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10227-1, Session 1

All-dielectric resonant nanophotonics
and high-efficient metasurfaces (/nvited
Paper)

Yuri S. Kivshar, Australian National Univ (Australia)

Rapid progress in plasmonics is driven by the ability to enhance near-field
effects with subwavelength localization of light. Recently, we observe the
emergence of a new branch of nanophotonics aiming at the manipulation
of strong optically-induced electric and magnetic Mie-type resonances

in dielectric and semiconductor nanostructures with high refractive
index. Unique ad-vantages of dielectric resonant optical nanostructures
over their metallic counterparts are low dissipative losses, low heating,
and the enhancement of both electric and magnetic fields. In this talk, |
will review this new emerging field of nanophotonics and metasurfaces
and demonstrate that Mie-type resonances in high-index dielectric
nanoparticles and subwavelength structures can be exploited for new
physics and novel functionalities of photonic structures especially in the
non-linear regime.

10227-2, Session 1

Tunable spin-directional coupling for
surface localized waves with anisotropic
metasurface

Oleh Y. Yermakov, Andrey A. Bogdanov, lvan V. Lorsh,
ITMO Univ. (Russian Federation); Konstantin Y. Bliokh,
RIKEN Ctr. for Emergent Matter Science (Japan); Yuri
S. Kivshar, ITMO Univ. (Russian Federation) and The
Australian National Univ. (Australia)

Recently, it has been already investigated that eigenmodes spectrum of
hyperbolic metasurface consists of two hybrid TE-TM polarized modes
[11. Hybridization, as the consequence of anisotropy and accidental
degeneracy of the eigenmodes, breaks spin-momentum locking of
evanescent waves [2]. We have shown that the surface modes are
characterized by the finite longitudinal angular momentum together with
the transverse one [3]. This finding is in a sharp contrast to the properties
of conventional surface waves localized at interfaces of isotropic
materials, which carry purely transverse spin [4,5], and to the bulk waves
in free space, which carry purely longitudinal spin.

The directivity of surface plasmons at the hyperbolic metasurfaces can be
controlled with high flexibility, allowing almost unidirectional propagation
of surface waves excited by a point source. Recently, it was also shown
[6-8] that evanescent waves exhibit robust transverse coupling between
their spin angular momentum and propagation direction. Tunability of
spin-directional coupling results in the directional excitation of the surface
waves.

These results can significantly enrich various spin-orbit interaction
phenomena, which currently attract enormous attention to the near-field
optics and spin-orbit photonics [8,9]. Scientific and practical significance
of the results highlights a number of potential applications in optical
information technologies, optoelectronic and optomechanical devices,
biological sensors, rapidly emerging field of spin-optronics etc.

References:

1. 0. Y. Yermakov et al., Phys. Rev. B 91(23), 235423 (2015).

2. T. Van Mechelen, Z. Jacob, Optica 3(2), 118 (2016).

3. 0.Y. Yermakov et al., Phys. Rev. B 94(7), 075446 (2016).

4. K. Y. Bliokh, A. Y. Bekshaev, and F. Nori, Nat. Commun. 5, 3300 (2014).
5. K. Y. Bliokh, D. Smirnova, and F. Nori, Science 348, 1448 (2015).

6. F. Rodriguez-Fortuno et al., Science 340, 328 (2013).

7. K. Y. Bliokh and F. Nori, Phys. Rep. 592, 1 (2015).

8. K. Bliokh et al., Nat. Photonics 9, 796 (2015).

9. F. Cardano and L. Marrucci, Nat. Photonics 9, 776 (2015).
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10227-3, Session 1

Dynamical pixel manipulation of
metasurfaces

Jin-Qian Zhong, National Tsing Hua Univ. (Taiwan)

Two-dimensional (2D) metamaterials or known as metasurfaces have
attracted researchers’ attention due to their capability to manipulate the
amplitudes, phases and polarization states of incident electromagnetic
waves by conferring extra phase different phase at different positions
through a super cell that is composed of different oriented structures.

In other words, metasurfaces can achieve beam steering and wave
shaping by imparting local, gradient phase shift to the incoming waves.
With these abilities, metasurfaces can be applied to applications such as
ultrathin invisibility cloaks, metasurface holograms, planar lenses and a
vortex generator. With the above mentioned advantages and applications
of metasurfaces, yet, all the demonstrated metasurfaces possess a main
insufficiency that once the metasurfaces are designed and fabricated,
their optical properties are then fixed without any chance for further
manipulation, which limits their versatility in practical applications.
Moreover, although some researchers employed dynamically changeable
materials to achieve an active metasurface, such manipulation can only
change the overall performance such as an operating frequency instead
of changing the provided phase on each pixel of a metasurface. To solve
this issue, we employ liquid crystal integrated with a metasurface and the
combination could be thus be dynamically tuned via electric bias on each
pixel of liquid crystals. Through this setup, we can alter the polarization
state of the incident electromagnetic wave dynamically and thus
manipulate the extra phase provided by each pixel. In this combination,
liquid crystal is employed to change the incident polarization from

0 to 360-degree and the metasurface is designed to achieve four
different output signals including phase modulated linear- and circular-
polarized light and amplitude-modulated linear- and circular-polarized
light. Meanwhile, the metasurfaces could also control the transmission
efficiency of the device.

10227-5, Session 1

Plasmon-induced transparency-like
behavior at terahertz region via dipole
oscillation detuning in a hybrid planar
metamaterial

Zhenyu Zhao, Shanghai Normal Univ. (China)

We investigate a plasmon-induced transparency (PIT)-like behavior

at terahertz (THz) region induced by resonance detuning in a hybrid
planar metamaterial (MM). Each unit cell of the MM contains two types
of dipole oscillation resonators: a cut-wire and a couple of U-shaped
resonators in mirror symmetry. The hybridization of above resonators
splits the single resonance mode into two side modes in THz transmission
spectrum. The side modes are found out to induce negative group delays
of incident THz wave-packet. The distribution of surface currents and
electric energy reveals that the near-field coupling between cut-wire
and U-shape resonators results in inductive-capacitive (LC) resonance,
which dominates the low frequency side mode; while the high frequency
side mode attribute to the triple dipole oscillations. The reduction of

the length of cut-wire give arise to a dipole resonance detuning, which
enhances the LC resonance via near-field coupling, while attenuates

the constructive inference of triple dipole oscillators. The retrieved
complex dielectric functions indicate the evolution of LC resonance

and triple dipole oscillations. By control the dipole resonance detuning
appropriately, a man-made transparent tip can be created in between
the two side modes. However, such a transparent tip is unable to induce
negative group delay. Aforementioned PIT-like behavior can support the
design of hybrid planar MMs in application of two-band notch filters or
multi-channel buffer in the THz-region.
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10227-6, Session 2

Light-matter interaction in planar
plasmonic and metamaterial systems:
equilibrium and non-equilibrium effects
(Invited Paper)

Kurt Busch, Humboldt University Berlin (Germany)

Certain plasmonic and derived systems such as hyperbolic metamaterials
promise large and broadband enhancements of the photonic density of
states which, in turn, lead to corresponding enhancements of light-matter
interaction. In this talk, recent theoretical advances regarding the most
simple settings, i.e., planar materials and one- and zero-photon effects
(spontaneous emission, Casimir-Polder force, and quantum friction) will
be discussed with an emphasis regarding the appropriateness of different
material models [1,2] and the validity of certain approximation schemes
such as the Markov and the local thermal equilibrium approximation
[3,4,5].

