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Growth Behavior and Microstructure of Arc Ion Plated Titanium Dioxide

Abstract

Titanium dioxide (TiO,) film prepared by Physical Vapor Deposition (PVD) has been developed
and extensively applied due to its self-cleaning, photocatalytic, and antimicrobial characteristics.
However, many questions concerning its growth processes and microstructures remain unsolved. The
present study has employed PVD arc ion plating (AIP) to deposit TiO, film to study its growth
behavior through microstructural investigation.

According to the thermodynamic calculation, the free energy of the rutile phase is lower than that
of the anatase. Theoretically, rutile instead of anatase will grow under any deposition condition.
Previous results, however, indicate that the TiO, film obtained in oxygen-deficient environment shows
a microstructure of amorphous matrix mixed with rutile crystallites. On the other hand, under
oxygen-rich conditions, the initial phase formed is rutile, consistent with the thermodynamic
calculation, and the anatase phase emergence in later stages is a kinetics problem. Furthermore, the
plasma is detected by optical emission spectroscopy (OES) and it is confirmed that with increasing
oxygen pressure or deposition time, the extent of target surface oxidation and neutral titanium atom
content increases. Consequently, only the activation energy corresponding to the metastable anatase
phase can be overcome, and thus only the metastable anatase phase can grow. Finally, the growth
mechanism of AIP-TiO, can provide a selection base of deposition parameters for the immobilization
technology of photocatalytic thin films.
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1. Introduction

With its sustainable, self-cleaning, photocatalytic, and antimicrobial characteristics, TiO, has been
extensively developed and applied in various fields. Immobilization has become a key in widening its
application. Using an appropriate deposition process to prepare TiO, film with photocatalytic anatase as its
target phase to achieve immobilization and thus attain sustainability has been a common goal for many
researchers. Many TiO, deposition processes have been developed, including sol-gel processes with a
wetting approach [2—4], chemical vapor deposition (CVD) [5, 6] processes, and various physical vapor
deposition (PVD) processes, such as sputter deposition [7-9], ion beam assisted deposition (IBAD) [10], and
arc ion plating (AIP)[11-14]. Distinct phases, including rutile (R) and anatase (A), were reported and formed
under different growth conditions. Rutile is the target phase for white pigment and optical devices, whereas
anatase is the necessary phase structure for the photocatalytic applications such as antimicrobial deodorizers
[16,17], decomposition of organic substances in water [18], handling heavy metallic ions [19], and
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purification of exhaust gases [20,21].

Among the processes described above, PVD with clean and pollution-free characteristics have received
much attention. Film structure is closely related to operating pressure, substrate temperature, substrate bias,
and oxygen partial pressure. It has been pointed out that an amorphous structure, rutile phase, and anatase
phase may form during PVD processes. The phase structure obtained is largely determined by ion energy and
temperature [12, 13]. Zhang et al. [14] indicated that, under a fixed heating source and no substrate bias,
TiO, film was an amorphous structure; however, when substrate bias was applied, rutile phase was observed.
Clearly, substrate temperature and substrate bias played important roles in determining the film structure.
Amorphous phases may transform into high-temperature stable rutile, without going through the anatase
phase. On the other hand, Zeman et al. [22], concluded that the total pressure and oxygen partial pressure are
important parameters for deposition rate, phase composition, crystallinity, and surface morphology. However,
the reason why the rutile phase came before the anatase remains unexplained. Ma et al. [23] considered that a
high-energy laser beam emitted by an infrared femtosecond laser can partially transform the stable rutile
phase into the anatase phase. The extreme high heating and cooling rate provided by the laser was apparently
responsible for non-equilibrium phase transformation.

Arc-ion plating has been shown to possess the advantages of high ionization, low temperature
deposition, high growth rate, and strong film adhesion. Furthermore, the authors’ previous experiments have
concluded the antimicrobial effect of photocatalytic TiO, film is present [24-26]. Consequently, the present
study aims to investigate the film microstructure and to elucidate the growth mechanism of AIP-TiO, film.
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