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Abstract: In order to study the effects of ion source cycle bombardment on the structure and electrical properties of titanium
nitride (TiN) films, TiN films were deposited by ion source assisted magnetron sputtering at 200 °C. The microstructure and
phase composition of the films were investigated by field emission scanning electron microscopy (FESEM), atomic force
microscope (AFM) and X-ray diffraction(XRD). The resistivity of the films was measured by a four-point probe at room
temperature, and the hardness and elastic modulus were tested by nanoindentation. The results show that the films have a
layered structure with higher density after the ion bombardment. The surface smoothness is also improved with the average
roughness decreasing from 5.2 nm to 2.7 nm.The crystallinity of thin films is enhanced with the increase of the cycle of ion
bombardment, and the TiN (200) diffraction peak appears at the three cycles ion bombardment. The hardness and elastic
modulus of TiN films also increase with increasing period of ion bombardment. The resistivity of TiN films reaches the lowst
value, 8.1 pQ-cm, after two cycles ion bombardment.
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Table I Deposition parameters of the TiN films

No.
Parameters

1 2 3
Deposition pressure / Pa 0.5 0.5 0.5
Target current / A 4 4 4
Bias/V =50 =50 =50
Deposition time / min 120 60 40
Ar” bombardment / min 0 10 10
Cycle period 0 2 3
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Table 2 Characteristics of the TiN films under different cycle periods

No. Layers Grain size/nm  Depositon rate / (nm'min™) ~ Thickness /nm Hardness/ GPa  Elastic modulus / GPa
1 1 37.2 8.6 1 035£30 5.1+0.2 127.7£4.2
2 2 29.6 7.6 915+68 6.2+0.3 146.2+3.5
3 3 30.0 7.1 848+30 7.4+0.3 148.5+4.9
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Fig.1 Morphologies of the TiN films under different cycle periods
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Fig.2 Three-dimensional images of the TiN films under different cycle periods
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Fig.3 Cross section morphologies of the TiN films under different cycle periods
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Fig.4 Grazing incidence X-ray diffraction patterns of the TiN
films under different cycle periods
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Fig.5 Load-displacement curves of the TiN films under different
cycle periods
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Table 3 Resistivity values of the TiN films under different cycle

periods
No Cycle Sheet resistance / Resistivity /
’ period (mQ/o) (uQ-cm)
1 0 83 8.3
2 2 88 8.1
3 3 9020 783
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