[11 F. Intravaia and K. Busch, Phys. Rev. A 91, 053836 (2015)

[2] D. Reiche et al., submitted

[3] F. Intravaia et al., Phys. Rev. Lett. 117,100402 (2016)

[4] F. Intravaia et al., Phys. Rev. A 94, 042114 (2016)

[5] D. Reiche et al., submitted

10227-7, Session 2

Hyperbolic waveguide for long-range
heat transport

Svend-Age Biehs, Carl von Ossietzky Univ. Oldenburg
(Germany); Philippe Ben-Abdallah, Lab. Charles Fabry
(France) and Ctr. National de la Recherche Scientifique
(France) and Univ. Paris-Saclay (France)

When two objects at two different temperatures are close enough, near-
field effects due to tunneling of evanescent waves between them can
lead to a radiative transfer beyond the Planck limit [1]. However at large
separation distances (i.e. in the far-field regime) the transfer of energy
which results exclusively from propagative photons cannot exceed this
limit. In this presentation we show in the framework of fluctuational
electrodynamicsthat using hyperbolic media [2,3] to connect a hot to

a cold body we can in principle transport the near-field energy over
distances much larger than the thermal wavelength and observe a
surperPlanckian transfer at long separation distance [4].

References
[1] D. Polder and M. Van Hove, Phys. Rev. B, 4, 3303 (1971)

[2] S.-A. Biehs , M. Tschikin and P. Ben-Abdallah, Hyperbolic
metamaterials as an analog of a blackbody in the near field, Phys. Rev.
Lett., 109, 104301 (2012).

[3] S.-A. Biehs, S. Lang, AY. Petrov, M. Eich, and P. Ben-Abdallah,
Blackbody theory for hyperbolic materials, Phys. Rev. Lett. 115, 174301
(2015).

[4] R. Messina, P. Ben-Abdallah, B. Guizal, M. Antezza, and S.-A. Biehs,
Phys. Rev. B 94, 104301(2016).

10227-8, Session 2

On-chip near-wavelength diffraction
gratings for surface electromagnetic
waves

Evgeni A. Bezus, Vladimir V. Podlipnov, Andrey A.
Morozov, Leonid L. Doskolovich, Image Processing

Systems Institute (Russian Federation) and Samara Univ.
(Russian Federation)
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Since the fabrication of first diffraction gratings and first observation

of resonances in gratings more then a century ago, diffraction gratings
have found various applications as spectral filters, beam splitters,
radiation absorbers etc. While the optical properties of the gratings
have been extensively studied in the diffraction (large-period) and in
the effective-medium regimes, the near-wavelength regime (the case
when the wavelength of the incident light is close to the grating period)
has attracted considerable research interest over the past couple of
decades. In this regime, gratings demonstrate the most interesting optical
properties such as high quality-factor resonances or broadband high
reflection or transmission.

In our recent paper, we have for the first time theoretically and
numerically investigated on-chip near-wavelength diffraction gratings
for the best-known type of surface electromagnetic waves — namely, for
surface plasmon polaritons propagating at interfaces between metal and
dielectric media [Bezus et al., Opt. Lett. 40(21), 4935-4938 (2015)]. It
was shown that the diffraction of surface plasmon polaritons on on-chip
gratings is qualitatively, and, under certain conditions, quantitatively
close to the diffraction of TE-polarized plane electromagnetic waves on
conventional gratings.

In the present work, we demonstrate our new results on plasmonic
gratings. In particular, plasmonic grating-based beam splitters and
deflectors with subwavelength footprint in the propagation direction are
presented. The application of several techniques for parasitic (out-of-
plane) scattering suppression to these plasmonic gratings is discussed.
Using full-wave simulations within the framework of aperiodic Fourier
modal method, it is shown that with the scattering suppression the
efficiency of the considered on-chip gratings exceeds 85%. Along with
the theoretical and numerical results, we present proof-of-concept
experimental results confirming the functionality of plasmonic beam
splitters and deflectors. The investigated gratings were fabricated from
resist on a silver film using electron beam lithography and characterized
using the leakage radiation microscopy technique. The obtained
experimental results are in good agreement with the performed numerical
simulations.

The extension of the on-chip gratings concept to other platforms such
as planar waveguide modes and Bloch surface waves propagating at
interfaces between photonic crystals and homogeneous media is also
discussed. The proposed on-chip gratings may find application in the
design of systems for optical information transmission and processing at
the nanoscale.

10227-9, Session 2

On-chip phase-shifted Bragg gratings
and their application for spatiotemporal
transformation of Bloch surface waves

Leonid L. Doskolovich, Image Processing Systems
Institute (Russian Federation) and Samara National
Research Univ. (Russian Federation); Evgeni A.

Bezus, Dmitrii A. Bykov, Nikita V. Golovastikov, Image
Processing Systems Institute (Russian Federation) and
Samara Univ. (Russian Federation)

Bloch surface waves (BSW) are surface electromagnetic waves
propagating along the interfaces between a photonic crystal and a
homogeneous medium or between two different photonic crystals. Along
with surface plasmon polaritons (SPP), they are considered as potential
candidates for the utilization in novel optical information processing
devices as information carriers, as well as in other applications such as
chemical and biological sensors. As opposed to SPP, BSW are supported
by all-dielectric structures, so the absorption losses upon the surface
wave propagation can be negligibly small.

In this work, we study numerically and theoretically phase-shifted Bragg
gratings (PSBG) for BSW. The studied on-chip structures consist of a set
of dielectric ridges located on the 1D photonic crystal surface, the height
of which is chosen so that they encode the required distribution of the
effective refractive index. Similarly to conventional PSBG, on-chip PSBG
consists of two symmetrical on-chip Bragg gratings separated by a defect
layer. Rigorous simulation results demonstrate that the surface wave
diffraction on the proposed on-chip PSBG is close to the diffraction of
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plane electromagnetic waves on conventional PSBG. For the considered
examples, the correlation coefficient between the spectra of conventional
PSBG and on-chip PSBG exceeds 0.99 in the vicinity of the resonance
corresponding to the excitation of the eigenmodes localized in the defect
layer.

Conventional PSBG are widely used for spectral filtering as well as

for temporal and spatial transformations of optical pulses and beams
including differentiation and integration of pulse envelope or beam
profile. In our recent work [Opt. Express 24, 18828 (2016)], we described
the general class of spatiotemporal transformations of optical signals
implemented by PSBG. In the present work, we discuss the capability

of on-chip PSBG to implement the operations of temporal and spatial
differentiation of BSW pulses and beams as well as more general
spatiotemporal transformations. The presented examples demonstrate the
possibility of using the proposed structure for high-quality differentiation.

