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ABSTRACT

Alumina (Al,O5) films were prepared on ADs-TiC substrates by RF diode sputtering. The taspettering
power was varied from 4 to 8 kW. The effects ofjédrsputtering power on the structure and mechhnica
properties of alumina films were investigated. Thkeults show that the structure of the alumina ilm
deposited at all the target sputtering powers isrpirous. However, under the exposure to the electro
beam during the Transmission Electron Microscop¥Nl) measurements, the structure of alumina films
becomes crystalline. The hardness and elastic msdilalumina films were found to increase as #ngdt
sputtering power was increased.
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1. INTRODUCTION film properties (Baharekt al., 2005; Thurn and Cook,
2004; Taret al., 1995).
The deposition of metal oxide films by sputtering In this study, alumina films were prepared by RF,

technique has been widely used in thin film techggl  non-reactive sputtering technique in Ar atmosphere
because of its simple method to produce films because this technique gives compositional comgigte
(Kiyotakawa and Shigeru, 1992). Alumina £8¥) film is good thickness uniformity and low-cost manufactgrin
one of well-known material used in semiconductoricks ~ The alumina films were deposited on ,@4-TiC
such as MFIS device, CMOS, MOSFET and magneticsubstrate of magnetic recording head with different
recording head (Qingt al., 2001; Bartzsclet al., 2003; target s_puttering powers. The structure and mechhni
Bahareh et al., 2005). Because of their excellent Properties such as hardness, elastic modulus amd we
properties such as low impurities, high dielectric resistance of the films were investigated.

constant compared to Si(Kiyotakawa and Shigeru,

1992; Baharelet al., 2005), high thermal and chemical 2. MATERIALSAND METHODS

stable (Tiloet al., 2003), highest hardness among all
oxides, insoluble in inorganic acid and fracturgiseance
(Jocheret al., 1997). Therefore, alumina thin films were Alumina films were prepared by a commercial RF
used to make base coat and overcoat layer to proteadiode sputtering system (Comptech, 2460) with a
magnetic recording head (Thurn and Cook, 2004). Infrequency of 13.56 MHz. The target was a sintered
magnetic recording head fabrication, both reactime  Al,O; (99.50% purity) and a size of 27 inch2.
non-reactive PVD sputtering techniques were used toSubstrates used were 8:-TiC wafer with 6-inch
deposit alumina films depend on the required films diameter. Sputtering gas was Ar (99.99% purity)e Th
properties. In addition, the different deposition substrates were cleaned with 80°C phosphoric awitl a
parameters such as target sputtering power, stbsiiees  80% concentration and DI water to remove
voltage and process pressure have the influencthen contamination on the substrate surface.

2.1. Films Preparation
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Fig. 1. Schematic of RF diode sputtering system
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The chamber was evacuated to a base pressupel 672 1JmdP

Torr. During sputtering, he gas was used to coel th =~ 5 A gn @
substrate at the underneath of the substrate for

controlling the substrate temperature. Prior to filve The slope value can be computed from a lineaffit

deposition, the shutter inside the chamber wasedids  the upper one-third of the unloading curve. In Stisdy,
separate the substrate and target in order togaie¢he  a test load of 200AN was used with a 5 s load time, 2 s
substrate and target by sputter etching with Aspla. ~ hold time and 5 s unload time.

Deposition time was fixed at 22 min for all the paeed The wear resistance of film was carried out using
films. Details of process parameters for the dejuosdf Hysitron _TI950 Tr|b0|r_1denter. Th(ﬂT _known load (force
AlLO; films are shown i able 1. was applied on ea_\c_h film at 3_ positions to measwear
depth by determining material removal. The applied
2.2. Characterization force used in this study was 26l and wear pattern was

2
The surface morphology of alumina films was ob- 5x5 um” (HYSITRON, 2002).

served by a high resolution scanning electron rsmope
(SEM:Nova Nano SEM 600). The microstructure of the 3. RESULTSAND DISCUSSION

films was analyzeql by a transm?ssion electron micro 3.1. Surface Morphology of Alumina Film

scope (TEM:Tecnai G2 F20 S-Twin). Before TEM anal- _ _

ysis the film samples were prepared by focusing ion  Figure 3 shows the typical surface morphology of

beam (FIB:Nova Dual Beam, Strata 400s). alumina film on A}Os-TiC substrate deposited at a
The nanoindentation technique was used to measurérget sputtering power of 7 kW. The defect is obse

the hardness of the films. In this study, the nadenter ~ ©n all the film surfaces deposited at differentgeir

(Hysitron, T1 950 Tribonidenter) with a Berkovichad ~ SPUttering powers of 4, 5, 6, 7 and 8 kW. Since the

mond indenter, which has a three-sided pyramid geom alumina film is transparent, the texture of,@4-TiC
try, was employed.Figure 2 shows the typical grains of the substrate underneath alumina filnal$®

