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ABSTRACT

Embodiments of the present invention relate to apparatuses
and methods for fabricating electrochemical cells. One
embodiment of the present invention comprises a single
chamber configurable to deposit different materials on a sub
strate spooled between two reels. In one embodiment, the
substrate is moved in the same directionaround the reels, with
conditions within the chamber periodically changed to result
in the continuous build-up of deposited material over time.
Another embodiment employs alternating a direction of
movement of the substrate around the reels, with conditions
in the chamber differing with each change in direction to
result in the sequential build-up of deposited material over
time. The chamber is equipped with different sources of
energy and materials to allow the deposition of the different
layers of the electrochemical cell.
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METHOD FOR HIGHVOLUME
MANUFACTURE OF ELECTROCHEMICAL
CELLS USING PHYSICAL VAPOR
DEPOSITION
CROSS-REFERENCES TO RELATED
APPLICATIONS

0001. This application claims the benefit of U.S. Provi
sional Patent Application No. 61/074,448, filed Jun. 20, 2008,
entitled “Method for High Volume Manufacture of Electro
chemical Cells Using Physical Vapor Deposition, the con
tents of which is hereby incorporated by reference in its
entirety.
BACKGROUND OF THE INVENTION

0002 Electrochemical cells are finding ever-increasing
use as power Supplies for a large number of different appli
cations. Examples of devices commonly run off of battery
power includebut are not limited to mobile electronic devices
Such as cell phones, laptop computers, and portable media
players. The demand for increased power by these devices has
resulted in the fabrication of electrochemical cells from a

variety of materials arranged in different architectures.
0003 Conventional approaches to the fabrication of elec
trochemical cells have formed the elements of an electro

chemical cell (such as the anode, cathode, and electrolytic
material) by depositing a series of layers. Commonly, these
electrochemical cells are fabricated utilizing batch processes,
utilizing separate chambers to deposit different layers.
0004 U.S. Pat. No. 5,411,592 describes an apparatus for
the formation of thin-film batteries utilizing a substrate that is
moved between two rolls. By rotating the rolls, the substrate
is moved through a plurality of chambers, in which a film is
deposited.
0005 While the approach of the U.S. Pat. No. 5,411,592
may be effective to fabricate an electrochemical cell, it may
offer certain disadvantages. One possible disadvantage is
bulk, in that each of the films making up the electrochemical
cell must beformed in a separate chamber. By allocating each
fabrication step to a different chamber, the size of the appa
ratus is increased.

0006 Moreover, by allocating the formation of each layer
of the electrochemical cell to a different chamber, the appa
ratus of U.S. Pat. No. 5,411,592 may suffer from a lack of
flexibility. Specifically, a change in the structure of the elec
trochemical cell requires a new device with different cham
bers to be created. Where batteries are to be formed from

different materials or with differentarchitectures, the conven

tional batch-type apparatuses may be impractical.
0007. From the above, it is seen that cost effective and
efficient techniques for manufacturing of semiconductor
materials are desirable.
SUMMARY OF THE INVENTION

0008 Embodiments of the present invention relate to
apparatuses and methods for fabricating electrochemical
cells. One embodiment of the present invention comprises a
single chamber configurable to deposit different materials on
a substrate spooled between two reels. In one embodiment,
the substrate is moved in the same direction around the reels,

with conditions within the chamber periodically changed to
result in the continuous build-up of deposited material over
time. Another embodiment employs alternating a direction of

movement of the substrate around the reels, with conditions

in the chamber differing with each change in direction to
result in the sequential build-up of deposited material over
time. The chamber is equipped with different sources of
energy and materials to allow the deposition of the different
layers of the electrochemical cell.
0009. According to an embodiment of the present inven
tion, an apparatus for deposition of electrochemical cells is
provided. The apparatus includes a deposition chamber in
fluid communication with a first material Source and with a

second material source, a first gate in fluid communication
with the deposition chamber and configured to be maintained
under gas and pressure conditions similar to conditions
within the deposition chamber, and a second gate in fluid
communication with the deposition chamber and configured
to be maintained undergas and pressure conditions similar to
conditions within the deposition chamber. A Substrate is posi
tioned between two reels and extending through the first gate,
the deposition chamber, and the second gate, and a controller
is configured to rotate the reels in concert to move the Sub
strate in a direction through the deposition chamber while
material from the material source is deposited on the sub
Strate.

