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Nanophotonics with nanomembrane materials and
architectures
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Nanomembranes are thin, flexible, transferable and can be assembled into 3D micro- and nanoarchitectures. In
case optically active nanomembrane materials are selected many new research paths and exciting future appli-
cation scenarios open up in nanophotonics. For instance, if semiconductor nanomembrane materials including
high quality quantum emitters are transferred onto piezoelectric substrates, high speed and wavelength tun-
able entangled photon sources can be produced, which could lie at the heart of future quantum communication
technologies.

If nanomembranes are differentially strained they deform themselves and roll-up into microtubular structures
upon release from their mother substrate. Photonic rolled-up microtubes can be exploited as 3D microcavi-
ties to study spin orbit coupling of light or selective opto-plasmonic coupling in vertical ring resonators. Fully
on-chip integrated systems offer interesting options for 3D photonic integration and lab-in-a-tube concepts.
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Merging micro- and nano-optics
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Microoptics has a plethora of applications, ranging from miniature endoscopes in hospitals to beam shaping
or imaging. 3D printing with a femtosecond laser and two-photon polymerization allows for manufacturing
optical elements directly after their design with an optical CAD program on a computer, with a resolution
better than 100 nm and a high accuracy and reproducibility.

The talk is showing first experimental results and discusses the different possibilities and perspectives. Triplett
microscope objectives of only 100 um diameter with excellent imaging properties, fitting into the inside of a
syringe, are becoming available with this technology and can be useful for medical applications as well as for
novel sensors or inspection methods.

Merging this technology with metasurfaces and plasmonics will be discussed.

[1] T. Gissibl et al., Optica 3, 448 (2016) .

[2] T. Gissibl et al., Nature Communications 7, 11763 (2016).
[3] T. Gissibl et al., Nature Photonics 10, 554 (2016).

[4] S. Thiele et al.,, Opt. Lett. 41, 3029 (2016).
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X-ray Free Electron Lasers: the New frontier of
Spectromicroscopy
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Many decades after the theoretical proposal of x-ray free electron lasers (X-FELs) and after solving formidable
technical problems, the first machines of this class were commissioned, first in Stanford and then in several
other places. These sources already have a major impact on microscopy for materials science, the life sciences
and technology thanks to their fantastic performances. The peak brightness is larger than that of synchrotron
sources by many orders of magnitude, the pulse length points to the femtosecond range and the lateral coher-
ence is unprecedented. Recently, the theoretical notion of seeding also became a reality, delivering excellent
time coherence and opening the door to sophisticated time-dependent experiments. We will illustrate these ex-
citing developments by first introducing the basic concepts of the X-FEL operation in very simple terms. Then,
we will present a selection of recent microscopy results and briefly discuss the possible future developments.
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Plasmonic Raman microscopy for nano, 3D, and deep UV
imaging
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Raman microscopy has been getting popular in nanomaterials and biosciences, and industry of advanced
materials and devices, as it provides richer information than other imaging techniques without any process
to damage samples. However, Raman scattering is a weak phenomenon and the spatial resolution is usually
limited by the diffraction of probing light. Both these problems can be overcome with use of a metallic tip,
which provides local enhancement of light in the focused light spot [1]. The spatial resolution is limited by the
diameter of metallic tip (typically ~10nm) to excite collective electron oscillation as localized mode of surface
plasmons at the tip [2]. The factor of Raman scattering is enhanced by the tip due to the plasmon resonance
similarly to the mechanism of surface enhanced Raman scattering. The effective spectral range is typically
between near UV to near infrared for silver and gold. In this presentation, I will show our research progress
in plasmonic Raman microscopy or TERS (tip-enhanced Raman scattering) microscopy beyond the limitations.
The spatial resolution has been drastically improved by applying pressure on to the sample with a tip to
introduce the localized structural deformation in sample [3]. The broadband enhancement by cascading the
probe antennae [4], the deep UV resonant Raman TERS [5], and 3D Raman imaging with a gold nano-particle
inside a living cell [6] will be discussed.

[1] Y. Inouye and S. Kawata, Opt. Lett. 19, 159, 1994.

[2] S. Kawata, Y. Inouye, P. Verma, Nature Photonics. 3, 388 (2009).
[3] T. Yano et al., Nature Photonics, 3, 473 (2009).

[4] S. Kawata, A. Ono, P. Verma, Nature Photonics, 3, 473, (2009).
[5] A. Taguchi, et. al., J. Raman Spectrosc. 40, 1324, (2009).

[6]]. Ando, et. al, Nano Lett. 11, 5344 (2011).
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Development of Nanoceramics by Uniform Distribution of
Phosphor in Broken Glass Materials Through Recycling Routes
for WLED applications
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The process of transmuting waste materials in to the useful products is possible through recycling process.
Therefore, this research work has been planned to achieve high efficiency White Light Emitting Diodes (WLED’S)
using the broken glass materials. The demand for the high efficiency LED’s is increasing due to current scenario
of energy crisis across the globe. The earlier LED’s had limited performance and less life span. These limitations
can be overcome by fabricating the luminescent based nanophosphor materials in high range temperature. In
recent times, innovation in advance research focused on phosphor in glass (PIG) materials. This can be achieved
by dispersing phosphor in 10-30% glass matrix. However, it is quite expensive to fabricate. Considering all these
peculiarities, the objective of the work is to achieve high efficiency, low cost, long life span LED’s to meet and the
energy demands. A novel nanoceramic material, by the combination of nanophosphor in broken glass (PIBG)
material has been developed. The nanophosphor materials has been synthesized by Dy3+ doped with Strontium
Aluminium Oxide (SrAl204) through solid state reaction which is fabricated at 1350°C. The average crystal size
of pure nanoparticles are found to be 35nm which is characterized by X-Ray Diffraction technique. By dispers-
ing the certain amount of phosphor in broken glass materials, the average crystal size of the PIBG materials was
found to be 13, 14, and 45 nm. The SEM & HRTEM reveals that, the surface morphologies of the pure nanoparti-
cles are spherical in shape. The PIBG materials was found to have uniform distribution of particles at 2:9 ratio.
The results of HRTEM studies reveals the particle size of Dy3+:SrAl204 nano particles of 27-42 nm which cor-
roborates approximately to the average crystal size calculated from XRD. Besides, our approach had achieved
the remarkably transparent optical properties at 2:9 ratio from the data obtained from luminescence spectra.
The CIE co-ordinates acclaimed that the broken glass matrix with combination of Dy3+:SrAl204 nanoparticles
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Unified Scattering Parameters formalism in terms of
Coupled-Mode Theory for investigating hybrid
single-mode/two-mode photonic interconnects
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Hybrid single-mode/multimode optical interconnects tend to become all-pervading in Photonic Integrated
Circuits (PIC) involving Modal Division Multiplexing (MDM), where information is distributed over different
spatial modes sharing the same wavelength. Mode add-drop multiplexing is typically achieved by means of
asymmetric directional couplers between single and multimode waveguides, whose dimensions are designed
in order to enable an index-matching condition between the modes to be coupled.

In terms of Coupled-Mode Theory (CMT), each mode-to-mode coupling is described by two quantities: a
detuning (or mismatch between the propagation constants in the k-space) and a coupling constant (whose
physical origin lies in evanescent tunneling), both rendered dimensionless by way of spatial integration over
the total interaction length.

We apply this formalism to characterize a typical ring-based mode multiplexer (see Figure). For the sake of
clarity, we consider only the TE state of polarization. This structure consists of a narrow access waveguide and
a micro-ring racetrack resonator, both designed to guide only the fundamental TEO mode. A second coupled
waveguide (bus) is dimensioned to support both its TEO and TE1 modes. Waveguide widths can be arranged so
that the effective index of the TEO mode of the narrow waveguide matches that of the TE1 mode of the wide
(bus) one, thus ensuring a high coupling efficiency. Importantly, the presence of the micro-ring limits the
modal power conversion only to signal tuned on its resonant wavelengths.

The key feature of our approach is the way we treat the two-mode output waveguide as formally equivalent to
a set of two identical, mutually coupled single-mode waveguides (which amounts to a mere change of basis,
as far as the even/odd modes of the two-mode waveguide are concerned). The simultaneous co-directional
interaction between the three scalar waves is solved analytically as a function of the mismatch and the
coupling constants. As a result, we obtain a closed-form expression of the scattering parameters relating the
single-mode input to the even- or odd-mode output.

This approach can prove of interest for the systematic investigation of short-range optical interconnects,
notably in terms of tolerances to technological or geometrical parameters.
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Structural and optical properties of ZnTe thin films growth by
PLD
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2Department of Materials Science and Engineering, University of Texas at Dallas, USA.

Abstract

Thin films of ZnTe have been prepared by pulsed laser deposition technique. Several experiments were
performed considering stoichiometric condition at 559 K and pressure was varied as follows: 1, 10, 20, 50, and
100 mT. Deposited films were characterized by using X-ray diffraction (XRD), scanning electron microscopy
(SEM), Raman spectroscopy, and UV-Vis spectroscopy. Structural investigations performed by X-ray diffraction
technique showed that studied samples are all polycrystalline, belonging to the cubic phase of zinc-blende with
a preferential orientation in the plane (111). Also, XRD patterns were used to determine the microstructural
parameters, such as: crystallite sizes and lattice constants. Surface morphology studies by SEM shows grain
clusters in a circular pattern distributed over the entire surface of the substrate. Film thicknesses and grain
size behaviors show an increase as function of pressure increasing. Optical properties of ZnTe films were
extensively studied in the range of incident light wavelength (400 to 1000 nm), exhibiting band gap values
between 2.51 and 2.58 eV.
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Effect of graphene oxide concentration on structural, optical
and photocatalytic performance of RGO/CeO2 nanocomposites
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The decoration of metal oxide nanoparticles on reduced graphene oxide (RGO) has sparked research interest in
scientific community as they holds promise for various applications such as photocatalysis, chemical sensors
and supercapacitors etc [1-3]. In present work, CeO, nanoparticles were decorated on RGO by in-situ reduc-
tion of different concentration of graphene oxide (GO) in the presence of cerium nitrate and hydrazine hydrate
through hydrothermal method. The as-synthesized RGO/CeO; nanocomposites with 0.0, 2.0 and 4.0 wt. % of GO
were labelled as CeO;, RG2 and RG4, respectively. All the samples were characterized by x- ray diffraction (XRD),
Raman spectroscopy, diffuse reflectance spectroscopy (DRS), photoluminescence spectroscopy (PL) and trans-
mission electron microscopy (TEM). The XRD patterns and Raman Spectra confirmed the cubic fluorite structure
for all the samples. A blue shift for F;; mode of CeO; was observed in Raman spectra of RGO/CeO; nanocompos-
ites as compared to pure CeO,. TEM micrographs showed that CeO, nanoparticles were decorated uniformly on
the RGO sheets. The size of CeO; nanoparticles formed in the presence of GO were larger as compared to pure
CeO;. DRS spectra showed significant bandgap narrowing for nanocomposites. Photoluminescence quenching
was also observed for nanocomposites. Further, we investigated the photocatalytic performance of nanocom-
posites for the degradation of methylene blue (MB) and found that optimum amount of GO was crucial for
enhancing the photocatalytic performance of nanocomposites.

References

1. Anand, K., Singh, O., Singh, M.P,, Kaur, J. and Singh, R.C., Sens. Actuators, B. 195, 409-415(2014)

2. Kaur, J., Anand, K., Anand, K., Thangaraj, R., Singh, R.C., Indian J Phys,10 1183-1194 (2016)

3. M. Srivastava, A.K Das, P. Khanra, M.E. Uddin, N.H. Kim and J.H. Lee, J. Mater. Chem. A 1, 9792-9801 (2013).
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Exploration of new surface patterns for nanophotonics
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Nano-science is an interdisciplinary field for the future development in technologies. Progress toward smaller
features is of great importance in nanofabrication in order to explore unique functionalities for nanophoton-
ics and nano-biotechnology. We are currently facing an explosion of novel ideas and strategies with fusion
of bottom-up and top-down strategies[1]. In this regard, thin films of polymers containing azobenzene chro-
mophores have received much attention due to their potential in the emerging field of controlled nanostructure
formation[2]. Here, we experimentally show a simple bottom-up approach to produce cavity shaped nanos-
tructures on the surface of azopolymer thin films by the choice of solvent-droplet-induced-dewetting method
and incoherent unpolarized light illumination. We use the special properties of azopolymer with illumination
of these nanostructures by a polarized laser light showing the possibility of further growth and reshaping of
structures (Figs.1-3). Cavity shaped nano-structures will give a point of interest owing to their applications
in nano-plasmonics, photochemistry, nano-rectors and sensors. Smart nano-cavities with controllable volumes
and shapes can be investigated as plasmonic traps for photo-catalytic and enzyme reactions. Also, these patterns
present the possibility of creating controllable nano-structures as a nano-environment for trapping nanoparti-
cles[3]. We will show examples exploiting these possibilities.
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Photo-Induced Enhanced Raman spectroscopy (PIERS) for
detection of ultra-trace levels of Explosives.
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Surface enhanced Raman spectroscopy SERS is a powerful technique for highly sensitive and selective
detection and identification of trace levels of a wide range of important molecules. Strong SERS enhancement
even for low Raman cross-section materials, i.e. explosives can be achieved when their molecules adsorb on
a roughened noble metal nano structures. There are two mechanisms contribute to the SERS enhancement,
one is the electromagnetic enhancement (EM) where the electric filed modified due to the physisorpotion
interaction between incident photons and nobel metal nanoparticles. The other mechanism is the chemical
enhancement via polarizability and electron charge transfer as a chemisorption interaction occurs where
there is a resonant charge transfer between adsorbent molecules and the metal particles [1, 2].

In this work, we propose a new Raman enhancement method titled ‘Photo-Induced Enhanced Raman Spec-
troscopy’ (PIERS), where photoactivited semiconducting metal oxide substrates (TiO2 or ZnO) combined with
plasmonic nanoparticles (NPs) provide strong Raman signal enhancement and increase the sensitivity beyond
normal SERS [3]. In PIERS, the substrate (TiO2 or ZnO) coated by either gold NPs or silver NPs were irradiated
with 254 nm light, followed by deposition of an analyte and Raman measurement. We have observed strong
enhancement for PIERS over typical SERS with no pre-irradiation. We propose a mechanism for PIERS whereby
electrons migrate from the photo-excited semiconductor substrate to the metallic NPs, leading to increase
electron density on the NPs, and as a consequence provide further enhancement, via increased chemical
enhancement over and above the SERS enhancement. Increasing the electron density on the metallic particle
was demonstrated by measures of localised surface plasmon resonance shifting and time dependant measures
of PIERS enhancement.

References:

1. Avila, F,, et al.,, Modelling the effect of the electrode potential on the metal-adsorbate surface states: relevant
states in the charge transfer mechanism of SERS. Chem Commun (Camb), 2011. 47(14): p. 4210-2.

2. George C. Schatz, M.AY,, and Richard P. Van Duyne, Electromagnetic Mechanism of SERS. Physics and
Applications, 2009. 103: p. 19-46.

3. Ben-Jaber, S., et al., Photo-induced enhanced Raman spectroscopy for universal ultra-trace detection of
explosives, pollutants and biomolecules. Nat Commun, 2016. 7.
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Photoluminescence quenching and negative diamagnetic shift
in GaP-InP lateral nanowires
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The general behavior of the exciton diamagnetic shift is quadratic in low magnetic fields (AEdiadB2) and
linear in high magnetic fields (AEIOB). A negative energy shift is difficult to imagine when using the features
of the normal diamagnetic shift. In this work, we report the magneto-exciton transitions of an InP/GaP
lateral nanowire structure that was grown using a lateral composition modulation (LCM) growth technique.
Linearly polarized photoluminescence (PL) measurements were made under pulsed magnetic fields to 50 T.
We observed the normal diamagnetic shift from the direct InP nanowire transition and PL intensity quenching
below 60 K at B=0T. However, the indirect InP-GaP transition exhibits no energy shift or negative energy shift
depending on the magnetic field directions.

Fig. (1) depicts a schematic of the sample structure wherein three layers of lateral nanowires are aligned along
the [1-10] direction. Fig. (2) shows the band alignments of the lateral nanowires (direct and indirect) and their
PL transitions in different magnetic and polarization directions. Figure (c) alignment (indirect transition)
shows strong negative diamagnetic shift. The direct transition exhibits PL intensity quenching behavior below
60 K. We will discuss negative diamagnetic shift and PL quenching by exciton center of motion and mobility
enhancement, respectively
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Excitonic optical response of carbon chain in a single walled
carbon nanotube
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Recent experiments have demonstrated how a dimerized atomic chain of carbon atoms, so-called carbyne,
may be fabricated within the hollow center of a single walled or multiwalled carbon nanotube (CNT) [1, 2].
The optical properties of both isolated carbon chain and the various CNT species are dominated completely
by excitonic effects, reflecting strongly bound and 1D confined electron-hole pairs [3, 4]. While the combined
carbyne/CNT system are expected to show similar trends, we also expect this system to display novel excitonic
phenomena, e.g., charge transfer excitons where electron and hole are localized respectively on the CNT and
carbyne domains.

In this study we (i) investigate the electronic structure of the semiconducting CNT (8,0)/carbyne system using
density-functional theory (DFT) with GW correction on top, (ii) We parametrize the DFT band structure in a
nearest-neighbour tight-binding formulation by getting the tight binding parameters from fitting the effective
mass to the DFT, and (iii) solve the Bethe-Salpeter equation in a singlet basis constructed from the simplified
tight-binding states. We show the effect of band hybridization between carbyne and CNT on the single particle
optical response as well as excitonic optical response from Bethe-Salpeter method and calculate the exciton
binding energy for different bands.

[1] Xinluo Zhao, et. al, Phys. Rev. Lett. 90, 187401 (2003).
[2] Lei Shi, et. al.,, Nature Materials 15, 634-639 (2016).

[3] Catalin D. Spataru, et. al., Phys. Rev. Lett. 92, 077402 (2004).
[4] Thomas G. Pedersen, Phys. Rev. B, 69, 075207 (2004).
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Thermal bistability control with four-wave mixing in
microcavities
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Doped silica glass optical microcavities with high refractive index and silicon nitride integrated platforms
have been widely studied to produce and enhance nonlinear optical microcomponents. Bistability and
multistability have been observed in these devices offering an improvement for ultrafast optical applications.
Numerical approaches to describe bistability in semiconductor nanocavities have been investigated [1], while
experimental evidence of bistability and multistability in high-index silica micro-ring resonators has been
shown experimentally [2].

In this work we present a numerical model to study bi-stable response in a single micro-ring resonator
and to predict nonlinear dynamics, using the coupled mode theory (CMT). Stable oscillations appear when the
system is perturbed from its initial steady state (stable or unstable), coupling a further optical field (probe) as
input. By increasing the intensity of the probe above a power threshold of a few mW, self pulsing (SP) regime
is achieved through a bifurcation mechanism. This behaviour is mainly due to the opposite contributions of
Kerr and thermal detuning effects. The phase matching condition considered excludes the possibility to reach
the parametric gain regime. In this scenario, one of the interesting applications is the realisation of integrated
optical components for all-optical switching exploiting SP triggered by a week probe signal.

References

[1] S. Malaguti, G. Bellanca, A. de Rossi, S. Combrié, and S. Trillo, “Self-pulsing driven by two-photon absorption
in semiconductor nanocavities,” Phys. Rev. A, vol. 83, no. 5, p. 051802, May 2011.

[2] L. Jin, A. Pasquazi, L. Di Lauro, M. Peccianti, E. Y. B. Pun, D. J. Moss, R. Morandotti, B. E. Little, and S. T. Chu,
“Demonstration of Bi- and Multi-Stability in a High Order Ring Resonator”, pp. 7-9, OECC/PS2016.
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Lithographically patterned silicon nanostructure towards
optical gas sensing
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Silicon offers excellent electronic and mechanical properties and can be easily engineered at the nanometer
scale which is useful for a large amount of applications such as in electronic devices, self-cleaning, MEMS and
solar cells. Silicon which is an indirect band gap semiconductor cannot be used as an efficient light source. On
the other hand large scale, well-ordered, periodically patterned silicon structures with a high aspect ratio such
as nanowires (NWs), can be used for optical sensing. Synthesis of silicon NWs using a simple and an inexpensive
technique, however, still maintaining the advantages of conventional techniques, is now the major challenge.
The aim of this work is to present a new approach of obtaining NWs and nanostructures from crystalline sili-
con by using a top-down technique which is a combination of laser interference lithography and reactive-ion
etching (RIE). As in the case of conventional dry etching technique, where one uses metal as a mask, in our
study we use zinc oxide as a hard mask for etching. The advantage of using ZnO is that it is easy to structure
it using acidic solutions. Moreover, we avoid the various lift-off steps which are necessary for metallic mask
structuring. The main goal is to obtain photoluminescent silicon structures for optical gas sensing applications.
The surface of silicon structures having a high aspect ratio (as shown in figure 1(a) below), is functionalized
using lanthanide complexes (fig.1(b)) which are photoluminescent. The future perspective of this study is to de-
tect the gas molecules using these functionalized silicon surfaces. The detection method is based on a selective
“quenching of luminescence”, which can be induced in the presence of an analyte (gas molecules).

Fig.1: luminescent silicon nanowires: a) Example of silicon nanostructures, b) Silicon surface modified with the
terbium complex, ¢) Photoluminescence from terbium functionalized silicon structures.
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Widely tunable near-IR monolithic coherent source
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The InP and GaAs platforms, well known for their mature laser-diode technology, allow for efficient optical
frequency conversion on chip thanks to their strong quadratic nonlinearity and broad transparency range.
Based on these features, we report on the design and preliminary characterization of a monolithic widely
tunable near-IR parametric source.

Two spontaneous-parametric-down-conversion (SPDC) sources are studied. The first one relies either on a
GaAs/AlGaAs laser diode operating as a pump at 1 pum or on an InGaAsP/InP diode with laser emission at
1.55 ym, with intracavity SPDC from 1.8 to 2.3 um or around 3 pm, respectively. In the second one, two
superposed cavities for laser emission and SPDC are coupled through a vertical tapered coupler. These designs
are accompanied by a characterization of GaxInl-xAsyP1-y refractive index in the near-IR range up to 3 um,
where this alloy has never been studied despite its common use in the telecom range. The material index is
determined with a precision of 0.001 in m-line measurements, extending the wavelength range where it was
known and significantly improving the experimental accuracy. Three alloy compositions (y = 0.6, 0.7, 0.75) and
three wavelengths (0.55, 2.1 and 3.1 um) are spanned.

This work is promising for a continuous-wave parametric source on chip, with wavelength tunability up to 500
nm and a peak power of a few milliwatts, enough for out-of-the-lab spectroscopy applications.
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Introduction

Localized surface plasmon resonance (LSPR) in strongly coupled subwavelength metal nanoparticles
has been studied extensively due to the potential applications in plasmonic sensing and surface-enhanced
Raman spectroscopy (SERS). Recent studies have shown that “elevating” the nanoparticles results in even larger
field enhancements, due to less screening of fields by the substrate. Here, we present dark-field measurements
of circular Au dimer antennas on top of SiO; pillars. Placing the Au nanodisks on 240 nm tall pillars results in
an enhanced plasmonic response compared to the case without pillars. At 480 nm pillar height, a secondary
mode at lower wavelengths appears, which is believed to arise from scattering by the pillars themselves.
Methods

Nanodisk dimer arrays are defined using electron-beam lithography with well-defined gaps down to 15 nm.
This is then followed by Au deposition and lift-off. Finally, nanopillars are defined using reactive-ion etching
(RIE) with the nanoparticles functioning as an etch mask. A schematic of the fabrication process is given in
figure 1a and an SEM image of a single dimer is shown in figure 1b. A high-density array of nanopillar dimers
is shown in figure 1c. The FDTD simulations are done with Lumerical.

Optical scattering spectra are measured with an optical dark-field microscope (Nikon Ti-U, NA = 0.9-1.0)
in transmission mode. Light scattered by the sample is collected by a dark-field objective (Nikon, NA = 0.7,
60x) and sent to a high-sensitivity spectrometer (Andor, SR-303i) equipped with an EMCCD (Andor Newton)
detector. A schematic of the setup is given in figure 2a. All measured spectra are averages of 10 nanopillar
dimers separated by 5 um, with dark-field images of arrays with pillar heights of 240 nm and 480 nm given in
figure 2b and 2c, respectively.

Results and Discussion

Figure 3a shows measured scattering spectra of 120 nm diameter nanopillars with a height of 240 nm.
A clear enhancement of the plasmonic response is observed for the antenna on pillars, attributed to reduced
substrate interaction. Simulations of the response reproduce this trend, see figure 3b.

Figure 3c and 3d show measured and simulated scattering spectra, respectively, of 150 nm diameter antennas
with 240 nm and 480 nm tall pillars. The measured spectrum for the 240 nm pillars is dominated by a single
peak at 775 nm, which is the expected coupled LSPR mode of the dimer. However, the 480 nm spectrum displays
a strong tail at wavelengths below 600 nm in addition to the resonance at 840 nm, which manifests itself also in
the white colour of the antennas in the dark-field image in figure 2c. Such a tail can also be observed for the 240
nm, but with a much lower amplitude. The measured spectra are qualitatively reproduced by the simulations,
which show a very similar scattering behaviour at low wavelengths.

Asthe height of the pillars is increased, the scattering efficiency at lower wavelengths increases. This is assumed
to be due to an increased scattering of the lower wavelength light on the taller SiO, pillars. This hypothesis is
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further confirmed by the fact that an independent FEM simulation (Comsol), which only considers the scattering
from the Au nanodisks, shows no tail (see figure 3e).

Conclusion

The findings presented here show that placing nanoantennas on nanopillars enhances their plasmonic
response. However, the pillars create additional scattering which has to be taking into account.

a a

[

d) ¥+ vy ¥

White Light

Blocker

T

A g . Spectrometer
[ retscn e
[ s
Figurel.png Figure2.png
a Measurement = Pillar b Simulation —o—Pillar
—No Pillar ~o=No Pillar

Scattering (a.u.)
Scattering Efficiency

400 500 600 700 800 900 1000 400 500 600 700 800 900 1000

Wavelength (nm) Wavelength (nm)
C — d o
Measurement Pillar Height Pillar Height Simulation

=240 nm —o=0nm

. —= 480 nm 8 R —°-240nm
5 o | ™R—0—480 nm
&) ° Q
= &
£ S
g £
5 5
a 3

@
400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000

Wavelength (nm) Wavelength (nm)

e Pillar Height Simulation
—0=240 nm

—o—480 nm

Scattering Efficiency

400 500 600 700 800 900 1000
Wavelength (nm)

Figure3.png

18



Nanophotonics and Micro/Nano Optics International Conference 2016

How Plasmonic excitation influences the LIPSS formation on
diamond during multipulse femtosecond laser irradiation ?

Wednesday, 7th December - 13:30 - Poster Session - Tipi - Poster presentation - Abstract ID: 432

Dr. Bedrane Zeyneb !, Mr. Abdelmalek Ahmed ?, Dr. El-Hachemi Amara 3, Dr. Shane Eaton *, Prof.
Ramponi Roberta *

1. Tlemcen University, 2. Tlemcen, 3. CDTA, 4. Politecnico di Milano

Laser Induced Periodic Surface Structure, also called “ripples or nanograting” are part of morphologies that
have focused the interest of several researchers and have been on the heart of a lot of studies since the first
experiment done by Birnbaum in 1965 where two types of training LIPSS formation were observed during the
irradiation of dielectric, semiconductor and metals by multipulse femtosecond laser linearly polarized, called
low spatial frequency LIPSS (LSFL) and high spatial frequency LIPSS (HSFL).

LSFL formation for the majority of materials is well explained by the interference between the incident
laser wave and the plasmon polaritons SPP surface. But HSFL formation remain a misunderstood phenomenon
and it is still under discussion.

There are several models proposed and many studies were done to identify the origin of formation of
this such type of LIPSS on dielectric and semiconductor, induced by multipulse laser femtosecond at low
fluency. In such cases, the non-thermal interaction and plasmon excitation play a very important role, where
the HSFL’s period is very lower to the incident laser wavelength.

A recent explanation of HSFL formation was proposed by Miyazaki et al [1] and Miyaji et al [2] where
they proposed that by increasing the number of low fluence pulses, the periodic nanostructures HSFL can
be developed through the non-thermal structure change of the treated surface. The nanoscale ablation due
to strong near-fields appears around of sweeling followed by a plasmonic excitation (SPP) to improve the
nano-periodicity of irradiated area.

In this work, we illustate the plasmon excitation advantage to training HSFL formation through a gen-
eral plasmon model that can follow the evolution of training LIPSS formation and changing diamond optical
parameters in function of electron plasma excitation. We also proposed an hypothesis that can visualize
the importance of plasmonic excitation in the dynamic change of non-thermal fusion like an origin of HSFL
nanograting periodic training formation.

[1] K. Miyazaki and G. Miyaji, Physics Procedia 39, 674 — 682 (2012).
[2] G. Miyaji and K. Miyazaki, App. Phys. Lett. 103, 071910 (2013).
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Metamaterials are artificial, engineered materials with composited materials and arrangements of nanostruc-
tured building blocks. Silver and gold are the most conventional metals for plasmonic metamaterials due to
their negative-refractive-index in visible and near-infrared (NIR) ranges, and in addition, relatively low loss
than other metals. However, the optical properties of silver and gold cannot be tuned for various metamaterial
applications. Many research groups have been studying the controlling of the optical properties of silver and
gold by alloying two or more elements for applying to plasmonics and metamaterial applications. And the
alternative plasmonic materials with improved optical properties over the traditional materials have been
studied.