The obtained results can be applied for the design of the prospective
integrated systems for on-chip all-optical analog computing.

10227-10, Session 2

Enhanced fluorescence emission using
bound states in continuum in a photonic
crystal membrane

Silvia Romano, Istituto per la Microelecttronica e
Microsistemi, Consiglio Nazionale delle Ricerche (ltaly);
Gianluigi Zito, Stefano Managd, Anna Chiara De Luca,
Istituto di Biochimica delle Proteine, Consiglio Nazionale
delle Ricerche (ltaly); Stefano Cabrini, The Molecular
Foundry (United States); Vito Mocella, Istituto per la
Microelecttronica e Microsistemi, Consiglio Nazionale
delle Ricerche (ltaly)

Metasurfaces are two-dimensional structures, arrays of scatterers with
subwavelength separation or optically thin planar films, allowing light
manipulation and enabling specific changes of optical properties [1], as
for example beam-steering, anomalous refraction and optical-wavefront
shaping [2]. Due to the fabrication simplicity, the metasurfaces offer

an alternative to 3-D metamaterials and providing a novel method

for optical elements miniaturization. High-quality metasurface optical
elements based on titanium oxide, metals or silicon have been designed,
leading to the realization of polarization optics, focusing mirrors, flat
lenses, waveplates, holograms [3, 4, 5]. It has been demonstrated that

a metasurface can support Bound States in Continuum (BIC), that are
resonant states by zero width, due to the interaction between trapped
electromagnetic modes [6, 7, 8]. The only possibility for these special
Fano resonances to completely decouple from the continuum of the free-
space modes is by mismatching their symmetries. However, fabrication
imperfections partially break the symmetry of the lattice, allowing the
coupling of the external incoming beam. At the bound state frequency,
the electromagnetic field is ideally trapped by the structure with a
divergent life-time. Experimentally, this involves very narrow coupled
resonances, with a high Q-factor and an extremely large field intensity
enhancement, up to 6 orders of magnitude larger than the intensity of the
incident beam [6]. Here, we demonstrate that the field enhancement in
proximity of the surface can be applied to boost fluorescence emission of
probe molecules dispersed on the surface of a photonic crystal membrane
fabricated in silicon nitride. Our results provide new solutions for light
manipulation at the nanoscale, especially for sensing and nonlinear optics
applications.

References
1. N. Yu, F. Capasso, Nature materials 13, 139-150 (2014)
2. N. et al.,, Science 334, 333-337 (2011)

3. L-J Black, Y. Wang, C. de Groot, A. Arbouet, O. L. Muskens, ACS nano
(2014)

4. A. Pors, M. G. Nielsen, R. L. Eriksen, S. I. Bozhevolnyi, Nano letters 13,
829-834 (2013)

5. F. Aieta et al. Nano letters 12, 4932-4936 (2012)
6. V. Mocella and S. Romano, Physical Review B 92, 155117 (2015)

7.Y. Plotnik, O. Peleg, F. Dreisow, M. Heinrich, S. Nolte, A. Szameit, and M.
Segev, Phys. Rev. Lett.107, 183901 (2011)
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10227-11, Session 3

New pathways for solitons and rogue
waves in double negative and hyperbolic
metamaterials (/nvited Paper)

Allan D. Boardman, Univ. of Salford (United Kingdom);
Jim McNiff, Original Perspectives Ltd. (United Kingdom)

This presentation involves the outcomes for solitons in new, exciting,

and dramatic investigations of double negative and the nanostructured,
modern, hyperbolic metamaterials. The latter are very popular now but
they are asymmetric with an optic axis for which the orientation in any
device can have an overwhelming influence. The influence of an optical
axis orientation upon nonlinear behaviour is fascinating and is addressed
her in the nonlinear domain through novel soliton behaviour. It will be
emphasised The question of asymmetry has been referred very briefly
before, without persuing any detail, through the comment that even small
optical anisotropy is a much greater “enemy” of the perfect lens than
absorption. The current hyperbolic metamaterial world is actually only
partially served by investigations that incorporate some limited version of
anisotropy. New, dramatic, pathways will be presented here involving the
strong competitiveness of the optical axis orientation with other physical
properties. The outcomes will, for example, be shown to circumvent
unnecessary device design often executed to control absorption.

This report will also use solitons to look at the exciting feature called
rogue waves and how they can be influenced by a nanostructured
metamaterial environment. This is the first time that these waves will be
examined for optic-axis driven metamaterials. Rogue waves are known in
hydrodynamics as freak ocean waves that appear from nowhere, destroy
shipping, and then disappear without trace. It is the nonlinear Schrodinger
equation that provides a common soliton-based language and reveals
shows that the mathematics of water waves and optical waves are the
same. This great analogy between hydrodynamics and optics will be
developed in a graphic manner and a broader study of optical rogue
waves will show them also to have other analogies. The influence

of metamaterials in a controlled application involving planar optical
waveguides. with arbitrary optic axis orientations, will be presented and
the positive impact upon the noise properties of optical devices will be
assessed.

10227-12, Session 3
PT-axisymmetric VCSELS (/nvited Paper)

Muriel Botey, Univ. Politécnica de Catalunya (Spain);
Waagas Ahmed, Politécnica de Catalunya (Spain); Ramon
Herrero, Univ. Politécnica de Catalunya (Spain); Kestutis
Staliunas, , Institucié Catalana de Reserca i Estudis
Avancats (ICREA) (Spain)

Optical Parity-Time (PT-) symmetric systems support unusual properties
when the symmetric coupling between internal modes is broken [1,2].
The simplest PT-symmetric 1D optical potential may be taken as: n(x)= nO
exp(igx), which at resonance, asymmetrically couples the left-propagating
mode, exp(-iq/2x), to the right-propagating mode exp(iq/2x), but

not vice versa. The question that arises is what happens if such PT-
symmetry condition is not met globally. A complex optical potential

in the form: n(x)=n0 [cos(ig?x?)-i sin(ig?x?)] imposes a unidirectional
coupling towards a selected position, x=0. Here, we propose a new class
of PT-symmetric potentials with axial symmetry by radial dephased
modulations of index and gain/loss: n(r)=n0[cos(igr)-i sin(igr)]. This axial
potential intrinsically generates an exceptional central point leading to an
extraordinary field enhancement and simultaneous confinement [3].

Broad aperture lasers, and VCSELs among them, are relevant laser
sources however suffering from a major drawback: a poor beam quality
due to the lack of an intrinsic transverse mode selection mechanism.
Therefore, in particular, we explore the spatio-temporal field dynamics
of a 2D complex PT-axysimmetric VCSEL which could have physical
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realizations with nowadays technology. Indeed, we show that field
localization and enhancement is possible at r?=?0, revealing that this 2D
axisymmetric system efficiently turns such microlasers into bright and
narrow sources.

