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Abstract; When the thickness of HfO, film reaches nanometer level, its optical properties will change.
The spectral ellipsometer can obtain the thickness and optical constant of the film at the same time. How-
ever, due to the relevance of the measurement parameters, the results of optical constants are not accu-
rate and reliable. In this paper, the thickness of HfO, film is accurately measured by the grazing inci-
dence X-ray reflex technique which can be traced to SI units. Then, the thickness of the HfO, film and
the optical constant were measured by the spectral ellipsometer to obtain the accurate optical parameters
of the film corresponding to the thickness of the film. The influence of the thickness of ultra-thin HfO,
films with the nominal thickness of 2, 5, 10 nm on the optical properties was studied, using Al,O; as the
film buffer layer. The experimental results show that the refractive index increases with the increase of
HfO, film thickness, but the refractive index is 1.901, 2. 042, 2. 121 at the laser wavelength, and is
close to the bulk material, but the extinction coefficient is always zero. It is shown that the nanoscale

HfO, thin films have a good effect on the broad spectrum and it does not absorb light.
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Fig. 1 GIXRR fitting model of sample 1
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Fig.2 GIXRR fitting and measurement curve of sample 1
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Fig. 6 GIXRR measurement and fitting curve of sample 4
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Tab.1 Results of GIXRR measurement and fitting of sample 2
x> =0.105
Ji =
JEEE/um BT /(g - em ™) KBS /nm
Cco 0.47 0.948 0.07
CHO 0.62 1.930 0.12
HfOC 0.93 5.458 0.19
HfO, 1.08 11.150 0.26
AIHfO 1.07 2.100 0.30
ALO,  8.29 3.090 0.24
AlSiO 0.76 1.839 0.19
AlSi 0.79 2.522 0.19
Si0 0.77 2.240 0.08
Si0, 1.31 2.284 0.01
Si FEJE / 2.33 0.15
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Tab.2 Results of GIXRR measurement and fitting of sample 3

X’ =0.094
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JERE/nm BET /(g em ) HAEE " /om

Co 0.66 3.307 0.71
HIOC 0.29 18.136 0.23
HfO, 4.49 11.188 0.14
AIHIO 0.14 5.193 0.49
Al, 0, 9.31 2.243 0.11
AlSiO 0.70 0.465 0.22
AlSi 1.06 1.674 0.21

Si0 0.62 1.748 0.10
Sio, 0.10 2.583 0.44
Si FEJE / 2.33 0.18
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Tab.3  Results of GIXRR measurement and fitting of sample 4

X =0.089
JIEE 2
JEEE/nm BE /(g em™?)  HBEE T /nm
(6{0) 1.47 0. 166 0.22
CHO 1.18 1.254 0.41
HfO, 9.08 10.572 0.46
AIHfO 0.25 13.353 0.44
Al, Oy 9.37 4.035 0.34
AlSiO 0.77 2.529 0.06
AlSi 0.10 2.932 0.03
Si0, 1.26 2.707 0.02
Si FEJK / 2.33 0.22
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Fig.7 Spectral ellipsometry structure model of sample 2 —4
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Tab.4 SE fitting result of sample 2

R A BAEESH Y PR n THIERE K JEEEMH d/nm
18 0.10 1.895 0 2.261
2 R 0.07 1.912 0 2.180
3 0.08 1.905 0 2.184
4 55 0.07 1.901 0 2.220
5 R 0.09 1.892 0 2.217
S / 1.901 0 2.212
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Tab.5 SE fitting result of sample 3

A A ESH Y Yot n HCRE JEEE(H d/nm
15 0.40 1.995 0 5.509
2 45 0.36 2.021 0 5.414
38 0.38 2.052 0 5.376
4 05 0.40 2.100 0 5.554
5 5 0.37 2.041 0 5.415
FEHIME / 2.042 0 5.454
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Tab.6 SE fitting result of sample 4

R A BEESH P n THICRE k JEREAE d /nm
14 0.18 2.150 0 9.713
2 M 0.20 2.112 0 9.824
38 0.22 2.085 0 9.760
4 0.21 2.120 0 9.542
58 0.20 2.139 0 9. 602
T fE / 2.121 0 9.689
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Tab. 7

Refractive index and extinction coefficient of HfO,

thin films with different thickness

.y SRR/ Prig HIGRE
" nm (632.8 nm) (632.8 nm)
25 2 1.901 0.000
3% 5 2.042 0.000
45 10 2.121 0.000
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