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(54) Title: THIN PRINTABLE FLEXIBLE ELECTROCHEMICAL CELL AND METHOD OF MAKING THE SAME

(57) Abstract: A thin printed flexible electrochemical cell
with a high moisture and oxygen barrier polymer film sealed
and folded package featuring a printed cathode deposited on a
highly conductive carbon printed cathode collector with a zinc
foil anode or printed anode placed adjacent to the cathode.
After the cell components are added to the special laminated
polymer substrate, the web is processed automatically
on a modified high-speed commercial horizontal pouch
filling machine to complete the cell assembly process. In
this process a starch coated paper separator layer may be
inserted over the anode and the cathode, and then the aqueous
electrolyte solution is added to the cell. To complete the
process, all four edges of the cell are heat sealed to confine
the cell components within the cell cavity and each cell is
trimmed off the continuous web.
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THIN PRINTABLE FLEXIBLE ELECTROCHEMICAL CELL
AND METHOD OF MAKING THE SAME

CROSS-REFERENCESS TO RELATED APPLICATIONS

[0001] This application claims the benefit of provisional patent applications
60/563,953, filed on April 21, 2004, 60/607,938 filed on September 08, 2004, and
60/632,913, filed on December 03, 2004, all incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] This application relates generally to a thin, printable cells and
batteries and its manufacturing method.A More specifically, this application relates to
a thin, printed cell and battery manufactured using a pouch-filling process.

[0003] 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 “ignitor Cell” made by Eveready was about
3" diameter and about 9” tall was used in many applications such as radios, buzzers,
Xmas lighting. These large cells as well as some smaller versions, such as the
Eveready famous #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 larger than today's car
batteries, for uses in lighting devices, radios and car ignition systems. In the mid
1900’s with the adv_ent of advanced electronics such as the transistor, the electrical
requirements for portable power sources were reduced. Cohsequently cell sizes
were also reduced fo include C's, AA's, and AAA’s and even small button cells. This

‘J“'»'p‘o.wer reduction has continued into the twenty first century where applications such
as smart labels, smart credit cards, sensors, novelty devices such as greeting cards
and badges now require a maximum current of several milliamperes with many
applications requiring only 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.

[0004] In the past twentnyive years, the approach to make thin flat
cells/batteries was attempted by numerous scientists, corporations, and approaches.
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This includes the widely known battery developed by Polaroid. This six-volt battery
pack was used in each package of Polaroid film. This allowed Polaroid to have a
fresh battery in the camera each time the user placed a new roll of film in the
camera. This high cost battery with multiple layers and a metal foil laminate package
is a high voltage, high current battery, capable of igniting flash bulbs, and is not a
competitor of the new thin low cost batteries that are now being developed. In
addition to Polaroid, others have tried to develop thint batteries in various
electrochemical systems. ,

[0005] Needed is a way fo mass produce an economical, thin battery for use

in modern, relatively low-power applications.

SUMMARY OF THE INVENTION

[0006]) Provided is a battery including an electrochemical cell having a
substrate with an inner surface; a first electrochemical layer covering some portion of
the inner surface; a second electrochemical layer covering another portion of the
inner surface and adjacent fo the first electrochemical layer; an electrolyte layer
substantially coverihg and in electrical contact with both the first electrochemical
layer and the second electrochemical layer; and a covering layer covering the
electrolyte layer and bound to the substrate to form a pouch for substantially to
completely sealing the electrolyte layer in an interior of the cell.

[0007] Also provided is a battery including an electrochemical cell
comprising a substrate including a multi-layér laminate and having: an outer surface,
and an inner surface. “

[0008] The substrate forms a fold over itself, such that the inner surface
forms a first inner side and a second inner side on opposite sides of an interior of the
cell, and the outer surface defines a first outer side and a second outer side on
~ opposite sides of the exterior of the battery cell. |

[0009] The cell further comprising collector layer, including a first cured
and/or dried conductive ink, at least partially covering the first inner side; a first
electrochemical layer, including a second cured and/or dried ink, at least partially
covering the collector layer; a second electrochemical layer on one of the first inner
side and the second inner side; an electrolyte layer, including an electrolyte soaked
in an absorbent material, in contact with both the first electrochemical layer and the

second electrochemical layer and between the first inner side and the second inner
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side; and a connecting and/or sealing layer for connecting a portion of an outer

perimeter of the first inner side to a portion of an outer perimeter of the second inner

side to bind the first inner side to the second inner side for holding the substrate in

the folded position, thereby forming a pouch for containing the electrolyte in the

interior of the cell.

[0010] . Still further provided is a method for manufacturing a thin battery

including an electrochemical cell, the method comprising the steps of:

providing a web of a multi-layer laminate substrate;

punching or cutting a cutout from the substrate

printing a conductive ink layer on an inner surface of the web;

printing a first electrochemical layer, including an ink, over some portion of
the conductive ink layer;

applying a second electrochemical layer on the substrate;

applying a sealing layer on some part of the substrate;

folding the substrate to form a pouch, such that the sealing layer attaches
an inside of a first portion of the substrate to an inside of a second portion
of the substrate, such that the first electrochemical layer, the second
electrochemical layer, and the absorbent Iayér are captured within the
pouch between the insides of the first and sébond portions, wherein the
folding step forms an opening to the interior of the pouch;

adding an electrolyte through the opening; ,

sealing the opening to substantially or completely seal the electrolyte
within the interior of the pouch; and

cutting the substrate to provide one or more of the electrochemical cells
into the battery, wherein , |

electrical access to one or both of the first electrochemical layer and the

second electrochemical layer is provided through the cutout.

[0011] Also provided is the above method, further éomprising the step of

providing an absorbent layer for contacting a portion of both the first electrochemical

layer and the second electrochemical layer, wherein, during or subsequent to the

adding an electrolyte step, at least a portion of the electrolyte is absorbed by the

absorbent layer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] 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:

[0013] Figure 1 shows a plan view of a unit cell.

[0014] Figure 2 shows a plan view cutaway of a unit cell prior to placing the
upper laminate. v

[0015] Figure 3 is a cross section view of the printed cell taken through ah
seal area (line “3-3") in Fig. 1.

[0016] Figure 4 is a cross section view of the printed cell taken through the
cell center (line “4-4") in Fig. 1. .

[0017] Figure 5 is a cross section view of the laminated film layers of a
preferred construction.

[0018] Figure 6 shows a modified unit cell construction to allow for high
speed low cost production.

[0019] Figure 6a shows a modified geometry for application of adhesive fo
seal the thin electrochemical cell of the invention, herein termed a "picture frame," to
improve seal effectiveness.

[0020] Figures 6b and 6¢ show further alternative modes of construction for
a thin printable cell according to the present invention.

[0021] Figure 7 shows a cross section of the modified cell construction
through the contact seal area. |

[0022] . Figure 8 shows a section of the completed web with high speed
format. ' '

[0023] Figure 9 shows a flow chart for a preferred high speed production
process. ‘ ' : ‘

[0024] Figure 10 is schematic drawing of a single print station for one
embodiment. (

[0025] Figure 11 is schematic drawing of a continuous printing press and
auxiliary equipment for one method of manufacturing the flat cell.

[0026] Figure 12 is a schematic drawing of a zinc/adhesive (anode)

lamination station.
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[0027] Figure 13 is another schematic drawing of the zinc/adhesive (anode)
application station.

[0028] Figure 14 is schematic drawing of a modified horizontal pouch filling
machine.

[0029] Figure 15 shows 4 different battery constructions using unit cells
without a top laminates and/or labels.

[0030] Figure 16 shows 4 dlﬁerent battery constructions using unit cells with
top laminates and/or labels.

[0031] Figure 17 shows a battery label construction using unit cells.

[0032] Figure 18 éhows a thin battery construction made with unit cells but
without a supporting substrate. |

[0033] Figure 19 shows a printed battery construction.

[0034] Figure 19a shows a further preferred printed battery construction.

[0035] Figure 20 shows an electronic application integrated with battery

contacts for a three-volt battery with the use of unit cells.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0036] As used herein, unless otherwise explicitly indicated, all
percentages are percentages by weight. As used herein, when a range is given,
" such as “5-25”, for example, this means preferably at least 5 and, separately and
independently, preferably not more than 25. Also herein, a parenthetical range
following a listed or preferred value indicates a broadly preferred or less preferred
range for that value according to the invention.

