, and may be deaveard products which require large
amounts of power for long durations. These appboatmay be large enough that they may
comprise large form factor batteries. In anothemagle, planar (2D) solid-state batteries are
thin rectangular prisms, typically formed upon @xible 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 powigexible batteries may be formed in a
pouch construct, using thin foils or plastic to &on the battery chemistry. These batteries
may be made flat (2D), and may be designed to imethen bowed to a modest out-of-

plane (3D) curvature.
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In some of the examples of the battery applicatioriee present invention where the
battery may be employed in a variable optic leing,form factor may require a three-
dimensional curvature of the battery component wlaeradius of that curvature may be on
the order of approximately 8.4 mm. The nature ehsa curvature may be considered to be
relatively steep and for reference may approxirttagetype of curvature found on a human
fingertip. The nature of a relative steep curvatreates challenging aspects for
manufacture. In some examples of the present irvgrd modular battery component may
be designed such that it may be fabricated intatflep-dimensional manner and then formed

into a three-dimensional form of relative high amwe.

Battery Element Separators

Batteries of the type described in the presentritive may utilize a separator
material that physically and electrically separdtesanode and anode current collector
portions from the cathode and cathode current ctoligoortions. The separator may be a
membrane that is permeable to water and dissoleett@yte components; however, it may
typically be electrically non-conductive. While ynad of commercially-available separator
materials may be known to those of skill in the #ré novel form factor of the present
invention may present unigue constraints on thedéseparator selection, processing, and
handling.

Since the designs of the present invention may hérxee-thin profiles, the choice
may be limited to the thinnest separator matetigigally available. For example, separators
of approximately 25 microns in thickness may bardbet. Some examples which may be
advantageous may be about 12 microns in thickiié®&se may be numerous acceptable
commercial separators include micro fibrillatedcraporous polyethylene monolayer and/or
polypropylene-polyethylene-polypropylene (PP/PE/@Rjyer separator membranes such as
those produced by Celgard (Charlotte, NC). A detgraxample of separator material may
be Celgard M824 PP/PE/PP trilayer membrane havihgkness of 12 microns. Alternative
examples of separator materials useful for exangfléise present invention may include
separator membranes including regenerated cell(¢ogecellophane).

While PP/PE/PP trilayer separator membranes mag &dvantageous thickness and

mechanical properties, owing to their polyolefinl@racter, they may also suffer from a
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number of disadvantages that may need to be overaoorder to make them useful in
examples of the present invention. Roll or shewmtksof PP/PE/PP trilayer separator
materials may have numerous wrinkles or other ferrars that may be deleterious to the
micron-level tolerances applicable to the battediescribed herein. Furthermore, polyolefin
separators may need to be cut to ultra-preciseatates for inclusion in the present designs,
which may therefore implicate laser cutting as seneplary method of forming discrete
current collectors in desirable shapes with tiglgrances. Owing to the polyolefinic
character of these separators, certain cuttingdaseful for micro fabrication may employ
laser wavelengths, e.g. 355 nm, that will not alyplefins. The polyolefins do not
appreciably absorb the laser energy and are them@ablatable. Finally, polyolefin
separators may not be inherently wettable to acgietactrolytes used in the batteries
described herein.

Nevertheless, there may be methods for overcorieggtinherent limitations for
polyolefinic type membranes. In order to presemti@oporous separator membrane to a
high-precision cutting laser for cutting pieceoiatc segments or other advantageous
separator designs, the membrane may need to ntlavrinkle-free. If these two
conditions are not met, the separator membranenoilye fully cut because the cutting
beam may be inhibited as a result of defocusingy @therwise scattering the incident laser
energy. Additionally, if the separator membraneasflat and wrinkle-free, the form
accuracy and geometric tolerances of the separaorbrane may not be sufficiently
achieved. Allowable tolerances for separators oferi examples may be, for example, +0
microns and -20 microns with respect to charadterdisngths and/or radii. There may be
advantages for tighter tolerances of +0 microns-a0dmnicrons and further for tolerances of
+0 microns and -5 microns. Separator stock materégl be made flat and wrinkle-free by
temporarily laminating the material to a float glasirrier with an appropriate low-volatility
liquid. Low-volatility liquids may have advantagesger temporary adhesives due to the
fragility of the separator membrane and due tcatheunt of processing time that may be
required to release separator membrane from arsa@hayer. Furthermore, in some
examples achieving a flat and wrinkle-free sepana®mbrane on float glass using a liquid
has been observed to be much more facile than asirglhesive. Prior to lamination, the

separator membrane may be made free of particulHés may be achieved by ultrasonic
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cleaning of separator membrane to dislodge anpset&dherent particulates. In some
examples, handling of a separator membrane maphe id a suitable, low-particle
environment such as a laminar flow hood or a cleamrof at least class 10,000.
Furthermore, the float glass substrate may be riade particulate free by rinsing with an
appropriate solvent, ultrasonic cleaning, and/quing with clean room wipes.

While a wide variety of low-volatility liquids malye used for the mechanical purpose
of laminating microporous polyolefin separator meanies to a float glass carrier, specific
requirements may be imposed on the liquid to fiatdi subsequent laser cutting of discrete
separator shapes. One requirement may be thagthe has a surface tension low enough to
soak into the pores of the separator material wirialy 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 ofritederial. 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 appreciableoeatdgn does not occur during the time
scale of processing (on the order of 1 day). Amnallsome examples the liquid may have
sufficient solvating power to dissolve advantagedWsabsorbers that may facilitate the
laser cutting operation. In an example, it has ldeserved that a 12 percent (w/w) solution
of avobenzone UV absorber in benzyl benzoate sbimay meet the aforementioned
requirements and may lend itself to facilitating taser cutting of polyolefin separators with
high precision and tolerance in short order withemuexcessive number of passes of the
cutting laser beam. In some examples, separatoydmaut with an 8W 355 nm nanosecond
diode-pumped solid state laser using this appredwre the laser may have settings for low
power attenuation (e.g. 3 percent power), a modesaged 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, othibr formulations may be envisaged by
those of skill in the art and used without limigerti

In some examples, a separator may be cut whild figea float glass. One advantage
of laser cutting separators while fixed to a flgktss carrier may be that a very high number
density of separators may be cut from one sepastok sheet much like semiconductor die

may be densely arrayed on a silicon wafer. Sucip@noach may provide economy of scale
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and parallel processing advantages inherent incegructor processes. Furthermore, the
generation of scrap separator membrane may be madmOnce separators have been cut,
the oily process aid fluid may be removed by aeseoif extraction steps with miscible
solvents, the last extraction may be performed witfigh-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 membgsamay be inherently
hydrophobic and may need to be made wettable tecgusurfactants used in the batteries
of the present invention. One approach to makséparator membranes wettable may be
oxygen plasma treatment. For example, separatoydmareated 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 m@g/well-known that plasma surface
modifications provide a transient effect that may last long enough for robust wetting of
electrolyte solutions. Another approach to improsegtability of separator membranes may
be to treat the surface by incorporating a suitabiéactant on the membrane. In some cases,
the surfactant may be used in conjunction with @bghilic polymeric coating that remains
within the pores of the separator membrane.

Another approach to provide more permanence thydeophilicity imparted by an
oxidative plasma treatment may be by subsequeathtent with a suitable hydrophilic
organosilane. In this manner, the oxygen plasmalmaysed to activate and impart
functional groups across the entire surface ar¢eoficroporous separator. The
organosilane may then covalently bond to and/orcmalently adhere to the plasma treated
surface. In examples using an organosilane, ther@mh porosity of the microporous
separator may not be appreciably changed, monotay&ace coverage may also be possible
and desired. Prior art methods incorporating stefgs in conjunction with polymeric
coatings may require stringent controls over theal@mount of coating applied to the
membrane, and may then be subject to process iyidh extreme cases, pores of the
separator may become blocked, thereby adversadgtad§ utility of the separator during the
operation of the electrochemical cell. An exemplamyanosilane useful in the present
invention may be (3-aminopropyl)triethoxysilaneh@thydrophilic organosilanes may be

known to those of skill in the art and may be usgtout limitation.
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Still another method for making separator membravettable by aqueous electrolyte
may be the incorporation of a suitable surfactarihe electrolyte formulation. One
consideration in the choice of surfactant for mglseparator membranes wettable may be
the effect that the surfactant may have on theviactof one or more electrodes within the
electrochemical cell, for example, by increasing eékectrical impedance of the cell. In some
cases, surfactants may have advantageous antstmrnoroperties, specifically in the case
of zinc anodes in aqueous electrolytes. Zinc magrbexample of a material known to
undergo a slow reaction with water to liberate logén gas, which may be undesirable.
Numerous surfactants may be known by those of iskilhe art to limit rates of said reaction
to advantageous levels. In other cases, the sarflactay so strongly interact with the zinc
electrode surface that battery performance mayipeded. 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 withdeleteriously affecting electrochemical
performance of the cell. In some cases, a plurafigurfactants may be used, one being
present to impart wettability to the separator meamé 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 andactnt or plurality of surfactants is
added to the electrolyte formulation in an amourfficgent to effect wettability of the
separator membrane.

Discrete separators may be integrated into a clalnsincrobattery by direct

placement into a portion of one or sides of a cletisassembly.

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 reasach as the cost, the availability of
materials, the quality of materials, or the comfileaf processing for some material options
as non-limiting examples.

A method to achieve a uniform, mechanically robfasn-in-place separator may be
to use UV-curable hydrogel formulations. Numerowadespermeable hydrogel formulations
may be known in various industries, for example,¢bntact lens industry. An example of a

common hydrogel in the contact lens industry mapdlg(hydroxyethylmethacrylate)
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crosslinked gel, or simply pHEMA. For numerous &milons of the present invention,
pHEMA may possess many attractive properties ferimd.eclanché and zinc-carbon
batteries. pHEMA typically may maintain a water tant of approximately 30-40 percent in
the hydrated state while maintaining an elastic uhaglof about 100 psi or greater.
Furthermore, the modulus and water content pragsedi crosslinked hydrogels may be
adjusted by one of skill in the art by incorporgtadditional hydrophilic monomeric (e.g.
methacrylic acid) or polymeric (e.g. polyvinylpylidbne) 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 cassaol polymerizable hydrogel
formulation may contain one or more diluents talitate 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 formula#forother aspect that may be important to
achieve the casting of a uniform layer of polymalie material in the cavity may be the
application viscosity. Common small molar mass tiegaanonomers typically do not have
very high viscosities, which may be typically oyew centipoise. In an effort to provide
beneficial viscosity control of the castable antyyperizable separator material, a high
molar mass polymeric component known to be comieatifth the polymerizable material
may be selected for incorporation into the formolatExamples of high molar mass
polymers which may be suitable for incorporatioto iaxemplary formulations may include
polyvinylpyrrolidone and polyethylene oxide.

In some examples the castable, polymerizable agpanay be advantageously
applied into a designed cavity, as previously dbsdr In alternative examples, there may be
no cavity at the time of polymerization. Instedd tastable, polymerizable separator

formulation may be coated onto an electrode-coimgisubstrate, for example, patterned
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zinc plated brass, and then subsequently exposactitoc radiation using a photomask to
selectively polymerize the separator material igg¢ted areas. Unreacted separator material
may then be removed by exposure to appropriatengrsolvents. In these examples, the

separator material may be designated as a photenrpalble separator.

Multiple Component Separator Formulations

The separator, useful according to examples optasent invention, may have a
number of properties that may be important toutgcfion. In some examples, the separator
may desirably be formed in such a manner as tdeceephysical barrier such that layers on
either side of the separator do not physically acnbne another. The layer may therefore
have an important characteristic of uniform thicssiesince while a thin layer may be
desirable for numerous reasons, a void or gapldnes may be essential. Additionally, the
thin layer may desirably have a high permeabititafiow for the free flow of ions. Also, the
separator requires optimal water uptake to optiimeehanical properties of the separator.
Thus, the formulation may contain a crosslinkinghponent, a hydrophilic polymer
component, and a solvent component.

A crosslinker may be a monomer with two or morg/perizable double bonds.
Suitable crosslinkers may be compounds with twmore polymerizable functional groups.
Examples of suitable hydrophilic crosslinkers mepanclude compounds having two or
more polymerizable functional groups, as well adrbghilic functional groups such as
polyether, amide or hydroxyl groups. Specific exlapnay include TEGDMA
(tetraethyleneglycol dimethacrylate), TTEGDMA (thgleneglycol dimethacrylate),
ethyleneglycol dimethacylate (EGDMA), ethylenediaemdimethyacrylamide, glycerol
dimethacrylate and combinations thereof.

