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Fig.1 Typical XPS core levels spectra of Ni 2ps. (a) and Al 2p (b)

for the deposited films
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Fig.2 Influence of bias voltage on growth of NizAl films

2.2 {REXT NisAl E IR L5 B F20E

Bl 3 AR il £ 1 NisAl A XRD K
W, MR DUR B 2R BE S e R AR, A R
i 35 A AE 20=43 . 6° 40 H L T AT B, XN T
Cubic-NisAl (111), (ICDD PDF#09-0097). it B 7£ Il 5
AR, (111) b EEAS R R e 2% R B o8 AR A
Kdm T . FF HL AT DA B 52 5 30 Bl A 100 385 X AT 5 0
(56 FBE B S o, B R AR A g B ) 4 B R )
FHE . 2 u=0 FF, NigAl AN 530 HH Al 55 100 407 59 06
IX AT RS2 PR A AE AN e I R s 1R A% 0 R ORR S R 46



511

Frsdn G (X NigAl MBI OISR & )2 P eI

- 3827 -

Intensity/a.u.
o
I'I
AN
D
o
t

u=0Vv
35 40 45 50 55 60 65

2619
B3 AEfHET NisAl #E ) XRD KRk
Fig.3 XRD patterns of NisAl films at different substrate bias

voltages

AEEBAR, WA AECE, SR HEER
2k . BEAE W BB F ARG K, SR e L R
R ALl LB B RE . BRAL TR R AR
L2 T (1) 3T % R 0 56 49 I 19 45 o e 7R 8200,
RILNAT I Ve fr) o B2 R 25 4 5. Dt — DR J LA
P 22 St 1) JEL DR BDORE it 26 AT TEM K

v / N ]
s 4 Clibjc NsAl(111),
,=8=0.2008 nm.
2

4 MR JE u=0. -80 LA K -160 V I NisAl 8 i 1]
HRTEM HEf, MR X AT S8 7] DUE e A
[ g [ T $R15 1 45 Cubic-NisAl Z5#4, SR,
P K - T ) 45 P DA R R R ST AR B L 5
M. 5 u=0 i (B 4a), WRAAREML KL, 5
XRD MR S5 RAHYI &, B n] DUE 24K 1R &
[X ok 2 A0 S A 4 /0N ok, G T 1D BE i 0.2091 nm,
X RLT Cubic-NizAl (111); 4 ii—-80 V 1 & J5 A I
A iy XA R Bl b, oK S RIORE 1Y 22 9135 & (R £ iR A
eddE i, SR STE 5~8 nm(% 1), #iARIH
SRR AL GOK R SR A S50, 9K
i T 1) BB 4TS 6 %2 Cubic-NisAl (111) (& 4b); 4k &1k
i £11-160 V B K IR & X 3t — 2D i /)N, R G R
FEE— D E, 9K S5 FEE LA Cubic-NiszAl (111) H
4 i, LSRR ST 3% K #) 15~22 nm (B 4¢c, % 1).
XA, HRTEM 5 XRD M4 RAHY) &, X
ol 368 3 i o Ao 9 R 3 A & 1 A5 B R I I R A
RGBT A L HRE RO,

Kl 5 25t 7 AN R 26 T NigAl JHE5 (1) 48 i
SEM M8 o 249 A it 0 fw e i) (] 5a), A
A I B REIR R AE AR, R 2T TR R A
K7, XATRES HAH IR 4 e BE AT o0, IR R A 4G
FIMBON GRS « IR, Mt n e 5 A SRR R LA i
BRI AE K, JF AR I AR B I ) L7 51 27 2
MEZE. 2 u=-80 V K (K&l 5b), RN FEEN

Cubic-NizAl(211)
1 _160v d=0.210};nm‘

Bl4 fmMy 0. -80 F1-160 V B NisAl # i f) HRTEM [ /7 F1 SAED {£4%
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Table 1 Summary of hardness, modulus and other
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bias voltages
Voltage/ Deposition Hardness/ Modulus/ Roughness/ Grain

V  rate/nm-min?  GPa GPa nm size/nm
0 29.2 6.9 111.2 10.1
-80 42.1 10.2 136.3 5.8 5-8
-160 49.4 8.0 114.1 7.8 15-22

-240 38.2 8.6 125.8 13.2 18-26
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Fig.5 SEM images of NisAl films cross-section at different substrate bias voltages: (a) 0V, (b) -80 V, (c) -160 V, and (d) -240 V
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Fig.6 SEM (a) and AFM images (b) of NisAl films at different substrate bias voltages
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Effect of Bias Voltage on Microstructure and Mechanical Properties of NizAl Films

Qi Jinlei*, Wang Longpeng®, Han Dongya®, Lin Jiangyuan !, Huang Hao *, Wen Mao *
(1. School of Materials Science and Engineering, Jilin University, Changchun 130012, China)
(2. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: A series of NisAl films were prepared by magnetron sputtering at different bias voltages. Then the effect of bias voltage on the
composition, deposition rate, microstructure, hardness and fracture toughness were studied by XPS, XRD, SEM, AFM nanoindentation and
digital microhardness tester. The results show that introducing the bias voltage can increase the kinetic energy of the ionized charged ions
during sputtering, and thus significantly improve the deposition rate, the density of the internal structure and the surface smoothness of
NiszAl films. In addition, the introduction of appropriate bias voltage can induce the formation of amorphous/nanocrystalline composite
structure to improve the crystallinity of the films. The wrapped nanocrystalline composite with biphasic structure provides a large number
of grain boundaries, which strengthen the blocking effect on dislocations, leading to the dislocation stacking at the grain boundary and
resulting in the increase in hardness. Meanwhile, the large number of grain boundaries also consume the energy of crack propagation to
inhibit the generation of macrocracks, and significantly enhance the fracture toughness of NisAl films.
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