0010. According to another embodiment of the present
invention, a process for forming an electrochemical cell is
provided. The process includes moving a substrate spooled
between two reels in a first direction through a deposition
chamber, depositing an anode or a cathode layer on the Sub
strate in the chamber under a first set of deposition conditions,
and moving the anode or cathode layer back into the chamber.
An electrolyte layer is deposited over the anode or cathode
layer within the chamber under a second set of deposition
condition. The electrolyte layer is moved back into the cham
ber, and an other of the anode or cathode layer is deposited
over the electrolyte layer within the chamber under a third set
of deposition conditions, to form the electrochemical cell.
0011. According to a specific embodiment of the present
invention, an apparatus for forming an electrochemical cell is
provided. The apparatus includes a Substrate spooled between
two reels through a deposition chamber, a controller in elec
tronic communication with the reels and the deposition cham
ber, and a computer-readable storage medium in electronic
communication with the controller. The computer readable
storage medium has stored thereon, code directed to instruct
the controller to move a substrate through the deposition
chamberina first direction, instruct the deposition chamberto
deposit an anode or a cathode layer on the Substrate in the
chamber under a first set of deposition conditions, and
instruct the reels to move the anode or cathode layer back into
the chamber. Code stored on the computer-readable storage
medium instructs the deposition chamber to deposit an elec
trolyte layer over the anode or cathode layer within the cham
ber under a second set of deposition condition, instructs the
reels to move the electrolyte layer back into the chamber; and
instructs the deposition chamber to deposit an other of the
anode or cathode layer over the electrolyte layer within the
chamber under a third set of deposition conditions, to form
the electrochemical cell.

0012. According to another specific embodiment of the
present invention, a method for depositing material on a Sub
strate is provided. The method includes passing materials
through evaporation sources for heating to provide a vapor
using at least one method selected from the group consisting
of evaporation, physical vapor deposition, chemical vapor
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deposition, Sputtering, radio frequency magnetron Sputtering,
microwave plasma enhanced chemical vapor deposition
(MPECVD), pulsed laser deposition (PLD), laser ablation,
spray deposition, spray pyrolysis, spray coating or plasma
spraying. Oxygen gas or other oxidizing species is passed into
the evaporation chamber to mix with the material vapor and
create an oxide to be deposited. Nitrogen gas or other species
is passed into the evaporation chamber to mix with the mate
rial vapor and create a nitrate to be deposited, and a substrate
is conveyed adjacent the evaporation sources for deposition
of the vapor onto the substrate.
0013 Further understanding of the nature and advantages
of the present invention may be realized by reference to the
latter portions of the specification and attached drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

0014 FIG. 1 is a simplified schematic diagram illustrating
an apparatus for depositing battery material onto a substrate
according to an embodiment of the present invention.
0015 FIG. 2 is a simplified view of a particular embodi
ment of an apparatus in accordance with the present inven
tion.

0016 FIG. 2A is a simplified flow diagram showing steps
of an embodiment of a process for forming an electrochemi
cal cell utilizing the apparatus of FIG. 2.
0017 FIG. 2B is a simplified view of an alternative
embodiment of an apparatus in accordance with the present
invention.

0018 FIG. 2C is a simplified flow diagram showing steps
of an embodiment of a process for forming an electrochemi
cal cell utilizing the apparatus of FIG. 2B.
0019 FIG. 3A shows an example of a battery in a wound
prismatic form.
0020 FIG. 3B shows an example of a battery in a wound
cylindrical form.
0021 FIG. 4 shows the location of an electrochemical
cells formed on a coiled Substrate in accordance with one
embodiment.