The amounts of crosslinker that may be used iresexamples may range, e.g., from
about 0.000415 to about 0.0156 mole per 100 grdmeactive components in the reaction
mixture. The amount of hydrophilic crosslinker usedy generally be about 0 to about 2
weight percent and, for example, from about 0.8dout 2 weight percent. Hydrophilic
polymer components capable of increasing the vigcokthe reactive mixture and/or
increasing the degree of hydrogen bonding withstbe-reacting hydrophilic monomer,

such as high molecular weight hydrophilic polymensy be desirable.
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The high molecular weight hydrophilic polymers yide improved wettability, and in
some examples, may improve wettability to the s&paiof the present invention. In some
non-limiting examples, it may be believed that lingh molecular weight hydrophilic
polymers are hydrogen bond receivers which in agsieovironments, hydrogen bond to
water, thus becoming effectively more hydrophilibe absence of water may facilitate the
incorporation of the hydrophilic polymer in the cgan mixture. Aside from the specifically
named high molecular weight hydrophilic polymetsnay be expected that any high
molecular weight polymer will be useful in the prasinvention provided that when said
polymer is added to an exemplary silicone hydrdgehulation, the hydrophilic polymer (a)
does not substantially phase separate from thé@aaunixture and (b) imparts wettability to
the resulting cured polymer.

In some examples, the high molecular weight hyllitmppolymer may be soluble in
the diluent at processing temperatures. Manufagjusrocesses which use water or water
soluble diluents, such as isopropyl alcohol (IRAxy be desirable examples due to their
simplicity and reduced cost. In these exampled) higlecular weight hydrophilic polymers
which are water soluble at processing temperataasalso be desirable examples.

Examples of high molecular weight hydrophilic polgrs may include but are not
limited to polyamides, polylactones, polyimideslyectams and functionalized polyamides,
polylactones, polyimides, polylactams, such as BN@ copolymers thereof, or alternatively,
DMA functionalized by copolymerizing DMA with a lesr molar amount of a hydroxyl-
functional monomer such as HEMA, and then readtieghydroxyl groups of the resulting
copolymer with materials containing radical polymable groups. High molecular weight
hydrophilic polymers may include but are not lidit® poly-N-vinyl pyrrolidone, poly-N-
vinyl-2-piperidone, poly-N-vinyl-2-caprolactam, yeN-vinyl-3-methyl-2-caprolactam,
poly-N-vinyl-3-methyl-2-piperidone, poly-N-vinyl-#aethyl-2-piperidone, poly-N-vinyl-4-
methyl-2-caprolactam, poly-N-vinyl-3-ethyl-2-pyridbne, and poly-N-vinyl-4,5-dimethyl-
2-pyrrolidone, polyvinylimidazole, poly-N--N-dimegtacrylamide, polyvinyl alcohol,
polyacrylic acid, polyethylene oxide, poly 2 etloyazoline, heparin polysaccharides,
polysaccharides, mixtures and copolymers (inclutilogk or random, branched, multichain,
comb-shaped or star-shaped) thereof where polyrihwyrrolidone (PVP) may be a

desirable example where PVP has been added toraggfccomposition to form an
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interpenetrating network which shows a low degrfesudace friction and a low dehydration
rate.

Additional components or additives, which may gaftg be known in the art, may
also be included. Additives may include but arelmoited to ultra-violet absorbing
compounds, photo-initiators such as CGI 819, reacints, antimicrobial compounds,
pigments, photochromic, release agents, combiratimereof and the like.

The method associated with these types of sepanatay also include receiving CGI
819; and then mixing with PVP, HEMA, EGDMA and IPdnd then curing the resulting
mixture with a heat source or an exposure to pstionsome examples the exposure to
photons may occur where the photons’ energy isistam with a wavelength occurring in
the ultraviolet portion of the electromagnetic dpam. Other methods of initiating
polymerization generally performed in polymerizati@actions are within the scope of the
present invention.

Interconnects

Interconnects may allow current to flow to and frtma battery in connection with an
external circuit. Such interconnects may interfadé the environments inside and outside
the battery, and may cross the boundary or sealdest 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 regemtsirOutside the battery, the
interconnects may resemble typical printed cirtiaites. They may be soldered to, or
otherwise connect to, other traces. In an examplerevthe battery is a separate physical
element from a circuit board comprising an integglatircuit, the battery interconnect may
allow for connection to the external circuit. Thinnection may be formed with solder,
conductive tape, conductive ink or epoxy, or otieans. The interconnect traces may need
to survive in the environment outside the battéyyexample, not corroding in the presence
of oxygen.

As the interconnect passes through the batteryis@ahy be of critical importance
that the interconnect coexist with the seal andhfiesealing. Adhesion may be required
between the seal and interconnect in additiongaatthesion which may be required between

the seal and battery package. Seal integrity may t@be maintained in the presence of
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electrolyte and other materials inside the battiergrconnects, 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 tendencyefectrolyte to “creep” along the
interconnect. Accordingly, an interconnect may nieeble engineered to maintain seal
integrity.

Inside the battery, the interconnects may interfaitle 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 desctitezdin, or may need to form an electrical
connection to such current collectors.

One class of candidate interconnects and curréieicbors is metal foils. Such foils
are available in thickness of 25 microns or ledsictv 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 perforrmanThe foils may include zinc, nickel,

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

Current Collectors and Electrodes

Many of the current collector and electrode desayesenvisioned to be formed by
the deposition of metal films upon a sidewall, githe use of metallic wires as substrates to
form the current collectors and electrodes. Exampfeéhese have been illustrated.
Nevertheless, there may be some designs thateutitteer current collector or electrode
designs in a clamshell battery format.

In some examples of zinc carbon and Leclanche,¢béscathode current collector
may be a sintered carbon rod. This type of matenay face technical hurdles for thin
electrochemical cells of the present inventiorsdme 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 resultingogewmay be formed without significant
impairment to the resulting electrochemical ceypitally, 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 chemidaigradation 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 insidetbg electrochemical cell to the outside of
the electrochemical cell, implying sealing aroundhwough the carbon ink.

Carbon inks also may be applied in layers that liaite and relatively small
thickness, for example, 10 to 20 microns. In a #iectrochemical cell design in which the
total internal package thickness may only be ath@0tto 150 microns, the thickness of a
carbon ink layer may take up a significant fractadrthe total internal volume of the
electrochemical cell, thereby negatively impacthectrical performance of the cell. Further,
the thin nature of the overall battery and theeniricollector in particular may imply a small
cross-sectional area for the current collectonessstance of a trace increases with trace
length and decreases with cross-sectional area, thay be a direct tradeoff between current
collector thickness and resistance. The bulk regisbf carbon ink may be insufficient to
meet the resistance requirement of thin battelmds. filled with silver or other conductive
metals may also be considered to decrease resstaakor thickness, but they may
introduce new challenges such as incompatibilitywivel electrolytes. In consideration of
these factors, in some examples it may be desitablealize efficient and high performance
thin electrochemical cells of the present inventigrutilizing a thin metal foil as the current
collector, or to apply a thin metal film to an ungiang polymer packaging layer to act as the
current collector. Such metal foils may have sigaifitly lower resistivity, thereby allowing
them to meet electrical resistance requirements muiich less thickness than printed carbon
inks.

In some examples, one or more of the clamshelldarmay be used as a substrate for
electrodes and current collectors, or as curreligators themselves. In some examples, the
metals of a clamshell form may have depositionsentadheir surfaces. For example, metal
clamshell pieces may serve as a substrate forteespdi current collector metal or metal
stack. Exemplary metal stacks useful as cathodemicollectors may be Ti-W (titanium-
tungsten) adhesion layers and Ti (titanium) conaluletyers. Exemplary metal stacks useful
as anode current collectors may be Ti-W adhesiggr$a Au (gold) conductor layers, and In
(indium) deposition layers. Other examples of ananleé cathode current collects may
include nickel, brass, aluminum and copper. Exataterials may include graphene and
carbon nanotubes.

The thickness of the PVD layers may be less th&b0 in total. If multiple layers
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of metals are used, the electrochemical and bar@erties may need to be compatible with
the battery. For example, copper may be electreglah top of a seed layer to grow a thick
layer of conductor. Additional layers may be platgadn the copper. However, copper may
be electrochemically incompatible with certain &lelytes especially in the presence of zinc.
Accordingly, if copper is used as a layer in thedyg, it may need to be sufficiently isolated
from the battery electrolyte. Alternatively, coppeay be excluded or another metal
substituted.

Wires made from numerous materials may also be tasttm current collectors
and/or substrates for electrodes. In some exanplesnetal conductor may penetrate an
insulator material such as glass or ceramic toigeoan isolated electrical current collector
contact. In some examples the wire may be madé&ofum. In other examples, other base
metals including but not limited to Aluminum, Tungss, Copper, Gold, Silver, Platinum may

be used and may have surface films applied.

Cathode Mixtures and Depositions

There may be numerous cathode chemistry mixtusgsniy be consistent with the
concepts of the present invention. In some exampleathode mixture, which may be a term
for a chemical formulation used to form a battepgshode, may be applied as a paste, gel,
suspension, or slurry, and may comprise a tramsitietal oxide such as manganese dioxide,
some form of conductive additive which, for exammplay be a form of conductive powder
such as carbon black or graphite, and a water-Eopddymer such as polyvinylpyrrolidone
(PVP) or some other binder additive. In some exasymther components may be included
such as one or more of binders, electrolyte saitspsion inhibitors, water or other solvents,
surfactants, rheology modifiers, and other congrectidditives, such as, conductive
polymers. Once formulated and appropriately mitled,cathode mixture may have a
desirable rheology that allows it to either be disged onto desired portions of the separator
and/or cathode current collector, or squeegeeditfira screen or stencil in a similar manner.
In some examples, the cathode mixture may be teéate being used in 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 transition metal oxide may, for example, be gaaese dioxide. The manganese
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dioxide which may be used in the cathode mixturg breg for example, electrolytic
manganese dioxide (EMD) due to the beneficial amltil specific energy that this type of
manganese dioxide provides relative to other fosush as natural manganese dioxide
(NMD) or chemical manganese dioxide (CMD). Furtheren the EMD useful in batteries of
the present invention may need to have a particéeasd particle size distribution that may
be conducive to the formation of depositable ontable cathode mixture pastes/slurries.
Specifically, the EMD may be processed to remogaicant large particulate components
that may be considered large relative to othewufeatsuch as battery internal dimensions,
separator thicknesses, dispense tip diametergilst@ening sizes, or screen mesh sizes.
Particle size optimization may also be used to owemperformance of the battery, for
example, internal impedance and discharge capacity.

Milling is the reduction of solid materials from @@average particle size to a smaller
average particle size, by crushing, grinding, ogttvibrating, or other processes. Milling
may also be used to free useful materials fromimataterials in which they may be
embedded, and to concentrate minerals. A millde\ace that breaks solid materials into
smaller pieces by grinding, crushing, or cuttingefie may be several means for milling and
many types of materials processed in them. Sucmsnefamilling may include: ball mill,
bead mill, mortar and pestle, roller press, andniitamong other milling alternatives. One
example of milling may be jet milling. After the hmg, the state of the solid is changed, for
example, the particle size, the particle size digfmm and the particle shape. Aggregate
milling processes may also be used to remove @ragpcontamination or moisture from
aggregate to produce "dry fills" prior to transpartstructural filling. Some equipment may
combine various techniques to sort a solid matertala mixture of particles whose size is
bounded by both a minimum and maximum particle. s&zeh processing may be referred to
as “classifiers” or “classification.”

Milling may be one aspect of cathode mixture praiduncfor uniform particle size
distribution of the cathode mixture ingredientsifdnm patrticle size in a cathode mixture
may assist in viscosity, rheology, electroconduttj\and other properties of a cathode.
Milling may assist these properties by controllagglomeration, or a mass collection, of the
cathode mixture ingredients. Agglomeration — thestdring of disparate elements, which in

the case of the cathode mixture, may be carbotr@ties and transition metal oxides — may
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negatively affect the filling process by leavingdin the desired cathode cavity as
illustrated in Figs. 11A-11J described in detaible

Also, filtration may be another important step ttoe removal of agglomerated or
unwanted particles. Unwanted particles may inclokr-sized particles, contaminates, or
other particles not explicitly accounted for in greparation process. Filtration may be
accomplished by means such as filter-paper fiitratvacuum filtration, chromatography,
microfiltration, and other means of filtration.

In some examples, EMD may have an average pasi@deof 7 microns with a large
particle content that may contain particulatesaipliout 70 microns. In alternative
examples, the EMD may be sieved, further milledytberwise separated or processed to
limit large particulate content to below a certdireshold, for example, 25 microns or
smaller.