[0037] The present invention relates to thin printed electrochemical cells
and/or batteries. More specifically, this invention relates to a thin printable cell that
contains two electrodes, séparator, and electrolyte between two laminated film
" layers. One method of mass-producing such a cell includes depositing aqueous
and/or non-aqueous solvent inks or coatings in a pattern on a special laminated
polymeric film layer by means of printing and/or laminating a metallic foil on high
speed web printing presses, particularly if the required volumes are very high. If
volumes are lower, say in the quantities of only about several million or less, then
slower methods such as web printing with flat bed screens would be appropriate as

well. If the volumes are extremely low, such as in the hundreds or thousands, then a
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sheet fed flat bed printing press may be appropriate. After all of the inks are printed
and all of the solids have been properly placed and a web is used, the cells are
assembled automatically on high-speed commercial pouch filling machines
- (Horizontal and/or vertical). When the production volumes are low and the cell
components are placed on sheets, the cells are hand assembled with or without
machine assistance.

[0038] With the growing market needs for low cost, low capacity thin flat
cells, it has been found possible to produce a thin, at least partly printable flexibie
cell that is versatile and inexpensive to mass-produce. Printed dispoéable thin cells
can be well suited for low power and high production volume applications, for
example, because they offer adequate voltage, sufficient capacity, and Iow—coét
solutions. In one embodiment, the batteries disclosed herein include all of these
attributes, whereas the conventional low profiled batteries may contain only a few of
these attributes.

[0039] The electrochemical cell/battery according to the invention has the

following advantages:

¢ Thin;
o Flat;
e Flexible;

e Sealed container;

» Simple construction;

¢ Designed for high speed and high volume production;

o Low cost;

» Reliable performance at all temperatures;

o Good low temperature performance;

e Disposable and enVironmentaIly friendly;

o Both cell contacts are on the same surface;

o [Ease of assembly into application; and/or

» Capable of being manufactured integrated in a continuous process at the
same time as the application is being made

[0040] A typical cell has two electrodes (i.e., anode and cathode) and an

electrolyte. The electrodes are comprised of electrochemical materials that interact
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with the chemicals in an electrolyte to generate a voltage across the electrodes, thus
providing a current to an electric circuit.

[0041] In its most generalized form, a cell/battery according to the invention
is comprised of a substrate having an inner and an outer surface. A first
electrochemical layer representing one electrode is applied to some portion of said
inner surface, such as by printing or laminating, for example. The first
electrochemical layer could be a cathode electrode layer or an anode electrode
layer, for example.

[0042] If the first electrochemical layer ha$ a relatively low conductivity, it
can be printed or laminated on top of a cathode or anode coliector layer, in order to
improve its conductivity. The collector layer could, for exampile, be directly printed or
laminated onto the inner surface of the substrate. Thé electrochemical layer may
then cover all, or only a portion, of the collector.layer, if the collector layer is used.

[0043] A second electrochemical layer (representing the other electrode)
covering another portion of the inner surface, and adjacent to, or across from, the
first electrd‘chemical layer, is also provided. This second electrochemical layer is the
other of the anode or cathode electrodes, so that the cell has both an anode and a
cathode electrochemical layer, as necessary for interacting with the chemical
electrolyte for the cell to provide a voltage across the electrochemical layers (the
electrodes) and thus provide an electrical current to an electrical circuit. For this
second electrochemical layer as weli, if the conductivity of the second
- electrochemical layer is low, it could be printed or applied over a corresponding
collector layer for improving total conductivity.

[0044] A separator of various types of materials including papers, coated
papers, matted and or woven polymers, and combinations of the former is disposed
over the top of the two electrodes. This material absorbs a portion of the electrolyte
and improves the contact and wetting of the electrodes with the electrolyte thus
reducing the internal resistance of the cell./battery.

[0045] Thus, the electrolyte layer is substantially covering or otherwise in
physical electrical contact with both said first electrochemical layer and said second
electrochemical layer to complete the battery cell electrochemical process and thus
power the electrical circuit.

[0046] A covering layer is provided for covering the separator/electrolyte

layer. The covering layer is bound to the lower substrate to subsantially or
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completely seal the cell and prevent leakage of the electrolyte. The covering layer
could be, for example, a part of the substrate, which could then be continuous piece.
In that case, the electrochemical layers could both be placed on the same inner side
the substrate. The substrate would then be folded, forming a covering layer as well,
such that the inner surfaces of the substrate face each other, and, using a sealing
layer, substantially or completely sealing the internal components of the cell
described above.

[0047] Alternatively, one of the first and second electrochemical layers (and
the corresponding collector layer, if present) could be placed on the inner surface of
the covering layer, thus puﬁing the first and second electrochemical layers opposite
each other. Such a construction would likely use a separator layer to separate and
isolate the electrodes.

[0048] A number of embodiments specifically implementing the above
generalized cell are provided below, along with variations on the above described
cell design. _ '

[0049] The invention in one embodiment is a thin, printed cell that inclpdes a
lower film layer of a special polymer laminate that has special features that can
include a heat sealing layer on the inside, (heat sealing on the outside surface is also
possible depending on the cell/battery construction), a high moisture barrier layer in
the center of the laminate, a structural film on the outside of the laminate, with both
interior and exterior surfaces made to bé print receptive and extending beyond the
internal components. A portion of the inner surface of the lower film layer preferably
has a cathode current collector, \comprising carbon, printed or coated, on a portion of
the film. At the outside contact area of this collector is printed a highly conductive ink
comprising silver, nickel, or tin, for example, to improve the conductivity to the
application connection. If the battery application is for very low currents, then the
higher conductive material may not be required, whereas it is desirable for higher
currents.

[0050] In some embodiments, printed on the cathode current collector is a

water-based cathode ink that includes manganese dioxide (MnOy), carbon, and a

polymer binder. For some embodiments adjacent to the cathode collector, at a
spacing of about 0.050", a narrow strip of zinc foil anode is placed. Prior to this

placement, the zinc foil is laminated to a dry film adhesive that includes a release
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liner. Inserted over both electrodes is a paper separator layer that is starch coated
on one side. Once the separator is in place, an aqueous electrolyte solution is

added to the cell. In many embodiments, zinc chloride (ZnClp) is the preferred

electrolyte choice in the concentration range of 18% - 45% by weight. Other
embodiments use electrolytes such as ammonium chloride (NH4CI), mixtures of zinc
chioride (ZnCl,) and ammonium chloride (NH4CI), zinc acetate (Zn(C5H505)), zinc
bromide (ZnBry), zinc fluoride (ZnFy), znc lodide (Znly), zinc tartrate
(ZnC4H,0g.H20), zinc per-chlorate Zn(Cl04)2.6H,0), potassium hydroxide 'KOH,
sodium hydroxide NaOH, or organic compounds could also be used.

[0051] Zinc chloride is often the electrolyte of choice, providing excellent
electrical performance for ordinary environmental conditions normally encountered.
Likewise, any of the above mentioned electrolytes may be used in concentrations (by
weight) within the range of 18% - 50%, for example, with the preferred range often
being of 25% - 45%, to provide acceptable performance under ordinary
environmental conditions. The use of electrolytes other than that of zinc chioride can
provide improved cell/battery electrical performance under differing environmental
conditions, as desired. |

[0052] For example, 32% by weight of zinc acetate (F.P.—freezing point—
of -28°C) exhibits a lower freezing point than 32% by weight zinc chloride (F.P. -
23°C), and thus could be preferable for colder applications. Both of these solutions
exhibit lower freezing point than the industry standard 27% zinc chloride (F.P. -
18°C). Other zinc acetate concentrations (e.g. 18-45 or 25-30 weight percent) can
also exhibit reduced freezing point relative to the industry standard -18°C. Use of
such electrolytes as substitutes for zinc chloride or in various mixtures in
cells/batteries allows for improved performance at lower temperatures.

[0053] For example, it has been found that the use of an about 30% zinc
acetate electrolyte substantially improves low temperature (i.e. below -20°C)
performance of a voltaic cell. To illustrate, data are reported in the table below from
an experiment comparing cells having the typical 27% zinc chloride electrolyte with

the novel 30% zinc acetate electrolyte:
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Closed Circuit Voltage (CCV) after 10 second Discharge on 6500-Ohm Load

Electrolyte Solute CCV |CCV |CCcV | CCY CCV

@ @ @ @ @

21°C | -18°C | -23°C | -27°C [ -29°C
27% zinc chloride (FP -22°C) | 1.588 | 1.423 | 1.261 |1.1 14 negligible
30% Zinc Acetate (FP -34°C) | 1.572 | 1.360 | 1.318 | 1.307 1.262

[0054] The experiment was conducted using a ten second-pulse load of
6500 ohms at the various temperatures given in the table above. The closed circuit
voltage was measured under load at the end of the pulse. From the above table
data, it can be seen that at -23°C, a voltage improvement of 4.5% is achieved using
the zinc acetate solute compared to the zinc chloride solution. The improvement is
over 17% just four degrees cooler at -27°C, and at -29°C the zinc acetate cell
exhibited 1.262 volts whereas the zinc chloride cell exhibited zero or a near zero
negligible voltage. This is a substantial degre“e of improvement in low temperature
performance compared to conventional electrolytes.