In this study, we discussed the optical and electrical properties of the coupled Ag NCs and the hybrid Ag-CdSe
coupled NPs with various factor such as concentrations. We manufactured the hybrid Ag NCs with CdSe NCs
that were covalently linked via short ligand on surface of each NC. And the NCs metamaterial was fabricated by
direct nanoimprint process in other to control optical, electronic or magnetic properties based on interaction
of the constituent NCs. Experimentally, we used spectroscopic ellipsometry to determine the refractive index
of coupled Ag NCs and Ag-CdSe coupled NPs. In case of the coupled Ag NPs, the real part of permittivity is
considerably lower than bulk Ag as the near zero negative value. Ag-CdSe coupled NPs showed the different
optical properties from Ag NCs and the tunable properties with ratio.

This work was supported by Institute for Information & communications Technology Promotion(IITP)
grant funded by the Korea government(MSIP) and the Pioneer Research Center Program through the National
Research

Foundation of Korea funded by the Ministry of Science, ICT & Future Planning (NRF-2013M3C1A3063046)
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In this study, we present the direct nanoimprinting of colloidal nanocrystals for the functional metamate-
rials nanostructures fabrication. The coupled silver colloidal nanocrystal dispersion are used as a direct
nanoimprinting resin, and the PDMS soft mold is used as a imprinting stamp. [1] Using the direct nanoimpring
process, the Ag nanocrystal-based nanostructures were fabricated over large areas of up to a few centimeters
of nano-pillars, nano-rods, and nano-holes. The direct nanoimprinting with room temperature process allows
for the demonstration of these plasmonic nanoscale nanostructures on the rigid substrates as well as, on the
various flexible polymers substrates. The optical plasmonic resonances of the nanostructures were tuned by
the choice of nanocrystal building block (Ag), the dielectric function of the nanocrystal nanostructure, and the
nanostructure geometry and periodicity.

This work was supported by Institute for Information & communications

Technology Promotion(IITP) grant funded by the Korea government(MSIP) (B0117-16-1004) and by the Pioneer
Research Center Program through the National Research Foundation of Korea funded by the Ministry of
Science, ICT & Future Planning (NRF-2013M3C1A3063046).

Reference
[1] S-H Hong et al, “Chemically Tailored Dielectric-to-Metal Transition for the Design of Metamaterials from
Nanoimprinted Colloidal Nanocrystals”, Nanolett. 13(2) 350-357 (2013)
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The surface plasmon resonance SPR technique reveals for a metal-dielectric interface, where p-polarized inci-
dent light beams interact with superficial longitudinal oscillations (surface plasmons) on the metal layer. The
Krestchmann configuration, proposed in 1968, uses the Attenuated Total Reflection (ATR) method and basically
consists of three layers: an optical substrate, a metallic thin film and a dielectric (interest substance for sens-
ing). SPR sensors that use optical fibers as photon-plasmon coupling elements have been evidenced in the last
decades due to advantageous characteristics, like: possibility of miniaturization, remote access, immunity to
electromagnetic interference, flexibility, among other features. Varying some construction parameters of an
optical fiber, like the fiber diameter, the thickness of the sensing region and the length of the sensing region,
the sensitivity increases. Another possibility is the use of Graphene to reinforce the evanescent electric field on
the metal-dielectric interface and consequently leads to a higher sensitivity or even another figure of merit, like
detectivity. This is due to its high electrical conductivity, which facilitates the transport and interaction of the
metal charge region with the biomolecules. Here, the investigation of the influence of graphene layers arranged
on a thin gold film is performed for SPR sensors using the polymeric optic fiber. The incident light transmittiv-
ity increased for a 700 nm laser (angular interrogation mode). Adding graphene layers between the metal thin
film and the dielectric layer (analyte), a shift in the resonance point has been observed with a corresponding
increase in the reflectance (Figure 1).

Figure 1. SPR curve for different quantities of graphene layers.
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In this report we present the results of experimental investigations of decay Poiseuille flow of 5 CB through the
porous polymer (PET) film of thickness 23 um with submicron diameters d of pores. Previously, the method of
the decay Poiseuille flow was successfully used, elaborated for the shear viscosity measurements of NLC stabi-
lized by surfaces in flat capillaries [1]. The samples of porous polymer films can be considered as a number N
of cylindrical capillaries, connected by parallel schema with the effective hydrodynamic resistancey, expressed
as Zy = Z/N. It makes possible to use the simple exponential law AH(t) = AH(0) exp(-t/7) for the time dependence
of the difference of levels DH of a liquid in the open tubes of diameter D separated by the central part of L.C cell,
which includes the porous film. The decay time 7 is proportional to the effective coefficient of the shear viscosity
Netr- The experimental AH(t) follows the simple theoretical expression mentioned above. It corresponds to the
Newtonian character of the flow and makes possible to determine the ng for different d and temperatures.
The analysis of experimental data was made taking into account the influence of weak surface anchoring effects
on the orientational structure of liquid crystals. The obtained results can be used for description of electroop-
tical response of porous films, filled with LC [2].

Acknowledgements: This work was supported by the RFBR [project no. 16-33-00802 mol_a.].

1. Pasechnik S. V., Chigrinov V. G., Shmeliova D. V., Tsvetkov V. A, Voronov A. N. Anisotropic shear viscosity in
nematic liquid crystals: new optical measurement method, Liquid Cryst., 31, 585 (2004).

2. D. Semerenko, D. Shmeliova, S. Pasechnik, A. Murauskii, V. Tsvetkov, V. Chigrinov. Optically controlled
transmission of porous polyethylene terephthalate films filled with nematic liquid crystal. Optics Letters, 2010
35(13), 2155-2157 (2010).
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Reliable closure of the cornea wounds after trauma or disease as well as incisions for cataract, LASIK, corneal
transplant, and other ophthalmic surgeries needs special care and immediate treatment, yet remains one
of the key challenges of the clinical medicine. This originates from the crucial role of the corneal structure
and curvature in the eye’s overall function, as the improper adjusting of the wound edges during the healing
causes astigmatism. Moreover, the inflammation of the cornea can lead to vascularization and reduce the
transparency of the tissues and patient’s visual acuity.

Herein, we synthesized a Nano-bioadhesive lens which not only circumvents such shortcomings, but also
(1) rapidly and strongly adheres to the moist corneal surface, and seals the wound; (ii) have biomechanical
properties (rigidity and elasticity) similar to the cornea; (iii) be bioabsorbed in the wound on a time scale
proportional to the tissues regeneration and (iv) provide a microbial barrier.

Inspired by the gelatin-based hydrogels which have been successfully used in many biomedical applications,
we synthesized and systematically optimized a gelatin-based bioadhesive, which can meet mechanical and
adhesion properties of the corneal wound adhesive; assessed its degradation, retention and biocompatibility
both in vitro and in vivo (using the corneal injury model in rabbits); evaluated the capacity of the corneal
cells to integrate into produced gel to permit tissue regeneration; and covalently integrated antibacterial and
antifungal drugs into the gel, and subsequently assessed their antimicrobial effects both in vitro and in vivo.
These data suggest that NANO-BIOADHESIVE lenses could be useful for creating complex, cell-responsive
microtissues, such as endothelialized microvasculature, or for other applications that require cell-responsive

micro-engineered hydrogels.
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From localized to delocalized plasmonic modes, first
observation of superradiant mode in silver random film.
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Semicontinous Plasmonic films, such as random silver films obtained by evaporation on a glass substrate,
are very attractive due to the confinement of Electromagnetic (EM) field in sub-wavelength area. When the
thickness of the film is reduced down to few nanometers, the samples present discontinuities: silver Nanopar-
ticles (NPs) appear. For a specific metallic surface coverage, the film presents very strong EM fields localized
in hot-spots near the percolation threshold. Such concentration of field is already used for enhancing the
Surface Enhanced Raman Scattering of single molecule [1]. This singular behaviour results from coexistence
of localized and delocalized plasmonic modes. In this contribution, the nature and structure of these modes
are investigated by measuring the reflectivity of the film.

Following the transition of plasmonics modes from localized to delocalized resonance, our work has re-
vealed a remarkable intermediate behaviour before the percolation: for 6nm film we observe the coexistence
of an absorbing (dark) and reflecting (bright) collective modes that can be addressed by changing incident
angle. Theses collective plasmonic modes [2] results from the hybridization of localized plasmon resonance.
With similar elliptical polarizations, this dark mode seems to be precursor of Surface Plasmon Polariton,
observed for higher silver coverage. “Bright” mode with out-of-plane polarization corresponds to a transverse
collective plasmonic resonance, usually with uncoupled oscillation [2]. By increasing the density of metallic
nanoparticles in a wavelength scale, we observe an angular squeezing and a spectral broadening of this
mode. This behaviour can be explained considering that transverse LSPR of each nanoparticle, all resonant,
interact in a collective and coherent way via a common confined light mode: the evanescent wave. Such
phenomenom has been described as superadiance in atomic physic [3]. In this regime, radiation rate of
superradiant mode increases with the numbers of tied dipoles. This could explain spectral broadening ob-

served in our work and constitutes the first observation of plasmonic superradiance effect in silver random film.

References:

[1] Walter et al. Phys. Rev. Lett., 98, 137401 (2007).
[2] Willingham et al Opt. Exp, 19, 6450 (2011).

[3] R. H. Dicke, Phys. Rev. 93, 99 (1954).
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Fig 1: Evolution of Normalized Reflectivity of the sample with incidence angle and wavelength in TM
polarization for silver film thickness varying between Inm and 8nm. Measurements have been
realized using Attenuated Total Reflection Experiment.
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Recently, blue light emitting solid-state materials received high attention for use in white LEDs and other lumi-
nescent applications. In this direction, phosphors- doped nitrides and oxy-nitrides composites attracted much
potential due to their thermal, chemical stability and the possibility to tune their electronic structure to adapt to
the required applications. In particular, the III-nitrides (e.g. AIN, GaN) have been considered as a suitable host
material for phosphors that emit in UV-visible range due to its large bandgap. Thus, the purpose of this study is
to sensitize blue emission from rare earth doped AIN as a wide bandgap semiconductor. In the present work,
Cerium-doped aluminum nitride (Ce-AIN) thin films were prepared at room temperature using radio frequency
(RF) reactive sputtering. X-ray diffraction and high resolution transmission electron microscopy (HRTEM) re-
vealed a well crystalline textured microstructure with single <002> out-of-plane orientation. Strong blue emis-
sion from the prepared samples was detected when excited by 325 nm laser. Electron energy loss spectroscopy
(EELS) has been used to reveal the dominant oxidation state of Ce atoms, which undergoes a change from of
Ce(IV) to Ce(IIl) ions after annealing. The chemical composition was analyzed by simulation of Rutherford
backscattering spectrometry (RBS) and compared to HRTEM images. A clear correlation between microstruc-
ture, composition and sample photoluminescence (PL) was established. It was found that surface oxidation
during post-deposition annealing plays an important role in the PL response of the samples. We believe that the
strong blue emission in this new (oxy)-nitride material holds great potentials for solid state lighting applications
due to its thermal and chemical stability as well as the luminescence efficiency. Moreover, the comprehensive
approach conducted within this study could serve as a guideline for better understanding and the design of the
luminescence behavior in rare earth-doped (oxy)-nitride thin films.
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Nowadays, graphene plasmonics shows a great number of features unusual for conventional (metal-based)
plasmonics: from the strong energy localization and the large propagation distance of surface plasmon-
polaritons (SPPs) due to the existence of both TE- and TM- polarized modes to the possibility of control SPPs by
tuning the graphene chemical potential (or, equivalently, the applied gate voltage or chemical doping) [1, 2].
Cylindrical graphene-based plasmonic structures have some advantages as compared to the planar geometry:
reduced edge losses, existence of high-order azimuthal modes, etc [3, 4].

In this work, we discuss novel ways to obtain an optical activity in cylindrical graphene-based plasmonic
structures and their possible applications in plasmonics. Recently, we have shown that the magneto-optical
activity (or gyrotropy) of a dielectric nanowire covered with graphene leads to the giant Faraday rotation of the
electric field distribution of high-order plasmonic modes propagating along the wire [5]. This effect is mediated
by the magneto-optical activity in the bulk of the dielectric wire. An alternative way to create an optical
activity at the surface arises from engineering of chiral graphene-based plasmonic waveguides. The spiral
graphene-based nanostructures demonstrate a strong surface-induced optical activity, where the rotation of
high-order plasmonic modes is comparable or even larger than in gyrotropic graphene-covered nanowires.
The sensitivity of the chirality to the applied strain suggests an application of graphene-based waveguides as
strain sensors.

Moreover, the control of the electromagnetic field intensity at the nanoscale in graphene-based plasmonic
structures may open the door to novel applications in quantum plasmonics.

This work was supported in part by RFBR (grants ## 16-37-00023, 16-07-00751, 16-29-14045) and RScF
(grant # 14-22-00279).
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Introduction:

A one-dimensional cellular automaton (CA) consists of a sequence of consecutive cells where each cell can take
a value between 0 and k-1 which then is updated in generation-by-generation. CA’s can be found in universal
dynamic models that govern several naturally existing phenomena from DNA sequences to galactic formations.
We believe that employing these nature-complying rules as models in different artificial systems and structures,
such as sensing, imaging, and energy harvesting applications, can introduce positive enhancements to their
capabilities, efficiency, and energy utilization. We investigated the scattering plasmonic resonance profiles of
silver spherical nano-particles when CA33 is used as a model of their configurations where 1’s and 0’s indicate

either their presence or absence.

Methods:

The analysis model is based on the numerical time-domain solution of Maxwell’s equations. The scattering
of light waves off the nanoshperes is simulated by implementing the Finite-Difference-in-Time-Domain
method in a 3D Yee’s staggerd mesh. Moreover, the plasmonic resonance modes are obtained through the
Total-Field-Scattered-Field method. Finally, the dispersive nature of the silver nanospheres was simulated

following the Lorentz-Drude model.

Results&Discussion

CA33 is an elementary one-dimensional CA rule whose cells can occupy one of two states. This rule is used in
RNG’s and models few natural phenomena.

Firstly, a single nanosphere was put at the top middle the total region whose scattering profile matched that of
a typical silver nanoshpere, i.e. 2 modes. The Figure shows a side and a top view of the configuration resonance
after eight generations. For the first 3 generations, the scattering profile only witnessed red-shift in both peaks
as shown in the Figure by the dotted curve.

However, after introducing the fourth generation, peculiarly, two new peaks emerge as shown in the Figure
by the solid curve. Moreover, the newly added nanospheres in the fourth generation were isolated and their
scattering profile was found and is represented in the Figure by the dashed curve.

It is clear that the scattering profile after four generations is not merely a superposition of the preceding
generations and the newly added particles, but rather, it introduces its unique profile that keeps evolving with
generations.
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Recent advances in improving information storage performance are inseparably linked with circumvention
of fundamental constraints such as the supermagnetic limit in heat assisted magnetic recording, charge loss
tolerance in solid-state memory and the Abbe’s diffraction limit in optical storage. A substantial breakthrough
in the development of nonvolatile storage devices with dimensional scaling has been achieved due to phase-
change chalcogenide memory, which nowadays, meets the market needs to the greatest advantage. A further
progress is aimed at the development of versatile nonvolatile high-speed memory combining potentials of
random access memory and archive storage.

The well-established properties of light at the nanoscale empower us to use them for recording optical
information with ultrahigh density scaled down to a single molecule, which is the size of a pit. Indeed,
diffraction-limited optics is able to record as much information as ~1 Gb/in2. Nonlinear optical effects, for
example, two-photon fluorescence recording, allows one to decrease the extent of the pit even more, which
results in the recording density up to ~100 Gb/in2. Going beyond the diffraction limit, due to the sub-wavelength
confinement of light, pushes the pit size down to a single chromophore, which is, on average, of ~1 nm in
length. Thus, the memory capacity can be increased up to the theoretical limit of 1 Pb/in2. Moreover, the field
confinement provides faster recording and readout operations due to the enhanced light-matter interaction.
This, in turn, leads to the miniaturization of optical devices and the decrease of energy supply. Intrinsic
features of light such as multimode, mixed polarization and angular momentum in addition to the underlying
optical and holographic tools for writing/reading, enriches the storage and encryption of optical information.
In particular, the finite extent of the near-field penetration, falling into a range of 50-100 nm, gives the
possibility to perform 3D volume (layer-to-layer) recording/readout of optical information.

Controlling transverse and longitudinal optical anisotropy in photo-responsive organic solid materials, beyond
the diffraction limit, is an ongoing challenge. Considerable progress in polarization-controlled diffraction-
limited optical microscopy has been achieved due to the z-polarization of focused laser beams. Evaluation and
control of the near-field polarization state are directly linked to the properties of optical nanoantennas such as
their shapes, sizes and orientations in relative to the polarization direction. A defocused imaging technique and
polarization-dependent analysis give the possibility to explicitly determine the direction of dipole oscillation
at the tip apex. They contribute to the further development of polarization-controlled tip-enhanced Raman
scattering (PC-TERS) method.

In the paper, we focus on the study of near-field dichroism of a sub 10-nm thick azo-polymer film, which is
handled with a biased plasmonic nanoantenna, as shown in the figure. The in-plane and out-plane arrangement
of chromophores in the glassy polymer, assigned to transverse and longitudinal optical anisotropy, are mapped
with the polarization-controlled TERS microscopy when a radially polarized and azimuthally polarized laser
light are used. Changing the near-field polarization allows us to optically align the azo-chromophores at
arbitrary direction. Thus, the determination of a polarization state of the near-field is a task of high priority.
The figure shows a light illuminated bent gold tip with a point dipole at its apex. The dipole orientation can be
found from polarization-dependent Rayleigh scattering patterns. Amorphous-to-liquid crystal (nematic phase)
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transition effect on the sub-10 nm azo-polymer film is demonstrated with a biased plasmonic nanoantenna.
Orientation polarization and birefringence of the azo-polymer is visualized with differential scanning capacity
microscopy. We are confident that this study paves the way to apertureless optical technology for further
increasing information recording density and electro-optical switching speed on amorphous and liquid crystal
azo-polymers.
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Despite the outstanding performances reached by today’s infrared quantum photo-detectors, progresses have
been stagnating for years. Their detectivity is mainly limited by the noise generated by the dark current re-
quiring cooling down the devices at cryogenic temperatures. To go beyond this last limit we combine a P-i-N
semiconductor structure with a nano-antenna based on a guide mode resonance (GMR) effect. The optical and
electronic properties of devices are significantly modified by reducing by more than one order of magnitude
the active area dimensions, paving the way for a new generation of photo-detector [1].

The device is a resonant photodiode transferred onto a gold mirror. It comprises a sub-wavelength dielectric
grating inserted between the gold mirror and the detector (see Figure attached). The structural parameters were
optimized to maximize a main resonance around A= 1,55 um for both polarizations. The thickness of the InGaAs
absorbing layer was reduced to 90 nm in order to improve the signal-to-noise ratio. As InP and InGaAs have
similar refractive indices, the whole semiconductor heterostructure acts as a waveguide. The modal analysis
shows that under normal incidence, propagation inside the semiconductor cavity involves some modes coming
from the combinations of diffracted orders and the non-diffracted wave [2]. At resonances the electric field
intensity maps show that the path of the photo-carriers is reduced to about 100 nm, and is localized in a high
static electric field area that maximizes their collection efficiency.

Clean room processes were developed in order to fabricate individual GMR pixels of various sizes. They were
opto-electrically characterized over the 1,2-1,8 um range for an unpolarized focused beam. The spectral EQE
measurement showed a main resonant response around A= 1,55 pm with a maximum value of 71% and an
averaged value of 50% over a 450 nm bandwidth. The good agreement between experimental and calculated
EQE indicates a near perfect collection of the photo-carriers. Compared to the state-of-the-art InGaAs resonator
detector, we showed a broader spectral response compatible with SWIR imaging.

[1] M. Verdun et al., JAP 120(8), 2016.

[2] M. Verdun et al. APL 108(5), 2016.
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Schematic cross-section showing three periods of the device. InP(p)/InGaAs(i)/InP(n) photodiode
of total thickness T=380 nm (90 nm InGaAs absorbing layer, 90 nm InP p-type layer, and 200 nm
InP n-type layer) on top of a backside semiconductor/dielectric grating of period p=1100 nm, width
‘w= 220 nm and thickness t=200 nm on a gold mirror.
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Introduction

Semiconductor nanolasers are envisioned to be attractive candidates for future energy-saving optical com-
munication networks. Their attractiveness relies in the dimensions of the optical cavity, well below the
diffraction limit. First, this offers promises for a tighter integration of optoelectronic devices on a microchip.
Then, optical cavities of subwavelength dimensions exhibit enhanced spontaneous emission, quantified by the
beta- and Purcell factors. The Beta-factor quantifies the ratio of spontaneous emission coupled into the cavity
mode. The Purcell factor (Fp) is proportional to the ratio between the cubed lasing wavelength and the cavity
volume. Physically, the Purcell effect decreases the carrier lifetime and enhances by a factor Fp the rate of
spontaneous emission that is coupled into the cavity mode. The increased spontaneous emission of nanolasers
allows reaching much lower threshold currents, with stimulated emission being achieved without requiring
population inversion.

Methods

The emission properties of optically-injected nanolasers are discussed with a novel rate equation model taking
into account the zero point energy. When injecting light into the laser, the frequency of the slave laser will be
pulled towards that of the master laser. In the particular case when the frequency of the master laser is close
enough to the slave laser frequency and the master laser power is high enough, the slave laser will operate
at the master laser frequency. This phenomenon, called injection locking, is known in various physical systems.

Results and discussion

In this work, we will show that the cavity’s volume widely impacts the injection-locking area. In particular,
working below the diffraction limit leads to an enlargement of the locking area meaning that nanolasers
theoretically need very low injected power to be locked. Impact of the spontaneous emission rate on the locking
map will be presented. Under optical-injection, simulations point out that a stably-locked nanolaser can exhibit
large modulation dynamics at injection rates that are by far much smaller than those used in edge-emitting
macrolasers. These results will pave the way for the development of energy-saving directly-modulated optical
sources in future high-speed optical networks.
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We demonstrate that photon emission induced by inelastic tunneling through a nanometer single gap between
a sharp Au tip and an Au substrate can be significantly enhanced by the illumination of the junction with 634
nm laser light with an electric field component oriented parallel to the tip-axis, i.e., perpendicular to the sam-
ple. Analyzing photoluminescence (PL) spectra recorded as a function of bias voltage allows us to distinguish
between PL from (1) the decay of electron-hole pairs created by the laser excited sp/d interband transition with
a characteristic band at 690 nm and (2) the red-shifted radiative decay of characteristic plasmon modes formed
by the gap. Since the electroluminescence spectra (without laser) already show the plasmonic gap modes, we
conclude that the enhanced intensity induced by laser illumination originates from the radiative decay of hot
electrons closely above the Fermi level via inelastic tunneling and photon emission into the plasmon modes.
Since these processes can be independently controlled by laser illumination and the amplitude of the bias volt-

age, it is of great interest for designing new switchable photon emission plasmonic devices.
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Titanium dioxide (TiO2) nanoparticles are at the base of different important applications including solar energy
conversion, heterogeneous photocatalysis, environmental remediation and many others. Understanding and
control of TiO2 properties is, thus, extremely important in view of development of new technological devices or
improvement of existing ones. Ambient-controlled photoluminescence (PL) analysis is a tool that provides im-
portant information on TiO2 photo-physical characteristics, while also representing a possible multi-parametric
route to chemical sensing.

In this contribution some recent findings on the feasibility of the use of TiO2 for efficient and multi-parametric
oxygen sensing are shown. We report some of our recent findings in the optimization of optical oxygen sensors
performances, through:

a) quasi 1-D hierarchical nanostructures of TiO2, for which we obtained unconventional sensitivities in the field
of PL-based oxygen sensing.

b) ratiometric approach by means of mixed-phase TiO2 and the simultaneous detection of well separated-PL
emissions of the two crystalline phases;

Our findings pointed out the potentialities of optical sensing for future double-parametric optical sens-
ing by titania thanks to multiple response obtained toward a same analyte and possibly paved the way for
selective detection towards chemical species carried in air.
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We demonstrated experimentally superconducting proximity in semiconductor light-emitting structures
proposed by us for enhanced two-photon gain, electrically-driven entangled-photon generation and Bell state
analyzers. We produced high-temperature superconductivity in topological insulators Bi2Se3 and Bi2Te3 and
high-temperature superconductor-semiconductor tunnel diodes.

We proposed an efficient approach for generation of entangled photons, based on Cooper-pair lumines-
cence in semiconductors, which does not require isolated emitters. Semiconductor quantum wells, remove the
light-heavy-hole degeneracy, allowing efficient photon entanglement generation in simple electrically-driven
structures, taking advantage of the superconducting macroscopic coherence [1]. We analyzed a new effect
of enhanced light amplification in electrically-driven semiconductor-superconductor structures, including
Cooper-pair based two-photon gain [2]. We also proposed a compact and highly-efficient scheme for a complete
Bell-state analysis using two-photon absorption in a superconducting proximity region of a semiconductor
avalanche photodiode. This Cooper-pair based two-photon absorption results in a strong detection preference
of a specified entangled state.

We demonstrated experimentally hybrid high-Tc-superconductor-semiconductor tunnel junctions [3].
The devices were fabricated by the newly-developed mechanical bonding technique, resulting in high-Tc-
semiconductor planar junctions acting as superconducting tunnel diodes. Tunneling-spectra characterization
of the hybrid junctions of BSCCO combined with bulk GaAs, or a GaAs/AlGaAs quantum well, exhibits excess
voltage and nonlinearity.

We produced high-temperature superconductivity in topological insulators Bi2Se3 and Bi2Te3 via prox-
imity to BSCCO [4], persisting up to at least 80K — a temperature an order of magnitude higher than any
previous observations. Moreover, the induced superconducting gap in these devices reaches values of 10mV,
significantly enhancing the relevant energy scales. Andreev reflection is observed as an excess current and an
increase in differential conductance.

These results open new directions for fundamental studies in condensed matter physics and light-matter
interaction and enable a wide range of applications in optoelectronics and quantum information processing.

[1] A. Hayat, et al, Phys. Rev. B 89, 094508 (2014).

[2] R. Marjieh, E. Sabag and A. Hayat, New J. Phys. 18, 023019 (2016); G. Donati, Nature Photon. 10, 207 (2016).
[3] A. Hayat et al. Phys. Rev. X 2, 041019 (2012).

[4] P. Zareapour, A. Hayat, et al. Nature Commun. 3, 1056 (2012).

38



Nanophotonics and Micro/Nano Optics International Conference 2016

dl JaV fdl, /dV,

Normalized dl/dV vs V Spectrum Normalized

3 : 1 =5 ;
m 1560 1580 1600 1620 1640 1660 1680

Alnm]

Figl.jpg

39



Nanophotonics and Micro/Nano Optics International Conference 2016

Light from plasmonic lenses stimulated by tunnel electrons

Wednesday, 7th December - 16:30 - Photonic & plasmonic nanomaterials - Tower 24 - Room 101 - Oral
presentation - Abstract ID: 22

Dr. Eric Le Moal !, Ms. Shuiyan Cao ?, Dr. Aurélien Drezet ®, Dr. Serge Huant >, Dr. Jean-Paul Hugonin *,
Prof. Jean-Jacques Greffet *, Dr. Gérald Dujardin ', Dr. Elizabeth Boer-Duchemin *

1. CNRS, Institut des Sciences Moléculaires d’Orsay (ISMO), 2. Université Paris-Sud, Institut des Sciences Moléculaires d’Orsay

(ISMO), 3. Université Grenoble Alpes, CNRS, Institut Néel, 4. Laboratoire Charles Fabry, Institut d’Optique

A plasmonic lens is a metallic nano- or microstructure designed to control the propagation of surface
plasmon polaritons (SPPs), i.e., electromagnetic waves that are coupled to electronic density oscillations at a
metal-dielectric interface. Plasmonic lenses are among the most versatile optical microcomponents since they
may be used to (i) convert light into SPPs and vice versa, (ii) focus and collimate SPPs or light, and (iii) couple
the optical nearfield of a nanoscale emitter to farfield radiation. The integration of plasmonic lenses with
nanoelectronics on a chip is desired, e.g., for applications in optical communications. Such integration requires
that electrically driven nanosources of light or SPPs be incorporated into the design of plasmonic lenses, thus
raising a number of fundamental and technical issues. In particular, the generation of light and SPPs from
electrical current generally yields a broad power spectrum, whereas plasmonic lenses are often designed for
specific energies or wavelengths. Their optical response to an electrical, spectrally broad, excitation has rarely
been addressed.

Here we report on the emission properties of a plasmonic lens driven by low-energy electrons. The
plasmonic lens consists of concentric circular slits etched in a thick gold film on a glass substrate. A local,
broadband, electrical excitation is applied using the inelastic effects of the tunnel current from the tip of
a scanning tunneling microscope (STM). The excited SPPs scatter at the circular slits. This yields light that
we collect below the substrate using the objective lens of an optical microscope. The angular and spectral
distributions of the emitted light are measured using optical imaging in Fourier space and optical spectroscopy.
As well, we use numerical methods to simulate the electrical excitation of a plasmonic lens with tunnel
electrons and the resulting far-field radiation in the substrate. The geometry of the plasmonic lens (diameter,
period and number of slits) and the excitation site strongly influence both the angular emission pattern and
the emission spectrum. By optimizing these parameters, we can obtain a broadband, electrical microsource of
cylindrical vector beams, whose angular divergence is < 4 degrees.
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The investigation of pharmaceutical compounds by means of Raman spectroscopy has attracted much interest
in the last years. The method allows getting information about structural properties of different molecules
based on their specific vibrational structure. Nowadays Raman spectroscopy is gaining popularity in different
areas of the pharmaceutical industry mainly due to its ability to provide information on the fundamental
vibrational bands (the fingerprint region), offering a high degree of specificity in analysis1. It also forms an
ideal complement for existing methods of analysis such as nuclear magnetic resonance, mass spectrometry
and elemental analysis.

