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Foreword

Following the spirit initiated by the first four editions of the "Conferencia Espafiola de
Nanofotonica", held respectively in Tarragona in 2008, Segovia in 2010, Carmona-Sevilla 2012
and Santander 2014, we launch the 5th edition that will be conducted in Valencia (Spain)
during June 20-22, 2016. The Conference aims to gather all the groups carrying out research in
Nanophotonics in Spain (as well as somewhere else with interest in the research in
Nanophotonics performed here). It intends to spread the research results achieved by all the
different Spanish groups and to promote the establishment or reinforcement of contacts
between them, as a mean to help the community to become more visible and dynamic.

The Conference technical program aspires to address a wide area of research related to
nanophotonics, metamaterials and subwavelength optics. Topics will include all aspects of the
research, ranging from fundamental science to nanofabrication or applications.

The Conference will be organized in thematic sessions composed of Keynotes / invited talks
and contributed scientific communications (oral and poster).

The meeting will be structured in the following thematic lines, but interactions among them
will be promoted:

Magnetoplasmonics and Optomechanical systems

Novel synthetic routes: materials aspects of photonic nanostructures
Colloidal nanophotonics and nanoplasmonics

Photonic nanostructures for energy efficient optoelectronic devices
Graphene and silicon photonics

New concepts and metamaterials

Near Field Optics: nanospectroscopy and nanoimaging
Nanophotonics for sensing

PNV RWNE

We are indebted to the following Scientific Institutions for their financial support: Universidad
Politécnica de Valencia and Centro de Tecnologia Nanofotdnica de Valencia.

We would also like to thank the following companies for their participation: LOT Quantum
Design, Nanoscribe and VLC Photonics.

Finally, thanks must be directed to the staff of all organising institutions whose hard work has

helped the smooth organisation and planning of this conference.

THE ORGANISING COMMITTEE
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Nanoscribe provides maskless lithography and additive manufacturing on the nano- and

micrometer scale in one device. The underlying technique of these outstanding 3D printers,

ﬁ Photonic Professional GT, is based on direct laser writing into photoresists: Empowered by

- b their unprecedented 3D nano-/micro-fabrication capabilities, the two-photon
Nanoscrioe polymerization driven systems set new standards in a multitude of applications, e.g.
photonics, micro-optics, and metamaterials. Furthermore, Nanoscribe, market and

technology leader in the field of 3D laser lithography, serves solutions as well as processes

www.nanoscribe.de  for specific applications to its scientific and industrial customers.

LOT-QuantumbDesign group is a leading European distributor of high-quality scientific
instruments and components supplying academic and industrial scientific research
=== customers. The group offers components and systems used in material sciences, imaging,
LO spectroscopy, photonics, nanotechnology and life science research. The group was founded
[E]QuantumbDesizn  almost 45 years ago and now employs more than highly-qualified 140 staff across Europe.
The headquarters are in Darmstadt, Germany, further offices are located in Paris, London,
Rome und Lausanne. Together with the parent company Quantum Design International Inc.
and sister companies in North America, Asia and South America LOT-QuantumDesign offers

www.lot-gd.com  the only global distribution network for high-tech instruments.

VLC Photonics is a company providing all kind of services related to photonic integration:

from initial engineering studies, to optical chip design support, outsourced chip fabrication
V L E and packaging, and in-house testing. VLC has worked for more than 12 years in this field,
with an extensive network of +20 foundry partners for the main technology platforms
(silicon photonics, silica/PLC, silicon nitride or InP/GaAs), and can support any optical
www.vlcphotonics.com  integration project with its stand alone services or turn-key solutions.

PHETENICS
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Optical forces exerted on
nanowire dimers: New

characterization of Plasmons

R.M. Abraham Ekeroth™*

!Instituto de Microelectrénica de Madrid, Isaac
Newton 8 (PTM), Tres Cantos, Madrid, Spain
’Instituto de Fisica Arroyo Seco- Universidad
Nacional del Centro de la Provincia de Buenos
Aires, Tandil, Buenos Aires, Argentina

martinabrahame@gmail.com

A new numerical study of the electromagnetic
coupling between two metallic nanowires is realized
under plane-wave incidence. Considered as near-
field observables, the induced forces and torques
can give a different point of view of the interaction
[1-4].

Although several studies of the opto-mechanical
inductions have been done [5-7], unexpected
features of the movement are obtained.
“Coordinated” spin for the wires are found, in
addition to binding or repulsion forces between the
wires and scattering forces. The rotations of the
wires identify uniquely the surface plasmons. In
particular, dark modes can be optically detected
without using incidence with evanescent fields. The
results could be applied to the real observation/
detection of surface plasmons [8].

Also, the validity of the Newton's third law in the
system is discussed. The action-reaction law is
directly valid for the mechanical response in small
dimers. However, for bigger systems, the law needs
to be recovered by considering the momentum
carried by the scattered light [9].

References
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L. Karen Acosta, Elisabet Xifre-Perez, Josep
Rugate filters in nanoporous Ferré-Borrull, and Lluis F. Marsal*
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*[luis.marsal@urv.cat

Optical properties of nanoporous anodic alumina References
(NAA) are interesting in many photonic applications
of this nanomaterial. Such optical properties can be
modified in several ways [1] and applications such as
optical biosensing have already been demonstrated
[2]. One possible optical function is the rugate filter:
a multilayer structure with continuous variation of Fabrication,  Structure, Properties  and
refractive index along the pore. It can be produced Applications, Springer Series in Materials
in a quasi-galvanostatic regime with a sinusoidal Science Vol. 219 (2015) p. 185-217.

perturbation of the current and leads to structures 2] G. Macias,

[1] J. Ferre-Borrull, E. Xifre-Perez, J. Pallares, L.F.
Marsal. Optical properties of nanoporous
anodic alumina and derived applications. In: D.
Losic, A. Santos editors. Nanoporous Alumina.

L.P. Herndndez-Eguia, J. Ferré-

with a sharp stop band around the design Borrull, J. Pallares, L.F. Marsal, ACS Appl. Mater.
wavelength. One advantage of such structures is the Interfaces, 5 (2013) 8093.

possibility to overlap several sinusoidal profiles
resulting in several tunable stop bands in the same
structure. This features permit to envision other Figures
applications such as colorimetric sensing or barcode

labeling. 100
In this work, we present a complete study of the 80+
design parameters for sinusoidal-anodization rugate

filters made of NAA. The complex porous structures 60+

obtained by the electrochemical anodization of
aluminum present a set of unique optical properties,
by the galvanostatic control of the anodization that
provides an accurate control of the porosity and 204
growth rate of the alumina. Our study establishes
the principles for understanding the effect of the
fabrication parameters (current amplitude, offset
current, period length and number of periods) on
the optical properties of the sinusoidal rugate filters. - — — - -

. L. Figure 1: Transmission spectra of NAA sinusoidal rugate filters with
The obtained results reveal that the transmission  jitarent period lengths (T=100, 150 and 200s).
and reflection spectrum of the rugate filters can be
precisely tuned in the UV, visible and IR range by
adjusting the different fabrication parameters
(Figure 1).
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40

T T T T T T
300 400 500 600 700 800 900
Wavelength [nm]

Acknowledgements: This work was supported in part
by the Spanish Ministry of Economy and
competitiveness TEC2015-71324-R (MINECO/FEDER),
the Catalan authority AGAUR 2014SGR1344, and
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The interaction of terahertz (THz) radiation with Figures
graphene has a vast application potential in many
technologies, including imaging, communications,
sensing, or photo-detection, among others. Recently,
it has been shown that the excitation of localized THz
plasmons in graphene can strongly enhance light-
matter interactions, opening the door to more
efficient optoelectronic devices. Here, we will present
on the first visualization of propagating graphene
plasmons (GPs) at THz frequencies, which can also be
controlled by metallic (split) gates. More importantly,
due to the coupling of the GPs with the metal gate
underneath we observe a linearization of the plasmon
dispersion (thus revealing acoustic plasmons), which
comes along with an extreme confinement of the
plasmon fields [1]. These extraordinary GPs properties
are very promising for sensing and communication
technologies. To map the THz GPs, we introduce
nanoscale-resolved THz photocurrent nanoscopy as a
novel tool for studying fundamental and applied
aspects of local THz photocurrent generation with a
resolution of 50 nm, 3 orders of magnitude below the
diffraction limit (Fig. 1).

Figure 1: (a) Schematics of the experimental setup. The laser-
illuminated metal tip of an AFM serves as a nanoscale near-field light
source. The near-field induced photocurrent in the graphene
(encapsulated by h-BN layers) is measured through the two metal
[1] P. Alonso-Gonzalez, A. Y. Nikitin, Y. Gao, A. contacts to the left and right. LG1 and LG2 represent the split gate

Woessner, M. B. Lundeberg, A. Principi, N. (gold) used for cqntrolling the carrier concentration in the. graphene to

Forcellini, W. Yan, S. Vélez, A. J. Huber, K. the left and the right of the gap between them. (b) Experimental near-

field photocurrent image, lpc, recorded at f = 2.52 THz.
Watanabe, T. Taniguchi, L. E. Hueso, M. Polini, J.
Hone, F. H. L. Koppens, and R. Hillenbrand,
arXiv:1601.05753 [cond-mat.mes-hall], (2016).

References
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Fabrication of low-cost and

E. Baquedano, R. Martinez and
P.A. Postigo

high aspect ratio nanowires and

2D nanostructures by soft

lithography for nanophotonic

devices

Instituto de Microelectrénica de Madrid, CSIC,
Tres Cantos, Madrid, Spain

estela.baquedano@csic.es

High aspect ratio nanostructures are needed for
relevant photonic applications like light harvesting,
light generation and amplification and optical
sensing. High quality nanoimprint lithography (NIL)
can be carried out using a low cost version called
soft lithography. This method was introduced as a
low-cost alternative to conventional lithography,
and has been shown to be a powerful method to
generate reproducible nanopatterns in wide areas
(in the order of square cm) using elastomeric
polymers like polydimethylsiloxane (PDMS) or
others [1]. However, due to the low level of stiffness
of PDMS, only limited aspect ratios are achievable.
In this work, high aspect ratio silicon nanowires and
nanostructures have been achieved by the
combination of soft lithography and the careful
optimization of the reactive ion etching (RIE) process
used to transfer the nanopatterns to silicon. Using
this procedure we have obtained lineal
nanopatterns in areas in the order of square cm with
high aspect ratios around 1.2 and 1.6, which are
among the best found in the literature.
Furthermore, we have achieved this results using

low-cost commercial DVD and Blu-Ray as masters to
obtain the PDMS stamp (Figure 1a).We have also
fabricated 2D nanostructures (Figure 1b) and
achieved high aspect ratios of 5.4. The reflectivity of
these samples, which is critical for potential
photonic applications, was measured. Figure 1(c)
shows the reflectivity of silicon nanowires fabricated
with different aspect ratio. Finally, the fabricated
nanowires have been used for different applications
like the enhanced generation of solar thermal
energy [2] or new nanophotonic optical sensors [3].

References

[1] Y. Xia, G.M. Whitesides, Soft lithography, Annual
review of materials science, 28 (1998) 153-184.

[2] S. Nuiez-Sanchez, E. Baquedano-Peralvarez, J.
Pugh, P. A. Postigo, N.A. Fox and M. J. Cryan,
ECIO2016.

[3] E.Baquedano-Peralvarez et al, to be published.
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Figure 1: a) AFM images of patterns resultant for DVD and
Blu-ray on silicon. b) SEM images of patter 2D on silicon. c)
Reflectivity for silicon nanowires with different aspect ratio
obtained by different RIE etching powers.
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The interaction of light with metallic nanoparticles
(NPs) has been a very active field that has impacted
many different areas. For instance, the development
of new sensing techniques especially has attracted
the attention of researchers in science and
engineering [1]. However, in spite of the strong
response of metallic NPs in infrared and visible
spectral regions, their metallic nature is also the
cause of their main disadvantage, ohmic losses. High
Refractive Index (HRI) dielectric NPs have been
proposed as a means to address this issue. Some of
their most important advantages are they do not
show loses and also they can show new scattering
effects due to magnetic contributions even for non-
magnetic (L = 1) materials, [2]. This magneto-
dielectric behavior is responsible for interesting
directionality properties. Under certain conditions,
proposed by Kerker et al [3], the forward and
backward scattered intensity is almost null or null
respectively. The spectral response depends on the
NP size, its refractive index, its purity and the
refractive index of the surrounding medium mpeq.
Due to this last dependence, dielectric NPs can be
used for sensing proposes. In recent publications,
the sensitivity of different semiconductor materials
to changes in mmeq has been studied attending to
energy or polarimetric measurements, [4-5]. In this
work, we propose to analyze the sensitivity to Mpmeq
of metallo-dielectric core-shell NPs through the
measurement of the spectral linear polarization
degree at right angle scattering, P,(90°). The results
of this study have been compared with those for a
HRI dielectric NP in the same spectral range.

For particles much smaller than the incident
wavelength, both directionality conditions are
satisfied when P(90°) = 0. In this work, using the
Lorenz-Mie theory and focusing on the spectral shift
of the P,(90°) at both Kerker's conditions as a
function of mpes, we show the utility of P(90°)
spectral measurements for sensing applications. As
an example, in Fig. 1 we show the sensitivity, &, of

P(90°) to mmed for the first (Zero-Backward) and
second (near Zero-Forward) Kerker conditions for a
core-shell Si-Ag spherical NP as a function of the
core size [6]. The external (core+shell) radius was
fixed to Rex = 230nm.
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Modeling the optical properties of nanoporous
anodic alumina (NAA) is interesting in order to study
and design photonics applications of this
nanomaterial. The optical properties of NAA are
related to their geometric characteristics (interpore
distance, pore diameter, barrier layer thickness, etc.)
which depend of the fabrication conditions (acid
electrolyte, anodization voltage or current, pH and
temperature) [1]. Numerical methods for optical
modelling such as the transfer-matrix method are
not adequate since cannot take into account
features such as the texturization of the metal-oxide
interface, the great range of interpore distances, or
the inhomogeneities in the chemical composition of
the oxide [2].

In this work we show that FDTD is an adequate
method to solve these issues as it permits to take
into account all the geometrical and composition
characteristics. Figure 1 illustrates some of the
results: it shows the comparison of the calculated
reflectance spectra using TMM and FDTD with the
spectrum of a real sample, for short-interpore
distance (Figures 1a,c) and for long interpore
distance (Figures 1b,c). It can be seen that FDTD,
taking into account the texturization of the metal-
oxide interface permits to simulate all the range of
structures.

These results validate the method for the simulation
of such structures, thus, we apply it to the
evaluation of the sensitivity of a NAA-based
nanostructure in detecting the binding of a
biological-related molecule to the surface of the
pores. Figure 2 shows the obtained results: the
structure consists of a NAA thin film with a 5 nm
thick conformal coating of gold (Figure 2a, inset).
The bound molecule is modeled by considering a
second 5 nm conformal coating with a refractive
index slightly different than the medium filling the
pores. The spectrum in figure 2a shows a sharp
reflectance valley around 800 nm. This valley shifts
with the refractive index of the second coating, as
illustrated in Figure 2b, what demonstrates the
possibility of using the structure as a sensor.

Acknowledgements: This work was supported in
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competitiveness TEC2015-71324-R, the Catalan
authority AGAUR 2014SGR1344, ICREA under the
ICREA Academia Award.
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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  [3,4]  offer
unquestionable technological applications [5-8].
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 [9-11].  First-principles  calculations
predicted that 2D InSe should produce a band-gap
tuning window as large as 1.1 eV [10] and,
experimentally, a blue shift of the optical band gap
of 0.2 eV has been already observed in 5 nm thick
InSe nanosheets [10,11]. Also, devices based on few-
layer InSe have shown promising applications [12-
14]. 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 band gap tunability ranges
observed in a two-dimensional semiconductor: from
1.25 eV, in bulk, to 2.1 eV, in the single layer. 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.
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Plasmonic structures are widely used in low-cost, advantages of nanohole--based plasmonic sensors
label-free biosensors, and the investigation of how such as miniaturization, multiplexing, and its
to improve their sensitivity or to widen their range combination with microfluidics.

of applications is a central topic in the field of
plasmonics.[1,2] The most commonly used
plasmonic sensors are based on the concept of
surface plasmon resonance (SPR) and, in particular,
on the sensitivity of these resonances to changes in ~ [1] O. Tokel, F. Inci, U. Demirci, Chem. Rev. 114,

the refractive index of the medium surrounding a (2014) 5728
metallic structure. [2] M.--C. Estevez, M. A. Otte, B. Sepulveda, L. M.

