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Optimization of Stokes optical polarization measurement system

ZENG Liangwei, CAI Yuanjing, TAN Chushen, HUANG Zuohua
(School of Physics and Telecommunication, South China Normal University, Guangzhou 510006, China)

Abstract: Division-of-amplitude photopolarimeter( DOAP) was the key part of Stokes ellipsometer. To reach the complex
and strict processing demands of beam splitter in DOAP, two waveplates are inserted respectively in the reflection light path and
transmittion light path of classic DOAP to form an improved DOAP. The instrument matrix of new DOAP was derived and
influence of waveplate parameters on the condition number of instrument matrix was also analyzed. From theoretical analysis and
experimental verification, the optimal parameters and their relationships of waveplates were gotten. The results show that,
measurement standard errors of film thickness and refractive index of the optimized Stokes ellipsometer are 0. Inm and 0. 001
respectively. By choosing the optimal azimuthal angles or phase retardations of waveplates, the instrument matrix can be
optimized to improve the accuracy and stability of measurement.
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Fig. 1  Structure of the improved DOAP
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Fig.2 Relationships between condition number and azimuthal angle of waveplates
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Fig.3  Relationships between condition number and azimuthal angle of
waveplates when one waveplate was inserted in transmition light
path
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Fig. 4  Stokes ellipsometer with the optimized DOAP

Table 1 ~ Measurement results of Stokes ellipsometer before and after the insert of wave-plate

no wave-plate

quarter wave-plate at 45°

quarter wave-plate at 90° reference value

condition number 156.53 171.08 32.63 —
' thickness/nm 95.3+0.9 95.1+0.9 102.1 +£0.1 101.84 +0.04
sample 1
refractive index 1.550 £0.006 1.528 +£0.009 1.454 +£0.001 1.460 +0.001
thickness/nm 144.7 £0.9 142.8 £0.9 162.9 £0.1 162.03 +0.05
sample 2
refractive index 1.565 +0.007 1.571 £0.011 1.460 £0.001 1.463 £0.001
thickness/nm 109.0 £1.1 113.2+1.2 184.9 +0.1 185.19 £0.04
sample 3
refractive index 1.931 £0.009 1.775 £0.014 1.455 £0.001 1.454 £0.001
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