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The effect of substrate bias for titanium nitride thin films deposited by cathode Arc
method
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1. Introduction

The mechanical properties of Titanium nitride (TiN) thin films, known as a wear resistant hard coating,
strongly depend on the deposition conditions [1-3]. The major process parameters include substrate
temperature, pfocess pressure, and substrate bias, etc. Especially, bias voltage has been usually applied to
the substrate in order to increase the energy of the incident ions at the substrate. Thus coatings with a
dense structure and high hardness could be obtained [3]. The purpose of the present study is to understand
experimentally the changes in the mechanical properties of TiN film deposited with various types bias by a
DC, pulsed-DC, and AC power, respectively.

2. Experiment

The TiN films were deposited on Si(100) wafer by cathode arc from a Ti target of purity 99.95%.
The deposited TIN films on a WC-Co alloy of square-type of 20X20 mm was used by adhesion
measurement. The base pressure of the deposition chamber was as low as 5x107® Torr. Prior to
deposition, the substrate was cleaned by the Ar-ion beam with a bias of —100V for 5 min. The pressure of
the nitrogen gas and substrate temperature was maintained at about 0.3 mTorr and 380T. The
deposition of TiN films were deposited with bias voltages —50V and —100V applied to the substrate at
the arc currents of 60 A, respectively. The frequencies applied to the substrate are 250kHz for the
AC power and 250kHz and 350 kHz for the pulsed—DC power, respectively. The types of power
supply for the substrate bias are a DC, pulsed-DC, and AC power.

3. Result and discussion

The results of XRD show that the samples have a crystal structure of face-centered cubic (fcc) without
any other crystal phase. The pattern shows a preferred (111) orientation for incident angles of © = 5. The
hardness of samples tend to increase with increasing the residual stress and substrate bias volitage.
The hardness for AC power is larger than that for DC power. For the pulsed-DC power, the hardness of
the samples depend on the substrate bias-voltage independent of substrate frequency. We also are
found that the adhesion was be subjected to the influence of the substrate bias—voltage and frequency.
The results obtained from the nanoindentation experiments on TiN films with substrate bias voltage of
-50V and -100V are shown in Fig. 1. The mechanical properties (adhesion, stress, and hardness) of
the sample obtained from the various substrate bias are summarized in Table 1. The presented
hardness values of TiN film are similar to values reported for TiN coatings [4]. In conclusion, it was
found that the mechanical properties of the films depend strongly on the substrate bias voltage, frequency,
and type of power supply.
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Fig .1 Hardness-displacement curves of TiN films with substrate bias voltage (Vi) of (a) -50V and (b)
-100V for the several types of power.

Table.l The valuses of adhesion, residual stress, hardness for the TiN films

Substrate bias

) . ) Adhesion Stress Hardness
Bias power Bias frequency Bias Voltage IN] (GPal [GPa]
[kHz] [-V3] 2 2
DC - 50 48.3 3.18 345
power - 100 72.8 5.24 367
950 50 83.9 351 34.8
pulsed-DC 100 476 - 415
power 350 50 719 2.99 359
100 51.8 49 40.2
50 483 3.55 405

AC 250
power 100 65.4 58 4123
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