We expect the proposed PT-axisymmetric configuration to find
remarkable applications for the beam quality emission improvement from
VCSEL. Besides, the reported effect is universal, and could be extended
to different linear or nonlinear physical systems, from optics to Bose
condensates, or acoustics among others.

1. Phys. Rev. Lett. 80, 5243-5246 (1998).
2. Nat. Mater. 12, 108-113 (2012).
3. Phys. Rev. A 94, 053819 (2016).

10227-14, Session 3

Experimental demonstration of the
surface state and optical topological
phase transition of one dimensional
hyperbolic metamaterial in Otto
configuration

Chih Chung Wei, Leng-Wai Un, Ta-Jen Yen, National
Tsing Hua Univ. (Taiwan)

One-dimension hyperbolic metamaterials (IDHMMs) possess marvelous
and considerable applications: hyperlens, spontaneous emission
engineering and nonlinear optics. Conventionally, effective medium
theory, which is only valid for long wavelength limit, was used to predict
and analyze the optical properties and applications. In our previous
works, we considered a binary IDHMM which consists of alternative
metallic and dielectric layers, and rigorously demonstrated the existence
of surface states and bulk-interface correspondence with the plasmonic
band theory from the coupled surface plasmon point of view. In the
plasmonic band structure, we can classify IDHMMs into two classes:
metallic-like and dielectric-like, depending on the formation of the surface
states with dielectric and metallic material, respectively. Band crossing
exists only when the dielectric layers are thicker than the metallic ones,
which is independent from the dielectric constants. Furthermore, the
1DHMMs are all metallic-like without band crossing. On the other hand,
the TDHMMs with band crossing are metal-like before the band crossing
point, while they are dielectric-like after the band crossing point. In this
work, we measure the surface states formed by dielectric material and
1DHMMs with band crossing in Otto configuration. With white light source
and fixed incident angle, we measure the reflectance to investigate the
existence of the surface states of IDHMMs with various thickness ratio

of metallic to dielectric layers. Conclusively, our results show that the
surface states of IDHMMs exist only when the thickness ratio is larger than
0.15. The disappearance of the surface states indicates the topological
phase transition of IDHMMSs. Our experimental results will benefit

new applications for manipulating light on the surface of hyperbolic
metamaterials.

10227-15, Session 3

Quasimode computation in structures
including several dispersive materials

Guillaume Demésy, André Nicolet, Frédéric Zolla,
Mauricio Garcia-Vergara, Institut Fresnel (France)

We present a new method for the direct computation of the resonances
associated with electromagnetic structures including media with

highly dispersive permittivities. An important example is the case of
metal nanoparticles in the visible light or infrared frequencies. This is a
fundamental problem for plasmonic applications.

Computing the eigenfrequencies corresponding to sourceless solutions
of an electromagnetic problem (e.g. the harmonic wave equation for the
electric field E) are spectral problems. In the presence of dispersionless
media, the discretisation of such problems using the Finite Element
Method in the harmonic case usually leads to linear generalized (matrix)
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eigenvalue problems giving resonance frequencies together with the
associated eigenfields (the so called quasimodes).

In the case considered here, the permittivity strongly depends on the
very frequency that we are trying to determine. A classical way to
introduce dispersion is to use Drude, Lorentz or Sellmeier models. All
these models are in fact representations of a dispersive permittivity in
the form of a rational function of the frequency f, i.e. N(f)/D(f) where

N and D are polynomials in f. A direct way to obtain an eigenvalue
problem is to multiply the equation by the denominator D(f). In this case,
the discretization of the problem will lead to a generalized polynomial
eigenvalue problem (of degree higher than 2). Very recent advances in
linear algebra algorithms have provided efficient libraries able to directly
tackle such problems (e.g. SLEPc).

Nevertheless, the interesting cases may involve several dispersive
media. In this case, D(f) is different in each medium and multiplying the
equation by all the different D(f) leads to an eigenvalue problem of very
high degree that is much more difficult to solve. Therefore, we multiply
each region with the local D(f) (and D(f) can be seen as a discontinuous
function between the media). In this case, a special treatment has to

be applied to the boundaries: the magnetic tangential field has to be
introduced as a Lagrange multiplier on such boundaries and used to
control the discontinuity introduced by the local D(f) factor.

The practical implementation is performed using Onelab/Gmsh/GetDP
open source packages.

The method can be extended to open problems using Perfectly Matched
Layers to determine the quasimodes. The method can also be used

for periodic structures using Floquet-Bloch theory. In this case, the
problem also depends on the parameters derived from the quasi-periodic
condition (e.g. associated with the wavevector). The model can deal with
problems that are both open and periodic.

We also have developped rational interpolation techniques that provide
accurate N(f)/D(f) directly from experimental data and that are suitable
for our model.

In this paper, we present 2D models showing the validity of the approach.

Acknowlegement: This work was supported by the ANR RESONANCE
project, grant ANR-16-CE24-0013 of the French Agence Nationale de la
Recherche.

10227-16, Session 3

Spectral features of the Borrmann effect
in 1D photonic crystals in the Laue
geometry

Vladimir B. Novikov, Boris |. Mantsyzov, Tatiana
V. Murzina, MV. Lomonosov Moscow SU (Russian
Federation)

The Borrmann effect is the fundamental effect in X-ray physics. It is a
strong increase of the transmission of a perfect crystal when the X-rays
satisfy the Bragg diffraction condition, originating from X-rays localization
between the atomic planes in that case. In other words, the Borrmann
effect manifests itself by smaller field losses as the Bragg diffraction law
is attained. Following the trend of the transfer of the X-ray phenomena
into the optical spectral range, in this work we experimentally observed
and studied the optical analog of the Borrmann effect for the case of
one-dimensional photonic crystals (PhCs). The studies are performed in
the Laue diffraction scheme when no photonic band gaps appear and the
light does not experience diffraction-induced light attenuation.

We studied the samples of PhCs based on porous fused silica. Samples’
manufacturing consists of two stages. First, porous silicon PhCs are
fabricated by electrochemical etching of p-doped Si (100) wafer. The
PhCs consist of alternating layers of two types, of high and low porosity,
characterized by different refractive indexes. The second stage consists
in annealing of the crystals in a muffle at 7500 C. Depending on the
oxidation time, we obtained the PhCs that are partially or fully annealed.
The PhCs produced by both techniques have periodical modulation of
refractive indexes and losses. Optical losses in the two types of PhCs are
different; in partially annealed PhCs (PhC-I) high refractive index layers
absorb light due to the presence of residual silicon, while in fully annealed
structures (PhC-II) the losses are determined by light scattering in
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layers with high porosity (low refractive index layers). PhCs have several
hundreds of layers that allow study the effect in the Laue scheme of
diffraction.

Optical experimental setup is based on a CW laser operating at the
wavelength of 720-890 nm, its linearly polarized beam is focused by

a lens on the PhC input edge of the into a spot of 130 um. The silicon
photodiode with a large detection region is placed close to the PhC
output edge, so the total transmission is measured, including the beams
of all diffraction maxima.

