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[0167] In another embodiment, the third film is deposited
using a first source supplying energetic ions ( 5 to 3000 ¢V)
to a material source (target) at an impingement angle of 15
to 70 degrees and a second source supplying energetic ions
to the growing film. The first deposition source includes a
beam of focused energetic ions from a source gas. The
source gas includes one of the sources gases described
herein.

[0168] An anode, fourth film, e.g., film 65 or 75 includes
from a lithium-intercalation material that is deposited on and
overlays the third film but not contacting first film (barrier)
or second film (cathode). In one embodiment, the fourth film
is deposited using a first deposition source simultaneously
with a secondary source supplying energetic ions to the
growing fourth film. In some embodiments, 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 that includes oxygen
(e.g., O2) or nitrogen (e.g., N2). The source gas, in another
embodiment, includes a noble gas, e.g., argon, Xenon,
helium, neon, and krypton. The 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 another 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 eV to about 00 eV.
In another embodiment, the energy range is in the range of
about 60 eV to 150 eV. In another embodiment, the energy
range of the ions from the secondary source is about 140 eV.
In an embodiment, the fourth film has a thickness of greater
than 10 microns. In one embodiment, the fourth film has a
thickness in the range of about 10 to 40 microns. In another
embodiment, the fourth film is deposited by plasma decom-
position of hydrocarbon pre-cursor(s) at the surface of the
substrate thereby forming a lithium-intercalation anode. In
some embodiments, deposition is performed by plasma
enhanced CVD using hydrocarbon precursors. In one
embodiment, the deposition includes dopants such as N,. In
one embodiment, a secondary source provides energized
ions to assist in the deposition of the fourth film. The
energized ions provide energy in the range as described
herein. In some embodiments, the secondary source is the
same as any described herein.

[0169] In another embodiment, the anode, fourth film is
deposited by direct ion beam deposition of a lithium-
intercalation material using hydrocarbon precursors. The
first deposition source provides a beam of focused energetic
ions ( 5 to 3000 ¢V) from a source gas hydrocarbon
precursor directed at the target material. In one embodiment,
a secondary source supplies energetic ions to assist in
growing the fourth film and is a secondary source as
described herein.

[0170] A contact, fifth film, e.g., film 65 or 77, which is
electrically conductive and does not react with the fourth
film is formed in contact with at least part of the fourth film.
The fifth film does not contact the second film (cathode). In
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an embodiment, the fifth film has a thickness of greater than
0.5 microns. The fifth film acts as an anode current collector
for contact to external circuitry.

[0171] Insome embodiments, a passivation, sixth film 79,
which is electrically non-conductive and chemically inert,
essentially overlays the energy-storage device as formed
thus far, i.e., all the second, third, and fourth films, so that
same are packaged and free from environmental contami-
nants that may react with these films and degrade perfor-
mance of the energy-storage device. Environmental con-
taminants may include further fabrication materials for
devices with the energy-storage device integrated therewith.
In some embodiments, the first and fifth contact films are
partially exposed outside the sixth film for connection to
circuitry outside the energy-storage device.

[0172] The substrate 55, 309 or 709, on which the films
described herein are deposited, includes any material
capable of supporting a thin film and being able to withstand
the deposition process described herein. In one embodiment,
the substrate is formed of a material having a temperature at
which it will begin to degrade due to thermal effects of less
than 700 degrees Celsius. A further embodiment includes a
substrate having such a temperature at which it experiences
thermal degradation of less than or equal to about 300
degrees Celsius. Thermal degradation of the substrate
includes loss of shape of the substrate, loss of sufficient
rigidity to support an energy-storage device, chemical
breakdown of the substrate, cross-linking of materials on the
substrate and/or films, melting, and combustion. Examples
of substrates include silicon wafers and silicon on insulator
structures. Other examples of substrate materials include
metals on which an insulator layer is formed prior to
formation of the energy-storage device as described herein.
In another example, the metal may act as a contact for the
energy-storage device with insulator layers electrically sepa-
rating the electrolyte film, the anode film and the anode
contact from the metal substrate. Examples of other mate-
rials that have a low thermal degradation temperature that
are suitable for fabricating an energy-storage device as
disclosed herein include paper, fabrics (natural and syn-
thetic), polymers, plastics, glasses, and ceramics.

[0173] The substrate 55, 309, or 709 has a form that is
applicable to the type of apparatus used to fabricate the
energy-storage device according to the teachings herein.
One example of the substrate shape is a semiconductor
wafer. Other forms of the substrate include elongate webs,
weaves, foils, and sheets. It is within the scope of the present
invention to provide a substrate having sufficient size on
which a plurality of energy-storage devices and/or a plural-
ity of energy conversion devices are fabricated. One
embodiment of the substrate 55, 309, or 709 includes a
substrate that retains its support characteristics during an in
situ temperature treatment. In the in situ temperature treat-
ment, the substrate is placed in intimate contact with a
thermally controlled surface, e.g., surface 715. In one
embodiment, the thermally controlled surface is a cooled
surface such that heat associated with deposition of any of
the films described herein are thermally balanced so as not
to thermally degrade the substrate or any other structural
element previously formed on the substrate. Thus, in some
embodiments, substrates having low thermal degradation
temperatures, such as low melting points or low combustion
temperatures, are used as substrates in the present fabrica-