Lechuga, Anal. Chim. Acta 806, (2014) 55
In the search for an improved bulk sensitivity of SPR- [3] B.Septlveda, A. Calle, L.M. Lechuga, G. Armelles,
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subwavelength holes.[5,6] These sensors make use

of the extraordinary optical transmission  Figures

phenomenon, which originates from the resonant
excitation of surface plasmons in these periodically

E
patterned nanostructures. E, 7 P s
OF— s 230 nm
We present here a theoretical study that shows how P % 250 rm
the use of hybrid magnetoplasmonic crystals 4 2 T
isi i 00 M #7400 nm
comprising both ferromagnetic and noble metals = z
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transducers in magnetooptical surface-plasmon-
resonance sensors, where the sensing prmaple Is Figure 1: Left: TMOKE signal as a function of wavelength for varying
based on measurements of the transverse values of the environment refractive index. Top--right: sketch of the
magnetooptical Kerr effect (TMOKE) We structure used for the study. Bottom--right: figure of merit of obtained
. . X from the TMOKE curves.
demonstrate that this detection scheme may result
in bulk figures of merit that are two orders of
magnitude larger than those of any other type of
plasmonic sensor.[7] The sensing strategy put
forward here can make use of the different
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In a traditional planar photonic sensing structure
only its external surface is typically used for sensing
purposes. In order to increase its sensitivity, its
surface/volume ratio takes relevance. In this
respect, porous silicon (PSi) multilayer structures
allow to increase this ratio as well as offering the
possibility to infiltrate the target analytes directly
into the pores. The infiltration produces a variation
of the effective refractive index of PSi layers, and a
shift of the multilayer spectral response. This shift is
much higher if the specific surface area increases.
According to Fig. 1, it implies PSi layers with low
diameters and high densities (high porosity).
Because of that, in this work we present a PSi
multilayer structure with a high refractive index
contrast and pores with low average diameters.

One effective reflectivity optical sensor based on
photonic structures is the Bragg reflector [1]. It
consists of a periodic structure made of alternating
layers of high (ny) and low (n,) refractive index. Their
thicknesses, d, must satisfy the relation
ny-dy = ni-di = Ag/4, being the stop band centered at
As. Taking into account the characteristics of our
measurement setup, we have used ten periods of
PSi layers with refractive indices of ny = 2.5 and
n. = 1.8, and thicknesses of dy = 145 nm and d, = 200
nm respectively. The average pore diameter is lower
than 12 nm and 20 nm for the PSi layers with the
high and low refractive index respectively. Taking
into account the tendencies of the surface/volume
ratio presented in Fig. 1, and respect to publications
from other researchers [2], the available sensing
area is higher in our case. Moreover and for sensing
areas with millimeter dimensions, this multilayer
structure has a higher mechanical stability than in
cases where higher pore diameters are used. The
reflectance spectrum of our Bragg reflector is
presented in Fig. 2. As the refractive indices of the
PSi layers change due to the infiltration of analytes,
the bandgap will shift to longer wavelengths.

To carry out our experimental measurements, we
have developed a fluidic cell that allows to flow
different solutions over the sample and to illuminate
perpendicularly the sample at the same time. An
optical interrogator is used to analyze the spectrum
of the light reflected in real-time. A LabVIEW

program has been implemented to examine the
evolution of the reflectance spectrum. A highly
sensitive photonic sensing interrogation method
based on the continuous monitoring of the output
power of a range of the reflectance spectrum,
obtaining a real-time measurement.

The sensitivity of our sensing structure has been
tested by flowing several ethanol concentrations in
DIW. The limit of detection (LoD) of our sensor is in
the range of 10° RIU.

Funding of the Spanish Government through the
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Raffaele Caroselli also acknowledges the Generalitat

Valenciana  for the Doctoral  Scholarship
GRISOLIAP/2014/109.
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Figure 2: Reflectance spectrum of the PSi multilayer structure.
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Silicon photonics technology is currently one of the
most promising platforms for enabling automated
and low-cost volume manufacturing of highly
integrated and complex photonic circuits, mainly
because the fabrication processing steps are
developed using standard CMOS (Complementary
Metal Oxide Semiconductor) fabrication
infrastructure. In this context, the integration of
CMOS compatible active materials such as barium
titanate (BaTiOz; or BTO) has become a promising
way to achieve electro-optic (EO) modulation by
means of the Pockels effect [1,2]. In this work, a
Mach-Zehnder Modulator in a hybrid BTO/Si optical
waveguide is proposed for enabling EO modulation
with high performance. A layer of amorphous silicon
(a-Si) is deposited on top of the BaTiOs/SOI structure
and then etched down to form the optical
waveguide. The influence of waveguide parameters
on the static EO performance has been previously
reported [2]. Besides, a silicon oxide (SiO,) layer is
deposited over the optical waveguide to protect the
device and lateral windows are open to place the
electrodes on top of the BaTiO; layer thus enhancing
the modulation efficiency. The waveguide structure
and parameters are shown in Fig. 1(a). The
electrodes have been designed to achieve RF
impedance matching and high EO bandwidth.
Simulations have been carried out with COMSOL™.

The high permittivity of BaTiOs; (g,~56, &~2200)
reduces the RF impedance in comparison with
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usually lower dielectric constant substrates or thin
films with symmetric coplanar waveguides. In such a
way, the electrode dimensions have been designed
to overcome the high permittivity of BaTiOs.
Asymmetric coplanar electrodes, as depicted in Fig.
1(a), have been chosen to achieve the matching
impedance around 50Q, maintaining a narrow gap in
the optical waveguide with the aim of keeping the
modulation efficiency as high as possible. Figures
1(b) and (c) show the RF impedance and losses and
RF, effective and optical group indices as a function
of the frequency. It can be seen that the impedance
is quite well matched. On the other hand, an EO
bandwidth higher than 40 GHz is ensured as a result
of the velocity matching between the electrical and
optical signals. The modulation efficiency variation
with the RF frequency is shown in Fig. 1(d). The VrL
is below 1V-cm in the 40 GHz frequency range.

To summarize, the RF electrodes in a hybrid BTO/Si
waveguide structure have been designed for
optimum EO performance. This work was supported
by the European Commission under project FP7-ICT-
2013-11-619456 SITOGA.
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Figure 1: (a) Schematic of the waveguide cross-
section. (b) RF impedance and losses, (c) RF,
effective and optical group indices and (d)
modulation efficiency as a function of the
frequency.
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Surface plasmons, originated by the collective References
oscillations of conduction electrons at a metal-
dielectric interface, have attracted a lot of interest [1] A.Bouhelier and G.P. Wiederrecht. Phys. Rev. B,
over the last decades. This research is motivated by 2005.

the current trends for optical device miniaturization,

associated with the plasmon-assisted enhancement

of optical activity. One of the important features of

the metal-dielectric interface is the capability to

convert an incident electromagnetic wave with

wavevector k, to a surface plasmon with

wavevector ki, yet this conversion cannot be done

directly by light. However, several strategies can be

applied to perform the coupling between light and

plasmons, based on the interaction of light with

different structures, including gratings, cavities, slits

or prisms.

In the present work we have adopted a prism-
coupling  strategy based on  Kretschmann
configuration, in which the role of the prism is
played by an oil immersion objective. In our setup,
the latter is able to collect the lekage radiation of
plasmons that are converted back to light [1].

We have used the leakage radiation microscopy to
image surface plasmons in real space. For that
purpose, we have designed metallic nanostructures
(slits, dots and gratings), by optical and e-beam
lithography, allowing a dual surface plasmon
excitation. A first kind of plasmons is generated by
the Kretschmann configuration when the angle of
incidence is higher than the critical angle and
propagates along the plane of incidence. A second
set of plasmons are generated by surface
corrugation, with propagation modes determined by
the corrugation geometry. The possibility of this
dual plasmon excitation has enabled us to explore
the interaction between them, either in real or in
reciprocal space. The results may be of relevance for
the development of methods to manipulate the
propagation of surface plasmons in metal/dielectric
nanostructures.
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We report the experimental results obtained with
random lasers with spatially localized feedback [1],
in which the active material, free of scatterers, is
placed between two large scattering regions.
Emission regimes with typical “resonant” and “non-
resonant” random lasing spectra have been
previously reported from large area devices [2].
Here, random lasing emission is investigated as a
function of the illuminated area of the scattering
regions, obtaining “resonant” and “non-resonant”
spectral signatures, depending on the device
geometry [3]. We propose a theoretical approach
for the understanding of the observed phenomena,
modelling the scattering elements with arbitrary
spectral profiles in amplitude and phase and
considering strong coupling between lasing modes.
Good agreement between experiments and
simulation results is obtained.
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Recently, ferroelectric materials have been
considered as one of the most interesting materials
for next-generation photovoltaic (PV) devices
because of their outstanding advantages over
conventional p-n junction based photovoltaic
devices, such as their high output voltage and
polarization controlled PV response [1]. However,
the efficiency of light-to-electricity conversion in
these materials is much less than that in the
conventional solar cells due to the inefficient
generation of e-h pairs [2]. One possible pathway to
achieve the desired high photovoltaic efficiency is to
insert a semiconductor layer in the metal-
ferroelectric-metal structure, which combines
advantage of the semiconductor in order to obtain a
large short circuit current density (Ji), and the
ferroelectric for high open circuit voltage (Vo) [2].

In this work, we report on the effect of the position
of the ZnO layer on the photovoltaic response of the

(10nm)/0.5BCT (350 nm)/ITO and Pt/ZnO
(10 nm)/0.5BCT (350nm)/ZnO (10 nm)/ITO. The
presence of the 0.5BZT-0.5BCT perovskite phase and
the ZnO wurtzite phase was confirmed by X-ray
diffraction measurements.  The  enhanced
ferroelectric photovoltaic effect was achieved for
the Pt/Zn0/0.5BZT-0.5BCT/ITO heterostructure with
the Vo=-0.03 V and the J. =5.5 mA.cm” The
photovoltaic effect is explained in terms of the
alignment of the internal electric fields and by the
polarization-dependent interfacial coupling effect at
the Zn0O/0.5BZT-0.5BCT interface, which was
confirmed by the presence of a hysteresis loop on
the J,c as a function of the poling voltage.
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Radiative heat transfer between objects at different References
temperatures is of fundamental importance in

applications such as energy conversion, thermal [1] B. Song, Y. Ganjeh, S. Sadat, D. Thompson, A.
management, lithography, data storage, and

Fiorino, V. Fernandez-Hurtado, J. Feist, F.J.

thermal microscopy. It was predicted long ago that Garcia-Vidal, J.C. Cuevas, P. Reddy, and E.
when the separation between objects is smaller Meyhofer, Nature Nanotechnology 10, 253
than the thermal wavelength, which is of the order (2015).

of 10 um at room temperature, the radiative heat [2] K. Kim, B. Song, V. Ferndndez-Hurtado, W. Lee,
transfer can be greatly enhanced and it can even W. Jeong, J. Feist, M.T.H. Reid, F.J. Garcia-Vidal,
overcome the theoretical limit set by Stefan- J.C. Cuevas, E. Meyhofer, and P. Reddy, Nature
Boltzmann law for black bodies. This is possible due 528, 387 (2015).

to the contribution of the near field in the form of
evanescent waves (or photon tunneling). In recent
years, different experimental studies have
confirmed this long-standing theoretical prediction.
However, in spite of this progress, there are still
many basic open questions in the context of near-
field radiative heat transfer. In this talk, | will review
our recent theoretical and experiment efforts to
shed new light on the problem of thermal radiation
exchange at the nanoscale. In particular, | will
discuss the following two fundamental issues: (i) The
enhancement of near-field radiative heat transfer in
polar dielectric thin films [1] and (ii) the radiative
heat transfer in the extreme near-field regime when
objects are separated by nanometer-size distances
[2].

Figure 1: Radiative thermal radiation between an AFM tip and a surface both made of SiO, and separated by a few nanometers.
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A Silicon Nitride (SisN4) waveguide platform [1] has Figures
been developed with very low propagation losses,
low autofluorescence and a high level of integration
to realize compact systems at low cost targeted ==
from the visible spectrum to the infrared. Passive : ”H ﬂ.-.,
components are introduced here with best-in-class i
performance, including waveguides, splitters, filters, '
multiplexers and couplers based on optimized
ultralow loss SisN, material as shown in Fig. 1. In
order to make efficient use of the fabrication runs
and inspired by the cost sharing model that has
been in use for ASICs and silicon photonics in the
past, access to the fabrication platform is offered
through Multi Project Wafer runs (MPW’s) [2]. There
are two different sizes that users can choose from:
M with an area of 5,5 x 5,5 mm?, and L with an area
of 11 x 5,5 mm? as shown in Fig. 2. The full wafer will
be later diced in individual areas and several copies
of the chips will be delivered to the users.

Figure 1: Multiple components fabricated in a SisN; MPW.
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Figure 2: Wafer plan and reticle division for the CNM MPW run.
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Fluid imbibition-coupled laser interferometry (FICLI) References
is a technique recently introduced [1] consisting of
the registration of the interference pattern  [1] R.Urteagaetal, Langmuir, 29 (2013) 2784.
produced by a laser beam reflected off the two [2] E. Elizalde et al., Physical Review Letters, 112
interfaces of a nanoporous anodic alumina (NAA) (2014) 134502.

film, as it is being filled by a liquid front, Fig. 1. As the
liquid interface within the nanopores moves, the
optical path between the two reflected waves varies
leading to successive intensity maxima and minima,
Fig. 2. From the analysis of this time-resolved — Te—
oscillation pattern, geometrical characteristics of the
pores can be extracted. This analysis can be done in
several different ways [1, 2]. In ref. [1], the radius at m

each side of the NAA pores can be estimated from Incidence Reflectance
the filling time from top (triop) and from bottom Figure 1: Scheme of the technique.

(trigottom) Of the pores. However, the determination 34
of such filling times is affected by a noticeable 3‘?; .
uncertainty, which propagates into the calculation of 501

the pore radius. In this work, we propose an sk L
alternative method for the determination of the 24 \ ‘

radius, based on the analysis of the succession of 23l A ARAN A e
maxima and minima. Fig. 3 illustrates this 201 TVVUVY
procedure: the time differences between two 0 2 ) 6 8
consecutive extremes are plotted against the ordinal Time (ms)

of each extremes pair. The slope of the linear Figure 2: Example of the measured magnitude.
regression is related to the radius of the pore, what ~ —— e
provides a more robust estimate. In this work, we |
aim at evaluating the accuracy of the different pore
radius determination procedures. Fig. 4 shows the
estimated values of top and bottom radius for the
two methods, together with the error bars
corresponding to the uncertainty, for samples with
increasing radius. As it can be seen, the new method
provides better accuracy. Furthermore, in Fig. 4, the
detection of the binding event of a protein (Bovine
Serum Albumin, BSA) to the inner pore walls of the
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Figure 4: Comparison of the two techniques.

28 |CEN2016 Valencia (Spain)



Low-loss, Nonlinear

F. Eltes’, D. Caimi’, F. Fallegger’, M.
Sousal, E. O’Connorl, M. D. Rossellz, B.
Offrein, J. Fompeyrine" and S. Abel*

BaTiO3;-Si-Photonic Waveguide

Structures

|BM Research — Zurich, Switzerland
%Electron Microscopy Center, EMPA, Switzerland

fee@zurich.ibm.com

Barium titanate (BaTiOs) has become an attractive
material to extend the functionalities of the silicon
photonics platform because of its large Pockels
coefficient of more than 1000 pm/V. BaTiOs3
integrated epitaxially on silicon-on-insulator (SOI)
substrates, using SrTiO; seed layers, can be
structured in active and passive silicon photonic
devices using slot-waveguide geometries (Fig. 1a).
However, all devices demonstrated so far suffer
from high optical propagation losses of ~40 — 600
dB/cm [1,2,3], which limits their performance
compared with state-of-the-art silicon photonics
devices (< 2 dB/cm). Reported losses of 4 dB/cm in
waveguides fabricated made from BaTiO; layers
deposited on magnesium oxide substrates [4]
indicate that BaTiO3 thin films do not suffer
intrinsically from high propagation losses. In this
work, we carefully studied various contributions to
the propagation losses in hybrid BaTiOs/Si
waveguides to ultimately identify and eliminate the
reason for the losses. In particular, we used various
waveguide geometries, process conditions, and
post-fabrication annealing treatments to separate
loss channels arising from scattering and absorption
in the different materials and at their interfaces. We
measured the propagation losses at various steps
during the fabrication of the slot waveguides, using
SiO, strip-loaded waveguides (Fig. 1b).