We studied the transmission of the two types of PhCs as a function of
the angle of incidence of the radiation. We observe that the transmission
of the PhC-I samples demonstrates sharp peaks, corresponding to the
Bragg angles of diffraction. The appearance of these peaks manifests of
the Borrmann effect due to the predominant localization of the optical
field in the PhC layers with low absorption. At the same time, the PhC-lI
structures demonstrate nearly monotonic decreasing of transmission

as a function of the angle of incidence. So the effect is different for the
structures with light losses in high or low refractive index layers. Spectral
dependence of the effect shows a number of peculiarities: alternating
appearance and disappearance of total transmission maxima and a strong
angular narrowing of maxima for definite wavelengths. Interrelation of
the observed effects with degeneracies of the PhC band structure is
confirmed by theoretical calculations.

10227-36, Session PS

Plasmonic scattering nanostructures for
efficient light trapping in flat CZTS solar
cells

Omar A. M. Abdelraouf, Nageh K. Allam, The American
Univ. in Cairo (Egypt); Mohamed Ismail Abdelrahaman,
Aix-Marseille Univ. (France)

CZTS (Cu2ZnSnS4) is a promising absorbing layer in photovoltaic devices,
due to it is low cost, abundancy, and non-toxicity. However, recent
developments in CZTS solar cells showed efficiency reaching barely

over 9%. The low efficiency of CZTS solar cells is the main obstacle for
replacing conventional high cost bulk silicon photovoltaic with CZTS solar
cells.

Herein, we propose an alternative route for enhancing the efficiency

of CZTS solar cells by using plasmonic scattering nanostructures on

the top surface of the CZTS active layer. Metamaterial and plasmonic
nanostructures can confine, absorb, guide or scatter incident light in the
nanoscale. Each one of these phenomena totally depends on the material
type, shape, and geometrical dimensions of the used nanostructures.
Therefore, theoretical study of different shapes and materials can guide
the highest performance of desired phenomena.

In this work, we studied the effect of changing plasmonic metal
nanopyramids’ height, periodicity, and tapering angle on light scattering
inside active layer of the CZTS solar cells. By sweeping pyramid’s height
from 100nm to 300nm, periodicity of closed nanopyramids from 100nm
to 180nm, and using pyramid base length 25nm, 50nm, 75nm, we found
good enhancements in light absorption inside the active layer over
reference planar CZTS structures.

The results showed that tapering angle of nanopyramids is a critical
parameters in enhancing performance. Using pyramid base length

25nm and 75nm showed highest absorption enhancement of 101.2% and
102.7%, respectively. Using 50nm pyramid base length showed 106.1%
light absorption enhancement, 105.3% generation rate enhancement, and
106.3% overall efficiency enhancement compared to simulated reference
planar CZTS structure. In all simulations, the highest performance
occurred at pyramid’s length 300nm and periodicity of 180nm.

Each plasmonic CZTS solar cell structure is designed and analyzed using
there dimensional (3D) finite element method (FEM) simulations. Using
periodic boundary condition for simulating a smaller cell, and with mesh
size is ten times smaller than lowest simulated wavelength. Input port
energy came from air mass 1.5 sun light over wavelength range from
300nm to 800nm. Also, we studied effect of replacing molybdenum
with refractory plasmonics titanium nitride (TiN). TiN is a promising
plasmonic material as it has a similar plasmonic properties to gold at
visible wavelength. After using TiN, we found also enhancements in light
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absorption. These interesting results could open a new way of integrating
plasmonic scattering nanostructure inside flat CZTS solar cell for higher
efficiency.

10227-37, Session PS

Ferroelectric lithographic microscale
assembly of a noble metal nanoparticles
applied as a single molecule sensor

Rusul Alshammari, Nebras E. Al-Attar, Univ. College
Dublin (Ireland); Michele Manzo, Katia Gallo, KTH Royal
Institute of Technology (Sweden); Brian J. Rodriguez,
James H. Rice, Univ. College Dublin (Ireland)

Active plasmonic nanomaterials are an attractive materials in a variety

of device applications ranging from solar cells to optical sensors. An
important aspect of optimising plasmonic nanomaterials for, e.g., optical
sensor applications is the ability to engineer areas of intense, localised
electromagnetic fields. Here, the formation of microscale arrays structure
from Au nanoparticles using a ferroelectric lithography methodology is
demonstrated and the resulting array applied to both surface enhanced
Raman scattering and fluorescence detection and imaging.

Ferroelectric lithography via proton exchange-based method was applied
to direct self-assembly of Au nanoparticles created by photodeposition
on a periodically proton exchanged lithium niobate (PPELN) crystal.

The PPELN template affords the ability to tailor the electrostatic fields
near the surface of a lithium niobate crystal, which is suitable for driving
bottom-up assembly and nano-deposition to engineer the formation

of the patterned Au nanostructures (Au-PPELN). This biocompatibile
Au-PPELN substrate provides a platform for ultra-sensitive Raman
spectroscopy at the single molecule level detection limit. Temporal

and spectral acquisitions of localised blinking events have been

recorded individually using high-speed detectors and a high-resolution
spectrometer, respectively. The acquired spectra indicate that the
observed blinking can be assigned to single molecules. This finding opens
opportunities to use Au-PPELN as a powerful substrates in the field of
ultrasensitive chemical and biochemical analytics.

10227-38, Session PS

Photonic band gap and defect states
calculation of 2D octagonal structures

Gulsen Kosoglu, Mehmet Naci Inci, Bogazici Univ
(Turkey)

Photonic crystals are capable of prohibiting certain frequency ranged
electromagnetic (EM) waves from propagating in a structured media.
The non-allowed frequency range is called photonic band gaps (PBGs)
and are analogous to the electronic band gaps resulting from periodic
electrostatic potentials in crystals. The radiation with the wavelength of
those frequencies in the frequency gap cannot propagate inside these
repetitive composites. Plane Wave Expansion (PWE) method is used to
form and calculate the band gap and the field patterns of the dielectric
rods of the crystal structure [1]. PWE method is combined with the
supercell technique so a required size of supercells can be constructed to
define the crystal structure with introduced defect states [2]. Using large
supercells can be useful for the calculations of the localized defect modes.

The crystal structure is defined as a basic cubic lattice. Then a primitive
cell is constructed with four identical atoms, which are placed around a
central point at an equal distance with 90 degree between each atom’s
positions. This central point is assumed to be the lattice point of the
cubic structure so the position dependent periodic dielectric function

is redefined due to these rod points. The repetition of this unit cell
constructs an octagonal crystal structure and the band gap calculations
and density of states (DOS) are calculated for the GaAs rods in air and air
rods in GaAs background. A defect point is defined at the central point of
the constructed octagon and this additional defect enlarges the band gap
width tremendously.