The cathode may also comprise silver oxides, sdtrides or nickel oxyhydroxide.
Such materials may offer increased capacity argldesrease in loaded voltage during
discharge relative to manganese dioxide, both a@siproperties in a battery. Batteries
based on these cathodes may have current exanmpiEspin industry and literature. A
novel microbattery utilizing a silver dioxide catteomay include a biocompatible electrolyte,
for example, one comprising zinc chloride and/omamium chloride instead of potassium
hydroxide.

Some examples of the cathode mixture may inclyoi@yaneric binder. The binder
may serve a number of functions in the cathodeuréxtThe primary function of the binder
may be to create a sufficient inter-particle eleatrnetwork between EMD particles and
carbon patrticles. A secondary function of the binday be to facilitate mechanical adhesion
and electrical contact to the cathode current ctdleA third function of the binder may be
to influence the rheological properties of the od#hmixture for advantageous dispensing
and/or stenciling/screening. Still, a fourth fuoctiof the binder may be to enhance the
electrolyte uptake and distribution within the catb.

The choice of the binder polymer as well as thewamhto be used may be beneficial
to the function of the cathode in the electrochaigell of the present invention. If the
binder polymer is too soluble in the electrolytdowused, then the primary function of the

binder — electrical continuity — may be drasticathpacted to the point of cell non-
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functionality. On the contrary, if the binder polgnis insoluble in the electrolyte to be used,
portions of EMD may be ionically insulated from tdlectrolyte, resulting in diminished cell
performance such as reduced capacity, lower opeuittvoltage, and/or increased internal
resistance.

The binder may be hydrophobic; it may also be hgdilec. Examples of binder
polymers useful for the present invention compHS®, polyisobutylene (PIB), rubbery
triblock copolymers comprising styrene end bloakshsas those manufactured by Kraton
Polymers, styrene-butadiene latex block copolymmlacrylic acid,
hydroxyethylcellulose, carboxymethylcellulose, flacarbon solids such as
polytetrafluoroethylene, cements including Portlaethent, among others.

A solvent may be one component of the cathode max#isolvent may be useful in
wetting the cathode mixture, which may assist enghrticle distribution of the mixture. One
example of a solvent may be toluene. Also, a stafaanay be useful in wetting, and thus
distribution, of the cathode mixture. One examgla surfactant may be a detergent, such as
Triton™ QS-44 available from the Dow Chemical Companytofiri QS-44 may assist in the
dissociation of aggregated ingredients in the ahaixture, allowing for a more uniform
distribution of the cathode mixture ingredients.

A conductive carbon may typically be used in thedpiction of a cathode. Carbon is
capable of forming many allotropes, or differemtistural modifications. Different carbon
allotropes have different physical properties allgyfor variation in electroconductivity. For
example, the “springiness” of carbon black may Ivaljh adherence of a cathode mixture to
a current collector. However, in energization elatagequiring relatively low amounts of
energy, these variations in electroconductivity rhaytess important than other favorable
properties such as density, particle size, headwctivity, and relative uniformity, among
other properties. Examples of carbon allotropekitec diamond, graphite, graphene,
amorphous carbon (informally called carbon blabkigkminsterfullerenes, glassy carbon
(also called vitreous carbon), carbon aerogels,odiner possible forms of carbon capable of
conducting electricity. One example of a carbootedpe may be graphite.

In some examples the cathode may be depositedaiplamshell wall. clamshell
walls may be metallic in some examples and may batteode chemicals such as manganese

dioxide electrodeposited upon them. In other exaspbatings of electrolytic manganese

41



10

15

20

25

30

dioxide may be formed upon cathode collectors.

Anodes and Anode Corrosion Inhibitors

The anode for the clamshell battery of the presem@ntion may, for example,
comprise zinc. In traditional zinc-carbon battereginc anode may take the physical form
of a can in which the contents of the electrochahtell may be contained. For the battery
of the present invention, a zinc can may be an plabut there may be other physical forms
of zinc that may prove desirable to realize ulirza battery designs.

Electroplating of zinc is a process type in numsrimdustrial uses, for example, for
the protective or aesthetic coating of metal pantsome examples, electroplated zinc may
be used to form thin and conformal anodes usefubdtteries of the present invention.
Furthermore, the electroplated zinc may be pattermenany different configurations,
depending on the design intent. A facile meanpébterning electroplated zinc may be
processing with the use of a photomask or a phlysiaak. In the case of the photomask, a
photoresist may be applied to a conductive sulesttia¢ substrate on which zinc may
subsequently be plated. The desired plating pattey be then projected to the photoresist
by means of a photomask, thereby causing curirsgletted areas of photoresist. The
uncured photoresist may then be removed with apjatepsolvent and cleaning techniques.
The result may be a patterned area of conductiveriabthat may receive an electroplated
zinc treatment. While this method may provide b#nefthe shape or design of the zinc to
be plated, the approach may require use of availabtopatternable materials, which may
have constrained properties to the overall celkpge construction. Consequently, new and
novel methods for patterning zinc may be requicecktilize some designs of thin
microbatteries of the present invention.

The zinc mask may be placed and then electroplafimnge or more metallic
materials may be performed. In some examples,mang be electroplated directly onto an
electrochemically compatible anode current colletdd such as brass. In alternate design
examples where the anode side packaging comprigely@er film or multi-layer polymer
film upon which seed metallization has been applratt, and/or the plating solutions used
for depositing zinc, may not be chemically compatilith the underlying seed

metallization. Manifestations of lack of compatityilmay include film cracking, corrosion,
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and/or exacerbated,Hvolution upon contact with cell electrolyte. brch a case, additional
metals may be applied to the seed metal-to-affetteboverall chemical compatibility in the
system. One metal that may find particular utiiityelectrochemical cell constructions may
be indium. Indium may be widely used as an alloyaggnt in battery grade zinc with its
primary function being to provide an anti-corrosoperty to the zinc in the presence of
electrolyte. In some examples, indium may be swsfahg deposited on various seed
metallizations such as Ti-W and Au. Resulting filafsl-3 microns of indium on said seed
metallization layers may be low-stress and adheherhis manner, the anode-side
packaging film and attached current collector hg\an 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 exampbD amps per square foot (ASF). As
viewed under a microscope, nodules of zinc mayldserwed 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 5-16¥ans thick, but in some examples, lower
current densities may be used for zinc plating, thed-esulting nodular growths may grow
taller than the desired maximum anode verticakiinéss. It may be that the nodular zinc
growth stems from a combination of the high oveeptal of indium and the presence of an
oxide layer of indium.

In some examples, higher current density DC pdativay overcome the relatively
large nodular growth patterns of zinc on indiunfaces. For example, 100 ASF plating
conditions may result in nodular zinc, but the ©izéhe zinc nodules may be drastically
reduced compared to 20 ASF plating conditions.Hasrmhore, 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 al&el® microns.

An added benefit of indium in the electrochemical may be reduction of H
formation, which may be a slow process that octuegjueous electrochemical cells
containing zinc. The indium may be beneficially kggbto one or more of the anode current
collector, the anode itself as a co-plated alloyingiponent, or as a surface coating on the

electroplated zinc. For the latter case, indiunfieg@ coatings may be desirably applied
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situ by way of an electrolyte additive such as indimehioride 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 commepoiatary batteries may
typically be found in sheet, rod, and paste forfie anode of a miniature, biocompatible
battery may be of similar form, e.g. thin foil, may be plated as previously mentioned. The
properties of this anode may differ significantigrh those in existing batteries, for example,
because of differences in contaminants or surfacehfattributed to machining and plating
processes. Accordingly, the electrodes and elgtérohay require special engineering to
meet capacity, impedance, and shelf life requireamdtor example, special plating process
parameters, plating bath composition, surfacerreat, and electrolyte composition may be

needed to optimize electrode performance.

Battery Architecture and Fabrication

Battery architecture and fabrication technology rhayclosely intertwined. As has
been discussed in earlier sections of the preagantion, a battery may have the following
elements: cathode, anode, separator, electroitieode current collector, anode current
collector, and clamshell form containment. In s@ramples, designs may have dual-use
components, such as, using a metal package cldnsldeluble as a current collector. From
a relative volume and thickness standpoint, thesaents may be nearly all the same
volume, except for the cathode. In some exampheselectrochemical system may require
about two (2) to ten (10) times the volume of cdhas anode due to significant differences
in mechanical density, energy density, dischar§eiefcy, material purity, and the presence

of binders, fillers, and conductive agents.

Biocompatibility Aspects of Batteries

The batteries according to the present inventioy In@e important aspects relating
to safety and biocompatibility. In some examplegtdyies for biomedical devices may need
to meet requirements above and beyond those faratypsage scenarios. In some examples,

design aspects may be considered in relation éssitrg events. For example, the safety of
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an electronic contact lens may need to be conglderthe event a user breaks the lens
during insertion or removal. In another examplesigie aspects may consider the potential
for a user to be struck in the eye by a foreigreobjStill further examples of stressful
conditions that may be considered in developinggiiegarameters and constraints may
relate to the potential for a user to wear the Iarchallenging environments like the
environment under water or the environment at ligtude in non-limiting examples.

The safety of such a device may be influencedtmynaterials that the device is
formed with or from; by the quantities of those aeratls employed in manufacturing the
device; and by the packaging applied to separateefrices from the surrounding on- or in-
body environment. In an example, pacemakers maytppical type of biomedical device
which may include a battery and which may be imigdnn a user for an extended period of
time. In some examples, such pacemakers may tiploalpackaged with welded, hermetic
titanium enclosures, or in other examples, multiglers of encapsulation. Emerging
powered biomedical devices may present new chaefay packaging, especially battery
packaging. These new devices may be much smadlarekisting biomedical devices, for
example, an electronic contact lens or pill canmeay be significantly smaller than a
pacemaker. In such examples, the volume and asslalale for packaging may be greatly
reduced. An advantage of the limited volume mashla¢ amounts of materials and
chemicals may be so small as to inherently limetélkposure potential to a user to a level
below a safety limit.

The clamshell based approach particularly whemciudes hermetic seals may
provide means to enhance biocompatibility. Eactihefclamshell components may provide
significant barrier to ingress and egress of makerFurther, with many of the hermetic
sealing processes as have been described helstieey may be formed that has superior

biocompatibility.

Contact Lens Skirts

In some examples, a preferred encapsulating metleatamay form an encapsulating
layer in a biomedical device may include a silicapataining component. In an example,
this encapsulating layer may form a lens skirt obatact lens. A “silicone-containing

component” is one that contains at least one [-$16it in a monomer, macromer or
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prepolymer. Preferably, the total Si and attacheatépresent in the silicone-containing
component in an amount greater than about 20 wpmttent, and more preferably greater
than 30 weight percent of the total molecular weiftthe silicone-containing component.
Useful silicone-containing components preferablynpdse polymerizable functional groups
such as acrylate, methacrylate, acrylamide, mejtaanide, vinyl, N-vinyl lactam, N-
vinylamide, and styryl functional groups.

In some examples, the ophthalmic lens skirt, adled an insert-encapsulating layer,
that surrounds the insert may be comprised of stahldydrogel ophthalmic lens
formulations. Exemplary materials with charactéssthat may provide an acceptable match
to numerous insert materials may include, the Nlacaf family (including Narafilcon A and
Narafilcon B), and the Etafilcon family (includirigafilcon A). A more technically inclusive
discussion follows on the nature of materials cstesit with the art herein. One ordinarily
skilled in the art may recognize that other materiher than those discussed may also form
an acceptable enclosure or partial enclosure afeaéed and encapsulated inserts and should
be considered consistent and included within tlopsof the claims.

Suitable silicone containing components include poamds of Formula |

R*—SI—O-SiIHO-Si-R
RU| RY RE
b

where

R1 is independently selected from monovalent readroups, monovalent alkyl
groups, or monovalent aryl groups, any of the foneg which may further comprise
functionality selected from hydroxy, amino, oxaskbey, alkyl carboxy, alkoxy, amido,
carbamate, carbonate, halogen or combinationsahered monovalent siloxane chains
comprising 1-100 Si-O repeat units which may furt@mprise functionality selected from
alkyl, hydroxy, amino, oxa, carboxy, alkyl carbo=mjkoxy, amido, carbamate, halogen or

combinations thereof;
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where b = 0 to 500, where it is understood thattheés other than O, b is a
distribution having a mode equal to a stated value;

wherein at least one R1 comprises a monovalentiveagroup, and in some
examples between one and 3 R1 comprise monovaactive groups.

As used herein “monovalent reactive groups” areigsdhat may undergo free

radical and/or cationic polymerization. Non-limgiexamples of free radical reactive groups

include (meth)acrylates, styryls, vinyls, vinyl eth, C1-6alkyl(meth)acrylates,
(meth)acrylamides, C1-6alkyl(meth)acrylamides, Ryllactams, N-vinylamides,
C2-12alkenyls, C2-12alkenylphenyls, C2-12alkenyhthpls,
C2-6alkenylphenylC1-6alkyls, O-vinylcarbamates @ndinylcarbonates. Non-limiting
examples of cationic reactive groups include vitylers or epoxide groups and mixtures
thereof. In one embodiment, the free radical reaaroups comprise (meth)acrylate,
acryloxy, (meth)acrylamide, and mixtures thereof.

