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Abstract: Aluminum oxide (A}Os) thin films were deposited on Si (111) substratgsising RF magnetron sputtering of
Al,O; target in Ar atmosphere. The synthesized filmsewatnealed in the temperature range of 200 to 660~@rogen (N)
environment for 2 and 4 hours. Variations in thstsactural and surface properties of the films warestigated using X-ray
diffraction (XRD) and atomic force microscope (AFNRRD analysis reveals that the synthesized filnesia polycrystalline
form with preferential orientation along (111) ptamBy increasing the annealing temperature, thstaltite size of films was
found to increase, whereas the micro-strain arldatition density were decreased. The decreasecitosirain and dislocation
density was ascribed to the reduction in the latsicain. The surface roughness of the films waeased with the increase of
the annealing temperature, which was attributettieédilms’ grains growth and also with the increas®&F sputtering power.
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. O, mixtures (reactive sputtering), or by the sputigrof an
1. Introduction Al,O; target in pure Ar or Ar. @ mixtures (non-reactive

Al,O; thin films have received growing attention ofSPUttering) [6]. Target poisoning and arcing are thain
researchers worldwide because of their unique priegein  disadvantages of the reactive sputtering technibugeneral,
terms of chemical inertness, mechanical strengtid arin® 9rowth of AJO; film by non-reactive sputtering is a less
hardness, high abrasion and corrosion resistasceei as COMPlex process as compared to the reactive spgter
its high electrical breakdown field and high dieter SOme of the previous work regarding the synthebi203

constant [1 - 2]. Owning to these excellent prapsrtALO; films using reactive and non-reactive sputtering teeen

thin films are widely used in various mechanicald an d€scribed below. _ , ,
microelectrical applications such as protective tiogs, Li et al.reported the formation of 4Ds films on n-type Si

diffusion barriers, electronic seals, dielectrigees, optical (100) substrates through reactive sputtering diafget in Q
layer, etc. [3]. environment. They found that by variation in theygen

AlLO, films can be fabricated with several methods sagch concentration does not significantly affect the diag
atomic layer deposition (ALD), electron beam (esba structures and densities. However, the incorpanatioargon

evaporation, chemical vapor deposition (CVD), fie into .the. film wgs.found to _be detrimental to suefac
cathodic vacuum arc and sputtering [4 - 5]. Amohgse passivation [7]. S.|m|IarIy, Kakatt al made the study on the
techniques, sputtering is known to be a simple, loffect of sputtering power and gas pressure onaserf
temperature, and cost-effective large-area  depoasiti charact.erlstlcs of AD; films depos!ted through regcuve
technique. It is one of the most effective techaido make sputtering [8]. In anothe_r work, Pamtchgkalnal described

amorphous materials which are difficult to be figd by an  the formation of AJO; films on ALOs-TIC substrates by
ordinary melting method. Using this technique, ARfims ~ USiNg non-reactive RF sputtering and it was foumat the

can be synthesized by sputtering of either an Ajetain Ar: surface roughness of the films are greatly infleghby the
sputtering power [9]. Kijimat al also examined the effect of
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sputtering pressure on the O/Al ratio of,O; films for
non-reactive RF sputtering [10].

The literature described above shows that th,O5 films
synthesized through sputtering are found to be phuars in
nature [7 — 10]. Howevesynthesis of polycrystalline Al2C
films on Si substrates hast been reported before. Tefore,
in the present work, AD; films have been prepared on
substrate through namactive RF magnetron sputtering in
atmosphere. In this article, theffect of annealin
temperature and time hasen investigated on the formati
of Al203 films. In addition, the influerc of RF sputterin
power on the changes in surface roughness ,0; film has
been also reported.

