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(57) Abstract: A method of manufacturing an
electrical device comprises the steps of providing
a substrate, providing an electrical component on
the substrate, providing a first electrical contact
on the substrate that is electrically connected to
the electrical component, and providing an elec-
trochemical cell on or integrating the substrate for
providing electrical energy to said electrical com-
ponent. The electrochemical cell comprises at
least one electrochemical layer comprising a
cured or dried ink and a first electrode contact
electrically connected to said at least one electro-
chemical layer. The method further includes the
step of securing the electrochemical cell to the
substrate through an electrically conductive con-
nection that provides both a structural connection
and an electrical connection between the first
electrical contact and the first electrode contact.
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CELL ATTACHMENT METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. provisional application
serial number 61/537,706, filed on September 28, 2011, which is incorporated herein
in its entirety by reference thereto.

BACKGROUND OF THE INVENTION

[0002] For the past one hundred years or so, scientists have been making
Carbon/Zinc portable power sources for various applications. In the early days of
portable power, these power sources were very large compared to today’s
standards. For example, the very popular “Igniter Cell” made by Eveready was
about 3” diameter and about 9” tall and was used in many applications such as
radios, buzzers, Xmas lighting, etc. These large cells, as well as some smaller
versions, such as the famous Eveready #6 (about 2” dia. x 6” tall) and the smallest
unit cell of the day, the #950 (D size), were commonly made into battery packs with
voltages exceeding 40 volts in some applications. These were similar in size, and
even larger, than today’s car batteries, for uses in lighting devices, radios and car
ignition systems. In the mid 1900’s, with the advent of advanced electronics such as
the transistor, the electrical requirements for portable power sources were drastically
reduced. Consequently, cell sizes could also be reduced to include C’s, AA’s, and
AAA’s, and even small button cells. This power reduction has continued into the
twenty-first century, where applications such as smart labels, smart credit cards,
sensors, data loggers, novelty devices such as greeting cards and badges, etc., now
require a maximum current of several milliamperes, with many applications requiring
as little as a few microamperes at about 1.5 — 3.0 volts. These applications also
have the requirement that the power sources be flat and very thin to maintain their
low profiles and portability.

[0003] In the past twenty-five years, various approaches for making thin, flat
cells and batteries were attempted by numerous scientists and corporations. These
include the widely known instant film battery pack developed by Polaroid. This
battery pack was used in each package of Polaroid instant film. This allowed
Polaroid to have a fresh battery in the camera each time the user placed a new pack

of film in the camera. This high cost battery with multiple layers and a metal foil
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laminate package is a high voltage, high current battery, capable of igniting flash
bulbs and powering motors, for example, and is not a realistic competitor of the new
thin low cost batteries that are needed. In addition to Polaroid, others have tried to
develop thin batteries in various electrochemical systems.

[0004] Co-pending U.S. application serial numbers 11/110,202 filed on April
20, 2005 and 12/809,844 filed on June 21, 2010 and U.S. Patent No. 8,029,927
incorporated herein by reference, discuss new designs and methods of manufacture
of a flat cell and battery.

[0005] With the growing market needs for low cost, low capacity thin flat
cells, it would be beneficial to produce a thin, flat, printable flexible cell that is
versatile and inexpensive to mass-produce. Printable, disposable thin cells that are
well suited for low-power and high-production volume applications would be useful,
especially if they offer adequate voltage, sufficient capacity, and low-cost solutions.
Conventional low-profile batteries typically have few of these attributes, if any. Still, it
is possible to utilize a low-profile battery (i.e., a coin cell or button cell), or any other
type of battery, in the instant electrical device.

[0006] There are many electrical devices that are powered with batteries.
Examples can include RFID (radio frequency identification) devices, sensors,
interactive media, interactive packaging, dermal patches, and numerous other
applications. In recent years, as described in several patent applications by the
same applicant, providing electronics on flexible substrates, such as by printing,
etching, etc., has become a new process and growing in popularity. In one example
process, the circuit is printed as well as some of the electronic components. In some
applications, the power source could also be printed in a totally integrated manner.
However, in some other applications where economic considerations and/or
technical or compatibility considerations makes it less desirable to print the power
source on the circuit, the power source could be integrated in a different manner.

Various unique methods are described herein.

SUMMARY OF THE INVENTION

[0007] The following presents a simplified summary of the invention in order
to provide a basic understanding of some aspects of the invention. This summary is

not an extensive overview of the invention. It is intended to identify neither key nor
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critical elements of the invention nor delineate the scope of the invention. Its sole
purpose is to present some concepts of the invention in a simplified form as a
prelude to the more detailed description that is presented later.

[0008] In accordance with one aspect of the present invention, a method of
manufacturing an electrical device comprises the steps of providing a substrate and
providing an electrical component on the substrate. The method further includes the
steps of providing a first electrical contact on the substrate that is electrically
connected to the electrical component, and providing an electrochemical cell on or
integrating the substrate for providing electrical energy to said electrical component.
The electrochemical cell comprises at least one electrochemical layer comprising a
cured or dried ink and a first electrode contact electrically connected to said at least
one electrochemical layer. The method further includes the step of securing the
electrochemical cell to the substrate through an electrically conductive connection
that provides both a structural connection and an electrical connection between the
first electrical contact and the first electrode contact.

[0009] In accordance with another aspect of the present invention, a method
of manufacturing an electrical device comprises the steps of providing a substrate
and providing an electrical component on the substrate. The method further includes
the steps of providing a first electrical contact on the substrate that is electrically
connected to the electrical component, and providing an electrochemical cell on or
integrating the substrate for providing electrical energy to said electrical component.
The electrochemical cell comprises at least one electrochemical layer comprising a
cured or dried ink and a first electrode contact electrically connected to said at least
one electrochemical layer. The method further includes the steps of arranging the
first electrode contact over the first electrical contact, and perforating the first
electrode contact such that at least a portion of the first electrode contact is both
structurally connected and electrically connected to the first electrical contact. In
accordance with other aspects, the method can further comprise the steps of
providing a non-conductive spacer layer between the first electrode and the first
electrical contact, and perforating the first electrode such that at least a portion of the
first electrode is forced through the non-conductive spacer layer to be electrically
connected to the first electrical contact. In accordance with other aspects, the step
of perforating the first electrode is performed using a plurality of penetration
members driven substantially simultaneously by a force head. In accordance with



WO 2013/044224 PCT/US2012/056899

other aspects, at least one of the penetration members is electrically non-conductive.
In accordance with other aspects, at least two of the penetration members are
electrically conductive and are coupled by a non-conductive holding member to
inhibit electrical connection between said at least two of the penetration members.
In accordance with other aspects, the method can further comprise the step of
limiting the penetration depth of the penetration members relative to the
electrochemical cell by fixing the length of the penetration members that extend from

the non-conductive holding member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing and other features and advantages of the present
invention will become apparent to those skilled in the art to which the present
invention relates upon reading the following description with reference to the
accompanying drawings, in which:

[0011] FIG. 1 illustrates a top view of an example electrical device
comprising an electrical component;

[0012] FIG. 2 is similar to FIG. 1, but illustrates an example adhesive over
the electrical component;

[0013] FIG. 3 is similar to FIG. 1, but illustrates an example conductive
adhesive on an electrical contact;

[0014] FIG. 4 is similar to FIG. 1, but illustrates an example flat battery
coupled to the electrical component;

[0015] FIG. 4B is a sectional view through line 4B-4B of FIG. 4;

[0016] FIG. 5 illustrates a top view of another example electrical device
comprising an electrical component;