[0055] This type of electrochemical cell performance improvement at low
temperature can be useful in the growing business of battery assisted RFID tags and
other transient (transportable) electrically operated devices such as smart active
labels and temperature tags, because many products ‘that are shipped today, such
as food products pharmaceuticals, blood products, etc, require low temperature
storage and shipping conditions, thus tracking these items with such tags and/or
labels requires electrochemical cells and/or batteries to operate effectively at
temperatures at or below -20°C, preferably -23°C, preferably -27°C, preferably -
29°C. When zinc acetate is used to achieve improved low temperature performance
for low temperature applications, preferably the zinc acetate concentration is in the
range of ;28~30, less preferably 30-34; less preferably 25-28, weight percent, as
additional examples.

[0056] Another method of enhancing low temperature performance and
processability is through the addition of polymeric thickeners or gels to the
electrolyte. Through the use of these materials, the freezing point of the electrolyte
can be reduced from the -18°C to -30°C. Improvement of the low temperature
performance of the cell is then enhanced using the preferred zinc chloride
electrolyte. The preferred material is carboxymethylcellulose in the amount of about
0.6% with a range of about 0.01% - 1.2 % of the total electrolyte by weight. Alternate

10
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classes of thickeners may also be used. These may be from the same class of
materials as the cathode binders. Other less preferred classes of materials include
the following: polyvinyl alcohol, classes of starches and modified starches including
rice, potato, corn, and bean varieties; ethyl and hydroxyl-ethyl celluloses; methyl
celluloses; polyethylene oxides; polyacryamides; as well as mixtures of the above
materials.

[0057] In many embodiments, the electrolyte-separator layer is disposed to
ensure complete physical and ionic contact with the anode and the cathode in the
assembled cell, which is often desirable.

[0058] The upper layer of the cell package can be comprised of a special
laminated polymeric film, which has an edge that extends beyond the internal
cell/battery components. The upper layer of this film is sealed around its edges to
the lower film layer by means of heat sealing, or with some type of adhesive, thus
confining the internal components within the cell cavity. The above was a general
description of some preferred cell constructions according to the invention, and
furthe‘r details follow below. A useful example production process for cell printing
and assembly also will be described with respect to Figures 6-14.

[0059] The wet cell construction described herein is likely to be the preferred
construction for many embodiments; however, using a similar cell construction, the
present invention could be also be manufactured using a reserve cell construction,
which has the benefit of providing extended shelf life prior to the application of a
liquid, for example.

[0060] The preferred printable, flexible, zinc chloride thin cell can be mad‘e
environmentally friendly. This construction does not typically require the use of
components such as mercury or cadmium. Old and/or depleted cells can thus
typically be disposed in regular waste removal procedures, rather than requiring
special disposal procedures as required for many battery designs.

[0061] Furthermore, the devices for which this technology can be used are
extensive. A device that requires, for example, relatively low power or a limited life
of one to three years, for example, may function with a thin cell/battery according to
the invention. The cell as explained herein can be relatively inexpensively mass-
produced allowing use as or in a disposable product. The low cost allows for

applications that previously may not have been cost effective.

11
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BATTERY CELL STRUCTURES

[0062] Figures 1 thru 4 show various views of a printed unit cell in plan and
sectional views for a first embodiment of the invention. Completed cell 10 includes a
substrate having a lower laminated film layer 12, an upper laminated film layer 11,
with cutout areas 17 and 18. Cutout area 17 allows external contact to the cell
negative contact 15 while cutout area 18 allows for the external contact to cells
positive contact 16. A cathode collector layer 22 of highly conductive carbon is
printed on an inner portion of the lower laminated layer 12 to improve conductivity of
" the cathode electrochemical layer 21. This collector has the combined shape and
size of that of the cathode layer 21, the collector 22 and the contact 16.

[0063] The unfinished cell 20 (without top laminate 11 of Figure 2 and the
finished cell 10 shows a cathode electrochemical layer 21 (cathode electrode) and
an anode electrochemical layer 25 (anode electrode) with a paper separator layer 23
in physical contact with the electrodes 21 and 25. To facilitate good ionic contact
with separator layer 23 and electrochemical layers 21 and 25, aqueous zinc chloride
electrolyte 26 is added to the paper separator 23 to form a paper separator
electrolyte layer 27. '

[0064] To assist in sealing the contacts through the seal areas, a strip of
double sidned dry film adhesive 31 is applied across the cell seal area prior to the
disposition of anode electrochemical layer 25. After the anod'e layer 25 is disposed,
another layer or strip of double sided dry fim adhesive 31a is applied. These
adhesive layers, when activated with a heat sealing process, allows the inner
portions of both upper 11 and lower 12 laminate films to adhere to both collectors in
the seal areas as well as fill a gap 231 that is formed due to the anode 25 height
relative to the lower laminate 12.

[0065] The inner portions of the lower and upper laminated films 12 and 11
respectively are heat sealed together as shown by the shaded area to form the cell
seal 13. In the preferred construction the upper laminate 11 and lower laminate 12
are the same materials. They are the same for several reasons which are: similar
materials are more compatible for heat sealing, similar high moisture barrier
materials allows for good moisture protection for the entire cell, and finally this allows
the package to be made with a folded substrate that will be discussed later. This

allows the unit cells to be assembled on a high speed pouch filling machine which

12
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will be discussed later in this description. Although the same material is highly
preferred for performance and assembly, there may be situations where the top and
lower cell container layers may be of different materials.

[0066] In the first embodiment, the laminated film is supplied by Curwood
Inc. of Oshkosh, WI and is shown in the cross section drawing of Figure 5. This
laminated film 1QO comprises five layers. The top layer 101 is on the inside of the
cell and has a total thickness of about 0.5 mil (0.1 — 5.0 mils). This composite layer
has a heat sealing coating 110 such as amorphous polyester (APET or PETG)
semicrystalline polyester (CPET) polyvinyl chloride (PVC), or a polyolefin polymer
etc. on a polymer film such as polyester. One such material is the Ovenable Lidding
(OL) film made by Dupont and designated as their OL series such as the preferred

“material OL 2, OL12 or OL 13.

© [0067] This composite layer 101 is laminated to a 0.48 mil thick (0.2 — 5.0
mil) high moisture barrier polymer layer 103 such as the GL films supplied by
Toppan of Japan by means of a 0.10 mil (0.1 — 2.0 mil thick) layer of Urethane
adhesive 102. These polymer (polyester) based films have varying moisture
transmission values depending on the type and the amount of vacuum deposited
oxides or metals coatings 111.

[0068] 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 vapor transmission rates available, the barrier
layer can be chosen for each specific application and construction. In some cases,
where the cell by design has a higher gassing rate, then 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 that case, it would

" be desirable to have a barrier film with low transmission rates to prevent excessive
moisture loss from the cell.

[0069] The outside layer or structural layer 104 of this five layer laminate 100
is of about a 2.0 mil (0.5 — 10.0 mil) layer of orientated polyester (OPET) which is
laminated to the other layers by means of an urethane adhesive 102 that is about 0.1
mil thick. This “structural layer” can be a Dupont polyester orientated (OPET) film.
The preferred material is from Toyobo Co. Lid. of Japan. This material is polyester
based synthetic paper which is designated as a white microvoided. orientated
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polyester (WMVOPET). This layer 104 would then form the outer surface of the
substrate 100 in its typically application to the invention.

[0070] The use of a thicker substrate by increasing any or all of the polymer
thicknesses has some advantages: These may include one or more of the following:

e The web is easier to process in the various printing operations

o The cells process better in the automatic cell assembly machine which
as described later is horizontal pouch filler;

¢ The cell package is stiffer and stronger; and

e The amount of entrapped air in the assembly process is reduced.
Even though the thickness of the materials is increased, the total cell
thickness after assembly is less than that increase.

[0071] In addition to the above specifications, both the outside and the inside
layers could be made with a print receptive surfaces for the required inks. The inside
layer is for receiving the functional inks while the outside layer is for receiving
graphic inks for identification or advertising purpoées, for example.

[0072] In most flat cell constructions with a sealed system, the 'package
consists of a laminated structure that contains metallized films and/or very thin metal
foil for the moisture barrier. Although this structure with the metal layer may have
better moisture barrier properties than the one described herein without the metal
layer, it also has some disadvantages. These include:

. Lamihated structures with metal barriers (thin metal foil or a vacuum

metallized layer) could be more expensive;

e Laminated structures with metal layers have the possibility of causing

internal short circuits in the cell; and

e Laminated structures that contain a metal barrier could interfere with the

electronics of the application such as the functionality of an antenna, for
example.

[0073] The film layers 11 and 12 of Figures 1 and 2 can be of numerous
variations of polymeric film with or without a barrier (metal or other materials), either
mono-layer or multi-layer films, such as polyesters or polyolefins. Polyester is
preferred for many purposes because it provides improved strength permitting use of

thinner gauge film and is not easily stretched when used on a multi-station printing
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press. Vinyls, cellophanes, and even paper can also be used as the film layers or
one of the layers in a laminated construction.

