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ABSTRACT Ti/TiN nano-multilayer films were deposited on high-speed-steel (HSS) substrates
using arc ion plating, and orthogonal experiments were used to analyze the effects of the electrical
parameters oft*pulsed bias on microhardness of Ti/TiN multilayer films. The results show that in all
the pulsed bias related parameters (pulsed bias magnitude, duty ratio and frequency) and the geometry
parameters (modulation period and period ratio), pulsed bias magnitude is the major factor affecting
microhardness of the multilayer films. The maximum microhardness of 34.1 GPa was obtained with
pulsed bias magnitude 900 V, duty ratio 50% and frequency 30 kHz, and the responding modulation
period is 84 nm, the single layer thicknesses of TiN and Ti are 71 and 13 nm, respectively. Due to
the large single layer thickness, the nano—scale strengthening effect is not obviously manifested. The
increase of the microhardness correlates mainly with refinement of microstructure resulted from the
pulsed bias parameters especially the pulsed bias magnitude.
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Fig.1 Schematics of Bulat 6 arc ion plating system
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Table 1 Thicknesses of the single Ti and TiN layers, the total thickness, microhardness of Ti/TiN multiayer films
and the corresponding grain size of the TiN layer in Ti/TiN multilayer films

Process Parameter Microhardness ~ Film thickness ~ Ti/TiN single  Grain size of
No. Uy D f layer thickness TiN layer
\Y% % kHz GPa pm nm nm
1 300 10 20 18.7 1.77 53/33 11
2 300 30 30 15.9 2.26 80/29 14
3 300 50 40 18.7 2.39 94/22 14
4 600 10 30 26.8 . 2.06 75/24 17
5 600 30 40 26.5 2.19 87/18 18
6 600 50 20 25.1 1.87 75/15 19
7 900 10 40 29.4 2.21 77/30 13
8 900 30 20 27.6 1.85 71/18 17
9 900 50 30 34.1 1.75 71/13 23
Ry 523 749 71.4
Ry 784 70.0 76.8
Ra 91.1 779 746
R 37779 5.4

Note: three numbers in R; are the sum of microhardnesses at the same Up, D ande f, respectively;

three numbers in R are the difference of the maximum and the minimun of microhardness

in the same column
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Fig.2 XRD diffraction spectrum of the Ti/TiN multilayer
film deposited by process No.2

2.2 Ti/TiN ZRBRNBMTEE
9 SR A L EH R B E Rt TiN 26
s RO RIFRS T 3R 1 .

Substrate

3 2 5IZAN Ti/TiN LEEEHRIE SEM EH
Fig.3 Cross—sectional SEM morphology of the Ti/TiN mul-
tilayer film deposited by process No.2
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