[0017] FIG. 6 is similar to FIG. 5, but illustrates an example adhesive over
the electrical component;

[0018] FIG. 7 is similar to FIG. 5, but illustrates an example flat battery
coupled to the electrical component;

[0019] FIG. 8 is similar to FIG. 5, but illustrates an example conductive
adhesive on an electrical contact;

[0020] FIG. 8B is a sectional view through line 8B-8B of FIG. 8;
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[0021] FIG. 9 illustrates a top view of yet another example electrical device
comprising an electrical component;

[0022] FIG. 10 is similar to FIG. 9, but illustrates an example adhesive over
the electrical component;

[0023] FIG. 11 is similar to FIG. 9, but illustrates an example flat battery
coupled to the electrical component;

[0024] FIG. 11B is another sectional view through line 11B-11B of FIG. 11;

[0025] FIG. 12 is similar to FIG. 9, but illustrates example perforations
through an electrical contact of the flat battery;

[0026] FIG. 13 is a partial sectional view illustrating an example perforation
operation;

[0027] FIG. 14 is a detail view of an example perforating element;

[0028] FIG. 15 illustrates a top view of a prior art cell; and

[0029] FIG. 16 illustrates a sectional view along line 16-16 of FIG. 15.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION

[0030] Various electrical devices are powered with batteries, such as
RFID (radio frequency identification) devices, sensors, interactive media, interactive
packaging, dermal patches, and numerous other applications. For example, a
typical RFID device could include a display, IC chip, sensor, antennae (e.g., RFID
antenna), and a low capacity power source such as a flat printed battery or low-

profile battery.

[0031] As shown in the Figures to provide greater clarity, one or more
of the elements may be shown as a substantially transparent layer so that the
various elements covered thereby can be seen, though it is understood that any of
the elements can also be translucent or opaque. Herein, the battery is generally
described as a flat battery. However, it is understood that it is possible to utilize a
low-profile battery (i.e., a coin cell, button cell, or the like), or any other type of power
supply (including RFID wireless power supply), in the described electrical devices.

[0032] Various methods can be used to manufacture flat batteries. In
one example, the electrochemical cells (i.e., batteries) are typically printed and/or
laminated on a continuous, flexible substrate web, and may be formed into a roll or

the like. The individual batteries can be removed from the roll, such as one at a
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time. For example, the batteries can be cut from the roll, and/or perforations of the
flexible substrate roll can be provided for easy tear off. In addition, the batteries can
further be manufactured in an integrated process with one or more electrical
components, such as an antenna, display, and/or a processor, for example. The
multiple facets of this application could be used in the total package described and/or
they could be used individually or in any combination.

[0033] As used herein, unless otherwise explicitly indicated, all
percentages are percentages by weight. Also, as used herein, when a range such
as “5-25” (or “about 5-25”) is given, this means, for at least one embodiment, at least
about 5 and, separately and independently, not more than about 25, and unless
otherwise indicated, ranges are not to be strictly construed, but are given as
acceptable examples. Also herein, a parenthetical range following a listed or
preferred value indicates a broader range for that value according to additional
embodiments of the application.

[0034] The present application relates to thin, printed electrochemical cells
and/or batteries comprising a plurality of such cells. Such cells each typically include
at least a first electrode including a first electrochemical layer (e.g., a cathode), a
second electrode including a second electrochemical layer (e.g., an anode), and an
electrolyte that interacts with the electrodes to create an electrical current. All of the
first and second electrodes and the electrolyte are typically contained within some
structure which provides an external electrical access to the electrodes for providing
an electrical current supply to some device.

[0035] One method of mass-producing such cells includes depositing
aqueous and/or non-aqueous solvent inks and/or other coatings in a pattern on a
special substrate, such as a laminated polymeric film layer, for example. The
depositing can be by means of, for example, printing electrochemical inks and/or
laminating a metallic foil, such as zinc foil, for example, on one or more high-speed
web rotary screen printing presses, especially if the desired volumes are very high.
If volumes are relatively lower, say in the quantities of only about several million or
less, then relatively slower methods such as web printing with flat bed screens could
be appropriate. If the volumes are even lower, such as hundreds or thousands, then
a sheet-fed flat bed printing press may be utilized, for example. Still, various printing
methods can be used for various desired quantities.
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[0036] After the inks are printed and/or the solids have been properly
placed, the cells can be completed (e.g., sealed, die cut, stacked and/or perforated
and wound into a roll, or stacked if sheets are used on a printing press). This cell
manufacturing process can also be utilized for integrating one or more individual
cells with an actual electronic application, or into batteries comprising multiple cells
connected in series or parallel, or some combination of the two. Examples of such
devices and corresponding processes will be described later, but many additional
embodiments are also contemplated.

[0037] As discussed above, the battery may be described as a printed,
flexible, and thin electrochemical cell. Such a cell can include, for example, a lower
film substrate that can utilize a special polymer laminate that has special features,
possibly including, for example, a high moisture barrier layer in the center that is
surrounded by polymer fiims on both sides. Furthermore, one or both outside
surfaces can be made to be print receptive for printing information, logos,
instructions, identifications, serial numbers, graphics, or other information or images,
as desired.

[0038] Depending on which construction of this battery is used, the inner ply of
the substrate could also feature a heat-sealing layer that might be co-extruded on the
side opposite the barrier coating. In addition or alternatively, one of more of the
substrate layers can comprise a polymeric film and an oxide barrier layer having a gas
transmission rate that permits gas to escape. For example, depending on the cell
construction, the cell application, and/or the cell environment, it may be advantageous
to have different barrier properties for the substrate. Due to the wide range of available
vapor transmission rates available, the barrier layer can be chosen for each specific
application and construction, as desired. In some cases, for example where the cell by
design has a higher gassing rate, it may be appropriate and desirable to use a film
with a higher transmission rate to allow for a larger amount of gas to escape, so as to
minimize cell bulging. Another example would be an application that is in a hot dry
environment such as a desert. In such cases, it may be desirable to have a barrier film
with low transmission rates to prevent excessive moisture loss from the cell.

[0039] In addition, a portion of the inner surface of a lower substrate layer of
a cell of at least some embodiments could utilize an anode and/or a cathode current
collector, such as carbon, for example, printed or coated or otherwise applied on a
portion of the film substrate. At an outside contact area of these collectors can also
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be printed a layer of a relatively highly conductive ink, such as carbon, gold, silver,
nickel, zinc, or tin, for example, to improve the conductivity to the application
connection, if desired. However, if the battery application is used for relatively low
current requirements, then the higher conductive layer contact material, or even the
current collector, may not be utilized for one or both electrodes.

[0040] For at least some embodiments, a water-based ink electrochemical
layer is printed as the cathode. Such a cathode layer can include, for example,
manganese dioxide (MnQO.), carbon, and a polymer binder. Other formulations for
the cathode layer can also be utilized with or without any of these materials. If a
cathode collector layer is used, which may or may not form a portion of the cathode
layer, the cathode electrochemical layer will be printed on at least a portion of the
cathode current collector, which is printed or otherwise applied first to the substrate.

[0041] Regarding the anode, in an off-line operation, a dry-flm adhesive
layer, possibly using a release liner, can be applied to the zinc foil. The zinc foil can
then be laminated to the base substrate. Additionally, the anode layer could be
applied by printing a zinc ink onto the substrate or on top of a collector, such as
carbon. Where carbon is used, it could be printed in the same station as the carbon
collector used for the cathode.