On the other hand chiral recognition and differentiation in living organisms represents one of the most
intriguing natural phenomena, which assures in the organism a high fidelity transfer of the molecular
information. This phenomenon has a significant role in the pharmaceutical industry, since chirality plays
a key role in the development of target drug candidates, being a structural variable parameter that needs
elucidation. In this context, the subject of chiral purity gained a particular importance in the pharmaceutical
industry.

In this paper we will show that by taking advantage of the unique plasmonic properties of noble metal
nanoparticles, the chiral separation of propranolol enantiomers was successfully studied and proved by
Surface-Enhanced Raman Spectroscopy (SERS)2. The quantum chemistry calculations of native cyclodextrin -
propranolol enantiomers complexes have been used as a further proof of the proposed interaction mechanism.
It has been observed (experimentally and theoretically) that B-cyclodextrin (compared with the other two
classes of native a and y cyclodextrins) had the best chiral recognition ability for propranolol enantiomers,
hence producing the largest difference in the SERS spectra of propranolol enantiomers - native cyclodextrin
complexes.
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Hybrid metallic multilayer structures consisting of functionally different materials represent the building
blocks for linear and nonlinear plasmonic devices, which are often coupled to acoustic [1,2] and magnetic [3-6]
phenomena. Despite of the nano-scale plasmonic confinement, optical fields inside metallic nanostructures
overlap with several materials characterized by different optical properties, including anisotropy. Straightfor-
ward transfer-matrix calculations are often bulky, particularly for optically anisotropic materials [5], and a
simple effective medium approximation (EMA) would be helpful. The complexity of the rigorous microscopic
treatment becomes even more crucial in the nonlinear optics, where, for example, the generation of optical
second harmonic at each surface/interface is characterized by multiple components of chi(2)-tensor [6].

In case of multiple interfaces intrinsic to the hybrid multilayer structures an effective interface approxi-
mation (EIA) would be highly desirable as well.

Here we present an EMA for the magneto-plasmonic metal-ferromagnet multilayers [4]. Whereas EMA
for the diagonal components of the (linear) dielectric succeptibility tensor can be used to predict the prop-
agation length of surface plasmon polaritons (SPPs), the EMA for its non-diagonal components accurately
describes the magnetic modulation of SPP wave vector [1,2]. The EMA displays a good agreement with
transfer-matrix calculations. In the nonlinear magneto-plasmonics the phenomenological nonlinear EIA is
applied to quantitatively model the angular dependence of second harmonic generation in Kretschmann
configuration.

In addition to static multilayer structures we can also generate “transient multilayer structures”. Here,
the nano-scaled (a few picoseconds long) acoustic pulse creates a layer with a modified electron density
propagating at the speed of sound through the layer of a noble metal. The linear EMA can be applied to
characterize ultrashort acoustic pulses from the dynamic modulation of SPP wave vector, which is measured
by femtosecond time-resolved plasmonic interferometry [2].

References:

[1] V.V. Temnov, Nature Phot. 6, 728 (2012)

[2] V.V. Temnov et al., Nature Comm. 4, 1468 (2013)
[3] I. Razdolski et al., ACS Photonics 3, 179 (2016)

[4] V.V. Temnov et al., ]. Opt. 18, 093002 (2016)

[5]]. F. Torrado et al., New J. Phys. 15, 075025 (2013)
[6] V.V. Pavlov et al., Appl. Phys. Lett. 75, 190 (1999)
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The emergence of nanophotonic devices appeal for sub-wavelength optical characterization techniques.
Various techniques such as scanning near-field optical microscopy (SNOM) or stimulated emission depletion
(STED) microscopy are now currently used in the field of nano-optics. Here, we introduce cathodoluminescence
CL as a powerful and versatile technique for optical and structural characterization of nanoscale structures.
CL can be performed in a scanning electron microscope (SEM or STEM) to study nanostructures made of
semiconductors, metals or insulators. It offers several advantages over usual optical spectroscopy techniques.
The multimode imaging capabilities of the SEM enable the correlation of optical properties (via CL) with
surface morphology (secondary electron — SE — mode) at the nanometer scale [1].

In semiconductors and insulators, the CL signal gives local information on the electronic bandgap and
defect states. In nanoresonators such as photonic crystals or metal nano-antennas, CL directly maps local
density of optical states (LDOS) [2]. In addition, CL has been recently used in nano quantum optics experiments

[3].

We intend to show a selection of results obtained with SEM-CL on various semiconductor and metal
nanostructures, such as nanowires [4], microdisks [5] or nanoapertures in metal films [6]. These structures
find applications for single photon emission, nanolasing or color generation at the nanoscale. Finally, we will
show how the introduction of pulsed electron excitation and time resolved detection of the CL signal (TRCL)
allows carrier dynamic probing at the nanoscale [7].

[1] L. Reimer in “Scanning Electron Microscopy”, (Springer, Berlin) Ch. 1.
[2] M. Kociak and O. Stéphan, Chem. Soc. Rev. 43 (2014), p. 3865.

[3] L.H.G. Tizei and M. Kociak, Phys. Rev. Lett. 110 (2013), p. 153604.

[4] Fontana et al, Phys. Rev. B 90 (2014), p. 075307.

[5] Puchtler et al, ACS Photonics 2 (2015), p. 137.

[6] Segal et al, Nanoscale 8 (2014), p. 15296.

[7]1 Shahmohammadi et al, Nano Lett. 16 (2016), p. 243.
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Fig. 1. Application of CL for imaging quantum dots in
nanowires (courtesy of Prof. A. Fontcuberta, EPFL).
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Cadmiun selenide (CdSe) is an attractive semiconductor material from technical and scientific standpoints
thanks to their versatility and capability to be obtained as nanostructured film and powder with particle sizes
at micro and nanoscale. CdSe nanostructures have been recognized as very interesting materials given their
excellent optical and electrical properties, arising from the reduction of their size. In addition, it is considered
a promising semiconductor material by their potential applications in biological, biomedical, electronic and
optoelectronic fields, ranging from bioassays, bioprobes, biosensors, sensors, solar cells, and others optoelec-
tronic devices. CdSe is an inorganic compound exhibiting a band gap of 1.74 eV and it has a similar behavior
to the n-type semiconductors, density of 5.816 g/cm3, melting point of 1268 °C, and refractive index (nD) of 2.5.
Moreover, CdSe exhibits high crystallinity degree, adopts micro and nanostructured morphologies, and presents
three different polymorphic forms, denominated wurtzite (hexagonal), sphalerite (cubic) and rock-salt (cubic).
CdSe crystalline characteristics have an influence on their optical and electrical performance, strongly linked
to the processing conditions used to synthesize it. Consequently, the study of novel, innovative, cheap, and sus-
tainable synthesis methods and materials must be a priority in semiconductor field for the discovery of material
with superior optical and electrical properties and behaviors, because, it allows the design and the development
of novel electronics and optoelectronics devices with higher efficiency, better behavior, and superior stability
in the operation conditions. In the present work, an approach for the synthesis of CdSe nanospheres by solution
growth using nitrite tetrahydrate (CA(NO3)2.4H20), selenourea [SeC(NH2)2], glycine, and pH buffer (borate) is
proposed. In summary, microstructural, chemical, and optical characterizations of synthesized CdSe by FE-
SEM/EDS, DRX, and UV-Vis spectroscopy techniques are reported. Characterization results confirm the forma-
tion of CdSe nanospheres (a) containing Cd and Se (b) with an average atomic composition of 48.62 and 51.38 %,
respectively. Lastly, synthesized CdSe nanospheres correspond to cubic crystalline structure commonly named
sphalerite (c) and they present an optical band gap of 1.70 eV.
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Introduction

Infrared spectroscopy is an efficient technique for the selective detection of molecules by their vibrational
spectra. The electric field enhancement effect from plasmonic nanostructures in resonance with vibrational
modes of molecules increases the signal strength. Surface enhanced infrared absorption (SEIRA) spectroscopy
facilitates therefore the detection of vibrational active molecules using adequately designed plasmonic
resonator substrates. We propose highly doped semiconductor material as an alternative to gold or silver
for plasmonic resonators. A plasma frequency in the mid-infrared can be reached with highly n-doped
InAs(Sh), allowing for higher electric field enhancement compared to gold, considering the respective dielectric
functions [1, 2]. We demonstrate SEIRA with a 1-dimensional periodic grating made of InAsSb on GaSh
substrate. Furthermore, we investigate 2-dimensional periodic arrays of rectangular resonators. They offer an
additional degree of freedom to tailor their optical response.

Methods

Plasmonic resonators were fabricated from epitaxial, highly doped InAs_{0.91}Sb_{0.09} films grown on
GaSb substrate by large-area surface patterning methods as interferential or UV lithography and chemical
etching with C_6H_80_7 : H_20_2. Reflection spectra were obtained with an IR-microscope coupled to an FTIR
interferometer.

Results and Discussion

The 1-dimensional periodic gratings feature a dominant spectral signature linked to a localized surface plasmon
resonance (LSPR) at the resonator-substrate interface, when excited with light perpendicularly polarized with
respect to the ribbons’ long axis. We observe the enhancement of an originally rather weak absorption feature
of polymethylmethacrylate deposited on the plasmonic resonators displaying their resonance around the
spectral range of the absorption line.

In 2-dimensional periodic arrays, transverse and longitudinal LSPR modes can be distinguished when
the polarization direction is oriented along the short respectively the long axis of the rectangular-shaped
structures. This gives access to two spectral bands of interest within the mid-infrared with one SEIRA substrate
by adjustment of resonator size and aspect ratio. When working with light polarized along the diagonal of
resonators or with unpolarized light, we simultaneously excite both modes covering consequently a large
range of the mid-infrared spectrum.

References
[1] S. Law et al. Nano Lett. 13, 4569-4574, 2013.
[2] F. B. Barho et al. Opt. Express 24 (14), 16175-16190, 2016.
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Figure 1: a. SEM image of a 1-dimensional periodic grating structure. b. Schematic diagram of the
grating structure. c. PMMA absorption spectrum obtained in grazing incidence on a mirror surface and
reflectance spectra of the plasmonic resonator with PMMA layer. Weak absorption features are
enhanced when in resonance with the plasmonic mode. d. SEM image of a 2-dimensional periodic array
of rectangular shaped resonators. e. Schematic diagram of the array. f. Reflectance spectra of the 2-
dimensional periodic array with light polarization parallel respectively perpendicular to the long
resonator axis and with unpolarized light. Longitudinal and transverse plasmonic modes are excited.
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One of the key features of plasmonics is the confinement of the optical energy into very small volumes (the so
called hot-spots) that can be further engineered by means of nanoantennas. In the small modal volume of the
hot spots, plasmons can boost energy transfer, trigger chemico-physical process, provide field enhancement for
nonlinear and second-order phenomena that are often difficult or even impossible to generate. These features
depend on the nanoantenna geometry and on the dielectric function of the metal. Due to the intrinsic optical
properties of noble metals these concepts are mostly exploited in the visible/near-infrared range. Therefore,
finding valuable materials and device concepts for mid-infrared plasmonics is still an open issue. Here we
show that the introduction of unconventional mid-IR materials, such as nanoporous gold and heavily-doped
germanium (doping concentration of 1020 cm"-3), can pave the way to overcome the aforementioned limita-
tions. Indeed the dielectric function can be tuned and optimized for the infrared range, acting on the physical
parameters of the material development process. To this aim, we measure the optical response of both materi-
als by means of Fourier Transform Infrared Spectroscopy and retrieve their dielectric function. In the case of
nanoporous gold, array of 3D vertical nanoantennas have been fabricated (fig. 1a). The resonance wavelength
has been properly tuned in order to further promote the coupling between surface plasmons and 7 nm of SiO2,
used as probing layer (fig. 1b). In a standard surface-enhanced infrared absorption experiment, we demon-
strate a 3-fold enhancement with respect to bulk gold. In the case of doped germanium, bow-tie antennas are
designed, fabricated (fig. 2a), and embedded in a polymer. Nanoantennas were investigated with a near-field
mid-IR nanoimaging technique in which the absorbed electromagnetic energy is measured locally with a scan-
ning probe tip coupled to a quantum cascade laser in pulsed operation at Lambda = 5.8 um. We demonstrate
the existence of an electromagnetic energy density hotspot in the antenna gap of diameter below 100 nm and
confinement volume 105 times smaller than Lambda "3 (fig.2 b and 2c¢).
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Optical detection of single molecules mostly relies on their fluorescence because of the high contrast of this
technique against the background. Since their invention in the early 1990s, single-molecule fluorescence
microscopy and spectroscopy have spread to many fields in chemistry, physics, and biology, and have provided
unique access to nanometer scales. However, the majority of native bioorganic molecules such as proteins
hardly fluoresce at all. Therefore, their detection in native and unmodified state requires a different approach.

We demonstrate the label-free detection of single proteins using plasmonic nanoparticles. We monitor
the scattering signal of hundreds of particles simultaneously in a total-internal-reflection microscope. This
approach allows for the statistical analysis of single-molecule interactions without requiring any labeling of
the analyte. Single-protein binding events are resolved as step-wise changes in the scattered intensity, see
Fig. 1. We study an antibody-antigen interaction and find that the waiting time distribution is concentration-
dependent and obeys Poisson statistics. The ability to probe hundreds of nanoparticles simultaneously will
provide a sensor with a dynamic range of 7 decades in concentration and will enable the study of heterogeneity
in molecular interactions.

We foresee that this approach will be particularly attractive to monitor biomarker concentrations di-
rectly in a complex matrix in which labeling is not possible. Moreover, our approach will provide a means to
improve the sensor’s specificity by distinguishing populations of specific interactions from non-specific ones
by statistical analysis of single-molecule kinetic parameters. These advantages will benefit future point-of-care
biosensors and may allow for the real-time monitoring of biomarker concentrations on- or in-the-body.

[1] P. Zijlstra, Pedro M.R. Paulo, and Michel Orrit, “Optical detection of single non-absorbing molecules
using the surface plasmon resonance of a gold nanorod,” Nature Nanotechnol. 7, 379-382 (2012).

[2] M.A. Beuwer, M.W.]. Prins, and P. Zijlstra, “Stochastic protein interactions monitored by hundreds of
single-molecule plasmonic biosensors,” Nano Lett. 15, 3507-3511 (2015).

[3] S.ML.E. Peters, M.A. Verheijen, M.W.J. Prins, and P. Zijlstra, “Strong reduction of spectral heterogeneity
in gold bipyramids for single-particle and single-molecule plasmon sensing,” Nanotechnology 27, 024001
(2016).
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Near-field scanning optical microscopies (NSOM) associating vibrational spectroscopies (Raman, infrared: IR)
and Scanning Probe Microscopies (SPMs) stand as powerful techniques to provide unambiguous and precise
chemical identification with high sensibility and high spatial resolution. The specific development of Raman-
SNOM, i.e. Tip Enhanced Raman Spectroscopy (TERS), has necessitated to tailor specific probes which support
localized surface plasmon resonance close to the apex of the tip, at the so-called “hot spot”. When a gold or silver
tip is shinned with a visible laser light of suitable wavelength, the electric field at the hot spot is considerably
amplified and translates into a strong near field Raman scattering signal enhancement at the tip/sample inter-
face. Low laser excitation power can be therefore applied, minimizing considerably the far-field contribution
to the scattered signal. The strong signal enhancement compensates for the low efficiency of the inelastic scat-
tering process of many compounds, enabling detection and imaging of single molecules. While silver provides
the largest enhancement, gold is less prone to oxidation and therefore more adapted to liquids. Implementa-
tion of Tip Enhanced Raman Spectroscopy in liquid is still a challenge. We demonstrate herein its feasibility in
an upright illumination/collection configuration. Through a thin layer of organic solvent covering the sample,
laser focusing on the tip is possible, enabling TERS imaging in liquid.
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We report results of TERS (Tip Enhanced Raman Spectroscopy) characterization of graphene oxide and the 2D
semiconductors, MoS2 and WS2. The gap mode TERS signal of these 2D materials becomes dramatically en-
hanced over wrinkles and creases, as well as over nanopatterns imprinted into flakes using a sharp diamond
probe. The resonant Raman signal of MoS2 contains additional peaks normally forbidden by selection rules.
TERS maps of few-layer-flakes of this 2D semiconductor show that the spatial distribution of Raman intensity
across the flake varies for different peaks, providing interesting insights into the structure of such 2D semicon-
ductors with 10-20 nm spatial resolution.
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Coupling between plasmonic nano-components generates strongly red-shifted resonances combined with
intense local field amplification on the nanoscale. This allows directly seeing molecules as well as excitations
in semiconductors. We have recently explored plasmonic coupling which can be tuned dynamically, through
reliable bottom-up self-assembly using the nanoparticle-on-mirror geometry (NPoM) [1-14]. We recently
demonstrated how individual molecules can be strongly coupled to these ultralow volume plasmonic cavities
[13] as well as how they act as optomechanical constructs with enormously enhanced couploing.[14]

We also demonstrate the possibility to track few molecules using the extreme enhancements. We find
that changing just a single atom on each molecule of a self-assembled monolayer can shift the plasmon by over
50nm, and produce surprising vibrational signatures.[4-7] These have encouraging prospective applications in
(bio)molecular sensing as well as fundamental science.[8-14] The ability to track and watch molecules interact
and react opens up the ability to study chemistry molecule-by-molecule.

1] Nature 491, 574 (2012); Revealing the quantum regime in tunnelling plasmonics,

2] ACS Nano 5, 3878 (2011); Precise sub-nm plasmonic junctions within Au NP assemblies,

3] Nano Lett 13, 5033 (2013); Controlling sub-nm plasmonic gaps using graphene

4] ACS Nano 9, 825 (2014); Monitoring Morphological Changes in 2D Monolayer Semiconductors ...

5] Nano Letters 15, 669 (2015); Nano-optics of molecular-shunted plasmonic nanojunctions

6] Science Reports 4, 5490 (2014); Watching individual molecules flex within lipid membranes using SERS

[
[
[
[
[
[
[7] Nature Comm. 5, 3448 (2014); DNA origami based assembly of gold nanoparticle dimers for SERS detection
[8] Scientific Reports 4, 6785 (2014); Quantitative multiplexing with nano-self-assemblies in SERS

[9] Nano Lett 13, 5985 (2013); In-situ SERS monitoring of photochemistry within a nano-junction reactor

[10] Nano Lett 15, 2600 (2015); Demonstrating PL from Au is Electronic Inelastic Light Scattering ...

[11] Sci.Rep. 5, 16660 (2015); Size Dept Plasmonic Effect on BiVO4 Photoanodes for Solar Water Splitting

[12] Nano Letters 15, 7452 (2015); Controlling Nanowire Growth by Light

[13] Nature 535, 127 (2016); Single-molecule strong coupling at room temperature in plasmonic nanocavities

[

14] Science 354, 726 (2016); Single-molecule optomechanics in picocavities

53



Nanophotonics and Micro/Nano Optics International Conference 2016

Jjbabstractimage.jpg

54



Nanophotonics and Micro/Nano Optics International Conference 2016

Classical and Quantum Light Generation with Nitride-based
Semiconductor Nanostructures

Thursday, 8th December - 09:35 - Plenary Speeches - Amphitheatre 25 - Oral presentation - Abstract ID:
440

Prof. Yong-Hoon Cho’

1. Korea Advanced Institute of Science and Technology

We present various types of group IIl-nitride micro- and nano-structures for novel classical and quantum
photonic applications. We demonstrate phosphor-less white-color light generation, unidirectional light
propagation, ultrafast single photon generation, and room temperature exciton-polariton generation using
these group III-nitride based photonic structures. First, multi-color and broadband visible light emitting diodes
based on GaN hexagonal truncated pyramid and columnar structures were demonstrated [1, 2]. Second, by
using GaN/InGaN core-shell QW semiconductors grown on tapered GaN rods, which have a large gradient in
their bandgap energy along their growth direction, highly asymmetric photonic diode behavior was observed
[3]. Third, we utilized a novel approach of the self-aligned deterministic coupling of single quantum dots (QDs)
to nanofocused plasmonic modes, which enhances spontaneous emission rate of QDs as high as ~ 22 over a
wide spectral range [4]. We also discuss about effective method for enhancing collection efficiency of the QDs
formed in these photonic structures [5]. Finally, we developed a novel exciton-polariton system working at
room temperature resulting from strong coupling between a two-dimensional exciton and whispering gallery
mode photon using a core-shell hexagonal wire with GaN/InGaN multiple quantum wells [6]. An overview and
comparison of the characteristics of the above nanostructures will be given.

References

1] S. H. Lim et al., Light: Science & Applications 5, e16030 (2016).

2] J. H. Kim et al., Nanoscale 6, 14213 (2014)

3] S. M. Ko et al., Nano Letters 14, 4937 (2014).

4] S. H. Gong et al., Proceedings of the National Academy of Sciences 112, 5280 (2015).
5] S.J. Kim et al., (submitted)
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In the last 5 years, there has been rapid progress by many groups in endoscopic imaging with multimode
fibers. Imaging modalities such as fluorescence, confocal, photoacoustic and two-photon with sub-micrometer
resolution have been shown through several tens of centimeter long fibers of diameter less than a human
hair. I will review this body of work and introduce a new use for this fiber technology, namely for advanced
manufacturing that we coin endo-fabrication.

The concept is to do micro-fabrication by additive and subtractive means in areas that are difficult to reach
with conventional optics.

In one demonstration, the fiber is used as a thin objective lens for the micro fabrication of arbitrary
shapes 3D objects at the distal end of the fiber. The objects are manufactured by two photon polymerization
by digitally scanning a temporally and spatially focused ultrafast pulse. A replica of the Chichen Itza pyramid
with a base length of 60 um was manufactured through a 5 cm long, 560 um diameter fiber.

In another demonstration, a thin fiber capillary is filled with a liquid. Light is then used to eject micro
droplets with a velocity suitable to print functional or biological materials. The laser-induced shockwaves
overcome conventional problems in inkjet printing methods, such as aggregation and clogging issues when
viscous material is printed. The range of printable liquids with our device was significantly extended
compared to conventional inkjet printers performances. In addition, the laser-induced flow focusing phe-
nomenon allowed to controllably generate viscous micro-droplets up to 210 mPa s with a diameter smaller
than the nozzle from which they originated (200 um). Inks containing proteins were printed without altering
their functional properties thus demonstrating that this jetting technique is potentially suitable for bio-printing.

We expect to combine 3D structuring and precise biological material delivery in the structure as a mean to
build functional biological structures.
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Over the last 20 years, major efforts have been devoted to the tailoring of the optical properties of semiconduc-
tor emitters using optical microcavities and photonic crystals. We have recently introduced photonic wires as
a novel platform for quantum optics. I will review recent studies which demonstrate an excellent control over
the spontaneous emission of InAs quantum dots (QDs) embedded in vertical single-mode GaAs photonic wires
and first applications in the field of quantum optoelectronic devices.

On the basic side, we have demonstrated a strong inhibition (x 1/16 [1]) of QD SpE in thin wires (d0.95 for d~A/n)
in circular photonic wires [2]. The polarization of QD SpE can also be tailored by playing with the shape of the
cross section of the photonic wire. For elliptical cross sections, a strong (>90%) linear polarization oriented
along the long axis of the ellipse is observed [3].

In view of practical applications, a proper engineering of the radiation pattern of the photonic wire is required.
We have therefore developed novel hybrid (metal+dielectric) mirrors displaying a high modal reflectivity, as
well as integrated tip-shaped or trumpet-like adiabatic tapers, in order to reduce the divergence of the emitted
beam. The recently developed photonic trumpet (see fig.1) exhibits superior performances in this context,
since it ensures a perfectly Gaussian and low NA far-field emission [4].

As a first application of SpE control in photonic wires, we have developed single mode QD single-photon
sources (SPS). Unlike microcavity-based devices, such SPS display an excellent purity (g(2) (0) < 0.01) under
non-resonant excitation, over the whole range of excitation powers. Furthermore, efficiencies exceeding 0.7
photon per pulse (within NA=0.75) have been obtained for tip-shaped [5] as well as trumpet-like [4] SPS. Beyond
these first results, photonic wires are also very attractive for developing high efficiency sources of entangled
photon pairs or wavelength tuneable SPS, thanks to the broadband SpE control they provide.

More generally, photonic trumpets appear as a very promising template to explore and exploit in a solid-state
system the unique optical properties of “one-dimensional atoms”. Possible long term applications in the field of
quantum information processing will be discussed, including the optimal quantum cloning of single photons,
using the amplification by stimulated emission provided by a single 1D atom [6].

Finally, photonic trumpets containing a single QD constitute a hybrid optomechanical system, whose remark-
ably large coupling between the two-level system and the mechanical degree of freedom, mediated by the
strain, opens promising novel perspectives [7].

This work has been done in collaboration with J Claudon, ] Bleuse, M Munsch, P. Stepanov, NS Malik (CEA Greno-
ble), N Gregersen, ] Moerk (DTU Fotonik, Copenhagen), P Lalanne (Institut d’Optique, Palaiseau), A. Auffeves, J.P.
Poizat, M Richard and coworkers at CNRS/Néel; it has been supported by the IST FET European project “HANAS”.
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Figure 1 - colorized scanning electron micrograph of a gaas photonic trumpet.png
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Nowadays, in plasmonics great researchers attention is paid to investigation of graphene-based nanostructures
and perspectives of its applications in data processing and storage devices [1]. In our recent works we have
considered some graphene-containing structures. Some interesting results on speckle-pattern rotation in
graphene-coated optical fibers [2], surface plasmon manipulation by magnetic field in the planar gyrotropic
waveguide formed by two graphene layers [3], plasmonically induced magnetic field and Faraday rotation of
high order modes in graphene-covered nanowires [4, 5] have been obtained.

In this work surface plasmon-polaritons in dielectric — graphene - antiferromagnet structure is investigated.
We assume that dielectric is non-dispersive one, antiferromagnet is centrosymmetric few-sublattice magnet
(of rhombic symmetry) with exchange spin excitations of electroactive type. Eigen frequencies of exchange
modes correspond to infrared and visible spectrum ranges (for example, YBa2Cu306+x, a-Fe203). Frequency-
dependence of graphene conductivity is taken into account.

Calculations are carried out in assumption of decaying length of surface electromagnetic wave is much greater
than the lattice constant and phenomenological method may be used. Properties of the structure are depending
on dielectric permittivity tensor of antiferromagnet and graphene conductivity.

Different propagation directions of electromagnetic wave with respect to antiferromagnet crystal orientation
are considered. Dispersion equations and conditions of excitation of TM- and TE- waves and components of
electromagnetic field are obtained. It is shown, that TE- waves, which are non-existing without graphene, may
propagates in the structure when some relations between parameters of mediums are satisfied in frequency
ranges of exchange modes of antiferromagnet.

This work was supported in part by RFBR (grants ## 16-37-00023, 16-07-00751, 16-29-14045) and RScF (grant #
14-22-00279).

1. K. S. Novoselov, et al. Nature 490, 192-200 (2012)

2. D. A. Kuzminr, et al. Opt. Lett. 40, 890-893 (2015)

3. D. A. Kuzminr, et al. Opt. Lett. 40, 2557-2560 (2015)

4. D. A. Kuzminr, et al. Opt. Lett. 41, 396-399 (2016)

5. D. A. Kuzminr, et al. Nano Lett. 16, 4391-4395 (2016)
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It takes a keen interest in nanostructures based on graphene now. Graphene properties are very attractive
in terms of its possible use application as the basis for new nanomaterials with improved electrical, ther-
mal and mechanical characteristics, as well as an element of nanoelectronic information processing devices [1].

We present the results of simulation of the propagation of surface plasmon polaritons in structure of
vacuum - graphene - dielectric - metal. SiO2 was selected as dielectric, gold (Au) was selected as the metal.
Structure properties are defined by dielectric constant, its thickness and conductivity of graphene. Theoretical
methods of macroscopic electrodynamics is used. The calculations were performed in the terahertz range
from 0.1 to 1 THz.

Dispersion equations and conditions of existence of the TM wave of the structure were obtained on the basis
of Maxwell’s equations solutions. The behavior of the propagation constants and attenuation for different
thicknesses of the dielectric layer and at different chemical potentials of graphene is investigated. Distinction
of plasmon propagation modes depending on the chemical potential of graphene dielectric layer thickness at
different frequencies is shown. Energy and magnetic moment distributions (inverse Faraday effect) generated
by plasmon modes of the structure is obtained. It is shown that the maximum value of the magnetic moment
is observed at the boundary vacuum - graphene - dielectric and decreases exponentially to a minimum in the
dielectric and vacuum.

This work was supported in part by RFBR (grants ## 16-37-00023, 16-07-00751, 16-29-14045) and RScF
(grant # 14-22-00279).
1. K. S. Novoselov, et al. Nature 490, 192-200 (2012)
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The magnetooptic Kerr effect (MOKE) is a widely used tool for both basic research and applications. Despite
well-known linear MOKE (LinMOKE) being linear in magnetization, there is also a MOKE being quadratic in
magnetization (QMOKE). Both LinMOKE and QMOKE are described by change of permittivity tensor upon
magnetization direction. In case of cubic crystal owning point symmetry, linear combination of four spectra
(so called principal spectra) are enough to describe permittivity tensor for any magnetization orientation.
Namely, those spectra consists of one optical spectra €, one spectra linear in magnetization K and two quadratic
spectra, Gs=G11-G12 and G44. Here, we will present both experimental and ab-initio technique to determine all
four principal spectra in bee Fe. This approach is applied to thin films of Fe(5-30nm)/Mg0(001). The absorption
part of all principal spectra of bcc Fe is shown in Figure (a-d).

In general, optic and magneto-optic properties of crystals are determined by the well-known Kubo for-
mula for direct inter-band transitions. It states that the absorption of a photon followed by the excitation of
electron in solids is governed by electric dipole element , where |i>, |f> are initial and final electron states
and p is the momentum operator. In order to understand in detail the electric dipole elements, we visualize
them in the reciprocal space by two different means: on surfaces of constant energy difference between initial
and final states and by joint spaghetti diagram (Figure (e), (f) for € and K, respectively). It allows us to identify

hot-spots contributing to the magneto-optic response, and conditions of those hot-spots in topology of the band
structure.