0022 FIG. 5 shows an example of plurality of discrete
electrochemical cells on a Substrate and connected by leads.
0023 FIG. 6A is a simplified cross-sectional view show
ing an electrochemical cell formed according to an embodi
ment of the present invention having electrodes with a flat
thin-film morphological design.
0024 FIG. 6B is a simplified cross-sectional view show
ing an electrochemical cell formed according to an embodi
ment of the present invention having electrodes with a sinu
soidal shaped morphological design.
0025 FIG. 7 is a simplified cross-sectional view showing
an embodiment of a stacked electrochemical cell formed

according to an embodiment of the present invention.
DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

0026. Embodiments in accordance with the present inven
tion relate to techniques for manufacturing electrochemical
cells. FIG. 1 is a simplified schematic diagram illustrating an
apparatus for depositing battery material onto a substrate
according to an embodiment of the present invention.
0027. In particular, the apparatus of FIG. 1 comprises a
vacuum deposition chamber 6. The vacuum deposition cham
ber is configured to deposit thin films of materials making up
an electrochemical cell. In particular, the vacuum deposition

chamber is in fluid communication with a plurality of mate
rial sources allowing deposition of one or more of the follow
ing layers: an anode, a cathode, an electrolyte, a current
collector, and a lead connecting one or more discrete electro
chemical cells.

0028 Specifically, the vacuum deposition chamber is con
figured to have at least one evaporation source to deposit a
layer of battery cathode material onto a current collector. The
current collector may be provided on the substrate ready
made, or may itself beformed utilizing the deposition cham
ber.

0029. The deposition chamber is also configured to have at
least one evaporation Source to deposit a layer of electrolyte
material onto the cathode battery material. The electrolyte
material may be deposited as a gel or in the solid-state. The
deposition chamber is also configured to have at least one
evaporation source to deposit a layer of battery anode mate
rial onto the electrolyte layer.
0030 The deposition chamber is provided with input and
output gas gates 4 and 9 respectively. These gas gates main
tain an inert or oxidizing vacuum atmosphere in the chamber
during deposition.
0031 FIG. 2 shows a more detailed view of an embodi
ment of an apparatus in accordance with the present inven
tion. As shown in FIG. 2, one embodiment of the present
invention comprises a processing chamber configurable to
deposit different materials on a substrate spooled between
two reels.

0032. The apparatus may include a gas Supply such that an
oxidizing atmosphere can be maintained as needed at the
same time of deposition. A gas Supply valve connected to the
deposition chamber, may allow a reactive gas atmosphere to
be maintained as needed at the same time of deposition.
Another gas Supply valve, connected to the deposition cham
ber, may allow an inert gas atmosphere to be maintained in the
chamber while the processed substrate is moved out of the
chamber.

0033. The chamber is equipped with different sources of
energy and materials to allow the deposition of the different
layers of the electrochemical cell. For example, the chamber
may be equipped with heating or cooling elements to control
the thermal environment therein. These temperature control
elements may be global, for example in the form of heat lamps
or peltier heaters or coolers. Alternatively, or in conjunction
with global heat Sources/sinks, the apparatus may be
equipped with localized temperature control elements. Such
as lasers orjets of cryogenic fluids, that are able to be directed
at specific portions of the deposited materials.
0034. The chamber may also be equipped to expose the
materials therein to radiation. Examples of radiation sources
in accordance with the present invention include but are not
limited to UV radiation sources, microwave radiation

Sources, and electronbeams. Other possible sources of radia
tion for use in the chamber include infrared radiation sources,

pulsed lasers, nanosecond lasers, low energy lasers (for

example having a power on the order of mJ/cm) and high
J/cm), and neutron, electrons, photons or other atomic par

energy lasers (for example having a power on the order of
ticles scattering.
0035. The apparatus includes a supply chamber connected
in series with the deposition chamber. A substrate material is
fed to the deposition chamber. The substrate material is kept
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in the same gas atmosphere of the deposition chamber and it
is unrolled and passed to the deposition chamber continu
ously or sequentially.
0036. The input/output gates may comprise evacuation
chambers connected in series with the deposition chamber
and kept at the same gas atmosphere. The Substrate material,
upon which the battery has been deposited, passes through the
evacuation chamber and is collected in a roll.