We identified a strong optical absorption of more
than 10,000 dB/cm in the thin SrTiO; seed layer as
the major source of these large propagation losses.
When manufacturing slot-waveguide structures, the
BaTiOs/SrTiO; layer stack is typically exposed to

hydrogen during integration of the top silicon layer,
which is done by either direct wafer bonding or
chemical vapor deposition. Control experiments
together with X-ray photoelectron spectroscopy
confirm that the hydrogen is incorporated in the
SrTiOs-layer making it absorbing. In contrast,
absorption effects in the BaTiO; layer are negligible.

We demonstrate that a low-temperature anneal is
sufficient to remove hydrogen and to achieve low
propagation losses in waveguides. This annealing
process allowed us to fabricate BaTiOs-Si
waveguides with only 6 dB/cm propagation losses.
Low-loss ring resonators with a radius of 75 pm with
well-defined resonances and a quality factor of
Q> 20,000 (Fig. 1c) demonstrate the usability of the
BaTiOs-Si hybrid waveguides. Thus, we found a way
to eliminate the previously observed showstopper
for incorporating functional and highly nonlinear
BaTiO; films in silicon photonic structures, ultimately
enabling ultra-high-speed switches and novel
nonvolatile optical devices.
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Plasmonic nanoantennas have been integrated in
dielectric waveguides in recent experiments. If the
metallic nanostructure is placed on top of the
waveguide [1], the excitation of the nanostructure
by the evanescent tail of the waveguide mode is
enabled, that results in small interaction efficiencies
(<10%) and low power contrasts (< 2) between
maxima and minima at the waveguide output.
Moreover, the output power depends on the
response of the waveguide-nanostructure system,
since the evanescent field of the waveguide top
boundary contains a remarkable longitudinal
component [2] and this prevents to properly identify
the performance of the isolated nanostructure.

In this work, we present and demonstrate a new
strategy to illuminate and measure the response of
isolated subwavelength metallic nanostructures
integrated in a silicon photonics circuit. Our concept
is schematically described in Fig. 1. A very small gap
separates two silicon waveguides with rectangular
cross-section, being the plasmonic nanostructure
placed in the middle of it, that ensures a maximum
interaction of the propagating light field with the
nanostructure [3]. When illuminated, part of the
light scattered by the nanostructure will be emitted
towards the input port (backscattering) or towards
the output port (forward scattering), being the rest
of scattered field radiated out of the waveguide.
Besides, the metallic nanostructure can also absorb
a large amount of the incoming power, especially
when an LSP resonance is excited. Additionally, the
nanostructure  response is
characterized by a crossing
between the transmission and
reflection spectra in the
wavelength region close to the
LSPR, that can be considered as
a signature of the excitation of
the LSP resonance.

In summary, we demonstrate
numerically and experimentally

30| CEN2016 Valencia (Spain)

[4] that embedding a plasmonic nanoantenna in a
silicon waveguide gap enables the full excitation of
the nanostructure, rising a high interaction efficiency
and achieving a contrast beyond 10 dB in
transmission (50 dB in numerical simulations). This
results pave the way for exploiting the properties of
isolated nanoantennas and plasmonic resonators in
applications including biosensing or switching.
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Figure 1: (a) Scheme of the proposed structure. (b) SEM image of the
fabricated structure. (c) Simulated and measured transmission spectra.
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Polarization is a fundamental property
electromagnetic waves. Knowing the state of
polarization (SoP) is an essential requirement in
several disciplines as chemistry, astronomy and
optical communications. It has been recently shown
that the polarization of the source exciting a guided
wave via near-field coupling plays a key role in
determining the propagation direction of the guided
wave. This behaviour can be useful to characterize
the state of polarization of an incoming light beam
using, for instance, dielectric scatterers (acting as
nanoantenas) coupled to silicon waveguides. In [1,2]
we exploit this concept to create two types of
nanoantena, first type is used to characterize linear
polarization and the second type can resolve the
handedness (or spin) of a circularly polarized light.

Using these tools, we present a silicon on-chip
polarization  analyzer ~ working at  telecom
wavelengths that allows for a direct measurement of
the state of polarization of an incoming light beam.
This polarization analyzer obtains the SoP on the
basis of the Stokes parameters. Taking advantage of
the polarizationdependent characteristics of the
nanoantennas described above, only three
nanoantennas (two for lineal polarization and one for
circular polarization) are required for full description
of the four Stokes parameters defining the SoP of the
incident light beam.

We have a six outputs device, where direct
combination of the power at each output result in

of the four Stokes parameters. However, we also

present a method to reduce this scheme, achieving
the same result with only four outputs. This system
is based on the same principle, we need a scatterer
for coupling the incoming light into the four
waveguides as a result of the spin-orbit interaction
taking place in the evanescent region of the silicon
waveguides, and a proper study of the scatterer
shape and position to be polarization-dependent is
needed to. Ensuring these conditions, we achieved a
universal approach, valid for any wavelength range
and technological platform.

The proposed technology allows high level of
integration, and the methodology outlined allows a
quick analysis of the incoming SoP in real time and
over an ultrabroad bandwidth, and due to the small
scattering losses, it could be used in an in-line
configuration. Due to all this properties, our device
could find application in polarimetry, spectrometry
or high speed optical communications.
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Figure 1: (a) Scheme of the proposed structure. (b) SEM image of the fabricated sample. (d) Experimental measurements verifying the performance

of the device for linear input polarizations.
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As Lifshitz predicted [1, 2], Casimir force (Fc) may be
repulsive between two materials spaced by another
one at nanoscale. Taking into account the influence
of gravity (F,) and the buoyancy forces (Fg), the
balance of the three forces may lead to levitation
phenomena which is extremely relevant in micro-
and nano- electromechanical devices for controlling
friction, stiction and adhesion [3]. Although the
geometry sphere-plane has been widely studied [4],
we consider the less analysed plane-parallel system,
consisting of a thin film immersed in a fluid over a
substrate.

Herein, we theoretically predict that, in thermal
equilibrium at room temperature, thin films of
realistic materials such as teflon, silica (Si0;), and
polystyrene (PS) immersed in glycerol, stands over a
substrate of silicon at stable or unstable equilibrium
distance (de), i-e. Fo(deq) + Fy + Fp = 0. (See Fig.
1). In addition, we analyse how that (d,) is affected
by slight variations of temperature (T) around room
temperature due to the dependence of Fcon T [5, 6].

Moreover, since the magnitude and nature of
Casimir force depends on the dielectric permittivity
of all the materials in the system, it is able to control
the equilibrium distance by mean of the optical
properties of materials that compound the system.
Because of that, we studied the magnitude and
stability of the equilibrium distances in two plane-
parallel systems where the thin film is replaced by a
film made of a hybrid material whose components
present Casimir forces and equilibrium distances of

opposite nature. In the first one, the hybrid material
is made up of two individual thin films of different
materials (bilayer system), and in the second one, it
is a slab that comprise a homogeneous matrix with
small inclusions inside occupying a volume fraction
(f) (composite system [7]).

All these plane-parallel systems show equilibrium
distances of few hundreds of nanometres that can
be controlled through the thickness of each thin film
and the volume fraction. The possibility of tuning
the equilibrium distances makes these kind of
systems a pontential ones for controlling friction,
stiction and adhesion in plane-parallel geometry at
nanoscale.
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Silicon microspheres are promising technological
platforms for developing applications in different
fields of technology, such as metamaterials and
opto-electronics [1,2]. The strength of this material
resides in its capability of confining light thanks to its
high refractive index, which yields the possibility of
achiving high Q Mie resonances. Recently, a
technological application consisting of a silicon
spherical Mie resonator photodiode has been
developed [3] ([Fig. 1 (a)]. Such photodiode can
absorb infrared light efficiently at the band-gap edge
of silicon, at wavelenghts above 1200 nm, thanks to
the resonance phenomenon in the spherical
microcavity. The richly peaked spectra of the
photocurrent confirms this fact [Fig. 1 (b)]. However,
such spectra could not be precisely fitted to Mie
theory. We have found that the internal structure of
the micropheres is the reason of this discrepancy.
The HRTEM image of Fig. 1 (c) shows that poly-
crystalline silicon microspheres contain in fact an
onion-like distributed porous structure, surrounded
by a non-porous shell. This makes that although high
Q modes could in principle resonate at the non-
porous shell, other modes whose electromagetic
field distribution overlaps the porous structure, such
as mode by for instance [superimposed in Fig. 1
(c)], are expected to be killed. This fact was
confirmed by optical scattering measurements
performed at 90°. Based on these results, different
crystallization procedures for avoiding the porous
structure have been developed.
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Figure 1: (a) Scheme of a photodiode based on a silicon microsphere,
(b) measured spectral response (short circuit current) of several
devices corresponding to different sphere diameters. The sharp peaks
correspond to Mie resonances, (c) HRTEM image of the internal
surface of a poly-crystalline silicon microsphere showing the porous
structure at the core. The electric field intensity distribution of mode
by3 5 has been superimposed.
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Semiconductor nanowires are filamentary crystals
with a tailored diameter in the range between few

and ~100 nm. Thanks to their special shape and size
they have shown to exhibit extremely special
properties, including anisotropic light absorption
and emission, and resonant absorption phenomena
depending on the nanowire diameter and position
with respect to the excitation source [1-4].

In this talk | will start reviewing what optical
properties of nanowires render them ideal building
blocks for next generation solar cells [4,5]. | will then
show how these properties can also be suppressed
or modified by associating the nanowires with
tailored metallic nanostructures [6,7]. Finally, | will
show how NW systems can certainly bring progress

to the use of nanowires for next generation solar
cells and proposed a new concept for a spectral-

splitted and multi-junction solar cells [8].
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Two grating mirror structures are considered for a
dielectric Fabry Perot cavity within Resonant Cavity
Enhanced (RCE) Near Infrared (NIR) photodetector
to enhance the optical absorption in a thin
semiconductor layer embedded within the cavity [1-
2]. In this design, the front and back mirrors are
gratings structures with Pitches comparable to
subwavelength dimensions, which act as nearly
perfect retroreflectors. Semi-analytical calculations,
computer aided design and simulations were
performed for application in a NIR wavelength band,
based on a Si absorbing layer. The results indicate
that this new type of cavity meets the combined
challenges of significantly increasing the absorption
efficiency and reducing the overall complexity of the

entire device, when compared to a conventional
resonant cavity, in which both mirrors are formed
from quarter-wavelength multilayer stacks (DBR
mirrors). The results obtained for the graph and
structures shown below:
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§ Absorbance | Structure
Structure Type | 78 ds la di | dsisng fer - L A(ho) peak | Thickness
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Figure 1: The scheme describes the RCE detector structure of
(a) conventional structure designed to operate in the NIR
range; (b) RCE detector structure with two SisN, based
grating mirrors in place of the DBR mirrors. The full line
represents the absorption spectrum of an optimized
conventional detector design RCE-1; the dashed line
represents the absorption spectrum of our proposed
structure 2G-RCETE-1, both structures having an active layer
thickness of 150 nm (Ao = 0.8 um).
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Solid particles ensembles inherently contain water
adsorbed from the ambient moisture. This water,
confined in the interstices between the building
grains, greatly affects the ensemble properties.
Inversely, one can benefit from such influence on
collective features to explore the water behavior in
such confinements. However, little is known about
the behavior of water in small environments, in spite
of its relevance in many areas of materials science
nowadays. We have developed novel approaches to
investigate in-depth where and how water is placed
in the nanometric pores of self-assembled colloidal
crystals [1]. Above all, their photonic properties are
significantly affected by the water, not only by its
content but also by its distribution. This fact renders
the colloidal crystal a suitable ‘lab-on-a-chip’ to
study the water morphology within the porous
network, and provides a simple but powerful tool to
address fundamental aspects of nanoconfined water
[2-5]. | summarize these advances, which are linked
to general interfacial water phenomena like
adsorption, capillary forces and surface flow, and,
importantly, to the interplay between nanoconfined
water and solid fine particles that determines the
behavior of ensembles. | describe how the
knowledge gained on water in colloidal crystals
provides new opportunities for multidisciplinary
study of interfacial and nanoconfined liquids and
their essential role in the physics of utmost relevant
systems such as particulate media [6]. A latest
project searches for original links to granular
materials, from powders to soils, for which colloidal
crystals are proposed as a novel model system, in
particular, through their micromechanical properties
[7]: a kind of ‘nano-sand” with promising utilities.
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In recent years, low-contrast waveguides in rare-
earth ion doped potassium double tungstate
crystalline material have enabled the demonstration
of very efficient (>80%)[1] waveguide lasers
exhibiting high output power (1.6 W in a Tm* doped
waveguide[1] and >650 mW in an Yb* doped
device) [2]. Tunability over 55 nm bandwidth was
demonstrated by the use of an external grating [3].
The wavelength of. Er [3] doping is currently being
studied for on-chip amplification in the C-band [4].
Ytterbium (Yb®) and thulium (Tm®") have been
studied in recent years for laser operation
wavelengths around 1 and 2 um respectively. The
great performance of these devices is due to the
combination of material properties, such as the high
absorption and emission cross-sections of the rare-
earth ions doped into this crystalline host material,
the high dopant concentration that can be utilized
due to the large (~0.5 nm) interionic spacing defined
by the crystal lattice and a long excited state lifetime
(from >260 ps in Yb* to a few milliseconds in Er*),
with waveguide configuration, which increases the
field intensity inside the waveguide core. Those
factors increase the achievable modal gain,
permitting the realization of low threshold high
slope efficiency devices.

However, the aforementioned demonstrations
utilized doped RE:KY(WO,), layers epitaxially grown
onto undoped KY(WOQ,), substrates, leading to
relatively large waveguide cross-sections. The large
mode supported by those waveguides increases the
power requirement for both the inversion of the
gain material and the observation of non-linear
effects. Furthermore, the size of the devices is large
(i.e., centimeter range), not being suitable for on-
chip integration onto passive photonic platforms
such as silicon-on-insulator (SOI) and SisN,/SiO,.

In this presentation, the recent advances towards
the realization of high-index contrast waveguides [5]
in rare-earth ion doped KY(WOy,), will be given as

well as two potential integration schemes to SOl and
SisN4/SiO, platforms [6]. These realizations represent
the first milestones towards the demonstration of
very efficient on-chip active devices in this material,
which will permit the realization of novel integrated
devices exploiting its excellent gain and non-linear
properties.
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Recently, significant research efforts have been
focused on increasing optical fiber transmission
capacity due to the rising demand of information
transmission. The standard single mode fiber (SSMF)
worldwide deployed operates exclusively in the
infra-red band (1.3 pm-1.6 um). Although the
exploitable capacity in the infra-red band is
substantial, it is showing signs of exhaustion even
when using modern modulation schemes [1].

Mode-division multiplexing (MDM) is a good solution

to overcome the limit on the fiber optics capacity. A
mode (de)multiplexer to combine and split the

modes at a certain wavelength is needed [1-2].
Different techniques have been proposed to convert
and (de)multiplex the modes; for example, free space
optics, liquid crystal on silicon (LCOS), directional
couplers (DC), asymmetrical directional couplers
(ADC) and long-period fiber Bragg gratings (LPFBG).
ADCs are a compact solution that allow to excite the
higher order mode from the fundamental one.
Different devices have been reported operating at
wavelengths around 1550 nm [3,4] employing fibre-
waveguide coupling. Mode conversion is induced by
matching the effective index of the TE; mode in the
waveguide 2 and the effective index of the TE; mode
in the waveguide 1[5], as depicted in Fig. 1.
Depending on the selected fabrication technology,
different options for the waveguide-fiber coupling
have been considered. In Silicon-On-Insulator (SOI)
technology, vertical coupling through a grating
coupler or lateral coupling can be used. In this case,
the grating coupler offers low losses [6] and the light
coupling is less difficult compared with the
horizontal case due to the huge difference between
the dimensions of the fiber and the waveguide.
Planar Lightwave Circuit (PLC) offers a lateral
coupling with lower losses but at the expenses of a
higher size and less compatibility with active
photonic and electronic devices.

