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Consideration of Deformation of TiN Thin Films
with Preferred Orientation Prepared
by Ion-beam-assisted Deposition

Toshiyuki HAYASHI*, Akihito MATSUMURO, Tomohiko WATANABE,
Toshihiko MORI, Yutaka TAKAHASHI and Katsumi YAMAGUCHI

*s Dept. of Mechanical Engineering, Nagoya University, Chikusa, Nagoya, 464-8603 Japan

The plastic deformation of TiN thin films was considered by the hardness anisotropy of these
films with the (111) and (200) preferred orientation. These hardness were measured by the nano-
indentation technique as have already been reported. The plastic deformation of TiN films were
caused by indentation of the trigonal diamond tip, and the evidence of this phenomenon was given by
the cross-sectional SEM observation and the TED analysis. The influence of difference of residual
stress and grain size on the hardness anisotropy was restrictive, and the hardness anisotropy can be
explained by the anisotropy of the yield stress calculated by Schmid’s law. This relationship suggests
the existence of {100}<110> slip system of TiN crystal. The TEM observation of brittle cracks of
TiN films also makes it clear that these cracks caused not by the cleavage fracture but by the

intergranular fracture.
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Table 1 Experimental conditions of TiN thin films

with preferred orientation

Preferred orientation TiN(200) | TiN(111)
Deposition source Ti
Ion species Nao++N*
N ion acceleration energy 1
keV)
N ion beam flux (uA/cm?) 37
Film thickness (nm) 1000
Deposition(otg;nperature 500 <100 (r. t)
Deposition rate (nm/s) 0.2 1.2
Rotation speed of substrate 3
(rpm)

Table 2 Mechanical and structural properties of TiN

thin films with preferred orientation®

Preferred orientation TiN(200) TiN(111)
Hardness (GPa) 15 9
Residual compressive
stress (MPa) 220 80
Composition N/Ti 1.1 1.0
Grain size (nm) 32 24
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Fig. 1 Cross sectional SEM image of TiN (111) thin
film after indentation with a load of 50 mN

Fig. 1(b) is a closeup of Fig. 1(a).
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Table 3 Average of the indentation stress applied to

the projection of the indenter

Preferred orientation TiN (200) TiN (111)
Average of the indentation
stress (GPa) 11.2 6.2
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Fig. 2 Cross sectional SEM image of TiN (200) thin
film after indentation with a load of 500 mN
Fig. 2(b) is a closeup of Fig. 2(a).
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Fig. 3 Diffraction pattern of TiN (200) thin film
(a) at the periphery of imprint

(b) at the center of imprint
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Fig. 4 Equally stressed systems in pulling along [001]
and [111]®

Table 4 Relative strength o,/k by Schmid’s law with

three different slip systems®
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Fig. 5 TEM images of the intergranular fracture of
TiN (200) thin film’
(a) TEM image (b) HR-TEM image
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