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Investigation and Simulation of Mechanical
Properties of W &AI203 Thin Films
Co-Sputtered on SS304 Substrates

Naveen A, L Krishnamurthy, T N Shridhar

Abstract Tungsten (W) and Alumina (Al,O3) thin films
developed on SS304 substrates have been made under various
deposition conditions of magnetron co-sputtering. Deposition
Conditions have been defined using the DOE approach. Measured
thicknesses of films have been ranges from 130.5 nm to 445nm.
Thin films have assessed by means of mechanical properties viz.,
Young's modulus (E) and hardness (H). Assessment has been
done by using the nanoindentation experiment and the numerical
simulations. Nanoindentation experiment has been conducted for
five different thickness’s values. These results were processed to
simulate for remaining deposition conditions in order to achieve
more information. Experimental results and simulated values
have been summarized as a final opinion. Based on these results,
best E and H mechanical properties have been selected to present
optimum condition. Optimum condition has been found for thin
film thickness 419 nm.

Index Terms: Co-sputtering, Nanoindentation, Tungsten and
Alumina thin film, Young’s modulus and Hardness

I. INTRODUCTION

Nanoindentation instrument allows measure mechanical
properties of smaller volumes of processed material like thin
film. It is a known fact that such thin films are characterized
by different mechanical properties than their bulk equivalents.
The basic properties thin films have been Hardness (H) and
Young’s modulus (E), these plays major role in reliability
features of the tool device. Nanoindentation technique has
been employed to measure mechanical properties of
W&AI203 thin films, which is common application for
mechanical characterization. When testing any thin film it is
obvious that significantly it can be affected by substrate.
Consequently the depth sensing technique has been employed
to limit the penetration of indenter to 15 to 20 percentage of
total thickness of thin film [1-4]. Nanoindentation test uses a
small oscillation during loading and unloading as a function
of penetrating depth and load. Mechanical properties of thin
films developed differ from those of the bulk materials.
However, processing has been very crucial and decisive in
engineering application. Sputtering is one of the proven
processing techniques, which provides multiple methods to
process both conductive and insulative material with greater
control over sputtering input parameters [5]. Tungsten and
Alumina materials have been co-deposited on SS304
substrates by using DC power and RF power of sputtering

Revised Manuscript Received on December 22, 2018.

Naveen A, Department of Mechanical Engineering , Vidyavardhaka
college of Engineering, VTU, Mysuru, Karnataka, India.

Dr. L Krishnamurthy, Department of Mechanical Engineering, The
National Institute of Engineering, Mysuru, Karnataka, India.

Dr. T N Shridhar, Department of Mechanical Engineering ,The
National Institute of Engineering, Mysuru, Karnataka, India.

Retrieval Number: A00320581S219/19©BEIESP

150 & Sciences Publication

respectively at room temperature in the medium of argon gas.
The numbers of experiments have been determined by Design
of Experiments (DOE) approach [6] and to carry out
simulation, Artificial Neural Network (ANN) model has been

used through MATLAB software.

Il. EXPERIMENTATION

1. Magnetron sputtering, A physical vapour deposition
method has been employed to co-sputter W & Al203. Direct
Current (DC) and Radio Frequency (RF) power have been
used to sputter W&AI203 respectively in the presence of
argon gas at different flow rate measured in Standard Cubic
Centimeter (SCCM).The W & AI203 targets have been held
at distance of 70mm from substrates. This distance and
working pressure have been maintained at constant for all
experiments. Depositions W & AI203 has been carried out at
RVCE, Bangalore. In order to optimize process parameters
for deposition conditions and to decide the numbers of
experiments to be conducted for various configurations of
parameters, concept of design of experiments have been
adopted in particular using CCD method. Accordingly,
different levels of each input parameters and numbers of
experimental test configurations have been defined and it is
confined to 20 settings. Table 1 depicts the five levels of each
input parameter and “a, b and c¢” are the designated code for
input parameters; DC power in kilo watts, RF Power in kilo
watts and Argon Gas flow rate in SCCM.

Table 2 represents sputtering conditions of each of
experimental runs and measured thickness of thin film in
nanometer (nm) for each run. Thin film thickness has been
measured using Veeco DEKTAK 6M Surface profiler
Thicknesses measured is in the range of 130.5nm to 445nm.

