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Plasma assisted deposition methods have been widely used so far to synthesize varieties of thin films. However,
charged particles such as electrons and iors, which are inevitably included in plasma, hit surfaces of thin film while the
films are being deposited and deteriorate the characteristics of the films. [n this article we first describe our results con-
cerning titanium oxides deposition by a “pulsed beam deposition method” and show that active oxygen species are nec-
essary lo synthesize completely oxidized titanium oxide thin films. Subsequently, we introduce a high intensity radical
beam source which does not emit charged particles and its performance with a review of radical beam sources and
methods to determine the intensity of radical beam. Finally, we conclude with some examples of the application of the

radical beam source to the synthesis of ceramic films,
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Fig. 1 X-ray diffraction patterns for titanium oxide films syn-
thesized with a varying number of oxygen gas pulses.
The number of gas pulses and the oxidation state of ti-
tanium oxide areas follows: (a) 3 pulses, Ti:0s, (b) 5
pulses, Ti0s, (c) 10 pulses, Tiz0s, {d) 15 pulses,
Ti0s, () 20 pulses, unidentified state, and (f) 50
pulses, TiO: (rutile).
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Fig. 2 Relationship between oxidation state, oxygen gas
pulse number and substrate temperature. (B) TiOz
(O) TiOs; (@) TiaOs; () Tiz0s; (@) amorphous; and
{A), (&), (), and { ¥} unidentified states.
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Fig,3 Oxygen gas pulse number dependence of XRD pro-
files of titanium oxide thin films synthesized on MgO
(100) single crystal substrate by using the pulsed-
molecular beam deposition method. {a) 0 pulse/unit-
layer; (b} 10 pulses; (c) 20 pulses; (d) 30 puises; (g)
40 pulses; (f) 50 pulses.
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Fig. 4 Dependence of O/Ti ratio of the titanium oxide films
synthesized by the pulsed-molar beam deposition

method on the number of oxygen gas pulses.
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Fig. 5 Simplified schematic of a typical potential surface for
the interaction of oxygen with a surface.
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Fig. 7 Schematic drawing of the radical beam source.
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Fig. 8 Schematic setup of the radical beam source. The radi-
cal beam source emits a mixture of O, O and so force
from the end plate.
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Fig. 9 Mass increase of a Ag film as a function of exposure
time to atomic oxygen beam.
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