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Abstract Aiming at systematic error sources in a Mueller matrix imaging polarimeter, we propose a simplified

analytical method based on the approximate matching of the ideal coefficients of Fourier series of the intensity curve

with the real ones. By using the method, a linear relationship between the deviation of the Mueller matrix and the

parameter of the error source is built. The analytical expression for random error caused by the azimuthal angle is

complex, so an equivalent noise model is proposed to characterize the impact of misalignment from the view of

statistics. Based on the simplified models above, we conduct a comprehensive analysis for the measured Mueller

matrices influenced by six kinds of systematic error sources and two kinds of random error sources. The simulation

for the measurement of a typical Mueller pupil of the lithographic projector is performed. The results verify the

accuracy of the proposed method.
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Fig. 1 Structure of Mueller matrix imaging polarimeter for measuring polarization aberration
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Table 1 Error sources in Mueller matrix imaging polarimeter

Error type Element Error parameter Typical value

Quarter-wave plates Retardance error ¢ 0.001x
Qi Q Diattenuation error e 0.01
Systematic Azimuthal angle error A0 /(°) 0.1
Polarizers Diattenuation error & 0.01

P, P, Retardance error & 0.001m
Azimuthal angle error A9 /(%) 0.1

Random Image sensor CCD Noise ¢ (AD) 0.003
(normal distribution) Q. Q. Azimuthal angle error ¢ (Af0g) /() 0.1
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Table 2 Fourier coefficients of light intensity influenced by delay errorof retarder

Order Term Coefficient of Fourier series Approximate coefficient
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Table 3 Fourier coefficients of light intensity influenced by diattenuation and azimuthal-angle error of retarder

Order Term Approximate coefficient (e) Approximate coefficient (4)
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Fig. 2 Original Jones pupil. (a) Polarization attenuation; (b) phase delay
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Fig. 3 Statistics of prediction errors by using model of delay error of retarder. (a) Mean value; (b) standard deviation
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Fig. 4 Statistics of prediction errors by using model of polarization attenuation error of retarder.
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Fig. 5 Statistics of prediction errors by using model of azimuthal-angle error of retarder.

(a) Mean value; (b) standard deviation
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Fig. 6 Statistics of error distribution of Mueller matrix caused by two kinds of random error sources.

(a) Image sensor noise; (b) random azimuthal-angle errors of retarders
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Fig. 7 Relationship between original and predicted intensity

errors and random azimuthal-angle error of retarder
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Fig. 8 Errors of Mueller matrix caused by noise of image sensor. (a) Original values; (b) predicted values
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Fig. 9 Errors of Mueller matrix caused by random azimuthal-angle errors of retarders.

(a) Original values; (b) predicted values
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