IV. RESULTS AND DISCUSSION

Hardness and Young’s modulus have been investigated
without substrate effects, during the process of measurement,
the indenter has to drive into thin film; meanwhile result may
get influences by substrate’s mechanical properties. This
influence can be avoided by selecting penetration depth at 10
to 20% of sputtered thin film thickness which has become
common rule (Pharr and Oliver, 1992) [1-4]. Nanoindentation
tests have been carried out at Central Manufacturing
Technology Institute (CMTI), Bengaluru, using Model: G200
(Agilent technologies).
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TABLE | Sputtering input Parameters and their Levels

Parameter Units DLl —
Code -o 1.68 -1 0 +1 +0 1.68
DC power Kilo Watt a 0.5 0.601 | 0.75 | 0.898 1
RF Power Kilo Watt b 04 0.638 | 0.8 1.038 1.2
Argon GasFlow | seem c 150 | 239.3 | 300 | 3893 | 450
TABLE |1 Details of experimental plan
Trial Thickness (T)
No fc a ¢ innm
1 1 0.601 | 0.638 | 239.28 248
2 a 0.898 | 0.638 | 239.28 275
3 b 0.601 | 1.038 | 239.28 273
4 ab 0.898 | 1.038 | 239.28 300
5 c 0.601 | 0.638 | 389.28 339
6 ac 0.898 | 0.638 | 389.28 419
7 bc 0.601 | 1.038 | 389.28 355
8 abc 0.898 | 1.038 | 389.28 435
9 -0a 0.5 0.8 300 245
10 +oa 1 0.8 300 445
11 -ab 0.75 0.4 300 335
12 +ab 0.75 1.2 300 380
13 -oc 0.75 0.8 150 130.5
14 +ac 0.75 0.8 450 302
15 At “0” 0.75 0.8 300 355
Table III Young’s modulus & Hardness data from load controlled nano indentations tests
Thickness | Properties Value of each indentation
(nm) in Gpa Mean
1 2 3 4 5 6 7
E 151.4 | 101.7 143 1399 | 67.2 123.3 1417 | 124
1305 H 10.44 | 6.33 9.03 9.67 3.52 7.49 9.09 7.94
E 208.5 | 2154 | 2418 | 257.2 1929 | 2179 174.4 | 215.4
215 H 16.52 | 1595 | 21.95 | 20.39 12.2 18.23 1248 | 16.71
E 220 * 171 2485 | 200.9 | 217 242.8 | 216.7
335 H 1525 | * 10.36 16.1 13.46 14.01 17.3 14.41
339 E 186 262.5 194.2 | 205.8 | 213.8 153.8 190.5 | 200.9
H 11.54 | 17.63 12,52 13.23 144 8.88 1258 | 12.95
E 213.8 | 188.2 159 199.4 | 2048 | 46.4 * 193
445 H 14.86 | 13.28 10.63 13.76 14.17 1.16 * 13.34

For nanoindentation test, 5 experimental results out of 15
have been selected based on the thickness. Lowest thickness
130.5nm and highest 445nm and other three are at middle
level 275, 335 and 339 nm. Selection of five experimental
results have been made based on the assumption that the
values of E and H of remaining experimental results will
appear between measured values E and H of the highest and

lowest thickness of thin film. Each sample has been indented  216.7Gpa for thickness

for 7 times and to calculate mean value, the readings which ~ 335nm. Respectively the

are in close proximity have been considered. Below table 11l sputter condition for
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depicts tested values of each thickness of seven trials and their
mean value. Fig.1 represents the graph plotted between
Thickness of thin films versus Young’s modulus (E) and
Hardness (H). Graph clearly indicates that thin film
which has thickness of 275nm has highest hardness of
16.71Gpa and Young’s modulus of 215.4Gpa almost
same as highest value of
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optimum value of E and H for 275nm film thickness
being 0.898 KW of DC and 0.638KW of RF power at
239.28 SCCM of Argon gas flow rate. This may be
because of at lower gas flow rate; volatility of atoms
carried through the medium is less compared to high gas
flow rate. The test data of E & H have used to simulate
for remaining thickness of thin film which have not been
tested. Simulation has been done using the Artificial
Neural Network (ANN) model using MATLAB. Tested
data has been trained first for selected thicknesses. This
trained data have been used to simulate for remaining
thicknesses of thin films.

