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Abstract: In order to study the application of X-ray reflectometry in the characterization of interface microstructures of nano-
scale multilayer, CrAIN/TiAIN nano-scale multilayers were fabricated by RF-reactive magnetron sputtering. X-ray
reflectometry method was used to investigate the effects of deposition parameters on interfacial structure of CrAIN/TiAIN
nano-scale multilayer. The results show that the increase of the power of the aluminum target can improve the sputtering rate
and reduce the interface roughness of the multilayers. However, the high power of the aluminum target causes serious
dispersion of the interface. Larger and smaller negative bias is detrimental to the formation of the complete multilayers with
good modulation structures and smooth interfaces. Optimizing the target current of Ti/Cr can effectively improve the
modulation structure of the multilayers. While the higher target current will lead to diffusion between the films and form a
diffusion interface. N2 flow rate and Ar flow rate have opposite effects on the interface roughness. According to the
experimental results, the optimized magnetron sputtering process parameters are obtained as: aluminum target power of 80 W,
sputtering negative bias of =200 V, Ti/Cr target current of 0.2 A, N2 flow rate of 30 cm*/min and Ar flow rate of 10 cm*/min.
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Table 1 CrAIN/TiAIN multilayers under different sputtering
parameters

Bias  Current of N2 flow Ar flow Al target

No. voltage/  Ti/Cr rate / rate / power /
\Y% target/ A (cm’ - min") (cm’- min™) W
1 -200 0.2 30 10 40
2 =200 0.2 30 10 80
3 —200 0.2 30 10 120
4 =200 0.2 15 10 80
5 =200 0.2 45 10 80
6 —200 0.2 30 5 80
7 —200 0.2 30 20 80
8 —100 0.2 30 10 80
9 300 0.2 30 10 80
10 -200 0.1 30 10 80
11 =200 0.3 30 10 80
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Fig.1 X-ray reflectivity curves and SLD patterns with different
Al power
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Table 2 Fitted parameters of CrAIN/TiAIN multilayers from
X-ray reflectometry

No. Films  Thickness / nmSLD /(10 A?) Roughness / nm
TiAIN 5.71 2.475 1.83
1 CrAIN 6.66 2.085 1.58
TiAIN 8.56 2.605 1.40
? CrAIN 8.47 3.245 1.11
TiAIN 9.86 2.022 1.02
’ CrAIN 9.57 2.601 0.73
TiAIN 5.07 1.505 0.75
! CrAIN 4.92 2.573 0.42
TiAIN 10.2 2.303 1.20
: CrAIN 11.4 2.766 0.30
TiAIN 7.59 2.15.80 1.79
¢ CrAIN 8.99 2.770 1.26
TiAIN 6.98 2.060 1.49
! CrAIN 7.22 2.660 0.96
TiAIN 7.38 1.852 1.94
’ CrAIN 7.84 2.576 1.61
TiAIN 9.26 2.651 2.15.8
? CrAIN 9.74 3.245 1.82
TiAIN 7.69 2.281 1.22
10 CrAIN 7.95 2.798 0.75
TiAIN 10.56 1.627 2.69
! CrAIN 10.78 2.556 3.02
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