[0042] Optionally, printed over one or both the anode and cathode, is a
binder absorber material that can act as an electrolyte absorber to keep the
electrodes “wet” after an aqueous electrolyte solution is added to the cell. This
absorber material could also include the electrolyte salts and the water used for the
cell reaction. In one example, a paper layer over the anode and cathode could be
used. Alternatively, although less desirably, a starch ink or other material could be
used. In at least one embodiment, the absorber layer with the addition of the
aqueous electrolyte could be replaced, for example, by a printable viscous liquid
(which could include a gel, or some other viscous material) that effectively covers at
least a portion of each electrode. One such printable gel is described in United
States Patent Publication 2003/0165744A1, published on September 4, 2003, and
incorporated herein by reference. These viscous formulations could, for example,
utilize the electrolyte formulas and concentrations previously discussed.

[0043] For some embodiments, after the two electrodes are in place, with or
without the absorber layer(s), an optional cell “picture frame” can be added. This
could be done using a number of different methods. One method is to print this cell
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picture frame with a dielectric ink, for example. Another method is to utilize a
polymer sheet or a laminated polymer sheet that includes adhesive layers, that is
stamped, die cut, laser cut or similar methods to form the appropriate "pockets”
(inner space or spaces) to house materials of each unit cell as well as to expose the
electrical contacts to connect the device.

[0044] To ensure good sealing of the picture frame to the substrates, and to
provide good sealing of the contact feed-through (providing an electrical pathway
from the cell inside to the cell exterior), a sealing or caulking adhesive could be
printed over the contact feed-through and the substrate, such as in the same pattern
as the cell frame, for example, prior to the frame being printed or prior to the polymer
sheets being inserted, for example.

[0045] This sealing or caulking material could be pressure sensitive, and/or
heat sensitive, for example, such as Acheson Colloids’ PM040, for example, or any
other type of material that would facilitate sealing to both surfaces.

[0046] After the dielectric picture frame is printed and dried and/or cured, a
heat sensitive sealing adhesive can be printed on top of the frame to allow good
sealing of the top substrate to the cell frame. This cell picture frame could also
comprise a polymer film or a laminated film of about 0.015” thick (range of about
0.003” — 0.050”) that is pre-punched and then laminated in registration to match the
preprinted caulking adhesive layer described above.

[0047] Zinc chloride (ZnCl2) can be chosen as the electrolyte, for at least
some embodiments, in the concentration range of about 18% - 45% by weight, for
example. In one example, about 27% may be preferred. The electrolyte can be
added, for example, to the open cell. To facilitate processing on the line, this
electrolyte, or a different electrolyte, could be thickened with, for example, CMC at
about a level of about 0.6 wgt % (range of about 0.05 % - 1.0%).

[0048] Other useful electrolyte formulations, such as ammonium chloride
(NH4CI), mixtures of zinc chloride (ZnClz) and ammonium chloride (NH4Cl), zinc
acetate (Zn(C2H202)), zinc bromide (ZnBrg), zinc fluoride (ZnF;), zinc tartrate
(ZnC4H406.H20), zinc per-chlorate Zn(ClO4)2.6H20), potassium hydroxide, sodium
hydroxide, or organics, for example, could also be used.

[0049] Zinc chloride may be the electrolyte of choice, providing excellent
electrical performance for ordinary environmental conditions normally encountered.

Likewise, any of the above mentioned alternative electrolytes, among others, could
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be used in concentrations (by weight), for example, within the range of about 18% -
50%, with the range of about 25% - 45% used for at least some other embodiments.
Such compositions could also provide acceptable performance under ordinary
environmental conditions. When zinc acetate is used to achieve improved low
temperature performance for low temperature applications, the zinc acetate
concentration in the range of about 31-33, is often acceptable, although ranges of
about 30-34, about 28-36, about 26-38, and even about 25-40, weight percent, could
also be utilized.

[0050] The use of electrolytes other than of zinc chloride can provide
improved cell/battery electrical performance under some differing environmental
conditions. For example, about 32% by weight zinc acetate (F.P.--freezing point--
about 28°C) exhibits a lower freezing point than about 32% by weight zinc chloride
(F.P. about -23°C). Both of these solutions exhibit a lower freezing point than of
about 27% zinc chloride (F.P. about -18°C). Other zinc acetate concentrations, e.g.
about 18-45 or about 25-35 weight percent, also exhibit reduced freezing points.
Additionally, a thickener, such as carboxymethylcellulose (CMC) can reduce the
freezing point. Alternatively, potassium hydroxide (KOH) and/or sodium hydroxide
(NaOH) could be used as an electrolyte to provide improved cell/battery electrical
performance due to its higher conductivity under some differing environmental
conditions. The cell performance could be greatly enhanced due to the much higher
conductivity of the KOH electrolyte. For example, a good working range of KOH
would be concentrations (by weight) within the range of about 23% - 45%.

[0051] Use of such electrolyte formulations as substitutes for zinc chloride,
or in various mixtures used in cells, can allow for improved performance at low
temperatures. For example, it has been found that the use of an about 32% zinc
acetate electrolyte substantially improves low temperature (i.e. below about -20°C)
performance of a voltaic cell. This type of electrochemical cell performance
improvement at low temperature can be utilized in the growing business of battery
assisted RFID tags, for example, and/or other transient (transportable) electrically
operated devices, such as smart active labels and temperature tags, for example,
which may be used in cold environments.

[0052] For example, many products that are shipped today, such as food
products pharmaceuticals, blood, etc, may require low temperature storage and
shipping conditions, or even low temperature operation. To ensure safe shipment of

10
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such goods, these items can be tracked with RFID tags, sensors, and/or displays.
These tags and/or labels might require electrochemical cells and/or batteries to
operate effectively at temperatures at, or even below, -20°C, such as at about -23°C,
about -27°C, or even at about -30°C or less.

[0053] The upper substrate of a cell package could utilize a special
laminated polymeric film, which has an edge that extends beyond the internal
cell/battery components onto the cell frame. The upper layer is sealed around the
edges of the cell frame by means of a pressure sensitive adhesive (PSA), and/or
with the heat sensitive sealing adhesive that was previously extruded by the film
manufacturer or printed as part of the battery construction, thus confining the internal
components within the cell frame.

[0054] The above-described constructions can be wet cell constructions;
however, using a similar cell construction, the battery could be also be made into a
reserve cell construction, which has the benefit of providing extended shelf life prior
to the application of a liquid. The printable, flexible, zinc chloride thin cell is made
environmentally friendly.

[0055] The devices for which this technology can be used are extensive.
Devices that utilize relatively low power or a limited life of one to three years, and
possibly longer, could function utilizing a thin cell/battery of the type described
herein. The cell, as explained in the above paragraphs and below, can often be
inexpensively mass-produced so that it can be used in a disposable product, for
example. The low cost allows for applications that previously were not cost effective.

[0056] The electrochemical cell/battery according to the application might
have one or more of the following advantages:

¢ Relatively thin;

e Flat, and of relatively uniform thickness, where the edges (except for
possibly the contact area) are of about the same thickness as the center;

¢ Flexible;

e Many geometric shapes are possible;

e Sealed container;

¢ Simple construction;

¢ Designed for high speed and high volume production;

e Low cost;

11
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¢ Reliable performance at many temperatures;

¢ Good low temperature performance;

¢ Disposable and environmentally friendly;

¢ Both cell contacts provided on the same surface;

e Ease of assembly into an application; and

e Capable of being easily integrated in a continuous process at the same time

that the electronic application is being made or in an offline process.

