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Table 1 Deposition parameters of multilayer films

Films Parameters Thickness
/um
Ti-TiN 2
Zr-ZrN 2
1 cycles 2
Modulation
periods 2 cycles 2
(Rri/min:Rzu/zin 4 cycles 2
=2:1)
8 cycles 2
Ti-TiN-Zt-ZIN Ryymin:Rzvzen 12 2
modulation ratio 3:1 2
(8 cycles) 13 By
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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 Adhesion/  Hardness/
period Si TCI1 N GPa
substrate  substrate
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

2.2 Rymin:Rzzn BAFI L EEEE N FHEERIZ

78 LR R R SRR L, SRR 8 AT
A RrjriniRzwzen VLI HESE . B 3 A
Rrimin:Rze/zen W EE Ti-TiN-Zr-ZeN £ )2 8 1 50
3a FAMILE 3:1 Z )28, SJEAEZ 1.80 pm, B
W25 170 nm, LPEE 440 nm. B 3b RifAHILL 2:1 £
R, REEL) 2,32 um, AL 220 nm, BEE
25 560 nm. & 3c HHIEL 1.2 Z )21, BIEEZ 2.10
um, BEJEIIZ) 220 nm, F)E 22 340 nm. & 3d i
I 1:3 Z 20, S EZ) 1.98 um, 55 1125 200 nm,
I Z 2 360 nme JIT £ 1) 22 )2 158 S s 1 ) bl 2 S RE
B EAY G .

* 3 K PT W SA F RryriniRzyzn I HG
Ti-TiN-Zr-ZtN 2 2 I ER AR N D)+ 2 ) P FE 45
o mE, BEE Ze-ZeN 2 LIS, 52 P
BRAN ) B K ke s, X EE BT RZE ZoN (1)
N JJ KT TiNe XM, JRZ 5 A 45 6 ) W) 5230
BE Zr-ZeN )z Ee) e 3G s B E Ry, k2 v, b
H Zr-ZeN BN, RN RO, 4G 01 R,
3X 55 T R AR — B . IR, Ze-ZoN 2
EU A PR35 T, 22 23 R (1 Bl 52 0o 16 34, IX B0 ZiN
FORE B v T TIN, B ZeN Be g8 n, A bt 2
K.

2.3 EREEMEZREEMENTM

76 Y A I B L S A L, R SR A MR
U —JA 2 220 nm, Reyyrin:Rzezen W EE 2:1 /T
S — DO R BE X R AR N Ty L g T R A
PEREROSEI . > HIPTRL T 16 JE . 32 JE IR 40 A1
) Ti-TiN-Zr-ZtN 2 2 i B 4 9 ) )2 RS 1) 2 2 A
M. K 4a 16 FZ 2, SJEREZ) 431 pm,
5 H 312 234 nm, W IE 24 566 nm. K] 4b Oy 32 JH
LM, REEL 7.54 um, BEFEWZ 222 nm, o
JZ41 450 nm. & 4c S 40 I Z ZE, B R 9.29
pum, BEFHIL 220 nm, EIEE L 480 nm.

A4 K P s AN ] JE RE AR AR N D) Hi A T
Tl 5 S Tk e ) 4 SR . PR AT AN, B ML R (8
JBLZ T R B AR N D B HEOR, IBE S TC11 K& 4
ARG S M EIH E S, X B0 TR
RSN, 7E TC11 Ak& 43R sk 4 0 1
BEMEAR AN, FRA DN S35 4 s AN, )2 R
(3G I, AERE S AE R FE R A RIS, fE TR
SRR AT R, FESLASTE /N, DRI S I i R R
Hom, BEEELS B R, B R G
i, 2 )R A R b g, AR 7.54 pm
DU, 22 2 MBS PR 4 185 5 AR B2 7 30 GPa 7KF o X &



11

* 3471 ¢

K3 ANIA] RyiminiRzuzen VI L 22 J2 I 1T 2 30
Fig.3 Sectional morphologies of multilayer films with different Rririn:Rzyzn modulation ratios: (a) 3:1, (b) 2:1, (¢) 1:2, and (d) 1:3
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Table 3 Residual stress, adhesion and hardness of multilayer

films with different Rrtitin:Rzrzen modulation ratios

Rritin:Rze/zen Residual stress Adhesion/  Hardness/
modulation ratio  (Si substrate)/GPa N 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 um, (b) 7.54 pm, and (c) 9.29 pm
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Table 4 Residual stress, adhesion and hardness of multilayer

films with different thickness

Residual stress/GPa

Films Adhesion/ Hardness/
thickness/um Si TC11 N GPa
substrate  substrate
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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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 Rrti/tin:Rzyzen 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/tin: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 um.
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