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Abstract: A high-speed single photoelastic modulation (PEM) ellipsometry measurement method based on
polarization modulation of PEM and parameter extraction of single modulation period genetic algorithm is
proposed to address the issues of phase locking multiple period signals and inability to quickly obtain sample

optical ellipsometric parameters and thin film thickness in single PEM measurement technology. The time
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resolution of this method can reach up to ps level. To ensure the accuracy and stability of the algorithm, the
phase delay amplitude (&) of the PEM system is calibrated by the extremum of the interference signal within
a modulation period of the system and the optical ellipsometry parameter range of the sample is determined.
This calibration method can significantly shorten the calculation time and improve the calculation accuracy.
By measuring the air and samples (made of silicon dioxide coated on silicon with thicknesses of 60 nm and
100 nm), the experiment shows that the static phase delay (Jy.:) of the PEM system fluctuates stably within
the measurement range. The maximum deviation of & i1s 0.007 3 rad, and the standard deviation is
0.003 3 rad. The linear fitting coefficient R* of the duty cycle between J,., and FPGA output signals is
0.999 5. The experiments show that the relative error between the measured thickness of the sample film and
its true value is less than 0. 1% and the deviation is within 1 nm. The required modulation signal time for
ellipsometric parameter measurement is 8. 3 ps, which is 1~2 orders of magnitude faster than traditional PEM
phase-locked ellipsometry methods. The results show that the high-speed single PEM ellipsometry mea-
surement technology achieved by this method has high accuracy and stability, and lays the foundation for

subsequent research on high-speed multi-PEM ellipsometry technology.

Key words: high-speed ellipsometry measurement; photoelastic modulation; genetic algorithm; image fitting
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