Topics: Photonic Crystal, Plane Wave Expansion, Octagon, Photonic Band
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Gap, Defect States

This work was supported by Bogazici University Research Fund under
project number (BAP-11001).
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10227-40, Session PS

Complex dielectric films acting as
external diffractive 3D photonic crystals
to improve Blue OLEDs

Michal Mruczkiewicz, Univ. Bordeaux 1, Lab. Ondes

et Matiére d’Aquitaine (France); Frederic Dumur, Aix-
Marseille Univ. (France); Mathias Perrin, Univ. Bordeaux 1
(France); Arthur Bertrand, IPREM-CNRS UMR (France);
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(France); Christine Dagron-Lartigau, Antoine Bousquet,
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Blue OLEDs are essential to fabricate efficient full color displays, but
have a relatively low efficiency. Indeed, the produced light turns out to
be strongly coupled to the optical modes of the metallo-dielectric stack
waveguide, and tend to remain inside the medium of high optical index.
This total internal reflection effect that occurs both in conventional
planar bottom-emitting organic and inorganic light emitting devices is
responsible for the low outcoupling efficiency - Typically 20% of the
electrogenerated photons are coupled to free space. To extract more light,
several methods have been proposed, from the internal structuration of
the organic layers, to the addition of an external diffractive layer made of
micro-lenses or disordered structures.

Internal structuration of the OLED yields high improvements of the
external quantum efficiency, but is complicate and costly to set up. We
will present low cost techniques that can be easily scaled up to large
surface OLEDs. These later uses dielectric films made either with the
Langmuir-Blodgett technique [1], either using Breath Figure techniques
[2]. We measured an improvement up to 40% of the EQE for a blue OLED
emitting at 480 nm.

Besides, we will present a numerical model of this three-dimensional
optical OLED cavity. This later extends the well-known one-dimensional
formalism that is commonly used to model OLED stacks. It permits to
link simply the electrical properties (exciton distribution) to the optical
gain in an OLED caped with 3D photonic crystal, what enables global
optimisation of 3D-OLED architectures. Eventually, we derive a simple
criterion to optimize the photonic crystal shape and size, knowing the
architecture of the planar OLED stack.

[1] Opt Express. 2016 Nov 28;24(24):27184-27198

[2] Breath Figures: Fabrication of Honeycomb Porous Films Induced

by Marangoni Instabilities (p 219-256 Chapter 10 in Polymer Surfaces

in Motion: Unconventional Patterning Methods, by Juan Rodriguez-
Herndndez & Carlos Drummond, Ed. Springer USA, 2015).

10227-41, Session PS

Analytical description of the interaction
between light and plasmons: the
corrected quasi-normal mode expansion

Mathias Perrin, Univ. Bordeaux 1 (France)

Modeling, in nanophotonics, often means running heavy numerical
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simultations - typically Finite Element Methods, or Finite Difference in
Time Domain -, that would compute key physical quantities (absorption
and extinction cross sections, Purcell factor), for different excitation
parameters (wavelength, polarization, ...).

To overcome this problem, and model efficiently single particles,
oligomers, or a complex metasurface, the Quasi - Normal Mode (QNM)
expansion seems promising, and has therefore received much attention
both in quantum and classical physics in recent years.

Indeed, the QNMs of the device under study need to be computed only
once. Then, if excitation is changed (wavelength, polarization, ...) only the
expansion coefficients have to be recalculated, and this is done quickly,
using an analytic expression even for dispersive and dissipative systems.

In the present work, we derive a corrected QNM expansion that removes
the hypothesis of weakly dispersive materials implicitly used in previous
works [1]. This leads to more accurate predictions (see Fig. 1). Indeed, an
energy correction now appears in the expansion [2] and permits a better
description going farther from the pole frequency. In particular, this helps
to cure the problem of negative cross section and negative Purcell factor
in the infrared range, observed in first works [1]. Note that our formulation
remains analytic and has been extended to several QNMs. More precisely,
we have set up a rigorous frame, to treat the case where several non-
orthogonal QNMs are excited, without using the complex concept of PML
integration to deal with their non-orthogonality.

[1] Q. Bai et al. Opt. Exp. 21 27371 - 27382 (2013).
[2] M. Perrin, Opt. Exp. 24 27137 - 27151 (2016).

10227-17, Session 4

Zero index metamaterial for enhanced
transmission and beaming (/nvited Paper)

Humeyra Caglayan, Hodjat Hajian, Ekmel Ozbay, Bilkent
Univ. (Turkey)

Recently, metamaterials with near-zero refractive index have attracted
much attention. Light inside these materials experiences no spatial

phase change and extremely large phase velocity, makes these

peculiar systems applicable for realizing directional emission, tunneling
waveguides, large-area single-mode devices and electromagnetic cloaks.
In addition, epsilon-near-zero (ENZ) metamaterials can also enhance light
transmission through a subwavelength aperture. Impedance-matched all-
dielectric zero-index metamaterials which exhibit Dirac cone dispersions
at center of the Brillouin zone, have been experimentally demonstrated
at microwave regime and optical frequencies for transverse-magnetic
(TM) polarization of light. More recently, it has been also proved that
these systems can be realized in a miniaturized in-plane geometry useful
for integrated photonic applications, i.e. these metamaterials can be
integrated with other optical elements, including waveguides, resonators
and interferometers.

In this work, using a zero-index metamaterial at the inner and outer sides
of a subwavelength aperture, we numerically and experimental study
light transmission through and its extraction from the aperture. The
metamaterial consists of a combination of two double-layer arrays of
scatterers with dissimilar subwavelength dimensions. The metamaterial
exhibits zero-index optical response in microwave region. Our numerical
investigation shows that the presence of the metamaterial at the inner
side of the aperture leads to a considerable increase in the transmission of
light through the subwavelength aperture. This enhancement is related to
the amplification of the amplitude of the electromagnetic field inside the
metamaterial which drastically increases the coupling between free space
and the slit. By obtaining the electric field profile of the light passing
through the considered NZ|/aperture/NZ| system at this frequency we
found out that in addition to the enhanced transmission there is an
excellent beaming of the extracted light from the structure.

We have theoretically and experimentally shown that using a zero-index
metamaterial at the inner and outer sides of a metallic subwavelength slit
can considerably enhance the transmission of light through the aperture
and beam its extraction, respectively.

This work has been supported by TUBITAK under Project No 114E505. The
author H.C. also acknowledges partial support from the Turkish Academy
of Sciences.
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10227-18, Session 4

Magnetic Fano-response in toroidal
metamaterials

Maria V. Kozhokar, Alexey A. Basharin, National Univ. of
Science and Technology “MISiS” (Russian Federation)

The static toroidal dipole was predicted by Zeldovich, which appears
due to the static currents in atomic nuclei and explain disturbance of
parity in the weak interaction. Physically, toroidal dipole is separated
element of multipole expansion that corresponds to electrical currents
circulating on a surface of gedanken torus along its meridians. Recently,
the demonstration of dynamic toroidal dipolar response became
possible in metamaterials composed of metamolecules of toroidal
topology. Metamaterials with toroidal dipolar response allow to
demonstrate a number of special properties such as novel type of EIT,
optical activity, extremely strongly localized fields and anapole. We are
interested in another property of toroidal metamaterials - magnetic
Fano-type response caused by toroidal and magnetic moments in a
particular metamolecule. In this paper we demonstrate theoretically and
experimentally in microwave at the first time Fano-excitation in toroidal
metamaterials. We suggested metamaterials based on a special structure
of two types of planar metamolecules separated by dielectric layer.