[0057] The above was a general description of various cell constructions
according to some embodiments of this application, and further details utilizing
drawings follow below. Cell and battery production processes for cell printing and
assembly also will be described as well.

[0058] In one example, such as where relatively high speed, high output
manufacturing is contemplated, such as 50 linear feet per minute or another
relatively high speed, multiple webs can be used. It is to be understood that the
multiple webs can be generally continuous, and can be utilized with known web
manufacturing equipment. A first web can be relatively thin, such as ~0.001” - 0.010”
and preferably about 0.003 — 0.006”, flexible base substrate including a multi-ply
laminated structure or single ply material. In one example, the multi-ply structure
can include five layers. Alternatively, the single ply material can include various
materials, such as Kapton, polyolifins or polyester. Additionally, if the 0.001” layer is
too thin to handle efficiently on the printing press and/or on other operations, then a
thicker low cost throw away support layer with a low tact pressure sensitive adhesive
layer could be laminated to the thin substrate layer. Also, this 0.001” substrate layer
could be made from more than one ply with a very thin oxide layer which performs as
a water barrier on the inside surfaces as well as a very thin heat sealing layer such
as an extruded amorphous polyester. After the printing and assembly operations are
completed, then the throw away support layer could be removed.

[0059] A second web can be a relatively thick laminated structure including
a PVC or Polyester film that is about 0.005 — 0.030” thick, and preferably about
0.010 — 0.015” thick. The second web can have a layer of pressure sensitive
adhesive at about 1 — 5 mils thick on one or both sides. After this laminated
structure of the second web is completed, it can be applied to the first web. In
addition or alternatively, the second web can be pattern cut using any type of

12
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mechanical means to allow for cavities for the cells active materials as well as an
optional cavity for the cell/battery contacts. A third web can be a relatively thin
laminated structure the same and/or similar to the first web. The completed three
web structure may have a pressure sensitive adhesive on either side to allow the
individual device assembly to be applied as a label. The cell/battery may be of the
thin cell type, such as disclosed in co-pending application serial numbers 11/110,202
filed on April 20, 2005 and 12/809,844 filed on June 21, 2010 and U.S. Patents No.
8,029,927 and 8,268,475, also incorporated herein by reference.

[0060] The various conductive inks described herein could be based on
many types of conductive materials such as carbon, silver, gold, nickel, silver coated
copper, copper, silver chloride, zinc and/or mixtures of these. For example, one
such material that shows useful properties in terms of conductivity and flexibility is
Acheson Colloids silver ink (Port Huron, Ml) PM046. Furthermore, various circuits,
electrical pathways, antennas, etc. that might be part of the printed circuitry can be
made by etching aluminum, copper or similar type metallic foils that are laminated on
a polymer such as Kapton or polyester substrate. This could be done with many
types (sizes and frequencies) of pathways and/or antennas whether they are etched
or printed.

[0061] A thin printed flexible electrochemical cell includes a printed cathode
deposited on a printed cathode collector (e.g., a highly conductive carbon cathode
collector) with a printed or foil strip anode placed adjacent to the cathode.
Electrochemical cells/batteries of this type are described in U.S. patent application
serial numbers 11/110,202 filed on April 20, 2005 and 12/809,844 filed on June 21,
2010 and U.S. Patent No. 8,029,927 and 8,268,475, the disclosures of which is
incorporated herein by reference. The electrochemical cell/battery can also include
a viscous or gelled electrolyte that is dispensed onto a separator that covers all or
part of the anode and cathode, and a top laminate can then be sealed onto the
picture frame or in a construction without the picture frame. This type of
electrochemical cell was designed to be easily made by printing (e.g., through use of
a printing press), and allows, for example, for the cell/battery to be directly integrated
with an electronic application.

[0062] In various embodiments, the flat battery can include any of the battery
structure or methodology described herein. The flat battery is on or integrating the
substrate of the electrical device as a lower layer. That is, the flat battery can be
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disposed directly or indirectly on the substrate, and/or can integrate the substrate
into the battery construction. While it is contemplated that the flat battery can be
manufactured (i.e., printed) directly or indirectly on the substrate, it is preferably
contemplated that the battery is separately manufactured (wholly or partially) and
then attached directly or indirectly to the electrical device.

[0063] One example flat battery further integrates a top layer (which can also
be a laminated film) arranged in a covering relationship over the substrate and the
various battery elements as well as the electrical device. It is conceivable that the
second substrate could even be used as the top layer of the battery. An extended
area of the electrical device has a negative electrode, which can include a negative
electrode extension. This extension is illustrated in the case where the negative
electrode is a foil that is a continuation of the anode foil. In the case where the
anode is printed zinc, then this extension can be printed silver. The positive
electrode, which can similarly include a positive electrode extension, can be a silver
printed contact on top of the carbon collector extension, or even just on top of the
carbon collector. Additionally, the flat battery includes a cathode layer and an anode
layer, each comprised of an electrochemical layer of a different composition that can
interact through an electrolyte to create an electrical current.

[0064] Prior to applying the cathode layer, a cathode collector of highly
conductive carbon is printed on the lower substrate using another dried or cured ink.
In at least one embodiment, on the large area part of the cathode collector, the
cathode layer is printed using an ink comprising manganese dioxide, a conductor
such as carbon (e.g., graphite) for example, a binder, and water. The anode layer
can be printed with a conductive zinc ink, or be provided as a zinc foil PSA laminate,
either of which can be made about 0.20” wide (e.g., between 0.10” — 0.40”) and
about 0.002” (0.001” — 0.010") thick. After the electrode layers (cathode layer and
anode layer) are in place, an optional "picture frame" can be placed around the
electrodes and act as a spacer. The picture frame can comprise a die cut polymer
laminate sheet, such as a polyester or polyvinyl chloride (PVC) etc, and can be
further provided with two layers of pressure sensitive adhesive. A top pressure
sensitive adhesive (PSA) layer seals the second substrate to the picture frame and a
bottom PSA layer can be used to seal the bottom substrate to the picture frame. In
an alternative embodiment, where the battery utilizes the second substrate as the
top layer as discussed above, element could then represent the picture frame.
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[0065] A typical picture frame assembly has a total thickness (excluding the
thickness of the liners) of about 0.017" (about 0.005"-0.50"). The picture frame can
be placed on the lower substrate after removing a bottom release liner so that the
electrodes are centered within the frame. In some cases, to ensure a leak-free
construction, a sealing and/or caulking adhesive, a heat sensitive sealant, and/or
double sided PSA tape can be placed and/or printed on top of the anode layer and
on top of cathode collector in an area that falls under the picture frame. The sealing
adhesive can also be provided underneath the remainder of the picture frame.

[0066] As described herein, the electrochemical cell/battery can also include
a viscous or gelled electrolyte. If the electrolyte is not part of the gelled coating, an
aqueous cell electrolyte is provided to an absorbent material such as a “paper
separator” that covers or partially covers both electrodes. To provide greater clarity,
the electrolyte separator layer is shown with partial cutaways at both its top and
bottom. The electrolyte can be an aqueous solution of ZnCly at weight percent of
about 27% (about 23%-43%) that could also contain a thickener, such as
carboxymethylcellulose (CMC) or other similar materials at about 0.6% level (about
0.1%-2%). The electrochemical cell is completed by applying and sealing the
second substrate (top laminate layer), such as over the picture frame or a
construction without a picture frame using the PSA of the picture frame and/or with a
heat seal without a picture frame.