Grating couplers based on SOl are an interesting
option to efficiently couple the TE, and TE;
waveguide modes to the different modes of a Few
Mode Fiber (FMF) [7]. Different techniques have
been proposed to excite the LP;; mode in the FMF,
like exciting one or several grating couplers with
different copies of the TE, signal with the
appropriate phases [8].
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We propose and demonstrate a mode converter and
multiplexer based on an asymmetrical directional
coupler (ADC) fabricated in SOl technology, to
couple simultaneously the TE; and TE; modes to the
LPo; and LP;; modes directly in a Two Mode Fiber
(TMF) through one single grating coupler.
Acknowledgments: This work has been partially
supported by Spanish Ministerio de Economia y
Competitividad under Project RTC-2014-2232-3
HIDRASENSE and Spain National Plan project XCORE
TEC2015-70858-C2-1-R.
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Figure 2: Schematic structure of a mode multiplexer based on
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A nano-structured metasurface composite over a
silicon substrate has been fabricated and
experimentally tested as plasmonic device. The
subwavelength building block was made in a 150nm
SiO, layer on a silicon substrate coated with
different thickness of PMMA. Through nanoimprint
hot embossing, a 700nm square lattice of 500nm
square patterns structure was imprinted in the
PMMA coated Si+SiO, substrate. After the process, a
layer of gold was sputtered over the embossed
PMMA to achieve a metallic-dielectric surface.
Optical reflection experiments were done, showing
that the peak wavelength of the plasmonic device
can be tuned by adjusting the thickness of the
coated PMMA [1][2][3][4].
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Extending nanoplasmonics to the UV-range
constitutes a new challenge due to the increasing
demand to recognize, detect and destroy biological
toxins [1], to increase the efficiency of
photocatalytic processes [2] or enhance biological
imaging [3]. A study by J. M. Sanz et al. [4] analyzed
several metals in order to find those more promising
for UV-plasmonics. This work pointed out that those
most promising were aluminum (Al), gallium (Ga)
and rhodium (Rh). Aluminum has a bulk plasma
frequency around 13 eV and a strong plasmonic
response. However, nanoparticles made of this
material suffer from oxidation [5], so it is difficult to
manufacture effective and stable Al nanodevices. As
a promising alternative, Ga nanoparticles have been
recently proposed for Surface Enhancement Raman
Scattering (SERS) experiments [6]. However, this
metal presents a solid-liquid phase transition at
room temperature that hinders its manipulation for
other kind of applications. More recently, a
numerical study has presented Rh [7] as one of the
most promising metals, not only for its plasmonics
behavior in the near UV, but also because it presents
a low tendency to oxidation. Moreover, its easy
fabrication through chemical means [7-9] (with sizes
smaller than 10 nm), and its potential for photo-
catalysis applications, makes this material very
attractive for building plasmonic tools for the UV.

In this contribution, we will show an overview of our
collaborative research with rhodium nanocubes (NC)
in the UV-range [9]. The electromagnetic behavior of
Rh nanocubes of different sizes (ranging from 10 to
60 nm) has been numerically analyzed and
compared with experimental measurements made
by UV-VIS extinction spectroscopy. Because the
chemical process does not produce perfect cubic
shapes, other Rh cubic-based geometries have also
been numerically studied, and their effect on the

LSPRs spectra of these deviations have been
analyzed. In addition, for many applications it is
interesting to use arrays of nanoparticles located on
substrates because of the appearance of
cooperative and coupling effects between particles.
LSPRs spectra for these types of geometries have
been also studied for different experimental
configurations.
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Colloidal quantum dots (QDs) have an increasing Figures
role in bio-imaging and other diagnostic techniques
due to their unique optical properties. In this talk
the synthesis of several nanostructures combining
QDs, metallic nanoparticles, and thermoresponsive
organic or inorganic platforms will be presented
[1,2]. These platforms can be manipulated in an
optical trap, where plasmon-exciton interactions
and photoinduced effects including light-assisted
activation and bleaching are observed and
characterized [3,4]. These studies emphasize the
importance of surface chemistry in QDs. These
systems combine the ability for thermal sensing and
labeling, representing very interesting platforms for
the design of thermal sensors in biological studies.
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Porous periodic multilayers have demonstrated their
potential in several fields, from photovoltaics [1] to
sensing [2], representing an ideal platform for large-
scale devices. When applications dealing with light
emission are considered, knowledge on how the
local density of states (LDOS) is distributed within
the multilayers is mandatory [3] in order to realize a
judicious design which maximizes light matter
interaction.

Using a combination of spin and dip-casting
deposition techniques we report a detail study of
how dyed polystyrene nanospheres (d=30nm)
constitute an effective LDOS probe to study its
distribution within nanostructured photonic media

[4].

This full solution process approach allows covering
large areas with photonic coatings of outstanding
optical quality. Further it permits incorporation of
nanospheres with a diameter of 25 nm at well
defined positions within nanostructured multilayers
(Fig. 1a). In this manner we have placed a monolayer
of such emitters at several positions of the
structured sample (Fig. 1b). A combined use of
photoluminescence (PL) spectroscopy and time
resolved measurements are used to optically

characterize the multilayers. While the former
shows how depending on the probe position its PL
intensity can be enhanced or suppressed, the latter
allows to probe the LDOS changes within the
sample, monitored via changes in its lifetime. We
demonstrate how information on the local photonic
environment can be retrieved with a spatial
resolution of 30 nm (provided by the probe size) and
relative changes in the decay rates as small as ca. 1%
(Fig. 1c), evidencing the possibility of exerting a fine
deterministic control on the photonic surroundings
of an emitter.
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Figure 1: (a) Diagram of the fabricated samples. (b) SEM images obtained with backscattered electrons of a sample with a monolayer of spheres. (c)
Evolution of the decay rate of the dye doped spheres (normalized to a reference sample) as their position is changed across the resonator.
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Half a century of photonic research has led to a
remarkable scaling of photonic footprint. We will

alternative solution [7, 8]. And indeed, novel
plasmonic-organic  hybrid  modulators  have

review current state-of-the art photonic devices and
discuss recent advances in the field, including novel
plasmonic devices and the emergence of new class
of atomic scale devices.

Scaling photonics devices towards a smaller
footprint is a technological challenge. A challenge
however, that might pay off with devices operating
at higher speed, lower power consumption and with
devices at an unmatched density.

Photonics has come a long way. In the early days of
photonics - and to this very day - photonics often
relies on assembling free space optical components
into a larger system. Yet, only integrated optics
offers optical devices with stable operation and
economics of costs. And indeed, by now, integrated
optics is dominating the communications, the
sensing and entertainment markets, i.e. the markets
where cost and scaling matter. And despite of the
success integrated optical elements are not yet at
the same scale as electronic components. As an
example we will review the optical modulator. The
optical modulator is a key element in every high-
speed communications link. It is used to encode
electrical signals onto an optical carrier. So far, the
majority of optical modulators rely on the proven
LiNO; technology. These modulators have footprints
in the order of cm”. Fortunately, a few years ago,
more compact silicon, InP and GaAs based
modulators have emerged. These devices feature
footprints in the order of mm’ [1-3]. VYet,
complementary metal-oxide semiconductor
electronics (CMOS) house hundreds of transistors on
a single um’, making a co-integration of today’s
silicon MZMs with CMOS electronics impractical [4].
In pursuit of more compact silicon modulators,
various approaches have been demonstrated. E.g.
resonant ring modulators [5, 6] — which, however
only work at discrete frequencies. Recently,
plasmonics has drawn significant interest as an
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demonstrated modulators with footprints in the
order of um’, electrical bandwidths way above 100
GHz with power consumption in the fl/bit that
operate across all optical wavelengths [9], see Fig.
Most recently, a new generation of atomic scale
switches has been introduced [10]. These devices
depend on relocating a single atom or at most a few
atom and thereby switching a plasmonic switch
from the on- to the off-state and the other way
round [10, 11]. We will conclude our talk by
reviewing this new technology.
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Figure 1: Plasmonic Mach-Zehnder modulator with 10 pm length. The plasmonic interferometer is formed by the metallic island and the metallic
contact pads. An electrical signal can be applied to the island via a suspended bridge [9].
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The homogenous slab system plays a central role in
the design of opto-electronic devices, like for
example solar cells, where the active region is
constituted by a single layer. In the case of a slab
comprising a non-dispersive material, the reflection
and transmission spectra exhibit a series of maxima
and minima which can be exactly described by the
Fabry-Perot (FP) resonances. If the material presents
losses, these are described by a complex refractive
index. The absorption spectra result in a series of
peaks, where their maxima are coincident with
those of the transmission spectra. The exact position
of this maxima is well predicted by the real part of
the complex frequencies of the quasinormal modes
[1]. It is possible to identify a maximum appearing at
smaller frequencies than the fundamental FP mode,
whose position has no correspondence with the real
part of any quasinormal mode frequency, but with
the imaginary part of the zero-frequency one (see
Fig. 1). This is a consequence of its over-damped
character, given that the real part is very close to the
absolute zero frequency. The small frequency
regime is equivalent to the ultra-thin film one, i.e.
the wavelength is much larger than the thickness of
the slab. Even at thicknesses of just a few
nanometers, it is possible to observe an absorption
peak at visible frequencies. If the surrounding
refractive index is non-absorbing, the absorption of
the zero-th FP mode amounts a 5% of the incoming
light. However, if the layer sits on top of an
absorbing substrate, the zero-th order mode red-
shifts, increase its absorption and becomes a regular
weakly damped resonance. This interpretation is
compatible with the experimental observation of a
peak in a 25 nm GaAs layer over a gold substrate [2]
and in nanometer films of germanium also over a
gold substrate [3].
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Absorption in quasinormal modes:

Figure 1: Modal decomposition of the absorption spectrum of a non-
dispersive homogeneous slab.
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The diffusion of a dimer made out of two resonant
dipolar scatterers in an optical lattice is theoretically
analyzed. When a small particle diffuses through an
optically induced potential landscape, its Brownian
motion can be strongly suppressed by gradient
forces, proportional to the particle's polarizability
[1]. For a single lossless monomer at resonance, the
gradient force vanishes and the particle diffuses as
in absence of external fields. However, we show that
when two monomers link in a dimer, the multiple
scattering among the monomers induces both a
torque and a net force on the dimer's center of mass
[2]. The “self-induced back-action” force leads to an
effective potential energy landscape, entirely
dominated by the mutual interaction between

monomers, which strongly influences the dynamics
of the dimer. Under appropriate illumination, single
monomers in a colloidal suspension freely diffuse
while dimers become trapped. Our theoretical
predictions are tested against extensive Langevin
molecular dynamics simulations.
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Figures

Figure 1: A single monomer at resonance, moving through an optical lattice, will not see its motion affected by any optical force. However, the
diffusion of two monomers at resonance forming a dimer will be arrested via multiple scattering between the particles.
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We present a novel concept of a magnetically
tunable plasmonic crystal based on the excitation of
Fano lattice surface modes in periodic arrays of
magnetic and optically anisotropic nanoantennas
[1]. Due to the intrinsic magneto-optical activity of
the system, two perpendicular lattice surface
resonances can be induced in the crystal plane in the
spectral range explored (visible/near-infrared): one
directly excited by the incident light and
perpendicular to its oscillation direction, and the
other one, which is parallel to the oscillation
direction of the incoming radiation, induced by the
application of an external magnetic field
perpendicular to the crystal plane (polar Kerr effect
configuration). We show how the coherent
diffractive far-field coupling between elliptical nickel
nanoantennas is governed by the two in-plane,
orthogonal and spectrally detuned localized
plasmonic resonances of the individual building
blocks, one directly induced by the incident
radiation and oscillating parallel to it, and the other
induced by the applied magnetic field and oscillating
orthogonally to the directly excited localized
resonance. The consequent excitation of these two
Fano-like lattice surface modes leads to highly
tunable and amplified magneto-optical effects as
compared to a continuous magnetic film or
metasurfaces made of disordered non-interacting
magnetoplasmonic anisotropic nanoantennas. We
demonstrate how, by tuning the pitch of the array
and the shape of the individual building blocks, it is
possible to design magnetoplasmonic crystals with
huge and engineered optical and magneto-optical
anisotropies.

We also study magnetoplasmonic crystals made of
periodic  nanostructured  magnetic  surfaces
combining the features of surface plasma-polaritons
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excitation and magneto-optical tunability [3]. While
in continuous metallic film surfaces plasma-
polaritons can be excited only by a p-polarized
incident radiation, a periodic modulation of the
surface enables the coupling of free space radiation
either p- or s-polarized to certain surface plasma-
polariton modes, so called “non-collinear plasmonic
modes”. Here we demonstrate that in this kind of
magnetoplasmonic  crystals this property, in
conjunction  with the intrinsic  polarization
conversion due to the inherent magneto-optical
activity, enable coupling of  non-collinear
propagating surface plasmon polariton modes. We
observe that the magneto-optical spectral response
arises from all the excitable plasmonic modes,
conventional and non-collinear, in the
magnetoplasmonic crystal irrespective of the
incoming  light polarization. Moreover, we
demonstrate that a large resonant enhancement of
the longitudinal Kerr effect is induced when those
special non-collinear plasmonic modes are excited.
Our findings besides unveiling the fascinating
underlying physics that governs the peculiar
magneto-optical properties of magnetoplasmonic
crystals, open a clear path to the design of novel
active metamaterials with tailored and enhanced
magneto-optical activity. The concepts presented
here can be exploited to design novel and
ultrasensitive magnetoplasmonic sensors [3] and
nanoscale metamaterials for precise control and
magnetically-driven tunability of light polarization
states.
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In this work, we analyze the dynamics of single and
coupled electric dipoles in a light field consisting on
electromagnetic plane waves with polarizations
randomly distributed and fluctuating phases.

For the particular case of an isolated dipole, the
expressions for the optical random force
fluctuations, the optical drag force, the equilibrium
kinetic energy and the diffusion constant are derived
[1]. Numerical simulations for the dynamics of a
resonant dipole, initially at rest, show a crossover
between super diffusive and diffusive regimens (see
Figure 1).

For the case of two dipolar particles in a random
electromagnetic field an isotropic interaction
between the two particles emerges [2,3,4]. The
value of the interaction strongly depends on fields
and particle’s properties [5] and, for some particular
situations,  gravitational like dynamics with
interactions showing a 1/r* dependence are
expected [2,3,4].
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Figure 1: Log-Log plot of the molecular dynamics simulation results for the mean kinetic energy and the mean square displacement of a resonant
electric dipole in a fluctuating random field (black dots). The dark gray line is the expected diffusive behavior. The gray line is the expected super

diffusive behavior.
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It is nowadays possible to place both natural and | this talk | will (i) present a general numerical

artificial few-level systems in the proximity of framework to investigate this kind of systems and (ii)
waveguides. This allows, for instance, the creation of use to study how to generate non-linear optical
quasiparticles with mixed exciton-photon effects at the few-photon level, (iii) analyze the
characteristics, the modification (via the photons) of existence and properties of bound states that
the emitter-emitter interaction and the generation appear in this system.

(via the emitters) of photon-photon interactions.
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Random lasers are characterized by the absence of a
cavity as such and rely on multiple scattering for
feedback.[1] The latter has been customarily
provided by a diffusive material mixed with the gain
material, but it does not constitute a necessary
requirement and the two functionalities can be
embodied by different components.[2] In trying to
customize the active regions and mirrors in this kind
of lasers we propose a new way to prepare the
devices with high control over the size and position
of individual mirrors and characteristics of the gain
material.

Here we report on the preparation of random laser
consisting of two or more titania powder clusters
embedded in a film of DNA-CTMA complex doped
with DCM dye. The device is made by laser-drilling
several holes in the polymeric film (for subsequent
use as template). In a second step the holes are
filled with a TiO, nanoparticles solution and allowed
to dry. Next, the template is removed leaving only
the clusters on the substrate. Finally, the clusters are
covered again with dye-doped polymer film to get
the final device. An SLM-shaped laser beam profile is
used to optically pump the device establishing
interactions between clusters involved in forming
the cavity. Not only the length of the pumped
segments and the roughness of the clusters play a
role in selecting the modes involved in the laser
action [3] but the film thickness determines the
wavelength range where they appear.

