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Table 1  Deposition parameters of multilayer films 

Films Parameters 

Thickness 

/µm 

Ti-TiN  2 

Zr-ZrN  2 

1 cycles 2 

2 cycles 2 

4 cycles 2 
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R
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� 1  PQRST�Z[\ SEMo)pq 

Fig.1  SEM sectional morphologies of multilayer films with differ modulation periods: (a) Ti-TiN, (b) Zr- ZrN, (c) 1 cycles, (d) 2 cycles,  

(e) 4 cycles, and (f) 8 cycles 
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Fig.2  X-ray diffraction patterns of multilayer films with  

different modulation periods 
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Table 2  Residual stress, adhesion and hardness of multilayer  

films with different modulation periods 

Residual stress/GPa 

Modulation 

period 

Si 

substrate 

TC11 

substrate 

Adhesion/ 

N 

Hardness/ 

GPa 

Zr-ZrN -2.767 -4.165 43 19.37 

Ti-TiN -2.392 -4.098 46 18.13 

1 cycle -1.252 -3.526 49 20.61 

2 cycles -0.781 -3.215 54 22.38 

4 cycles -0.565 -3.153 56 24.18 

8 cycles -0.493 -3.081 58 25.48 
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Fig.3  Sectional morphologies of multilayer films with different R

Ti/TiN

:R

Zr/ZrN

 modulation ratios: (a) 3:1, (b) 2:1, (c) 1:2, and (d) 1:3 
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Table 3  Residual stress, adhesion and hardness of multilayer      

films with different R

Ti/TiN

:R

Zr/ZrN

 modulation ratios 

R

Ti/TiN

:R

Zr/ZrN

  

modulation ratio 

Residual stress 

(Si substrate)/GPa 

Adhesion/ 

N 

Hardness/ 

GPa 

3:1 

-0.381 

60 23.50 

2:1 

-0.493 

58 25.48 

1:2 

-0.558 

55 27.03 

1:3 

-1.079 

50 28.76 
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Fig.4  Sectional morphologies of multilayer films with different thickness: (a) 4.31 µm, (b) 7.54 µm, and (c) 9.29 µm 
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Table 4  Residual stress, adhesion and hardness of multilayer  

films with different thickness 

Residual stress/GPa 

Films 

thickness/µm 

Si 

substrate 

TC11 

substrate 

Adhesion/ 

N 

Hardness/ 

GPa 

2.32 -0.493 -3.081 58 25.48 

4.31 -0.629 -2.991 62 27.47 

7.54 -0.810 -3.091 66 30.66 

9.29 -1.216 -3.136 71 30.91 
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Abstract: The Ti-TiN-Zr-ZrN multilayer films with different modulation periods, different R

Ti/TiN

:R

Zr/ZrN 

modulation ratios and 

different thickness were deposited on TC11 titanium alloy and Si wafer by vacuum cathodic arc ion plating. The structure and 

performance of the multilayer films, especially residual stress were investigated by scanning electron microscopy (SEM), X-ray 

diffraction(XRD), micro-hardness tester, scratch adhesion tester and stress gauge. The results show that when the modulation period is 

increased, the residual stress decreases, and the adhesive strength and the hardness increase. When reducing R

Ti/TiN

:R

Zr/ZrN

 modulation 

ratio, the residual stress and the hardness increase, while the adhesive strength decreases. When increasing the thickness of multilayer 

films, the residual stress increases slightly, and the adhesion and the hardness are improved. The film’s hardness is around 30 GPa 

when its thickness is up to 7.54 µm.  

Key words: Ti-TiN-Zr-ZrN multilayer film; modulation structure; residual stress; arc ion plating 
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