) : : clearly observed.
indentation load-displacement curves measured by Fiygure4 shows cross section SEM micrographs of

nanoF:dne_nter. . tration deth of the indent alumina film deposited on of ADs-TiC substrate at 4
max IS @ Maximum penetration aepth ot the INdenter. o,y 7 |\ |t is seen that the thickness of aluniilma

The Oliver-Pharr method (Oliver and Pharr, 1992% wa deposited at target sputtering power 7 kW is highan

used to analyze the load-ing and unloading curVes.  hat of 4 kw. Furthermore, no grains of,@4 appeared
hardness is given by the Equation (1): in both films, indicating that AD; films are amorphous.
In Fig. 4, the black and white areas in the substrate

e P ) correspond to the AD; and TiC grains, respectively.
S A " : I
. ] i
N 3 N %3
where, A is the projected contact area which iemdet ¥

mined from the value of penetration depth.

The elastic modulus is determined from the sldpe o [ h L
the unloading curve at maximum load (i.e‘(;—'; in .
] . ’
Fig. 1). Equation (2) shows the elastic modulus as a | 4 n .
. » " v !

function of%) and the projected contact area:

Table 1. Process parameters for sputtering deposition gDAl

Target sputtering power (kW) 4,5,6,7,8

Substrate bias Voltage (V) 150

Operating pressure (mTorr) 25 Fig. 3. SEM micrograph of alumina fim on ADs-TiC
Deposition time (min) 22 substrate deposited at a sputtering power of 7 kW
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Fig. 4. SEM micrograph of alumina film on 4Ds-TiC substrate deposited at target sputtering psweé(a) 4 kW and (b) 7 kW

Fig. 5. (a) TEM bright-field image of alumina film on AI2GBIC substrate deposited at a target sputteringgpaf 7 kW and (b)
corresponding SAED patterns, (c) TEM bright-fielthaige of alumina film after 30 sec under electroanbeand (d)
corresponding SAED patterns
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Fig. 6. Typical load-displacement curve of alumina film
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Fig. 7. Variation of (a) hardness and (b) elastic modofuslumina film as a function of target sputterjpmwver
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Height (nm)

Fig. 8. AFM image of the wear depth of alumina film depediat target sputtering powers of (a) 4 kW and@ &)/

3.2. Microstructure of Alumina Film show the TEM bright-field image and the
corresponding Selected-Area Electron Diffraction

Figure 5(a) and 5(b) show the initial TEM (SAED) patterns of alumina film after the alumina
bright-field image and the corresponding Selected-film was exposed to electron beam for 30 sec. The
Area Electron Diffraction (SAED) patterns of alurain  electron diffraction patterns ifrig. 5(b) shows no
film on Al,O5-TiC substrate deposited at a sputtering spotty rings, indicating that the structure of ailuan
power of 7 kW, respectivelyFigure 5(c) and 5(d) film is initially amorphous.
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Fig. 9. Variation of wear depth as a function of targettgring power

However, the spotty rings was clearly observedr dfte alumina film on A}LOs-TiC substrate as deposited by

alumina film was exposed to the electron beam fbs3 RF diode sputtering technique. The results showttiea

as shown inFig. 5(d). This indicates that the alumina structure of the alumina films deposited at all theget

film becomes crystalline structure. sputtering powers is amorphous. However, under the

. . . . exposure to the electron beam during the Transomssi

3.3. Mechanical Properties of Alumina Film Electron Microscopy (TEM) measurements, the stmectu
Figure 6 shows the typical load-displacement curve of alumina films becomes crystalline. In additidnwas

of alumina film on A}JOs-TiC substrate deposited at a found that the hardness and elastic modulus of ialum

target sputtering power of 7 kW. The hardness andfilms increased with increasing target sputterirogver.

elastic modulus were then determined. The wear-resistance test correspond to the weathdep
Figure 7 shows the values of hardness and elasticshows that the wear depth value decreased with
mo-dus as a function of target sputtering powersvals increasing target sputtering power. The wear depth

found that the hardness and elastic modulus values results are in agreement with those of hardnessesal
creased from 8.16 to 8.54 GPa and 111.2 to 127#& GP This studied reveal that alumina film prepared by R
respectively, as the target sputtering power waeased  diode sputtering under optimized condition exhdwobd
from 4 to 8 KW. The results are in good agreemétit w mechanical properties which makes film suitable for

those reported in literature (Chetal., 1991). magnetic recording head application.
Figure 8 shows the AFM image of the wear depth
on the alumina film deposited at sputtering powarg 5. ACKNOWLEDGEMENT
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