2. Experiment Procedures

Al,O; films were prepared by RF magnetron sputte
system from an AD; sputtering target with a nominal purity
99.99% and thkness of 3mm. The substrate used w- type
silicon wafers (Si) (1cm X 1cm) with (111) plandentation
and resistivity of 120 Q cm. These wafers were cleaned u
the RCA method. The RCA clean is a standard set of v
cleaning steps which need to performed before depositic
processThe RCA method was carried out in 3 steps. Initse
step, Si (111) substrates were heated in the splofiNF,OH,
H,0, and BO with aratio of 1:1:5 at 75°C for 10mins. Fthe
oxide strip purpose, the samplegevthen cleaned in the (1:£
HF and HO solution. For th¢hird step, the wafers were hea
in the HCI, HO, and BO solution with aatio of 1:1:6 at 75°C
The substrates finally were rinsed in deionizedewand driec
by using N gas. The sputteringag used was argon (Ar) wia
purity of 99.99%. The chamber was evacuated to pigEsesure
of 3.78x10mbar. Prior to deposition, the target surface
cleaned by the argon ions (Arat power of 40W fo
approximately 15 min. The sputtering process wrformed at
room temperature with working pressure and sulestbéis
voltage of 3.33x1® mbar and 250V respectively. T
deposition of the films was completed in 75 minutsk the
sanples were deposited about 110 nm of aluminium ofliches.
The detailsof sputtering conditions in this experiment
described in the table 1. The deposited films aareealed ila
ceramic tube furnace attamperature range of 200 to 60C
under nitrogen () atmosphere for 2 and 4 hours rectively.
The post annealingrocess was carried out to improve the
properties.

Table 1. RF sputtering conditions for deposition 020; films.

Parameters Values
Target sputtering power 200 & 250W
Substrate bias voltage 250V

Flow rate of argon (Ar) 18 sccm/s
Operating Pressure 3.33x10°mbar
Deposition time 75min
Annealing time 2 & 4hours

The structural properties of &, films were examined b
X-ray diffractometer (XRD) operating with Culkadiation a
40kV. The average dimensions of crystallites attitkastrain

405

weredetermined by the Scherrer method from the broagg
and shift of the diffraction peaks taking into agaob the
instrumental broadening. Atomic force microscopyFiA
was used to invegfate the surface topology of deposited fil
and calculate the surfacoughness of the filrr

3. Results and Discussic

Fig. 1 and 2 reflect the XRD scan of anne-Al,O; thin
films annealed at 200°C, 400°C and 600°C for 2 amdurs
The figures reveal that the synthesized films are
polycrystalline form. In Fig.l there are four peaks which
appear at 31.10°, 33.20°, 36.01° and 39.22° cavreBpg to
(111), (207), (200) and (222) planes of aluminiudde (Al,O5)
respectively. Similarly, identical peaks with the sar
corresponding planes are observed. Moreover, tcrease in
the annealing temperature also demonstrates shanpd
narrower peaks. Besides that, the peak intensitiesalsc
increased. With the increase in annealing time frao®hours
a different kind of aluminum oxide film is observédom fic. 2,
only three peaks at 31.22°, 33.33° and 36.14° asergec
which belong to (111), (107) and (200) planes retbypaly. As
the annealing temperature increases from 200 t6G50Me
peak intensities are also increased. However at°Gl
broadening of peakis observed. The figures also indicate f
shifting as a result of the increase in anneakmperature.
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Figure 1. XRD scan of AD; thin filmsfor various annealing temperature at 2
hours.



406 Lim Wei Qiang and Mutharasu Devarajan:

Variatidistructural ancSurface Properties of RF Sputtered Alumini

Oxide (ALOs) Thin Films Due to the Influence of Annealing Tesngture and Tirr

XRD scan for annealed - ALO. films for various tempersture of 2 hours

10000

anmealed s J00'C - S{111) subsrates

8000
6000 4
4000

2000 "\\w

x““-J-\.__‘__-i_'

10000 -

8000
\

6000 1 |

4000 4 \

.

[ seacaled 8 A00C - SiE111) wubstate

Intensity

2000

10000 4

—— mnoealed 2t G00°C = Ss(111) subsirates

8000 +

AI203 {111)
Si (222

ALO, (107)

6000

4000

N

ALO, (200)
Si0. (031)
MOy (222)

2000 +

/,

——— .

45 50 55 &0

0

|
[‘» $i05 (022)

&

20

w
L)

2theta

Figure2. XRD scan of AD; thin films for variousinneding temperature at 4
hours.

