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FIGS. 1B and 2B. The method includes providing a sub-
strate 55 (step 251) and depositing a cathode contact film 57
on the substrate 55 (step 253). In some embodiments, step
251 includes providing a substrate having insulator layers or
other layers/devices formed thereon. The method further
includes a step 255 of depositing an electrode material to a
location on the substrate, while simultaneously supplying
energized particles to the electrode material at the substrate.
In one embodiment, an assist source provides the energized
particles. In some such embodiments, the energized particle
beam is directed to the same location on the substrate as the
electrode material. In an embodiment, the energized par-
ticles are energized ions. The energized ions, in an embodi-
ment, include a material that is different than the electrode
material. The energized particles or the ion beam assist in
controlling growth of the structure of the electrode material
at the location. In some embodiments, step 255 is used to
form a cathode film or layer 59 for a solid-state, thin-film
battery. The cathode film 59 is in electrical and physical
contact with the cathode contact. An electrolyte film 61 is
deposited, step 257, on the cathode film 59. An anode film
63 is deposited, step 259, on the electrolyte film. The
electrolyte film 61 separates the cathode and anode films 59
and 61 to prevent shorting the energy-storage device 50, e.g.,
battery. An anode contact is formed, step 261, in electrical
and physical contact with the anode film. The thin-film
battery according to the present invention is now formed and
is subjected to post energy-storage device fabrication steps
263.

[0145] The deposition of the cathode film includes direct-
ing a first material (e.g., adatoms) to a location on the
substrate, while simultaneously supplying energized par-
ticles (e.g., ions) of a second material to the location on the
substrate. In some embodiments, the second material is
different from the first material. The energized particles
supply energy to the first material to assist in the growth of
a desirable crystal structure in the cathode film. Moreover,
this controls the stoichiometry of the growing film at the
location on the substrate. In one embodiment, the first
material is a lithium-intercalation material used as a solid-
state, thin-film battery cathode. The assist source provides
ions that provide energy in a range of 5 ¢V to 3000 eV to the
lithium-intercalation material. Control of the energy in the
ions produced by the assist source provides in situ control
for growing a lithium-intercalation film having a crystalline
structure. The energy from the ions assists the formation of
lithium-intercalation materials into a crystalline structure at
the time of deposition. In one embodiment, the gas used to
form the ions is used to control the stoichiometry of the
growing, crystalline film. For example, an ionized, assist
beam of O, is used to control the growth and stoichiometry
of a LiCoO, intercalation material. In some such embodi-
ments, the O, in the ion assist beam combines with LiCo at
the location to form the LiCoO, intercalation material.

[0146] The crystalline structure of a thin film formed
according to the teachings herein has a higher order than
those achieved by conventional cathode film forming tech-
niques. Conventional techniques rely on a high-temperature,
post-cathode-deposition anneal to reorder and crystallize the
structure of a conventional cathode film. Unfortunately, such
conventional techniques anneal the entire structure to the
same temperatures, which is undesirable in that the substrate
must withstand such temperatures which eliminates many
otherwise suitable substrate materials from consideration.
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Further, different layers cannot be provided with different
anneals suited to their different requirements. A highly
ordered crystalline cathode film is desirably achieved
according to the teachings described herein by providing the
required energy to form the desired, high-order and appro-
priately oriented crystal structure without subjecting the
substrate, and other layers formed on the substrate including
the cathode-contact film to a high-temperature anneal. Fur-
ther, each layer can be annealed using a different anneal
process (such as using ion assist beams having different
energies for different layers, or depositing and annealing at
different rates or for different durations). Further, by anneal-
ing the surface layer of the previous layer, a subsequent layer
can be deposited onto a surface that has been ordered in a
specific way (for example, to achieve a specific crystal
orientation, or a specific ion-bonding surface) that enhances
the quality of that subsequent layer.

[0147] FIG. 2C shows one embodiment of a method for
fabricating an energy-storage device. Steps 251, 253, 259,
261, and 263 are the substantially similar to the steps
described above with reference to FIG. 2B. Step 255C is a
step for depositing a cathode film at least partially on the
cathode contact film. In an embodiment, the cathode film is
deposited as described above in step 255. In other embodi-
ments, the cathode film is deposited according to other
deposition processes known in the art. The electrolyte film
is formed by depositing an electrolyte material to a location
at least partially in contact with the cathode film (step 257B).
In a preferred embodiment, the electrolyte material is in
contact with a substantial portion, if not all of, a surface of
the cathode film. In some embodiments, an assist source
simultaneously supplies energized particles to the electro-
lyte material as it forms the electrolyte film. In an embodi-
ment, the assist source supplies a beam of energized ions of
an assist material different than the electrolyte material. In
one embodiment, the second material beam is directed to the
same location on the substrate as the electrolyte material.
The energized ion beam assists in controlling growth of the
structure of the electrolyte film. The ion beam is unfocused
in one embodiment. The ion beam is focussed in another
embodiment.

[0148] The deposition of the electrolyte film includes
directing an electrolyte material to a location at least par-
tially in contact with the cathode film, while simultaneously
supplying energy to the electrolyte material. In one embodi-
ment, the energy is supplied by energized particles. In some
such embodiments, the energized particles are energized
ions. In some such embodiments, the energized particles
from the assist source are of a different material than the
electrolyte material. The energized particles supply energy
to the electrolyte first material to assist in the growth of a
desirable, solid electrolyte-film structure. Moreover, this
controls the stoichiometry of the growing electrolyte film.

[0149] Inoneexample, the electrolyte material is a lithium
phosphorus oxynitride. In some embodiments, the assist
source provides ions that provide energy in a range of about
5 eV to about 5000 eV to the lithium phosphorus oxynitride
(“LiPON”). Control of the energy in the ions produced by
the assist source provides in situ control for growing a
lithium phosphorus oxynitride structure at the location. The
energy from the ions assists the formation of the lithium
phosphorus oxynitride material into a desirable structure at
the time of deposition. In one embodiment, the gas used to



