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1 2.37 ym  Ti-TiN
Table 1 Deposition parameters of multilayer films 1b 1.99 um  Zr-ZrN
Films Parameters Thi/cukmness TiN le 2.05 pm
Ti-TiN 2 Ti—TiN—ZI‘—ZI‘N
Zr-ZiN 2 Zr-ZtN 500 nm Ti-TiN 1000 nm
1 I 2
Modulation cycles 500 nm 1d 225 ym 2
® periods 2 eyeles 2 Ti-TiN-Zr-ZtN Zr-ZrN- 300 nm
Ty Aoyeles 2 Ti-TiN 580 nm 490 nm  le
8 cycles 2 207um 4 Ti-TiN-Zr-ZiN Zr-ZiN
Ti-TiN-Zr-ZrN Rriymin:Rzuzin 12 2 140 nm Ti-TiN 260 nm 470 nm
modulation ratio 3:1 2 R
8 cycles L3 R 1f 232 ym 8 Ti-TiN-Zr-ZrN
i Zr-ZtN 80 nm Ti-TiN 140 nm
Periods number 16 cycles 4 560 nm 2 pm
Rrimin:Rzozn 32 cycles 8
=2:1) 40 cycles 10 Rritin:Rzyzen 2:1
AR (M
o = 1 1 2 XRD
6 v =2 TiN Ti TN ZiN Zr
0
ZrN ZrN  TiN
o Es Vs
1 t R R 1 Zr Ti
Zr Ti
Zr/Ti 1/7
2
2.1
1 la

‘. "f”l.rzﬁN w? AT
TN 1)

1 SEM
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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2.2 Rrimin:Rzyzen
8
Rritin:Rzyzen 3
Rrimin:RzyziN Ti-TiN-Zr-ZrN
3a 3:1 1.80 um
170 nm 440 nm 3b 2:1
2.32 ym 220 nm
560 nm 3c 1:2 2.10
um 220 nm 340 nm 3d
1:3 1.98 um 200 nm
360 nm
2 XRD
Fig.2 X-ray diffraction patterns of multilayer films with 3 Rrimin:RzyziN
different modulation periods Ti-TiN-Zr-ZrN
Zr-ZrN
2 ZrN
TCl11 TiN
Zr-ZrN Ti-TiN Zr-ZrN
Zr-ZrN TC11 Zr-ZrN
Ti-TiN / Zr-ZrN
ZrN
TiN ZrN
Si 2.3
TCl11
Si 220 nm  Rryyrin:Rzyzin 2:1
Zr-ZrN 16 32 40
Ti-TiN Ti-TiN-Zr-ZrN 4
4a 16 4.31 pm
234 nm 566 nm 4b 32
7.54 pum 222 nm
2 450 nm 4c 40 9.29
Table 2 Residual stress, adhesion and hardness of multilayer pm 220 nm 480 nm
films with different modulation periods 4
Modulation Residual stress/GPa Adhesion/ Hardness/ TC11
period Si TCll N GPa
substrate  substrate TCI11
Zr-ZTN -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 3215 54 22.38
4 cycles -0.565 -3.153 56 24.18 7.54 pum
8 cycles -0.493 -3.081 58 25.48 30 GPa
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3 RriminiRzyzin

Fig.3 Sectional morphologies of multilayer films with different Rritin:Rzyzen modulation ratios: (a) 3:1, (b) 2:1, (¢) 1:2, and (d) 1:3

3 Si 8 GPa

Table 3 Residual stress, adhesion and hardness of multilayer

films with different Ryi/tin:Rzwzexn modulation ratios

Rritin:RzyziN Residual stress Adhesion/ Hardness/
modulation ratio  (Si substrate)/GPa N GPa
3 038 60 2330 HV=1.8544P/d" (.2)
2:1 -0.493 58 25.48 P ke d mm
1:2 0538 55 27.03 HV=30 660 MPa P=0.025 kg  d=3.89
1:3 -1.079 50 28.76 um y

4 Ti-TiN-Zr-ZtN

Fig.4 Sectional morphologies of multilayer films with different thickness: (a) 4.31 um, (b) 7.54 um, and (c) 9.29 um

4 1.5
Table 4 Residual stress, adhesion and hardness of multilayer 5.84 pum
films with different thickness 7.54 pm
. 30 GPa
Films Residual stress/GPa  hesion/ Hardness/
thickness/um Si TC11 N GPa 3
substrate  substrate
2.32 -0.493 -3.081 58 25.48 1)
431 -0.629  -2.991 62 27.47 Reririni Rznizm
Ti-TiN-Zr-ZrN
7.54 -0.810 -3.091 66 30.66

9.29 -1.216 -3.136 71 30.91
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2) Ti/TiN
3)
7.54 um 30 GPa
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Effect of Modulation Structure on Mechanical Properties of Ti-TiN-Zr-ZrN Multilayer
Films

Lin Songsheng', Zhou Kesong', Feng Chengcheng', Dai Mingjiang', Shi Qian', Zhao Shengsheng?
(1. National Engineering Laboratory for Surface Engineering Technology, The Key Lab of Guangdong for Modern Surface Engineering
Technology, Guangdong Institute of New Materials, Guangzhou 510650, China)
(2. Shenzhen Polytechnic College, Shenzhen 518055, China)

Abstract: The Ti-TiN-Zr-ZrN multilayer films with different modulation periods, different Rriin:Rzyzn modulation ratios and
different thickness were deposited on TCI11 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 Rri/rin:Rzyz:n 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 pm.
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