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Motivation: THz Spectroscopic Ellipsometry

Indirect Semiconductors Effective Mass

Long wavelength behavior of free
charge carrier described by
effective mass
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*We employ the optical Hall-effect for contact free
determination of the effective mass tensor for
multi-valley band materials like silicon.

«In addition the THz optical Hall-effect enables to
determine the carrier concentration and mobility fo r
both bulk and layered silicon structures. Historical determination of

effective mass-parameter:

cyclotron resonance experiments

* The measurement geometry of the setup effects the
uncertainty for the longitudinal mass parameter.

High free mean path length

« Low temperature, high magnetic field ellipsometric
necessary

measurements at small angles of incident provide
higher sensitivity to longitudinal mass.
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Indirect band gap materials Dresseihaus otal Phys. R
X resselhaus et al. Phys. Rev.
possess multiple band extrema 96, 360364 (195%) => low temperature needed

THz Optical Hal Theory

Generalized THz Ellipsometry

« rotating analyzer ellipsometry
configuration

« polarization rotator to change
the input polarization (PR)

« wire grid polarizer (A)

« Golay cell detector (GC)

Drude Model

Classical Drude equation for charge carriers
subjected to an external magnetic field:
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Experimental Results

Generalized Ellipsometry Optical Hall-Effect
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Sample: Double side polished <001> silicon Simultaneous determination of longitudinal and tran s- <100>
substrate with a titanium coating on backside versal effective masses, carrier concentration, mobi lity Ti ~200 nm
in order to prevent reflections from magnet and carrier type:
pole face.
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Fabry-Pérot interferences are found to Terahertz optical-Hall effect for multiple valley band materials: n-type silicon Equrimlental (green) and best-fit-model calculated (red) Mueller
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