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Design of a Free-form Mueller Matrix Ellipsometer with Imperfect Compensators
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A free-form Mueller matrix ellipsometer (MME) based on independent control of the azimuthal angle of each polarizing element is introduced. The
azimuthal angles of the polarizer and the matching compensator which generate the optimum Stokes vectors of an incident beam are investigated
for the polarization state generator, where the spectral responses of the retardation angle and transmittance ratio of a nonideal compensator are
taken into account. Similarly, the azimuthal angles of the analyzer and the corresponding compensator are investigated for the polarization-state
detector, to unambiguously determine the Stokes vector of the outcoming beam from the sample, and explicit expressions for the Stokes elements are
derived. Since the suggested technique enables one to utilize a nonideal quarter-wave plate as the compensator for an MME, it will contribute to the
construction and application of a Mueller matrix spectroscopic ellipsometer (MMSE) operating over a wide spectral range from deep ultra-violet to

near infrared.
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Fig. 1. Generation of an elliptically polarized light.
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Fig. 2. Characteristics of a typical commercial composite phase retarder versus wavelength. (a) Phase retardation angle in degrees. (b) Ratio of
electric field transmission.
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Table 1. Stokes vectors of the beam after passing through a polarizer and a phase retarder

Group Symbol (P, C) Stokes vector y=n/4,5.=1/2
1171
Xy 4.4, (0,0, (%%) }) , _01 x,y linear polarization
ol LoO
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- — T 0 0 o1 _
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ol Lo
1 1
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1.8 0.10
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£ £ 0
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o} 5 -0.05 4
g 1.2 g 005
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200 300 400 500 600 700 800 9001000
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Fig. 3. Calculated determinants of (a) the Mueller matrix composed of four typical Stokes vectors in Table 1 and (b) the Mueller matrix com-
posed of three typical Stokes vectors in Table 1 and the Stokes vector corresponding to P = 20° and C = 70°.
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