0037. This embodiment of the apparatus can be adapted to
deposita stack of solid state battery cells onto the substrate. In
this embodiment, the Supply and evacuation chambers are
reversible. Therefore, when the roll of substrate material has

undergone one pass through the deposition chamber, the
direction of the substrate can be reversed and the substrate

passed through the deposition chamber again to allow forma
tion of another layer of the electrochemical cell.
0038. Thus, in the particular embodiment shown in FIG.2,
a direction of movement of the substrate around the reels is
alternated. Conditions within the chamber are varied with

each change in direction, in order to result in the sequential
build-up of deposited material over time. In particular, a con
troller is in electrical communication with each of the reels
and the chamber. The controller is also in communication

with a computer readable storage medium, having stored
thereon code configured to direct the alternating movement of
the substrate in conjunction with deposition of the different
layers of material of the electrochemical cell.
0039 FIG. 2A is a simplified diagram showing the steps of
a process flow 200 of forming a battery structure utilizing this
approach. Specifically, in a first step 201, the reels are rotated
to move a Substrate in a first direction through the deposition
chamber.

0040. In a second step 202, the current collector material is
deposited on the substrate if the substrate is not electrically
conducting. In a third step 203, the material of a first electrode
is deposited on the Substrate. In certain embodiments, the
material of the anode is deposited first. In other embodiments,
the material of the cathode may be deposited first.
0041. In a fourth step 204, the direction of rotation of the
reels is changed, and the Substrate bearing the deposited
electrode material is moved in the opposite direction back
through the chamber. In fifth step 205, the material of the
electrolyte is deposited over the first electrode.
0042. In a sixth step 206, the direction of rotation of the
reels is again reversed to the original direction, and the Sub
strate bearing the deposited electrolyte material is again
moved back through the chamber. In seventh step 207, the
material of the second electrode (anode or cathode) is depos
ited over the electrolyte. In an eighth step 208, the material of
the current collector is deposited on the second electrode.
0043. The above sequence of steps provides a process
according to an embodiment of the present invention. As
shown, the method uses a combination of steps including a
changes in direction of the movement of the Substrate through
the chamber, coupled with changes in deposition conditions
within the chamber. Other alternatives can also be provided
where steps are added, one or more steps are removed, or one
or more steps are provided in a different sequence without
departing from the scope of the claims herein. Further details
of the present method can be found throughout the present
specification.
0044. In an alternative approach, the substrate may be
moved in the same direction around the reels, with conditions

within the chamber periodically changed to result in the con
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tinuous build-up of deposited material over time. FIG. 2B
shows a simplified schematic view of an embodiment of an
apparatus configured to form a battery structure according to
Such an approach. In particular, a controller is in electrical
communication with the reels and the deposition chamber.
The controller is also in communication with a computer
readable storage medium having stored thereon code to direct
the controller to consistently rotate the reels in the same
direction to first form an electrode layer. After a certain
amount of time when the substrate is covered with the elec

trode layer, code stored on the computer readable storage
medium causes the controller to instruct the chamber to