[0067] Turning briefly to FIGS. 15-16, one example prior art electrochemical cell
will be described that generally includes a thin printed flexible electrochemical cell
using an optional sealed "picture frame" structure, for example, that includes a printed
cathode deposited on a printed cathode collector (e.g, a highly conductive carbon
cathode collector) with a printed or foil strip anode placed adjacent to the cathode.
Electrochemical cells/batteries of this type are described in U.S. patent application
Ser. No. 11/378,520, the disclosure of which is incorporated herein by reference. The
electrochemical cell/battery also includes a viscous or gelled electrolyte that is
dispensed onto a separator that covers all or part of the anode and cathode, and a top
laminate can then be sealed onto the picture frame. This type of electrochemical cell
was designed to be easily made by printing (e.g., through use of a printing press), and
allows, for example, for the cell/battery to be directly integrated with an electronic

application.
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[0068] The prior art electrochemical cell (see Figures 15-16), will be described
which shows an embodiment of a completed unit power source 6 in plan and sectional
views. The power source 6 includes a top laminated film substrate (layer) 112, a lower
laminated film substrate (layer) 111, and an extended area 180 that has a silver
printed positive contact 140 and negative contact 150. Additionally, the power source 6
includes a cathode layer 130 and an anode layer 116, each comprised of an
electrochemical layer of a different composition that can interact through an electrolyte
to create an electrical current. To provide greater clarity, power source 6 in FIG. 15 is
shown without the top laminate 112.

[0069] Prior to applying the cathode layer 130, a cathode collector 131 of highly
conductive carbon is printed on the lower laminated substrate 111. In at least one
embodiment, on the large area part of the cathode collector 131, the cathode layer 130
is printed using an ink comprising manganese dioxide, a conductor such as carbon
(e.g., graphite) for example, a binder, and water. The anode layer 116 can be printed
as a conductive zinc ink, or be provided as a zinc foil (116) PSA (160) laminate as
shown in the figures, either of which can be made about 0.20" wide and about 0.002"
(0.001"-0.010") thick. After the electrode layers (anode layer 116 and cathode layer
130) are in place, an optional "picture frame" 113 may be placed around the
electrodes. The picture frame 113 can comprise a die cut polymer laminate sheet,
such as a polyester or polyvinyl chloride (PVC) etc, and can be further provided with
two layers of pressure sensitive adhesive (118 on the top surface and 117 on the
bottom surface). The top pressure sensitive adhesive (PSA) layer 118 seals the top
laminate substrate 112 to the picture frame 113 and bottom PSA layer 117 can be
used to seal the bottom laminate substrate 111 to the picture frame 113. This sealing
can be done with or without heat.

[0070] The picture frame assembly has a total thickness (excluding the
thickness of the liners) of about 0.015" (about 0.005"-0.50"). The picture frame can be
placed on the lower laminate substrate 111 after removing a bottom release liner so
that the electrodes are centered within the frame. In some cases, to ensure a leak-free
construction, a sealing and/or caulking adhesive, a heat sensitive sealant, and/or
double sided PSA tape can be placed and/or printed on top of the anode 116 and on
top of cathode collector layer 131 in an area that falls under the picture frame 113. The
sealing adhesive can also be provided underneath the remainder of the picture frame
113.
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[0071] If the electrolyte is not part of the gelled coating, a cell electrolyte 120 is
provided to an absorbent material such as a "paper separator" 126 (not shown in FIG.
15 for clarity, see FIG. 16) that covers or partially covers both electrodes. The
electrolyte can be an aqueous solution of ZnCl, at weight percent of about 27% (about
23%-43%) that could also contain a thickener, such as carboxymethylcellulose (CMC)
or other similar materials at about 0.6% level (about 0.1%-2%). The cell is completed
by applying and sealing the top laminate 112 over the picture frame using the PSA
and/or with a heat seal.

[0072] The electrochemical cells described above have a co-planar
construction. A co-planar construction provides several advantages, in that they are
easy to manufacture, provide consistent, reliable performance, and have their
contacts on the same side of the cell/battery. Generally, one of the thin
electrochemical cells described herein can provide about 1.5 volts. However, a
number of cells can be electrically coupled together if higher voltages and/or high
capacities are desired. For example, a 3 volt battery is obtained by connecting two
1.5 volt unit cells in series, although other voltages (e.g., generally multiples of 1.5
volts) and/or currents can be obtained by using unit cells with different voltages
and/or by combining different numbers of cells together either in series and/or in
parallel. Thus, applications using greater voltages can connect unit cells in series,
whereas applications requiring greater currents and/or capacities, unit cells can be
connected in parallel, and applications using both can utilize various groups of cells
connected in series further connected in parallel. Thus, a variety of applications that
use different voltages and currents can be supported using a variety of unit cell
and/or battery configuration.

[0073] As described herein, the electrical device is provided with at least one
electrical component powered by the flat battery. In various examples, the electrical
component can be any or all of an integrated circuit, radio, audio/visual components,
sensors, etc. and complementary elements or circuitry. The electrical component is
on the substrate of the electrical device, and could be covered by a portion of the
second substrate (such as where the second substrate is transparent or translucent).
Additionally, the electrical component comprises at least one electrical contact for
enabling electrical power supply. As shown, the electrical component comprises a
pair of electrical contacts, such as one positive contact and one negative contact.
The electrical contacts can be a portion of the electrical component, and/or can even
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be provided together with the substrate. Additional electrical contacts (including
jumper bars) can be provided, such as where multiple batteries are used in parallel
or serial configurations. It is contemplated that the electrical component(s) can be
provided in various manners, such as by printing, laminating, physical placement,
etc.

[0074] As will be further described, the electrical device can further
comprise an electrical coupler assembly electrically connected between the at least
one electrical contact and an electrode of the flat battery. The electrical coupler
assembly can provide a first independent electrical connection between the electrical
contact and the negative electrode, and a second independent electrical connection
between the other electrical contact and the positive electrode. In addition or
alternatively, the electrical coupler assembly can further comprise one or more
switches for turning the electrical component on and/or off. With a completed circuit,
the electrical coupler assembly enables electrical current to flow between the flat
battery and the electrical component. Various example electrical coupling methods
will be now discussed.

[0075] Turning now to FIGS. 1-4B, one example method of manufacturing an
electrical device uses an adhesive coupling method. Figure 1 shows an example
etched copper circuit 100 on a substrate, such as a polyester substrate 14 about
0.002” thick. The electrical component 10, in the shown example, is an active RFID
circuit comprising at least a processor 12 and an antenna 13. It is contemplated that
the substrate 14 can be flexible or rigid. The copper circuit is being used only as an
example for this method of cell/battery attachment and it could be used with any
commercial circuit material such as etched aluminum or printed carbon, silver, or any
other metallic substrate etc. Figure 2 shows a circuit sub-assembly 200 with contacts
2 and 22 as well as about 0.002” thick non-conductive pressure sensitive adhesive
(PSA) 3 with the two release liners removed. The PSA layer 3 can be applied over the
electrical component 10 (including processor 12 and antenna 13) and the substrate
14. The PSA layer 3 has thickness a range of about 0.0005 — 0.005", and can have a
size similar to the size of the power source 6 that will be attached in Figure 4. The
power source 6 can be a single cell or include multiple cells.

[0076] Figure 3 also shows the sub assembly 300 with double sided conductive
PSA pads 5 placed over the two contacts 2 and 22 of the electrical circuit. These

contact pads 5 can be, for example, about 0.2” x 0.4” and could be of various materials
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such as 3M’'s # 4190 which has conductivity in the X, Y, and Z directions and are
made with a Cu and Ni coated and/or plated polyester fabric. Various other
conductive materials can also be used. On both the top and bottom surfaces, there is
a conductive PSA. The 3M # 4190 is the preferred conductive PSA material due to its
high degree of flexibility and its good bonding qualities when the circuit is flexed,
though other similar conductive PSA can be used.