The work was supported by Czech Science Foundations (grant no. 13-30397S).
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We report experimental results of generation of a type-II microcomb in a filter-driven four wave mix-
ing laser based on a CMOS compatible microring resonator. These results represent steps toward a miniature
and robust source of optical frequency combs. These combs consist of precisely spaced spectral lines, with
potential to create ultra-fast and stable optical clocks that can be easily fabricated [1] and used for integrated
optics applications.

In this work we present the behaviour of our laser in a variety of regimes producing stable frequency
combs using a doped silica glass microring with a FSR of 50GHz. The system consists of an outer fibre
loop cavity with a fibre amplifier as the gain medium. Combs form through passive mode-locking of the
laser through filter-driven four wave mixing [2] and the four wave mixing process inside the high-Q, highly
nonlinear microring. The system can be controlled by varying the polarization, main cavity path length and
intra-cavity power.

We observe overtone oscillation and for higher powers the lines fill the comb at the free spectral range
of the system. This behaviour is recalls the behaviour of type-II microcombs [3] excited with a coherent laser
lines, but in stark contrast with these results we observe coherent oscillation.

[1] K. J. Vahala, “Optical microcavities”, Nature 424 (2003) pp. 839 - 846

[2] A. Pasquazi et al. “Self-locked optical parametric oscillation in a CMOS compatible microring resonator: a
route to robust optical frequency comb generation on a chip”, Optics Express 21 (2013) pp. 13333-13341

[3] F. Ferdous et al. “Spectral line-by-line pulse shaping of on-chip microresonator frequency combs”, Nature
Photonics 5 (2011) pp. 770-776
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Phase-matched three-wave mixing is possible in optically isotropic zinc-blende materials, thanks to quasi-phase
matching occurring when the interacting fields propagate along a curved path about a principal dielectric axis
[1]. Following this scheme, efficient second harmonic generation (SHG) was recently demonstrated in GaAs [2]
and AlGaAs microdisks [3], and it was predicted in curved waveguides [4].

In order to obtain this type of SHG with monolithic low-loss photonic wires in the optical telecom range, we
designed and fabricated snake-shaped semiconductor waveguides of two different kinds: 1) air-suspended
waveguides; and 2) waveguides on a thick aluminium-oxide (AlOx) substrate. In the first case, a 123nm
Al0.18Ga0.82As layer was MBE grown over an Al0.80Ga0.20As sacrificial layer, while in the second case a
100nm Al0.18Ga0.82As layer was grown on an Al0.98Ga0.02As that was wet-oxidized after lithography and dry
etching.

Losses in ideal bent waveguides are of two distinct types: radiation losses at the bent semiconductor-air
interface, and overlap mismatch losses stemming from the incomplete mode coupling at the waveguide
sections with a sudden change of curvature radius. Finite-element simulations predict them to be < 1dB/cm
both for 0.75um wide air-suspended waveguides with 20um radius of curvature, and for 1um wide waveguides
on AlOx with 50um radius of curvature. In order to assess the additional guided-mode losses due to scattering
at the non-ideal interfaces of the fabricated nanowires, systematic transmission measurements are under way,
the light injection and collection being made with micro-lensed-fiber end-fire coupling into inverted tapers.
Our preliminary results show the good potential of such snake-shaped waveguides for SHG.

REFERENCES

[1] Y. Dumeige and P. Feron, “Whispering-gallery-mode analysis of phase-matched doubly resonant second-
harmonic generation”, Phys. Rev. A 74, 063804 (2006).

[2] P. S. Kuo, ]J. Bravo-Abad, and G. S. Solomon, “Second-harmonic generation using 4bar-quasi-phasematching
in a GaAs whispering-gallery-mode microcavity”, Nat. Commun. 5, 3109 (2014).

[3] S. Mariani et al,, “Second-harmonic generation in AlGaAs microdisks in the telecom range”, Optics Letters
39, 3062 (2014).

[4] R. T. Horn and G. Weihs, “Directional Quasi-Phase Matching in Curved Waveguides”, arXiv: 1008.2190 (2010).
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A nanoporous gold nanoparticle can have an advantage of plasmonic nanoporous structure, such as a large
surface area and multiple hot-spots, together with a benefit of a small overall size in nanoscale. Its plasmonic
property can be determined by a size of an overall structure as well as its ligaments. Therefore, its size
tunability can be critical for the desired optical property. Here, a simple way to synthesize a nanoporous
gold nano-shell (NPGNS) structure having a near-IR localized surface plasmon resonance (LSPR) peak will be
provided.

Citrate-stabilized gold nanoparticles (AuNP) with a size of 15 nm were mixed with positively functional-
ized polystyrene (PS) microspheres with a size of 1 um in aqueous solution. AuNP were attached to the surface
of microspheres by the electrostatic interaction. A monolayer of microspheres with attached AuNPs was
formed on the glass substrate, and then it was treated by oxygen plasma. A plasma treatment reduces the
size of PS microspheres, which makes inter-particle distance between attached AuNPs to be reduced. Finally,
AuNPs contact each other on the microsphere surface to make a nanoporous gold frame. Further plasma
treatment completely removes a polystyrene core part to leave only a NPGNS structure.

A fabricated NPGNS structure has a diameter of approximately 300 nm and ligaments of a size similar
to used AuNPs. It shows a LSPR peak in the near-IR range. By using different sizes of AuNPs and microspheres,
a diameter and a ligament size of a NPGNS can be controlled and the corresponding LSPR peak can be shifted
quite well. Because a connection point between AuNPs in a NPGNS is not very smooth and there are many
pores with rough ligaments, there can exist many hot-spots in a NPGNS. A simple post plasma treatment
combined with the well-established chemical synthesis of colloid AuNP and polymer microsphere can provide
anew synthetic route for nanoporous gold nanoparticle structure with a tunable LSPR peak in the near-IR range.

64



Nanophotonics and Micro/Nano Optics International Conference 2016

100 nm

Figure nanoporous gold nano-shell.png

65



Nanophotonics and Micro/Nano Optics International Conference 2016

Investigation on Optical and Structural Properties of Photon
Induced Chemically Deposited Nanocrystalline CdSe Thin
Films

Thursday, 8th December - 13:30 - Poster Session - Tipi - Poster presentation - Abstract ID: 67

Mr. Sanjay Pawar !, Dr. Archana Meshram ?, Prof. Vilas Tabhane !

1. Savitribai Phule Pune University, Pune, 2. Dr. Ambedkar College, Dikshabhoomi, Nagpur

Introduction

In recent years, the cost of inorganic nanocrystalline semiconductor thin film solar cell has significantly
reduced, however to make it viable, its efficiency needs to be enhanced. For this the thin film nanostructure
geometry would be very useful for fundamental studies and technical applications. Electrical, optical and
mechanical properties which depend on structure, size and dimension need to be investigated. This has great
potential to generate structures of suitable properties under control parameters which is the dire need of
today’s many fields of modern science and technology.

In nature, biological reactions are influenced more or less under the sun light photon energy and resulting
in nature’s beauty of different colors, shapes and sizes. So photon energy might become the important vital
parameter to manipulate and control chemical reaction.

Methods:

In the present work, the influence of different single color light illumination on the chemical bath deposition
of CdSe thin films was investigated by means of X-ray diffraction, Scanning electron microscopy, Energy
Dispersive Spectroscopy (EDS), photoluminescence spectroscopy(PL) and UV-Vis-NIR spectrophotometer
respectively. Films are deposited on glass, stainless steel and conducting glass substrates at room temperature
for various time periods of Cd and Se ion source solutions for suitable Cd/Se source solutions ratio under
darkness, red, green and blue color Light Emiting Diodes(LEDs) illuminations condition with constant stirring
speed.

Results:

The study reveals change in film color appearance and band gap change. Solution color changed from colorless,
pale yellow, orange and finally turned into reddish dark brown. This reveals the growth of grain size from
nano scale to micro scale. Attempt has been made to study the structural, physical and optical properties by
the influence of single color light illumination on the growth of CdSe nanocrystallite.

Discussion:

1. under the different single color light illumination conditions, remarkable changes in surface morphology,
band gap, % Transmittance and absorption were observed.

2. Extra shoulder peak in XRD pattern was observed under green and blue color illumination conditions.
Keywords: Nanocrystalline CdSe, Chemical bath deposition, XRD, SEM

To whom the correspondence to be addressed: Sanjay W. Pawar, E-mail: sanjaypawar_nsk@yahoo.co.in,
Phone No. +919850043749
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For the first time, fabrication of bioinspired, eco-friendly, low cost and reproducible surface enhanced Raman
scattering (SERS) substrates based on plant leaf substrates has been done. The naturally occurring roughness
(microstructures) on the surface of the plant leaves were replicated using the soft lithography technique. The
replica of the leaf surfaces mimicked the surface roughness of the real leaves which influenced the deposition
of Au NPs and leading to the formation of electromagnetic hot spots. The surface morphologies of different
biomimetic surfaces tend to influence the SERS performance of the substrates which was demonstrated
using MB as analyte molecule. Upon comparison of the enhancement factors obtained from the different
substrates, one can correlate the effect of surface morphology of the leaf surface with SERS performance
which is directly due to the different arrangement of the microstructures within the surfaces. Furthermore
the fabricated biomimetic SERS substrate was found to be equally efficient in the real life application which
was demonstrated by the sensing/detection of the common pesticides carbendazim and thiabendazole upto 10
nanomolar concentrations.

References:

(1) Sharma, V.; Kumar, S.; and Krishnan, V., (Plant Leaves as Versatile Substrates for Surface Enhanced Raman
Spectroscopy: Role of Surface Morphology and Wettability in Determining the Enhancement Factor and
Sensitivity of Detection- Manuscript under review).

(2) Sharma, V,; Sinha, N.; Dutt, S.; Chawla, M.; Siril, P. F. Journal of Colloid and interface Science 2016, 463,
180-187.

(3) Dutt, S.; Siril, P. F,; Sharma, V.; Periasamy, S. New Journal of Chemistry 2015, 39, 902-908.
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In the last decade polycyclic aromatic hydrocarbons (PAHs) attracted great interest in the diverse applied fields.
PAHs became an alternative to existing nanophotonic and optoelectronic materials. The optical properties
of PAHs depend on charge transfer properties and consequently electron structure of molecules. The aim of
this research is to generalize our new and previous works[1,2] on defining electronic structure of molecules
and materials. In particular, these methods can be applied to define the first ionization potential (IP) and the
electron affinity (EA) of molecules and organic semiconductors. In our methods, unlike other conventional
spectroscopic methods, substances are considered as a quantum continuum without dividing the spectrum
into characteristic spectral bands of certain frequencies or wavelengths of individual functional groups and
components. This approach we called Electron phenomenological spectroscopy (EPS)[1]. Unlike our previous
works[1,2] within EPS we present new methods for identifying the electronic structure that based on new
physical effects — the correlation of the molecular levels energy with the autocorrelation function.

Ei=y0i+ yiK(v) (1)

where K(v)=f¢e(v) e(v+A v) — the autocorrelation function of the electron spectrum (ACFS) in visible and UF
spectrum, g(v) — the frequency distribution function of the electron spectrum

IP=a0 + a K(v) (2)
EA=B0 + B K(V) (3)

We suggest that phenomen (1) is explained by strong electron interactions (i.e. each electron interact
with the whole electron system)

where y0i, yi, a0, a, B0, B - empirically determined coefficients characterize quantum interaction de-
gree.

Thus, the new methods are performed to define characteristics of electronic structure can be applied for
studying multi electron systems in optoelectronics and nanophotonics.
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Monolayers of transition-metal dichalcogenides (TMDCs) such as MoS2 have drawn great interest because
of the direct band gap nature in monolayers to explore 2D valley excitons. So, far there have been various
spectroscopic efforts to study exciton dynamics in MoS2 such as reflectance, photoluminescence excitation
spectroscopy and pump-probe spectroscopy. However, little is known related to exciton relaxation dynamics
under two-photon excitation, where a thorough knowledge of the valley selective selection rules for optically

inactive dark excitons in monolayer MoS2 is needed.

In this work, we have studied two-photon excited ultrafast spin dynamics in monolayer MoS2, by per-
forming two-photon excited pump-probe differential reflection and photoluminescence (PL) studies near
1200 nm excitation wavelength. By exploiting the interplay between same and opposite pump-probe circular
polarizations the differential reflection signal (Fig. a) associated with the exciton dynamics of optically inactive
dark excitons (mj+-2) (Fig. b) created under circularly polarized two-photon excitation are probed using
broadband white light supercontinuum via optically active bright excitons (~625 nm and ~695 nm). The
pump-probe signal is attributed to transformation of dark exciton into bright exciton via phonon-assisted
inter-valley scattering. In our two-photon excited PL studies, a two-photon absorption (TPA) saturation
effect (with high unsaturated TPA co-efficient ~ 10”4 cm/GW) is observed at higher excitation intensity (>1
MW/cm2) possible because the pulse duration is shorter than the thermalization time of the generated carriers
and with high intense laser pulse. Moreover, the enhanced PL intensity for linearly polarized emission as
compared to circularly polarized emission at different polarization angle suggests that the linearly polarized
excitation at 1250 nm (Fig. c) creates exciton valley coherence, where phonon assisted inter-valley scattering is
prevented due to insufficient excitation energy. Our results provide important experimental information for
exciton-valley coupling in monolayer MoS2 - for valleytronics, quantum optics and photonic devices.
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The  efficiency of modern photovoltaic units are getting close to the  SQ-limit
[http://dx.doi.org/10.1063/1.1736034], that is, the maximum obtainable efficiency of a standard photo-
voltaic unit. Thus, new methods, are in demand, to increase this limit in the process towards a renewable
energy-system. Upconversion of sub-band-gap photons has proven to be a fruitful way of achieving this goal
[http://dx.doi.org/10.1002/adom.201500024]. Upconversion is the process of creating a higher energy photon
out of two or more low energy photons. A standard silicon solar cell cannot absorb photons with energy below
1.11 eV. This amounts to 20% of the light from the sun witch reaches the surface of the earth. Moreover — as
silicon is transparent to the sub-band-gab photons — the upconverting unit can beneficially be attached to the
rear side of a photovoltaic unit and hereby improving existing as well as future developed units.

Trivalent rare earth ions, and especially erbium ions, have proven to be a promising candidate for up-
conversion [http://dx.doi.org/10.1063/1.1844592]. The erbium ions are doped into a host matrix — in our case
TiO_2. The aim of this work is to construct a model for the upconversion dynamics based on rate equations.
The parameters of the model will be measured and cross-related through different experiments. The main
parameters of the model are the absorption cross-section of the erbium ions, and the different transition rates
governing population decay and increase. The absorption cross-section will be determined through absorption
spectra using a spectrophotometer cross-related to measurements of the complex index-of-refraction obtained
with an ellipsometer. From the ground-state-absorption cross-section combined with the theories of McCumber
[http://dx.doi.org/10.1103/PhysRev.136.A954], and Judd & Ofelt [http://dx.doi.org/10.1103/PhysRev.127.750] it is
possible to compute the exited-state cross-sections as well. The transition rates will be determined through
the exited-state life-time of the erbium ions, measured from time-resolved-luminescence experiments. The
accuracy of the model will be demonstrated via comparison of the model output with quantum-efficiency
measurements of the upconversion yield.

Besides enabling investigation of the upconversion dynamics the model paves the way for a direct in-

vestigation of transition rates such as multi-phonon relaxation and Forster-resonance energy-transfer.
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Recent advances in soft solution processing of inorganic materials offer an exciting opportunity to develop
large area manufacturing technologies for solar cells. In the present work, cadmium sulphide (CdS) thin films
were prepared by chemical bath deposition technique under optimal conditions, and annealed in nitrogen at-
mosphere at 100, 150, 200, and 250°C. Structural properties of CdS semiconductor were characterized by X-ray
diffraction and the XRD patterns indicated the presence of single-phase of hexagonal CdS. Annealing samples
at 200°C exhibit compact and well-defined granular structures, containing 56 and 44 At. % of Cd and S, respec-
tively. According to the optical characterization, films without annealing exhibit a band gap of 2.35 eV and after
annealing treatment, the band gap of the films changes from 2.3 to 2.4 eV, when annealing temperature increase
from 100 to 250 °C. Based on the obtained results through measurements in a 4 points equipment, CdS resistivity
varies from 7E8 (annealed films) to the 2.6E9 Qm2 (as deposited films), those values shows a good agreement
with other experimental studies of CdS thin films
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Owing to their plasmonic properties as efficient scatterers or absorbers of light in the visible and near-infrared
(NIR) range, noble metal nanoparticles (NPs) have been widely investigated in recent years for a variety of
applications in different fields such as sensing, nonlinear optics and fluorescence enhancement. Indeed,
Maurizio et al. show that gold nanoparticles can act as very efficient nanoantennae for the luminescent
enhancement of photoemitting systems like Er ions [1]. Erbium Doped Fiber Amplifiers (EDFAs) are clearly a
key technology in present optical communication systems because of their high gain, low noise and high-speed
response. Many research efforts are being made in these years to increase the small cross-section for Er
excitation and enhance the Er3+ luminescent emission at 1.54 mm to improve the efficiency of EDFAs.

The aim of our ANR project AMPEROR was to realize silica fibers co-doped with gold nanoparticles (Au-
NPs) and Er ions for a new generation of EDFAs. The preparation of optical fibers required high temperature
process (> 1800°C for pure silica fibers, elaborated by Modified Chemical Vapor Deposition process(MCVD)).
This temperature is higher than the gold nanoparticle melting point (300°C). A technological obstacle is to
maintain the gold nanoparticles in the manufacturing process. In this project, we developed a new doping
concept involving a zirconia sol co-doped with gold nanoparticles and Er ions in a MCVD-compatible process.
Preservation of Au-NPs all along the fiber manufacturing process is demonstrated. Surface Plasmon Resonance
(SPR) is clearly observed at 500 nm and remain unchanged during the process fabrication (fig. 1). First
attenuation value measurement by conventional cut-back technique is about 120 dB/m showing a high
incorporation of Au-Nps into the glass fiber.

This promising method for the manufacture of gold nanoparticle-doped fibers was also used for the re-
alization of an EDFA incorporating erbium to the doping solution. The characterization of the co-doped fiber is
under progress.

[1] C. Maurizio, E. Trave, G. Perotto, V. Bello, D. Pasqualini, P. Mazzoldi, G. Battaglin, T. Cesca, C. Scian
and G. Mattei, Phys. Rev. B: Condens. Matter Mater. Phys., 2011, 83, 195430.
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Figure 1: Transmission sprectra of (a) the MCVD preform, and (b) the obtained fiber
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We study plasmons in the 2D materials graphene, MoS2 and black phosphorous using the local and the non-
local RPA conductivity. These three materials are respectively zero-gap, large gap and anistropic 2D materials,
thus representing a broad variety of 2D materials. Non-local effects are known to be important in applications
involving large in-plane wavevector components, such as the enhancement of the dipole radiation rate (Purcell
factor) in the vicinity of a lossy material, and in calculations of the lifetime of excited electrons. We investi-
gate the importance of non-local effects and the importance of resonant plasmon modes for the Purcell factor.
Furthermore we present calculations of plasmon dispersions in a pump-probe setup where the local electron
temperature can easily reach several thousands Kelvin. In this setup plasmons are activated by locally increas-
ing the temperature using an intense laser beam and subsequently the response is measured using a second
laser. We provide calculations of Purcell factors for the three materials in this scenario, as well as calculations
of the electron lifetime, a measure which is highly relevant in a pump-probe experiment. Finally, we calculate
for all materials the equivalent temperature for a given Fermi level, to study the difference between thermal
doping and electron doping.
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We propose a model of passive mod-locking (ML) laser diode based on quantum wells. This model is a compre-
hensive numerical study of the operation regimes of semiconductor laser and can estimate main characteristics
of ML pulses such as the repetition rate, width and shape of the pulse depending on different parameters of laser
structure such as the absorber length and relaxation rate, pumping current, number and width of quantum
wells. Our model is based on travelling wave equations which shall be completed with boundary conditions,
which link amplitudes at the boundaries of different laser sections and initial conditions responsible for the
first pulse of laser radiation. Here we accompany the wave equation with a spontaneous noise function that
is responsible for the initial generation of laser radiation. The spontaneous noise function is complex, random
both in space and time while having no correlation between the real and imaginary parts. The distribution
density of such parts is described by a Gaussian distribution. Numerical results for InGaAlAs/InGaAs/InP laser
heterostructure emitting at 1.55 um wavelength with 5 quantum wells in active region are presented. It has
been shown that two modes are possible in the given structure - fundamental and second harmonic. The ap-
pearance of the second harmonic radiation in the laser cavity is due to insufficient absorber relaxation rate.
We have demonstrated that it is possible to achieve the most effective transition to the passive ML by varying
the length of the absorber. For the structure under study the optimal length was equal to 637 um. The pulse
duration was amounted to 2 ps, repetition rate to 10 GHz and average output power - to 9.4 mW. Figure 1 shows
the distribution of radiation intensity along the laser resonator in fundamental mode-locking.
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Bragg mirrors have now been manufactured for decades, and we are nowadays pretty aware that such a
structure is ubiquitous in nature. Although there are strong clues that this is the case, it has never been proved
that such regular structures are optimal.

We have used evolutionary algorithms to optimize multilayered structures and we have found that, us-
ing a simple objective function, the algorithms are actually able to retrieve Bragg mirrors as the best structure
to reflect light at a given wavelength.

This give a very convincing argument suggesting that Bragg mirror are actually optimal, and gives an
opportunity to define more precisely to which sense.

Finally, Bragg mirrors can be considered as a valid test-case to assess the efficiency of a given optimisation
algorithm. We thus expect this fundamental work to be useful to the community.
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We report light emission characteristic of a waveguided Al0.08Ga0.92As Gunn Device, which consists of an n
=4.6x1017 cm-3 doped Al0.08Ga0.92As active layer sandwiched between the undoped Al0.32Ga0.68As waveg-
uiding layers grown on a semi-insulating GaAs. The device is fabricated in simple bar geometry with a length
of 300 m. The device emits light from both edge and surface when it is biased at an applied electric field of
onset of the negative differential resistance (NDR) region via recombination of electrons and holes, generated
by impact-ionization process within the traveling high-electric fielddomain, that is, Gunn domains. 1,2. Our
results show that, because of impact ionization within the travelling space charge, the intensity of the edge-
and surface- emitted light is dependent on applied electric field. At low electric fields, light intensity increases
linearly then, as applied electric field reaches threshold of NDR process, increases exponentially. Besides, as
applied field is increased, full width at half maximum (FWHM) of emitted light decreases and the FWHM of the
edge emission is observed to be narrower.
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Research of the Earth’s magnetism is one of the oldest in the history of science. However, till up to now, there
is not completely elaborated quantitative theory of geomagnetic field existing.

So called, Earth’s dipole field is generated by circulating electric currents in the planet’s metal core. The
hemi-fluid Earth’s core consists of fusion of iron (Fe), nickel (Ni) and silicon (Si). The local variations in the field
(few hundreds of nT) are due to changes in magnetic properties of the crustal rocks themselves.

Still there are few studies of Earth’s magnetism impact on living organisms, particularly, to green plants and
trees. The forests are covering 25% of the total terrestrial area of planet. In some countries this coverage is
even higger, e.g., in Latvia covering 52% of total land area.

The research is carried out by comparison of magnetic field anomaly map with forest data basis of Latvia. The
strength of magnetic field in Latvia varies between -1200 nT and +7590 nT, but the average strength is about
+400 nT. These data are obtained based on remote sensing by distinguishing of various visible and invisible
bands of the electromagnetic spectrum, such as infrared, gamma, or ultraviolet from the satellite imagery
technologies.

Although both the qualitative and quantitative nature of that radiation is not sufficiently known, there are
some significant correlations found between Earth’s magnetism and forest properties. Thus, most forested
in Latvia are the regions with higher intensity of the magnetic field. Also the forests of broad-leaved trees
(Quercus robur L., Fraxinus excelsior L., Tilia cordata Mill., Acer platanoides L., Ulmus sp. etc.) are more
located in regions with enhanced intensity of magnetic field.
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Silylenes (silanediyls) have made an important impact on organosilicon chemistry even if it is of more recent
foundation than carbenes in organic chemistry and much less complete. These species are highly reactive in-
termediates. They play a central role in the chemical vapor deposition (CVD) of various silicon-containing thin
films which have a technological importance in microelectronics as well as in the dry etching processes of sili-
con wafers. Spectroscopic methods have been developed to observe these species, a necessary pre-requisite to
their direct monitoring. In this work, PhSiD3 precursor was chosen for SiD2 because its analogue phenylsilane,
PhSiH3 proved to be a good precursor for SiH2 and the high quality decay signals observed revealed that SiD2
be readily detected from PhSiD3 and that if other decomposition pathways (e.g. PhSiD + D2) are occurring, they
do not effect measurements of the rate constants for SiD2. The absorption spectrum of SiD2 formed from the
flash photolysis of a mixture of PhSiD3 and SF6 at 193nm were found in the region 17384-17391 1/cm (the laser
linewidth was approximately 3x10-5 1/cm) with strong band at 17387.07 1/cm. This single rotational line of pQ1
was chosen to monitor SiD2 removal. Time-resolved studies of SiD2 have been carried out to obtain rate con-
stants for its bimolecular reactions with D2. The reactions were studied over the pressure range 5-100 Torr (in
SF6 bath gas) at four temperatures in the range 298-498K. Single decay from 10 photolysis laser shots were av-
eraged and found to give good first-order kinetics fits. Second order kinetics were confirmed by linear pressure
dependence of the pseudo first order decay constants and substance D2 pressures within experimental error.
The reaction was found to be pressure dependent at all temperatures, consistent with a third-body mediated
association process and approximately has the same reactivity to that of SiH2+ H2. Theoretical extrapolations
(using Lindemann-Hinshelwood model and Rice, Ramsperger, Kassel and Marcus (RRKM) theory) were also
carried out and obtained data were fitted the Arrhenius equations.

Absorption/ arb. Unit

Pressure Dependence Plot ¥ 1 Arrhenius Plot

Summary results.jpg
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Electrospinning technique was used to produce PVC micro-fibers. The results shows that the diameter of
the micro-fiber decreased with increasing the high voltage applied, the conductivity of the solution and the
tip-collector distances which is about 5-10 cm. Also, micro-fiber diameter increased with increasing the
viscosity , flow rate, the tip diameter and the concentration of the PVC/THF solution. However, using the dc
high voltage lead to smaller fiber-diameter than the ac high voltage. But, with latter gives better micro-fiber

alignment.
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Open-access optical microcavities, depicted in figure 1 a), are emerging as an original tool for light-matter
studies thanks to their intrinsic tunability and the direct access to the maximum of the electric field along
with their small mode volume. They have been attracting a lot of attention recently, especially in Europe
with a total of 10 groups now working with open microcavities configuration producing high-profile Science
including QED experiments, strong coupling with quantum wells and 2D materials, micro-lasing, nano-sensing
and nano-tweezing.

The fabrication challenge of these devices lies in making the concave mirror substrate as small and
smooth as possible while avoiding cracks in the Dielectric Bragg Reflector (DBR). Both, CO2 laser ablation
and Focused Ion Beam (FIB) milling have produced low mode volume (= A"3) with high Finesse (> 1074)
single microcavity. However, the FIB milling strategy is the only one providing nanometric topographic
control [1] of the photonic potential with a high degree of reproducibility (see figure 1 b) ). This feature opens
the possibility to investigate high quality extended structures (> 100 um x 100 pm) beyond the single microcavity.

I will firstly discuss our optical study of two coupled microcavities for which the coupling strength de-
pends on the barrier height in between the two microcavities [2]. As a second example, I will show that the
mirror topography can induce an anti-crossing and an hybridization in between the microcavity localized
modes and the surrounding planar modes. Then, I will show our latest effort in fabrication and surface
characterization to extend these devices towards super-structures such as photonic squared and hexagonal
crystals and photonic circuitry as shown in figure 1 c).

The FIB strategy offer the unique possibility to manipulate the flow of light on-a-chip while maintaining
high finesse and low mode volume and therefore, brings open-microcavities into the realm of photonic circuits
and superstructures with a wide range of applications in nanophotonics.

[1] A. A. P. Trichet, et al., Optics Express, 23, 13, 17205-17216 (2015)
[2] L. C. Flatten, et al., Laser & Photonics Reviews, 10, n°2, 257-263 (2016)

b)
5«0: /—-Armm
E 50

T

£ -100

%150 Trs(dhv
© 200

4 \’\ -
0 50 2 4
Y poston um” 44 R ooston um)

Figl.png

Empty space

82



Nanophotonics and Micro/Nano Optics International Conference 2016

Cavity Enhanced Light Emission from Electrically Driven
Carbon Nanotubes

Thursday, 8th December - 14:47 - Lithography and nanofabrication (large scale nanostructuring) - Tower
24 - Room 101 - Oral presentation - Abstract ID: 280

Mr. Felix Pyatkov !, Mr. Valentin Fiitterling !, Dr. Svetlana Khasminskaya ', Dr. Benjamin Flavel %, Dr.
Frank Hennrich !, Prof. Manfred Kappes ', Prof. Wolfram Pernice , Prof. Ralph Krupke
1. Karlsruhe Institute of Technology, 2. University of Miinster

Nanoscale photonic emitters are essential elements for on-chip networks and optical interconnects. Carbon
nanotubes (CNTs) can be envisioned as electrically driven waveguide-integrated light sources for future
on-chip data communication due to their unique structural, electrical and optical properties. The challenge
thereby is to integrate and electrically contact solution processed CNTs across CMOS compatible waveguide
structures and to enforce efficient coupling of light from the CNT into the waveguide. Recently, we realized
wafer scale, broadband CNT-based emitters integrated with nanophotonic circuits allowing for propagation of
light over centimeter distances [1]. Moreover, we have shown that semiconducting CNTs can act as electrolu-
minescent single photon sources, embedded in fully electrically triggered quantum photonic circuits [2]. Here
we demonstrate ultrafast light emitters with exceptionally narrow linewidths based on cavity-coupled CNTs [3].

