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2:15pm EL1-ThA-1 Mueller Matrix Ellipsometry for Optical Metasurfaces,
Morten Kildemo, Department of Physics; NTNU;Norway INVITED
We review our recent works using spectroscopic Mueller Matrix
Ellipsometry together with full wave modeling that has allowed on one
hand to reveal new physics of optical plasmonic or dielectric metasurfaces
[1-4], and on the other hand achieve high control of the manufactured
metasurfaces. Furthermore, as metasurfaces are at the brink of a
commercial breakthrough, we aim at showing that it is likely that this
transition will be facilitated through the appropriate use of spectroscopic
ellipsometry.

In part one of this talk, we discuss the physics of the full wave models of
plasmonic metasurfaces realized from Mueller Matrix Ellipsometry, and in
particular address the MME metrology of arrays of Au patches supporting
both Gap Surface Plasmons and Surface Plasmon Polaritons[2,3]. A plane
wave expansion of the field in the insulator shows that the fundamental
localized resonances are composed of oppositely propagating modes, and
we produce evidence that the sharp dispersive resonances observed in p-
polarization, excited near the opening of diffracted orders, are grating
coupled SPPs.

In part two, we discuss our recent work on design, manufacturing and a
complete characterization of a class of optical metasurfaces: polarization
beam splitting metasurfaces [4]. We describe our recently developed
methodology using diffractive mode Mueller matrix spectroscopic
ellipsometry (MMSE). Hence, we study both experimentally (and thereby
with more conviction also numerically), how well these metasurfaces work
in practice. In particular, we show that through appropriate control of the
optical properties using MMSE, and feedback to both the nano-
manufacture and design step, that we reach accurate and reproducible
meta-surfaces. It is recalled that meta-surfaces are based on well-designed
nano-resonators (in our case a-Si:H) that are manufactured on a plane
interface.
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3:00pm EL1-ThA-4 In-Situ Optical Investigation of Electrochemically
Controlled Surfaces and Thin Films, Christoph Cobet, L. Rosillo Orozco,
Johannes Kepler University, Austria; S. Vazquez-Miranda, ELI Beamlines
Facility, Czechia; K. Hingerl, Johannes Kepler University, Austria

The applied electrical potential between an electrolyte and a solid
electrode, whether it is a metal, semiconductor, polymer or a bio-
membrane, could initiate versatile surface or film modifications. First of all,
the potential simply redistribute charges. But in the new thermodynamic
equilibrium adsorbates or even the conformational appearance could
change and thus determine the catalytic efficiency of an electrode material,
for example. From an experimental point of view, the interfacial electric
potential is, on the other hand, a very precise and powerful tool to
manipulate thermodynamic equilibrium conditions. It can be modified over
a huge range of several eV. Similar effects are otherwise only possible with
extreme e.g. temperatures or pressures. However, the fundamental
knowledge about the atomic structure and the related processes is still
relatively limited compared to classical surface science in vacuum. The
reasons are theoretical challenges in the description but primarily
experimental limitations as electron based methods like XPS are not
applicable at solid-liquid interfaces. Motivated by the increasing interests in
this topic, we have started to use optical polarization methods such as
spectroscopic ellipsometry (SE) and reflection anisotropy spectroscopy
(RAS) to obtain new and complementary in-situ information. From
experiments in vacuum or gas phase environment it is known that these
methods could provide an exceptional surface sensitivity. This sensitivity
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allows us to observe the formation of surface quantum well states at a
metal-electrolyte interface or an in-situ determination of the electronic
band banding at semiconductor surfaces like the polar ZnO [0001] and
[000-1] surface.

3:15pm EL1-ThA-5 Thz Electron Paramagnetic Resonance Generalized
Spectroscopic Ellipsometry, Bloch Equations and Superconvergence Rules
in the Frequency-Dependent Magnetic Susceptibility, Mathias Schubert,
University of Nebraska-Lincoln, USA; V. Rindert, V. Darakchieva, Lund
University, Sweden

A new optical technique is presented to detect the signatures of electron
paramagnetic resonances in materials at terahertz frequencies and high
magnetic fields using generalized spectroscopic ellipsometry.[1]
Measurements dispense with the need for modulation techniques and
resonance cavities.[1] The elements of the normalized Mueller matrix are
determined, which contain hitherto undetected information about the
polarization, frequency, and field response of unpaired electron spin
moments including nuclear magnetic coupling.[1,2] Approaches to model
analysis of the frequency dependent magnetic susceptibility tensor are
discussed, Bloch equations are revisited, and an analogue to the Lyddane-
Sachs-Teller relationship is shown from theory and experiment.[3,4]
Examples include quantification of the defect properties of Fe and Cr in
Gaz0s3, N in 4H-SiC, and Fe in GaN.
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