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Nano-scale analysis of Phase Change Material thin films us-
ing a Scattering-type Scanning Near-field Optical Microscope
(s-SNOM) — eOxANA MAURER, JULIAN BARNETT, KONSTANTIN
WirtH, LisaA ScHAFER, MaTTHIAS WUTTIG, and THOMAS TAUBNER
— Institute of Physics (IA), RWTH Aachen

Phase Change Materials (PCMs) possess two or more different states
with a distinct contrast in optical and electrical properties. The states
can be switched in a reversible and non-volatile manner, leading to ap-
plications in optical and electrical data storage, but also in photonics
and thermoelectrics. PCMs exhibit a bonding mechanism referred to as
metavalent bonding (MVB)|1], which is characterised by a competition
between electron localisation and delocalisation. Based on theoretical
calculations, indications of MVB seem to persist down to the 2D limit
[2], e.g GeTe shows PCM properties down to a few bilayers and its
band gap is increasing for decreasing film thickness. To verify this, the
optical near-field response of ultrathin PCM films are investigated with
a scattering-type Scanning Near-field Optical Microscope (s-SNOM).
Until now, a fundamental understanding of band gap effects on the s-
SNOM contrast is lacking. Therefore, our measurements are combined
with theoretical modelling to gain insight into the s-SNOM contrast
changes introduced by band gaps.

[1] B. J. Kooi, M. Wuttig (2020) Adv. Mater. 32, 1908302

[2] I. Ronneberger, et al. (2020) Adv. Mater. 30, 2001033

069.2 Wed 10:30 P
Infrared super-resolution microscopy of phonon polariton
modes by sum-frequency generation — eRicHARDA NIEMANN!,
SOREN WasserroTH!, GuanNyu Lu2, CurisToPHER R. GUBBINS,
MARTIN WoLr!, StmoNE DE LiBeraTo?, JosHua D. CALDWELLZ,
and ALEXANDER PAARMANN! — !Fritz-Haber-Institut, Berlin, Ger-
many — 2Vanderbilt University, Nashville, USA — 3University of

Southhampton, Southhampton, UK

Nanophotonics is based on the subdiffractional localization of light
by surface polariton modes. Its devices enable the modulation of light
matter interaction on the nanometer scale by specifically designed sub-
diffractional nanostructures. Inherently, though, the spatial resolution
for optical characterization of the polaritonic modes is limited by the
diffraction limit. Here, we demonstrate a novel approach that over-
comes this limitation by using Infrared-Visible Sum-Frequency Gener-
ation (IR-VIS-SFG) wide-field microscopy.

After the first SFG microscopy study of a nanophotonic system [1],
we here demonstrate subdiffractional spatial resolution of <1 pm when
imaging phonon polariton modes in SiC nano pillar structures at a
wavelength of A\ & 11 pum using the wide-field approach. The wide
tunability of the infrared free-electron laser [2] used as the infrared
light source enables full spectral mapping of the polaritonic modes
in various simple subdiffractional structures, providing access to the
polariton mode formation for the first time.

[1] Kiessling et al., ACS Photonics, (2019)

[2] Schollkopf et al., Proc. of SPIE (2015)
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Plasmonic antenna coupling to hyperbolic phonon polari-
tons for sensitive and fast mid-infrared photodetection with
graphene — eSEBASTIAN CASTILLA!, JoANNIS VANGELIDIS2, VARUN-
VARMA Pusapari!, JORDAN GOLDSTEIN®, TETIANA SLIPCHENKO?,
Luis MARrTIN-MoreNO?, Dirk ENGLUND®, KLAAs-JAN TIELROOLI®,
RAINER HILLENBRAND®, ELEFTERIS Liporikis?, and FRANK
KoppeNs! — 1ICFO - The Institute of Photonic Sciences, Castelldefels
(Barcelona), Spain — 2University of Toannina — 3Massachusetts In-
stitute of Technology — *University of Zaragoza — ®Catalan Institute

of Nanoscience and Nanotechnology (ICN2) — 6CIC nanoGUNE

In this work, we show the realization of a new concept room tem-
perature ultrafast infrared photodetector that exceeds any commercial
technology. It has a response time of <15 nanoseconds (setup limited),
while at the same time showing excellent sensitivity: we extracted a
NEP down to 82 pw/\/m at 6 pm. Our approach consists in ex-
ploiting the efficient coupling of plasmonic antennas with hyperbolic
phonon-polaritons (HPPs) in hBN for highly concentrate mid-infrared
light into a graphene pn junction in order to overwhelm its low absorp-
tion and small photoactive area. The antennas plasmonic resonances
spectrally overlap within the upper reststrahlen band of hBN (6-7 ym),
thus launching efficiently these HPPs and guiding them with construc-
tive interferences towards the photodetector active area. These exper-
imental results are in excellent quantitatively agreement with a novel
multiphysics model, which includes optical, thermal and electrostatic
simulations.

0694 Wed 10:30 P
Spectrally resolved near-field response of mid-IR phonon-
polariton antennas — eANDREA MAaNcINI', CHRISTOPHER R.
GuBBIN?, Roprico BERTE!, FRANCESCO MARTINIZ3, ALBERTO
Pourti?, EmiLiaNno CorrEs!, Y1 Lil*4, SimoNeE De LiBERATO?, and
STEFAN A. MAaIERY® — 1Chair in Hybrid Nanosystems, Nanoinsti-
tute Munich, LMU Miinchen, Germany — 2School of Physics and
Astronomy, University of Southampton, United Kingdom — 3Istituto
di Fotonica e Nanotecnologie - CNR, Via Cineto Romano, Italy —
4School of Microelectronics, Southern University of Science and Tech-
nology, Shenzhen, China — ®Department of Physics, Imperial College

London, United Kingdom

As the optical behavior of metals approaches the one of perfect con-
ductors at longer wavelengths, the efficiency of plasmonic antennas
for light confinement is reduced in the infrared (IR) range. Efficient
field confinement in the mid-IR, which can be particularly useful for
ultra-sensitive and chemically-selective spectroscopy of molecular vi-
brations, can be achieved with antennas supporting localized surface
phonon polaritons. Due to the presence of evanescent waves that do
not propagate, far-field measurements cannot fully characterize the
behavior of antennas in the near-field region. We employ scattering-
scanning near field optical microscopy to unveil the spectral near-field
response of 3C-SiC antenna arrays. We compare far-field and near-field
spectra, and demonstrate the existence of a mode with no net dipole
moment, absent in far-field spectra, but of importance for applications
that exploit the heightened electromagnetic near fields.