[0074] If a very long shelf life and/or the environmental conditions are
extreme, the polymer of Figure 5 could be modified to include a metallized layer 111
such as obtained by vacuum deposition of aluminum or very thin aluminum foil. This
modification could reduce the present low water loss to practically nil. On the other
hand, if the application is for a shorter shelf life and/or short operating life, the more
expensive barrier layer could be replaced with a less efficient layer which would be a
lower cost and still allow the cell to function as required. In applications where only
an extremely short life is required, the cell packége could use a low cost polymer
subétrate such as polyester or polyolefin with or without a heat sealing layer on the
inside. | ' ‘ | |

[0075] The substrate could also be optimized into a three-layer laminate by
combining the barrier layer with the structural layer. This could be done by
depositing the barrier coating directly onto the thicker structural layer and then
laminating this to the heat-seal layer.. Another means of reducing the number of
layers would be to apply the heat seal layer on either the barrier layer and/or on the
structural layer, and then laminating thié structure to the other material. Thus, in one
case the barrier coating is applied to the structural layer, but in the other case the
heat sealing layer is applied directly to the structural layer. Both of these structures
Would result in a three-ply laminate. The total thickness of this three-ply laminate
would be about 0.003" with a range of about 0.001 —0.015".

[0076] The cell materials for one of the preferred embodiments of cell
construction, as shown in Figs. 1-4, are comprised of the following materials. The
cathode collector 22 uses a highly conductive carbon ink (PM024) and is
manufactured by Acheson Colloids of Port Huron, Mi. 1t is printed on the inside
surface of the lower laminate by means of screen printing using a very coarse screen
of about 61 mesh (20 — 180 mesh) to allow for a dry deposit of about 1 mil (1.2 —
0.4 mils respectively) and a resistance of about 55 ohms (44 — 100 ohms).

[0077] To further reduce the above resistance, a highly conductive contact
16 is printed at the external contact area of the positive electrode. The material used
in the preferred construction is a silver filled conductive ink (47988) manufactured by
Acheson Colloids of Port Huron, MI. and is screen printed. Other, conductive

materials such as gold, tin, copper, nickel and /or mixtures of two or more conductive
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materials could also be used where desirable. All of these conductive inks could be
applied by means of printing methods such as rotary screen, flexography, and
gravure as well as with ink jet printing techniques. Additionally, manufactured foils of
graphite or mixtures of conductive resins, metals or graphite could be inserted and
used instead of printing the cathode collector.

[0078] The cathode electrochemical layer 21 is printed on a portion of the
previously printed and dried cathode collector 22 using an aqueous based ink that
has a wet composition of about 43.4% of battery grade Manganese Dioxide (20% -
60%), about 14.4% of KS-6 graphite (2% - 25%), about 29.5% of a 6.5% (0.5% —
;15%) aqueous solution of polyvinylpyrrolidone (PVP) (20% — 60%); and about
9.65% of De-ionized or distilled water (0.1% — 20%). This ink is printed with an
about 46 mesh (10 — 65 mesh) fiberglass screen so as to allow a dry lay down
weight of about 0.10 grams per square inch ( 0.03 — 0.25 g/sq. in.). The amount of
dry print would be dictated by the required cell capacity, with larger capacity
requiring more material. By using this unconventional printing method of a very
cbarse mesh screen instead of multiple hits of a finer mesh screen, the number of
printing stations can be reduced and the cell performance can be increased.

| [0079] The electro-active cathode electrochemical layer (21) material used in
the preferred construction is an electrolytic manganese dioxide of high purity battery
grade. The material particle size range is about 1 to 100 microns with an average of
about 40 microns. If additional fineness of the material is required to facilitate the
application to the collector, the material is milled to achieve a particle size range of
about 1 to 20 microns with an average of about 4 microns. ’

[0080] Other less preferred electro-active cathode materials may be used in
conjunction with the zinc anode in the subject construction. These are, silver oxides

Ag,0 and AgO, mercuric oxide HgO, nickel oxide NiOOH, oxygen O, as in the form
of an air cell, Vanadium oxide VO,. Cathodic materials that may be used with
different anodic materials are NiOOH with Cd, NiOOH with metal hydrides of the AB,
and the ABj types, NiOOH with Fe and FES,

[0081] The binder used m the preferred construction for the cathode layer 21
is a class of high molecular Welght binders that exceed 950,000- grams/mole The
preferred polymer used is polyvinylpyrrolidone, K 85-95 or K 120 (higher molecular

weight). Other classes of materials that could be used when desired include the
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following: polyvinyl alcohol, classes of starches and modified starches including rice,
potato, corn, and bean varieties; ethyl and hydroxy-ethyl celluloses; methyl
celluloses; polyethylene oxides; polyacryamides; as well as mixtures of the above
materials. Additional binding may be derived from the use of Teflon solutions or
Teflon fibrillated during the biending process.

[0082] Next, a double sided dry film adhesive strip 31 such as MACtac’s film
adhesive #2180, IB 1190 or IB2130 is inserted over the cathode collector and across
the cell width and under the anode foil 25. After the anode foil 25 is inserted, another
adhesive/caulking layer of film adhesive 31A is applied in the same location except
that this one is over the anode as well as over the cathode collector. This sealant
material in the cell heat sealing process is thermally activated, thus causing it to flow
- around and over both collectors thus forming an effective cell seal 13.

[0083] For a cell that is about 2 x 27, a precut anode strip 25
(1.75”x0.20”x0.004”) zinc foil/dry film pressure sensitive adhesive laminate is
inserted onto the inside surface of tHe lower laminate, adjacent to the cathode
collector/cathode assembly at gap of about 0.050” from this cathode assembly. Prior
to insertion, the 2 mil thick battery grade zinc foil is laminated to a double sided dry
film adhesive with a release liner, such as #2180, IB1190 or I1B2130 manufactured by
Morgan Adhesive Co. of Stow, OH., for example. After this l[amination is completed
on a wide roll of zinc (about 3 — 12’ wide), this laminated structure is slit into narrow
rolls with a width of about 0.200” (0.150" — 0.300") for a cell that is about 2" x 2".
Other size cells with other sizes of cathodes may require a different slit width and
length for the anode laminate These widths could be ‘as small as about 0.10” to
about 1- 2” When narrower widths are required then zinc wire could be used for ease
of processing. The lengths could vary from a few tenths of inches to many inches. In
alternative constructions, the lamination could be done with a printed adhesive on
the substrate prior to applying the zinc foil to the substrate.

[0084] The paper separator layer 23 with a starch coating is placed over the
anode and cathode layers, with the starch coating preferably lying against the anode
layer 25. The separator paper may alternatively be placed with the paper side
against the anode, where the starch coating would then reside on the opposite side
of the paper and not against the anode 25. Alternately the paper separator could be
folded so that to allow the starch layer to be against the anode and the plain paper
~ side to be against the cathode.
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luuoo] Aiernauvely, it nas veen learned that cell performance can still be
satisfactory when the cell does not contain the separator layer but has only the
electrolyte. This feature would eliminate the paper insertion station and process,
thus reducing cell costs and making the assembly process simpler. Accordingly, a
cell embodiment without the separator layer is also provided.

[0086] The inner surface of the upper laminate 12 is disposed on top of the
lower laminate that contains all of the cell parts (such as by folding the laminate).
Prior to applying the upper laminate, the contact holes 17 and 18 are punched out.
After its application, these cutouts lie over the negative contact 15 and the positive
contact 16 of the cell. o

[0087] The laminated polyme'r package comprising the two layers 11 and 12
with the internal structure is heat .sealed to form the cell seal 13. The first edge
sealed is side C, which is the left hand side of the cell whenAthe cell contacts are on
the top and facing the holder as shown in Figﬁre 2. Next the bottom edge (side B)
and top edge (Side A) which runs through the cell collector areas are heat sealed.
After those three sides are sealed, an open pouch is formed. The cell electrolyte 26
is now added to the cell, after a few seconds of soak time some of the electrolyte is
absorbed by the separator 23 and the cathode 21. The cell seal 13 is now
completed by heat sealing the cell right hand edge (Side D).