ISSN: 2277-3878, Volume-8 Issue-1S2, May 2019

Thickness versus E & H
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Fig.1: Thickness versus Young’s modulus (E) and Hardness (H)

Table 1V: Experimentally determined test value and trained value for selected thickness of E & H

Trail DC RE Thickness Tested values | Trained values
no t power power SCCM (nm) E H EG HG
(Gpa) | Gpa pa pa
13 -ac | 0.750 0.800 150 130.5 133.5 | 8.67 133.7545 | 8.718306
2 a 0.8988 0.638 239.28 275 2154 | 16.71 | 215.3384 | 16.53816
11 -ab | 750 0.400 300 335 216.7 | 14.41 | 216.6992 | 14.4105
5 c 0.601.2 | 0.638 389.28 339 2009 | 12.95 | 216.27 12.94939
10 +aa | 1.000 0.800 300 445 193 13.34 | 192.99 13.34008
Table V: Simulated values of E and H of remaining thicknesses of thin film
i i Simulated value
Trail tc DC RF SCCM Thickness
no power | power (hm) E (Gpa) | H (Gpa)
-0a 0.500 0.800 300 245 134.716 10.65338
1 0.601.2 | 0.638 239.28 | 248 140.4378 | 11.54727
b 0.601.2 | 1.038 239.28 | 273 133.5793 | 8.720725
ab 0.898.8 | 1.038 239.28 | 300 133.5322 | 8.747306
14 +ac 0.750 0.800 450 302 216.6298 | 13.90516
7 bc 0.601.2 | 1.038 389.28 | 355 134.2394 | 12.37155
15 At<0” | 0.750 0.800 300 355 142.6069 | 13.26578
12 +ab 0.750 1.200 300 380 133.5672 | 8.712559
6 ac 0.8988 0.638 389.28 | 419 216.6983 | 16.47761
8 abc 0.8988 1.038 389.28 | 435 134.5703 | 10.45914
Thin Film Thickness versus Simulated of E & H
250.0
225.0
200.0
8 1750
4]
£ 1500
5 125.0
g 100.0
& 75.0
g 50.0
250
o 1350 245 | 248 | 273 | 275 | 300 | 302 | 335 | 339 | 355 | 355 | 380 | 419 | 435 | 445
mmmn F (Gpa) (133.8]134.7(140.4(133.6(215.3(133.5/216.6(216.7 216.3(134.2/142.6(133.6/216.7|134.6/193.0
=f—H (Gpa)| 8.7 10.7|11.5| 8.7 |16.5| 8.7 (139|144 129|124 133 | 8.7 |16.5|10.5|133

Thin film Thickness in nm

Fig. 2 Graphical Representation of Simulated values of young’s Modulus (E) and

Hardness (H)
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The table 1V and V depicts the simulated data obtained
through ANN model analysis. Fig. 2 is the graphical
representation of simulated values of E & H values. From
graph(fig.2) and simulated values (table V) it is observed that
the thickness of 275nm and 419nm comparatively exhibits
similar values of E and H. Youngs modulus values in Gpa for
275 and 419nm thickness are 215.3384 and 216.698, The
hardness values in Gpa are 16.53816 and 16.47761
respectively. It can be concluded that the sputtering
conditions of both thickness yields similar results. These
conditions have been treated as optimum sputtering
conditions. It has been observed from the results that the
sputtering condition with conditions of SCCM viz., 239.28
and 389.28 SCCM have been influential.

V. Conclusion

W & AIl203 thin films have been co-sputtered using DC
and RF power of magnetron sputtering technique in the
presence of medium of inert gas according to the
experimental plan developed by DOE approach in
particular CCD method. Based on the thickness of thin
films, lowest, highest and at mid-level three thicknesses
have been selected for investigation of young’s modulus
and hardness. These values of have been trained using
ANN model in MATLAB for simulation for remaining
thickness of thin films. According to investigation
simulation, optimum results obtained for two conditions
of which thickness have been 275nm and 419nm.
Respectively E and H values have been around 216Gpa
and 16.5Gpa respectively. And their sputtering
conditions have been presented under discussion.
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