Suitable monovalent alkyl and aryl groups includsubstituted monovalent C1 to
Cl6alkyl groups, C6-C14 aryl groups, such as suitetl and unsubstituted methyl, ethyl,
propyl, butyl, 2-hydroxypropyl, propoxypropyl, p@thyleneoxypropyl, combinations
thereof and the like.

In one example, b is zero, one R1 is a monovagsattive group, and at least 3 R1
are selected from monovalent alkyl groups having tonl6 carbon atoms, and in another
example from monovalent alkyl groups having oné tarbon atoms. Non-limiting
examples of silicone components of this embodinmaitde 2-methyl-,2-hydroxy-3-[3-
[1,3,3,3-tetramethyl-1-[(trimethylsilyl)oxy]disil@anyl]propoxy]propy! ester (“SIGMA”),

2-hydroxy-3-methacryloxypropyloxypropyl-tris (trirtig/lsiloxy)silane,

3-methacryloxypropyltris(trimethylsiloxy)silane (RIS"),
3-methacryloxypropylbis(trimethylsiloxy)methylsilarand
3-methacryloxypropylpentamethyl disiloxane.

In another example, b is 2 to 20, 3 to 15 or ins@xamples 3 to 10; at least one
terminal R1 comprises a monovalent reactive graupthe remaining R1 are selected from
monovalent alkyl groups having 1 to 16 carbon atansd in another embodiment from

monovalent alkyl groups having 1 to 6 carbon atdmget another embodiment, b is 3 to

15, one terminal R1 comprises a monovalent reagtivap, the other terminal R1 comprises
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a monovalent alkyl group having 1 to 6 carbon atant the remaining R1 comprise
monovalent alkyl group having 1 to 3 carbon atoN@n-limiting examples of silicone
components of this embodiment include (mono-(2-byg+3-methacryloxypropyl)-propyl
ether terminated polydimethylsiloxane (400-1000 NI\PH-mPDMS"),
monomethacryloxypropyl terminated mono-n-butyl tevated polydimethylsiloxanes (800-
1000 MW), (“mPDMS").

In another example, b is 5 to 400 or from 10 to,3@@h terminal R1 comprise
monovalent reactive groups and the remaining RInaependently selected from
monovalent alkyl groups having 1 to 18 carbon atomtsch may have ether linkages
between carbon atoms and may further comprise aalog

In one example, where a silicone hydrogel lene®srdd, the lens of the present
invention will be made from a reactive mixture comsmng at least about 20 and preferably
between about 20 and 70%wt silicone containing amepts based on total weight of
reactive monomer components from which the polyimenade.

In another embodiment, one to four R1 comprisésy carbonate or carbamate of the
formula:

Formula Il

j 0
H,C=C—(CH)q-0-C—Y

wherein: Y denotes O-, S- or NH-;

R denotes, hydrogen or methyl; d is 1, 2, 3 omdt @is O or 1.

The silicone-containing vinyl carbonate or vinytlzamate monomers specifically
include: 1,3-bis[4-(vinyloxycarbonyloxy)but-1-ylimmethyl-disiloxane; 3-
(vinyloxycarbonylthio) propyl-[tris (trimethylsilo®silane]; 3-[tris(trimethylsiloxy)silyl]
propyl allyl carbamate; 3-[tris(trimethylsiloxy)sgl] propyl vinyl carbamate;

trimethylsilylethyl vinyl carbonate; trimethylsilylethyl vinyl carbonate, and

ﬁ chs | om | CH3 |c|>

HaC==C—0CO(CHy)— $i——0— Si——01——8i——(CH)4,0CO—C==CH,

CHg CHg CHg
L 25
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Where biomedical devices with modulus below ab@@ &e desired, only one R1
shall comprise a monovalent reactive group and aerthan two of the remaining R1
groups will comprise monovalent siloxane groups.

Another class of silicone-containing componentsudes polyurethane macromers of
the following formulae:

Formulae IV-VI

(*D*A*D*G)a *D*D*E1,;
E(*D*G*D*A)a *D*G*D*E1 or;
E(*D*A*D*G)a *D*A*D*E1

wherein:

D denotes an alkyl diradical, an alkyl cycloalkyiadlical, a cycloalkyl diradical, an
aryl diradical or an alkylaryl diradical having® 30 carbon atoms,

G denotes an alkyl diradical, a cycloalkyl diradliea alkyl cycloalkyl diradical, an
aryl diradical or an alkylaryl diradical havingd 40 carbon atoms and which may contain
ether, thio or amine linkages in the main chain;

* denotes a urethane or ureido linkage;

ais at least 1;

A denotes a divalent polymeric radical of formula:

Rl Rll
I I
—(CH2)y SiO Si—(CHz)y—
||?11 ||?11
p
Formula VI

R11 independently denotes an alkyl or fluoro-suibt&d alkyl group having 1 to10
carbon atoms, which may contain ether linkages éetwcarbon atoms; y is at least 1; and p
provides a moiety weight of 400 to 10,000; eack @ihd E1 independently denotes a

polymerizable unsaturated organic radical represeby formula:
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Formula VIl

R12
RI3CH=C—(CHhw—(X)x— @z —(Ary—Rl—

wherein: R12 is hydrogen or methyl; R13 is hydrgganalkyl radical having 1 to 6
carbon atoms, or a —CO—Y—R15 radical wherein Y i®—Y—S— or —NH—; R14 is
a divalent radical having 1 to 12 carbon atomsgKatles —CO— or —OCO—; Z denotes
—O— or —NH—; Ar denotes an aromatic radical havénig 30 carbon atoms; w is O to 6;
xisOorl;yisOorl;andzisOor1l.

A preferred silicone-containing component is a padyhane macromer represented
by the following formula:

Formula IX

0 ° o o o PR B i I
CH,=¢~COCH,C -OCII\I—R16—II\ICCX:HZCHZOCD-%O-{ZOO}I—R16-II\ICO(CHZ)”<Si ?i—(CHz)m OCll\l—RlE—ll\lCCX:HZCHZOCD-ECHZO(le\l—Rle—ll\lCO—CHZCHZQ)OC,:CHZ
H H H H

P

ChHy CHg H H H H

a

wherein R16 is a diradical of a diisocyanate aenoval of the isocyanate group,
such as the diradical of isophorone diisocyanateter suitable silicone containing
macromer is compound of formula X (in which x +sya number in the range of 10 to 30)
formed by the reaction of fluoroether, hydroxy-terated polydimethylsiloxane, isophorone

diisocyanate and isocyanatoethylmethacrylate.

Formula X
o o
o
)ﬁ( e NHJLO/\/\ (SMe,0)sSiMey” > o)L NH U
o NH” > OCH,CF,— (OCRy)y— (OCR,CF),—OCRCH,0
o o 0
)ﬁ( e NHLO/\/\ (SiMe20)25SiMe2/\/\O)L NH
o NH
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Other silicone containing components suitable && i this invention include
macromers containing polysiloxane, polyalkylenesgtliisocyanate, polyfluorinated
hydrocarbon, polyfluorinated ether and polysacaw®agroups; polysiloxanes with a polar
fluorinated graft or side group having a hydrogemmaattached to a terminal difluoro-
substituted carbon atom; hydrophilic siloxanyl naettylates containing ether and siloxanyl
linkanges and crosslinkable monomers containinggtbér and polysiloxanyl groups. In
some examples, the polymer backbone may have maiiteincorporated into it. These
zwitterions may exhibit charges of both polaritgrad the polymer chain when the material is
in the presence of a solvent. The presence ofitiiteezions may improve wettability of the
polymerized material. In some examples, any ofdhegoing polysiloxanes may also be
used as an encapsulating layer in the presenttioven

Electroless Plating of Metallic Layers to Seal BattStructures

Metal plating has great utility in many applicaoffor aesthetic purposes in jewelry
or metal appliances, adding corrosion resistan@edwstrial machinery or surfaces of
appliances or materials, or even to add electdeatluctivity to a surface, as non-limiting
examples. In a biocompatible energization elem@ating which surrounds the battery body
may be useful to form a sealed barrier to matérgess or egress. There may be numerous
methods to plate a metal layer upon a battery streicbut 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 numsrtypes 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 matévihe coated, whereas electroless plating
may not involve electricity, and may involve a cheamhreaction that deposits the metal.

Electroplating may involve numerous steps to agheedesired finish, consistent
thickness of deposited material, and other qualdiesired in a successful coating. In some
examples, a piece may first be thoroughly pre-é@aio ensure effective plating. Pre-treating

steps may include, but are not limited to polishimgsking, etching, washing, steam
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cleaning, rinsing, ultrasonic washing, or electieaaing as non-limiting examples. In some
examples, the pre-treatment may remove oil, greassther contaminants from the surface
of a piece to be coated.

After successful pre-treatment, the object to la¢gol may be placed in a solution
bath containing the metal in ionic form to be detmuk Typically, electroplating methods
may involve inducing a positive electrical chargelte solution bath, and a negative
electrical charge to the object to be plated. Tifference 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 modifg ionic state and bind the metal
particles from the solution bath to the object tegpits surface.

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 amdkaent temperature, should preferably be
maintained to ensure effective plating. Adjustihgge conditions may change various
aspects of the plating, including but not limitedhe finish of the resulting metal surface,
the color of the deposited metal, the speed of siéipn, or the thickness of the deposited
metal. Other ambient conditions, such as air busbbiecontaminants in the solution bath,
may also effect the resulting finish; these impetiteis may be resolved by agitating the bath
or applying a carbon treatment to the bath, aslmoiting examples. In some examples, it
may be important to reduce all causes of impeidestin a plated surface upon a
biocompatible energization element; since such ifiepgons may reduce the effectiveness
of a seal.

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

Electroless plating may involve numerous stepsloexe a desired finish, consistent
thickness of deposited material, and other qualdiesired in a successful coating.
Electroless plating may have the same requirenretgng to coating and sealing of a
biocompatible energization element as have beausied relating to electroplating. First, a
piece to be coated may be thoroughly pre-treateeinsure effective plating. Pre-treating

steps may include, but are not limited to clean@iganing may help remove contaminants
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and/or debris remaining from any prior processie@s of the object to be coated, as well as
oil, grease, or other contaminants from the suréd@epiece to be coated. Cleaning may be
achieved with acids or other types of cleaning tahs; 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 tHui@w) are kept during cleaning, the
desired concentration of the cleaning solution, lnmwch mechanical work (agitation, etc.)
may be required with the cleaner, as well as gbbssible aspects.

Pre-treating steps may also include etching, maskinsing, drying, and submersing
the object to be plated in an activator pre-dipsoh as well as an activator solution, as non-
limiting examples. Etching may involve using a clieahand/or mechanical means, as non-
limiting examples, to etch a profile into a workj@dt to be plated, that will serve as a
prescribed location for plating. A pre-dip solutioay contain ions common to those of the
activator solution, which will prepare the work géefor the actual plating; this pre-dip
solution may be typically designed to be applieth®work 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 smtufThere may be numerous advantages
for the use of a pre-dip solution including in andomiting sense a result that is less
expensive, and may save the activator solution freetal ion contamination, to help the
process be more efficient create results of higoeatity.

After the pre-dip, an activator solution may belaggpto 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 im@otto catalyze the electroless plating
process, it may be important to note that too thi¢kyer of activator solution may possibly
act as a barrier to proper adhesion of the platetlmand 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#oas ‘active’ as possible, prior to the actual
electroless plating step. This step may allow tt&vating species to interact more readily

with the electroless plating solution in the actpiaking step; not only may this decrease the
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initiation time for the electroless plating reaatidt may also minimize the potential of the
activating species contaminating the electroleasng solution, increasing the quality of the
plating result. If this post-activation step istledit, the activator solution deposited on the
work piece may contain marginally adherent spectied, may result in contamination of the
electroless plating solution and may prolong theaition 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 ssa$adue to rinsing steps between the
activator and post-activator; while this is goodtfee work object, it may serve to
contaminate the post-activator, and the solutidh bay need to be replenished after it
becomes overly concentrated with these metalshar @ontaminants.