change the deposition conditions to deposit an electrolyte
layer. Subsequently, the controller instructs the deposition
chamber to change conditions within the chamber yet again to
deposit the material of the other of the electrodes (anode or
cathode).
0045 FIG. 2C is a simplified chart summarizing the flow
220 of steps of forming a battery structure utilizing this
approach. In a first step 222, the reels are rotated to move the
substrate through the chamber. In a second step 223, while the
reels are being rotated in the same direction, a current collec
tor material is deposited on the substrate if the substrate is not
electrically conducting.
0046. In a third step 224, while the reels are being rotated
in the same direction, an electrode material (anode or cath
ode) is deposited on the substrate, or the current collector
material if the Substrate is non-conducting. In a fourth step
226, once the substrate has been covered with the electrode
material, conditions within the chamber are changed to
deposit an electrolyte material on the electrode.
0047. In a fifth step 228, once the first electrode material
has been covered with the electrolyte, conditions within the
chamber are again changed and a second (cathode or anode)
material is deposited. In a sixth step 229, the current collector
material is deposited on the second electrode.
0048. The above sequence of steps provides a process
according to an embodiment of the present invention. As
shown, the method uses a combination of steps including
movement of the Substrate through the chamber in a consis
tent direction, coupled with changes in deposition conditions
within the chamber. Other alternatives can also be provided
where steps are added, one or more steps are removed, or one
or more steps are provided in a different sequence without
departing from the scope of the claims herein. Further details
of the present method can be found throughout the present
specification.
0049. The deposition chamber may be configured to
deposit materials by at least one method selected from evapo
ration, physical vapor deposition (PVD), chemical vapor
deposition (CVD), Sputtering, radio frequency magnetron
sputtering, microwave plasma enhanced chemical vapor
deposition (MPECVD), pulsed laser deposition (PLD), laser
ablation, spray deposition, spray pyrolysis, spray coating, or
plasma spraying.
0050 Conditions for deposition may, but need not, take
place in a reduced pressure environment. Thus, the deposition
chamber may be he deposition chamber may be configured to
deposit materials by at least one.
0051. In particular embodiments, the apparatus is config
ured to deposit materials utilizing microwave hydrothermal
synthesis to create nanoparticles. Nanoparticles deposited
according to embodiments of the present invention may
exhibit at least one of the shapes selected from the group
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consisting of spheres, nanocubes, pseudocubes, ellipsoids,
spindles, nanosheets, nanorings, nanospheres, nanospindles,
dots, rods, wires, arrays, tubes, nanotubes, belts, disks, rings,
cubes, mesopores, dendrites, propellers, flowers, hollow inte
riors, hybrids of the listed structures, and other complex
SuperStructures. Particular embodiment of apparatuses
according to the present invention can be configured to
deposit particles using microwave exposure to induce at least
one of the following mechanisms: nucleation, aggregation,
recrystallization, and dissolution-recrystallization.
0052. In particular embodiments, the apparatus may be
configured to deposit materials utilizing laser ablation, ther
mal evaporation, vapor transport, or a combination of these
techniques, to deposit nanowire, nanotube, or nanobelt struc
tures, or a combination of them. The materials that can be

deposited in these embodiments include, but are not limited
to, Group III-IV semiconductor nanowires (e.g. silicon), Zinc
(Zn) and Zinc oxide (ZnO) nanowires, nanobelts of semicon
ducting oxides (oxides of Zinc, tin, indium, cadmium, and
gallium), carbon nanotubes and carbon meso-structures.
0053 Embodiments of the present invention may offer a
number of benefits over conventional approaches. For
example, embodiments of the present invention facilitate the
Scalable manufacture of single or multiple, high-perfor
mance, thin-film electrochemical cells, particularly as com
pared with conventional batch-type manufacturing processes.
0054 Embodiments of the present invention also offer a
high degree of flexibility as compared with conventional
approaches. In particular, embodiments of the present inven
tion allow multiple manufacturing techniques to be employed
utilizing a single chamber. This approach creates a system
that is capable of utilizing multiple deposition techniques
specific to optimized layers or graded materials, within one or
multiple cells.
0055 Certain embodiments of the present invention allow
for the fabrication of a plurality of electrochemical cells in a
Vertical (Stacked) configuration. Thus, particular embodi
ments of the present invention may also include at least one
evaporation source adapted to deposit current collector layers
between the second electrode of a first deposited battery and
the first electrode of the next deposited battery in a stack, and
also a top conductive metal layer upon the second electrode of
the last deposited battery in a stack.
0056 Alternatively, embodiments of the present invention
may allow for the horizontal formation of batteries/electro
chemical cells on a ribbon-type Substrate. In particular
embodiments. Such a ribbon may be coiled in a wound pris
matic form, as is shown in FIG. 3A. In alternative embodi

ments, such a ribbon may be coiled in a wound cylindrical
form, as is shown in FIG. 3B.
0057. As shown in FIG. 4, in certain embodiments the

deposition of materials on the substrate may be limited to
particular locations. In particular, deposited materials may be
excluded from portions of the substrate expected to be the
location of a sharp turn in the coil, thereby avoiding high
stresses and possible defects associated with winding.
0058. In particular embodiments, a plurality of electro
chemical cells may be formed in a horizontal series on a
ribbon-type Substrate, with electrical communication
between the discrete electrochemical cells established

through conducting lead structures. Such a embodiment is
shown in FIG. 5.