[0088] The measured thickness of the completed printed thin cell using the
preferred laminated layers with a thickness of about 3 mils per layer depends on the
method of measurement. Using a caliper, which allows the entrapped air to be
displaced, the thickness will range from about 15 mils to about 26 mils depending on
the cells capacity. At about 6 mAHr, the total cell thickness would be about 0.018%,
whereas cells with capacities of about 20 mAHr, the thickness would be about 24
mils. If the cell is measured using a digital height gauge and/or a caliper with platens
as large as the cell, the cell measured thickness would range from about 0.030" to
about 0.50”.It has also been found that if a thicker substrate (about 6 mils per layer)
as described in this application are used, the amount of entrapped air is minimized,
thus the total cell thickness increase is less than the increase in substrate thickness
which was by about 6 mils. '

[0089] To make these thin, printed flexible flat cells at high speeds and at a
low cost, the invention provides a format and process for applying the components to

the cell package container (laminated film) as well as to process the film with the

18



WO 2005/106990 PCT/US2005/013783

applied cell components and automatically assemble them into cells. To facilitate
this production process, some parts of cell construction described above are
modified as shown in Figures 6 and 7 and described in the following paragraphs:

[0090] In the embodiment of the battery cell 200 of Figs. 6, 6a, upper
laminate layer 211 and lower laminate layer 212 are combined, using a single layer
substrate 256, and then after all of the cell components are added to its inner -
surface, the laminate is folded over its center 244 to form the upper and lower layers
211, 212, respectively. Figure 8 shows a web format 40 of how the cells may be
arranged on a laminate shest/web. In alternate construction, the upper layer could
be inserted or laminated in place instead of the preferred construction of folding the
wide substrate sheet/web.

[0091] Referring back to. the embodiment 200 of Figs 6-6a, the zinc
foil/adhesive laminate is not added in precut-strips as in the original construction
described above, but is added as one continuous strip 225 in the machine direction
of the press (see also the continuous anode strip 42 shown in Figure 8). This allows
for easy lamination on a high-speed printing press or other types of web processing
equipment. This then places zinc foil in both the top and bottom seal areas of the
cell. Alternatively and Ieés preferably, the zinc foil/adhesive laminate can be oriented
in the transverse direction of the machine, which may provide additional advantages
in cell/battery assembly. .

[0092] In the previous description of the cell construction, double sided dry
film adhesive is applied in the top seal area. This was done below the zinc
foil/adhesive laminate as well above this laminate. This material is used to seal the
cell contacts prior to them extending to the outside of the cell. In the high speed
production construction, the dry film adhesive could be replaced by a printable
adhesive/caulking type material 231, such as an asphalt solution or a heat sealable
adhesive #”PM040 made by Acheson Colloids. This material, in addition of being
heat sealable, has good adhesion to the substrate, zinc foil, and printed ink cathode
collector. In some instances it may be advantageous to use both the dry fiim
adhesive and the-printed adhesive together. ,

[0093] This printed pattern is printed through the contact seal area 231 as
well in the bottom seal area 232 for the continuous anode strip. This Adhesive strip
232 could be of various lengths including extension in both directions across the
entire bottom or similar in length to top adhesive strip 231. As shown in the Figure 6-

19



WO 2005/106990 PCT/US2005/013783

Ba, this adhesive/caulking stripe is printed on both halves of the folded web. Figure
7 shows a cross section of this web through the top seal area in the folded position.
Figure 7 shows the folded edge 228 as well as the open end 229. This construction
puts the adhesive/caulking material above the anode strip 230 and below the anode
strip 231 which allows it to fill in the anode substrate gap 202.

[0094] In the above description of the cell construction, double sided dry film
adhesive is applied in the top seal area. This was done below the zinc foil/adhesive
laminate 225 as well above this laminate. This material was used to seal the cell
contacts prior to them extending to the outside of the cell. In the embodiment of Figs
6-6a, the dry film adhesive was replaced by a printable adhesive/caulking type
material 231 such as an asphalt solution or a heat sealable adhesive #PM040 made
by Acheson Colloids. This printed pattern is printed through the contact seal area
216 as well in the bottom séal area 232 for the continuous anode strip as shown in
Figure 6, 6a. This adhesive/caulking stripe is printed on both halves of the folded
web. ’

[0095] Figure 7 shows a cross section of this web through the contact seal
area in the folded position. Figure 7 shows the folded edge 228 as well as the open
end 229. This construction puts the adhesive/caulking material 230 above the anode
strip 225 and below 231 the anode strip 225 which allows it to fill in the anode
substrate gap 202. In some instances it may be advantageous to use both the dry
film adhesive and the printed adhesive together.

- [0096] It has been further discovered that the above adhesive effectiveness
can be increased with a specific geometry. This new geometry as shown in Figure
6a is referred to herein as a “picture frame design”. Although shown as rectangle in
Figure 6a, the exact geometry and width of the "picture frame" will depend on the cell
geometry, thus many patterns such as circles, squares, triangles, or combinations
thereof, etc., are possible and can be used depending on the application. In the
example shown in this application (Figure 6a) this new pattern 231a and 230a can
have at least two advantages over that previously described. These are as follows:

o The picture frame is intended to keep all of the active cell materials
~contained within the frame. In actual practice, the amount of cell
leakage has seen a noticeable reduction. It is believed that the heat
sealable adhesive is more effective using a sealant/caulking material

than the standard amorphous heat sealing layer; and
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o By using the picture frame adhesive pattern, which is located only in
the required seal area, the amorphous heat sealing layer which covers
the entire substrate could be eliminated. This layer removal would then
make the specialized substrate easier to make and less expensive.

[0097] In an alternative embodiment, the manufacturing process could be
further improved by eliminating the zinc foil/adhesive laminate by instead printing the
anode. This could be done in the following manners:

[0098] The first method would be to make a conductive zinc ink similar to the
present conductive silver, conductive nickel, or carbon inks etc. This ink is then
printed "in patterns to match the cells cathode. A typical example of this éell
construction 600 is shown in Figure 6b. In this figure all of the part numbers are fhe
same as in Figure 6, 6a cell construction 200 except for the parts that have been
changed.

[0099] This embodiment shown in Figure 6b includes a printed anode 625,
which is about 0.20" x about 0.002" thick. The width and thickness of this structure
controls the cell capacity, thus the above dimensions are only typical for the size
described in this application, and can be varied as needed. The location of thé
printed adhesive 631a can be printed on top of the anode and not under the anode
composite of construction 200.

[0100] Referring to Figure 6c, the first step in using this alternate process of
a printed anode would be to print a conductive pattern that is in the same location as
the desired anode with the exception that the anode collector 636 is extended
through the top seal area 631a, to form negative contact area 616 which is the
similar as with the cathode collector 222 when extended through seal area to form
positive contact area 216. The preferred material would be the same material as the
conductive carbon as used for the cathode collector. By using the same material, an
extra printing stétion would not be required since this material is already being
printed for the cathode collector. The major restriction for choosing the anode
collector material is its compatibility with the zinc anode, thus the preferred material
chosen is carbon. |

[0101] Other materials that may be used for the anode collector include R
platinum, titanium or tantalum. The need for the anode collector is that zinc ink is
very difficult to make conductive, thus when a substantially non conductive zinc ink is

used for the electrochemical anode layer, the anode should have an anode current
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collector for the same reason that the cathode requires a cathode current collector.
To make the anode even more conductive, a highly conductive anode contact 616 is
printed on top of the anode collector. This could be an ink comprising silver or
another highly conductive material could be used and printed at the same time and
at the same station as the cathode contact 216. The use of the printed anode
concept could have many advantages when compared the zinc foil/adhesive
laminate. These are discussed in the following paragraphs. '

[0102] The anode application can be done on-line and at the same time the
other parts of the cell are printed, thus the off-line operations of zinc foil to adhesive
lamination and the slitting of this zinc/adhesive laminate can be eliminated. Also the
applicgtion (lamination) of the zinc foil/laminate on a spécial printing press station or
in an off line operation is also eliminated. Additionally the anode shape and size can
be easily changed by just changing the printing screen or printing plates.

[0103] The thickness of the printed material in the seal area, whether it is the
collector or the anode, can be made much thinner than when using the zinc/adhesive
laminate thus allowing for a better sealing condition that is the same or similar to the
cathode collector. _

[0104] The zinc foil/ladhesive laminate is most easily applied in a continuous
strip in the machine direction, and its geometry is limited to rectangles and with a
width that is limited to the slitting capabilities. Also, because the anode strip is
continuous, the laminate must be‘ applied to the entire cell length even in the bottom
seal area. This feature causes an increase in laminate usage as well as
complicating the bottom seal area in terms of process and effectiveness. The
printed anode could be of any geometry and printed easily in the machine direction
as well as in the transverse direction.

[0105] Internal resistance in the cell can be further reduced by treating the
cured/dried current collector, cathode, and/or anode ink deposits with corona or
plasma prior to applying any subsequent layer. Reduced internal cell resistance will
serve to increase the discharge current rate capability of the cell.. This feature is
achieved by two aspects of the surface treatments; a) increase surface tension and
thereby improve wettability and intimate contact between conductive layers and, b)
chemically or physically etch away the resinous (ahd electrically insulative) surface
of the cured/dried conductive ink, thereby exposing more of the conductive particles
for electrical connection to the subsequent layer.