Hundreds of nanophotonic circuits with integrated CNTs were fabricated using a number of large scale
nanostructuring techniques. Electrodes, waveguides and photonic crystal nanobeam cavities were defined by
means of electron beam lithography and subsequently formed using metal evaporation, reactive ion and wet
etching, respectively. Finally, dielectrophoresis allowed for scalable and site-selective placement of individual
CNTs from pre-sorted suspensions into photonic cavities between metal electrodes (Fig. 1).

In combination with a nanobeam cavity CNTs transform into exceptionally narrowline light sources
emitting at arbitrary designed wavelength (Fig. 2a). Enhanced emission couples into the underlying photonic
network with high reproducibility for both dc and ac biased CNTs. Waveguide-integrated CNTs emerged as
high-speed transducers for light pulse generation in the GHz range (Fig. 2b). Our approach holds promise for
active photonic networks and localized sensing applications in a chip-scale framework.

[1] S. Khasminskaya, F. Pyatkov et. al., Adv. Mater. 26, 3465-3472 (2014).
[2] S. Khasminskaya, F. Pyatkov et. al., Nat. Photon. 10, 727-732 (2016).
[3] F. Pyatkov, V. Fitterling et. al., Nat. Photon. 10, 420-427 (2016).
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3D photonic structures show photonic bandgap in all three directions and for all states of polarization of the
incident electromagnetic wave due to the presence of wavelength scale periodic features in three dimensions.
Basically woodpile and inverse opal kind of structures show complete photonic bandgap and can be used in ther-
mophotovoltaic (TPV) system as frequency selective absorbers that increases the conversion efficiency without
using a concentrator [1]. Here, we report a single step optical fabrication approach to realize 3D woodpile sub-
micrometer periodic photonic structures with nano-scale features over large area. We have followed a phase
SLM assisted technique [2] to avoid the generation of multiple beams and to manipulate the phase of the side
beams. A multi-mirror (four mirrors) custom made assembly that is housed in a 3D printed mount is used to
allow large angle interference of the generated phase engineered beams. The umbrella geometry and experi-
mental setup to realize the woodpile photonic structures are presented in the attached Fig. 1. SEM image of the
experimentally realized woodpile photonic structures over large area is presented in Fig. 2. Spatial periodicity
of the realized structure is approximately 600 nm. The bandgap and optical properties of the designed struc-
ture are studied using Lumerical solution’s FDTD simulation software to propose its applications. The fabricated
structure can be used as a frequency absorber for long wavelength photons when transferred to a suitable ma-
terial.

Fig. 1: Optical realization of woodpile photonic structure (a) umbrella geometry of 4+1 beams (b) experimental
setup; LCOS: Liquid crystal on silicon; SLM: Spatial Light Modulator.

Fig. 2: SEM image of the experimentally realized woodpile structure on positive photoresist over large area.
Reference

[1] M. Florescu, H. Lee, I. Puscasu, M. Pralle L. Florescu, D.Z Ting and J. P. Dowling , “Improving solar cell effi-
ciency using photonic band-gap materials”, Solar Energy Materials and Solar Cells 91, 1599-610 (2007).

[2] S. Behera, M. Kumar and ]. Joseph, “Submicrometer photonic structure fabrication by phase spatial-light-
modulator-based interference lithography”, Opt. Lett. 41, 1893-6 (2016).
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Introduction:

Periodic nanostructures have gained lot of significance because of its wide range of applications ranging from
nano-electronics to nano-fluidics. Laser interference lithography has emerged as a powerful, cost effective and
simpler tool to generate periodic patterns over a large area. In Multi-beam interference lithography, amplitude
and polarization angle of the individual beam and the angle between the beams control the interference
pattern [1] [2]. Choosing the right set of parameters for the individual beam is highly challenging. Phase mask
holography involves a 2D or 3D mask. Using a single laser source, phase mask creates beams with required
properties but designing a proper mask and its fabrication processes are exigent.

We propose a new technique to generate 2D periodic nano structures. We have integrated light-sheet
illumination technique with a spatial filtering technique in a 2m system to enable the generation of 2D
periodic nano-structures. Selective plane illumination property of light sheets can be exploited to produce
nanostructures with fewer defects.

Methods:

The schematic diagram of the proposed optical setup is as shown in Image 1. The electric field distribution at
and near the focal region of the two opposing cylindrical lens C1 and C2 having semi-aperture angle alpha, are
given in Image 2.,

So the intensity of the field distribution at and near the common focal region is given by

I=|E_x | "2+|E_y | "2+|E_z | "2 @)

Results:

Computational techniques are adopted to study the nature of the intensity of the field distribution over a
predefined 3D grid. A monochromatic wavelength of 364nm is chosen to evaluate equation (2). Image 3
shows the intensity cross sections for different values of stop angle B. Periodicity along z axis is found to be

180nm where as feature size is 80nm. Image 3 also shows the possibility of uniform patterning over a large area.
Conclusions:

The proposed technique is hoped to find immediate applications in the field of nano-waveguides and optical
microscopy.

Reference:

1. J-H. Jang, C. K.Ullal, M. Maldovan, T.Gorishnyy, S.Kooi, C.Koh, and E. L. Thomas, Adv. Funct. Mater.17,
30273041,2007.
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Coupling optical fibres to the new generation of silicon photonic devices typically involves direct contact of the
cleaved fibre to the chip or contacting it through diffracting or lensing optics fabricated on chips, but with large
signal losses. The fabrication of optics directly onto the fibres can direct and focus light into waveguides and
increase the transmitted signal. In particular, axicon lenses, which are common in light-sheet microscopy, can
be fabricated onto the end of optical fibres to produce long and narrow Bessel-Gaussian beam profiles that are
ideal for coupling to waveguides. As some of the cores of the single-mode fibres are only of the order of a few
microns, optical elements that are larger than the core are likely to affect the total internal reflection within the
optical fibres, resulting in intensity losses. We show a method for using a Focused Ion Beam microscope (FIB)
to manufacture an axicon lens on the 3 micron core of a single-mode optical fibre (Figure 1a-c); we discuss a
method to find the centre of the fibre and align the milled feature with it. Although we use charged particles
in the milling process, we show that this method can be used effectively with insulators. We demonstrate the
milling of parabolic and spherical lenses, axicons and concentric ring lenses, as well as Fresnel lenses in opti-
cal fibres. We also show other test structure, with complex footprints and 3D morphologies manufactured in a
glass slide. We further measure the mode field diameter of a single-mode fibre with an axicon microlens. The
manufacturing method leads to Ga ion implantation, and we discuss the effect of ion implantation on the optical
properties of the fibre and ways to restrict the implant damage to the core of the optical fibre. This manufac-
turing method is applicable to all optical fibres and offers significant opportunities for fibre-optic coupling to
chips and single fibre-optic sensing, such as for medical applications.

The work reported in this paper was partially funded by project EMPIR 14IND13 PhotInd at NPL, co-financed
by the Participating States and from the European Union’s Horizon 2020 programme.

Figure 1. Transmission optical images of optical fibres prepared from the same initial fibre: a) an ‘as is’ optical fibre, with a
circular fiducial marker used for FIB alignmentindicate by the arrow. This image is very sensitive to the microscope defocus, the
centre spot blurring very rapidlywhen moving away from focus; b) a mis-aligned axicon lens, with the rectangular scan area of

the fon beam exposed during alignmentvisible. It is brighter than its ing an increased light
may result from Ga an axicon lens alig: the centre of the fibre core by using the fiducial marker in a),
showing a narrow spot that contains~80% of the intensity of a) in less than half-di of abeam, and is i

Axicononfibrefigure.png
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To effectively deploy Quantum-Dot Semiconductor Optical Amplifiers (QD-SOAs) for the wavelength conversion
for applications within Telecommunication, four-wave mixing (FWM), a nonlinear process driven by such third-
order susceptibility effects as the charge-carrier-density pulsation, spectral hole-burning, and charge-carrier
heating, needs to be thoroughly understood.

So far, the theoretical treatment of FWM in QD-SOAs has mainly occurred by modelling the optical field by means
of nonlinear Schrodinger-like equations or by analytic evaluation of the optical field at the amplifier facets. [1,2]
These methods usually involve only a spatially averaged gain and a constant linewidth-enhancement factor
and neglect the inhomogeneous spectral line broadening due to the inhomogeneous energy distribution of the
active quantum dots in a QD-SOA device. Moreover, they allow only for a limited discussion of the hierarchy
and significance of spectral hole-burning, carrier-density pulsation, and carrier heating in the FWM process in
QD-SOAs.

We propose a model featuring the evolution of the optical gain along the amplifying medium, including a dy-
namic linewidth-enhancement factor and allowing separate consideration of the nonlinear effects responsible
for FWM in the quantum dots and the surrounding quantum well reservoir. It is based on a travelling-wave
equation implemented as a delayed differential equation for the spatially resolved optical field. The charge-
carrier dynamics in the quantum dots and the surrounding quantum well are modelled by means of balance
equations using microscopically calculated Auger scattering rates. The inhomogeneous spectral line broadening
is taken into account by inclusion of the light-matter interaction of all active quantum dots within the ensemble.
(3]

Using this model, we numerically study the FWM wavelength conversion efficiency as a function of the device
pump current and injected-field amplitude using the characteristics of a 3mm-long InAs/InGaAs QD-SOA device.
The results (cf. Fig.) show a very good agreement with the experimental data in terms of efficiency curves range
and shapes. [cf. 4] We found out that spectral hole-burning is the most important effect for FWM in QD-SOAs,
whereas the charge-carrier heating is negligible. The carrier-density pulsation being decisive for the efficiency
curves shapes constitutes the second most important effect in the hierarchy of the effects responsible for FWM
processes in QD-SOA devices.

Fig. FWM wavelength conversion efficiency for different device pump currents (top) and injected-field ampli-
tudes (bottom)

[1] A. Uskov, J. Mork, J. Mark, M. C. Tatham, G. Sherlock. Appl. Phys. Lett., Vol. 65, No. 6 (1994)

[2] D. Nielsen, S. L. Chuang. Phys. Rev. B 81, 035305 (2010)

[3]1B. Lingnau: Nonlinear and Nonequilibrium Dynamics of Quantum-Dot Optoelectronic Devices. Springer (2015)
[4] B. Lingnau. W. W. Chow, E. Schéll, K. Ludge. New. J. Physics 15 (2013) 093031

[5] C. Meuer, H. Schmeckebier, G. Fiol, D. Arsenijevic, J. Kim, G. Eisenstein, D. Biemberg. IEEE Photonics J., Vol.
2, No. 2 (2010)
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Energy transfer in QD dendrite-type fractal superstructures
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The unique luminescent properties of colloidal quantum dots (QDs), tunable via precise control of their size,
shape and composition, allow for a broad range of applications including energy harvesting. Self-assembly
and Langmuir-Blodgett fabrication of QDs into superstructures ranging from layer-by-layer configurations with
a pre-determined band-gap progression, to fractal clusters, dendrites and nanowires, constitute powerful ap-
proaches to engineering systems with directed energy flow via exciton transport without charge transfer. Fur-
thermore, interactions between elements within these structures can lead to new interesting properties of the
superstructure.

Here we present the investigation of excitonic energy transfer in self-assembled dendrite-type fractal-dimension
structures (DFST) composed of (nominally) monosize CdTe QDs by mapping their fluorescence spectra and life-
times. Our results indicate the Forster-type energy transfer in these superstructures, caused by the near-field
(non-radiative) dipole-dipole coupling between the individual QDs within a dendrite. The measured emission
lifetime is higher in the central (and denser) part of the dendrite. The experimental findings were supported
by theoretical modeling results obtained by using master equations for exciton migration/decay kinetics in
diffusion-limited fractal aggregates composed of identical particles. We find that the fractal geometry of the
dendrite, with the QD density decreasing from its core towards the periphery, leads to the energy concentra-
tion in the core. The asymmetry between the inward and outward exciton fluxes leads to the more intense and
longer lived emission from the central part of the dendrite structure.

Figurel. (left) Microscopy image of DFST; (right) Lifetime map for representative DFST.
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emitting diodes
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Among colloidal semiconductor nanocrystals (NCs), CdSe/CdS dot-in-rods (DiRs) [1] are very promising
candidates for light emitting application such as lasers [2] and light emitting diodes (LEDs)[3] due to their
unique optical properties such as high quantum yield and low Auger recombination. In this work, we
investigate the effect of the ligands present on the nanorod surface on the LED performance. In addition to
the native octadecylphosphonic (ODPA) ligands we tested shorter molecules such as 3-mercaptopropionic
acid (MPA), 2-Aminoethanethiol hydrochloride (AET), and ammonium thiocyanate (SCN). Here ligand
exchange was performed after film deposition. Figure la shows the structure of the LED where poly (3,
4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) and Poly [(9,9- dioctylfluorenyl- 2,7- diyl)-co-
(4,4’- N- (4- sec- Butylphenyl) diphenylamine)] (TFB) together serve as a hole injecting/transport layer and ZnO
nanoparticles as an electron injecting layer. The ligands affect the position of the energy bands (Fig. 1b) and
thus provide a means to tune the band offsets in the LED structure. Furthermore, exchanging the long chain
ligands to shorter ones has been shown to improve significantly charge injection and transport. However, the
LED performance will also depend on a compromise between charge injection enhancement and the possible
decrease of photoluminescence quantum yield caused by the formation of surface traps following the ligand
modification. We elucidate in detail the impact of surface ligands on luminance, current density and external
quantum efficiency (Fig. 1c¢,d), which gives valuable insight for the development of high performance LEDs.
Keywords: Dot-in-rods, LEDs, ligand-exchange

References:
1) L. Carbone et al., Nano Lett. 2007, 7, 2942.

2) F. Di Stasio et al., Small 2015, 11, 1328.
3) A. Castelli et al., Nano Lett. 2015, 15, 5455.
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Light emission from silicon containing tin nanocrystals
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Nanocrystals of diamond-structured tin (alpha-Sn) are very interesting
due to their potential use as light emitters and their chemical
compatibility with silicon. Here we present our studies on tin
nanocrystals embedded in silicon. Initially, a layer of tin-rich

silicon was grown by molecular beam epitaxy on a silicon substrate and
covered by a capping layer of silicon. A subsequent heat treatment at
various temperatures, ranging from 650 to 900 degrees, formed the
nanocrystals embedded in silicon by segregation of the tin.

Time-resolved photoluminescence spectroscopy revealed that the samples
emit light in a broad spectrum around 0.8 eV and that the strength of
light emission is particularly strong for one of the samples heat

treated at 725 degrees. In order to investigate the reasons for this
observation, a number of structural characterization techniques were
employed. First, scanning transmission electron microscopy showed that
the nanocrystal diameters were distributed around a mean diameter of
approximately 3 nm - rather independent of the temperature of the heat
treatment. Next, Rutherford backscattering spectrometry showed, after
comparing random and channeling directions, that the sample heat
treated at 725 degrees had its tin atoms placed most coherent with the
surrounding silicon lattice. This suggested that the nanocrystals

consist of tin in the alpha phase in the sample emitting most light;
however, it could not be determined with certainty that no silicon was
included in the nanocrystals. For this reason, the samples have also
been studied by atom probe tomography, which preliminarily has shown
that the nanocrystals are indeed made from pure tin.

We conclude that the sample showing the strongest light emission is
the sample with the highest crystalline quality of alpha-tin
nanocrystals. It is too early to claim that the tin nanocrystals are
the direct source of light emission, but they seem to play a positive
role. For more information, see Roesgaard, et al., AIP Advances 5,
077114 (2015)].
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Broadband near-infrared to visible upconversion in quantum
dot-quantum well heterostructures
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Abstract:

Upconversion (UC) is a nonlinear process in which two, or more, long wavelength photons are converted to a
shorter wavelength photon. This process is based on sequential absorption of two or more photons, involving
metastable, long lived intermediate energy states, thus it is not restricted to UC of coherent laser radiation
as a non-coherent process. Hence, requirements for UC processes are long lived excited states, a ladder like
arrangement of energy levels and a mechanism inhibiting cooling of the hot charge carrier. UC holds great
promise for bioimaging, enabling spatially resolved imaging in a scattering specimen and for photovoltaic
devices as a mean to surpass the Shockley-Queisser efficiency limit. Here, we present a novel luminescence UC
nano-system based on colloidal semiconductor double quantum dots, consisting of a NIR-emitting component
and a visible emitting component separated by a tunneling barrier in a spherical onion-like geometry. These
dual NIR and visible emitting core/shell/shell PbSe/CdSe/CdS nanocrystals are shown to upconvert a broad
range of NIR wavelengths to visible emission at room temperature, covering a spectral range where there
are practically no alternative UC systems. The synthesis is a three-step process, which enables versatility and
tunability of both the visible emission color and the NIR absorption edge. Using this method one can achieve
a range of desired upconverted emission peak positions with a suitable NIR band gap. The physical mech-
anism for upconversion in this structure, as well as possible extensions and improvements will be discussed. (1)

(1) Teitelboim, A.; Oron, D. ACS Nano 2016, 10, 446-452.
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Supercontinuum generation from metal nanostructures
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150 years after the invention of the incandescent bulb the generation of light by metals remains intriguing.
Silver nanoparticle aggregates offer extraordinary fidelity in single-molecule Raman spectroscopy provided
that the photophysics of the analyte is adequately controlled [1]. Under irradiation with femtosecond infrared
laser pulses, non-linear luminescence is observed from hot spots, which spatially anti-correlate with SERS [2].
In contrast to surface-enhanced SHG, which exhibits pronounced intermittency [3], these hot spots display
ultrafast white-light emission [4] from sub-diffraction volumes. Hot spots can even be used as an alternative
to conventional SNOM in broad-band superresolution transmission microscopy of photonic crystals [5] (see
Figure).

Single continuum hot spots can be characterized both in time and frequency domain, by autocorrela-
tion spectroscopy of the emission intensity [6] or recording time-integrated emission as a function of excitation
wavelength [7]. Both approaches reveal hybridization of bright localized nanoparticle plasmons with
propagating surface-plasmon polaritons, which can traverse in excess of 100 microns in the rough silver
film, leading to pronounced interference phenomena which are manifested in the frequency and time response.

Wet-chemical growth provides a simple metric to control interparticle coupling, which is examined di-
rectly using correlated electron and optical microscopy [8]. While being heterogeneous between single hot
spots, continuum generation exhibits a universal excitation power dependency, extending to the Stokes regime,
which demonstrates that emission originates from thermal radiation of the electron gas that is heated by the
nanoparticle plasmon [9]. The generality of these radiative intraband transitions is readily extended to other
metals such as gold, copper and aluminium, and provides an extended framework to examine electrically
excited hot spots in percolation films.

[1] Walter et al., PRL 98, 137401 (2007). [2] Walter et al., JACS 130, 16830 (2008). [3] Borys et al., PRB 80,
161407(R) (2009). [4] Borys et al., JPCC 115, 13645 (2011). [5] Chaudhuri et al., Nano Lett. 9, 952 (2009). [6]
Klemm et al., PRL 113, 266805 (2014). [7] Borys et al., Sci. Rep. 3, 2090 (2013). [8] Borys et al., Science 330, 1371
(2010). [9] Haug et al., PRL 115, 067403 (2015).
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Either Electric or Magnetic Field Hugely Enhanced by
Coupling to Optical Energy Focusing Structure
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We introduce a new optical energy focusing structure consisting of a circular dielectric Bragg nanocavity and a
circular metallic plasmonic lens. Via the hybridization of Bragg cavity modes and surface plasmon modes, opti-
cal energy is highly confined in the central region of the Bragg nanocavity under linearly polarized illumination.
When either a Bowtie Nano-antenna (BNA) or a Magnetic Resonator (MR) is placed on this focusing structure,
the energy can be high-efficiency coupled and focused into the BNA or MR. Simulations show that the electric
field enhancement (|E|/|EO|) in the BNA and magnetic field enhancement (|H|/|HO|) in the MR can be more
than 3000 and 200, respectively, which are both currently the highest as far as we know. This proposed hybrid
dielectric-metallic structure opens a new avenue in energy focusing and transferring and provides opportu-
nities for various applications, including single-molecule SERS, optical trapping, photolithography, fluorescent
microscopy, magnetic sensors, etc.
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Alumina Optical Properties
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Considerable attention has been paid to nanoporous anodic alumina (NAA) due to its excellent electronic and
optical properties. A wide range of self-organized honeycomb structures is formed by controlling the aluminum
anodization parameters (potential, time, temperature, and electrolyte solution). The optical properties of bi-
layer systems composed by Al/NAA are strongly influenced by the thickness, porosity and refractive index of
the NAA. A deep knowledge of the influence of morphological characteristics of NAA on its optical performance
is necessary to enlarge the film applications in optics. In the literature, the effect of film thickness and porosity
on optical properties is well known. Herein, in this study, the influence of pore and cell sizes on reflectance was
studied. Highly ordered structures with similar thicknesses but different cell and pore sizes were obtained at
40V, 50V, 55V and 60 V by two-step anodization in oxalic acid. The pore and cell sizes increased with anodizing
voltage as SEM images showed. The porosity percentages were around 5% assessed by image analysis (Image
] software). Ordered hexagonal structures grouped into domains were showed by fast Fourier transform for
all samples. The reflectance curves revealed that electropolished aluminum is highly reflective near 250 nm in
the UV zone. While, the anodized samples worked as UV filters and showed a maximum reflectance percentage
ranging from 77 to 86 % near 600 nm being the lower for 60 V condition and the higher for 40 V. As density
and pores diameter change with voltage, about the same porosity percentages were obtained at all anodizing
conditions. It was found that reflectance decreases as cell and pore sizes increases, despite both porosity and
thickness are still about constant. Therefore, these two characteristics of the NAA films must be considered in
order produce the looked-for optical properties of the multilayer systems.
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High performance micro/nanofabricated AFM-TERS probes
based on a metallic nanocone/nanodisk integrated on silicon
cantilever
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We present modelling, fabrication and characterization of atomic force microscopy-tip enhancement Raman
spectroscopy (AFM-TERS) probes which demonstrate a very high electromagnetic (EM) enhancement due to a
novel metallic nanocone/nanodisk combination at the tip apex. Calculations of the EM enhancement are ob-
tained by finite element methods to improve the understanding of underlying physical phenomena and pro-
cesses in the near-field and far-field optics. In addition, to the known ‘lightning rod effect’ and plasmonic res-
onance properties of a bulk metal tip, we study the cavity resonance modes of surface plasmons related to the
dimensions and nature of the metal part of the tip. We demonstrate advantages an isolate metallic nanopartic-
ule at the apex rather than a full metallic system, with an original shape as a nano-antenna . We also highlight
the importance of the radiative losses at the metal-dielectric interface that has motivated us to propose a par-
ticular shape of the apex which greatly improves the EM enhancement with a precise control of the spectral
position of the optical response as a function of the nano-antenna dimensions, shape and material composition.
The cantilever-based probes were fabricated using top-down micro/nanotechnology to enable many probes to
be fabricated on single silicon wafers. Dark-field microscopy combined with a total internal reflexion excita-
tion is used to characterize the optical properties of the localized EM enhancement in order to compare with the
predictions of the numerical calculations. Compatible with a standard AFM cantilever mounting, the microfab-
ricated AFM-TERS probes are novel high-performance optical near-field elements that will enable a powerful
optical analysis and imaging technique for high resolution Raman microscopy.

A_Application : TERS map (2x3 um & 100x100 nm) of graphene oxide flake and carbon nanotubes (HORIBA_2015)

8_Modelling : Spectrum of electromagnetic exaltation 1 nm below of silver nanocones (with height variation) by finite element method
C_Fabrication : SEM image of gold nanocone/nanodisk on silicon substrate and silicon pillar _ Schema of the fabrication process of the probes
D_Characterization : Dark-feld image (transmission mode) of silver nanodisks (thickness 50nm — diameter varition from 70 to 210 nm)

Nanop16.jpg
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Mapping Resonant Wavelengths of Au Optical Nanoantennas
at Multiple Substrate Permittivities
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Au (gold) nanorods behaving as dipole nanoantennas (DNAs) do not resonate at the typical half-wavelength
when subjected to optical frequencies. Scholars have found these DNAs to have an optical resonance which are
linearly dependent upon both thickness and aspect ratio as shown by Novotny. Bryant et al have also plotted
the linear response of DNAs based on thickness and absolute length. The effect of substrates are often ignored
during the theoretical study of optical resonant antenna (ORA) behaviour even though they are required for
most practical applications. This work studies the effect of substrate permittivity on the resonant length of
ORAs using the simulation software CST Microwave Studios. Coupled gold strips are simulated and first verified
against previously published experimental results. A 250nm x 40nm X 40nm gold strip with a 20nm gap cut in
the middle (effectively having a 115nm arm on each side) is simulated on a SiO2 substrate and excited with a
planewave perpendicular to the substrate. This yields a resonance at 825.92nm in the gap where experimental
results by Miihlschlegel et. al. showed resonance at 826.45nm. The Brendel-Bormann model for gold is used,
fitted to experimental data for higher accuracy based on data by Raki¢ et. al. The gold strip with 40nm thickness
and 20nm gap is maintained and placed on a substrate of 1500nm x 1500nm x 10nm while both the arm lengths
and substrates permittivities are varied. The resonant wavelength is measured across the central gap. Itis found
that the substrate permittivity has a measurable effect on the resonant length of the ORA. At a permittivity of
2.25 the ORA resonates from 600 THz to 250 THz based on aspect ratio, while at permittivity of 17.3 the ORA
resonates between 300 THz to 160 THz for the same aspect ratios. This shows a strong effect caused by the
dielectric permittivity of the substrate that is a significant factor during fabrication of such optical antennae
while the expected linear response is maintained. We provide a reference map for the resonant wavelengths
of a typical gold dipole optically resonant antenna on various substrates.
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Towards nano-sensing using the acoustic vibrations of
nano-objects

Thursday, 8th December - 16:30 - Strong light-matter interaction at the nanoscale - Tower 24 - Room 101 -
Oral presentation - Abstract ID: 65

Dr. Jérémie Margueritat ', Dr. Adrien Girard ’, Dr. Héléne Gehan, Dr. Aurélien Crut’, Dr. Lucien

Saviot ?, Dr. Benoit Dubertret ®, Dr. Alain Mermet !
1. Institut Lumiére Matiére CNRS-Université Lyonl1, 2. Laboratoire Interdisciplinaire Carnot de Bourgogne CNRS-Université de

Bourgogne, 3. Laboratoire de Physique et d’Etudes de Matériaux CNRS-Université Pierre er Marie Curie-ESPCI

One of the technological challenges of these last years is the development highly efficient nano-sensing device,
to determine for example the size, the mass, or even the presence or not of a given molecule. An interesting
route to develop such sensors is to use the mechanical properties of mechanical nano-resonators, whose
high frequencies of vibration (GHz to THz) are ideal to develop nano-clocks or nano-balances. The simplest
nano-resonator, and maybe the easiest to produce, is the nanoparticle in which the vibration frequency is
directly proportional to its reciprocal dimensions (inverse diameter for a sphere, inverse length for a wire, or
inverse thickness for a nanoplatelet).

In this paper we show, with two specific cases, that these simple nano-objects have promising potential
to develop nano-sensing devices.

The first system studied is a dimer of gold nanoparticles whose ultra low frequency vibration modes
(<5GHz~0.15 cm-1) arising from the hybridization of the individual vibration modes of each nanoparticle, is
highly sensitive to the elastic properties of the surrounding medium.[1]

The second system consists of nano-platelets of semi-conductor whose thicknesses can be controlled from 2 to
14 monolayers. Detecting the resonant breathing frequency across the thickness of the nano-platelets reveals
a significant sensitivity to mass loads attached the free surfaces of the nano-platelets.[2]

Both systems, dimer and nano-platelets, are optically addressed thanks to their specific optical properties
(plasmon and exciton), which makes them good candidates to be integrated into high density detectors for
sensing applications.

[1].Girard, A. et al. Mechanical coupling in gold nanoparticles super-molecules revealed by plasmon-
enhanced ultra low frequency Raman spectroscopy. Nano Lett. 34, acs.nanolett.6b01314 (2016).

[2].Girard, A. et al. Mass load effect on the resonant acoustic frequencies of colloidal semiconductor
nanoplatelets. To be published in Nanoscale
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Colloidal Gold Nanostructures for Plasmonics
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Our research activities concentrate on the synthesis and assembly of gold nanoparticles (NPs) with tunable
sizes and shapes, to provide original materials for research in plasmonics through collaborations (1,2,3,4).

We synthesize non-commercial Au-NPs: nanospheres (perfectly spherical and very large), nanocubes, prisms,
nanooctahedra and micro-plates of various size and thicknesses. Perfect spheres and cubes on top of Au-film
are very attractive for spectroscopies within the gap; Prisms are promising for ultrasensitive sensing; Plates
can spontaneously self-assemble in ordered 1D-columnar aggregates (fig) or 2D-metasurfaces; their large
atomically flat facets are promising for F.I.B. fabrication of monocrystalline structures.

