a6 K2 i

B/ SN
LASER TECHNOLOGY

Vol. 46 ,No. 2

2022 4£ 3 H March 2022

XE4HS: 1001-3806(2022)02-0288-05
ETRMALAHES HER TO,

Wl B5%E " SR MR
B Iy B TR e WU L 273165)

R N T HT I -G 4 19 TiO, SRR AL A H R SR ABETR L # 17 222 TiO, W, A4 i B ) i
FERHEAT T 0 M , AR [5Gt D ' 18 X S 40 3 3 3 8 BIORIAL B R AT 1 1005 20 A, DR AR DU 3 A S i T 0045 25
RBEAT THAIE, 745 T TiO, W RE LB AT RO . 45 RE W, Ti0, IR TR 5 e bR 2 BURL MK &
NEALBR A2 15% H5 edk 2B , New Amorphous {0 UL AT LA AT 3 #0169 - R IR e U 7 126 il 46 1) Ti0, W IRAE
1.55eV ~4.00eV 3 Bt Gis . Z0F50 b i -BE R Hil 4 1 Ti0, WAL i B Rt T 2%

REIA: JEIEE e WG IR R 6T s — AL BREAR

FESZES: 0484.5 XEkFRERD: A doi; 10. 7510/jgjs. issn. 1001-3806. 2022. 02. 022

BIEXEEH SN

Analysis of optical constants of TiO, thin film based on

in-situ common angle ellipsometry and reflection

SUN Xiaojuan, HAN Peigao, JUAN Fangying, HAO Dianzhong
( Department of Physics, College of Physical Engineering, Qufu Normal University, Qufu 273165, China)

Abstract: In order to analyze the optical constants of the TiO, thin film prepared by the sol-gel method, multi-layer TiO,
thin films were prepared by spin-coating, and the surface morphology was analyzed by scanning electron microscopy. The
refractive index dispersion and porosity of the film were analyzed by ellipsometry. The fitting analysis was carried out, and the
fitting results were verified by in-situ common-angle reflectance spectroscopy. The TiO, thin film thickness, porosity, and
refractive index dispersion curves were then obtained. The results show that the thickness of the TiO, thin film has a linear
relationship with the number of spin coatings. The porosity of the film is about 15% and has nothing to do with the number of spin
coatings. The New Amorphous dispersion model can fit the ellipsometric spectrum of TiO, thin film prepared by the sol-gel spin

coating method in the 1.55e¢V ~4.00eV band. This study provides a reference for the measurement of the optical constants of the

TiO, thin film prepared by the sol-gel method.
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Fig. 1 SEM image of TiO, thin films surface
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Fig.2 Model of film structure with voids for ellipsometry fitting

B 3a 8] 3b J3BlJE X d, ~ dg BRI OGS 1., 1.
Rt LR A A R . AT LUE L TE 1. 55eV ~
4.00eV FEEN, A MRAIN 1 5 1, iS5 50
£ W) 5 B8

1 A1 B WA [ e iR 2 501 Tio, B
JEFERFLETAREE IR . AT LAE ), 78 S0 R T e TR 2
1, TiO, VR AR J2 e Uk i IR BE 2928 8. 9nm, iE R )2
BRI TIN5 S B ) 3G I A Y R G AR PRt
A ATE— @ A B bt o 42 e % J2 S 0 ok J5E

—d .fitting
+ d ,experiment
—d, fitting

» d,,experiment

—d_ fitting
- d,experiment
——d, fitting]

i d,,experiment

d.fitting]
d_,experiment

—d_fitting]
- d experiment

1.52.0 25 3.0 3540 45 50 55
photon energy/eV

—d .fitting
+ d ,experiment
—d, fitting
» d,,experiment
\ ——d fitting
% - dexperiment
—d, fitting]
d,,experiment
d.fitting]
d,,experiment
—d, fitting
_dﬁ,ez(per ent

_0. A A A A A
q.S 2.0 2.5 3.0 3.54.0 45 50 55
photon energy/eV

Fig.3 Results of elliptic polarization measurement and fitting of TiO, thin
films with different spin coating layers
a—measurement and fitting results of I, dispersion curve of ellipso-
metric spectrum  b—measurement and fitting results of 7, disper-
sion curve of ellipsometric spectrum

Table 1~ Thickness and porosity of TiO, thin films with different spin coating

layers

sample thickness/nm TiO,/ % void/ %
d 8.88 84.2 15.8
d, 17.50 84.8 15.2
dy 27.08 84.7 15.3
dy 36.06 84.4 15.6
ds 44.26 84.1 15.9
dg 53.58 84.2 15.8

A o ] AT L 3 A FL B R A O 15% ~
16% , BV 77 AL B 238 JE AR AN Bl e 1 2 808 1k, X 5
SEM WRZZH (1) A [ Jié 1% J22 BORE oty 2 T T A5 B A4 A [+
=8,
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TR R S E IR 2 Fi7R .

Table 2 Fitted parameter values of new amorphous dispersion model

parameter value
Ny 1.9417520 +0.2259548
w,/eV 3.1120360 +0. 0452856
Ji/eV 0.2010251 0. 0538058
w;/eV 4.1955300 0. 0326773
I';/evV 0.4761398 0. 0235010

BLATEIY THO, WL o, ~3. 1eV, X5
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Fig.4 Refractive index n and extinction coefficient £ dispersion curves of

TiO, thin films
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Fig.5 Comparison of reflectivity fitting value and measurement value of

TiO, thin film with different thickness
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