One of them “Electric” type metamolecule is a planar conductive
structure consisting of two symmetric split loops. The incident plane wave
excites circular currents along the loops leading to a circulating magnetic
moment and, as a result, to a toroidal moment. Moreover, due to the
central gap electric moment can be excited in metamolecule. At the same
time, destructive/constructive interference between toroidal and electric
dipolar moments gives us unique effect as very strong E- field localization
inside the central gap and anapole mode.

“Magnetic” type metamolecule is the inverted and rotated variant of the
first structure. In contrast to the first case, here we expect very strong
localization of magnetic field instead electric field. The magnetic field
lines are whirling around the central junction of the metamolecule due
to interference between toroidal and magnetic quadrupole moment.
Importantly, this configuration allows us to reduce electric moment.
Hence, we observe very strong magnetic field localization. Combined
together, they support coupled Fano- response with separated strongly
concentrated electric and magnetic fields. We discuss this effect and
show diamagnetic response due to toroidal Fano-excitation. These
metamaterials are promising for magnetic photonics and as Huygens
elements.

10227-19, Session 4

Planar toroidal metamaterials: the role of
losses, tunability and applications

Nikita Volsky, National Univ. of Science and Technology
“MISiS” (Russian Federation); Vitaly Chuguevsky,
National Univ. of Science and Technology “MISiS”
(Russian Federation) and Voronezh State Technical
Univ. (Russian Federation); Kristina Schegoleva, Alexey
A. Basharin, National Univ. of Science and Technology
“MISiS” (Russian Federation)

Toroidal topology appears in many types of metamaterials, which makes
it impossible to describe the electrodynamic properties of such objects
correctly without toroidal dipole. Dynamic toroidal dipole is excited by

a closed loop of magnetic dipoles, which are caused by electric currents
flowing along the meridians of the torus (poloidal currents). One of

the most promising cases of toroidal excitation is toroidal excitation

in planar metamaterials, which we discuss in this work. We show the
peculiar properties of such metamaterials, like extremely high Q-factor
and strong electric and magnetic field localization and tunable toroidal
metamaterials. Especially we discuss the role of losses in toroidal
metamaterials: radiating and non-radiating nature and show that the
playing with them can be crucial for effects of high Q-factor applications.
We demonstrate experimental characteristics that are in good agreement
with modeling results. To prove the toroidal nature of our metamaterial
we show the results of multipole expansion that considers toroidal dipole
response.
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10227-20, Session 4

All-dielectric perforated metamaterials
with toroidal dipolar response

lvan Stenishchev, Alexey A. Basharin, National Univ. of
Science and Technology “MISiS” (Russian Federation)

We present metamaterials based on dielectric slab with perforated
identical cylindrical clusters with perforated holes, which allow to support
the toroidal dipolar response due to Mie-resonances in each hole. Note
that proposed metamaterial is technologically simple for fabrication in
optical frequency range.

Metamaterial can be fabricated by several methods. For instance, we
may apply the molecular beam epitaxy method for deposition of Si or
GaAs layers, which have permittivity close to 16. Next step, nanometer/
micrometer holes are perforated by focused ion beam method or laser
cutting method. Fundamental difference of proposed metamaterial

is technological fabrication process. Classically all- dielectric optical
metamaterials consist of nano-spheres or nano-discs, which are
complicated for fabrication, while our idea and suggested metamaterials
are promising prototype of various optical/THz all-dielectic devices as
sensor, nano-antennas elements for nanophotonics.

10227-21, Session 4

Optical meta-films of alumina nanowire
arrays for solar evaporation and
optoelectronic devices

Kyoungsik Kim, Kyuyoung Bae, Gumin Kang, Seunghwa
Baek, Yonsei Univ. (Korea, Republic of)

Nanowires with metallic or dielectric materials have received considerable
interest in many research fields for optical and optoelectronic devices.
Metal nanowires have been extensively studied due to the high optical
and electrical properties and dielectric nanowires are also investigated
owing to the multiple scattering of light. In this research, we report optical
meta-films of alumina nanowire arrays with nanometer scale diameters
by fabrication method of self-aggregate process. The aluminum oxide
nanowires are transparent from ultraviolet to near infrared wavelength
regions and array structures have strong diffusive light scattering. We
integrate those optical properties from the material and structure, and
produce efficient an optical haze meta-film which has high transparency
and transmission haze at the same time. The film enhances efficiencies

of optical devices by applying on complete products, such as organic
solar cells and LEDs, because of an expanded optical path length and
light trapping in active layers maintaining high transparency. On the

other hands, the meta-film also produces solar steam by sputtering metal
on the aluminum oxide nanowire arrays. The nanowire array film with
metal coating exhibits ultrabroadband light absorption from ultraviolet

to mid-infrared range which is caused by nanofocusing of plasmons. The
meta-film efficiently produces water steam under the solar light by metal-
coated alumina arrays which have high light-to-heat conversion efficiency.
The design, fabrication, and evaluation of our light management
platforms and their applications of the meta-films will be introduced.

10227-22, Session 5

Liquid-like 2D plasmonic waves (/nvited
Paper)

Baile Zhang, Nanyang Technological University
(Singapore)

We predict some novel 2D plasmonic waves as analogues of
corresponding hydrodynamic wave phenomena, including plasmonic
splashing and V-shaped ship-wakes excited by a swift electron
perpendicularly impacting upon and moving parallel above a graphene
monolayer, respectively.

2D plasmons have fueled substantial research efforts in the past few
years. Recent studies have identified that 2D plasmons exhibit peculiar

Return to Contents

TEL: +44 (0)29 2089 4747

info@spieeurope.org 9



Conference 10227: Metamaterials

dispersion that is formally analogous to hydrodynamic deep-water-
waves on a 2D liquid surface. Logically, many intricate and intriguing
hydrodynamic wave phenomena, such as the splashing stimulated by

a droplet or stone impacting a calm liquid surface and the V-shaped
ship-wakes generated behind a ship when it travels over a water surface,
should have counterparts in 2D plasmons, but have not been studied.

We fill this gap by investigating dynamic excitation of graphene plasmons
when a monolayer graphene is perpendicularly impacted by a swift
electron, as an analogue of hydrodynamic splashing. A central jet-like rise,
called “Rayleigh jet” or “Worthington jet” as a hallmark in hydrodynamic
splashing, is demonstrated as an excessive concentration of graphene
plasmons, followed by plasmonic ripples dispersing like concentric

ripples of deep-water waves. This plasmonic jet, serving as a monopole
antenna, can generate radiation as analogue of splashing sound. This is
also the first discussion on the space-time limitation on surface plasmon
generation.