0059. Where such leads are relatively thin and fragile, the
tight turns of a coil could impose physical stress on them,

possibly resulting in fracture. Accordingly, particular
embodiments of the present invention may space the discrete
batteries/cells with increasing spacing. Such spacing would
accommodate a larger amount of material in Successive turns
as the material is wound, reducing physical stress.
EXAMPLES

Example 1
Manufacture of a Thin-Film Li Battery
0060. This example demonstrates the process of manufac
turing a new electrochemical cell. In particular, two different
morphological designs of electrodes are shown. FIG. 6A is a
simplified cross-sectional view showing an electrochemical
cell formed according to an embodiment of the present inven
tion having electrodes with a flat thin-film morphological
design. FIG. 6B is a simplified cross-sectional view showing
an electrochemical cell formed according to an embodiment
of the present invention having electrodes with a sinusoidal
shaped morphological design.
0061. The materials for the three-dimensional electro
chemical cells are copper as anode current collector (16 in
FIG. 6A, 21 in FIG. 6B), lithium metal as anode (17 in FIG.
6A, 22 in FIG. 6B), polymer with lithium salts as the electro
lyte (18 in FIG. 6A, 23 in FIG. 6B), lithium manganese oxide
as cathode (19 in FIG. 6A, 24 in FIG. 6B), and aluminum as
cathode current collector (20 in FIG. 6A, 25 in FIG. 6B).
Because a polymer electrolyte is used, a separator is unnec
essary.

0062. These materials used here are for illustrative pur
poses only. In accordance with alternative embodiments,
other materials could be used to form the electrochemical cell

and still remain within the scope of the present invention.
0063. In the flat electrode configuration of FIG. 6A, the
substrate is the first current collector (copper). Successive
layers of materials, active and inactive, are deposited via PVD
on the substrate in the deposition chamber.
0064. In the sinusoidal configuration, a ridged polymeric
film is used as the substrate. A first metallic layer (copper) is
deposited on the substrate, followed by successive layers of
materials, active and inactive, which are deposited via PVD in
the chamber.

Example 2
Manufacture of a Stacked Set of Cells, Producing a
Higher Voltage, and Energy, Battery
0065. This example demonstrates the process of manufac
turing a stacked cell. FIG. 6 shows two flat thin-film cells
stacked together. The materials for the three-dimensional
electrochemical cells are copper as anode current collector
(26 and 31), lithium metal as anode (27 and 32), polymer with
lithium salts as the electrolyte (28 and 33), lithium manganese
oxide as cathode (29 and 34), and aluminum as cathode
current collector (30 and 35). Because a polymer electrolyte
is used, a separator is not required.
0066. The particular materials listed here are for illustra
tive purposes only. Other materials could be employed by
alternative embodiments and still remain within the scope of
the present invention.
0067. In this particular example, multiple layers are
deposited in sequence using the first flat metallic layer (cop
per current collector) as the substrate. PVD is used to deposit
the Successive active and inactive materials.
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0068 While the above-embodiments describe electro
chemical cells fabricated from particular materials, the
present invention is not limited to the use of Such materials.
Alternative embodiments could deposit a wide variety of

deposited materials for the anode, electrolyte, and cathode,
and remain within the scope of the present invention. For
example, TABLE 1 is a non-exhaustive list of examples of the
materials making up various types of electrolytic cells.
TABLE 1.
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TABLE 1-continued
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TABLE 1-continued
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0069. It is further understood that the examples and
embodiments described herein are for illustrative purposes
only and that various modifications or changes in light thereof
will be suggested to persons skilled in the art and are to be
included within the spirit and purview of this application and
Scope of the appended claims.
1-44. (canceled)
45. A composition comprising:
a substrate material configured to be wound between reels,
the Substrate material comprising copper (Cu), alumi
num (Al), stainless steel, or other Suitable conductive
alloy in the form of a thin foil and bearing,
a first electrode material comprising at least one of lithium
metal (Li), lithium titanium oxide (Li TisC)), graphite
(C), or meso-carbon structures;
an electrolyte material overlying the first electrode mate
rial and comprising at least one of lithium phosphorus
oxynitride (LIPON) or a lithium salt mixed with poly
ethylene oxide (PEO), poly-vinylidene fluoride
(PVDF), or a combination of PEO and PVDF; and
a second electrode material overlying the electrolyte mate
rial and comprising at least one of a layered metal oxide
material, a layered spinel material, or a layered olivine
material.