At the annealing time of 2 and 4 hours, the pednisities
increase as the annealing temperature is incréasad?00 to
600°C. This behavior is attributed to rearrangemeéntthe
atomic structure which improves the crystallinifytioe films
[11]. Moreover, it is observed that there is shitiin the
position of peaks as the annealing temperature is inaue
from 200 to 600°C. The occurrence of shifting peak
probably due to the release of intrinsic strainotigh
annealing process. The shifting of peak positiohso
indicates that the films are in a forim state of stress [1zZ
The occurrence of peak broadening can be due tohtuege:
of lattice structure in the synthesized films. Teherre twc
reasons for the line broading: (i) crystallite size which
caused by the finite size components difing incoherently
with respect to one another and (ii) strain whiglcaused b
the non-uniform diglacements of the atoms with respec
their reference lattice position [13]

The structural parameters of the annei- Al,Os films are
presented in table 1. The crystallite size is dated by using
Scherrer formula [14]:

D = 0.9/pcodd (1)

where D = crystallite size (nm)
A = wavelength of x-ray (1.5406 A)
B = full width at half maximum (FWHM) cthe peak (rads)

0 = Bragg angle (rads)

Table 2indicates that when the annealing time incre.
from 2 to 4 hoursthe crystallite size also increases. -
increase in the crystallite size is due to a decraasgernal
strain as a result of crystal point defects, s@fdefects an
dislocations [15].

Table 2 also shows that as annealing temperatur
increased fsm 200 to 400°C, the crystallite size is &
increased. However, withthe increase of annealing
temperature from 400 to 600°C, the crystallite &z®und tc
be decreased. The decrease in the crystallitéssazeribed t
an increase of strain in tligm caused by a change of crys
structure. With the increase of the annealing teatpee tc
600°C, the rduction in crystallite size is obsen, which is
attributed to the strain relieved crystals reduiredize anc
have enough emgy to move towar(low energy surface sites
forming a more dense and compact film. [16] Thasmn is ir
accordance with the increased in values of mia@irstvhen
the anneahg temperature increase from 400 to 60(
Although it has to be considered that the XRD pe&an be
broadened by stress and defects present in the filfhich
affects the FWHM, and thus the real values of tystallite
size can be different from the calculated valué&s.

In order to determine the preferential orientatioh
synthesized AD; films, Harris analysis was performed
using the following relation14]:

Pi (TC) = N (/o) / X (I/l0) (@)

wherePi = texture coefficient of the plan

I; = measured intensity

I, = the intensity of the JCPDS diffraction patterntioé
corresponding peak

N = number of reflections considered for the aria

Table 2summarizes the values of texture coefficient (
for the films. From the tables, it can be seen ttra
prefeential orientation for the synthesized,Os thin films is
(111) plane as the value of texture coefficient(fdtl) plane
was the highest amonghe plane orientation and tt
calculation was compatible with the XRD spectraaoisd.
The XRD spectra of thiims indicate enhanced intensities
the peaks corgponding to (111) plane which also mention
preferential orientation along the specific plaiyecbmpaed
to theXRD pattern of cubic structure (JCPDS-075-0277).
The relative intensity of the pes corresponding to the (111)
plane ircrease with increasing annealing temperature.
believed that the preferential orientation is due the
minimization of surface energy and internal st{@s3.

The micro strain valueg) and dislocation density) were
calculated from the following formulas [1

e =f/4tand 3)

whereg = micro strain value
B = full width at half maximum (FWHM) of the pealafts
0 = Bragg angle (rads) and

§=1/¢ 4)



International Journal of Materials Science and Aggtions 20143(6): 40440¢

whered = dislocation density

d = crystallite size

From tables 2the micro strain and dislocation dens
values of the films around to be decreased as the anne:
temperature increases. The decrease in the disloansity
of Al,O; films with increasingannealing temperature
because the annealing temperature plays a remarkaiblin
reducing the defects in the film which contributes an
increasedn the crystallite size. For the same reason therm
strain in the film will decrease with increas annealing
temperature [19]. As a result of increase in aring:
temperature, it is also believed that the reductbnattice
imperfection which originated from lattice misfit the film
leads to the decrease in micro strain and dislocatensity

Fig. 3 and 4 represents the surface topography o
annealed-AlO; thin films for various temperatures at 2 an
hours respectively. Figure 3(a)3{c) shows that at 2 hou
annealing time, there are agglomerations O3 particles at
the film surface Bhough the annealing temperature incre
from 200 to 600°C. Figure 4(b) and (c) shows thainmealing
temperature of 400 and 600°C, clusters 0,03 particles
formed at the surface. It is deduced that longefogeof
annealing time is required for Ab; particles to be distribute
uniformly across the film surface.