[0077] Figures 4-4B show the completed assembly 400 after the power source
6 is placed over the circuit 100 so that the contacts 2 and 22 match the negative and
positive contacts 140, 150 of the power source 6, which in this case it is a unit cell of
1.5 volts. Although the contacts 2 and 22 are adhered to the contacts 140, 150 of the
power source 6, for improved adhesive strength of the entire power source 6, can also
be adhered to the circuit 100 with the PSA sheet 3.

[0078] As shown in the sectional view of FIG. 4B, the power source 6 (e.g., an
electrochemical cell) is secured to the substrate 14 with a nonconductive PSA as well
as through an electrically conductive connection 5 that provides both a structural
connection and an electrical connection between the first electrical contact 22 and the
first electrode contact 150. As shown here, the first electrical contact 22 is secured to
the first electrode contact 150 by a conductive adhesive 5 that provides both the
structural and electrical connection. Additionally, in the shown example, the power
source 6 is secured to the substrate 14 through an intermediate non-conductive
adhesive 3 located between the power source 6 and the substrate 14. Portions of the
electrical component 10 may also be located between the power source 6 and the
substrate 14.

[0079] In an example testing experiment, the circuits were “flexed” by running a
web of attached assemblies through a simulated converting machine made for testing
the flexibility of cells, batteries, with or without circuits attached. This testing machine
had eight rolls. Testing of samples in this application was done at a speed of about 70
to 140 fpm for five hundred cycles. This testing showed that the flexibility and bonding
characteristics was much better than that of commercial copper foil using a similar
construction.

[0080] Turning now to FIGS. 5-8B, another example method of manufacturing
an electrical device uses an adhesive coupling method. Figure 5 shows a typical
etched copper circuit 100 on a polyester substrate 14 that is about 0.002” thick. As in
the previous example embodiment, the copper circuit is being used only as an
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example for this method of cell/battery attachment and it could be used with any type
of circuit and a commercial circuit material such as etched aluminum or printed carbon,
silver or any other metallic substrate, etc. Figure 6 shows a circuit sub-assembly 200
with contacts 2 and 22 as well as about 0.002” thick non-conductive pressure sensitive
adhesive (PSA) 3 with the two release liners removed. The PSA layer 3 has thickness
a range of about 0.0005 — 0.005”, and the size is similar to the size of the power
source that will be attached in Figure 7.

[0081] Figure 7 shows a sub-assembly 500 of circuit 100, PSA layer 3 (not
visible) and power source 6 with the relatively narrow negative contact 150 and the
relatively wide positive contact 140. Figure 8 shows the completed assembly of the
power source 6 and circuit 100. The assembly 600 is completed by attaching a single
sided conductive pads 50 to connect the circuit contacts 2 and 22 to the power source
contacts 140, 150. These contact pads 50 (0.2” x 0.4”) could be of various materials
such as 3M’'s # 3190 which has conductivity in the X and Y directions and is made
from a coated and/or plated polyester fiber. The 3M # 3190 is the preferred conductive
PSA material due to its high degree of flexibility and its good bonding qualities when
the circuit is flexed, though other similar conductive PSA can be used. It is noted that if
the same circuit 100 is used as in the previously discussed embodiment, then the cell
contact locations may reversed or otherwise correspond to match the polarity of the
circuit 100.

[0082] On the bottom surface of the contact pads 50 there is a conductive PSA
which makes the physical and electrical connections from the circuit to the power
source 6. Figures 8-8B show the completed assembly 600 after the power source 6 is
placed over the circuit 100 so that the contacts 2 and 22 are aligned with match the
negative and positive contacts 140, 150 of the power source and in this case, it is a
unit cell of 1.5 volts. Although the contacts 2 and 22 are adhered to the contacts of the
power source 6 with the conductive pads 50, for improved adhesive strength the entire
assembly power source 6 can be adhered to the circuit 100 with the a PSA sheet 3.

[0083] As shown in the sectional view of FIG. 8B, the power source 6 (e.g., an
electrochemical cell) is secured to the substrate 14 through an electrically conductive
connection (contact pads 50) that provides both a structural connection and an
electrical connection between the first electrical contact 22 and the first electrode
contact 140. As shown here, the conductive adhesive pad 50 is placed onto both of
an upper exposed surface of the first electrical contact 22 and an upper exposed

20



WO 2013/044224 PCT/US2012/056899

surface of the first electrode contact 140 to provide both the structural and electrical
connection. This same type of construction could also be used to connect electrode
contact 150 to the electrical contact 2. Additionally, in the shown example, the power
source 6 is secured to the substrate 14 through an intermediate non-conductive
adhesive 3 located between the power source 6 and the substrate 14. The adhesive 3
may further extend to cover a portion of the first electrical contact 22 between the
power source 6 and the substrate 14. Portions of the electrical component 10 may
also be located between the power source 6 and the substrate 14.

[0084] In an example testing experiment, the circuits were “flexed” by running a
web of attached assemblies through a test converting machine with eight rolls at a
speed of about 70 to 140 fpm for five hundred cycles. This testing showed that the
flexibility and bonding characteristics was much better than that of commercial copper
foil of a similar construction.

[0085] Turning now to FIGS. 9-14, yet another example method of
manufacturing an electrical device is described. While the previous two designs used
an adhesive (conductive and non-conductive) design, the following embodiment uses
a mechanical coupling method that may optionally be used together with an adhesive
coupling method. Figure 9 shows a typical etched copper circuit 100. As in the case of
previous embodiments, the copper circuit is being used only as an example for this
method of cell/battery attachment could be used with any commercial circuit material
such as etched aluminum, printed carbon, silver or other metallic substrate, etc.

[0086] Figure 10 shows the first assembly step, (sub-assembly 700). In this
step a non-conductive layer, such as a thin layer (~0.002") of non-conductive double
sided PSA 3 that generally has the same size as the cell/battery including its electrical
contact area, is applied to circuit 100. The top edge of PSA 3 is applied so that its top
edge generally lines up with the top edge of circuit contacts 2, 22. After the release
liners are removed, the power source which in this example is a printed unit power
source 6 is placed over the PSA 3 with the cell contacts 140, 150 facing down towards
the substrate 14 and aligned with the circuit contacts 2 and 22 which is the top edge of
PSA 3 as shown in Figures 11, 11B, and 12.

[0087] After the cell is in place, the contact areas 51 are perforated. The
contact areas 51 are located generally about the interface of the circuit contacts 2, 22
and respective electrode contacts 140, 150. This perforation of the sub-assembly 800
is done to make electrical contact between power source 6 contacts 140, 150, and the
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circuit 100 contacts 2 and 22 which were separated by the PSA layer 3. This
“perforation” can be accomplished in the following example manner, as shown in
Figure 13, using one or more penetration members. A perforation tool, which can be
made from a single or multiple parts, includes a force head 302 which could be part of
a press or the like, an insulating plate 402 which would isolate the penetration
members, for example conductive metallic nails 305, from each other thus preventing
shorting of the power source 6 when both of the contacts 2 and 22 are perforated at
the same time, and holding member 304, which can be an insulating block that
functions as the holding mechanism for the nails 305. The nails 305 and holding
member 304 may or may not form a portion of the force head 302 and/or insulating
plate 402. In one example, these nails 305 are high precision ground nails. The force
head 302 can drive a single or a plurality of penetration members to cause the
perforation of the cell contacts 140, 150. In one example, a plurality of the penetration
members can be driven substantially simultaneously by the force head 302. In
another example, the penetration members could be driven individually, such as one-
at-a-time, by the force head 302. In another example, a single or a plurality of the
penetration members can be driven sequentially or in a pattern.