22



WO 2005/106990 PCT/US2005/013783

[0106] Other contributing factors of corona or plasma freatment include
removal of organic and inorganic contamination, increased inter-layer bond strength,
and removal of residue. In this manner, the cathode layer will have better electrical
contact with the current collector layer, the cathode layer and Zinc ink will have
better electrical contact to the electrolyte.

[0107] A description of the effects of both treatments follow: Corona causes
oxygen molecules in the discharge area to divide into their atomic form. These
oxygen atoms are then available to bond with the molecules on the surface of the
material being trea{éd,‘theréby changing the surface molecular structure to one that
is extremely receptive to inks, coatings, and various adhesives. Most film and sheet
materials have a smooth, slippery surface (low surface tension). Corona treatment,
in effect, chemically roughens the surface (raising the surface tension), allowing it to
grab onto the ink, coating, or adhesive being applied. In reality, the resulting
chemical bond that occurs is better than a simple mechanical bond with the surface.

[0108] Plasma is the fourth state of matter, created by charging a gas with a
large amount of energy. While plasma behaves much like gas, it emits light and
contains _'free ions and electrons. When plasma is projected at high speed towards
an object, its surface reacts with the plasma.

[0109] Plasma treating is blaéﬁng the surface of an object on the
microscopic level, using highly energized molecules and ions. Moreover, when using
air as a plasma source, the oxygen reacts with contaminants such as carbohydrates
on the surface of the object; it breaks up the chains and helps blast them away. On
organic surfaces, polar groups and active radicals can be created, that help multiply
surfabe adhesion. A useful side effect is that of neutralization and de-dusting of a

treated surface.

MANUFACTURING METHOD

[0110] The high-speed high volume production process preferably uses web
format 40, as shown in Figure 8, and is processed as per the flow diagram of Figure
9. '

[0111] The web format 40 for a nominal 1 sq. inch cathode with its edges

already trimmed to size is shown for two wide is about 8.00”. The web could be

easily modified to print any cell size and or geometry.. In high speed/high volume
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production, the web format would contain at least four cells wide or about a total web
width of about 18 prior to trimming to final size of 16.0”".

[0112] The multiple rows of cells would be slit at slit line 41. This 4” wide roll
contains all of the cell components that are required for the cell assembly machine,
which is chosen to be a horizontal pouch filler. This completed web 40 includes the
zinc/adhesive laminate '42, which is spaced at about 0.050" away from the
cathode/cathode collector assembly 43.

[0113] On the other side of the fold line 44 the cell graphics 45 can be
printed on the opposite side of the web using conventional graphic ink of any desired
color Combinatfon. Part of the graphics 45 can also note the contact polarity shown
in the box 46. Although not shown in the figure, the graphics layer could also include
a code date on any part of the cell case, if desired.

[0114] Also on that part of the web are the negative contact cutout 17 as well
as the positive contact cutout 18. When this part of the web is folded on the fold line
44, such as in the pouch filler cell assembly line, these cutouts will allow for external
electrical contact to the cell anode and cathode.

[0115] The web can be processed on a multiple station continuous web
based printing press. This could be done with a single pass on an eleven station
printing press or multiple passes on a press with less stations which could have flat
bed screen printing stations 300 such as manufactured by Kiemm, as shown in
Figure 10. The press also could be a continuous web press including printing and
mechanical operations with various types of printing methods such as the ones
manufactured by MarkAndy. These printing stations could include rotary screen,
flexographic and even gravure.

[0116] The first Klemm station of Figure 10 is comprised of a web
registration mechanism such as hole punching station 301 or other methods for web
registration.  (Only the first station typically needs to have this registration
mechanism as the other stations use this method for coni:rolling the web edge.).

[0117] Next is the printing station 302, which could use screens and/or
stencils, for example. The choice would be based on the material to be printed, the
print pattern, as well as the required print thickness.

[0118] After the ink is laid down, it should be dried and/or cured. This could
be done by means of UV lights 303 and/or forced air drier 304. If more drying time is

required, then a tower type drier 305 could also be used.
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[0119] The entire manufacturing process uses print stations as well as other
type stations, as shown in Figure 11. This manufacturing process machine 900
includes an unwind station 901 for the web 40, the first print station 902, which also
includes a web registration method, prints the graphics on the top side of the web 40,
which is the cell outside 211, then a web turnover station 903 turns over the web to
allow printing of the webs bottom surface (212 of Figure 6) which is the bottom side
of the web 40.

[0120] The web 40 is then processed through a collector printing station 904,
a cathode contact print station 905, a adhesive/caulking print station 906, and a
cathode print station 907. Depéndin’g on the press design, ink to be printed and the
required print thickness, the method of printing for the various stations could be
rotary screen, flexography, gravure, sténcil, etc. After all of the brinting operations
are completed, the web 40 is then processed-in the next station 908. This station
punches the contact holes 217 (negative contact) and 218 (positive contact) in the
web 40. The web then moves to the anode épplication station 909. 4

[0121] Prior to the application of the anode 25 to the web 40, the
zinc/adhesive laminate 225 is made on auxiliary equipment-such as shown in Figure
12. This laminating machine 700 is comprised of an Adhesive/liner unwind station
701, zinc foil unwind station 702, and a set of pressure rolls 703. In this station, the
zinc foil 795 is “married” to the adhesive film/liner 796 due to the force created to the
two films as they pass through the pressure rolls 703.

[0122] After the zinc foil/adhesive laminate 797 is formed, it is fed into a
slitting station 704 that contains a set of slitting knives 705 (the number of knives
depends on the web width as well as the required slit width).. This laminate 797 is slit
into individual rolls 735 at a rewind station 706 to form the énode laminate 725.

[0123] This individual roll of anode laminate 735 is then placed in the anode
application station 909 of the multi-station manufacturing machine 900 shown in
Figures 11 and 13. The anode laminate roll 735 is unwound, the adhesive laminate
release liner 710 is wound on a roll 711 prior to its disposal, and the anode laminate
725 applied in a continuous strip adjacent to the cathode collector assembly 43 on
web 40 at a nominal spacing of about 0.050" and an acceptable range of about
0.010” - 0.20". . ,

[0124] The pressure rolls 712 apply the required force to this operation to
ensure good bonding to the anode laminate 725 to the web 40. The processing of
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web 40 is completed when the rows of cells 49 are slit on lines 41 in station 910.
The individual rows of cells 49 of web 40 are then wound on individual cores in
station 911 as shown iﬁ Figure 11. The unit rows of cells 49 are then rewound and
inspected to determine the quality of the processed materials. This operation allows
defective materials to be marked and/or removed from the row prior to processing on
the cell assembly machine to form web roll 400.

[0125] The cell material is then provided in web roll 400 to the pouch
assembly machine in single unit wide with a length of several thousand units. The
web as shown in Figures 6, 6a, 6b, 6¢, and 8 contains the lower substrate 212,
printed collector 222, printed coliector contact 216, printed cathode 221, printed seal
adhesive 231 and 230, and zinc foil/adhesive laminate 225 on the one side that will
become the internal side of the battery once the web 400 is folded to form the upper
laminate 211 and lower laminate 212. On the other side of the web, contact cutouts
217 and 218 are present. Graphics may or may not be used on this side of the web
40 which is the outside of the final unit.

[0126] The web 400 is then placed in the unwind station 501 of a horizontal
pouch filling machine 500 shoWn in Figure 14. Pouch filling machines are made by
several domestic companies including Bartelt of Florida and HMC Products of .
Rockford, lllinois.

[0127] The web is unwound in the first Station 501 then folded in the middle
(centerline of web 44) to provide even edges for sealing and proper location of the
contact cutouts for connections to the battery by external connections. Folding
begins to take place through a collar—guide fixture (Station 502) that aligns the two
top edges or the former outside web edges to match for alignment, joining, and
sealing. Folding and alignment is also provided by two (2) vertical bafs (Station 503)
that push the two (2) sides of the web together until they are heat sealed together in
station 504. ' ‘

[0128] The forming collar-guide 502 is a new innovation used on a horizontal
Pouch Filling Machine. Conventionally, the folding operation is done with a plough.
With the plough the inside layer of the web passes over the outside of the plough.

[0129] In typical filler pouch operations, where pouches are filled with
various materials such as food products, the inside layer of the pouch is a smooth
surface thus the abrasion between the plough and the web is not a problem. In the
case of the unit cell according to the invention, the inside layer of the web 400 has
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printed patterns. It was discovered by the inventors that these printed patterns were
abraded as they passed over the plough. To eliminate this detrimental condition,
web forming was done with collar-guide 502, thus the abrasion of the web 400 and
the forming teol was on the outside layer, thus the inside printed layers were not
abraded.