After pre-treatment, a work object may be submensedchemical bath, containing
the following possible ingredients as non-limitiexgamples: 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 déposof the metal contained within the
solution bath. The deposition reaction may beatetl by the catalytic species that may have
been applied to the surface of the work objectriptine activator step. Typical electroless
plating bath choices may depend on several fadgturiaiding but not limited to temperature,
desired plating speed, desired plating thicknass naetal concentration (and thus
repeatability of the plating reaction for multiplerk objects in a single bath, although this

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

Improved Mechanical Strength Through Electrolesdif

In some examples, a desirable solution for imprgvirechanical strength may
involve electroless plating as a technique for tongaa conformal barrier coating. Principles
of electroless plating have been discussed hde@&troless plating may deposit a
conformal metal layer onto a conducting or noncatigta coating. Electroless plating baths
have been developed for depositing metals suclicksincopper, and tin onto plastic
surfaces. The electroless plated metal may thdartieer plated using electroless plating or
electroplating with a wide variety of metals, ingilng nickel, copper, tin, gold, silver,

cadmium, and rhodium. In some cases, because BHfcoososion, and/or mechanical
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concerns, it may be desirable to use a layeredtatelincorporating more than one
electroplate layer.

The coating may be made arbitrarily thick, and meechanically reinforce the
battery in addition to acting as a barrier. Thi<hamnical reinforcement may force hydrogen
out the sides of the cell, reducing or eliminatndging 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 eltxgsoplating where electroless
plating and/or electroplating may be used to craataughly 1 mil (25 microns) conformal
copper coating on them. Platers’ tape may be usathsk both terminals of these batteries
during plating to avoid short circuiting the baitésrduring the plating processing.

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

at room temperature at 50% relative humidity.

Insulating Clamshell Halves in Battery ComponensiDe

In some examples, battery elements may be designealys that segment the
regions of active battery chemistry with robustisea some examples, these seals may be
hermetic. There may be numerous advantages fromvfgon of the active battery
components into hermetically sealed segments whiyhcommonly take the shape of
clamshells. Clamshell form batteries with extec@hponents made of plastics, metals,
glasses or ceramics may form an ideal architectlgsign aspect. In some examples, the
materials may be chosen such that seals that anedobetween the materials may be
considered “hermetic” in that the diffusion of maldes across the seal may be beneath a
specification under a test protocol for the “typeseal, or the type of process used to create
the seal.” For example, electronic components sisdbatteries may have a volume of air or
a volume “equivalent to an amount of air” withireth, and a hermetic specification may
relate to a seal having a leak rate less thantaigdevel that would replace 50% of the
volume of the device with air from outside the sé@dhrge form of a clamshell battery may
be formed by one or more of the processes to leised in coming sections of the

specification where a low level of leak may be nueed to determine the seal is hermetic for
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the given battery. In practice, small clamsheltdrats or microbatteries such as those
according to the present disclosure may have anelon the order of 10cn? in some
examples. The ability of leak detection equipmenttasure a sufficiently low leak rate to
ascertain that a seal of the microbattery is “héichenay beyond the current technology of
leak detection; nevertheless, the seal of the maitery may be termed hermetic because the
same processing and materials when applied t@a farm of the battery results in a
measurably low leak rate sufficient to deem theé gemessing and materials to be
“hermetic.”

In experiments, various materials and seal typee Iheen investigated for sealing
aspects. It may be possible to characterize thiersegrity as well as the bulking integrity
to transfer of water molecules, using a metricused earlier WVTR which related to water
vapor transport. As well, the transport of oxygenoss a barrier or seal may be measured.
The measurements may be characterized as relatioerds in a sense because, the
conditions that a sealed battery may be found in nod exactly relate to the conditions of
the measurement. In some examples, the WVTR testay be performed in a dry chamber
for example, so that leak detecting equipment neaglide to detect the change in water
vapor due to transport across the barrier. Thispaoes to an actual device storage in a
biomedical device immersed in aqueous solutiorek@mple. Nevertheless, the
characteristics of films may be quantified in testtconditions to determine what works well
in practice for various materials utilized vershsit test measurements. In the following
table, exemplary results are displayed for varifilm types and electroless/electroplated
films. In the first column bare films and barerfg coated with Si02 are quantified for both
the oxygen transfer rate (OTR) and the water vapaoisport rate (WVTR). Then various
thicknesses of film deposition are overlaid. Irektive comparison a bare film may have a
~1300 higher WVTR than a film with approximately @&crons of copper deposited upon it.
(This may be a minimum value since 0.01 is at taelime lower limit of measurement).
Thus coating the clamshell battery forms with efdess deposition may be expected to

result in significant improvement in the hermeti@aacter of the battery form.

OTR, cc/m>-day | WVTR, g/m’>-day
Bare film 5527 13.92

Bare + SiO, 66.18 1.783
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Copper (0.0003") 1.65 0.123
Copper (0.0003" SiO,) 0.022 0.01
Copper (0.00063") 0.012 0.01
Copper (0.00065" SiO,) 0.047 0.037
Tin, (0.0006") 545 0.155
Tin (0.0006" SiO,) 650 0.55
Tin (0.001") 1.067 0.017
Tin (0.001" SiO,) 561 0.01

Referring to Figs 2A1, 2A2 and 2A3, basic exampliedifferent types of clamshell
form batteries are depicted in cross section. Epated examples are coplanar forms;
however, coplanar examples may have similar clalhfgtens and are described in later
sections. Referring to Fig 2A1, a basic exampla olamshell form battery 200 with a basic
casing of an insulator material split into two “Bseis found. The ledge features are in line
with the clamshell body. In the example, two congras, which may be formed of
semiconductors or insulators, define the top claths$talf 211 and the bottom clamshell half
212 each of which may contain both anode chemi2ilsand cathode chemicals 222. In
some examples, the clamshell halves may themské/earrounded with formed metal tubes
that surround the material. In some examples, dtigode chemicals 222 and the anode
chemicals 221 may be separated by a separatofBéGeparator may run down the middle
of the bottom clamshell half 212 until the battsetyucture is closed at which time it abuts the
top clamshell half 211. In some examples, suchndiguration may be beneficial for
physically separating the anode and the cathod@awenting leakage around the top and
bottom of the separator. The battery contacts, kvare not shown in the cross-section figure,
need to be electrically isolated from each othdotm a functional battery, since electrical
connection would cause the battery chemistry texteusted. In the first example, the seal
230 may be formed between in line ledge featurésofclam shell halves.

Referring to Fig. 2A2 an exemplary modificationtloé basic form is illustrated with
a clamshell form with protruding ledges 201. In soexamples a large sealing surface may
result from protruded ledges and form a differemtf of seal 230A. In some examples a
significant amount of protrusion may be utilizeddom large seals.

Referring to Fig. 2A3, an exemplary modificationtloé basic form is illustrated
where the top clamshell half 211 is a flat form #mel bottom clamshell half 212 is a
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recessed clamshell form. A periphery of a flat pieray form the equivalent of a ledge
feature of a recessed clamshell piece and mayaatnliseal with a ledge of a recessed
clamshell piece.

In the basic examples of Figs. 2A1, 2A2 and 2A8,dlamshell halves being made of
insulators or semiconductors electrically sepaitaeanode and cathode. In some other more
complicated forms of clamshell batteries, a meahshell may be combined with an
insulating clamshell. In some other forms, two rhel@am halves may be configured with an
insulating piece between them. A clamshell formethgulating material may be a solid,
crystalline type insulating material or may be axfaf plastic that can also be an insulative
material.

As illustrated in the various examples, at leagt s@al may be formed between the
clamshell halves. In the case of more complex 8iras, a second seal may be added
between metal clamshell halves and an intermethatgating material. The clamshell halves
may be a physical piece which itself acts in thetamment of material within the battery
and as part of the diffusion barrier to inhibit ohieal transfer into or out of the battery. In
previous discussion, description of various typeseals including hermetic seals and
techniques to form them was discussed. Exampldsedaeal 230, may be metal-to-ceramic
or metal-to-glass seals, ceramic to ceramic, ceréoglass, glass to glass, plastic to
ceramic, plastic to glass and other such combingtio

Referring now to Fig. 2B and Fig. 2C, alternativews of the top and bottom
clamshell halves from the form of batteries 20Q, 26d 202 which are depicted in Figs.
2A1, 2A2 and 2A3 are illustrated. Fig. 2B may resgr& a top-down view of a bottom half
212 of a clamshell form battery 200 that may béeskwith a top half 211. The bottom half
212 is illustrated without the corresponding anadd cathode chemicals and thus illustrates
the cavity that both chemicals occupy. Fig. 2C espnts a bottom-up view of the top half
211.

The bottom half 212 of the clamshell form battergynmave an anode region 231 or
anode cavity. The cavity may have an electricaheation 262 that electrically connects the
anode chemistry to an anode contact 261 for thtedyaThe bottom half 212 may also have
a cathode region 232 or cathode cavity. The catbadiy may have an electrical connection

272 that electrically connects the anode chemtstgathode contact 271. In the illustrated
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example, the cathode contact 271 and the anodaatdtfil reside on portions of the same
clamshell half. In some other examples, each clathstay have one contact along with a
connection to the appropriate chemistry.

When the two clamshell halves are brought togethertop piece may be sealed to
the bottom piece at the interface between thenmere§ again to Fig 2A1, a seal 230 is
illustrated. As shown in Fig. 2B, the seal may alijube a ledge of the material of the
clamshell. The interior ledge 235 of the bottont B4R may correspond and contact the
interior ledge 237 of the top half 211 of the claeit There are also exterior ledges 234 and
235 described in greater detail below. Various sypleseals may be formed on these ledges
depending on the material of the clamshells. Inesexamples for ceramic or
semiconducting halves, an S-Bond type seal or dragals may be formed on metal layers
which may be vapor deposited upon the clamshelidsalProceeding to Fig. 2D, a close-up
of the seal area for the exterior ledge 234 ofaihittomn half 212 is illustrate with a close-up
view. The exterior ledge 236 of the top half 21lyrimgerface with the corresponding
exterior ledge 234 of the bottom half 212 and tleses-up view may show the region where
the seal is formed.

Referring to Fig. 2E, an exemplary side view of $kaling area between the bottom
half 212 and top half 211 of the clamshell formtéat 200 of Fig. 2A1, as well as an
example of layers related to the seal before auadn of a Nanofoil® is made, may be
seen. It may be apparent that similar situationg result with the clamshell forms of Fig.
2A2 and 2A3. The top clamshell half 211 and a séayamshell half 212 may be coated
with a prewet solder layer on each side for a fiddtler layer 238 and a second solder layer
239. In between the two solder layers a piece ofdi@l® material 250 may be located.
When the Nanofoil® material is activated it maydthg melt the solder layers and form a
seal 230. The illustration depicts a butt-type fjout many other joint structures may be
possible including overlapping designs, fluted gesiand other types of joints where a piece
of Nanofoil® may be located between two surfacesacealed that have solder coated
surfaces. In other examples the structure of Frigm2y be formed by depositing a metal
layer onto the ledges of the clamshell halvesatdgions to be sealed (such as ledges 234-

237). The metal surfaces may be used to solderagelihe metals into a hermetic seal.
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In other examples, the clamshell pieces may beddraf metallic pieces, with an
intermediate piece made of ceramic or other ingwigdahaterial as an electrically insulating
piece between the metal clamshell pieces. In swamples, each metal clamshell may form
a seal to the insulating piece in a structure thia illustrated in Fig. 2E.

In still further examples, the clamshell pieces rhayformed of plastic materials. The
plastic material may have deposited or attachealmegions for electrodes of the battery,
but the seals around the lips of the clamshelldgiay be sealed with adhesives or melting
by such techniques as ultrasonic melt sealingsarlmelt sealing.

There may be numerous materials that may be uskghésensitive sealing agents
which might be sensitive to light or UV exposudmy sealant known in the art may be used
but in a non-limiting set of examples of branddtiesives may include: DELO Kaitobond
0OB614, DELO Kaitobond OM VE 115261, Delo LP 424,IEPhotobond LP VE526279,
Dymax 1121-420, Dymax 1121-7401, Dymax 1128A-743) 10590, EMI optocast 3553,
Epotek 301, Epotek 301-2, Epotek OG142-112, EpOieli 42-95, Epotek OG603, Henkel
Loctite 3341, Henkel Loctite 3922, Henkel Loctit@42, Henkel Loctite 5055, Henkel
Loctite M-11FL, Momentive RTV 615, Momentive UVLSR60, Momentive UVLSR 7070,
Norland Optical Adhesive 61, Norland Optical Adives68 ,Norland Optical Adhesive 86,
NuSil MED-6010, Nusil MED-6400, Permabond UV 632angent 40093, Tangent 7090, and
Threebond 30Y-951.

