Applied Surface Science 340 (2015) 160-165

journal homepage: www.elsevier.com/locate/apsusc

Contents lists available at ScienceDirect

Applied Surface Science

b o

Applied
Slllijface Science

Preparation of 'y-Al,03 films by laser chemical vapor deposition

Ming Gao, Akihiko Ito*, Takashi Goto

@ CrossMark

Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 1 December 2014

Received in revised form 24 February 2015
Accepted 27 February 2015

Available online 9 March 2015

- and a-Al, 05 films were prepared by chemical vapor deposition using CO, Nd:YAG, and InGaAs lasers
to investigate the effects of varying the laser wavelength and deposition conditions on the phase com-
position and microstructure. The CO, laser was found to mostly produce a-Al,03 films, whereas the
Nd:YAG and InGaAs lasers produced y-Al, O3 films when used at a high total pressure. y-Al,03 films had

a cauliflower-like structure, while the «-Al,05 films had a dense and columnar structure. Of the three
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nanoparticles observed.

lasers, it was the Nd:YAG laser that interacted most with intermediate gas species. This promoted -
Al,03 nucleation in the gas phase at high total pressure, which explains the cauliflower-like structure of

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

The excellent chemical stability and mechanical properties of
alumina (Al;03) has seen it widely used as both a structural and
refractory material. Chemical vapor deposition (CVD) has also been
used to create films of the high-temperature alumina phase, a-
Al;03, which is widely used as a coating on cutting tools [1] due
to its high hardness and thermal stability. Meanwhile, the low-
temperature phase of Al,03, y-Al,03, is best described as a defect
spinel structure in which partly uncoordinated Al and O ions can
act as acids and bases, respectively. This gives y-Al,03 a high cat-
alytic activity [2], making Al,O3-supported catalysis more effective
at high temperatures and high oxygen partial pressures that would
destroy zeolite-based catalysts [3]. It also means that porous y-
Al, O3 films have great potential as a support material for catalysis
and artificial photosynthesis [4].

Unfortunately, y-Al,03 films prepared at low deposition tem-
peratures tend to have a low crystallinity and contain residual
precursor phases [5], with Pflitsch et al. [6] reporting that 'y-Al,03
films have a surface morphology similar to amorphous Al,05 films
consisting of aluminum hydroxides. Nevertheless, Larsson et al. [7]
have successfully prepared y-Al,03 films on a TiN buffer layer by
using H,S to promote the columnar growth of y-Al, O3, but this also
resulted in residual sulfur. Furthermore, as the films were prepared
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at low deposition temperatures, the deposition rates were only in
the order of 0.3-0.4 umh-1.

We have previously argued that intense laser irradiation can
enhance the CVD reaction [8-10], allowing highly oriented a-Al,03
films to be produced at high deposition rates by using Nd:YAG
and InGaAs lasers [11-13]. However, although high-powered lasers
are known to significantly affect the CVD process, the effect of the
laser’s wavelength on the formation of y- and a-Al, 03 phases in the
film has not yet been elucidated. The present study therefore uses
three different types of high-powered laser (i.e., InGaAs, Nd:YAG,
and CO, lasers) to explore their effects on the phase composition
and microstructure of the Al,Os film. This is herein discussed with
a view to determining the precise mechanism and optimum con-
ditions for growing y-Al,0s3 films by laser CVD.

2. Experimental procedures

A previously described laser CVD apparatus [11] was used
to prepare Al,0O3 films on yttria-stabilized zirconia (YSZ) sub-
strates (5mm x 5mm x 1 mm) using aluminum acetylacetonate
(Al(acac)s) as the precursor. For this, a continuous-wave InGaAs
(A=808 nm; 200 W max.), Nd:YAG (A=1064 nm; 240 W max.) or
CO; (A =10.6 pm; 172 W max.) laser beam was introduced into the
CVD chamber through a window to irradiate the entire substrate. A
quartz window was used with the InGaAs and Nd:YAG lasers, while
aZnSe window was used for the CO, laser. In all cases, the substrate
was preheated to 673 K on a hot stage.

The Al(acac); was heated to its vaporization temperature of
453K, and the resulting vapor was carried into the chamber by


dx.doi.org/10.1016/j.apsusc.2015.02.196
http://www.sciencedirect.com/science/journal/01694332
http://www.elsevier.com/locate/apsusc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.apsusc.2015.02.196&domain=pdf
mailto:itonium@imr.tohoku.ac.jp
dx.doi.org/10.1016/j.apsusc.2015.02.196

M. Gao et al. / Applied Surface Science 340 (2015) 160-165 161

an Ar gas flow. A separate flow of O, gas was introduced into the
chamber through a double-tube nozzle, though both gas flows were
controlled to arate of 1.6 x 10~7 m3 s~! to maintain a total pressure
in the CVD chamber (Pio) of 0.2-0.8 kPa. The deposition tempera-
ture (Tgep) Was measured using a thermocouple inserted into a slot
on the back side of the substrate. Once the temperature induced by
the laser irradiation stabilized, deposition was conducted for 0.6 ks.
The phase composition of each of the films produced was deter-
mined by X-ray diffraction (XRD; Rigaku RAD-2C). The surface and
cross-sectional microstructure was observed by a scanning elec-
tron microscope (SEM; Hitachi S-3100H) and transmission electron
microscope (TEM; Topcon EM-002B). The depositionrate (Rgep) was
calculated from the film’s thickness and deposition time.

3. Results and discussion
3.1. Preparation of Al,03 films using a CO, laser

Fig. 1 shows the XRD patterns obtained from the Al,03 films
prepared using the CO, laser, in which we see that a-Al,03 films
were obtained at Tgep, = 837-1240 K and Pyor =0.2-0.8 kPa (Fig. 1(a)),
whereas a y-Al,03 film with a small amount of a-Al,03 was
obtained at Tgep =833 K and Pror =0.2 kPa (Fig. 1(b)). From the typ-
ical SEM images of these films, it is evident that although the
a-Al, 05 film has a dense cross-sectional structure with polygonal
facets on the surface (Fig. 2(a) and (b)), the y-Al,03 film has more
of a cauliflower-like structure made of fine grains (Fig. 2(c) and (d)).
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Fig. 1. XRD patterns of Al,0s films prepared using a CO, laser at P =0.2 kPa and
Taep Of (2) 896 K and (b) 833 K.

In Fig. 3, the effects of varying Tgep and Pror on the phase com-
position and microstructure of Al, O3 films prepared using the CO,
laser can be seen in the distinction between the dual phase y-Al;03
film with a-Al, O3 (half-filled circles) and single-phase a-Al; 03 film
(filled circles). Note that the formation of y-Al, 03 was independent
of Pyot, and that a single-phase y-Al, 03 film was not obtained with
the CO, laser.

Fig. 2. SEM images showing the (a, ¢) cross-section and (b, d) surface of Al 03 films prepared using a CO; laser: (a, b) a-Al, 03 film prepared at Pyor = 0.2 kPa and Tgep = 1140K;
(c, d) y-Al;05 film with a small amount of «-Al, O3 prepared at Pyor =0.2 kPa and Tgep =833 K.
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