[0130] Heat sealing (Station 504) at or near the folded edge 228 which is
designated as cell side C in the orientation of the final cell or the bottom of the folded
web 400 will prevent unfolding thus securing the fold in the proper location. Proper
location of the two (2) top edges 229 is even with one another.

- [0131] Next, the separator 23 is insertéd between the open sides of the web
in Station 505. The paper separator is pre-slit to the proper width and placed on a
reel. Then just prior to insertion its length is cut to the proper size. Note that if the |
cell being manufactured is not uéing the separdtor layer, this step can be skipped.

[0132] Next, the vertical heat sealing is done in station 506 to both the
leading and lagging seals of two (2) adjacent units in one heat seal operation. This
allows for the cell to be cut in station 508 near the center of this double wide seal
that provides the leading and lagging seal of two adjacent units. These cell seal
sides are designated as sides A & B.

[0133] The draw rolls (Station 507) pulls the web from the unwind station to
the knife station 508. This station cuts the leading cell pouch 550 from the web 400
which is then picked up by the next pouch clip of station 509. There are twenty-four
cell clips (not shown) which are attached to a continuous chain of Station 509. This
chain/clip assembly of station 509 moves the pouch through the remaining stations
of the pouch filer. |

[0134] Station 510 has three major components. These are an accurate
pump 511, such as manufactured by Hibar of Canada, a nozzie with or without
mechanical movement 512 such as manufactured by HMC Products of lllinois, and a
pouch vacuum opening and closing mechanism (not shown). This combination
. permits for insertion of the nozzle in an opened pouch which results in a precise
amount electrolyte 26 to be dispensed into an opened cell poudh 550.

[0135] In order to facilitate sanitary dispensing of the electrolyte solution in
this production process, polymeric thickeners can be added to the electrolyte
solution. ‘The preferred material is carboxymethylcellulose in the amount of about
0.6% with a range of about 0.01% - 1.2 % of the total electrolyte by weight. Alternate
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classes of thickeners may also be used. These may be from the same class of
materials as the cathode binders. Other less preferable classes of materials include
the following: polyvinyl alcohol, classes of starches and modified starches including
rice, potato, corn, and bean varieties; ethyl and hydroxyl-ethyl celluloses; methyl
celluloses; polyethylene oxides; polyacryamides; as well as mixtures of the above
materials.

[0136] The use of these electrolyte thickeners minimizes or eliminates
contamination to the cell outside package. It also minimizes and/or eliminates
contamination of the seal area prior to sealing. This in combination with the high
viscosity electrolyte minimizes and /or eliminates cell leakage for the life of the cell.
Due to this performance advantage, the use of this thickened electrolyte is also
preferred when the cells are made in low volume made cells such as by hand or with
simple slow speed equipment.

[0137] After dispensing, the sides are allowed to close in such a manner that
the trapped air is bled out of the pouch prior to making the final heat seal (cell top -
side D) in station 512.

[0138] The pouch (cell 200.)'is then heat sealed on all four sides and it
contains all necessary components and materials. Before the completed cell 200 is
removed from the clip, each cell could be code dated by means of stamping, ink jet
printing, or other suitable means. - Also prior to its removal, each cell could be
voltage checked.

[0139] The completed cell including code dating and electrically checked are
removed in station 513 and dropped into a container 514 for transport for later
operations. This container contains only the good cells based on the electrical tests
and/or the defective cells are marked and included in the same container.

[0140] The removal of the good cells can be accomplished using a number
of alternative operations, including vacuum arm removal and placing in position on
its application, placing in shipping container, placing on a roll of PSA adhesive to
form a roll of “cell labels”, etc.

[0141] Furthermore, as discussed above, internal resistanée in the cell can
be further reduced by treating, at some appropriate point during the ménufacturing
process (such as during the printing opera{ions, by adding an additional station), the
cured/dried current collector, cathode, and/or anode ink deposits with corona or

plasma prior to applying any subsequent layer.
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MULTI-CELL BATTERIES

[0142] Some applications may require 3 volts and/or higher current
capabilities for proper operation, thus battery packs with series and/or parallel
connections are desired to meet these higher voltage and current requirements.
These battery packs could be made in many different constructions, some of which
are described below.

[0143] Figures 15 -20 describes some of these constructions. Figure 15 and
Figure 16 shows three different battery constructions by using unit cells 10
connected in series. The batteries shown in Figure 15 include 3 volt 300, 6 volt 600
and 9 volt 900 batteries without a top Iabel.4> In Figure 16, the similar batteries with
unit cells 10L are shown and include 3 volt 30L, 6 volt 60L and 9 volt 90L are shown
with a top label, thus only the negative contact 115 and positive ‘contact 117 is
exposed. "

[0144] Although these batteries have different voltages, they use the similar
basic construction for the individual cells as described above. There are several
basic constructions that could be used for a 3 volt battery 30 or 350.

[0145] Figure 17 shows a section view of battery 350 that uses a double
sided film adhesive 301 with a release liner 302 that will form a battery label 350.
Two unit cells 10 are placed on the adhesive. To minimize the area these cells
consume, the inside heat seal areas 13 can be made overlapping. If the area is not
critical, these unit cells then could be placed edge to edge.

[0146] As shown in Figure 16, the two unit cells can be connected in series
by means of a metallic foil 304 that is fastened to each by means of a conductive
adhesive at points 305 and 306. This adhesive could be Acheson Colloids silver
filled epoxy #5810 or Emerson and Cuming’'s snap cure conductive adhesive #
12873-32, for example. A drop of conductive adhesive 305 is placed on the unit
cells at negative contact 15 (right hand cell) as well a drop 306 as on positive contact
16 (Left hand side cell). After these are placed, a metal foil strip 304 such as zinc is
placed on top, and then the conductive adhesive is cured. When the adhesive is
cured, a battery label is completed and can be used by removing the release liner
and mount the battery on the application.

[0147] A second construction is also proposed, with a cross section drawing

of such a construction shown in Figure 18. In this construction, the unit cells 10 are
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attached 10 each other by overlapping the inside seal areas 13. After being
overlapped, the seal area could be heat sealed together or fastened by a pressure
sensitive adhesive 113, thus completing the 3 volt battery 30 assembly, except for
the electrical connections. The electrical connections are then made as described in
the prior construction.

[0148] Battery constructions could also be made by printing the unit cells
together, as shown in Figure 19. This figure shows a printed 9 volt battery 800 which
is printed on the lower laminate 812. In an effort to make reading and understanding
this drawing easier, the individual cell/battery parts are shown cross hatched where
identified by a number.

[0149] As in the printing of a unit cell described earlier, the first layer to be
printed is the carbon cathode collector 822 and since a 9 volt battery is being made
there will be six unit cells in the group that are electrically connected in the printing
operations, thus there will be six cathode collectors 822 and six cathodes 821 etc. for
each battery.

[0150] The next printed layer is the silver or other highly conductive material
cathode contact 816. At the same time that the silver contact is being printed, the
cell connectors 804 that connect the cell negative to the adjacent cells positive are
also printed in five different locations.

[0151] The final items printed at the same time with the same ink are the
battery contacts. These are the battery negative contact 815 and the battery positive
contact 817. As in the unit cell sealing ste'p, the anode and cathode collector in the
seal areas can use an adhesive/caulking 831 that is heat activated while the seal is
being made is printed on each of the six unit cells. A drop of conductive adhesive
805 is applied on top of the previously printed battery connector 804, which will be
directly below the precut anode strips 825. These strips, which have been previously
described, are the zinc/adhesive laminate which are applied to each cell using the
same or similar techniques explained above for the unit cell construction, and on top
of conductive adhesive 805. In this battery application the dry film PSA is not applied
or it is removed in the area where the conductive adhesive is applied. This adhesive
could be Acheson’s 5810 silver conductive epoxy or Emerson and C_umrhings snap
cure silver conductive adhesive, for example.

[0152] A further construction according fo the invention is to integrate the

cell/battery construction into the application device itself. This could be done as
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shown in Figure 20, showing a thermal sensor device 900 comprising the circuit 901
including battery contacts 906, 910, and 911, thermal sensor 902, and digital display
903 that continuously displays the temperature, flashing LED light 904 which is
activated when the temperature is out of the specified range.

[0183] Finally are the contacts for the two unit cells to form the required 3
volt battery which define the locations of the 1.5 volt unit cells. Unit cell #1 905 has a
negative contact 906 and positive contact 907, unit cell 908 has a negative contact
909 and positive contact 911. A jumper bar 910 which is part of the printed circuit
connects to the unit cell 905 positive contact 907 to the negative contact 909 of unit
cell 808, thus forming a series connection and a 3.0 volt battery between'unit cells
905 and 908. The unit cells could be connected to circuit 901 by mechanical means
such as pressure clamps, clips or any other means to hold the unit cells contacts to
the circuit. Also, the contacts could be fastened by solder, conductive adhesives etc.
with or without through hole technology.