Spain
a.mateos@icmm.csic.es
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Figure 1: Fabrication process. See text.
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Figure 2: a) Clusters size are around 100 microns and the distance
between them is around 1.2 mm. b) Optical pump made with a Spatial
light Modulator.
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Solution-processed QD solids are emerging as a
novel concept for high-performance optoelectronic
devices [1]. In this work, doctor blading is proposed
for the realization of closed-packed QD solids from a
PbS nanoink for the fabrication of photodetectors at
telecom wavelengths. The key step of this procedure
is the solid-state ligand exchange, which reduces the
interparticle distance and increases the carrier
mobility in the QD solid [2]. This is accomplished by
replacing the original long oleylamine molecules by
shorter molecules such as 3-Mercaptopropionic
acid, as confirmed by FTIR, TGA and XPS. XPS surface
analysis of the QD solid shows a decrease of
undesired oxidation products, like PbSO;, as result of
an optimized ligand exchange procedure. XPS also
reveal the presence of an oxidized shell around the
PbS core, mainly composed by Pb(OH),, that does
not affect the structural quality of the PbS core and
effectively passivates the QD surface [3]. Finally, the
QD solid was tested as active layer for the
fabrication of a Schottky NIR photodetector. The
device performances are among the most appealing
so far reported [2], with a maximum responsivity of
0.26 A/W that corresponds to an internal quantum
efficiency higher than 30 % at 1500 nm and
detectivity around 10" Jones.
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Nanostructured dielectric and metallic photonic
architectures can concentrate the electric field
through resonances, increase the light optical path
by strong diffraction and exhibit many other
interesting optical phenomena that cannot be
achieved with traditional lenses and mirrors. The use
of these structures within actual devices will be
most beneficial for enhanced light absorption in thin
solar cells, photodetectors and to develop new
sensors and light emitters. However, emerging
optoelectronic devices rely on large area and low
cost fabrication routes such as roll to roll or solution
processing, to cut manufacturing costs and increase
the production throughput. If the exciting properties
exhibited photonic  structures are to be
implemented in these devices then, they too have to
be processed in a similar fashion as the devices they
intend to improve. In this presentation, | will PbS QDs
describe different low cost and large area photonic
architectures that coupled to solution processed 25FZN0 -
solar cells, photodetectors and SERS sensors 7 \
facilitate enhanced light matter interaction within
the active layer and are fully compatible with
current manufacturing processes.

Figure 1: Cross-sectional SEM image of a ZnO-PbS solar cell built on top
of an photonic electrode.
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Great interest is devoted toward the fabrication of
photonic devices with enhanced performance, for
which the ability to control light transport is highly
relevant. Optically disordered media appear as a
means for the control of light propagation through
interference inside the material. They combine
appealing light scattering and characteristic
resonance effects with ease of fabrication, which
provide them with beneficial features for the
integration in dye-sensitized solar cells (DSSCs).
Bifacial dye solar cells presenting operation under
front and rear illumination have been proposed as
an effective means toward cost reduction, as a same
area cell is able to harvest a higher amount of light

[1].

In this work, an optically disordered medium
offering control over the light scattering has been
fabricated and integrated in a bifacial DSSC after
theoretical design by means of a model. This yielded
an optimized device with enhanced performance
without modification of any of the commonly
employed components. Such optically random
medium comprises a mesoporous TiO, matrix, in
which monodisperse crystalline TiO, nanospheres
are dispersed in a random manner. The random
distribution of submicron particles of high refractive
index in the electrode of DSSCs has been previously
proposed as a means toward enhancement of their
absorption [2,3]. Due to the effects of multiple
scattering, the path length of the light can be
effectively enlarged, so that the residence time of
the photons can be increased inside the sensitized
film and, thus, their probability to interact with a
dye molecule. Owing to the features of the
scattering centres herein used and the possibility of
tailoring disorder, the presented procedure offers
unprecedented control over the scattering taking
place inside the active film of the device. The
optimized design is calculated from a model based
on a Monte Carlo approach in which the multiple
scattering of the light within the cell is fully
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accounted for. We identify as key parameter for the
control of the angular distribution of the scattered
light the spherical shape of the inclusions.

The optically disordered system including scattering
centres in diverse conditions has been optically
characterized and successfully integrated in bifacial
DSSCs after sensitization by a dye. Power conversion
efficiencies (PCE) as high as 6.72% and 5.38% have
been attained for devices operating under front and
rear illumination, respectively. This represents a 25%
and a 33% PCE enhancement with respect to an 8
um-thick standard dye-solar cell using platinum as
catalytic material. The remarkable bifacial character
our approach grants the devices is proved by the
high rear/front efficiency ratio attained, around
80%, which is among the largest reported for this
sort of devices [4].
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Pillar[5]arenes are a new class of macrocycles, first
synthesized in 2008 by Ogoshi [1], with interesting
host-guest capabilities [2]. On the other hand, Au
nanoparticles based systems are powerful SERS
sensing platforms for the detection and
identification of a wide range of analytes [3]. As
recently reported, the combination of Au
nanoparticles and pillar[5]arene can give rise to
synergistic effects with great potential in selective
SERS based detection of molecules [4]. Herein, we
propose the fabrication of a novel sensing plasmonic
platform through the assembly of Au nanoparticles
directed by pillar[5]arene through electrostatics (see
Figure 1). Since the assembly is a multistep process
the optical properties, localized surface plasmon
resonance (LSPR), can be easily modulated along the
VIS-NIR range by varying the amount of Au
deposited. Finally we analyze the SERS efficiency
with a wide range of laser lines (532, 633, 785, 830
and 1064nm) demonstrating the importance of LSPR

frequency on the SERS activity. We also
demonstrate the dependence of the SERS response
on the refractive index of the surrounding media.
This kind of studies, not usually accomplished,
provides accurate information of plasmonic
platform which contributes to elucidate the
relationship between optical properties and SERS
efficiency in hot-spot containing systems.
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Figure 1: a) Schematic representation of the synthetic route where Au

nanoparticles are deposited through electrostatic interactions in a multistep

process. b-d) SEM images of the plasmonic substrate with 1, b); 2, c) or 3, d) additions of Au nanoparticles.
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Miniaturized  self-sustained coherent phonon Figures
sources, also known as “phonon lasers”, are
interesting for applications such as mass-force
sensing, intra-chip metrology and intra-chip time- 10°5 o %
keeping among others. We will review several ma__\-j l

mechanisms and techniques that can drive a
mechanical mode into the lasing regime by
exploiting the radiation pressure force in
optomechanical cavities. We will specifically focus
on a novel and efficient strategy for achieving the
“phonon lasing” regime in optomechanical (OM)
crystals [1] using the radiation pressure as the
driving force of the motion. The mechanism is based
on a self-pulsing limit cycle, which is a spontaneous 1075
process triggered within the optical cavity that
modulate the intracavity radiation pressure force in SO SN (S
resonance with a mechanical mode [2]. Self- 0 10 20 30 40 50 60 70 80 90 100
sustained mechanical oscillations of modes up to Time (ns)

0,2GHz are achieved if one of the low harmonics of Figure 1: Dynamic behavior of the inverted transmitted optical signal
the modulated force is resonant with a mechanical for three different values of the self-pulsing frequency. In the three
eigenstate (see Figure 1). We will discuss how it will cases, the self-pulsing is frequency-entrained with the coherent
be possble o further speecing up o the self-pulsing 77 el 2 fenl ot 20,50 1t i v
dynamics to reach the GHz regime, where the lack of pressure force. The bottom, medium and top panels correspond to

good quality and miniaturized sources is a severe M=2, M=3 and M=4 situations, M being the order of the harmonic
issue. used to pump the mechanics. The sinusoidal-like oscillations
correspond to the mechanical coherent oscillation while the strongly
asymmetric peaks are dominated by the self-pulsing. On the right, we
show a SEM picture of one of our optomechanical crystals.

1-Transmission (arb. units)
3

1074 —M=2
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ITO has since long been used for transparent
electrodes in opto-electronic applications such as
photovoltaics and display technology because of its
transparency to visible and near-IR light. This
transparency can also be exploited to integrate ITO
on silicon waveguides for modulation and switching
at the 1550 nm telecom wavelength. For
wavelengths beyond 1 pm, ITO’s permittivity can be
described using a Drude model [1]. Since the plasma
frequency of ITO is in the near-IR range, changes in
the carrier density can lead to a refractive index shift
greater than unity [2]. This strong manifestation of
the plasma dispersion effect makes ITO so
interesting for modulation. Until now, most
proposed ITO-based absorption modulators used a
MOS structure to accumulate charges capacitively
and change the permittivity drastically in this layer.
Since this layer is only a few nanometers long, very
high confinement of the optical mode is needed to
increase their interaction and reduce the structure’s
footprint. We have simulated structures for
absorption modulation under the assumption that
the bulk carrier density in the ITO can be tuned, for
instance using P-N or N™-N junctions. For P-N
junctions, a transparent, degenerate p-type
semiconductor is needed. Degenerately doped
silicon and the new promising p-type transparent
conducting oxide LaCuOSe are candidates. Mg-
doped LaCuOSe is reported to reach a hole density
of 2.10%° cm™® with a relatively high hole mobility [3].
Under the assumption of complete depletion in the
junctions, the absorption contrasts of our simulated
absorptive modulators reach 200 for both
polarizations. Refractive modulators based on P-N
junctions have already been explored for silicon.
However, the index shift due to the plasma
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dispersion effect can be up to two orders of
magnitude larger in ITO than in silicon. Integration of
ITO near the waveguide can lead to higher modal
index modulation with a smaller device footprint.
ITO’s conducting properties also suggest its use as
an efficient heater for thermo-optic switching.
However, experiments have shown that dissipating
power in the deposited ITO layers leads to nonlinear
and irreversible changes in the optical properties of
the waveguides (figure 1a: power through the ITO
strip on the long arm of the MZI). A resonance shift
has been observed when applying a voltage over the
ITO (figure 1b). This shift is not reversed completely
when the voltage returns to zero and thus a
permanent change is induced. In contrast, the
insertion losses of the structure are more reversible
in this experiment (figure 1c: maximal and minimal
signal value around the resonance). Although the
optical properties of the waveguide are changed,
the electrical properties of the ITO remain the same.
Understanding the origin of this behaviour and
controlling it would lead to ITO enabling non-volatile
switching and furthermore might allow the tuning of
the ITO integrated structures’ optical response after
deposition.
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Percolation is a geometrical concept concerning
end-to-end connectivity of a minority phase across a
system which has brought new understanding to
several areas of physics, mathematics and other
areas of science. Percolation can have tremendous
impact on the physical response of the system [1].
Although this effect is well understood for some
systems (e.g. transition from insulating to
conducting) the effects of percolation in the optical
response (transport) of photonic structures is still a
matter of study. Here we show how by using
photonic crystals where precise amounts of random
vacancies can be easily incorporated it is possible to
reach the percolation threshold for an fcc while
recording its optical response. We have found that
these vacancies introduce a background of diffuse
scattering which couples with the photonic band gap
and give rise to asymmetric resonances in the
optical spectra that follow the Fano line shape [2]. A
fine control of the vacancies density [3] permits to
prepare the systems so that different asymmetric
profiles, characterized by the parameter g. We
found that at the percolation threshold, probably
due to the divergence of cluster size and subsequent
enhanced diffuse scattering, g changes sign as
signaled by the photonic band gap collapse.
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Laser emission using photonic crystal microcavities
(PCM) [1] has opened new ways towards very low
threshold and highly efficient solid state lasers with
also very small size [2,3]. Recently, the term
“thresholdless” has been used in the literature [4] to
identify lasers presenting two main features: a
spontaneous emission coupling factor (B ) close to 1
and low non radiative losses. Non radiative losses
are reduced by several orders of magnitude at
cryogenic temperatures, although they can never be
completely suppressed. When the spontaneous
emission factor B is equal to 1 every photon emitted
by the device is emitted in the lasing mode. Such
"thresholdless" lasers were proposed by Noda [4] to
be realized by combining QDs as light emitters and
PCMs as high quality resonators. Using that recipe,
ultra—low threshold lasing has been achieved at
cryogenic temperatures using an ever—decreasing
number of QDs within PCMs.[2,5-7] That strategy
was adopted by Strauf et al. to demonstrate near
thresholdless lasing at low temperature (4.5 K) by
using few QDs (between 2 to 4) as active emitters

and a high B =0.85 with power theshold values of
124 nW.[5] Khajavikhan et al. recently demonstrated
thresholdless operation at low temperature (4 K)
using metallic microcavities instead PCMs.[8] In this
work we report a RT continuous wave (c.w.) laser
with emission characteristics close to those of an
deal thresholdless laser.[6]

References

[1] O. Painter, et al.
1819-1821, (1999).

[2] M. Nomura et al., Nat. Phys., 6, no. 4, pp. 279—
283, (2010).

[3] L.J. Martinez, et al. J. Vac. Sci. Technol. B Mic.
Nanometer Struct., 27, no. 4, pp. 1801, (2009)

[4] S.Noda, Science 314, 260-261 (2006).

[5] S. Strauf, et al. Phys. Rev. Lett., 96, no. 12, p.
127404, (2006).

[6] . Prieto et al. Optica 2, 66 (2105).

Science, 284, no. 5421, pp.

Figures

.
C — =085
£=1.00
£#=0.60
p#=040

D srnsemeble — |
[Ee=]

InAsSb QDs
| 190 nm! m
| H

|

|500 nen| | AiGans

|

\\ g

Irﬂegfated power (arb. units)

. Ex;:.linewwdm
ExpLL

Phololuminescence (arb. units)

0.4 1

1150 1200 1250 1300 1350 1400 1450
Wavelength (nm)

10.22

10.21

10.20

10.19

1018 =

lo17E Figure 1: (a) shows the calculated spectral
= distribution of the lasing mode superimposed to a

1016 T SEM image of the photonic crystal microcavity

40.15 % (PCM). (b) shows the photoluminescence spectrum
i = at RT of the ensemble of QDs outside (black line)

014~ and inside (grey) of the PCM; the inset describes the

4013 layers that compose the device. (c) shows the

i integrated power emitted by the laser versus the
40.12 pump power and the theoretical fittings performed
4 for different values of B.

Pump power (uW)

CEN2016 Valencia (Spain) |59



Optical coupling of double L7
photonic crystal microcavities

for applications in quantum
photonics

P. A. Postigo, J.M. Llorens,
L. E. Mufioz-Camuiiez, I. Prieto

IMM-—Instituto de Microelectrénica de Madrid
(CNM—CSIC), Spain

pabloaitor.postigo@imm.cnm.csic.es

Coupled photonic crystal microcavities have been
considered when exploring platforms for quantum
photonic effects like quantum-optical Josephson
interferometers, [1] single photon emitters and
coupled-cavity single-photon emitters [2] and many
others [3]. Arrays of photonic cavities are relevant
structures for developing large-scale photonic
integrated circuits, single mode coupled-cavity lasers
[4] and for investigating basic quantum
electrodynamics phenomena due to the photon
hopping between interacting nanoresonators [5]. In
this work we have measured the emission of two L7
microcavities when the distance between them (the
number of rows of holes) is varied (Figure 1). We
have found optical shared modes (“supermodes”)
that appear more clearly at a certain distance of
separation. Finally we have simulated the optical
mode distribution of the coupled system using the
GME method, finding a good agreement between
experiment and theory.
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Figure 1: Two L7 photonic crystal
microcavities separated by 3 and 5 rows
of holes.
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Organic photovoltaics (OPV) has taken off with the
promise of low materials costs and fast, scalable
manufacturing. However, an important factor
limiting the efficiency of current OPV cells is the
length-scale mismatch between the electronic
carrier extraction, and optical absorption of the

this work we present detailed finite-difference time-
domain calculations ~ for  light  trapping
nanostructures  (photonic  crystal  gratings)
introduced in organic solar cells using P3HT, MoOs,
Ag and ZnO/ITO on glass as substrate. We have
simulated the effect of the minimum and maximum

organic semiconductors used. While organic thicknesses of each layer and founded the optimal
semiconductors are typically strong optical values. Next, we have simulated the light trapping
absorbers, it is difficult to efficiently extract effect by using a grating in an ITO/glass substrate

photogenerated charge carriers from them. For
example, in solar cells using recently developed
organic bulk heterojunctions, the active layer needs
to have a thickness of less than 100 nm for efficient
carrier extraction. These thin layers leave many
photons unharvested, and have thus motivated
much recent interest in optical design and light
trapping for organic solar cells. In contrast to most
inorganic cells, the active layers in organic cells have
thicknesses that are far smaller than the
wavelength, thereby placing them in the
nanophotonic regime, where the ‘conventional’ an’
limit on light trapping could be easily surpassed. In

with different thicknesses of ITO, founding the best
values for the grating geometry. The dependence
with the angle of incidence and polarization of the
light has been also simulated for different grating
periods and thicknesses of ITO, founding
enhancements in the absorption (Ji) from 1.3% to
1.7%. Finally, contour maps of J,. versus the height
of the grating and for several filling factors have
been calculated, which show total enhancement
values for J,c around 3% compared to the structures
without grating.
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Figure 1: Dependence of the absorption on the wavelength for minimum, maximum and optimized thicknesses of the organic solar cell.
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The free spectral range (FSR) of a cavity mode is an
important parameter on the design of photonic
cavities, and relates the spectral distance between
two consecutive modes. The design of a high quality
factor (Q), small mode volumen (V) and large FSR
cavity mode is required for cavity quantum
electrodynamics effects to be effective [1]. The
combination of quantum light sources operating at
room temperature (RT) in the 1.3-1.7 um, integrated
on a photonic cavity is key in several fields such as
telecommunications or biosensing.

