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Spectroscopic ellipsometry is an optical reflection technique, which allows measurements
of optical constants (refractive index, absorption coefficient, dielectric function) from the
change of the polarization of the light beam as it is reflected by a flat sample. Although |
built two rotating-analyzer ellipsometers long ago out of necessity, for the past 25 years |
have only used commercial ellipsometers or user facilities for data acquisition and relied
on commercial software for data analysis. Instead, my main focus has been on industrial
applications of spectroscopic ellipsometry, especially in the semiconductor industry, and
the interpretation of the dielectric tensor to learn about materials. For many years, the
temperature dependence of the dielectric tensor has been one of my specialties.

In the mid-infrared spectral region, the dielectric function of insulators is dominated by
lattice absorption of a single photon by an infrared-active long-wavelength phonon.
Analysis of infrared ellipsometry spectra therefore starts with crystallography (unit cell,
Wyckoff positions) and the determination of phonon symmetries from group theory. For a
simple rocksalt crystal like LiF with O, symmetry, there are two threefold degenerate
modes belonging to the T., representation, which correspond to acoustic and optical
phonons. The latter is split into a transverse (TO) and longitudinal optical (LO) phonon by
the Fréhlich interaction. This leads to a region of high reflectivity (reststrahlen band) which
extends from the TO to just above the LO energy. The TO phonon peak is often asymmetric
because of the frequency-dependence of the scattering rate. For more complex crystal
structures, several phonon peaks can appear in the spectra. With increasing temperature,
the optical phonons soften and their energies decrease, while their broadenings increase.
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