Assembly of such NPs leads to the appearance of new properties, still relatively poorly explored, apart from
SERS experiments. Here, we report the spontaneous self-assembly of gold NPs by simply evaporating concen-
trated solutions on non-patterned substrates. The degree of reproducibility of this method, the maximum size
of the perfectly organized area and the key parameters related to a controlled-deposition are presented We are
looking for collaborations to study the optical properties of these unusual assemblies and the plasmon-driven
chemical reactions that should occur as a result of strong light-matter interation within the hot-spots.
References:

(1) C. Molinaro et al, soumis J.Phys.Chem.C

(2) E. Le Moal et al. Phys.Rev.B-2016 ; Nano-Lett-2013

(3) M. Haggui et al. ACSnano-2012

(4) C. Deeb et al. J. Phys. Chem. C-2012
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Control of Energy Flow within nano metallic Gratings
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Surface plasmon polariton (SPP) and cavity modes supported by the plasmonic gratings are often of hybrid
nature in ruling light-nanostructure interactions. The coupling of incident light to SPP waves through the ex-
citation of SPP modes usually traps the light at the air-metal interface, while the coupling to standing waves
through cavity modes confines the light within the grating grooves. However, in a specific application, the
highly selective coupling of incident light to either SPP or cavity mode is always required. To control the energy
flow, the periodicity was introduced to the metal-insulator-metal (MIM) grooves: When the period approaches
(deviates from) the wavelength of SPPs, the incident light highly couples to SPP (cavity) mode, due to the con-
structive (destructive) interference between the propogating SPPs at metal-air interfaces. Two types of metallic
gratings1, aluminum grating with its period approaching the ASPP and iridium grating with its period far away
deviating from the ASPP, were fabricated and measured. The almost null TM transmission through aluminum
grating and detection of surface enhanced Raman scattering (SERS) signal from iridium grating solidly guar-
antee the validity of the proposed method in manipulating the modes, through which the energy flow can be
guided to its supposed-to-appear regions.
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Photon-plasmon coupling in metal coated microtubular
cavities
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Noble metal nanostructures are known to be able to support plasmonic modes which are highly confined at
the metal surfaces, exhibiting many novel phenomena. In particular, metal-coated optical cavities have been
investigated to study surface plasmon polaritons (SPPs) in combination with optical whispering-gallery-mode
(WGM) resonances, which result in SPP resonant and/or hybrid plasmon-photon modes localized at the metal
surface. These kinds of plasmonic resonant cavities are capable to accommodate intense resonant EM fields on
the metal layer surfaces suitable for various applications such as enhanced light-matter interactions or plas-
monic microcavity lasers. In the recent study of thin-walled microtube cavity coated with a gold nano-cap,
we reveal that the transverse magnetic (TM) polarized light predominantly excites the hybrid resonant modes
in these opto-plasmonic microcavities. Remarkably, the exterior field of the hybrid mode is enhanced by more
than an order of magnitude over previously reported designs and is caused by the light confinement in a narrow
potential well. In addition, vertical gold nanogap is fabricated on microtube cavities to supportlocalized surface
plasmons (LSPs). By tuning the position of the gold nanogap on the tube surface, selective coupling between
resonant light and LSPs are observed, and is explained by a modified quasi-potential model based on pertur-
bation theory. These investigations interface surface plasmons and optical modes in hybrid opto-plasmonic
microcavities towards promising applications such as enhanced light-matter interactions.
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We demonstrate the formation of hybrid organic-inorganic polaritons created through the simultaneous
coupling of a J-aggregate dye and a CVD grown tungsten-disulphide monolayer to a confined optical micro-
cavity mode. Electrical tuning of the tungsten-disulphide exciton energy results in a controllable change
in the relative mixing of Frenkel and Wannier-Mott excitons within the polariton states. Transition metal
dichalcogenides (TMDs), such as MoSe2 and WS2, have received increased attention due to the ability to
produce large, atomically flat monolayer domains with intriguing optical properties [1] (see Fig. 1a). Whilst
exfoliated material has generally shown lower defect densities, the level of control achieved in CVD offers
strong potential for the fabrication of device structures. The large exciton-binding energy and direct band
gap typical for these monolayers leads to stable exciton formation at room temperature, narrow absorption
and emission peaks. These properties make TMDs strong candidates for a wide range of optoelectronic
devices. Here we present a study in which WS2 and the organic J-aggregated dye TDBC are implemented
in a microcavity, facilitating hybrid polariton formation at room temperature. TDBC has been shown to
enable the strong coupling regime in microcavities before. By embedding the monolayers of WS2 within
a grid of silver electrodes we can electrically control the photon mediated hybridisation of Frenkel and
Wannier-Mott excitons between maximal mixing coefficients of 17% and 26% in the middle polariton branch
[2]. Polariton-polariton interactions give rise to non-linear effects, which make polaritonic systems attractive
to observe a multitude of fascinating phenomena such as inversionless lasing, polariton condensation and
superfluidity. These interactions are much weaker for localised Frenkel excitons than for Wannier-Mott
excitons typical in a crystalline lattice. Our results show how the hybridisation between such distinct excitons
could be controlled electrically at room temperature. These findings could open pathways to novel photonic
devices with engineered optical properties.

[1] Y. Rong et al. Nanoscale, vol. 6, no. 20, pp. 12096-12103, 2014.
[2] L. C. Flatten et al. arXiv:1608.05274 [cond-mat, physics:physics], 2016. arXiv: 1608.05274.
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What can we learn from the Two-Photon Luminescence
properties of Single Colloidal Gold NanoParticles ?
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Although bulk gold is known to present very low luminescence quantum yield, a huge luminescence is
observed from gold nanostructures, the two-photon brightness of a single gold nanorods (GNR) being a few
millions higher than the two-photon brightness of fluorescein molecules ! Although directly correlated to the
excitation of the rods longitudinal surface plasmon modes, the detailed origin of the important luminescence
in GNRs is still a matter of debates : are the particles plasmon modes determining their luminescence spectra
or, inversely is the spectral shape of luminescence directly determined from the gold band structure and thus
the crystalline properties of particles ?

The two-photon luminescence (TPL) of small 10 nm x 40 nm colloidal gold nanorods (GNR) was investi-
gated at the single object level, combining polarization resolved TPL and simultaneously acquired topography.
Avery high dependence of the TPL signal with both the nanorods longitudinal axis and the incident wavelength
is observed confirming the plasmonic origin of the signal. The spectral analysis of the TPL evidences two
emission bands peaks: in the visible and in the infrared (IR) ; the signal emitted in either the visible or the IR
exhibiting however different polarization properties.

We show that the important TPL observed in these GNRs results from resonance effects both at the excitation
and emission level : local field enhancement at the longitudinal surface plasmon resonances (LSPR) first results
in an increase of the electron-hole generation. Further relaxation of electron-hole pairs then mostly leads
to the excitation of the GNR transverse plasmon mode and its subsequent radiative relaxation (see figure).
This conclusion was confirmed by the results obtained in the case of nanobipyramids. A deeper insight in
this model was further developed after investigating the properties of gold nanorods having close aspect ratio
and plasmonic resonances but increasing volume. Experimental data were correlated with BEM (Boundary
Elements Method) simulations. It is evidenced that the TPL signal directly depends on field enhancements
effects at both the exciting and emission wavelengthes, the efficiency of the transverse plasmonic mode
excitation by hot plasmons playing a key role.

107



Nanophotonics and Micro/Nano Optics International Conference 2016

Figure nanop.jpg

108



Nanophotonics and Micro/Nano Optics International Conference 2016

Ultrafast cavity switching : a novel ressource for solid-state
CQED
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It has been known since the 80’s that the optical modes and optical response of semiconductor microcavities
can be changed in a transient and reversible way through a modification of the refractive index of the
semiconductor matrix. Initially developed in view of all-optical data processing and computing, “cavity
switching” induced by the electrical injection of free carriers is nowadays widely used for the reconfiguration
of photonic circuits.

In the context of CQED, cavity switching appears as a very powerful tool enabling to tailor the spontaneous
emission properties of embedded emitters, through a dynamic control of the emitter-cavity mode detuning [1].
As a first example, we present recent switching experiments performed on micropillars containing collections
of QDs. We observe large switching amplitudes (by as much as 20 linewidth), as well as differential switching
of the pillar modes [2], using ultrafast optical carrier injection. By filtering the micropillar emission within
a narrow spectral window, we observe ultrashort spontaneous emission pulses (down to 4ps!), which are
generated by the QDs during their transient coupling with the cavity mode. Cavity switching acts here as a way
to switch on and off the QD spontaneous emission into the cavity channel. In clear contrast to Fourier-transform
laser pulses of similar duration, such pulses display a much shorter coherence time, as highlighted e.g. by
transmission experiments through scattering media.

Recent theoretical advances also highlight the huge interest of cavity switching for CQED. For instance, single
photons with a tailored time-envelope can be generated by a single quantum dot (QD) in a state-of-the-art
microcavity, with a high efficiency and fidelity, by adjusting in real-time the magnitude of the Purcell effect
[1,3]. This is noticeably the case for Gaussian time-envelopes and time reversed-exponential envelopes, both
important resources for photonic quantum information processing.

[1] H. Thyrrestrup et al, Opt. Exp. 21, 23130 (2013).

[2] H. Thyrrestrup et al, Appl. Phys. Lett. 105, 111115 (2014).

[3] G. Hornecker et al, SPIE Optics and Optoelectronics 2015, Prag, doi:10.1117/12.2178991; E Peinke et al, under
review
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A macroscopic enhancement of surface second harmonic
generation in polymer nanofibers with embedded
para-nitroaniline nanocrystals
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1. Center of Physics of the University of Minho (CFUM)

Assembling nanomaterials with a strong nonlinear optical (NLO) response is the key to many photonic applica-
tions. Currently the majority of the nonlinear photonic components are based on inorganic optical materials.
However, problems persist with these materials such as the magnitude of their optical nonlinearities together
with the cost of fabrication. Organic systems are an attractive alternative because of their low cost, fast and
intense nonlinear response over a broad frequency range and the wide scope for molecular tunability.

The challenge for organic NLO materials has been to transfer the strong individual molecular NLO response
into a macroscopic material that is stable and resistant to intense laser irradiation. For molecules like para-
nitroaniline (pNA) that have a large molecular first hyperpolarizability quadratic nonlinear optical phenom-
ena are forbidden in bulk, due to the crystalline centrosymmetric structure.The strong interaction between the
large dipole moments, typical of these molecules, favours a pairwise antiparallel configuration that cancels out
the second order NLO response. However, a medium that is centrosymmetric in the bulk necessarily loses that
symmetry at the surface.

The particular case of SHG generated at surface of pNA has been described, theoretically, by Munn and his
co-workers. To promote the enhancement of the surface second order NLO effects, polymeric nanofibers are
used as scaffolds where the organic molecules are arranged into suitable organizations. These hybrid organic
nanofibers created by electrospinning are extremely promising in terms of amount of produced nanomaterials,
low cost, and operational convenience. These supramolecular systems are fabricated on a 1D sub-wavelength
scale, where the strong electric field, used in the deposition, and the rapid solidification forces the alignment of
the organic material to add up constructively. Polarimetry analysis (Figure 1) demonstrates well-oriented dipole
moments inside the nanostructure, while the spectrum of the SHG is wide-band indicating the extreme thinness
of the active sections. X-Ray analysis and the analytical data fit, according to Munn approach, were used as tools
to reveal the molecular arrangement within the symmetry plane which induces a strong macroscopic surface
SHG response.
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Emergence of stable two-color states in mutually coupled
lasers
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Tyndall National Institute, University College Cork, Cork

We theoretically investigate a setup of two mutually delay-coupled semiconductor lasers in a face to face
configuration, and study the multi-stabilities and symmetry-broken 1-colour and 2-colour states for this system,
for the development of mutually coupled lasers for integration in a Photonic Integrated Circuit (PIC).

The lasers are coherently coupled via their optical fields, where the time delay t arises from the finite
propagation time of the light from one laser to the other. This system is well described by single mode rate
equations, which are a system of delay differential equations (DDEs) with one fixed delay. Yanchuk et al. 2004
predicted 1-color symmetric states for very small delays. In Erzgriber et al. 2006 the bifurcations of 1-color
states were studied for large delay. Moreover, for zero delay, stable symmetric and symmetry-broken 1-color
and 2-color states have been predicted recently by Clerkin et al. 2014.

In particular, symmetry-broken 2-color states are highly interesting from an application point of view,
for example in the context of all-optical switching. Here we show that these states continue to exist for finite
delays. We performed a detailed study of the relevant bifurcations of the system with finite delay in the range
of T from 0 to 1 (in units of photon lifetime), by means of the continuation Matlab package DDE-BIFTOOL.

Bifurcations and stability regions with the two bifurcation parameters, coupling strength x and cou-
pling phase Cp are shown in the figure for 7=1. In regions a and b, in-phase and antiphase 1-color states are
stable, respectively. For very high coupling strength x, these two regions are separated by two supercritical
Hopf bifurcations. The very small area between these two Hopf lines contains region c with stable symmetric
2-color states. More importantly, the model predicts that symmetry-broken 2-color states are stable in the
two large regions d and e, which are bounded by torus, period-doubling and pitchfork of limit cycle bifurcations.

Acknowledgements: We thank Bernd Krauskopf and Hartmut Erzgrdber for helpful discussions and for
help with the DDE-BIFTOOL implementation. This work was supported by the Science Foundation Ireland
under grant SFI 13/IA/1960 .

113



Nanophotonics and Micro/Nano Optics International Conference 2016

0.45
0.4
0.35
03
0.25
0.2
0.15
0.1

0.05

Stability regions and bifurcations for time dely 1.jpg

a: In-phase one-color
b: Antiphase one-color
¢: symmetric two-color

d: symmetry-brocken two-color

e: bistability between a
f: unstable

and d states

PrL)
-
P

T
=—=Hopf 1
Hopf 2
= Pitchfork
=== Pitchfork of limit cycle

=== Period doubling

06 0.7 0.8 0.9

114



Nanophotonics and Micro/Nano Optics International Conference 2016

INVITED TALK -> Frequency mixing phenomena in
acousto-magneto-plasmonics
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Frequency conversion in periodically driven systems lies at the heart of nonlinear physics. While the second
harmonic generation (SHG), sum- and different frequency mixing in the optical frequency range originate from
the chi(2)-nonlinearities, in acoustics and magnetism they are often dominated by parametric resonances,
where system parameters are modulated at frequencies comparable to the natural oscillation frequencies,
typically in the MHz-GHz range.

Keeping in mind the intrinsic differences in the physical nature and frequency range of these phenom-
ena, here we discuss, in a comparative manner, two examples of frequency mixing in magneto-plasmonics
[1,2] and magneto-acoustics [3,4]. The ability to experimentally tune both systems through Surface Plasmon
Resonance (SPR) and Ferromagnetic Resonance (FMR) as well as to theoretically describe these resonant
interactions within the framework of phenomenological models based on the Lorentz oscillator, represent the
key idea behind this presentation.

In nonlinear magneto-plasmonic experiments, the Kretschmann configuration SPR resonances for dif-
ferent optical wavelengths occur at different angles (Fig. 1a,b), offering the unique possibility to match
the fundamental and SHG resonances. In magneto-plasmonic Au/Co/Ag/glass samples, the plasmonically
assisted SHG also depends on the direction of magnetization M in ferromagnetic cobalt, which can be reversed
with a weak external magnetic field. A simple model utilizing the resonant plasmonic enhancement of the
chi(2)-susceptibility confirms the experimental observation that magnetization-induced effects are most
pronounced between the SHG and fundamental SPR resonances [1,2].

In the second experiment [3,4], the magnetization in a Ni/glass sample is excited by two distinct tran-
sient surface acoustic waves (SAW and SSLW). Magnetic tuning the FMR frequency in resonance to the their
SHG, sum- and difference frequencies demonstrates the full variety of frequency mixing phenomena (Fig. 1c).
In contrast to nonlinear optics, the frequency mixing is dominated by the parametric effect in the externally
driven FMR oscillator. An analytical model based on the resonant enhancement of frequency-mixed signals
explains the experimental observations [4].

References:

[1] I. Razdolski et al., ACS Photonics 3, 179 (2016)
[2] V.V. Temnov et al., . Opt. 18, 093002 (2016)
[3]]. Janusonis et al., Phys. Rev. B 94, 024415(2016)
[4] C.L. Chang et al., arxiv1610.02926 (2016)
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Label-free, sensitive Streptomycete spore detection by
silver-plated photonic crystals biosensor
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1. Southeast University

Highly sensitive bacteria identification plays an important role in the field of clinical diagnosis, food industry,
and environmental monitoring. Common techniques for identification of Streptomyces include polymerase
chain reaction (PCR) and staining method, which have been developed for decades. However, PCR method is
time-consuming and needs following procedures like electrophoresis, gene sequencing and sequence alignment.
Staining method based on Gram staining is highly dependent on the concentration and purity of samples. In
this paper, a label-free, sensitive biosensor based on silver-plated photonic crystal (PC) was developed both for
the filtration and identification of spores from nosiheptide prepared with Streptomycete fermentation through
Surface-enhanced Raman Scattering (SERS). The Finite difference time domain (FDTD) results indicated that
this biosensor exhibited good electric field enhancement which contributes to the Raman intensity. A “drop and
measure” manner was adopted for the spore identification with only 5 pl sample and 5 minutes. The Raman
results showed that this label-free biosensor could be not only utilized for the highly sensitive spore identifi-
cation from nosiheptide prepared with Streptomycete fermentation, but also applied to the discrimination of
nosiheptide prepared with chemical and biological methods. The label-free, sensitive silver-plated PC biosen-
sor will be a promising tool for the highly sensitive bacteria and chemical molecule detection in food safety,
environmental and pharmaceutical applications.

Assembling of silica photonic crystals Adsorption of Au nanoparticles Electroless plating of silver

Rapid Raman discrimination Filtration of sample solution

Abstract image.jpg
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Optical properties of all-dielectric Fabry-Perot filter with
Si-pillar-filled cavity
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Employment of metasurfaces in interference optical filters yields additional flexibility to its design. Optical
properties of such hybrid structures are ruled by the double nature of the interference effects occurring within
the multilayer. While the planar layers may be described by conventional formalism of Fresnel coefficients,
the included 3D nanostructures require application of full-wave Maxwell equation calculation, accounting for
Mie scattering and/or possible plasmonic resonances induced in meta-atoms.

Single-cavity Fabry-Perot filter is one of the most known and widely used all-dielectric multilayer structures.
Here we analytically investigate modification of this structure by inclusion of a metasurface of silicon pillars
at the bottom of its cavity. We show how the geometry of the metasurface influences the optical properties of
the device on terms of the transmission peak spectral position, the transmittance-at-peak value and the peak
bandwidth value. The dependence of these parameters on the angle of incidence is also examined. Electric
field profiles in the multilayers with different pillar geometries are drawn here as well.

We infer that the metasurface inclusion may serve as an instrument for fine tuning of the filter spectral
characteristics. Their employment provides an important tool for micro-optics designers through enabling
spatially local control of the optical performance of the filter. Additionally, some applications may gain from
such hybrid structures thanks to dramatically lower concentration of light energy in the filter, and in particular
in its cavity.

Electric file profiles in the multilayers with different pillar geometries are drawn here as well.

We infer that the metasurface inclusion may serve as an instrument for fine tuning of the filter spectral
characteristics. Their employment provides an important tool for micro-optics designers through enabling
spatially local control of the optical performance of the filter. Additionally, some applications may gain from
such hybrid structures thanks to dramatically lower concentration of light energy in the filter, and in particular
in its cavity.
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Polymer-nanoparticle composites for thermally-tunable
optical resonator devices
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Progressing miniaturization and integration of optical systems requires optical devices that can be fabricated
in a wafer-level process. Previously, we experimentally demonstrated a tunable optical aperture based on
segmented thin-film resonators [1]. Aperture opening and closing is achieved by thermally tuning polymer
resonator segments from on-resonance to off-resonance. Using standard lithography for defining the Joule
heating elements, arbitrarily-shaped tunable segments can be achieved. Due to the small thermal conductivity
of polydimethylsiloxane (PDMS) of 0.15(W/m/K) tuning speeds are limited. We chose PDMS for its high thermal
expansion coefficient of 340e-6(1/K). Here, we propose the use of polymer-nanoparticle composite layers for
the resonators combining materials with a high thermal conductivity and a high thermal expansion coefficient.

Titanium dioxide (TiO2) offers a much higher thermal conductivity of around 8.5(W/m/K) compared to
PDMS. In previous experiments we demonstrated that blending of a polymer with TiO2 nanoparticles
(diameter ~35nm) allows for refractive index tuning with negligible scattering losses in the 500nm to
700nm wavelength range [2]. Here, we present a theoretical study of the performance of tunable apertures
incorporating PDMS blended with TiO2 nanoparticles. In finite-element-method (FEM) simulations a 10-um
composite layer with 30%vol TiO2 nanoparticles and 70%vol PDMS on a glass substrate is evaluated. The
effective medium is modelled with a thermal conductivity of 3.1(W/m/K) and a thermal expansion coefficient
of 240e-6(1/K). The attached figure presents a schematic of the simulated device section. Simulation results are
given of the temperature distribution 200ys after setting a 2K temperature increase at the left-resonator bottom
interface. Clearly, the resonator device with the nanoparticle-polymer composite layer is fully actuated. The
PDMS-only device on the other hand shows a temperature gradient across the cavity layer. As the composite
layer combines a high thermal conductivity with a high thermal expansion coefficient ten times faster response
times are predicted.

[1] H. Block, P. Metz, J. Adam, M. Gerken, “Thermally tunable optical aperture based on a segmented
thin-film resonator,” Proc. SPIE 9130, Micro-Optics 2014, 913002 (2014).

[2] A. Pradana, C. Kluge, M. Gerken, “Tailoring the refractive index of nanoimprint resist by blending with TiO2
nanoparticles,” Opt. Mater. Express 4(2), 329-337 (2014).
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Third-order nonlinear optical properties of ultra-thin e-beam
evaporated silver films
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Ag ultra-thin continuous films with thickness of 3 nm was prepared by e-beam evaporation under ultra-high vac-
uum conditions at room temperature on glass substrates. The Atomic Force Microscopy (AFM) imagesshowed
granular surface texture with an average grain size of 30 nm. However, the measured roughness value (R,) was
0.08 nm only indicating a very smooth films. The third-order nonlinear optical response of the fabricated films
was investigated by single beam z-scan technique using a 457 nm cw Ar‘laser. The thermal nonlinear response
of the films was reduced using an optical chopper at 1kHz. The linear absorption showed a peak at 459 nm re-
lating the optical response to surface Plasmon behavior as expected. In the closed aperture z-scan transmission
measurements the distance between the peak and the valley (Az,.,) was about 1.67 zo,where zo=1two*/A, and wy
is the beam waist. This value indicate that the nonlinear response in these films was a third-order nonlinear
optical response. The computed nonlinear refractive index (n;) and the two photon absorption coefficient ()
were 0.31x10° m?/W and 2.92 m/W, respectively. The calculated value for x® was 4.9x10"%esu. We believe that
such strong response from these thin films is due to surface Plasmon resonance enhancements in the films.

Figure 1: a) AFM image showing the granular surface morphology. b) Closed aperture z-scan the 3 nm Ag film.
The open circles are the measured data and the solid line is the theoretical fit.
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Long-range Tamm surface plasmons in graphene
metamaterials
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Considering the Ohmic losses of graphene, we study linear Tamm surface plasmons supported by air-terminated
graphene metamaterials composed of alternating layers of graphene and dielectric with thickness d and dielec-
tric constant of 4. We theoretically prove that with sufficiently large thickness of the dielectric layers, i.e. 100
nm, the Tamm surface plasmons have considerably large (small) propagation (localization) length, comparable
with those of a single layer of graphene. Neglecting the Ohmic losses of graphene, it has been demonstrated
that similar to the metal-dielectric systems, multilayer graphene hyperbolic metamaterials are also capable of
supporting long- and short-range surface plasmons (SPs) and also bulk modes, for transverse magnetic (TM)
polarization of light. These systems are created by alternating graphene sheets separated by layers of dielectric
with subwavelength-thickness. Moreover, TM Tamm surface plasmons localized at the surface of the system
can also be realized in terminated graphene metamaterials. In realistic graphene-based plasmonic devices, the
losses of the system can considerably affect the SPs propagation and localization characteristics. Therefore, in
this abstract, considering the Ohmic losses of the graphene sheets, we investigate the normalized propagation
length (PL) and localization length (LL) of the Tamm SPs in the graphene-dielectric metamaterials terminated
with air. In this metamaterial, for d=10 nm, first the Tamm SPs are supported in a narrower range of frequency
and, second, there is a considerable decrease (increase) in their PL (LL), as compared with those of a single layer
graphene bounded with air and material with e=4. Moreover, by increasing d to 100 nm, PL (LL) of the modes
and the frequency range of their appearance will be increased (decreased) while there is still a large length
of localization for Tamm SPs at lower frequencies. In conclusion, we have examined the propagation and lo-
calization characteristics of low-loss Tamm surface plasmons supported by graphene metamaterials. We have
demonstrated that by taking the subwavelength thickness of the dielectric layers as 100 nm, Tamm SPs with
long propagation and small localization lengths can be supported by the air-truncated graphene metamaterial
at frequencies larger than 20 THz.
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Recent advances in silicon photonics
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Silicon is the mainstream material in the electronic industry and it is rapidly expanding its dominance into the
field of photonics. Indeed, silicon photonics has been the subject of intense research activities in both industry
and academia as a compelling technology paving the way for next generation of energy-efficient high-speed
computing, information processing and communications systems. The trend is to use optics in intimate prox-
imity to the electronic circuit, which implies a high level of optoelectronic integration. Over the last decade, the
field of silicon photonics has advanced at a remarkable pace. Most applicative sectors have now included sili-
con photonics in their roadmaps as a key technology to be deployed over short, medium or long-term horizons.
This evolution towards silicon-based technologies is largely based on the vision that silicon provides a mature
integration platform supported by the enormous existing CMOS manufacturing infrastructure which can be
used to cost-effectively produce integrated optoelectronic circuits for a wide range of applications, including
telecommunications, optical interconnects, medical screening, spectroscopy, and biological and chemical sens-
ing... Recent advances and new trends in the development of silicon photonic devices will be presented.
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Quantum light generation with semiconductor
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In a semiconductor system, optical excitations can create excitons, which are bound electron-hole pairs. In
semiconductor nanostructures the excitonic energy levels are quantized, leading to a strong size dependence
of their optical properties and allowing engineering of classical and non-classical light generation. Two cases
will be described, one involving quantum wells with 1D quantization, the other one involving quantum dots,
with 3D quantization.

When a quantum well is placed in a high finesse microcavity, the strong coupling regime between 2D excitons
and light is reached, forming exciton-photon mixed quasi-particles called polaritons. Polaritons combine the
coherent properties of photons with the highly interacting features of electronic states. These properties have
allowed us to demonstrate nonlinear and quantum optical effects in the microcavity emission, as well as quan-
tum fluid properties in the propagation of polaritons in the system.

Quantum optical properties of quantum dots, or semiconductor nanocrystals, made of a few thousand atoms
will also be described. Here, the strong confinement of electron-hole pairs leads to very interesting properties
such as photon antibunching, opening the way to on-demand single photons sources at room temperature.
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Quantum light sources using InAs quantum dots
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I will describe work undertaken in collaboration between the Cavendish Laboratory and the Toshiba Research
Europe Laboratory, based in Cambridge. In this research we have fabricated and demonstrated triggered
sources of single-photons and entangled-photon pairs using self-assembled InAs quantum dots embedded in
GaAs/AlGaAs heterostructures.

Single-photon sources operating in the wavelength range 0.8 - 1.5 um have been developed where the probabil-
ity of multi-photon emission is as low as 2%. We are able to electrically tune the emission energy by up to 25meV
allowing observation of two-photon interference between photons emitted from different quantum dots.

Our sources of polarization entangled-photon pairs rely on the radiative decay of an InAs quantum dot from a
biexciton state to the ground state via an intermediate exciton state. We have developed several techniques to
tune the splitting of the exciton state to less than 0.5 peV and allow entangled-photon emission.

We have increased the fidelity of the entangled state to over 70% by control of the growth process and to over
90% by time gating as well as demonstrating the operation of a high-fidelity entangled-photon light emitting
diode. Recent use of these sources to demonstrate quantum teleportation and a quantum relay will be described
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Manish Chhowalla is a Professor, Associate Chair of the Materials Science and Engineering Department, and the
Director of the Institute for Advanced Materials, Devices and Nanotechnology at Rutgers University. His current
research interests are in the fundamental studies of 2D transition metal dichalcogenides (TMDs). In particular,
his group studies the optical and electronic properties of different phases of 2D TMDs. They have demonstrated
that it is possible to induce phase transformations in atomically thin materials and utilize phases with disparate
properties as electrodes for field effect transistors, catalysis, and energy storage. Prof. Chhowalla has authored
over 220 refereed articles, he held the Jacobs Chair in Applied Physics from 2009 — 2012 at Rutgers University,
and was awarded the Institute of Physics — Ireland Lectureship in 2013.
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High refractive index glasses are preferred in integrated optics applications to realize higher integration scale
in passive devices. With a refractive index that can be tuned between silica (1.46) and amorphous silicon car-
bide (3.2), silicon oxycarbide SiOC offers this flexibility. However, current methods in use to produce SiOC
such as PECVD, ion-beam-synthesis, and sol-gel-pyrolysis introduce large volumes of hydrogen that elevates the
amount of transmission loss. In this work, SiOC thin films have been deposited using RF-reactive-magnetron-
sputtering system by a pure SiC target in a controlled environment of argon-and-oxygen gases at room tempera-
ture. Quantitative characterization of the SiOC thin films was performed extensively by profilometry, ellipsom-
etry, prism-coupling, XPS, SEM, and AFM. The optical constants, index-of-refraction n and extinction-coefficient
k, of the prepared silicon oxycarbide films were derived from the ellipsometric measured data with JA-Woollam-
VASE-ellipsometer in the UV-VIS-NIR wavelength regions (300-1600nm) and at multiple angles-of-incidence. A
four-layer optical model including: surface roughness/SiOC/SiO2/c-Si was created in WVASE32TM software to
perform numerical fitting to the experimental data. A Kramers-Kroning consistent Tauc-Lorentz oscillator was
used to describe SiOC films, hence the obtained optical functions were Kramers-Kroning consistent. Controlling
the deposition parameters, the refractive index of the SiOC films was tuned from 1.39 to 1.86 as measured by
ellipsometer and prism-coupler at 1550 nm. The dispersion curves of n and k of the deposited SiOC films are
shown in figure 1. The SiOC films thickness was determined to be between 200 nm and 2000 nm using P-15
profilometer. The deposition rate followed an increasing trend with RF power as shown in figure 2 and sig-
nificantly large rate of 150 nm/min was achieved. XPS analysis confirmed the presence of silicon, oxygen and
carbon in SiOC films that exist in mixed bonding structure as given in Si2p peak (inset a). RMS roughness of
SiOC films as low as 0.5 nm were obtained from AFM imaging (inset b). In this work, we demonstrated synthesis
of silicon oxycarbide with good transparency in VIS-NIR regions, index tunability, large rate of deposition, and
low roughness which suggest sputtered silicon oxycarbide a promising candidate for waveguides (inset c) in

integrated optics.
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Figure (1): Index of refraction (a) and extinction coefficient (b) dispersion curves of deposited
silicon oxycarbide films at different RF power of sputtering system
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Figure (2): Deposition rate in (nm/min) of deposited silicon oxycarbide films as a
function of RF Power of sputtering system
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In recent years, there has been more research on the use of the Photonic Band Gap (PBG) materials in the
detection area. The application of these materials as gas sensors, seems to be very promising because of their
miniaturization and high spectral sensitivity.