[0088] It is contemplated that the nails 305 may also be electrically non-
conductive to avoid problems of electrical shorting. The nails 305 can have various
geometries, such as 0.875” long with a diameter of 0.058” (approximately #17 size),
but many other sizes and/or shapes could also be used. The nails 305 are arranged in
various configurations, such as a pattern that would provide a desired number of
perforations in the circuit contacts area 2 and 22 as well in the contact areas 140 and
150 of the circuit. For example, the penetration members can be arranged so as to
increase, such as maximize, the number of perforations to obtain a strong mechanical
and electrical connection. It is understood, however, that the number of perforations
must be balanced against the structural integrity of the cell contact area 51 and/or
circuit electrical contact.

[0089] In the perforation process, the nails 305 perforate the cell contact area
51 consisting of cell contacts 140, 150, the PSA layer 3, and the circuit contacts 2 and
22. A resilient pad 307, such as a rubber pad or the like, may optionally be used to
cushion the mechanical force applied during the perforation operation. This operation

may further be supported by a support plate 308 or another surface.
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[0090] The direction of the perforation could be done from either side of the
circuit. This process controls the depth of the nails 305 penetration to a desired depth,
such as about 0.125”, by controlling the length of the exposed nail point 315 below the
holding member 304 to the desired depth (e.g., 0.125"). In addition or alternatively, the
penetration depth of the penetration members 305 could be limited by controlling the
depth of penetration with a machine stop or with tooling. The nail point 315 on shaft
317 is shown as an enlargement in Figure 14. This nail point 315 shape produces a
similar shape in the perforated area of the cell contact area 51, the PSA layer 3 and
the circuit area of the contacts 2 and 22. In the perforation process, the nails 305
puncture the cell contact area 51 which forms many “funnel shaped” projections which
then puncture the thin PSA layer 3, as illustrated schematically in Figure 11B. Due it's
thinness and the “funnel forming” of the projection operation, the PSA layer 3 ruptures
and a hole is opened, thus allowing the cell contacts 140, 150 to make physical and
electrical contact to the circuit contacts 2 and 22 while they are being punctured and
formed by the nails 305.

[0091] 1t is contemplated that the “funnel shaped” projections may cause
portions of the cell contacts 140, 150 to at least contact, and possibly puncture and
extend a distance into, the circuit contacts 2, 22 and/or the substrate 14. For example,
as shown in FIG. 11B, three different “funnel shaped” projections are illustrated. The
first example projection 306A is shown puncturing and extending through the PSA
layer 3, the circuit contact 22 and at least partially into the substrate 14 (although it
could also extend through the substrate 14). The next example projection 306B is
shown puncturing and extending through the PSA layer 3 and puncturing and
extending partially into the circuit contact 22. The next two example projections 306C
are shown puncturing and extending through the PSA layer 3 and contacting but not
puncturing the circuit contact 22.

[0092] After the perforations are made in the assembly 800 of Figure 11 (which
may include any or all of the example projections 306A, 306B, 306C, this area may
then be sealed 52 in an operation similar to a bag sealing operation, with or without
pressure and/or heat, to form the completed assembly 900 shown in Figure 12. As
noted, the sealing operation can use heat, pressure, or a combination of heat and
pressure. In this operation, the sealing operation (with or without pressure and/or
heat) generally flattens the assemblies’ perforations in combination with the PSA layer

3 and seals this area together to allow for a strong joint which enforces the electrical
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connection as well as the mechanical strength between the circuit contacts 2 and 22 to
the power source 6 contacts 140, 150 thus creating a durable electrical and
mechanical connection. In addition or alternatively, it is contemplated that the “funnel
shaped” holes made by the perforating operation can be filled with an electrically
conductive or non-conductive material. In addition or alternatively, it is contemplated
that any of the electrical coupling operations of the various embodiments discussed
herein may further partially or fully laminate a structural support layer over the
combined electrical component and battery to provide increased strength, durability,
environmental resistance, etc.

[0093] As shown in the sectional view of FIG. 11B, the power source 6 (e.g., an
electrochemical cell) is secured to the substrate 14 through a non-conductive PSA and
an electrically conductive connection (perforations) that provides both a structural
connection and an electrical connection between the first electrical circuit contact 22
and the first electrode contact 150. As shown here, the first electrode 150 is arranged
over the first contact 22, such as in an at least partially covering relationship. The first
electrode 150 is perforated such that at least a portion of the first electrode 150 is
driven towards the first electrical contact 22 to be both structurally connected and
electrically connected to the first electrical contact 22. If the non-conductive layer 3 is
present, the first electrode 150 is perforated such that at least a portion of the first
electrode 150 is forced through the non-conductive spacer layer 3 to be electrically
connected to the first electrical contact 22 to provide both the structural and electrical
connection. Additionally, in the shown example, the power source 6 is secured to the
substrate 14 through an intermediate non-conductive adhesive 3 located between the
power source 6 and the substrate 14. The adhesive 3 extends to cover a portion or all
of the first electrical contact 22 between the power source 6 and the substrate 14.
Portions of the electrical component 10 may also be located between the power
source 6 and the substrate 14.

[0094] In an example testing experiment, the reliability was confirmed by testing
the assemblies in the same manner as was done with the assemblies made with
conductive PSA. These circuit assemblies 900 were “flexed” by running a web of
attached assemblies through a test converting machine with eight rolls at a speed of
about 70 to 140 fpm for five hundred cycles. This testing showed that the flexibility and
bonding characteristics was equal or better than the reliable assemblies made with the
conductive PSA.
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[0095] It is contemplated that the electrochemical cell can be secured to the
substrate through an electrically conductive connection that can utilize various
combinations of the methods described herein (e.g., conductive adhesive 5, contact
pads 50, perforations). For example, one of the cell electrodes 140, 150 can utilize
one method, while another of the cell electrodes 140, 150 uses another method.
Intermediate elements, additional elements and/or multiple cells can be electrically
connected using various combinations of the methods.

[0096] Example manufacturing schemes of the power source 6 of FIGS. 15-
16 will now be discussed. To make the manufacturing process of a cell/battery more
efficient and/or achieve greater economies of scale, the cell/battery can be
manufactured using a pouch-filling operation. In another example, the cell/battery
can be manufactured using a generally continuous web in a reel-to-reel printing
process to provide production at high speeds and low cost. An example
manufacturing procedure is described in the following paragraphs. In this example
procedure, the cell/battery proceeds through numerous stations that are compatible
with a high-speed printing press running a roll-to-roll setup. Though not further
described herein, the processing and assembly could be integrated with the
manufacture of the smart card electric device or elements thereof to be powered by
the battery, such as with the electrical component, etc.

