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sputtering source. In another embodiment, source 711 is a
chemical vapor deposition source. Moreover, source 711, in
some embodiments, represents a plurality of different mate-
rial sources. Beam 712 is focused on a location 719 on the
substrate 709 whereat the adatoms in the beam are deposited
to form a film layer of an energy-storage device. An assist
source 713 is provided in the chamber 707 and produces a
beam of energized particles 714 directed at the substrate
709. In an embodiment, the assist source 713 produces a
beam of energized ions 714. The energized particle beam
714 provides the energy required to control growth and
stoichiometry of the deposited material of the first beam 712.
Thus, a crystalline structure is formed on the substrate 709
as is explained in greater detail herein. The substrate 709, in
one embodiment, is an elastomer, polymer, or plastic web or
sheet on which the energy-storage device is fabricated.
Substrate 709 being elongate allows a plurality of energy-
storage devices to be deposited on successive locations of
the substrate, thereby improving the rate of energy device
production. Moreover, a plurality of deposition apparatuses
705 or sources 711, in some embodiments, are provided for
simultaneously depositing a plurality of films at different
locations on the substrate 709.

[0162] The thermal control surface 715 is connected to a
thermal source 725, which controls the temperature of
surface 715. The substrate 709 is in thermodynamic contact
with surface 715 to thereby control the temperature of the
substrate as needed for a particular deposition process on a
particular substrate. In one embodiment, the thermal source
is a coolant source, for example a cryogenic vacuum pump
that releases compressed helium toward the surface 715 to
cool it. The use of a thermally controlled surface 715 in
direct contact with the substrate 709, especially when the
direct contact is aligned or coincident with the location
whereat a thin film is being formed, allows the use of
substrates that have lower thermal degradation temperatures
than are possible using conventional solid-state thin-film
battery fabrication processes.

[0163] The above provides descriptions of wvarious
embodiments of systems in which the present invention is
performed to produce energy-storage devices or energy-
conversion devices. It is within the scope of the present
invention to combine the elements of the systems in different
ways than shown and described as long as the methods
described herein are performable with such a system. For
example, in some embodiments, the flexible substrate 709
and rolls 710, 713 can be combined with any of the
embodiments shown in FIGS. 3A-6. In some embodiments,
the thermal source 725 is also combinable with any of the
embodiments of FIGS. 3A-6. In some embodiments, the
pivotable assist sources 413 are combinable with any of the
embodiments of FIGS. 3A, 3B, SA, 5B, and 7. In some
embodiments, the material sources 511A, 511B, and 511C
are combinable with embodiments of FIGS. 3A-5A and 6-7.

[0164] Inone embodiment, the electrode second film, e.g.,
films 59 or 71 is a lithium-intercalation material which
overlays at least part of the first film, e.g., contact films 57
or 63, but does not extend beyond the boundary of the first
film. Thus, the intercalation second film remains in a solid
state during discharging and charging of the energy-storage
device. In some embodiments, the second film is deposited
using the first deposition source simultaneously with the
secondary source supplying energetic ions to the growing
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second film. In some embodiments, the first deposition
source is a physical vapor deposition source. In some
embodiments, the secondary source is an ion source sup-
plying energetic ions from a source gas comprising oxygen
(e.g., O2) or nitrogen (e.g., N2). The source gas, in another
embodiment, comprises a noble gas, e.g., argon, Xenon,
helium, neon, and krypton. The source gas, in yet another
embodiment, comprises a hydrocarbon material such as a
hydrocarbon precursor. Selection of the secondary source
gas is based on the desired effect on the stoichiometry of the
deposited film. The secondary source, in one embodiment,
provides a focused beam of energized ions. The secondary
source, in one embodiment, provides an unfocused beam of
energized ions. The energized ions provide energy to the
lithium-intercalation material in the range of about 5 eV to
about 3,000 eV. In one embodiment, the energy range of is
about 5 ¢V to about 1,000 eV. The energy range in a further
embodiment is about 10 eV to about 500 eV. The energy
range in a further embodiment is about 30 ¢V to about 300
eV. In another embodiment, the energy range is in the range
of about 60 eV to 150 eV.

[0165] In another embodiment, the energy range is about
140 eV. In an embodiment, the second film has a thickness
of greater than 10 microns. In one embodiment, the second
film has a thickness in the range of about 10 to 20 microns.
In one embodiment, the second film has a thickness in the
range of about 1 to 5 microns.

[0166] An electrolyte third film, e.g., films 61, 61C or 73,
having ionic transport qualities but not being electrically
conductive (an electrolyte) is deposited so as to completely
overlay the second deposited film. In one embodiment, the
third film is deposited using a first deposition source and a
secondary source supplying energetic ions to the growing
film. In some embodiments, the first deposition source is a
physical vapor deposition source. In some embodiments, the
secondary source is an ion source with the capability of
supplying energetic ions having an energy greater than 5 eV.
In another embodiment, the energy range is about 5 eV to
about 3,000 eV. In one embodiment, the energy range of is
about 5 ¢V to about 1,000 eV. The energy range in a further
embodiment is about 10 eV to about 500 eV. The energy
range in a further embodiment is about 30 ¢V to about 300
eV. In another embodiment, the energy range is in the range
of about 60 eV to 150 eV. In another embodiment, the energy
of the ions from the secondary source is about 140 eV. In
some embodiments, the secondary source includes oxygen
(e.g., O2) or nitrogen (e.g., N2) gas. The secondary source
gas, in another embodiment, includes a noble gas, e.g.,
argon, xenon, helium, neon, and krypton. The secondary
source gas, in another embodiment, includes a hydrocarbon
material such as a hydrocarbon precursor. Selection of the
secondary source gas is based on the desired effect on the
stoichiometry of the deposited film. The secondary source,
in one embodiment, provides a focused beam of energized
ions. The secondary source, in one embodiment, provides a
non-focused beam of energized ions. It is desirable to make
the electrolyte, third layer as thin as possible and prevent the
cathode and anode layers from shorting. In an embodiment,
the third film has a thickness of less than 1 micron. In one
embodiment, the third film has a thickness in of less than
5,000 Angstroms. In another embodiment, the third film has
a thickness of less than 1,000 Angstroms. In another
embodiment, the third film has a range of about 10 Ang-
stroms to about 100 Angstroms.