The aim of this work is arranged around the contribution to the design and study of a resonant microsystem
based on PBG materials for applications as optical sensors to measure the gases presence and concentration in
the air. Where we proposed an gas monitoring structure for detecting the gas in ambient air. This sensor is
based on a 1D PBG material formed by alternating layers of Silicon (Si) and Silica (SiO2) with an high Q-factor
air cavity in the middle. The numerical results show that the transmission peak, which appears in the gap, is
caused by the infiltration of impure air into the cavity middle layer. This transmission peak can be used for
detection purposes in real-time environmental monitoring. Also, we theoretically study the relevance of these
photonic systems, we analyze the effect of intrinsic and extrinsic parameters of this device on the detection
performance.
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In the frame of Coupled-Mode Theory (CMT), for a given eigen-state of polarization, a two-mode waveguide
can be formally interpreted as a set of two identical, mutually coupled single-mode waveguides, where the
even/odd supermodes play the roles of the symmetric (slow) and antisymmetric (fast) modes of the two-mode
waveguide. Within this formalism, the relevant parameters are the phase mismatch and the coupling constant:
symmetry ensures that the former is zero, whereas the latter is defined by the half-difference between the
propagation constants of the supermodes.

In a ternary system made of three identical, phase-matched, mutually coupled single-mode waveguides, the
propagation constants of the supermodes are equidistant in the k-space. In a three-mode waveguide, however,
the three modes (slow, “neutral” and fast) are not equidistant. It is therefore impossible to proceed to the same
identification, with one coupling constant as the sole modelling parameter.

Nevertheless, a formal equivalence is still relevant, provided we also take into account the “diagonal perturba-
tion” exerted on the central waveguide by its two neighbours. As it happens, the three-mode waveguide can be
interpreted as a set of three mutually coupled single-mode waveguides, where the middle one appears slightly
detuned. We propose to show how to derive the equivalent mismatch and the equivalent coupling constant
from the three propagation constants.

Alternatively, another picture is possible, with three identical, phase-matched, mutually coupled single-mode
waveguides, where this time the coupling is not limited to the nearest neighbours. Once again, two distinct
parameters are required (two coupling constants). Both approaches lead to similar results in terms of mode
indices. This means that, if a formal identification is actually possible in the frame of CMT, the solution is not
unique.

We’ll illustrate our findings on planar waveguides, where exact calculations are readily available, not only
for the propagation constants but also for the transverse distribution of the optical fields on each mode (see
Figure).

This approach can prove of interest for the analytic investigation of photonic integrated structures involving
Modal Division Multiplexing (MDM), notably in terms of design and tolerances.
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Owing to the capability of achieving tighter spatial confinement and higher local field intensity, surface plasmon
polaritons (SPPs) have been investigated extensively. To excite SPPs with plane wave and conventional Gaussian
beam have been well-discussed previously. Recently, researchers have great interests in studying the properties
of the SPPs that excited by structure lights, such as cogwheel-like structured light beams, optical vortex beam:s,
and etc.. This study made subwavelength-scale Ag structure on the ITO glass with e-beam lithography, and
investigated the resulting SPPs that excited by normally incident focusing Ince-Gaussian Beams (IGBs) [Opt.
Express 29, 144] of several different modes. Where the IGBs is a third complete family of exact and orthogonal
solutions of the paraxial wave equation. The Ag structure this study adopted is composed of two groups of thin
periodic Ag bars. The wavelength of the IGB this study used is 1064 nm. Several different widths and periods
of the Ag structures have been made and tested in this study. The SPPs that excited by several different IGBs
have been measured by scanning near-field optical microscope (SNOM). The figure shows a measured near-
field images (| E| “2) detected by SNOM, while the incident IGB is even IGB with mode number: order p=2 and
degree m=2. Two yellow dotted lines in the figure indicate the boundaries of two groups of Ag bars. The distance
between two boundaries (two yellow dotted lines) is 14 micrometer. In this experiment, the two bright spots of
the incident IGB is just hitting on the boundaries of two groups of Ag bars. Several experimental results of this
study reveal that while the edge of the IGBs hitting on both boundaries of two group of the Ag bars, the resulting
SPPs propagating from the Ag bar along the metal-dielectric interface forms sable subwavelength-scale slit-
like interference patterns. The phenomenon is interesting, and the relation between the slit-like interference
patterns and Ag structure is worth to be further investigated. Suitable arrangements of the periodic thin Ag
bar might achieve more different subwavelength-scale spatial localized interference patterns, which might be
useful to nanoimaging, as well as to nanolithography and nanomanipulation.
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We report a resonant-cavity-enhanced novel GaInNAs-based photodetector, designed to be operated at optical
communication window of 1.3 um. Transfer-matrix method was used to design the structure of the device. 7 nm-
thick nine (Sb) / quantum wells were used as the absorption layers and 15 and 10-pairs GaAs/AlAs-distributed
Bragg reflectors were grown as the bottom and top mirrors, respectively. All measurements were carried out
at a temperature range from 5 to 40 oC in order to investigate characteristic of cavity resonance. The quantum
efficiency is determined to be in the range of 10% (at 5 oC) to 32% (at 40 oC). An excellent wavelength selectivity
is observed and changed from 3.4 nm (at 5 oC) to 6 nm (at 40 oC). Our results reveal that properties of RCEPD
is quite sensitive to temperature changes due to the difference in the temperature dependence of DBRs and

bandgap of absorption layer.
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Titania (TiO2) has attracted interest owing its potential applications as semiconductor and dosimetry materials
given its excellent properties. Optical, electrical, and thermal properties of TiO2 are closely linked to microstruc-
ture, and at the same time, to processing condition and synthesis methods. TiO2 can be synthesized by sol-gel,
solution growth, and chemical vapor deposition starting from gas or metalorganic compounds. An alternative
synthesis method to produce undoped and doped TiO2 nanostructures, for dosimetry applications, is the hy-
brid precursor systems chemical vapor deposition (HYSYCVD) technique, starting from solid precursors with
low decomposition temperature. In this work, a systematic study to know the magnitude of processing parame-
ters influence on thermoluminescent response of TiO2:Eu2+ nanomaterials obtained by HYSYCVD is presented.
Synthesis of one dimension nanostructures of TiO2:Eu2+ was carried out using K2TiF6, as titanium solid pre-
cursor, EuCl2 was added as europium dopant at 0.5, 1, 2.5, and 5 at. %. HYSYCVD processing conditions were
temperature of 923.15 K, processing time of 2.5 h, atmospheric pressure, and two different heating rate of 5
K/min (thermal treatment 1 or TT1), and 10 K/min (thermal treatment 2 or TT2). Obtained materials were irra-
diated with beta rays in the range of doses from 0.083 to 3000 Gy. Field emission scanning electron microscope
photomicrographs shown evident changes in microstructure at different heating rates. Thermoluminescence
analysis shown 3 main peaks: the first one around to 373.15 K, the second one (main peak) nearby 473.15 K, and
the third at 573.15 K. Also, according to heating rates, samples exhibit a marked difference in the thermolumi-
nescence response.
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Random metal-dielectric nanocomposites are excellence choices for efficient light absorption. In this work, an
Ag-Si random nanocomposite is used as the active layer of solar cell. Solar cell applications request to achieve
the maximum absorbance of light in the active layer and since silicon is a weak absorber at long wavelength,
we have used metal nanoparticles into the active layer of the thin film solar cell [1]. Moreover we have used a
random distribution of nanoparticles in order to provide a broad spectrum of Light absorption [2]. In addition,
we have used the effective medium theory to describe the dielectric function of such nanocomposite system,
using the Maxwell-Garnet theory along with Percus-Yevick approximation that is an appropriate model for
almost all values of filling fraction of nanoparticles [3]. We have used this effective dielectric function directly
related with transmittance, Absorbance and Reflectance of the nanocomposite. The effect of changing the radius
and filling fraction of nanoparticles on short current density of solar cell have been investigated and we have
comprehended that there is an optimum value for nanoparticles radius and filling fractions giving higher values
of the reflectance. We have increased these values. We have also shown that lower values of the transmittance
increases led to reduce the absorbance. However, in the obtained optimum values of radius and filling fraction,
the highest values are for short current density. The results are compared with ordinary thin film silicon solar
cell and the results show an increasing in the values of short current density up to 30 percent.
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Angle-resolved photoemission spectroscopy (ARPES) is a powerful tool of probing electronic structures in
solids, however static ARPES fails to visualize ultrafast dynamic processes and interactions, which contain
rich physical information, for example, light-matter interaction and electron coupling with various coherent
collective modes, which survive in few picoseconds or even tens of femtoseconds. To directly study such
interesting phenomena, it is critical to develop time-resolved ARPES (TR-ARPES), by implementing ultrafast
pump-probe laser beams: a first low energy infrared (IR) pulse as pump to stimulate/drive the system, and then
a second high energy ultraviolet (UV) or extreme ultraviolet (XUV) pulse as probe to detect transient electronic
states from femtosecond to picosecond time-scales.

Here I will first briefly introduce the development of a high resolution TR-ARPES, based on NIR/MIR pump and
XUV probe. Then I will talk about its applications with two different hot topics: Photon-driven insulator-to-
metal electronic transition and detection of collective modes in charge-density-wave (CDW) materials.

[1] J. C. Peterson, et al, Clocking the Melting Transition of Charge and Lattice Order in1T-TaS2 with Ul-
trafast Extreme-Ultraviolet Angle-Resolved Photoemission Spectroscopy, Phys. Rev. Lett. 107, 117402 (2011).
[2] H. Y. Liu* et al., Possible observation of parametrically amplified coherent phasons in K0.3MoO3 using
time-resolved extreme-ultraviolet angle-resolved photoemission spectroscopy, Phys. Rev. B 88, 045104 (2013).
[3] D. Fausti, et al., Light-Induced Superconductivity in a Stripe-Ordered Cuprate, Science 331, 189 (2011).

[4] S. Kaiser, et al., Optically induced coherent transport far above Tc in underdoped YBa2Cu306+8§, Phys. Rev.
B 89, 184516 (2016).
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Integrated optical sensors based photonic crystal (PhC) structures have emerged as a field of great interest
due to their promising characteristics in terms of cost, compactness, flexibility in structural design and
easy extension to the sensor arrays. In addition to these characteristics, they provide a large light-matter
interaction due to their photonic band-gap effect. This phenomenon makes the sensors highly sensitive to
small refractive index (RI) variations. However, most of studied and experimentally realized PhC sensors
operate as a single or a point sensor. Therefore, to overcome the single purpose performance of the sensor
and to make the detection of different analyte simultaneously on a single platform possible, photonic crystal
sensor array is a better choice. In this context, we demonstrate a high sensitive photonic crystal integrated
biosensor array, considering the multiple sensing performance and label-free Biomolecular detection. In order
to further improve the detection level and simultaneously restrain the crosstalk value between the adjacent
biosensors, the well-known technique of wavelength division multiplexing to spatially separate the integrated
biosensor has been used. The device platform consists of an array of three sandwiched H-1 cavities patterned
above silicon on insulator (SOI) substrate (Figure 1). Each cavity has been designed for different resonance
wavelength and different cavity spacing. Results obtained by performing finite-difference time-domain (FDTD)
simulations, indicate that the response of each sensor unit to the RI variation is completely independent and
the resonance spacing between the adjacent sensors is wide enough to ensure high multiplexed detection.
Considering water absorption at telecom wavelength range, a RI sensitivity of 530nm/RIU and a quality factor
over 104 are both achieved with an average accompanied crosstalk of -26.12 dB. These features make the
designed device a promising element for performing label-free multiplexed detection in monolithic substrate
for medical diagnostics and environmental monitoring.

Figure.l. 3D schematic diagram of the integrated PhC biosensor array based on H-1 sandwiched micro-
cavities. The blue holes refer to the sensing filled initially filled with water
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By taking advantages of the interesting and distinguished optical and chemical properties of graphene we
numerically investigate the effect of a graphene as an additional layer on the top of a Plasmon Waveguide
Resonance (PWR) sensor for self-referenced measurements. The figure of merit as well as the field distribution
of the proposed self-referenced PWR sensor Cr/Au/SiO2 /graphene are then discussed. Typical applications are

then presented.
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We have derived a formula for the density of states of a N-period graphene superlattice (SL), which is given
as an integral over the inverse of the absolute value of the group delay velocity along the SL-axis. Using that
formula, it was shown that density of states exhibits essentially the same structure for all values of N> 5. It was
found that for E<0, the effects of finite crystal size modify dramatically the density of states of the corresponding
infinite SL, whereas for E>0 and N> 5, it is only slightly modified. According to our results, the inverse of the
group delay velocity is proportional to the transmission coefficient, which allows us to establish a certain corre-
lation between the properties of the density of states and those of the Landauer conductance of the N-period SL.
Certainly, the Landauer conductance exhibits a peak structure as a function of E, with local dips located at the
same energies as those of the density of states. The same behavior was observed for the group delay velocity-
dependence of the Landauer conductance with E=0, which is very similar to that of the density of states. When
N increases, the peak positions of both the Landauer conductance and the density of states tend to be located at
those values of group delay velocity where new Dirac points appear.
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Dependence of dielectric permeability on coordinates defines existence domain of nonlocal dispersion. At
certain values of characteristic scales of spatial inhomogeneity, this domain can be formed in a range of
frequencies that are far from natural resonances and absorption bands of material. The use of materials
with strong artificial dispersion opens new opportunities for synthesis of optoelectronic and radio systems,
development of optimal communication modes and energy transfer through layered medium.

In the present work, we study surface polaritons in structure of the dielectric — inhomogeneous dielectric
with dielectric permeability depending on z-coordinate. Inhomogeneity can be created by acoustic wave’s
propagation in the medium, which results in compression and extension. Frequency of surface polaritons has
been considered in infrared and visible spectral regions.

TE- and TM-waves were studied. For TE-wave, which cannot exist in structure of two homogeneous dielectrics,
existence condition in inhomogeneous medium was derived. Also, we obtain dispersion equations, distribution
of induced magnetic moment (the inverse Faraday effect), energy flux density vector (Poynting vector) and field
components of each wave. All calculations were performed analytically and numerically using the methods of
classical electrodynamic.

This work was supported in part by RFBR (grants ## 16-37-00023, 16-07-00751, 16-29-14045) and RScF (grant #
14-22-00279).
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Optical effects are found to enhance the appearance of various botanical structures, insects, birds, and snakes.
These effects are often due to structural colours which result from the manipulation of incident light by

micro-structures present on the surface.

The optical effects which result from microstructures on the snake epidermis may offer the animal eco-
logical and physiological benefits. For example, Spinner et al. (2013) showed that Bitis rhinoceros (West African
Gaboon Adder) has micro-structures with complex nanoscopic detail on dark scales that produces structural
velvet blackness. As a result, black regions have a lower reflectance than pale regions when controlled for
pigmentary effects.

Using electron microscopy, we examined two southern African species for microstructure-mediated op-
tical effects. In Bitis arietans (Puff Adder) we found significant differences (U = 184.00; p <0.0001) in the height
of microstructures between black (40 um) and pale (17 um) scale regions, but no differences (t8,0.8 = 0.26; p =
0.80) in the density of microstructures on each region. These results show that the colour of B. arietans scales
is primarily a product of optical effects which result from the height of micro-structures. The optical effects
likely improve the camouflage of B. arietans on which it relies extensively as an ambush forager.

Hemachatus haemachatus (Rinkhals) bears hierarchically arranged microscopic ridges across its scales
in three distinct orders (figure 1): primary (30 um), secondary (5 um), and tertiary (0.4 um). The orders span
both the visible and infra-red spectra of the electromagnetic range and may explain the species ability to
thermoregulate successfully in even cold climates with a thermal uptake at almost 1 degree Celsius per minute

during basking.

This is the first study to report microstructure-mediated optical effects in southern African snakes. Micro-optics
may have far-reaching biological significance with respect to animal ecology and physiology. Further, the
natural designs of such surfaces provide inspiration for man-made designs in bio-mechanics, hydrophobicity,
camouflage, and thermal uptake.
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Reliable, sustainable and easy to implement large scale patterning techniques are nowadays of great need.
Indeed controlling location, size, shape and orientation are key points to achieve desired properties. Few
complementary techniques such as electron beam lithography, nano-imprint or laser interference lithography,
exist for controlled patterning down to the nanoscale. Full control at the large scale of a multifunctional mate-
rial like Zinc Oxide (ZnO) is of great interest for the research community, it is considered for many applications
due to its unique properties. It is a wide electronic bandgap semiconductor (3.4 eV) [1] which possesses a
large exciton binding energy (60 meV) [2] and demonstrates a high optical gain [3]. Hence, ZnO appears as
a good candidate for short wavelength optoelectronic devices such as LEDs [4] lasers or photodetectors [5].
His sensitivity to its environment makes ZnO suitable as sensor [6]. Electron beam lithography has shown
well controlled structuring properties but is limited regarding to the size of the pattern area and requires
huge amount of time to achieve few square millimeters. On the other hand, laser interference lithography
needs the deposition of a photoresist mask which is first patterned before the etching of ZnO. In this study
we will present a new technique on direct patterning of ZnO using holography [7]. The parametric study of
the photodissolution process allowed kinetics to achieve up to 30 nm/sec for 1 cm? patterned area making the
technique compatible with large scale and fast direct patterning.

[1] C-H. Lee Y.-J. Kim, Y. J. Hong , S.-R. Jeon , S. Bae , B. H. Hong, G.-C. Yi , Adv. Mater. 2011, 23, 4614

[2] L. Divay, D. J. Rogers, A. Lusson, S. Kostcheev, S. McMurtry, G. Lérondel, F. H. Téhérani, Phys. Stat. Sol. (C)
2008, 5, 3095.

[3] A.-S. Gadallah, K. Nomenyo, C. Couteau, D. J. Rogers, G. Lérondel, Appl. Phys. Lett. 2013, 102, 171105.

[4] Y. Y. Liu, X. Y. Wang, Y. Cao, X. D. Chen, S. F. Xie, X. ]. Zheng, H. D. Zeng, J]. Nanomater. 2013, 2013, 870254.
[5]1Y. Hou, Z. Mei, X. Du, J. Phys. D: Appl. Phys. 2014, 47, 283001.

[6] M. M. Arafat, B. Dinan, S. A. Akbar, A. S. M. A. Haseeb, Sensors 2012, 12, 7207.

[7] C. Chevalier-César, K. Nomenyo, A. Rumyantseva, A. Gokarna, A. Gwiazda, G. Lérondel, Adv. Funct. Mater.
2016, 26, 1787.
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Metal oxides nanostructures have shown great potential in biomedical sector due to their tremendous proper-
ties at nanoscale; such as optical, catalytical and antibacterial properties. Metal oxides nanomaterials, such as
ZnO and CuO have shown significant antibacterial properties. Among these metal oxides nanomaterials, ZnO is
special interest due to its established use in healthcare products, UV blocking capability, biocompatibility and
modest cost. ZnO is an attractive semiconductor with wide band gap (3.37 eV), large exciton binding energy
(60 meV) and high chemical and thermal stability. Recent studies demonstrate that ZnO nanostructures can
effectively be used both against Gram-positive and Gram negative bacteria .Copper oxide (CuO) nanoparticles
have attracted huge attention due to catalytic, electric, optical, photonic, textile, nanofluid, and antibacterial
activity

The nanoparticles of metal oxides (ZnO,Cu0O) Were prepared by the sol-gel method using zinc acetate
(Merck) Oxalic acid (Fluka) copper nitrate (Chemopharma) and Citric acid (Fluka) as starting materials the
synthesized sample was calcined at temperature of 600°.

The samples were characterized by X ray diffraction (DRX), Fourier transform infrared spectroscopy (FTIR)
and UV-visible spectroscopy .The average crystallite sizes of the samples were calculated from the full width at
half maximum of XRD peaks by using the Scherer’s formula equation .

Antimicrobial activities of the synthesized metal oxide nanoparticles were performed against both
gram-negative bacteria (Escherichia coli, Shigella, Klepsiella pneumoniae and Pseudomonas aeruginosa)
and Gram-positive bacteria (Staphylococcus aureus, Staphylococcus hominis, Staphylococcus haemolyticus,
Enterococcus feacalis) the antibacterial activity of ZnO and CuO nanoparticles was tested by the disk diffusion
method. The presence of an inhibition zone clearly indicated the antibacterial effect of ZnO and CuO nanopar-
ticles

Nanoparticles of metal oxides ZnO and CuO show a bactericidal effect on both gram-positive strains as
Gram-negative strains. The bactericidal effect seems to extend also on strains of Pseudomonas aeuroginosa
and Staphylococcus aureus particularly known for their multidrug resistance. This effect is more pronounced
in nanoparticle zinc oxide. The nanoparticle zinc oxide has an antibacterial effect more pronounced against

Gram-positive strains while copper oxide shows greater effectiveness against Gram-negative strains.
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Plasmonic structures are an advantageous alternative to photonic structures due to their capabilities to operate
at dimensions bellow the diffractive limit and strong radiation confinement. Moreover, plasmonic metasurface
are the perfect option for beam shaping at nanoscale and are presently used for flat optical components
[1,2], biosensors [3], solar cells and photodetectors [4,5]. This type of structures are composed of an array
of metallic nano-antennas patterned on a dielectric substrate [6] and offers the possibility of beam shap-

ing due to the plasmonic nano-antennas exceptional advantages to sustain magnetic and electric resonances [7].

We present a method for modeling the plasmonic metasurfaces to obtain a phase shift of electromag-
netic radiation that propagates through a plasmonic metasurface from 0 to m rad or 2im rad. Therefore, by
dividing the nano-antennas that form the array in tow periodic successions of a various number of elements
with different sizes we can achieve the desired results. Furthermore, the phase manipulation can be achieved
also by modeling the configuration of the nano-antennas on the selected substrate. Due to the importance of
a proper defined geometry for the metallic (gold) structures in this type of study, we present an ample 3D nu-
merical investigation using finite differential time domain (FDTD) method of both cylindrical and rectangular
resonators patterned on glass or silicon. Fig.1 presents the phase behavior when the electromagnetic radiation
propagates through described plasmonic metasurface.

References:

[1] Yiting Yu, Hans Zappe, Optics Express 19, pp. 9434-9444 (2011)

[2] Francesco Aietaet al., Nano Lett. 12 (2012), pp 4932-4936

[3] Alexandre G. Brolo, Nature Photonics 6, 709-713 (2012)

[4] Pierre Berini, Proc. SPIE 8771, Metamaterials VIII, 877100 (May 6, 2013); doi:10.1117/12.2018441
[5] Vikas Kumar, Heming Wang, Organic Electronics 14 (2013) 560-568

[6]. Manuel Decker, et.al. Advanced Optical Materials 3, 813-820 (2015)

[7]1]. A. Gordon, et.al, IEEE Trans. Antennas Wireless Propag. Lett. 8, 1127 (2009)

a) b)
Fig. 1 Phase behavior: a) parallel dipoles on opaque substrate (27 rad. shift); b) Cylindrical resonators on
transparent substrate ( rad. shift).
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THz waves are of a wide usage in different modern applications like biomedicine telecommunications and secu-
rity. The further progress in an elaboration of corresponding technical devices can be achieved due to usage of
the units, like shutters, phase retarders, beam splitters, with tunable parameters. Liquid crystals are considered
now as suitable materials for elaboration of such devices. Nevertheless, some new problems like low operating
speed in relatively thick (about 1 mm) and restrictions in usage of an electric control due to high losses in elec-
trodes have to be solved in this case.

In this report we propose the new approach to an elaboration of liquid crystals (LC) tuned THz devices, based
on usage of shear flows. Flows are considered as more universal tool of LC orientation, which can be effective
for both thin and thick samples. We consider the possibility of flow induced changes of optical properties for
two types of composite LC materials: layered structures and porous polymer films filled with liquid crystals.
The results of combined action of flows and magnetic (electric) fields are analyzed from the point of view of
perspectives for THz applications. The special attention is paid on the electro-osmotic flows of liquid crystals
throw the porous membranes, which can be effectively used in THz units of different types.

This work was supported by the Ministry of Education and Science of the Russian Federation [project no.
14.583.21.0058]

146



Nanophotonics and Micro/Nano Optics International Conference 2016

Laser Diode Matrixes based on AlGaAs/GaAs heterostructures
for Active Vision Systems

Friday, 9th December - 13:30 - Poster Session - Tipi - Poster presentation - Abstract ID: 411

Dr. Yahor Lebiadok !, Mr. Denis Shabrov ?
1. SSPA ”Optics, Optoelectronics & Laser Technology”, 2. B.I. Stepanov Institute of Physics

The powerful laser diode matrixes (LDM) based on the AlGaAs/GaAs quantum heterostructures are used as
illumination sources in the Active Vision Systems (AVS). The LDM lasing wavelength is in the range 790-880 nm
(the atmosphere transparency spectral region), total optical output pulse power 6 kW. Achievement of AVS’s
high efficiency is connected with a high average power of illumination, which depends on the pulse duration
and pulse repetition rate along with peak optical power. Effective realization of the principle of range gated
active vision supposes usage of short light pulses. The LDM radiation pulse duration must be about 10-300 ns
for the application in the AVS which are used for the distances from 100 m up to 10 km. To achieve such pulse
duration (about 30 ns) and high pulse repetition rate (up to 100 kHz) values as well as requirements of AVS
compactness special electric scheme and geometry of power supply is needed.

Another problem related to using laser diode matrixes as illumination sources in AVS is LDM active layer
heating as well as the LDM radiation divergence (and its concordance with objective field of view). The LDM
passive cooling and method of radiation divergence control are also discussed.
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The influence of complex defects (gallium, arsenic and aluminum vacancies with corresponding interstitial
atoms) in Al0.3Ga0.7As/GaAs heterointerface on focal plane array quantum well infrared photodetector (FPA
QWIP) characteristics are discussed. The wavelength corresponding to the maximal abortion of QWIP is in the
vicinity of 8.5 um. The density functional theory calculations with the hybrid functionals B3LYP with Hay-Wadt
effective core potentials for all the heavy atoms in a combination with Hay-Wadt valence basis were used. The
model clusters of AlxGal-xAs/GaAs interface with the mixing of gallium and aluminum atoms in the range of 0

-100 % are under consideration.
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Photonic crystal microring resonators are promising candidates for realizing all optical filters with acceptable
transmission efficiency and quality factor values. In this paper, by putting a hexagon-shaped structure at the
middle of on 7*7 square cavity, we created a microring resonator structure and designed a narrowband channel
drop compact filter. The drop wavelength of the proposed filter is at 1550.4 nm, with transmission efficiency
and quality factor equal to 94% and 707. Our structure is composed of dielectric rods immersed in air. Because
in this kind of structures the dominant band gap is in TM mode, all of our simulations have been done in TM
mode. The total footprint of the proposed THz filter is 199.4 Om2, which makes it suitable for all optical integrated
circuits. The parameters of the proposed structure proving that this block is suitable for optical communication
systems and the frequency ranges are in the communication application window.
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Demanding applications such as video streaming, social networking, or web search relay on a large network of
data centres, interconnected through optical links. The ever-growing data rates and power consumption inside
these data centres are pushing copper links close to their fundamental limits. Optical interconnects are being
extensively investigated, aiming to solve these limitations. Silicon photonics, due to its compatibility with the
Si platform, has become one of the preferred solutions for the development of the future generation photonic
interconnects. However, the current strategy for on-chip integration of all photonic and optoelectronic building
blocks (sources, modulators and detectors...) relies on very different materials. For instance, Ge for detection,
doped Si for modulators and III-V for lasing. This multi-material approach results in a complex fabrication
process that offsets the cost-effectiveness of using silicon photonics.

Carbon nanotubes (CNTs) are being considered for the realization of next generation nanoelectronic systems,
due to their exceptional transport capabilities, chemical stability and potential CMOS compatibility. On the
other hand, CNTs are nanomaterials that exhibit very interesting properties for the photonics field. Specifi-
cally, they show strong room-temperature photo-luminescence and electro- luminescence in the near-infrared
wavelength range, Stark effect, Kerr effect and absorption. Hence, they are considered a particularly promising
alternative solution for the implementation of optoelectronic functionalities in silicon photonics, including
light generation, modulation and detection.