Referring now to Fig. 3A, an alternative examplealamshell form battery 300 may
be found. In the example, two containment compa)ehe top clamshell component 310
and the bottom clamshell component 330 may fornagings that surround the battery
material. The components may comprise silicon cairoé& materials, as non-limiting
examples. The anode chemicals 312 may be locatdthwine top clamshell component 310.
And, the cathode chemicals 340 may be located mvttie bottom clamshell component 330.
In this example, the dimensions of the top compbB&f and bottom component 330 may
be identical, so that when sealed to each othey, firm a clamshell form battery 300 that is
geometrically symmetrical about the horizontal d&isned by the seal. In other practical
examples, the volume of the anode chemical indpelamshell component 310 may be less
than the volume of the cathode chemical in thedootitlamshell component 330. The

cathode chemicals 340 and the anode chemicals a¥¢Dbeseparated by a separator 320.
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The battery contacts need to be isolated from e#twdr to form a functional battery, since
electrical connection would cause the battery ceagnto be exhausted. The top and bottom
clamshell components may be formed of various atsulmaterials such as ceramics, glasses
and plastics in non-limiting examples. The seal i@yne of the ceramic to ceramic,
ceramic to glass, glass to glass, seals as havedeseribed which may form a hermetic seal.

Referring to Fig. 3B an illustration of an exempglaottom clamshell half 330 is
illustrated along with an exemplary top clamshealf810 in Fig. 3C. The design of the
exemplary clamshell battery is for a single cettdry with an external electrical contact on
each half-shell. The bottom clamshell half contairssngle cavity 332 for the various battery
chemistry. The cavity is surrounded by a ledge 33ilelectrical connection 333 joins the
cavity region to an exemplary cathode contact &erring again to Fig. 3C the top
clamshell half may have a single cavity for anoldersicals 312 or in some other examples a
top plate. An electrical connection 313 may contieetanode of the battery to an anode
contact 314. A ledge 311 on the top clamshell badfrlaps a ledge 331 on the bottom
clamshell half, when the top shell half is placedrahe bottom shell half.

Referring to Figs. 3D and 3E another example otype of clamshell battery
illustrated in Fig. 3Ais illustrated with multipleattery cells and anode and cathode contacts
illustrated on a single half-shell piece that i$ cavered by parts of the bottom clamshell
half. The bottom clamshell half 330 has two casi®®1 and 352 with an electrical contact
353 between the cells. The two cavities would fiamcif the chemistry stack of the two
cavities is inverted from each other; for examgleavity 352 had anode chemicals below
cathode chemicals while cavity 351 has cathode atasbelow anode chemicals. In other
examples the opposite stacks could be formed. Redegain to Fig. 3E, the two cavities
358 and 359 may have electrical connections 3543&bdvhich connect each of the two
cavities to contacts 356 and 357. The ledges 3d13&#m of the top clamshell half 310 and
the bottom clamshell half 330 may be used to foemietic seals in the manners as have
been described in the present description.

Referring to Figs. 3F and 3G a similar exampleheftlype of clamshell battery design
as illustrated in Figs. 3D and 3E is illustrateaiagvith multiple cells and exposed contacts
on one clamshell half. The bottom clamshell hald 8as two cavities 363 and 364 with an

electrical contact 365 between the cells. The taxotes would function if the chemistry
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stack of the two cavities is inverted from eacheottior example, if cavity 363 had anode
chemicals below cathode chemicals while cavity B&g cathode chemicals below anode
chemicals. In other examples the opposite staclsldme formed. Referring again to the top
clamshell half 310 of Fig. 3G, the two cavities 361d 362 may have electrical connections
366 and 367 which connect each of the two cavitiepntacts 368 and 369. However, the
clamshell halves in this example may be formedeafisonductor material such that

electrical connections 366 and 367 may be formekdayily doping the semiconductor
material of the clamshell halves in these regitmshis manner, an electrical contact through
the clam shelf half to the external contact maynagle in such a manner that does not form a
gap in sealing layers. The ledges 311 and 331eofap clamshell half 310 and the bottom
clamshell half 330 may be used to form hermetitsseahe manners as have been described
in the present description. Again, these sealsfioray an extremely hermetically tight seal
due to the lack of a physical electrical contadb@tween the sealing surfaces to bring
electrical contact from the battery chemistry te tontact regions.

Referring to Figs. 3H and 3l an example where thmshell is a complete circular
form is illustrated. The bottom clamshell half 335 a single cavity 371 around the full
circle with an electrical contact 374. The illusté@ case is for a semiconductor form
clamshell half with electrical contact of a highlgped region of the semiconductor
clamshell. In some examples, the semiconductormahteay be an inorganic semiconductor
such as silicon where atomic dopants such as pbosps and boron may alter the
conductivity. In some other examples, the semicotatumay be organic semiconductors
where molecular doping may moderate the condugtoficertain regions to provide
electrical contact. Numerous doped organic semigciod systems may be used; however, in
a non-limiting example poly(3-hexylthiophene) (P3Hibped with 2,3,5,6-tetrafluoro-
7,7,8,8-tetracyanoquinodimethane (FATCNQ) may leel irs a polymer matrix. A large area
of doped organic semiconductor may be coated wittetallic film for a contact pad. In
other examples an insulative or plastic clamshel imave a metal contact penetrating the
clamshell half with a good hermetic seal. The gamty contain the cathode chemistry and
perhaps a separator. The top clamshell half 310haag a cavity 370 to contain the anode
chemistry which may for example be an electrodeépdsinode on the clamshell half piece.

Again, the top clamshell piece may have a diffus&don contact region 375. The ledges
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31land 331 of the top clamshell half 310 and thtboclamshell half 330 may be used to
form hermetic seals in the manners as have beenilbed in the present description. Since
the shape of the battery illustrated is a fullleithere are isolated ledges from the top
clamshell half ledge 311A and from the bottom cliaetishalf, ledge 331A. Ledges 331A and
311A may be sealed in the same hermetic sealingienas the outer ledges. These seals
may form an extremely hermetically tight seal du¢hie lack of a physical electrical contact
in between the sealing surfaces to bring electgoatact from the battery chemistry to the
contact regions.

In examples for clamshell components made fromlatislyg materials, examples are
shown herein for electrical connection that mayraele by extending an electrode current
collector through a seam region to a contact padther examples, semiconducting
clamshell components may be doped to allow forteéat contact to flow through the
clamshell body. Other examples may include condedtias that are etched into the
insulating materials and then filled with conduetimaterials. The deposition of the
conductive via materials may be made in such a erahiat the seal of the via may maintain
a hermetic seal.

In some examples, electrolyte may be filled intdeanshell battery form through a
fill port. A vacuum may be pulled on the batterynfoevacuating gasses through the fill port
and electrolyte may entered into the clamshell kbdyugh the port. Thereafter, a seal may
be formed by filling the fill port with an adhesiwe polymerizable material. In some
examples, the filling of the fill port may be mallefore a metal coating of the clamshell

battery form is made to improve the hermetic seal.

Metallic clamshell Halves in Battery Component Besi

Referring to Fig. 4, an exemplary illustration ahaltiple piece clamshell battery is
found. In an example, a metallic top clamshell #d® and a metallic bottom clamshell half
470 may contain the battery elements as discusseaitter clamshell examples. Since
metallic clamshell halves would short the battesl i€ joined together, an insulating
interface piece 440 is placed between the clam&héles and joined at seal 430 and seal
450. The seal may be made in any of the mannefsriiming hermetic seals as discussed

herein. The battery may contain internal suppates 415 to hold components in place
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during assembly before the hermetic seals are frA&well, an anode 420 may be formed
on the top clamshell half 410 and a cathode 460 Imeageposited or formed into the bottom
clamshell half 470 which may be already joinedh® insulating interface piece 440.

Plastic Clamshell Halves in Battery Component Desig

Referring to Fig.5A, a plastic clamshell exampl@ diocompatible energization
element 500 is illustrated in cross section. Adrattlamshell half 520 may be filled with a
central separator 531, an anode 530, an anodenteokector 571, a cathode 532, and a
cathode collector 573. A top clamshell half 510 rhaysealed to the bottom clamshell half at
seal 540 which may be made by melting the plasticgs into a thick seal at the interface.
The seal 541 is illustrated with a “see-througlpeas to illustrate that the clamshell ledges
may be melted together to form the seal alongritexface of the ledges. A plastic sealed
clamshell battery may be made more hermetic bysémgan significant portion of plastic
battery body with a deposited metallic film formagelectroless deposition followed by
electrodeposition.

In other examples, the plastic stock used to fdamshell pieces may be made from
composite plastic material such as polymer, métal polymer stacked starting films. Other
examples, where a metal film is formed within thentshell pieces or is coated upon the
clamshell pieces before other features are addedassible. It may likewise be possible to
add an electroless and/or electroplated film ugamshells forms that have a metallic film
within or upon them already.

Referring to Fig. 5B, a plastic form clamshell bagtmay be encapsulated with
metallic films to improve the hermetic sealing lo¢ iclamshell outer layer§he clamshell
form surface may be cleaned and treated with aeshvpre-dip to remove contaminates such
as residual slurry. Other washes and cleans maydaedrCA type cleans, SC1 and SC2 type
peroxide based cleans, hydrofluoric acid, sulfagicl and combinations of acids. An
accelerator or sensitizer may include proprietarynulations such as a “Type C” solution
from Transene Company. An activator may next be tiséreat the surface. As a non-
limiting example, a “Type D” solution from Transe@@ompany may be used. Referring to

Fig. 5B, the result of this treating is illustratasl layer 560 on the fully formed biocompatible
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energization element 500 of Figure 5B.

Next, the pretreated surface may be immersed wfiaslfor electroless plating, in this
example, copper. The battery body that has bedrepted and activated may now be
immersed in a mixture of Transene Company “Typ@&é &ype B” electroless copper bath
solution at elevated temperature of roughly 40 ICGaftme to form a number of microns of
deposition. The resulting deposition is illustragsdayer 561. In some examples, the surface
may be post washed in acids to stabilize the seirfac

In some examples, a thicker layer of depositionhg@gs 10 or more microns thick of
copper may be deposited upon the electroless lesreg copper bath electroplating. The
resulting layer of copper is illustrated as lay&2 5ln some examples, an electroplating
treatment of rhodium may follow the electroplategper layer as layer 563. Rhodium may
stabilize and protect the copper surface; therefothin layer may be added as the top
surface in some examples.

If an entire battery element were plated in a copgeer, the two contacts of the
battery would be shorted and the battery woulddrefanctional. Therefore, one or both
contacts of the battery can be protected befotengléo prevent formation around the
contacts and isolate the contact. Referring to $@.an exemplary top view of a plastic
clamshell structure battery before plating is itated on the battery of Figure 5A with the
cathode contact 574, a dashed line to indicatéetitere is hidden behind a protective film
575, and the anode contact 572. Electrical conmetdlyers may be used to form an
electrical connection between the battery anoddsathodes through their collectors to
respective contact pads. A protective film 575 hsag plater’s tape’ may be placed around
the cathode contact, the cathode collector aras#sciated electrical connection layer. The
remaining surface of the battery may be coated thighelectroless and electroplating layers
as illustrated in Fig. 5B. The fact that the cohtagion may have non-plated surface of the
laminate structure may not be an issue for sedliagpattery. In some examples, the contacts
may be made long enough so that there is a rellalevge seal near the contact. In a
different sense, operation of a primary battery mesylt in the generation of gases such as
hydrogen gas. The presence of a region around omei@ of the contacts which is not as
well sealed may be advantageous since it may cegaéth that may allow generated gases to

slowly dissipate through.
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Referring to Fig. 5D, an exemplary illustratiorstsown after coating the plastic
clamshell examples with plater’s tape or othergetve film. The deposited film 576 may
cover the entire structure with the exception efitgion that is protected with a protected
film. In the illustrated example the anode contagion including anode contact 572 and
anode current collector 571 is covered with thetetdess and electroplated films thereupon.
Whereas, the cathode contact 574 and cathode teoksctor 573 is not coated. In some
examples, the anode contacts may also be shialdeddeposition. As well the example
illustrates coating of plastic films with electrsteplating, in other examples other materials
such as insulators, glasses and the like may htettend coated with electroless plating as
well.

Referring to Fig. 6A, irregularly shaped clamslfietin batteries with non-rectangular
cross-sections are illustrated. There may be numsesther irregular shapes that a clamshell
may take. In some examples, a plastic clamsheth faran irregular shape may be extruded
or pressed into a shape determined by a mold.gn@A, the irregular shape of the cross
section may be designed to better conform to aesb&ppace in a typical contact lens form.
The bottom clamshell half 620 may slope away fromdenter of the lens, in the direction
towards the outer portions of a contact lens tmatiattery form may be embedded within.
The bottom clamshell half 620 may be filled withheade chemicals 630 in some examples.
The second clamshell half, the top clamshell haff,6nay be formed to match with internal
and external ledge regions 611 along which the shemthmay be sealed. Sealing may be
performed by ultrasonic melting in some examplé® p clamshell 610 may be configured
with a separator 631 as well as anode chemistry 832 clamshell structure may be filled
with electrolyte before or after sealing wherellgpiort may be employed with vacuum filling
technigues when the filling is done after sealingsome examples, other forms of
electrolyte such as polymer electrolytes as desdryeviously may be used in the various
clamshell concepts.