A procedure to increase the FSR while preserving
the high-Q of a L7 photonic crystal cavity is
presented. We designed and fabricated suspended
L7 cavities on slabs 237 nm thick of InP embedding a
single layer of quantum wires (QWrs), operating at
1.67 um at RT. The corresponding near field profiles
of the first and second mode of the L7 gives us the
hint to selectively filter the second mode by the
design and fabrication of tiny stripes on the field
maxima of the second mode. The L7m (Fig. 1la-b)
consists of the regular L7 with two nano-stripes
within the cavity defect. The first and second modes
of the L7 cavities are observed in a
photoluminescence spectra at RT (Fig. 1c—red line),
whereas the L7m (Fig. 1c-blue line) shows a

suppression of the corresponding second mode. The
FSR of the first mode of the L7m is enlarged by more
than a factor of 2 while preserving the Q. Therefore,
the approach constitutes an alternative to engineer
the mode structure of a photonic crystal
microcavity. The enhancement of the FSR might
improve the potential of PCMs embedding quantum
nanostructures in the realization of low threshold
lasers [2,3] or efficient gas and biological sensors [4].
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Figure 1: (a) SEM view of a L7m, (b) close-up showing two nano-stripes
in specific sites within the defect region, (c) PL spectra at room
temperature from a L7 and a L7m; the insets show the |E|Z plots of the
different modes simulated by finite difference time.
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An ultra-fast spectral interrogation platform for
nanophotonic structures is presented in this work.
This platform allows the simultaneous interrogation
of all the photonic structures in a photonic chip
using a tunable laser and an IR camera as main
elements, which will be controlled by a LabVIEW
application.

Light from the tunable laser, with a continuous
sweeping speed of 10 nm/s, is vertically injected
with an aspheric collimator to the input grating
couplers in the chip. After the light goes through the
photonic chip, output light from all the output
gratings couplers is simultaneously measured using
an IR camera working at a frame rate of up to 2000
fps. This parameter allows the spectral interrogation
of a region of 100 nm in 10 seconds with a very high
resolution (up to 5 pm). The left figure shows the
interrogation platform.

This ultra-fast interrogation has been pursued in
order to carry out a continuous interrogation of
nanophotonic sensing structures, where we need to
acquire the response of all the sensing structures
within a chip in a time as short as possible. These
structures are designed to have certain
characteristic spectral features (e.g., resonances in
ring resonators or guided band edge in photonic
bandgap structures (PBG)) which will be shifted
when a change of the refractive index is produced

on their upper cladding. Typically, these spectral
features have bandwidths ranging from few
hundreds of pm (e.g., resonances) to few nm (e.g., a
PBG edge), so our interrogation platform will allow
us to monitor those features with a temporal
resolution of only 1-2 seconds (approximately).

With these temporal and spectral resolutions, we
have been able to characterize the sensing
performance of photonic sensors based on ring
resonators and on PBG structures, reaching
detection limit values in the range of 10° RIU (right
figure) for the simultaneous interrogation of several
sensing structures in the chip. We expect to reduce
this detection limit value to the range of 107 RIU by
implementing several improvements targeting a
reduction of the platform noise (e.g., referencing,
averaging, temperature control, etc.).

A LabVIEW software application is used in order to
control the different instruments of the platform. A
Graphical User Interface (GUI) (right figure) allows
the user to control different aspects related with the
experiments and monitor the results.

This work has been supported by the European
Commission through the projects H2020-644242-
SAPHELY and H2020-634013-PHOCNOSIS, as well as
by the Generalitat Valenciana through the grant
PPC/2015/032.

Figures

Figure 1: (Left) Picture of the interrogation platform where the light is coupled from the right side using a collimator and an IR camera is used in the
left side to collect the output light. White tubes are the input and output channels of the microfluidic cell placed over the chip. (Right) Sensing
performance of the system for a refractive index sensing experiment when the spectral response at the edge of a PBG is fitted using a combination

of 2 Gaussian functions.
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Extensive research in Nano-optics over the last References
decade has made possible controlling optical fields

on the nanometer scale. Such concentration of light, [1] M. Geiselmann et al, Nature Nanotechnol. 8,
well below the limit of diffraction, opens plenty of 175-179 (2013).

new opportunities towards enhanced interaction [2] M. Geiselmann et al, Nano Lett. 14, 1520-1525
with tiny amounts of matter down to the single (2014).

molecule/atom level. In this talk we will present our [3] E. Bermudez et al, Nature Commun. 6, 7883
recent advances in enhanced light-matter (2015).

interaction on the nanometer scale and their [4] E.Bermudez et al, submitted (2016).
applications to both quantum optics and biosensing. [5] S.S. Acimovic et al, Nano Lett. 14, 2636-2641

(2014).

The first part of the talk focuses on the controlled .
[6] O.Yavas et al, submitted (2016).

interaction of single quantum emitters with optical
nanostructures. We first discuss different strategies
to deliver a single quantum emitter in the hot spot
of a plasmonic nanostructure. Next we show how
these techniques are applied to deterministically
locate single nano-diamonds in the hot spot of
plasmonic antennas and waveguides [1,2]. In
particular, we discuss the possibility to build on-chip
single photon sources [3] as well as nanolasers [4].

In the second part of the talk, we change gear and
present our latest advances in the optical, label free
detection of biomarkers based on gold
nanoantennas integrated into a state-of-the-art
microfluidic platform. We first demonstrate the
capability of our platform to detect low
concentrations (<1ng/ml) of protein cancer markers
in human serum [5] with low unspecific binding and
high repeatability. In a second step we present a
novel design that enables to simultaneously
determine the absolute concentration of four
different target molecules from an unknown
sample. The system is validated in the context of
breast cancer, as a strategy to assess the risk for
brain metastasis [6]. Our research demonstrates the
high potential of optical nanoresonators for the
detection of different biomarkers in real biological
samples and thus gets us closer to future nano-
optical point-of-care devices.
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Nanowire-based devices are promising candidates
for next generation solar cells. Lattice matching
enforces a significant restriction on material choices
for multijunction solar cells. However, the strain
relaxation through the nanowire sidewall allows the
growth of lattice-mismatched IlI-V compounds on
inexpensive silicon substrates. Our theoretical
calculations based on the detailed balance limit [1,2]
indicate that an optimal tandem cell based on GaAs
nanowires on Si can achieve an efficiency of 38.8%.
The efficiency reaches a maximum value of 44.9% if
an Aly24Gag76As compound (Eg = 1.72 eV) is used for
the nanowire top cell, making lll-V nanowire on Si
tandem cells a promising candidate to compete with
current three- and four-junction solar cells.

Many parameters need to be tuned for an optimum
growth of the nanowires by molecular beam epitaxy
(MBE). The understanding and control of the
nanowire growth process is necessary in order to
design and build a high efficiency device. The
thickness of the SiO, layer formed on the silicon
substrate plays a critical role in the density and yield
of self-catalyzed GaAs nanowires [3], whereas the
length and diameter of the nanowires have to be
optimized because they affect the current matching
[4]. In the present work we investigate the influence
of the growth temperature on the final
characteristics of the nanowires. We report that the
optimization of the substrate temperature used
during the Ga droplet formation step leads to a
significant narrowing of the diameter and length
distributions of the nanowires.

Series of samples consisting of GaAs nanowires on Si
(111) substrates were grown using standard growth
parameters, whereas the growth temperature was
set to different values in the interval between 555
and 630 °C. We have used scanning electron
micrographs of the samples to measure the density,
yield, diameter and length of a wide number of
nanowires as functions of the oxide thickness and
growth temperature. The results reveal that

lowering the growth temperature leads to a higher
degree of uniformity in the length and diameter of
the GaAs nanowires, as can be seen in Fig. 1. This
tendency is observed regardless of whether we are
using an optimum value of the native SiO, layer or a
thicker one. Optical microscopy and reflectivity
results are also correlated with electron microscopy
images.
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Figures

Figure 1: SEM images of GaAs nanowires grown on Si (111) substrate
using a) Tgrowtnh = 630°C and b) Tyrowen = 580°C. Scale bar corresponds to
lum.

CEN2016 Valencia (Spain) | 65



Kamikaze Silicon colloids as
cancer cells killers

1. Rodriguez’, R. Fenollosa’, E. Garcia-Rico, S.
Alvareza, R. AIvarezS, X. Yu4, S. Carregal-
Romero®, C. Villanueva®, M. Garcia—AIgars, P.
Rivera-GiIS, A. R de Leras, W. J Parak“,
F.Meseguer1 and R. A Alvarez-Puebla &

Ynstituto de Tecnologia Quimica and Centro de
Tecnologias Fisicas. CSIC/ UPV, Spain

Servicio de Oncologia, Hospital Universitario
Madrid-Torrelodones, Spain.

3Departamento de Quimica Organica,
Universidade deVigo, Spain
“Fachbereich Physik,  Philipps  Universitat

Marburg, Germany

*Medcomtech SA, Spain

6Depar‘tamento de Quimica Fisica e Inorgdnica,
Universitat Rovira i Virgili and Centro de
Tecnologia Quimica de Catalunya, Spain

’ICREA, Spain

mirodrig@upvnet.upv.es

Nanoparticles have shown a great potential in
nanomedecine [1]. In most approaches, surface
functionalization of nanoparticles by antibodies,
allows them to be directed to the target cells for
drug delivery or also for heating treatment through
magnetothermia [2] or photothermia [3]. A
drawback of such techniques is the large and
expensive facilities required and/or the limited
efficiency. Porous silicon particles represent a
promising platform for cancer therapies due to their
good biocompatibility and biodegradability [4]. They
have been largely employed as vehicle for drug
administration. However, if one takes into account
the well-known violent reaction of oxidation and
degradation that silicon undergoes in aqueous
medium [5], it appears that silicon nanoparticles
themselves can constitute a lethal weapon if they
could be introduced inside the target cells using a
Trojan horse-like subterfuge. Here we present the
demonstration of this concept through tests in vitro
of viability of cancerous cells (SK-BR3). The strategy
consists coating silicon nanoparticles with sugars to
avoid the extracellular solubilization, followed by a
functionalization with the appropriated antibody to
target the desired cells. Once the functionalized
silicon nanoparticles reach the target, the enzymatic
machinery of Eukaryotic cells begin the degradation
of particles into excretable elements. It can be seen
in Figure 1 the decrease of the viability of cancerous
cells after contact with silicon particles
functionalized with the directing vector HER-2-
positive breast cancer [6].

66 | CEN2016 Valencia (Spain)

References

[1] Prasad, P.N. Introduction to Nanomedicine and
Nanobioengineering. (Wiley, New York; 2012).

[2] Gomella, L.G. Nat Clin Pract Urol 1(2004)72;
Maier-Hauff, K. et al. J Neurooncol 103(2011)317.

[3] Hong, C., et al. Anti-Cancer Drugs 22(2011)971;
Lal, S., et al., Accounts of Chemical Research 41,
1(2008)842; Lee, C. et al. Journal of Materials
Chemistry 18(2008)4790; Osminkina, L.A., et al.,
Appl. Phys. B 105(2011)665; Jain, P.K., et al.,
Accounts of Chemical Research 41(2008)578.

[4] Park, J-H. et al. Nat Mater 8 (2009) 331;
Popplewell, J.F. et al. J. Inorg. Biochem.
69(1998)177; Shabir, Q. et al. Silicon 3(2011)173.

[5] Mikulec, FV., et al, Adv Mater. 14(2002)38;
Clement, D., et al, Phys Stat Sol A
202(2005)1357.

[6] Fenollosa, R., et al. Journal of Nanobiotechnology
12(2014)35.

Figures

100.* ;
g

e e
]
» > -
>am
me <>
-
°ipe

———
»

Cellviability
s @
5 3
: :

-
-

PSiPs-HER-2 in SK-BR3
PSiPs-HER-2 in MDA-MB-435
PSiPs in SK-BR3

PSiPs in MDA-MB-435 i i

N
S
L
<> om

T T
100 1000)
PSiPs g mL*

Figure 1: Cell viability. Relative cell viability after incubation of SK-BR-3
and MDA-MB-435 cells with PSiPs and PSiPs-HER-2 for 48 h.
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The technique of two-photon polymerization (TPP)
allows for high precision additive manufacturing
based on 3D digital models with sub-micrometer
feature sizes and resolution. In addition, 2D and
2.5D topologies can be fabricated with ultra-high
aspect ratios and outstanding design freedom with a
resolution between electron beam and UV
lithography. This talk gives an overview on the
technology and its performance and highlights both
scientific disruptive breakthroughs and enabled
applications in industry.

The benefits of 3D printing are now fully available on
the micrometer scale. While TPP was previously
known for ultra-fine yet small objects mostly viewed
under the scanning electron microscope, now mm3-
scale fabrication has become the novel standard in
3D microfabrication with still sub-micrometer
features. This closes the gap to conventional
stereolithography formerly considered as highest
resolution 3D printing technique.

Unique designs and precision open new applications
in multiple fields such as photonics, micro-optics,
microfluidics, micro robotics, mechanical
metamaterials, and life sciences. In optics and
photonics, TPP is - among others - used for the
fabrication of photonic crystals, metamaterials [1,2],
optical cloaks [3], photonic colours or high-precision
micro-optics [4]. Industrial application examples
such as wafer-level micro-optics and photonic multi-
chip integration [5] will be discussed.

Filters, mixers, complex nozzles, micro-robots or
micro-needles for painless drug delivery exemplify
the challenges that can be overcome by 3D printing
on the micro- to mesoscale. Design freedom,
resolution, processing speed and a wide range of
materials allow to easily produce tailored 3D
scaffolds and matrices for mimicking in vivo 3D
physiological environments for cell studies. And
mechanical engineers are enabled to design unique
mechanical properties previously unachievable by
shaping complex microtrusses. Ultra-light yet strong
[6, 7] or auxetic [8] materials as well as unfeelability
cloaks [9] have been reported.
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Figures

Figure 2: Application examples: (left) wafer-level micro-optics, (middle) microfluidic filter (design provided by IMSAS) and (right) microfluidic nozzle.
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In quantum physics it is well known that the spin of  References
a particle can determine its motion: this is known as
spin-orbit interaction. It is not so well known that [1] Bliokh, K. Y., Rodriguez-Fortufio, F. J., Nori, F. &

Maxwell's equations can show the same effect with
electromagnetic  radiation.  Contrary to the
approximate assumptions of ray optics, in which

Zayats, A. V. Spin—orbit interactions of light.
Nat. Photonics 9, 796-808 (2015).

