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Effect of Glass Substrate and Surface Roughness on Ellipsometric
Measurement of Silicon Nitride Films
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Abstract In spectroscopic ellipsometric measurement, the backside reflection of the glass substrate has great
influence on the tested results. Ellipsometric measurement and model calculation are carried out for the silicon nitride
film deposited on glass substrate of flat panel displays. The coherent model of the baskside reflection, i.e. "air-
substrate-air" is used to calculate and obtain the refractive index of the glass substrate which agrees well with the data
provided by manufacturer. Tauc Lorentz model is used in data analysis for the silicon nitride film to discuss the effect
of the interface layer between the film and substrate, the surface roughness on the optical constants and model
fitting. The results suggest that the inclusion of the interface is necessary for improving the degree of fitting in the
case of lattice mismatch between the film and substrate. The optical constants and film structure of the film system
are presented.
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Table 1 Preparation condition of silicon nitride on glass substrate

Power /W Pressure /Pa Time /s
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NH; /scecm N, /sccm H, /scem PH; /scem
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Fig. 1 Schematic of the phase-modulated

spectroscopic ellipsometer
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Fig. 2 Measured and fitted transmissivity and ellipsometric angle ¢; (b) comparison of fitted refractive index of

glass by using dispersion model and manufacturer data
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Table 2 Effect of surface, interface on structure

measurement of silicon nitride on glass

Fitting 1 Fitting 2 Fitting 3 Fitting 4

Surface roughness / / 5.6 5.7
Silicon nitride 968. 1 967.7 963.7 955.3
Interface layer / 0.01 / 12.4
7 10.5  10.6  0.84  0.74

% 3 HAb%E Tauc Lorentz B & S5
Table 3 Fitting parameters of Tauc Lorentz

model for silicon nitride
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Fig. 3 Fitted optical constants of silicon nitride. (a) Refractive index; (b) extinction ratio

s107002-3



# ot

4 4 e

BRFE T AE o AR % S T S B v
FE £ 3 500 8 280 AL o 4 I8 ) S 1F . o B ORI £ T 3
JEG S 6 R T 0 B 2 O A B S
Fe 2R SR IEAT T WG 530 25 80 T AT (35 00 800 L ok >
T MBI R B R L E AT W R R B 4
DA o B8 T A R HERREGE 1 4004 IR L 5 SR e W)
52 TH ORI 32 561380 45 19 5 IR AR K S % 1 26 TR
JE T 4 1 R T J2 L A R B A S A L 2
S 2 R L5 4 00 S 5 1) 9 2% 3 O of
S RV T S AT 22 W/ (EL T 9 2R B B 2 7
B RS A BN i ] T LR B 2 2
F s R 0 05 A T AT — 2 O B .

& F X

1 G. Lavareda, C. Nunes de Carvalho, A. Amaral e al..
Dependence of TFT performance on the dielectric characteristics
[J]. Thin Solid Films, 2003, 427(1-2); 71~76

2 Wang Ying, Shen Dezhen, Zhang Jiying. Influence of thermal
annealing on the structural and optical properties of si-rich silicon
nitride films [J]. Chinese Jowrnal of Liquid Crystals and
Displays, 2005, 20(1); 18~21
T PR, TR . B SOt E iR S RE I Y 25 4 ROk
G RLT]. &dh 5 2R, 2005, 20(1): 18~21

3 Xie Zhenyu, Long Chunping, Deng Chaoyong et al.. Effect of

high deposition rate on chemical bonds and properties of SiN film
[J]. Chinese Journal of Liquid Crystals and Displays, 2007,
22(1) . 26~31
WPRT, AR, XBWITE A R TR G ik v Xk G 2 B
HERERYSZ LT, = dh 5 2+, 2007, 22(1): 26~31

4 M. Born, E. Wolf. Principles of Optics [ M]. New York:
Pergamon Press, 1989

5 A. Ahmad, S. Saq an, B. Lahlouh e al.. Ellipsometric
characterization of Pbl, thin film on glass[J]. Physica B, 2009,
404(1): 1~6

6 Xiao Guohui, Huang Zuohua, Liu Changning e al.. Analysis of
ellipsometric data processing about transparent film on the
transparent substrate [ J ]. Laser Technology, 2010, 34 (2).
247~249
HEE, B, NB T S E WS U B O A AL 243 B
[J]. #E3 AR, 2010, 34(2); 247~249

7 A. R. Forouhi, 1. Bloomer. Optical dispersion relations for
amorphous semiconductors and amorphous dielectrics[ J]. Phys.
Rev. B, 1986, 34(2). 7018~7026

8 Corning Incorporated. Corning® EAGLE XG™ AMLCD Glass
Substrates-Material Information [ OL]. [2012-02-07 ]. http. //
www. delta-technologies. com/downloads/Eagle % 20XG. pdf

9 Harland G. Tompkins, Engene A. Irene. Handbook of
Ellipsometry[ M]. New York: William Andrew, 2005. 93~180

10 S. V. Deshpande, E. Gulari, S. W. Brown e al.. Optical
properties of silicon nitride films deposited by hot filament
chemical vapor deposition[J]. J. Appl. Phys., 1995, 77(12).
6534~6541

11 G. E. Jellison, F. A. Modine, P. Doshi et al.. Spectroscopic
ellipsometry characterization of thin-film silicon nitride[J]. Thin
Solid Films, 1998, 313-314(1-2) . 193~197

EBERE AT 4

s107002-4