Figure 3. The AFM images of synthesiz&l?O3 thin films annealed :
temperatures: (a) 200°C, (b) 400°C, and (c) 600tQlas respectivel

407

Figure 4. The AFM images of synthesi-Al203 thin films annealed at
temperatures: (a) 200°C, (b) 400°C, and (c) 600t@las respectivel

Table 2 represents the average roughness of
annealedilms for various annealing temperature wh
determined fronthe surface analysis. The ts reveals that
with the increase in annealing temperature, therage
roughness ofhe films also increase. The increase in ave
roughness is due to the grain growth and this reds
compatible with the increase in values of crysilize. As i
result of tke grain growth in preferential orientation alongi}l
plane, the roughness increased as the annealimetatuare
increases from 200 to 600°C. With the increasingeating
temperature, the atoms have sufficient energy tumyg the
energetically favoralel site in the crystal lattice and eventu
grains with lower surface energy become larger.[2BUis this
could be explained in terms of grain growth whiéblds an
increase in surface roughness.

From the tables, it is also found that the increemsef
sputtering power lowered the average roughnedseofilms.
It is believed that the low roughness at high rivpo is
attributed to the densification of the depositéui$i. However
when the annealing temperature increases, the ga
roughness also @meased. One possible factor is the kin
energy of deposited species increase with the REepg
power enhance the atom mobility in local regions][Z he
increasing kinetic energy éneases probability of incide
particle for surface diffusion vich in turn, promote the grain
growth, as a result the roughness of films incr

Table 2. Structural parameters of annea-Al,O; thin films for different annealing temperature2eand 4 hour:

Annealing  Annealing Label Crystallite Texture coefficient Micro strain Dislocation density Roughness
time (hrs)  temperature (°C) sizes (nm (TC) (x10°%lin2 m®) (x10" lin/m?) (nm)
(111)  85.8¢ 2.57 1.505 13.5
(207) 115.1: 0.67 1.053 7.54
2 200 0.502
(200) 116.0( 0.21 0.966 7.43
(222) 117.1: 0.54 0.830 7.29
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Annealing Annealing Label erstallite Texture coefficient Micro §train Disloce_ltion density Roughness
time (hrs)  temperature (°C) sizes (nm) (TC) (x10° lin2 m*) (x10' lin/m?) (nm)
(111) 104.37 2.54 1.191 9.17
400 (207) 140.50 0.49 0.826 5.06 2180
(200) 141.58 0.27 0.751 4.98
(222) 106.75 0.68 0.910 8.75
(111) 114.52 2.61 1.127 7.62
(207) 115.16 0.54 1.049 7.54
600 (200) 87.01 0.31 1.287 13.2 7.360
(222) 58.57 0.68 1.759 29.1
(111) 85.91 2.30 1.498 13.54
200 (207) 86.37 0.45 1.399 13.40 0.295
(200) 116.05 0.23 0.962 7.425
(111) 139.75 2.25 0.923 5.120
4 400 (207) 140.49 0.45 0.862 5.073 1.930
(200) 141.57 0.29 0.791 4.989
(111) 85.89 2.23 1.502 13.55
600 (207) 115.13 0.50 1.051 7.544 3.91
(200) 116.02 0.26 0.964 7.429

4. Conclusion

Al,O; thin films were synthesized on Si (111) substrates
were subjected to annealing in the temperatureerahg00 to
600°C at 2 and 4 hours. XRD spectra of the syntledsiiims
reveal that the films are in polycrystalline formttwthe
preferential orientation of (111) plane. With therease in the
annealing temperature from 200 to 600°C, crystaflize was
increased which was attributed to the decreasentirnial
strain of the films. With the increase in annealiegperature
from 200 to 600°C, the dislocation density and oustrain of
the films were found to be decreased. AFM resuiticated
that with increase in the annealing temperature, sirface
roughness was increased which was attributed taqytaims
growth. However, the decrease in the surface roegghmwas
related to increases in RF sputtering power.
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