Referring to Fig. 6B, an exemplary plastic clamkbattery is illustrated. The top
clamshell piece 610 and bottom clamshell pieced@2Qoined with a thick molten seal edge
640 of the ledge regions of the clamshell piecégrd may be numerous ways to melt the
ledge regions of the clamshell pieces into thicktemoseals. Referring to Figs. 6C and 6D,

exemplary bottom clamshell Fig. 6C and top clanmdFigl6D pieces are illustrated from a
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top down perspective. The irregular shape showhercross section of Fig. 6A is found in
the portions of the clamshell batteries that ahiwithe various cavities in some examples.
The bottom clamshell piece 620 of Fig. 6C has w51 and 652 with this cross-sectional
shape. As well in the bottom clamshell piece 6268igf 6C there may be ledges 661 and
internal electrical connection features 653. Aslwethe top clamshell piece 610 of Fig. 6D
there may be ledges 611, cavities 658 and 65%riellaconnections 654 and 655, and
contacts 656 and 657 in similar geometrical placegmas other clamshell battery examples
that have been discussed.

Methods of Fabricating Clamshell Batteries

Referring now to Fig. 7, a flow chart 700 with exglary method steps for
forming a clamshell form battery with insulatingnt@inment material is illustrated. By
nature of being clamshell form batteries, certagthod steps, such as depositing
components vital for battery chemistry as a noriting example, may be shared amongst
the different processes for forming clamshell fdratteries that possess different
containment materials; on the other hand, there aisaybe certain significant differences in
method steps amongst clamshell form batteriespibsgess different containment materials,
for example, the exact sealing methods used talseaontainment components. First, at
step 702, a set of clamshell halves made of insglaaterial are received. These halves
comprise the containment components used to ukimmanclose and seal the clamshell form
battery, and may be the base components for forthegattery. Optional method steps
follow at steps 704 and 706; after receiving theulating material halves, they may be
optionally coated, on their internal halves, withagor deposited film for conductivity, step
704, or may be optionally coated, on their ledget) a metallic film for sealing, step 706.
These steps may be pre-activation steps, as psdyidascribed in the present specification,
that may aid in forming insulator to insulator seand may either individually or jointly
occur. Subsequently, in step 708, conductive trawgbe defined in the clamshell halves.
These traces may be used to electrically conngmbritant functional battery chemistry
components, define and connect contacts for thtergaor for other purposes previously
described in the present specification. Next ip $t€0, an anode may be deposited on one of

the clamshell halves, and subsequently in step& tathode may be deposited on one of the
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clamshell halves. As has been illustrated in previgections, amongst the various options
batteries may be formed in cofacial and coplanafigarations. In the cofacial
configurations the clamshell half that the anodgeigosited or place in may be different from
the clamshell half that the cathode is placed iim a coplanar configuration, however, since
the anode and cathode lie on the same plane, tagyaoth be placed in the same clamshell
half. In a coplanar configuration, the second claglipiece may serve a capping and sealing
function. The anode and cathode deposited in thieps may be placed in a location that
interfaces properly with the previously defined doctive traces of step 708. Next, in step
714, a separator may be coated or placed on onetloiof the filled clamshell halves; this
coating or placed separator film may be used tasichlly and/or electrically separate the
anode and cathode components from each otherea®psly described in the present
specification. In step 716, an electrolyte may épasited into each or at least one of the
anode and cathode filled clamshell halves; as pusly described in the present
specification, an electrolyte may be vital to bigttehemistry, to enable ion transfer that
establishes a potential difference, allowing thiédvg to function. Afterwards, in step 718,
the two clamshell halves may be joined togethat,aaseal may be formed between the
ledges of the clamshell halves. Even further inamatl step 720, at least portions of the
surface of the clamshell halves may be optionadbled with electroless and/or
electroplating. The aforementioned pre-activati@ps, may be vital towards activation and
seal forming in these steps 718 and 720. As artiaddi non-limiting example, the seal
forming may also take place with a cut piece of dfait® that may be placed over the
sealing area. After activation, the Nanofoil® wiilklt the solder and form a soldered
hermetic joint. In some examples, other forms etilator to insulator seal may be formed in
manners previously described in the present spgatidn.

Referring now to Fig. 8, a flow chart 800 with exgary method steps for forming a
clamshell form battery with plastic containment ene is illustrated. First, at step 802, a set
of clamshell halves made of plastic material aceireed. These halves comprise the
containment components used to ultimately enclogesaal the clamshell form battery, and
may be seen as the base components for formingathery. Optional method steps follow at
steps 804 and 806; after receiving the plastic natealves, they may be optionally coated,

on their internal halves, with a vapor depositéa for conductivity, step 804, or may be
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optionally coated, on their ledges and surfacey avimetallic film for connecting the inside
to the outside of the battery, step 806. Thesessteggy also act as pre-activation steps in
regions of the clamshell, as previously descrilpettheé present specification, that may aid in
seals, and may either individually or jointly occBubsequently, in step 808, conductive
traces may be defined in the clamshell halves. @ brages may be used to electrically
connect important functional battery chemistry comgnts, define and connect contacts for
the battery, or for other purposes previously dbsdrin the present specification. Next in
step 810, an anode may be deposited on one ofaimsteell halves, and subsequently in step
812, a cathode may be deposited on one of the bilhiglves. As has been illustrated in
previous sections, amongst the various optiongtest may be formed in cofacial and
coplanar configurations. In the cofacial configimas the clamshell half that the anode is
deposited or place in may be different from thendhell half that the cathode is placed in.

In a coplanar configuration, however, since thedanand cathode lie on the same plane, they
may both be placed in the same clamshell half.dapanar configuration, the second
clamshell piece may serve a capping and sealingibkm The anode and cathode deposited
in these steps may be placed in a location thatfattes properly with the previously defined
conductive traces of step 808. Next, in step 8&dasator film may be coated or placed on
one or both of the filled clamshell halves; thipaetor film may be used to physically
and/or electrically separate the anode and catboagonents from each other, as previously
described in the present specification. In step &heelectrolyte may be deposited into each
or at least one of the anode and cathode filleohsifell halves; as previously described in the
present specification, an electrolyte may be wadlattery chemistry, to enable ion transfer
that establishes a potential difference, allowhng battery to function. Afterwards, in step
818, the two clamshell halves may be joined togetred a melted seal may be formed
between the ledges of the clamshell halves. Evehduin step 820, at least portions of the
surface of the clamshell halves may be sealedeldtiroless and/or electroplating. The
aforementioned pre-activation steps, may be wtabtrds activation and seal forming in
these steps 818 and 820. In some examples, ottmes fuf plastic to plastic seal may be
formed in manners previously described in the prespecification. The various processing
examples as have been discussed previously maselokiuaddition to those steps identified

in Fig. 8 or they may replace some of the exempbaogessing steps.
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Referring now to Fig. 9, a flow chart 900 with exgary method steps for forming a
clamshell form battery with metallic containmentteral and an intermediate separator
piece is illustrated. First, at step 902, a seflaishell halves made of metallic material are
received. The halves comprise the containment caemis used to ultimately enclose and
seal the clamshell form battery, and may be sednealsase components for forming the
battery. Optional follow at steps 904, 906, and; 3&r receiving the plastic material halves,
they may be optionally coated, on their internal/anexternal surfaces, with a coating for
insulating characteristics, or may be optionallgteal, on their ledges, with an insulating
coating, step 906. As a metallic containment corepbmay be entirely conductive on each
of its surfaces and ledges, these steps may beatampdo limit conductivity in certain areas,
to prevent shorts or other issues that may prawentlamshell form battery from working
properly. Subsequently, in step 908, conductiveesanay be defined in the clamshell
halves; in certain cases, after an insulating ngatas been added, additional conductive
traces may need to be subsequently added, to recbconductive portions of the metallic
containment material that were insulated from eztbler with the coating. These traces may
be used to electrically connect important functldetery chemistry components, define
and connect contacts for the battery, or for ofheposes previously described in the present
specification. Next in step 910, an anode may lposiéed on one of the clamshell halves,
and subsequently in step 912, a cathode may besiegp@n one of the clamshell halves. As
has been illustrated in previous sections, amahgsvarious options batteries may be
formed in cofacial and coplanar configurations.the cofacial configurations the clamshell
half that the anode is deposited or place in magitberent from the clamshell half that the
cathode is placed in. In a coplanar configuratimwever, since the anode and cathode lie
on the same plane, they may both be placed inaime £lamshell half. In a coplanar
configuration, the second clamshell piece may sarwapping and sealing function. The
anode and cathode deposited in these steps mdgdseipn a location that interfaces
properly with the previously defined conductivecea of step 908. Next, in step 914, a
separator film may be coated or placed on one tir diothe filled clamshell halves; this
separator film may be used to physically and/octelzlly separate the anode and cathode
components from each other, as previously desciib#te present specification. In step 916,

an electrolyte may be deposited into each or st le@e of the anode and cathode filled
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clamshell halves; as previously described in tlesgmt specification, an electrolyte may be
vital to battery chemistry, to enable ion trangfext establishes a potential difference,
allowing the battery to function. Afterwards, irpt918, the two clamshell halves may be
joined together with the intermediate insulatingga, and a seal may be formed between the
ledges of the clamshell halves and ledges of ttegrrediate piece. Even further in optional
step 920, at least portions of the surface of tamshell halves may be optionally sealed
with electroless and/or electroplating. The aforeno@ed pre-activation steps, may be used
for activation and seal forming in these steps &i@ 920.

Referring now to Fig. 10, a flow chart 1000 witheexplary method steps for forming
a clamshell form battery with semiconductor conteent material is illustrated. First, at step
1002, a set of clamshell halves made of semicoonducaterial are received. The halves
comprise the containment components used to ukimanclose and seal the clamshell form
battery, and may be the base components for forthe@attery. In some examples, the
clamshell material may be an inorganic semiconduwsioh as silicon for example, in other
examples an organic semiconductor material maysbd..Optionally at step 1004; after
receiving the semiconducting material halves, timay be coated, on their internal and/or
external surfaces, with a coating for insulatingreleteristics. At step 1006, the
semiconducting material of the clamshell halves magloped to increase the conductivity
of the material significantly. In this manner castteegions for the battery may be formed
without any seals being required. Subsequentlsteép 1008, conductive traces may be
defined in the clamshell halves. These traces meayskd to electrically connect important
functional battery chemistry components, define emdance the doped contact regions for
the battery, or for other purposes previously dbsdrin the present specification. Next in
step 1010, an anode may be deposited on one ofatmshell halves, and subsequently in
step 1012, a cathode may be deposited on anottiee ocfamshell halves. The anode and
cathode deposited in these steps may be placetbaation that interfaces properly with the
previously defined conductive traces of step 100&«t, in step 1014, a separator film may
be placed on one or both of the filled clamshelNés; this coat or separator film may be
used to physically and/or electrically separateathede and cathode components from each
other, as previously described in the present Epation. In step 1016, an electrolyte may be

deposited into each or at least one of the anodeathode filled clamshell halves; as
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previously described in the present specificatéanelectrolyte may be vital to battery
chemistry, to enable ion transfer that establishpstential difference, allowing the battery to
function. Afterwards, in step 1018, the two clanmkhalves may be joined together, and a
seal may be formed between the ledges of the claihisdives. Additionally, in particular for
examples with organic semiconductor material folamshell halves at step 1020, at least
portions of the surface of the clamshell halves magealed with electroless and/or
electroplating. The aforementioned pre-activati@ps, may be vital towards activation and
seal forming in these steps 1018 and 1020. In so@amples, other forms of metal-to-metal
seals may be formed in manners previously desciibdte present specification.

The biocompatible batteries may be used in biocdaipadevices such as, for
example, implantable electronic devices, such asipakers and micro-energy harvesters,
electronic pills for monitoring and/or testing aloigical function, surgical devices with
active components, ophthalmic devices, microsiaedgs, defibrillators, stents, and the like.