[0097] According to available printing presses, the cells could be made with
one pass, or multiple passes, on a given press, for example. As an example, two
rows of individual cells on the web; however, the number of rows is limited only to
the size of the unit cells and the maximum web width that the press can process.
Because there may be numerous steps, thereby likely utilizing a long and
complicated press, some of these steps could be done offline, as well as some of the
materials, could be modified and/or multiple passes of a press or multiple presses
could be used. Some modified process summaries will be shown after the initial
discussion is completed. Moreover, any or all of the printing steps can be performed
by screen printing, such as by flat bed screens or even rotary screen stations.
Additionally, one skilled in the art would realize that one printing press with more
than five stations could be difficult to find and or to operate, and thus the following
discussion of the process could occur on one or more presses or even multiple

passes through one press.
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[0098] During manufacturing, various optional operations may or may not
occur. For example, the optional operations could include one or both of heat
stabilization of the web and graphics printing (which could include logos, contact
polarities, printing codes and the addition of registration marks on the outside
surface of web). If these optional printing operations occur on the web, then the web
can be turned over and the functional inks can be printed on the inside surface, (i.e.,
the heat seal layer).

[0099] One skilled in the art would realize that there are many methods,
materials, and sequences of operations that could be used, and that more or less,
similar or different, numbers of stations could also be utilized. Still, it is to be
understood that the following process can also be utilized for the manufacture of
various other integrated electrical devices. Further, for the purposes of clarity only
two columns of batteries will be described and illustrated with the understanding that
such description can similarly apply to other columns. Moreover, it is to be
understood that any or all of the following elements can include any of the various
materials, chemical compositions, etc. described throughout this document.
Additionally, the various steps are intended to be merely example steps, and it is to
be understood that the steps can include various other steps, alternatives, etc. as
discussed herein.

[00100] As discussed herein, any or all of the substrates can be provided as
generally continuous webs that can be processed through a “reel-to-reel” style
manufacturing process. For example, a first substrate can be provided as a
generally continuous web from a source station, which can be a source roll or the
like. Some or all of the various processing steps, such as, for example, the steps of
providing said cathode and anode collections, cathode layer, providing said anode
layer, contacts, printed circuitry, and some and/or all of the components of the
electrical circuit, etc., can then be performed by passing the generally continuous
web through a printing station, or even multiple printing stations. In addition or
alternatively, the process can be adapted to pass the web through the printing
station in multiple passes. Finally, the completed batteries on the generally
continuous web can be collected at a take-up station, which can include a collection
roll.

[00101] The manufacturing process can include various other stages, steps,
etc. For example, prior to or after the printing station, the web can pass through an
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auxiliary station wherein various electrical components be provided. Moreover, any
or all of the various layers, substrates, etc. can be provided by supplemental rolls
along the process. For example, an additional substrate (i.e., a spacer layer) can be
provided by a supplemental roll via a supplemental web. Though described as near
the beginning of the printing station, it is to be understood that any or all of the
supplemental webs can be provided at various locations along the manufacturing
process. In addition or alternatively, waste material, such as release layers or the
like, can be removed from as a waste web and taken-up by a waste roll or the like.
Various other pre-processing and/or post-processing stations, steps, etc. can also be
included. It is to be understood that the various stations, rolls, etc. of the described
process can be utilized in various orders, and additional equipment may even be
provided (e.g., idler rollers, tension rollers, turn-bars, slit or perforators, etc.) to
facilitate the “reel-to-reel” process.

[00102] Various other additional steps can be utilized to provide additional
structure, features, etc. to the completed battery cells and electrical components. In
one example, an outer portion of the device, such as the second substrate “top
cover’, can be provided with a method of attaching the battery cells to another
object, surface, etc. For example, the second substrate can include a pressure
sensitive adhesive, another adhesive layer, a liquid or hot-melt adhesive, etc. In
another example, an outer portion of the battery cells, such as the second substrate
“top cover”, can be provided with printed indicia or even a label or the like.

[00103] Thin printed flexible batteries can have many potential applications,
which can include one or more of the following generally categories as examples:

1. RFID assemblies;

Advertising and promotion;

Toys, novelties, books, greeting cards, and games;
Inventory tracking and control such as (smart RFID tags);
Security tags;

o 0 bk wn

Condition indicators such as temperature, humidity, etc.;

7. Skin patches that apply iontophoresis or other electrical function for the
purpose of drug delivery, wound care, pain management and/or cosmetics;

8. Healthcare products such as smart diapers, incontinence products, etc.;
and
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9. Smart cards, with an integrated circuit, radio, audio/visual components,
etc.

10. Interactive packaging

[00104] The invention has been described hereinabove using specific
examples and embodiments; however, it will be understood by those skilled in the art
that various alternatives may be used and equivalents may be substituted for
elements and/or steps described herein, without deviating from the scope of the
invention.  Modifications may be performed to adapt the invention to a particular
situation or to particular needs without departing from the scope of the invention. It
is intended that the invention not be limited to the particular implementations and
embodiments described herein, but that the claims be given their broadest
interpretation to cover all embodiments, literal or equivalent, disclosed or not,

covered thereby.
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What is claimed is:

1. A method of manufacturing an electrical device, comprising the steps of:

providing a substrate (14);

providing an electrical component (100) on the substrate (14);

providing a first electrical contact (2, 22) on the substrate that is electrically
connected to the electrical component (100);

providing an electrochemical cell (6) on or integrating the substrate (14) for
providing electrical energy to said electrical component (100), said electrochemical
cel (6)l comprising at least one electrochemical layer comprising a cured or dried ink
and a first electrode contact (140, 150) electrically connected to said at least one
electrochemical layer; and

securing the electrochemical cell (6) to the substrate through an electrically
conductive connection that provides both a structural connection and an electrical
connection between the first electrical contact (2, 22) and the first electrode contact
(140, 150).

2. The method of claim 1, wherein the step of securing the electrochemical cell
to the substrate further comprises securing the first electrical contact to the first
electrode contact by a conductive adhesive.

3. The method of claim 2, further comprising the step of placing the conductive
adhesive between the first electrical contact and the first electrode contact.

4. The method of claim 2, further comprising the step of placing the conductive
adhesive onto both of an upper exposed surface of the first electrical contact and an
upper exposed surface of the first electrode contact.

5. The method of claim 1, further comprising the steps of:

providing a second electrical contact on the substrate that is electrically

connected to the electrical component;
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providing the electrochemical cell with a second electrochemical layer and a
second electrode contact electrically connected to said second electrochemical
layer; and

securing the electrochemical cell to the substrate through an electrically
conductive connection that provides both a structural connection and an electrical

connection between the second electrical contact and the second electrode contact.

6. The method of claim 1, further comprising the step of securing the
electrochemical cell to the substrate through an intermediate non-conductive
adhesive located between the electrochemical cell and the substrate.

7. The method of claim 1, further comprising the steps of:

arranging the first electrode over the first electrode; and

perforating the first electrode such that at least a portion of the first electrode
is forced into contact with the first electrical contact to be electrically connected to

the first electrical contact.

8. The method of claim 7, wherein the step of perforating the first electrode is
performed using a plurality of penetration members driven substantially
simultaneously by a force head.

9. The method of claim 8, wherein at least one of the penetration members is

electrically non-conductive.

10. The method of claim 8, wherein at least two of the penetration members are
electrically conductive and are coupled by a non-conductive holding member to
inhibit electrical connection between said at least two of the penetration members.

11.  The method of claim 10, further comprising the step of limiting a penetration
depth of the penetration members relative to the electrochemical cell by fixing a
length of the penetration members that extend from the non-conductive holding

member.
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12.  The method of claim 7, further comprising the step of providing a non-

conductive spacer layer between the first electrode and the first electrical contact.

13.  The method of claim 7, further comprising the step of heat sealing and/or

pressure sealing the first electrode to the first electrical contact.

14. The method of claim 1, wherein the cured or dried ink includes zinc.

15. The method of claim 1, wherein said electrochemical cell comprises at least

one electrochemical layer including zinc foil.
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