> : T [2] Rodriguez-Fortuno, F. J. et al. Near-Field
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axwe A . )
(their polarization) can affect their motion, under glzescirsc;rga(\ggﬂ)c Guided Modes. Science 340,
certain CO!’]dItIOI’]S [1]. Although these Spln-OI’b.It [3] O’Connor, D., Ginzburg, P., Rodriguez-Fortufio,
effects of light are usually small, recent advances in F. l, Wurtz, G. A. & Zayats, A. V. Spin—orbit
nanotechnology have found ways to enhance them coupling in surface plasmon scattering by
dramatically. This opens up very interesting nanostructures. Nat. Commun. 5, 5327 (2014).
appllcat!ons. n nan‘ophotonlcs for light generatl(?n [4] Kapitanova, P. V. et al. Photonic spin Hall effect
and switching of light through the control of its in hyperbolic metamaterials for polarization-
polarization. controlled routing of subwavelength modes.
In this work we will summarize a collection of Nat. ’CommunA 513226 (2014).
relatively recent experiments that we performed 5] Rodrlgl.Jez-Fortuno, F. Jf’ Barber-Sanz, I',’ Pue.rto,
based on structures that enable the unidirectional E;mfercljzléssA.wi‘h '\a/l:r:::izzl;ipA;iIi'ZZ;lel?c%ogigsT
excitation of electromagnetic modes by simply ; ’
controlling the incident polarization of light, A(;S Photonics 1’_762_767 (2014)'_
exhibiting a strong spin-orbit coupling of light. These [6] B“f)kh’ K-Y., Smlrr?ova, D,' & Nori, F. Quantum
. . ) spin Hall effect of light. Science 348, 1448-1451
structures include slits etched on gold films [2], gold 2015)
nanoparticles on plasmonic surfaces [3], radio- 7] :\leugei)auer M. Bauer. T. Aiello. A. & Banzer
frequency antennas emitting near two dimensional - P; T L ! .D . %
hyperbolic metamaterial circuits [4] and silicon Pf Measuring the Transverse Spin Density o
nanoantennas [5]. All these different scenarios can L|ght: Phys. RevANLett. 114, 06390% (2015).
[8] Rodriguez-Fortufio, F. J. et al. Universal method

be explained using the same unified fundamental
explanation of spin-momentum locking of
evanescent waves [1,2,6,7]: evanescent near fields
are characterised by elliptically polarized fields
whose rotation sense is directly determined by their
propagation direction. Therefore, any
electromagnetic mode which possesses an
“evanescent tail” can be excited unidirectionally if
the appropriate polarization is wused for its
excitation.

We also describe experiments involving the
reciprocal scenario, in which the direction of
propagation of an electromagnetic mode can be
used to determine the polarization of radiated
light3. We show how this can be used to design
dual-input nanoantennas that synthetize arbitrary
light polarizations in the radiated light [8].

for the synthesis of arbitrary polarization states
radiated by a nanoantenna. Laser Photon. Rev.
8, 127131 (2014).
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Plasmonics and silicon photonics are two high-
impact research topics. Plasmonics studies the
interaction between light and subwavelength
metallic nanostructures, opening the way towards
light manipulation at the nanoscale. Plasmonic
nanostructures display many interesting properties
when illuminated with visible or NIR radiation. For
instance, they can strongly confine electric and
magnetic fields via localized surface plasmon
resonances (LSPR) in deep subwavelength regions
close to the metal surface [1]. This feature can be
used to build highly sensitive plasmonic
nanoresonators to tiny variations in their
surroundings and very useful in sensing. It would be
highly desirable to use such resonators on silicon
waveguides, since they could be used for massive
multiplexed biosensing in silicon photonics chips,
enabling  low-cost  mass-manufacturing  of
biosensors.

In this work, we present and demonstrate
experimentally a plasmonics-on-silicon biosensor
based on an array five gold nanodipoles on a
500x 250 nm’® silicon waveguide supporting the
propagation of the fundamental TE mode (Fig. 1). An
exhaustive study about the variation and influence
of parameters is performed by using CST Microwave
Studio in order to achieve steep LSPR in the
wavelength regime from 1260 to 1630 nm. We got a
deep transmission dip when the nanodipoles are
ellipsoidal-shaped with long axis (d;=205 nm)

Waveguide 5i ™
500x 250 nm

parallel to the electric field and short axis (d,=80 nm)
parallel to the propagation direction of the guided
wave, being both the gap and metal thickness equal
to 30 nm. Figure 2 shows a numerical simulation,
where the transmission dip is clearly seen. When
applying a liquid with index 1.33 on top of the
nanostructure, we get a strong red-shift of the
response, resulting in a sensitivity of 520 nm/RIU
and a figure of merit of 288.89 1/RIU. Figure 3 shows
a SEM image of a fabricated sample. Preliminary
results show a huge displacement of the dip when a
liquid is deposited in the top of the fabricated
sample.

This work opens new perspectives in the field of
parallel simultaneous access to label-free biosensing
arrays, where plasmonic nanostructures exhibit
unprecedented values of sensitivity [2]. It would
allow the development of on-chip multiplexed LSPR
sensors with submicron size for highly-sensitive
detection of multiple analytes in real-time.

References

[Magnitude in dE]

[1] M. Lorente-Crespo et al., Nano Lett. 13 (6),
(2013) 2654-2661.

[2] A. A. Yanik et al., Proc. Natl. Acad. USA 108,
(2011) 11784-11789.

hf‘&: L5 o

[T N

"0 160 10 uE

B0 B W0 W Mo M
Wavsangh /nm

Figure 1: Plasmonics-on-silicon biosensor.

Figure 2: Normalized power transmission spectrum.

Figure 3: Image SEM (Scanning
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Electron Microscopy) of a fabricated
sample.
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Photonic technology for the development of sensing
devices is currently attracting a lot of interest due to
several advantages, such as high sensitivity,
compactness and high integration level, shorter time
to result, label-free detection and use of very low
sample volumes [1]. Moreover, it has also attracted
this interest due to the possibility of using CMOS-
compatible materials and mass manufacturing
processes to reach very high production volumes
and very low costs.

In this work, we present and experimentally
demonstrate  several configurations of PBG
(Photonic Band Gap) sensing structures, whose PBG
edge is located around 1550 nm when a water
upper cladding is considered. These configurations
are mainly based on the periodic introduction of
transversal elements and/or holes onto a single
mode waveguide [2]. It is a silicon layer with a
thickness of 220 nm over a lower cladding made of
silicon oxide. Specifically, we will focus on 1D
periodic waveguides (Fig 1). The optimal
configurations for each PBG sensing structure have
been determined by means of MPB simulations and
then we have simulated their transmission response
using CST Microwave Studio. Figure 2 shows a SEM
image of a fabricated sample. Figure 3 shows
experimental transmission data of two repetitions of
the PBG sensing structures within the same chip.
The considered dimensions are: a=400 nm, wi=100
nm and we=2000 nm. Preliminary results show a
PBG being very deep and sharp, with a moderate

ripple in the pass band edge and with a good
matching between two repetitions fabricated in the
same chip. Finally, we monitor the spectral shift of
the PBG when applying a solution on top of the
nanostructure with different refractive index and we
get a sensitivity of 205.4 nm/RIU.

In conclusion, this work represents an experimental
demonstration of refractive index variation
detection wusing a PBG-based sensor. These
nanostructures would allow proteins or DNA
detection, as it is proposed in Saphely project, under
the framework that this work is done. In order to
perform multiplexed analyses for the simultaneous
detection of several target miRNA biomarkers,
several sensing structures will be included in the
photonic  chip, being each of them bio-
functionalized.

The authors acknowledge the received funding from
the European Commission through the H2020-
644242 - SAPHELY project and the Generalitat
Valenciana through the help PPC / 2015/ 032.
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Figure 1: 1D SOI periodic structure used
as biosensor: corrugated waveguide.

Figure 2: Scanning electron microscope
image of corrugated waveguide.

Figure 3: Normalized transmission spectra of two
identical corrugated waveguide.
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In recent years, bulk-heterojunction (BHJ) polymer
solar cells (PSCs) have been widely studied because
they offer low-cost, easy manufacture process, the
possibility to be fabricated and deposited on flexible
substrates and obtained large areas, which it is
opposite case for the conventional silicon solar cells.
It well know, that the calcium (Ca) and poly(3,4-
ethylene  dioxythiophene):poly-(styrenesulfonate)
(PEDOT:PSS) are use as electron and hole transport
layers in PSCs, respectively [1]. Nevertheless, the
high reactivity of calcium with oxygen and the
hygroscopical and acidic nature of PEDOT:PSS in
environmental air can lead degradation of the active
layer and the indium tin oxide (ITO) electrode
resulting in poor stability [2]. In order to improve the
stability, buffer layers and new inverted architecture
structures have been developed for the PSCs [3]. In
this work, we present the fabrication of PSCs based
on thieno[3,4-b]-thiophene/  benzodithiophene
(PTB7) and [6,6]-phenyl-C71-butyric acid methyl
ester (PC;0BM) using an inverted structure. Titanium
sub oxide (TiOy) film is used as electron transport
layer, and this one was processed by via sol-gel
method [4]. The inverted PSC was manufactured
with the stack: ITO (120 nm) / TiOx (20 nm)/
PTB7:PC;,BM (~100 nm) / V,0s (5 nm) / Ag (100 nm)
as is shown in figure la. In order to compare the
performance of the cell, standard PSCs were
manufactured. The performance parameters
obtained for standard and inverted PSC were
Voc=710 and 720 mV; Jsc= 14.7 and 16.4 mA/cmz;
FF= 0.71 and 0.68 and PCE= 7.3 and 7.9 %,
respectively. Figure 1 shows the J-V curves under
illumination at 1 sun (AM 1.5G spectrum), and under
darkness for both structures manufactured.

Acknowledgements: This work was supported by the
Spanish Ministry of Economy and competitiveness
(MINECO) under grant number, TEC2015-71324-R
by the ICREA under the ICREA Academia Award, by
Catalan authority under project AGAUR 2014 SGR
1344 and CONACYT Project 237213 in Mexico.
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The sensitivity of the spontaneous emission rate of
an excited dipolar emitter to the local environment
makes single-molecule spectroscopy a unique tool
to sense optical and structural properties in its
surrounding on the nanoscale. Modification of the
emission rate has been reported in literature using
well-defined structures, such as metal surfaces [1] or
photonic crystals [2]. The increasing interest in the
statistical properties of the spontaneous emission
rates in complex media [3-6] is justified by their
importance for many applications, such as molecular
imaging or solar cells.

From a fundamental point of view, the emission rate
is proportional to the number of available optical
modes at the position of the emitter, i.e.
proportional to the electromagnetic local density of
states (LDOS)[7]. In random uncorrelated media, the
LDOS fluctuations can be explained to some extent
by a single scattering statistical model and are
dominated by the near-field interaction with the
nearest scatterer at the scale of the excluded
volume [4]. Temporal lifetime fluctuations can then
be correlated to fluctuations in the position of the
nearest scatterer and provide a suitable probe for
the dynamics of the structure around the emitter.
The observed variance of experimental spatial
fluctuations of LDOS in random photonic media and
lifetime  measurements in  dense colloidal
suspensions of weak scattering particles seem to be
consistent with this single-scattering regime.
However, the experimental distributions of emission
rates in disordered highly scattering dielectrics can
present disparate results ranging from non-Gaussian
long-tailed statistics with very large decay rates [5],
to nearly Gaussian distributions [6]. It can be argued
that the differences in the experimentally retrieved
decay rate distributions are attributed to effect of
multiple scattering between nearby scatterers or
long-range spatial correlations between scatterers.
In this work we show that the statistics of emission
rates in correlated disordered media is extremely
sensitive to the details of the radial distribution
function around the emitter. We analyze the
emission statistics for single emitter embedded in a
finite cluster of resonant particles. However, instead
of generate random configurations of scatterers, we

compute the emission rates as the system evolves
with time under equilibrium conditions. Assuming a
standard Lennard-Jones (L-J) interaction between
particles, this system is known to present a peculiar
solid-liquid-like ~ phase  transition at finite
temperature: Due to finite-size effects, the two
phases cannot coexist at the melting temperature
and the whole cluster presents an interesting
dynamical behavior, switching between an
amorphous solid-like phase and liquid-like phases
[8]. This makes it an ideal model system to analyze
the effects of local order on the emission rates. In
the solid phase at low temperatures, the equilibrium
positions are close to those corresponding to a face-
centred-cubic (FCC) lattice, and the spectrum of
emission rates present a strong chromatic dispersion
reminiscent of the band structure of an infinite
crystal of resonant dipoles, including spectral
windows where the emission is enhanced and
pseudo-gaps where it is dramatically inhibited. At
the melting temperature, the total scattering cross
section of the system does not present significant
differences between the two phases while the
emission rate jumps following the dynamics of the
system. While light scattering measurements would
be blind to such dynamical changes, the lifetime
statistics would then provide a direct signature of a
phase switching behavior.
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The magneto-optical response of high-index, non- tensor. We will show how the magneto-optical
absorbing dielectric nanospheres is theoretically effect is controlled by the internal resonances of the
analyzed. We will show that in these systems the nanosphere, and that the magnetic resonances
magneto-optical response is fully governed by the dominate the spectral dependence of the magneto-
magnetic resonances with little effect of the electric optical response, having the electric dipolar
ones. resonance a very weak effect. We will establish a
clear correlation of the spectral magneto-optical
The control of light propagation in the visible and  response with the spatial field profile at the interior
near-infrared domain using resonant systems such of the nanosphere that is, in turn, linked to each
as optical nanoantennas has been a matter of 56 of resonance [7].
intense research during the last decades. The
possibility to create and manipulate nanostructured References
materials encouraged the exploration of new
strategies to control the electromagnetic properties [1] Armelles, G., Cebollada, A., Garcia-Martin, A.
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In the last years, there has been a quest for the so-
called magnetic resonances in the visible domain [3].
Linked to it, there has been an increasing interest in
the use of high index dielectric nanospheres as
optical antennas, in particular for their ability to
sustain magnetic resonances and the absence of
absorption [4-6].
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Biological sensors have been applied in a wide range
of applications such as food safety control, medical
diagnostics, environmental control or drug
discovery. A biosensor consists of a recognition
element used to interact with a specific target and a
transducer (in our case an optical transducer based
on index and colour intensity changes) that can
convert this interaction into a quantifiable signal.

This paper presents the development of a low-cost
and compact biosensing device. The proposed
system combines the advantages of gated porous
materials and localized surface plasmons resonances
(LSPR). Firstly, arrays of gold nanoparticles are
fabricated by e-beam lithography and lift-off process
on a glass or silicon substrate in order to create LSPR
structure. After that, a porous silica film is dip-
coated by a surfactant template method on the LPSR
structures. Finally, molecular gates are attached to
the porous support: they are capable of being
‘opened’ or ‘closed’” when certain external stimuli
are applied allowing the release of previously
entrapped cargo (colored or fluorescent materials)
in the porous. [1].The sensing scheme in Fig 1 is
based on detecting the change of color/fluorescence
of the device. For this purpose, Rhodamine B was

introduced in the porous substrate. The pores were
grafted with a suitable hapten able to recognize
antibodies prepared for the recognition of
finasteride, capping the pores and inhibiting dye
release. Fig. 2 shows the shift of the resonance of
the plasmonic structure when surrounding
environment indices change due to the colorant
realizing. Sensitivity values of 500-800 nm per
refractive index unit has been obtained by using
plasmonic dimers resonant structures, which give
rise to very large field enhancement in their gap
region [2] [3].
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Figure 1: Representation of a gated porous support and its behavior

for finesteride sensing.

Figure 2: LSPR structures and numerical simulations of the transmission
spectra for different surrounding medium indices.
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Metal nanoparticles (MNPs) are potential
candidates to provide novel functionalities in
photonic devices [1]. Their exotic optical properties,
derived from the highly localized surface plasmon
polariton (LR-SPP), can be applied in unusual optical
applications, such as the redirection photons or the
confinement of the electromagnetic energy in the
nanoscale. In this way, these nanostructures have
been successfully exploited in several optoelectronic

devices, like solar cells [2], optical sensors [3] or

subwavelength waveguides [4]. Here we propose
suitable technologies to incorporate MNPs in optical
architectures compatible with planar organic
polymer photonics. Then, their interesting optical
properties were used to construct integrated light
coupler, or to demonstrate the enhancement of
light by a photon-plasmon coupling effect.

In a first approach we propose a novel technology
able to grow in situ Au MNPs embedded in the
commercially available resist Novolak (NV) [5]. As a
consequence, the intensity and position of the
plasmonic resonance can be easily tuned in a
controllable way by the size of the nanostructures
and their concentration into the host matrix. In
addition, since NV is a commercially available resist
suitable for e-beam or UV lithography, the
nanocomposite can be easily patterned facilitating
its incorporation in photonic structures. A second
approximation consisted of depositing pre-prepared
MNPs (ex-site growth) into the polymer waveguide
by a simple drop casting technique. Fabrication
parameters were carefully controlled to obtain a
good homogeneity and to control the concentration
of nanostructures on the surface.

Once these technologies were optimized, layers (or
patterns) of MNPs were integrated in optical
waveguides by depositing the nanostructures on a
Si0,/Si substrate, and then capping with a PMMA
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layer [5]. Then, optical properties of the MNPs were
successfully applied for different purposes. For
example, high scattering cross section of MNPs was
exploited to demonstrate coupling of normally
incident light into the PMMA waveguide. The
couplers exhibited a broad wavelength range (400-
780 nm) and efficiencies larger than 1 % measured
at the output edge of the waveguide structure [5].