[0154] The printing of the anode and/or anode/anode collector will allow for
the direct connection of unit cells into battery packs directly on the printing press,
and without the use of conductive adhesives and/or solders etc. The printing of the
cell/battery construction and connections is detailed later in this description. |

[0155] The changes to the general construction are listed below and shown
in battery 899 as shown in Figure 19A, where six carbon cathode collectors 822 are
printed and six anode collectors 850 are also printed. On top of the anode coliector,
the zinc anode 851 is printed within ‘the cell active area as shown by the patterned
area.

[0156] Because the anode collector can be printed, the need for the
conductive adhesive 805 as described in battery 800 construction of Figure 19 (see
below) is not required because the printed silver contacts will make an excellent
connection to all of the printed contacts and connectors and thus good electrical
contact.

[0157] The electronic application or similar device might also be
manufactured using the technology of printed anode batteries described above. In
this process, the printed battery (or a cell if the application requires 1.5 volts) is made
as described in the above paragraphs. This process is then expanded to include the
required operations to make the device on the same substrate using similar or
additional method steps.
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[0158] Thin printed flexible cells/batteries can have many potential
applications. These include the following general categories as examples:

1) Advertising and promotion

2) Toys, novelties, books, greeting cards, and games

3) Inventory tracking and control such as (smart RFID tags)

4) Security tags

5) Condition indicators such as temperature, humidity, etc.

6) lontophoretic applications for pharmaceuticals and/or cosmetics

7) Healthcare products such as smart diapers, incontinence products, etc.

[0159] 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 necessary 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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CLAIMS

What is claimed is:

O o0 3 O W B W
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—

1. A battery including an electrochemical cell, said electrochemical
cell comprising:

a substrate having an inner surface;

a first electrochemical layer covering some portion of said inner
surface;

a second electrochemical layer covering another portion of said inner
surface and adjacent to said first electrochemical layer;

an electrolyte layer substantially covering and in electrical contact with
both said first electrochemical layer and said second
electrochemical layer; and

a covering layer covering said electrolyte layer and bound to said
substrate to form a pouch for sealing said electrolyte layer in an

interior of said cell.

2. The battery of claim 1, further comprising a plurality of said
electrochemical celis electrically connected together all sharing said substrate

in common.

3. The battery according to any of the preceding claims, wherein
said substrate is comprised of a sheet of material folded over itself to form
said covering layer, wherein said inner surface is bound to itself to form said

pouch.

4, The battery according to any of the preceding claims, wherein

said sheet of material includes a plurality of laminated layers.

5. The battery according to any of the preceding claims, wherein
said plurality of laminated layers includes a structural layer having an

integrated barrier and/or a heat sealing layer.
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6. The battery according to any of the preceding claims, wherein
said plurality of laminated layers include:

an inner layer including a polymer film and/or a heat sealing coating;

a high moisture layer including a barrier polymer;

a first adhesive layer for connecting said inner layer to said high-

moisture layer;
an outer structural layer including an orientated polyester; and
a second adhesive layer for connecting said high-moisture layer to said

outer structural layer.

7. The battery according to any of the preceding claims, wherein

said plurality of laminated layers include a metalized layer.

8. The battery according to any of the preceding claims, wherein

said first electrochemical layer is comprised of a cured and/or dried ink.

9. The battery according to any of the preceding claims, wherein
said ink includes one or more of manganese dioxide, carbon, NiOOH, silver

oxides Ag,O and/or AgO, HgO, oxygen O, in the form of an air cell, and

Vanadium oxide VOo.

10.  The battery according to any of the preceding claims, wherein

said second electrochemical layer is comprised of a strip of material laminated

to said substrate.

11.  The battery according to any of the preceding claims, wherein

said strip of material includes one or more of zinc.

12.  The battery according to any of the preceding claims, wherein

said second electrochemical layer is comprised of a cured and/or dried ink.

13.  The battery according to any of the preceding claims, wherein
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said ink includes one or more of zinc, nickel, cadmium, metal hydrides of the

AB, and the ABj types, iron, and FeS,.

14.  The battery according to any of the preceding claims, further
comprising a first collector layer between said first electrochemical layer and
said substrate, said first collector layer having a higher conductivity than said

first electrochemical layer and said substrate.

15.  The battery according to any of the preceding claims, wherein

said first collector layer is comprised of a cured and/or dried conductive ink.

16.  The battery according to any of the preceding claims, further
comprising a second collector layer between said second electrochemical
layer and said substrate, said second collector layer having a higher

conductivity than said second electrochemical layer and said substrate.

-17.  The battery according to any of the preceding claims, wherein
said second collector layer is comprised of a cured and/or dried conductive
ink.

18.  The battery according to any of the preceding claims, further
comprising a first collector layer between said first electrochemical layer and
said substrate, said first collector layer having a higher conductivity than said

first electrochemical layer and said substrate.

19.  The battery according to any of the preceding claims, wherein

said first collector layer is comprised of a cured and/or dried conductive ink.

20. The battery according to any of the preceding claims, further
comprising a second collector layer between said second electrochemical
layer and said substrate, said second collector layer having a higher

conductivity than said second electrochemical layer and said substrate.
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21.  The battery according to any of the preceding claims, wherein
said battery includes series and/or parallel connections for connecting to an

electronic application circuit thereby allowing the use of unit cells.

22.  The battery according to any of the preceding claims, wherein
said electrolyte layer includes an absorbent separator layer soaked in

electrolyte.

23.  The battery according to any of the preceding claims, wherein
said electrolyte includes one or more of: zinc chloride, ammonium chloride,
zinc acetate, zinc bromide, zinc lodide, zinc tartrate, zinc per-chiorate,

potassium hydroxide, and sodium hydroxide.

24. The battery according to any of the preceding claims, wherein
said electrolyte includes a polymeric thickener and/or gel having one or more
of: carboxymethylcellulose; polyvinyl alcohol; a starch and/or modified starch;
ethyl and/or hydroxyl-ethyl cellulose; methyl cellulose; polyethylene oxide; and

polyacryamide.

25.  The battery according to any of the preceding claims, wherein
one or both of said first electrochemical layer and said second
electrochemical layer have been modified via treatment with corona and/or

plasma.

26. A battery including an electrochemical cell, said electrochemical
cell comprising:
a substrate including a multi-layer laminate and having:
an outer surface, and
an inner surface, wherein
said substrate forms a fold over itself, such that said inner
surface forms a first inner side and a second inner side

on opposite sides of an interior of said cell, and said outer
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surface defines a first outer side and a second outer side
on opposite sides of the exterior of said battery cell;

a collector layer, including a first cured and/or dried conductive ink, at
least partially covering said first inner side;

a first electrochemical layer, including a second cured and/or dried ink,
at least partially covering said collector layer;

a second electrochemical layer on one of said first inner side and said
second inner side, wherein, if said second electrochemical layer
is on said first inner side, said second electrochemical layer is
adjacent to said first electrochemical layer,;

an electrolyte layer in contact with both said first electrochemical layer
and said second electrochemical layer and between said first
inner side and said second inner side; and

a connecting layer for connecting a portion of an outer perimeter of
said first inner side to a portion of an outer perimeter of said
second inner side to bind said first inner side to said second
inner side for holding said substrate in the folded position,
thereby forming a pouch for containing said electrolyte in the

interior of said cell.

27. A method for manufacturing a thin battery including an
electrochemical cell, said method comprising the steps of:

providing a web of a multi-layer laminate substrate;

punching or cutting a cutout from said substrate

printing a collector layer of conductive ink on an inner surface of said
web;

printing a first electrochemical layer, including an ink, over some

. portion of said collector layer;

applying a second electrochemical layer on said substrate;

applying a sealing layer on some part of said substrate;

folding said substrate to form a pouch, such that said sealing layer
attaches an inside of a first portion of said substrate to an inside
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of a second portion of said substrate, such that said first
electrochemical layer, said second electrochemical layer, and
said absorbent layer are captured within said pouch between the
insides of said first and second portions, wherein said folding
forms an opening to the interior of said pouch;

adding an electrolyte through said opening;

sealing said opening to substantially seal said electrolyte within the
interior of said pouch; and

cutting said substrate to provide one or more of said electrochemical
cells into said battery, wherein

electrical access to one or both of said first electrochemical layer and
'said second electrochemical layer is provided through said

cutout.

28.  The method of claim 27, further comprising the step of providing
an absorbent layer for contacting a portion of both said first electrochemical
layer and said second electrochemical layer, wherein, during or subsequent to
said adding an electrolyte step, at least a portion of said electrolyte is

absorbed by said absorbent layer.

29.  The method according to any one of claims 27-28, further
comprising the step of treating one or more of said first electrochemical layer,

said second electrochemical layer, and said collector layer with corona or

plasma.
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