46. The composition of claim 45 wherein the meso-carbon
structures comprise at least one of microbeads or other micro

53. The device of claim 52 wherein the substrate, first

current collector, the first electrode, the electrolyte material,
and the second electrode layer form a resulting electrochemi
cal cell.

54. The device of claim 53 wherein the first electrode layer
comprises at least one of lithium metal (Li), lithium titanium
oxide (Li TiO2), graphite (C), or meso-carbon structures.
55. The device of claim 52 further comprising an electri
cally conducting lead connecting the plurality of discrete
cells.
56. The device of claim 52 wherein the first electrode

material, the electrolyte material, and the second electrode
material are formed as part of a vertical stack of a plurality of
cells.

57. A solid state battery cell, the composition comprising:
a Substrate;

a first electrode layer overlying substrate, the first electrode
layer comprising at least one of lithium metal (Li),
lithium titanium oxide (Li TiO2), graphite (C), or
meso-carbon structures;

a first current collector formed within a vicinity of the first
electrode layer;
an electrolyte material formed overlying the cathode that is
capable of ionic diffusion, the electrolyte material being
configured as a Solid State material;
a second electrode layer formed overlying the electrolyte
material; and

Structures.

47. (canceled)
48. The composition of claim 45 wherein the layered oxide
material comprises LiCoO, the layered spinel material com
prises LiMn2O, or the layered olivine material comprises

LiFePO, Li(Ni, Mn,Co.).O., LiNiCo,Al,O.
(NCA), or LiNi,Mn,Co-O (NCM).

49. (canceled)
50. The composition of claim 45 further comprising an
electrically conducting lead connecting the plurality of dis
crete cells.

51. The composition of claim 45 wherein the first electrode
material, the electrolyte material, and the second electrode
material are formed as part of a vertical stack of a plurality of
cells.

52. A solid State battery device comprising a composition,
the device comprising:
a roll comprising a Substrate collected from a deposition
apparatus, the Substrate being configured on a non-con
ductive material; a first current collector formed overly
ing the substrate; a first electrode layer that is capable of
an electrochemical reaction with ions formed overlying
current collector; an electrolyte material formed overly
ing the cathode that is capable of ionic diffusion, the
electrolyte material being a solid state material; a second
electrode layer formed overlying the electrolyte mate
rial; and a second current collector formed overlying the
second electrode layer; and wherein the electrolyte
material comprising at least one of lithium phosphorus
oxynitride (LIPON) or a lithium salt mixed with poly
ethylene oxide (PEO), poly-vinylidene fluoride
(PVDF), or a combination of PEO and PVDF and con
figured as the Solid State material.

a second current collector formed within a vicinity of the
second electrode layer.
58. The cell of claim 57 wherein the substrate, first elec

trode layer, the first current collector, the electrolyte material,
the second electrode layer, and the second current collector
are configured as a roll.
59. The cell of claim 57 wherein the first electrode layer is
the lithium titanium oxide (Li TiO2) or the meso-carbon
Structures.

60. The cell of claim 57 wherein the first electrode layer is
the lithium metal.

61. The cell of claim 57 wherein the electrolyte material
comprising at least one of lithium phosphorus oxynitride
(LIPON) or a lithium salt mixed with poly-ethylene oxide
(PEO), poly-vinylidene fluoride (PVDF), or a combination of
PEO and PVDF and configured as the solid state material.
62. The cell of claim 57 wherein the first electrode layer
comprises the lithium metal; and the electrolyte material
comprises a lithium phosphorus oxynitride.
63. The cell of claim 57 wherein the substrate is made of a
non-conductive material.
64. The cell of claim 57 wherein the substrate is made of a
conductive material.
65. The cell of claim 57 wherein the first or second elec

trode layer comprises at least one of a layered metal oxide
material, a layered spinel material, or a layered olivine mate
rial.

66. The cell of claim 57 wherein the first electrode layer,
the electrolyte material, and the second electrode layer are
formed as part of a vertical stack of a plurality of cells.
c

c

c

c
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