In addition, the interaction of MNPs with organic
dyes embedded in the PMMA waveguide was
studied in order to enhance their emission of
photoluminescence (PL) by a photon-plasmon
coupling effect [6]. When the gap between the
optical emitters and the MNPs was carefully
optimized, the high intensity near electromagnetic
field of the MNP induced a tenfold enhancement of
the light emitted by the dye.
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Silicon photonics has gained increasing interest in
recent years as it promises high performance, cost-
effective integrated optical devices. The advent of Si
fabrication techniques at the micro and nano-scales,
in conjunction with the interesting optical properties
of this material, such as its high refractive index, has
enabled the development of new methods of light
confinement, which allows them to behave as
excellent resonators with ultra-high quality factors.

In particular, Si microspheres offer a great potential
for sunlight harvesting applications [1,2] since they
can exhibit absorption cross sections higher than
one in the visible, and boost absorption at the
bandgap edge at wavelengths above 1200 nm.
Indeed, a PV device was recently reported in single
uc-Si microspheres, with diameters in the range 1-3
um, showing experimentally the band-to-band
resonant absorption enhancement in the NIR
frequencies up to A=1600 nm.

There are already a few methods that allow to
produce silicon microspheres with sizes in the
micrometer range. One of the most promising
methods is the synthesis in gas phase by CVD [3].
This method, which can be potentially scaled for
mass production, allows for the production of
amorphous and polycrystalline Si particles in the size
range 0.5-8 um and with exceptional spherical and
surface quality. However, the fabrication of
monocrystalline particles with controlled size, and
the ability to precisely control the distribution over a
surface still remains a challenge. In this poster we
present a material consisting of high-quality
monocrystalline  silicon quasi-spheres with a
controlled size and distribution over the surface.
This material offers high possibilities in any field
where light managing plays an important role, such
as photovoltaics and photodetectors.
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Figures

Figure 1: SEM image, top view, of a square array of monocrystalline
silicon quasi-spheroids.
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Progress in nanotechnology has allowed control of
metallic nanoparticles at the nanometer and even
subnanometer scale. Some of the most fascinating
properties and  applications of  plasmonic
nanoparticles are based on the tunability of their
optical response and their ability to localize the
electromagnetic fields around tips or at inter particle
gaps. The near-fields are commonly addressed
theoretically within classical frameworks. However,
in some situations the atomic structure needs to be
considered to correctly determine the response of
the nanosystem [1].

In this work we study the far- and near-field
response of Na icosahedral nanoparticles and
compare three different models. i) First, we use a
classical modeling within a boundary element
method (MNPBEM) [2-3], which considers abrupt
boundaries between media and incorporates
homogeneous and isotropic dielectric functions to
solve Maxwell's equations. At the particle size
considered (around 1.5 nm) the mean free path of
the electrons is comparable to the size of the
particles considered, so the billiard model is used to
account for surface scattering effects [4], with the
resulting increase of damping in the dielectric
function. ii) Secondly, we consider a discrete dipole
approximation (DDA), in which each atom of the
nanoparticle is described as a dipole [5] and the
atomistic structure is preserved. iii) Finally, our
results are compared with atomistic ab-initio time-

a) Oabs (nm)?

0 5 10 15 20
dup A

dependent density functional theory (TDDFT)
calculations [1].
We show that the general patterns of

subnanometric localization and enhancement of
fields can effectively be approached by classical
means. The presence of tips and sharp endings in
the geometry of the particle introduces a major
enhancement and localization of the near-fields.
Nevertheless, for the case of close particle dimers,
differences arise due to the lack of quantum
tunneling effects in the classical descriptions. In
Figure 1) we show the near-field enhancement and
the absorption cross section for a dimer of sodium
icosahedral particles of radius 1.6 nm, as calculated
in the classical BEM model.
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Figure 1: a) Absorption cross section of a facet-to-facet configuration of a Na icosahedral dimer for varying separation distances. The circumscribed
radius of the icosahedral particles is r = 1.6 nm and the polarization of the external field parallel to the dimer axis. b) Field enhancement for a
separation distance of d.e, = 1 nm at energy corresponding to the bonding dimer plasmon (BDP) shown in plane a).
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Nature has developed photosynthesis to power life.
Nanoscale networks of light harvesting antennas
capture the sunlight to funnel the photonic energy
towards reaction centres. Surprisingly, despite the
complexity and ambient conditions, quantum
coherences are observed in the energy transfer of
antenna complexes, even at room temperature.
Does nature exploit quantum concepts? Does the
coherence help to find an optimal path for robust or
efficient transfer? How are the coherences
sustained? What is their spatial extent in a real light-
harvesting network?

Specializing on femto-nanophotonics we aim to look
ultrafast into the nanoscale, to see molecules in
action. Addressing the antenna complex of purple
bacteria, we have found glimpses of coherent
oscillations of a single photo-synthetic complex,
moreover non-classical photon emission of individual
antenna complexes. These results, pave the way to
address photosynthetic networks in real nano-space
and on femtosecond timescale. We address the
transport mechanism between adjacent light-
harvesting complexes in tubular crystal sheets with
few picosecond temporal resolution, to track the
coherent light path in such photosynthetic networks.
For spatial control, the single complexes are brought
in the near field of optical resonant antennas for
nanoscale excitation and enhancement of the
emission with full command of rates and polarization.
With state-of-the-art antenna fabrication the
excitation can be confined to 10 nm scale, while the
emission can be enhanced up to 1000 times for a
single molecule close to an antenna hotspot.

In conclusion | hope to apprise the CEN2016
audience as to the potential of nano-femto tools
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Second-order optical nonlinearity can be induced in
silicon (Si) by breaking the crystal symmetry with a
straining layer [1,2]. The influence of annealing for
enhancing the nonlinearity by means of a silicon
nitride (SiN) layer is investigated. The annealing
process has been simulated taking into account
different begin temperatures to room temperature.
Furthermore, the influence of the intrinsic stress and
thickness of the SiN layer has also been analyzed. To
start with, SiN deposited on top of a Si substrate was
considered and the stress when crossing the
interface was obtained. Figure 1(a) shows that the
stress in the Si (y > 0) is zero and increases in a small
layer around the interface to the intrinsic stress 1.2
GPa of the SiN (y < 0). Whenever an annealing step
is performed, both the stress in the Si and in the SiN
increases, but the increase in the SiN is larger than in
the Si. Therefore, a higher begin temperature of
annealing leads to higher stress around the
interface. Next, a figure of merit (FOM) has been
defined as the normalized overlap integral over the
waveguide core between the electric field intensity
and partial derivatives of the strain components,
since the value of this FOM will be proportionate
with the induced nonlinearity. The dimensions of
the waveguide (height = 220 nm, width = 400 nm)
were optimized in previous work [3]. From the
simulations, it was found that the FOM for TE was
ten times larger than the one for TM, therefore only
the TE is considered here. Figure 1(b) shows the
FOM as a function of the begin temperature of

annealing for a SiN-thickness of 500 nm and 700 nm.
In the latter, the FOM is slightly larger than in the
former, although the difference is quite small. We
also see that an annealing procedure starting from a
higher temperature leads to a higher FOM and
therefore to a larger non-linearity. In Figure 1(c), the
FOM is plotted as a function of begin temperature of
annealing for a 700 nm SiN-layer, but the intrinsic
stress of this layer is changed from 1.2 GPa (as
before) to 10 MPa and to -1.2 GPa. The case of 10
MPa shows the same behaviour as the case of 1.2
GPa, but the FOM is significantly smaller. For -1.2
GPa, the FOM at room temperature is equal to the
1.2 GPa case, but performing an annealing step
leads to a lower FOM. As a conclusion, a
combination of annealing and compressive intrinsic
stress of the SiN layer will be beneficial to enhance
the induced second-order optical nonlinearity in
silicon.
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Figure 1: (a) Stress xx as a function of distance perpendicular to the interface for no annealing, 400°C, 700°C and 1000°C (from bottom to top), (b)
FOM as a function of begin temperature of annealing for 500 nm and 700 nm SiN —layer, (c) FOM as a function of begin temperature of annealing

for different intrinsic stresses of the SiN.
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In this presentation we will report on our recent
work on new materials that can be monolithically
integrated on high-index contrast silicon or silicon
nitride photonic ICs to enhance their functionality.
This includes InP and InGaAs epitaxially grown on
silicon for realizing efficient lasers [1-5], graphene
and other 2D-materials for realizing compact
electro-absorption modulators and non-linear
devices [6-7] and ferroelectric materials for realizing
phase modulators [8].
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It is well known that a light beam can be
characterized by means of several dynamical
properties such as energy, momentum or angular
momentum (AM). The latter can be decomposed
into two distinct contributions: the spin AM and the
orbital AM. Whereas the orbital AM is related with
the spatial field distribution, the origin of the spin
AM is associated with the circular polarization of the
light beam. Traditionally, spatial and intrinsic
polarization features have been treated separately.
However, at the subwavelength scale, it appears a
broad class of phenomena dealing with the
interaction between the polarization and the spatial
degrees of freedom: the optical spin—orbit
interaction (SOI). It has been shown that most of the
basic optical processes rely on SOI, thus forcing to
review all the fundamental optical phenomena by
considering this new perspective [1].

In this work, we report theoretically the emergence
of a pattern associated with the spin of light that
arises from the superposition of two arbitrarily
polarized electromagnetic planewaves [2, 3]. In
particular, by assuming two light beams with the
same circular polarization (helicity) state, we can

observe high correlations between the typical
distribution of the energy density (bright and dark
fringes) and the light spin localization pattern (fig.
1A). Furthermore, we find configurations where the
main contribution of the spin is transverse out-of-
plane (fig. 1B), which is independent of the wave
helicity and crucial to understand plasmonic
propagation, or the spin-momentum locking effect.
This findings provide new avenues to gain further
comprehension on the interpretation of the
“double-slit experiment”.

References

[1] K. Y. Bliokh, F. J. Rodriguez-Fortufio, F. Nori, A.
V. Zayats, Spin—orbit interaction of light, Nature
Photonics 9, 796-808 (2015).

[2] A.Y. Bekshaev, K. Y. Bliokh, F. Nori, Transverse
Spin  and  Momentum in  Two-Wave
Interference, Phys. Rev. X 5,011039 (2016).

[3] N. F. Kubrakov, Interference of Plane Light
Waves with Different Polarizations and the
Jones  Matrix  Formalism, Optics and
Spectroscopy 117, 814-821 (2014).

Figures
50
pis 0.9 0.9
40 0.8 0.8
35 0.7 0.7
3 30 0.6 = 0.6
25‘ 25 Ho.s 8 0.5
Y20 o4 b 0.4
15 0.3 0.3
10 0.2 0.2
5 0.1 0.1
95 10 s s 10 15 00 10 5 0 s 10 15 °°

0
kx [a.u.]

kx [a.u.]

Figure 1: Spin angular momentum (SAM) of light resulting from the interference of two circularly polarized plane waves having equal (A) and mirror-

symmetric (B) polarization states.
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Particles in the micrometric and nanometric range
have attracted great interest in recent years

especially because of their interesting properties for

biotechnological applications [1,2]. Porous anodic
alumina can be an excellent material for the
formation of these particles. Porous alumina is
obtained by the electrochemical etching of highly-
pure aluminum and consists of nanometric pores
hexagonally arranged in an alumina matrix. Its
geometric characteristics, such as pore size,
interpore distance, porosity, and thickness, can be
controlled by the anodization conditions (voltage
and time of anodization, temperature, and acid used
as electrolyte, etc.) [3]. Therefore, we are able to
tune the porous morphology of porous alumina to
meet the requirements of its very diverse
applications. The physical, chemical and optical

properties of this material together with its
nontoxicity, its highly stable morphology in buffer
solutions and its cost-effective fabrication [4] makes

of porous alumina an interesting material for the
development of particles for biological applications.

Especially remarkable is its high effective surface
area, that can be chemically modified with organic
compounds [5]. Furthermore, another singular

characteristic distinguishes porous alumina from

many other materials: its inherent

photoluminescence in the visible spectrum range
(Figure 1). In this work, we present porous alumina

particles and evaluate their properties for the

development of label-free biomarkers and also for a

wide range of applications in the biomedical and
biotechnological fields.
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Figure 1: Photoluminescent porous alumina particles: white light (left), DAPI filter (right).
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Efficient and reversible switching of plasmonic
modes at Vis and NIR wavelengths is one of the key
desirable properties for tunable devices [1]. Phase-
transition materials offer technologically relevant
opportunities as they can provide notable changes
in the dielectric response [2]. So far most studies
have reported the effects of a global phase
transition of these materials on the plasmonic
response of nanoparticles and metamaterials. Unlike
chalcogenide phase-transition materials which offer
slow, rewritable memory functionality at relatively
high temperatures, vanadium dioxide (VO,) provides
an ultrafast, reversible phase-transition at only
modestly elevated temperatures around 68°C [3].

In this work, we exploit for the first time resonant
pumping and nanometer-scale plasmonic hot-spots
to induce an optical change of the nanoantenna
(NA) response through highly localized phase-
transitions in the underlying substrate [4].
Multifrequency crossed gold antenna arrays were
fabricated on top of high-quality VO, films (NA-VO,
hybrids). Optical experiments show that fully
reversible switching of antenna resonances at the
picosecond timescale are possible using resonant
pumping schemes. Simulations revealed that the

change in optical response of the antennas stems
from the change in dielectric properties of VO,
regions neighboring the NAs. Moreover, it is
demonstrated that the phase transition mediated by
local pumping of a plasmon resonance does not
influence the resonance of a perpendicular NA
positioned less than 100 nm away from the
modulated antenna.

The nanoantenna-VO, hybrids enable new directions
in all-optical ultrafast switching at picoJoule energy
levels, and open up the possibility for plasmonic
memristor-type  devices  exploiting  nanoscale
thermal memory.
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Figure 1: (a) Example of a fabricated NA-VO, hybrid. (b) Simulated 68°C isosurfaces showing the phase-switched hot-spots around the nanoantennas
generated by resonant pumping. (c) Difference in the OD of the antennas, induced by the hot-spots of (b), for both (black curves) parallel and (red
curves) perpendicular pump-probe polarization. (left) Experiments and (right) simulations.
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There is a continuous effort in the plasmonics
community to achieve a control of the optical
response of metallic nanostructures via a proper
design of their morphology [1, 2]. However, in the
last years there has been an increasing interest in
obtaining an active control of the response by
application of external bias, or polarizing fields [3].
The modulation of the plasmon resonances in this
active fashion has been recently achieved in
electrochemistry by adding chemical reductants to
the colloidal nanoparticle solution [4-6]. Similarly to
the situation in 2D materials, such as graphene [7-9],
the observed shift of the plasmon frequency has
been often interpreted also in 3D particles as a
result of the charge doping of the nanoparticles.
Based on a full quantum mechanical description, we
review this long-standing misconception in
electrochemistry.

In this work, we study the electron dynamics and
plasmon modes of small charged metallic clusters in
vacuum with use of density functional theory (DFT)
and time-dependent density functional theory
(TDDFT) calculations. We obtain the electronic
structure and trace the dynamics of well-defined
nanoparticle clusters that allow to isolate and
identify the effects of pure charging in the optical
response of metallic nanostructures, with respect to
the action of an external polarization or chemical
effects. In particular, we show that the frequency
shift of the plasmon mode is generally small when a
nanoparticle is charged, and this shift has an
opposite sign to that expected from the arguments
based on the change of bulk electron density. Our
results can be well understood based on the theory
of dynamical screening [10-12] to describe the
dependence of the dipolar plasmon resonance on
the nanoparticle size. We also demonstrate that for
negatively charged clusters, as soon as the Fermi
level is promoted above the vacuum level, the extra
charge decays at femtosecond (fs) time scales.
Despite the small size of the systems considered in
our model calculations (~5 nm in diameter), our
results can be generalized to the case of larger
nanoparticles as those commonly treated in

electrochemistry. Counterintuitively, these results
reveal that the plasmon energy shifts observed in
electrochemical solutions of plasmonic
nanoparticles cannot be explained without
considering the effect of the dipole layer formed by
the ions that screen the nanoparticle charge and the
eventual modification of the surface electronic
structure of the metal nanoobject by the
chemisorbed species.
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