Here, we report on the development of new integration schemes to couple the light emission from CNTs into
optical resonators implemented on the silicon-on-insulator platforms. We obviated unwanted absorption
effects resulting in a substantial improvement of the resonant light enhancement. We have optimized and
experimentally validated different resonant structures, including ring resonators, microdisks, 1D photonic
crystal cavities and 2D slot photonic crystal cavities as an effective means of on-chip resonant enhancement of
CNTs emission. At the same time, this integration approach allowed coupling the generated photoluminescence
from CNTs to integrated Si photonic waveguides with enhanced signal to noise ratios.
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An optical isolator is one of developing devices in silicon photonic integrated circuits. The magneto-optical
polarization rotation, which is used in conventional isolators and circulators, cannot be applied in Silicon-On-
Insulator (SOI) waveguide platforms because of the phase matching issue between TE and TM modes. We have
realized isolators in SOI Mach-Zehnder interferometer (MZI) waveguides based on the magneto-optical phase
shift as shown in the figure. The magneto-optical phase shifters are installed in the MZI waveguide arms where
a magneto-optical garnet (CeY)3Fe5012 (Ce:YIG) is directly bonded on a silicon waveguide by using a surface
activated bonding technique. A magnetostatic field is applied transverse to the light propagation direction in
the film plane of Ce:YIG to saturate its magnetization. The first-order magneto-optical effect gives a different
propagation constant for TM modes propagating in the waveguide depending on the propagation direction as
well as the direction of the applied magnetostatic field. The phase difference is provided between two arms due
to anti-parallel magnetostatic fields, which is set to be -90 and +90 deg in the forward and backward propaga-
tion, respectively. The magneto-optical phase difference is cancelled by the 90 deg phase bias installed in one
of the arms in the forward propagation, whereas 180 deg phase difference is introduced in the backward prop-
agation. Hence, constructive and destructive interferences occur in the forward and backward propagations,
respectively, which result in the transmission and isolation in respective directions. A magneto-optical phase
shift of 3.65 mm-1 is generated in a 450-nm-wide and 220-nm-thick SOI waveguide at a wavelength of 1550 nm
using a saturation Faraday rotation of -4500 deg/cm for Ce:YIG. By virtue of the direct bonding technique, we can
make full use of the large Faraday rotation of single-crystalline Ce:YIG. A maximum optical isolation of 30 dB
is demonstrated together with a bandwidth of 8 nm for >20 dB isolation in a 1550 nm wavelength range. Also,
a temperature insensitive isolation has been demonstrated in a temperature range of 20-60 degC by properly
adjusting a phase bias. Reducing an insertion loss of 13 dB is under investigation.
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The scalable integration of single photon sources, detectors and linear optical elements in a common platform
is essential for many applications in quantum cryptography, simulation, and computation. Nanophotonic
circuits combined with on-chip superconducting nanowire provide a suitable solution for the detection side.
Integratable and reproducible single photon emitters, however, still have to be developed. Optically excited
semiconducting carbon nanotubes (CNTs) can serve as quantum emitters operating in the telecommunication
wavelength range. As recently reported, dielectrophoretically deposited CNTs can also be used as waveguide-
integrated electrically driven light sources [1] with narrow-line emission profile [2]. The optical properties
of such emitters were tuned by pre-sorting of CNT suspensions before the deposition and can be additionally
narrowed by photonic circuit design [2]. Here we show that CNTs can act as electroluminescent non-classical
emitters [3]. The nanophotonic device (Fig.1) consists of CNT-based emitter in the center (E) and two equidistant
detectors (D), embedded within the same photonic integrated circuit. The electrically generated light efficiently
couples into and propagates inside the waveguides, and is recorded with integrated traveling-wave single
photon detectors (D) at cryogenic conditions. Correlation function recorded in Hanbary-Brown and Twiss-like
configuration demonstrates pronounced antibunching (Fig.2), which is a clear signature of non-classical nature
of light. Therefore, we realized a fully integrated photonic quantum circuit with purely electrical drive and
semiconducting CNT as non-classical source.

[1] S. Khasminskaya, F. Pyatkov et. al., Adv. Mater. 26, 3465-3472 (2014).

[2] F. Pyatkov, V. Fitterling et. al., Nat. Photon. 10, 420-427 (2016).

[3] S. Khasminskaya, F. Pyatkov et. al., Nat. Photon. 10, 727-732 (2016).
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The mid-infrared (MIR) wavelength range contains the vibrational and rotational resonances of a wide num-
ber of chemical and biological substances. This enabled absorption spectrometers operating in the MIR to
achieve outstanding specificity and sensitivity. The unique versatility and precision of MIR absorption spec-
trometers makes them an ideal solution for applications aiming multi-target detection in complex mixtures,
such as non-invasive medical diagnostics, food quality control and air pollution monitoring. Unfortunately, the
cost and complexity of current bulky implementations limit their use to laboratory environments. The large
transparency window of silicon, covering the 1.1 - 8 pm wavelength range, makes it a promising material for
the implementation of on-chip MIR photonic circuits with the potential for large-volume and low-cost produc-
tion. Furthermore, such platform would open new opportunities for the realization of ultra-wideband photonic
circuits that combine the near-infrared (NIR) and MIR wavelength ranges. However, the implementation of the
silicon-on-insulator (SOI) platform in MIR is restricted by the absorption of buried oxide layer for wavelengths
above 4 pym. A promising solution is to locally remove the buried oxide layer to form silicon membrane waveg-
uides that can cover the full transparency window of silicon, yet benefiting from the high quality materials and
mature silicon fabrication processes. Still, implementing Si membrane waveguides that exhibit single-mode
operation at both NIR and MIR wavelengths is a challenge. Due to the high index contrast between Si and air
cladding, conventional strip waveguides with cross-sections large enough to guide a MIR mode are multi-mode
in the NIR range. Here we present, for the first time, an integrated Bragg grating waveguide filter for hybrid
NIR and MIR operation. A waveguide cross- section of 0.5 um by 1.1 pm allows single-mode propagation in the
MIR, while an original waveguide corrugation approach is used to radiate out the higher order modes in the NIR
infrared, yielding effective single-mode NIR operation. Exploiting this concept, we demonstrate a waveguide
Bragg grating filter implemented on a single-etch suspended silicon waveguide, yielding a 4 nm wide and 40 dB
deep spectral notch.
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Azobenzene-containing polymers have attracted much attention for the fabrication of submicrometer struc-
tures for Optical Data Storage, All-Optical Switching and nanotechnologies. The basic mechanism involves the
reversible trans-cis photoisomerization reaction which can be interconvert by light and heat. Various azoben-
zenes have been used as dopants with transparent polymers to form guest-host films and change polymer’s
properties. In this communication, we present results concerning the photoinduced anisotropy of refractive
index changes into initially random AZD1/PMMA guest-host films excited by linearly and circularly polarized
pump beams at normal incidence. The absorption spectrum of this guest host system are depicted in Figure 1.
Molecular orientation and subsequent photoinduced birefringence in azobenzene doped polymer films were
investigated by pumping beams with various intensities and polarization states. A green Argon ion laser pump
beam (A=514,5 nm) at normal incidence with the light intensity and polarization as the control parameter to
exposure and an He-Ne laser probe polarized beam (A=632,8 nm) was used. The mechanism of the energy
absorbed by azo-dye molecules for isomerization is known as angular hole burning. Changes in the parallel
and vertical polarization components due to the photoinduced birefringence were measured simultaneously
during pumping with a linearly an circularly polarized beam at 514,5 nm. To our knowledge, this is the first
study of measuring the dynamic process of the refractive index dependence on circularly polarization pump.
Dynamic reversible anisotropy of the exposure relaxation cycle in these azo-dye-doped polymer materials was
observed (figure 2). The results recorded demonstrate that molecular orientation and anisotropy of refrac-
tive index depends on circular polarization of the probe beam. Furthermore, we showed that the direction of
azo-dye molecules can be optically controlled from a plane to a line distribution along the wave vector of the
pump beam. This work open a new way to azo-isomerization orientational alignment control and change in
anisotropic refractive index of guest-host film of doped polymer matrix. The remaining challenge is to find
good explanations to these dynamic changes in proprieties of these azopolymer films in function of polariza-
tion of the pump beam and prefereniel directional alignement subsequent to the reorientetional hole burning
process.

Figl.png
Fig2.png
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Since the beginning of XXI century, the optical fiber became the most applied implement in the domain of
information transfer. Erbium Doped Fiber Amplifiers (EDFA) are devices augmenting optical signal directly,
without a need to transform it to electrical signal. They made a breakthrough in the telecommunication field
in the 90th, therefore it exist a great need for new materials which should fulfilled many requirements for this
technology (size minimization, the performance and the gain of signal).

The aim of our project is to create a new silica-containing porous material (a preform for optical fiber) with
the organometallic erbium systems as an original EDFA. The novelty of our approach is an application of gold
nanoparticles as a support for Er complexes, which should induce the exacerbation of lanthanide signal and
increase optical proprieties of this material.

We have synthesized a series of organometallic bifunctional compounds which show simultaneously the
affinity to gold nanopraticles (thiol group) and lanthanide chelator (DTPA or cyclen system). These compounds
were introduced to the gold NP sample dispersed in ZrO2 by the mean of sol/gel method. An application of
zirconia matrix permits to maintain the nanoparticle’s size at elevated temperature required for the preform
fabrication.[1] Spectroscopic properties of new materials revealed the intense signal at the telecommunication
C-band (1.5 um). We perform now the introduction of these systems to the porous silica by the sol/gel method
and MCVD in order to obtain the preform.

The preliminary studies show encouraging results at the characterization stage: all materials give intense
emission signal at 1530 nm after pumping at 980 nm regions. We managed to form first silica aerogel and
xerogel samples, doped with gold NP covered by Er complexes and they revealed the same spectroscopic
properties as the starting NP’s model. The next step of our project is to introduce our systems to preform and
manufacture Au/Er containing optical fiber amplifier.

Ref.:
[1] A. Pastre, O. Christini-Robbe, L. Bois, D. Branzea, A. Boé, C. Kinowski, K. Raulin, A. Rolland, R. Bernanrd,
Matr. Res. Express, 2016, 3, 015002
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Inorganic perovskites of the composition ABX3 (eg: CsSnX3, CsPbX3) exhibits structure dependent optical and
electronic properties. There are few reports available on cesium tin halide (CsSnI3, CsSnBr3 and CsSnCl3)
perovskites. These perovskites show structure dependent band gap and electrical properties. In this study, we
reports the structural and optical properties of varying compositions of lead free inorganic perovskite CsSnX3.
Different compositions of CsSnX3 were prepared using room-temperature solution route method under inert
atmosphere. Optical band gap studies for different anion compositions show a significant (53.5%) blue shift in
the absorption spectra as the composition is varied from I to Br and Cl. As the halide composition was varied
from I to Cl, an intense and tunable PL emission was observed at room temperature covering a wide range
from near IR to Vis region (950-420 nm). Structure variation with anion substitution was studied using X-ray
diffraction, structure for different compositions were found to change from orthorhombic for CsSnI3, cubic for
CsSnBr3 and monoclinic for CsSnCl3 at room temperature. Further, nanoparticles of CsSnX3 were synthesized
and the quantum confinement effects studied. It was observed that nanoparticles of CsSnI3 shows size tunable
PL emission. The effect of cation substitution was also investigated, a less prominent shift was observed in
the optical band gap by replacing Sn (II) cation with Pb (II) (0.7eV). With its excellent composition and size
dependent optical properties, tin halide perovskites are an extremely promising material which can be used
either as lead free perovskites or with reduced lead content for application in opto-electronic devices.

Attached figure shows: (a) Photoluminescence spectra and (b) XRD pattern for different compositions of
CsSnX3.
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Plasmon-mediated chemical surface functionalization at the
nanosocale
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We performed a selective chemical surface functionalization at the nanoscale mediated by localized surface
plasmon (LSP) excitation. The surface functionalization is demonstrated through aryl film grafting (derived
from a diazonium salt), covalently bound at the surface of gold lithographic nanoparticles (Fig. 1). The aryl film
is specifically grafted in areas of maximum near field enhancement, as confirmed by numerical calculation
based on the discrete dipole approximation method - DDA (Fig. 2). This selective grafting is attributed to hot
electrons generation, which escape from the plasmonic structures and reduce the diazonium salts forming
aryl radicals which attach the surface through covalent bonds. Moreover, we show that the aryl film thickness
can be monitored by the energy of the incident light as well as the LSP wavelength.

This robust and versatile strategy of nanoscale surface functionalization opens us the route to a con-
trolled growth of additional species such as polymer brushes or quantum dots with high lateral resolution,
which is particularly interesting in the context of molecular sensing or nanoscale color-coded devices.

Keywords: plasmonics, surface chemical functionalization, diazonium salt, lithographic structures

References:

1- M. Nguyen, A. Lamouri,C. Salameh, G. Lévi, J. Grand, L. Boubekeur-Lecaque, C. Mangeney and N.Félidj,
Nanoscale, 2016,8, 8633-8640.

2. M. Nguyen, and N.Félidj, C. Mangeney Chem. Mater., 2016, 28 (11), pp 3564-3577.

3- M. Nguyen, X. Sun, E. Lacaze, P. M. Winkler, A. Hohenau, ]J. R. Krenn, C. Bourdillon, A. Lamouri, J. Grand, G.
Lévi, L. Boubekeur-Lecaque, C. Mangeney, N. Félidj, ACS Photonics, 2015, 2, 1199-1208.

Figure 1 : Differential AFM image of a gold lithographic nano-disc, after plasmon induced grating of an
aryl film. The grafting is exclusively located at areas of maximum field enhancement, confirmed by DDA
simulations.

Figure 2: Mapping of the electric field on a gold disc, calculated by the DDA method.
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Chiral metallic nanostructures generate great interests in the study and manipulation of light-matter interac-
tions at the nano-scale. In particular, spiral plasmonic systems have received considerable attention owing to
their potential for controlling emission properties as well as for their capability to generate surface plasmons
(SPs) vortices with tailored orbital angular momentum. They are expected to open new possibilities in appli-
cations ranging from biochemistry to quantum information processing. Therefore, a full characterization of
system’s photonic properties, provided by the optical local density of states (LDOS), is thus required. In this
work, we report the observation of chiral optical LDOS in a spiral plasmonic nanostructure, in both classical
and quantum regime. We demonstrate using scanning near-field optical microscopy (NSOM) in combination
with spin analysis that a spiral cavity possesses spin-dependent local optical modes and features optical spin
Hall effects as well as orbital angular momentum selection rule. To achieve this investigation in the classical and
quantum regimen both aperture NSOM tip and quantum source based probe are considered. The later consists
of a few nitrogen vacancy centers hosted in a diamond nanocrystral that is grafted at the apex of the near field
probe following a method developed in our group. The orientation of the SPs dipoles induced by these probes
will be discussed and characterized by leakage radiation microscopy. In addition, our theoretical model analyt-
ically describes the photonic partial LDOS maps in terms of Bessel functions whose order can be directly related
to the spin and the geometrical charge of the spiral. We expect our method to bring an important contribution
in future characterization and design optimization of plasmonic chiral systems.

© (s31un "gue) Ajisuaiul

Fig. Optical LDOS maps of a spiral plasmonic
cavity (inset) analyzed in the right (a) and left
(b) circular polarization
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Enhancement and control of the spontaneous emission of
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Single-photon sources are essential for implementing emerging quantum technologies, focused mainly on
optical-quantum information processing. One of the most straightforward methods to develop non-classical
light sources, generating individual photons, is the use of individual quantum emitters.

Progress in the development of efficient single-photon sources based on quantum emitters, requires the
enhancement and the effective collection of the radiation emitted by quantum emitters. Dielectric photonic
structures such as waveguides or photonic crystals provide a way to enhance the emission rate as the optical
modes supported by such structures present strong electric fields and low mode volumes. Metallic plasmonic
waveguides supporting surface plasmon-polariton (SPP) modes provide another effective route to reduce by
an order of magnitude the effective mode volume and therefore, increase the emission rate of quantum emitters.

As demonstrated in [1], an extremely low effective plasmonic mode volume was measured in a plas-
monic structure integrated on a silicon photonic waveguide. This work shows that indeed, the effective volume
of SPP modes is well below to that of light in free-space.

The objective of this project is to explore the configurations for an efficient coupling between quantum
emitters and plasmonic modes supported by integrated plasmonic structure in order to implement highly
efficient single-photon sources.

An original aspect of the research is the methodology of characterization, based on the near-field scan-
ning optical microscopy (NSOM), which enables imaging of the light propagation along the fabricated
structures. This technique allows for direct and precise measurements on the coupling mechanisms with
a subwavelength spatial resolution. Additionally, photon statistics measurements involving single and
coincidence detection will be carried out.

Acknowledgments: To CONACYT (scholarship No. 233924) for financial support.
[1] Luo, et. al., Nano Letters, 15(2), 849-56 (2015).
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Figure 1. Schematic illustration of the hybrid nanotapered
Plasmonic Light Concentrator (PLC) integrated on silicon ridge
waveguide. The hybrid PLC consists of a gold isosceles triangle of
300 nm base width and 750 nm length placed on top of a 500
nm by 220 nm Si waveguide with a 20 nm thick SiO2 buffer layer.
The PLC tip has radius of curvature of 20-30 nm. The
fundamental TM-like mode of the Si waveguide is gradually
coupled to the plasmonic modes of the PLC, which are then
focused at the tip of the triangular nanotaper. Now we are using
this hybrid (photonic/plasmonic) nanostructure for coupling PbS
quantum dots at the tip of the gold triangle in order to achieve
highly efficient production of single photons.
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Plasmonics of Au nano-objects by photoemission electron
microscopy - A polarization study.
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Localised surface plasmon resonances (LSPRs) are coherent and collective oscillations of the delocalised
electrons in metallic nanoparticles (NPs) under light excitation. These resonances depend on the environment,
NP and illumination parameters. Here we investigate experimentally and theoretically the light polarisation
effect on the low order LSPRs of Au nano- cubes and prisms.

The plasmonic response of Au nano-objects of subwavelength sizes are investigated by photoemission
electron microscopy (PEEM). The LSPRs are excited by a femtosecond pulsed laser source operating in the
visible and near IR wavelength ranges. The polarisation is adjusted with a half-wave plate. The experimental
results are predicted and interpreted within a group theory approach. Further theoretical support is obtained
by boundary element method (BEM) numerical simulations.

To illustrate our investigation, figures (a) and (b) display the experimental and numerical dipolar signa-
tures of a subwavelength sized nanocube under grazing incidence in p polarisation. These results show a good
agreement between experiment and group theory. Taking into account the object symmetry, the near-field dis-
tribution can be interpreted as a combination of two dipolar modes, one excited by an electric field component
normal to the cube upper face and a second one excited by the in-plane electric field component parallel to the
same face (figure (c)). Any change in the light polarisation modifies the near-field optic distribution, so we can
selectively address NP plasmon modes by changing the polarisation of the incident light.

To sum up, the plasmonic response of nano-objects depends strongly to the polarisation of the incident
light and the object symmetry. Near field distribution of NPs of subwavelength size can be predicted within
a group theory approach. This approach can be generalized to other objects of finite dimensions (prisms,
hexagons...).

(<)
Upper face

Plasmonic response of au cube peem bem simulations group theory interpretation.png
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Isotropic Optical Magnetism in Visible Light in a
Self-Assembled Bulk Metamaterial
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The magnetic susceptibility of natural materials is known to be negligible in visible light, so that the generation
of optical magnetism has been intensively searched in artificial nanocomposites, generally designed so as to
develop loops of intense induced currents upon illumination by a light wave. Such artificial magnetism is a non
local phenomenon, formally equivalent to the spatial dispersion of the dielectric permittivity. It is in general not
reducible to a rank 2 tensor mu(i,j) so that the familiar notion of a bulk magnetic permeability loses a large part
of its meaning, hence precluding the achievement in visible light of the extraordinary properties expected from
metamaterials. Here we report on the first experimental realization of a three-dimensional isotropic meta-
material exhibiting strong artificial magnetism that satisfies the principle of effective locality across a wide
range of visible wavelengths. We have used colloidal self-assembly to create artificial “nanomolecules” that
generate the desired magnetic response and microfluidic self-assembly to produce a bulk metastructure. The
magnetic response of the “nanomolecules” and of the bulk material are unambiguously measured by polarized
light scattering and spectroscopic ellipsometry respectively. Numerical simulations confirm the experimental
data. A large-scale fabrication of such magnetic metamaterials of arbitrary size and shape is made possible
by our bottom-up approach that restores the hope of extending the physics of metamaterials to visible light
frequencies.

(b)

25 nm

Figure:

(a) Plasmonic "raspberry" model of a magnetic nano-
cluster made of siitver satellites evenly distributed
around a silica core (Simovskd-Tretyakov, 2009)

(b)) Transmission Electron Microscopy micrograph of
a real magnetic nanochister

Figure.jpg
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Metal-less nanophotonics has recently become a hot research topic because technologically available high-
permittivity dielectric nanoparticles exhibit negligible dissipative losses and strong magnetic multipole
resonances in the visible and near-IR [1,2]. Here we report on efficient second harmonic generation (SHG) in
the optical telecom range, from monolithic AlGaAs nanocylinders that are transparent at both the pump and
the SH frequency. Our samples are fabricated from a (100) GaAs wafer, with an Al0.18Ga0.82As layer (400nm)
on top of an aluminum-rich substrate (1um), and after lithography and oxidation steps we obtain high-x(2)
nanopillars on an aluminum-oxide substrate. In our experiment, we separately excite single nanopillars with
an ultrafast Erbium-doped fiber laser centered at 1554 nm (150 fs pulses, 80 MHz repetition rate) and we
collect the back-scattered SHG signal through the same microscope objective that we use for the pump beam.
The dependence of the measured SHG on the radius of the nanocylinders (with r = 175-225 nm) shows a few
resonances corresponding to distinct SH nanocavity modes, in striking agreement with our calculations. The
latter, carried out with frequency-domain finite element simulations in COMSOL [3], are also in excellent
agreement with the experimental SHG spectra and polarization, and with the conversion efficiency (7x10-5,
measured for a 1.6 GW/cm2 pump [4]). Depending on the radius, the SHG is driven by either a magnetic-dipole
(MD) or an electric-dipole (ED) resonance at the pump wavelength. We show that the pump and SH fields are
co-(cross-)polarized in the MD (ED) case [5], and we explain this with the contribution of bulk x(2).

These results show the huge potential of AlGaAs nanoantennas for nonlinear nanophotonics, in terms of
both high conversion efficiency and rich polarization behavior of the SH field. The latter promise intriguing
potential applications to e.g. background-free wave-shaping metasurfaces.

[1] A. B. Evlyukhin, et al., Nano Lett. 12, 3749 (2012).
[2] S. Person et al., Nano Lett. 13, 1806 (2013).

[3] L. Carletti et al., Opt. Express 23, 26544 (2015).
[4] V. F. Gili et al., Opt. Express 24, 15965 (2016).
[5]S. Liu et al,, Nano Lett. (in press).
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Metal-Insulator-Semiconductor Diode consisting of
Two-dimensional Nanomaterials

Friday, 9th December - 16:30 - 2D luminescent materials (TMDs) - Tower 24 - Room 103 - Oral
presentation - Abstract ID: 169

Dr. Hyun Jeong !, Prof. Gilles Lerondel ?, Prof. Munseok Jeong 3
1. Unervisity of Technology of Troyes, 2. Université de Technologie de Troyes, 3. Sungkyunkwan University

We present a novel metal-insulator-semiconductor (MIS) diode consisting of graphene, hexagonal BN, and
monolayer MoS2 for application in ultra-thin nanoelectronics. The MIS heterojunction structure was fabricated
by vertically stacking of layered materials using a simple wet chemical transfer method. The stacking of each
layer was confirmed by confocal scanning Raman spectroscopy and device performance was evaluated using
current versus voltage (I-V) and photocurrent measurements. We clearly observed better current rectification
and much higher current flow in the MIS diode than in the p-n junction and the metal-semiconductor diodes
made of layered materials. The I-V characteristic curve of the MIS diode indicates that current flows mainly
across interfaces as a result of carrier tunneling. Moreover, we observed considerably high photocurrent from
the MIS diode under visible light illumination.
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Enhancement of the luminescent response of 2D Indium
Selenide by nanotexturing strategies
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Many efforts have been devoted to manipulate the morphology of two-dimensional (2D) materials to tune
and improve their functionalities. It is usually believed that morphological manipulation strategies, such as
nanotexturing, reduce transport abilities of 2D systems whereas introduces or enhances other functionalities.
It is the case, for instance, of graphene [1,2]. Single layers (SLs) of transition-metal dichalcogenides offer
unquestionable technological applications [3-6]. Nevertheless, tuning their properties for optoelectronic
applications is challenging due to the intrinsically localized nature and orbital character of the d-states that
dominate their valence and conduction bands. 2D forms of other layered semiconductors, as Indium Selenide,
are less explored and may exhibit interesting and tunable properties [7,8]. First-principles calculations
predicted that 2D InSe should produce a bandgap tuning window as large as 1.1 eV [7] and, experimentally, a
blueshift of the optical bandgap of 0.2 eV has been already observed in 5 nm thick InSe nanosheets [8]. Also,
devices based on few-layer InSe have shown promising applications [9,10].

In this communication, we show the ability of nanotexturing strategies to enhance the luminescent response
of atomically thin Indium Selenide nanosheets. Besides, quantum-size effects make this two-dimensional
semiconductor to exhibit one of the largest bandgap tunability ranges observed in a two-dimensional semicon-
ductor: from 1.25 eV, in bulk, to 2.1 eV, in the SL. These results are relevant for the design of new optoelectronic
devices, including heterostructures of two-dimensional materials with optimized band gap functionalities and
in-plane heterojunctions with minimal junction defect density.

[1] C. H. Lui et al., Nature, 462 (2009, 339-341.

[2] C. R. Dean et al., Nature Nanotech. 5 (2010) 722-726.

[3] K. F. Mak et al.,, Phys. Rev. Lett., 105 (2010), 136805.

[4] B. Radisavljevic et al., Nature Nanotech., 6 (2011) 147-150.
[5] M. Bernardi et al., Nano Lett., 13 (2013) 3664-3670.

[6] Y.]. Zhang et al., Science, 344 (2014) 725-728.

[7]1]. E. Sdnchez-Royo et al., Nano Res., 7 (2014) 1556-1568.

[8] G. W. Mudd et al., Adv. Mater., 25, (2013) 5714-5718.

[9] W. Feng et al., Adv. Mater., 26 (2014) 6587-6593.

[10] G. W. Mudd et al., Adv. Mater., 27 (2015) 3760-3766.
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Vertically Aligned Luminescent MoS2 Nanosheets Growth and
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Vertically aligned MoS2 nanosheets (NSs) with exposed edges on various substrates were successfully synthe-
sized using a chemical vapor deposition technique. The as-grown MoS2 NSs were analyzed by using scanning
and transmission electron microscopy. The obtained results along with the image analysis revealed the struc-
tural crystalline form of MoS2. The X-ray photoelectron spectroscopy and, Raman spectroscopy studies revealed
the high crystallinity and quality of the synthesized NSs. The MoS2 NSs show visible light emission similar to
mechanically exfoliated monolayer MoS2 NSs as confirmed by photoluminescence (PL) and UV-visible spec-
troscopy. The striking PL signal from the multilayered vertically aligned MoS2 NSs is explained by density
functional theory calculations. The as-grown NSs can be transferred to a desired substrate employing a wet-
chemical process. We have observed excellent field emission properties for the wet-transferred MoS2 sample
on a conducting substrates. The vertical MoS2 NSs show a hydrophobic character with contact angle of 114°.
These as-grown MoS2 NSs endowed with multiple qualities would be highly useful in the development of catal-

ysis, nano-optoelectronic, gas-sensing and bio-sensing device applications.
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We report on the integration of freestanding transition metal dichalcogenides (TMDs). Monolayer (1-L) MoS2,
WS2, and WSe2 as representative TMDs were transferred on ZnO nanorods (NRs), used here as nanostructured
substrates. The photoluminescence (PL) spectra of 1-L. TMDs on NRs showed a giant PL intensity enhancement,
compared with those of 1-L TMDs on SiO2. The strong increases in Raman and PL intensities, along with the
characteristic peak shifts, confirmed the absence of stress in the TMDs on NRs. In depth analysis of the PL
emission also reveal that the ratio between the exiton and trion peak intensity is almost not modified after
transfer. The later shows that the effect of charge transfer between the 1-L. TMDs and ZnO NRs is here negligible.
Furthermore, confocal PL and Raman spectroscopy revealed a fairly consistent distribution of PL and Raman
intensities. These observations are in agreement with a very limited points contact between the support and
the 1-L. TMDs. The entire process reported here is scalable and may pave the way to the development of very
efficient ultrathin optoelectronic devices.
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System synthesis of carbon nanostructures by electric fields
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In this research a study was conducted on the Synthesis and dimensional structural characterization of carb6n
nanostructures consisting of Graphene, Nanotubes and Fullerenes C60 research project consists of a synthesis
and characterization in its theoretical and experimental framework to test yields in the synthesis of each nanos-
tructure. The Synthesis for Multiple Synthesis Rector MSR will be held in the exploder and electric fields in the
toroidal coil Tesla coil.

Multiple spherical reactor (MSR) that can work with many graphite electrodes simultaneously; It will be placed
on top of the secondary coil or else by multiple exploders; in the case of a larger coil voltage (250 or 500 Kv)
will be in the toroidal coil, I am working in the design of a control system in real time to optimize the distance
between graphite electrodes based on the electric field and the voltage so that automated a programmed system
will keep all electrodes at the same optimum distance for that operation is continuous and stable state, is doing
programming in the Mathlab, C ++ and being programmed Arduino so that it can run in 32 or 64 bits.

As for the structural dimensional characterization of nanostructured materials carbon is carried out by Ra-
man spectroscopy, diffraction X-ray (XRD) and Transmission Electron Microscopy (TEM) Scanning Electron Mi-
croscopy (SEM) Atomic Force Microscopy (AFM) and EELS (Energy Electron loss Spectrum).
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