Specific examples have been described to illusgateple embodiments for the
cathode mixture for use in biocompatible battefldégse examples are for said illustration
and are not intended to limit the scope of thew$ain any manner. Accordingly, the
description is intended to embrace all examplesrttaey be apparent to those skilled in the

art.
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WHAT ISCLAIMED IS:

1. A biomedical device comprising:

an electroactive component;

a battery comprising:

an anode current collector;

a cathode current collector;

an anode;

a cathode;

a clamshell encapsulating the anode and cathodieawitst penetration for the
anode current collector, a second penetratiorhiicathode current collector, and a
hermetic seal between a top clamshell half andt@imoclamshell half;

a metallic coating surrounding at least a portibaroexterior surface of the top
clamshell half and the bottom clamshell half, wiretke metallic coating is deposited

with electroless plating; and

a first biocompatible encapsulating layer, whetbmfirst biocompatible encapsulating

layer encapsulates at least the electroactive coami@and the battery.

2. A clamshell battery comprising:

an anode current collector, wherein the anode cuodlector is a first metallic film
within a top clamshell half;

an anode, wherein an anode chemistry is contairnbihver deposited upon the top
clamshell half;

a cathode current collector, wherein the cathode=nticollector is a second metallic
film within a bottom clamshell half;

a cathode, wherein a cathode chemistry is contaantith or deposited upon the bottom

clamshell half; and
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wherein the top clamshell half and the bottom cleefihalf are formed from one or
more of a ceramic, glass or plastic material, ahdrein a seal is formed between ledge
features of the top clamshell half and the botttamehell half.

3. The clamshell battery of Claim 2 wherein a seatirgjerial located between the ledge

features of the top clamshell half and the botttamehell half comprises an epoxy adhesive.

4. The clamshell battery of Claim 2 wherein a sealivajerial located between the ledge

features of the top clamshell half and the botttaimshell half comprises a solder.

5. The clamshell battery of Claim 4 wherein the soloEmprises titanium to enhance

adherence upon a ceramic or glass surface.

6. The clamshell battery of Claim 2 wherein a seatirggerial located between the ledge
features of the top clamshell half and the botttaimshell half comprises a plurality of thin
layers of metallic films, wherein a first thin layef metallic film is deposited upon a second
layer of metallic film, wherein the first thin layef metallic film is chemically reactive with
the second layer of metallic film releasing eneti@yapidly heat the layers, and wherein a

chemical reaction is activated by an energeticgpafenergy.

7. The clamshell battery of Claim 6 wherein the entcgailse comprises photons.

8. The clamshell battery of Claim 6 wherein the entcgailse comprises electrons.

9. The clamshell battery of Claim 6 wherein the engcgaulse comprises thermal energy.

10.The clamshell battery of Claim 2 further comprisagnetallic coating surrounding at least a

portion of an exterior surface of the clamsheltdrgt wherein the metallic coating is
deposited with electroless plating.

74



11.The clamshell battery of Claim 2 wherein the sepiimaterial located in a gap between a first
sealing surface and a first metallic clamshell cosgs a conventional solder alloy base with
an addition of titanium, wherein the titanium resawith surface materials of the ceramic
upon exposure to ultrasonic energy.

12. A clamshell battery comprising:

an anode current collector, wherein the anode suoalector is a first metallic
clamshell piece;

an anode, wherein an anode chemistry is contaimdéghvwhe first metallic clamshell
piece;

a cathode current collector, wherein the cathode=nticollector is a second metallic
clamshell piece;

a cathode, wherein a cathode chemistry is containtiih the second metallic clamshell
piece;

an insulating intermediate clamshell piece witlrst Sealing surface that sealably
interfaces with the first metallic clamshell pieed a second sealing surface that sealably
interfaces with the second metallic clamshell piece

a sealing material located in a gap between teedealing surface and first metallic
clamshell.

13.The clamshell battery of Claim 12 wherein the sgpihaterial located in the gap between

the first sealing surface and the first metall@netshell piece comprises an epoxy adhesive.

14.The clamshell battery of Claim 12 wherein a seatiragerial located between ledge features
of the first metallic clamshell piece and the imaging intermediate clamshell piece comprises
a plurality of thin layers of metallic films, whenea first thin layer of metallic film is
deposited upon a second layer of metallic film, kgirethe first thin layer of metallic film is
chemically reactive with the second layer of métdilm releasing energy to rapidly heat the

layers, and wherein a chemical reaction is actd/atean energetic pulse of energy.

75



15.The clamshell battery of Claim 14 wherein the eaiegpulse comprises photons.

16.The clamshell battery of Claim 14 wherein the eaBcgoulse comprises electrons.

17.The clamshell battery of Claim 14 wherein the eaiegpulse comprises thermal energy.

18.The clamshell battery of Claim 12 further comprisametallic coating surrounding at least
a portion of an exterior surface of the clamshattdry, wherein the metallic coating is
deposited with electroless plating, wherein attlegsilly surrounding portion of the
intermediate clamshell piece is blocked from relcg\a metallic coating and maintains an
insulating aspect between the first metallic claglighiece and the second metallic clamshell

piece.

19.The clamshell battery of Claim 12 wherein the sepihaterial located in the gap between
the first sealing surface and the first metallenesshell comprises a conventional solder alloy
base with an addition of titanium, wherein theritan reacts with surface materials of the

intermediate clamshell piece upon exposure tosgdtrec energy.

20. A clamshell battery comprising:

an anode current collector, wherein the anode sto@lector is a first plastic clamshell
piece;

an anode, wherein an anode chemistry is contairthihvthe first plastic clamshell
piece;

a cathode current collector, wherein the cathodesnticollector is a second plastic
clamshell piece;

a cathode, wherein a cathode chemistry is containtidh the second plastic clamshell
piece; and

a seal comprising a melted region comprising laggens of the first plastic clamshell
piece and the second plastic clamshell piece.
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21.The clamshell battery of Claim 20 wherein a shapeefirst plastic clamshell piece and the
second plastic clamshell piece comprises an ireggubss sectional profile that is shaped to

fill volume within an ophthalmic lens.

22.The clamshell battery of Claim 20 wherein a seatiraerial located between the ledge
features of the first plastic clamshell piece amgecond plastic clamshell piece comprises a
plurality of thin layers of metallic films, whereafirst thin layer of metallic film is
deposited upon a second layer of metallic film, rgirethe first thin layer of metallic film is
chemically reactive with the second layer of metdilm releasing energy to rapidly heat the

layers, and wherein a chemical reaction is acti/aiean energetic pulse of energy.

23.The clamshell battery of Claim 22 wherein the eagecgoulse comprises photons.

24.The clamshell battery of Claim 22 wherein the eaicgoulse comprises electrons.

25.The clamshell battery of Claim 22 wherein the eategoulse comprises thermal energy.

26.The clamshell battery of Claim 20 wherein a meatdllm coats portions of the interior
surfaces of the first plastic clamshell piece drelgecond plastic clamshell piece, wherein
the metallic film coating on the first clamshelaptic piece is electrically isolated from the
metallic film coating on the second clamshell ptaptece when the clamshell battery is not
connected to an electrical device.

27.The clamshell battery of Claim 20 further comprisanmetallic coating surrounding at least
a portion of an exterior surface of the clamshattdry, wherein the metallic coating is
deposited with electroless plating, wherein attleag of a first anode contact and a first
cathode contact is shielded from receiving platind is electrically isolated from the
metallic coating.

28. A clamshell battery comprising:
an anode current collector, wherein the anode stio@lector is a first semiconductor
clamshell piece;
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an anode, wherein an anode chemistry is contairdhwhe first semiconductor
clamshell piece;

a cathode current collector, wherein the cathode=nticollector is a second
semiconductor clamshell piece;

a cathode, wherein a cathode chemistry is contaarignh the second semiconductor
clamshell piece;

a seal between ledge regions of the first semicctodelamshell piece and the second
semiconductor clamshell piece; and

wherein isolated regions of the first semiconductamshell piece and the second
semiconductor clamshell piece are doped to alloweat flow in doped regions from within

the battery to an external connection.

29.The clamshell battery of Claim 28 wherein a shapeefirst semiconductor clamshell piece
and the second semiconductor clamshell piece cep¥dn irregular cross sectional profile

that is shaped to fill volume within an ophthalrieas.

30. The clamshell battery of Claim 28 wherein a seativaerial located between the ledge
features of the first plastic clamshell piece amgecond semiconductor clamshell piece
comprises a plurality of thin layers of metallibfs, wherein a first thin layer of metallic
film is deposited upon a second layer of metallin,fwherein the first thin layer of metallic
film is chemically reactive with the second layéneetallic film releasing energy to rapidly

heat the layers, and wherein a chemical reactiantigated by an energetic pulse of energy.

31.The clamshell battery of Claim 30 wherein the eategoulse comprises photons.

32.The clamshell battery of Claim 30 wherein the eategoulse comprises electrons.

33.The clamshell battery of Claim 30 wherein the eategoulse comprises thermal energy.

34.The clamshell battery of Claim 28 wherein a matdllm coats portions of the interior
surfaces of the first semiconducting clamshell piaod the second semiconducting
clamshell piece, wherein the metallic film coatorgthe first clamshell piece is only
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electrically connected to the metallic film coatioig the second clamshell piece through the
anode, a separator and the cathode when the cldattery is not connected to an

electrical device.

35.The clamshell battery of Claim 28 further comprisanmetallic coating surrounding at least
a portion of an exterior surface of the clamshattdry, wherein the metallic coating is
deposited with electroless plating, wherein attleag of a first anode contact and a first
cathode contact is shielded from receiving platingd is electrically isolated from the

metallic coating.

36.A method of manufacturing a clamshell battery casipg:

receiving a first clamshell half and a second cleelihalf made of insulating material,
wherein clamshell halves have a body region fopstipof a battery component surrounded by a
ledge, wherein the ledge may be used for sealing;

defining a conductive trace in the first clamsiellf;

depositing an anode in the first clamshell half;

depositing a cathode in the second clamshell half;

placing a separator film on one or both of the fttamshell half and the second
clamshell half;

depositing an electrolyte into one or both of tingt itlamshell half and the second
clamshell half;

joining the clamshell halves; and

forming a seal between the ledges of the clams$iadles.

37.The method of Claim 36 further comprising sealih@gast portions of a surface of the first

clamshell half and the second clamshell half widtteoless plating.

38.The method of Claim 37 further comprising platihg tlamshell battery with electroplating.

39.The method of Claim 36 further comprising coatihg¢east a first portion of one or both of
the first clamshell half and the second clamshall Wwith a vapor deposited metallic film.
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40. The method of Claim 36 further comprising coatibht¢gast a first portion of the ledges of
one or both of the first clamshell half and theosetclamshell half with a metallic film for

sealing.

41.The method of Claim 36 further comprising placihg tlamshell battery into an ophthalmic

device.

42.The method of Claim 41 wherein the ophthalmic devéca contact lens.

43. A method of manufacturing a clamshell battery casipg:

receiving a first clamshell half and a second cleglihalf made of plastic material,
wherein clamshell halves have a body region fopsupof a battery component surrounded by a
ledge, wherein the ledge may be used for sealing;

defining a conductive trace in the first clamsiallf;

depositing an anode in the first clamshell half;

depositing a cathode in the second clamshell half;

placing a separator film on one or both of the fttamshell half and the second
clamshell half;

depositing an electrolyte into one or both of tingt fclamshell half and the second
clamshell half;

joining the clamshell halves;

forming a seal between the ledges of the clamsladlies, wherein the forming of the
seal comprises melting the plastic ledges of s ¢lamshell half and the second clamshell half
together; and

sealing at least portions of a surface of the @lsinshell half and the second clamshell

half with electroless plating.

44. The method of Claim 43 further comprising platihg tlamshell battery with electroplating.

45. The method of Claim 43 further comprising coatibh¢gast a first portion of one or both of

the first clamshell half and the second clamshall Wwith a vapor deposited metallic film.
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46. A method of manufacturing a clamshell battery casipg:

receiving a first clamshell half made of a semiaartothg material and a second clamshell
half made of the semiconducting material, wheréamshell halves have a body region for
support of a battery component surrounded by aeledferein the ledge may be used for
sealing;

doping regions of one or both of the first clamkhalf and the second clamshell half,
wherein the doping increases conductivity of théemal to form a contact region;

depositing a metallic film upon a surface of thstftlamshell half;

depositing an anode in the first clamshell half;

depositing a cathode in the second clamshell half;

placing a separator film on one or both of the fittamshell half and the second
clamshell half;

depositing an electrolyte into one or both of tingt fclamshell half and the second
clamshell half;

joining the clamshell halves;

forming a seal between the ledges of the clams$ladles; and

sealing at least portions of the surface of thet itamshell half and the second clamshell

half with electroless plating.

47.The method of Claim 46 further comprising platihg tlamshell battery with electroplating.

48.The method of Claim 46 further comprising coatibh¢gast a first portion of one or both of

the first clamshell half and the second clamshell with a vapor deposited insulating film.

49. The method of Claim 46 further comprising placihg tlamshell battery into an ophthalmic

device.

50. The method of Claim 49 wherein the ophthalmic devsca contact lens.
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