We then demonstrate a V-shaped plasmonic wave pattern when a swift
electron moves parallel above a graphene monolayer, as an analogue of
hydrodynamic ship-wakes. The plasmonic wake angle is found to be the
same with the Kelvin angle and thus insensitive to the electron velocity
when the electron velocity is small. However, the wake angle gradually
decreases by increasing the electron’s velocity when the electron velocity
is large, and thus transits into the Mach angle, being similar to recent
development in fluid mechanics.

10227-23, Session 5

Collective dynamics of atoms embedded
into negative index materials

Zbigniew Ficek, King Abdulaziz City for Science and
Technology (Saudi Arabia); Fang Wei, Gao X. Li, Central
China Normal Univ. (China)

The radiative properties of emitters (e.g. atoms or quantum dots) located
close to the interface between two dielectric materials can be significantly
modified compared to those in vacuum. The modification results from the
presence of surface EM modes known as plasmon guided (PG) field [1,2].
A new category of materials has been proposed, so-called meta-materials
[3,4], characterized by specifically designed geometrical structures which
drastically modify the density of the EM modes, so the field propagation,
also yielding to the PG field [5]. Owing to the high local density of modes,
emitters may interact strongly with the surface field which affects their
radiative properties. For example, when quantum dots are placed at a
distance about several tens of nanometers above two dimensional metal
surface, strong coupling could be generated between the quantum dots
reflected in the presence of the Rabi oscillations [6]. In the structure
composed of zero index and left hand materials, maximum quantum
interference and a suppression of the atomic decay rate can be achieved
between Zeeman levels due to the anisotropy of the EM modes [7].

In this paper, we present an analytical treatment of the dynamics of

two independent atoms located close to the interface of two meta-
materials, one of a negative permeability and the other of a negative
permittivity. We show that surface plasmon polaritons (SPP), nonradiative
electromagnetic excitations associated with charge density waves
propagating along the interface are generated. Two atoms located close
to the interface can excite the SPP. Hence, the interface would behave

as a directional guiding plasma field mode propagating in one direction,
formally analogy of a plasmonic waveguide [8]. The mathematical
approach we adopt here is based on the Green’s function and image
methods, and we show that the collective dynamics of the two atoms are
completely equivalent to those of a four-atom system [9]. Our focus is on
how the plasma field induced at the interface between the materials leads
to the collective behavior of the atoms. The results show that significantly
different dynamics occur for the resonant and an off-resonant couplings
of the plasma field to the atoms. In the case of the resonant coupling,
two threshold coupling strengths exist, which distinguish between the
non-Markovian and Markovian regimes of the evolution that different
time scales of the evolution of the collective effects can be observed. The
Markovian regime is characterized by exponentially decaying whereas
the non-Markovian regime by sinusoidally oscillating contributions to

the evolution of the probability amplitudes. The solutions predict a long
distance population transfer and entanglement mediated by the plasma
field. In the case of an off-resonant coupling of the atoms to the plasma
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field, the transfer occurs by exchanging virtual photons which results in
the dynamics corresponding to those of two atoms coupled to a common
reservoir. In addition, the entanglement is significantly enhanced under
the off-resonant coupling.
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10227-24, Session 5

Nonlocal resonances in nhanoplasmonics:
analysis and simulations

Milan Burda, Pavel Kwiecien, Jan Fiala, lvan Richter,
Czech Technical Univ. in Prague (Czech Republic)

Traditionally in plasmonics, the most common approach in analyzing
the resonant behavior of light interaction with plasmonic nanostructures
has been to apply the local-response approximation (LRA), using

- depending on the structure complexity and relation between a
characteristic dimension and the interacting wavelength - either
(quasi)analytic or numerical approaches. Recently, however, as the
characteristic dimensions of such structures have scaled down, it has
turned out that more complex models based on the nonlocal response
(NOR), or even quantum interaction) of free electrons are desirable, in
order to explain novel effects (new resonances, blue spectral shifts).
Newly emerging approaches describing the complexity of interactions
at nanoscale, connected with emerging new physics, are shown and
discussed in this contribution, in comparison with the standard LRA. This
reasoning has lately started a rapid increase of interest in developing
appropriate nonlocal models. This new field is by no means completed;
there are, actually, several nonlocal models existing, based on different
starting conditions, and predicting phenomena. These are, however, not
always consistent and equivalent. In particular, in our studies, we have
concentrated on understanding the interaction and developing a simple
model capable of predicting the longitudinal nonlocal response based
on the linearized hydrodynamic model, applied to simple structures,
such as a spherical nanoparticle. Within our model, we have also shown
and compared several alternatives within the approach, with respect to
inclusion of the current “damping”, (1) standard model (with a possible
increased damping constant), (2) with damping in acceleration, and (3)
with liquid-viscosity damping. Also, the extension to generalized nonlocal
response model is considered. In parallel, as an alternative (and more
general) approach, based on our previous rich experience with Fourier
modal methods, we have considered and developed the extension of the
rigorous coupled wave analysis technique capable of treating nonlocal
response numerically, for more general structures.

10227-25, Session 5

Hybrid metal-organic conductive network
with plasmonic nanoparticles and
fluorene

Laura Fontana, llaria Fratoddi, Roberto Matassa,

Giuseppe Familiari, lole Venditti, Sapienza Univ. di Roma
(Italy); Chiara Batocchio, Univ. degli Studi di Roma Tre
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(Italy); Elena Magnano, Silvia Nappini, Istituto Officina
dei Materiali (Italy); Grigore Leahu, Alessandro Belardini,
Roberto Li Voti, Concita Sibilia, Sapienza Univ. di Roma
(Italy)

For the development of new generation portable electronic devices, the
realization of thin and flexible electrodes have a crucial role. Conductive
organic systems can address this issue in different ways. Indeed,
conductance in organic molecules were studied in different papers
starting from seminal papers in last 70’s [1] up to recent ones [2]. Among
organic species, conduction and electronic characteristics of Fluorene
derivatives were studied in different configurations [3,4]. Unfortunately,
the conductance of organic materials is limited by charge transport
mechanism [5]. Hybrid system with organic conductive compounds
covalently linked with metal centres can lead to enhanced conductivity
[6].

Here we synthesized gold and silver nanoparticles (AuNPs and AgNPs)
stabilized with a fluorene thiolate derivative, namely 9,9-Didodecyl-
2,7-bis(acetylthio)fluorene (FL). In the synthesis process the metal
nanoparticles (MNPs) size results to be around 5 nm in diameter [7].

When deposited on a planar substrate, the hybrid compound form a
regular network of MNPs separated each other by fluorene spacers
covalently linked by thiol groups [8].

We deposited the network on substrate with two interdigitated electrodes
in order to measure conductive properties (I-V characteristics).

In I-V measurements it results to be that AgNPs based network is 200
times more conductive than AuNPs one. Selective oxidation of AgNPs
network close to positive electrodes gives rise to a Schottky diode
behavior in the I-V characteristic that could find potential applications in
nano-electronics devices.

The fluorescence and extinction spectra of FL-AgNPs and FL-AuNPs
where characterised.
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10227-26, Session 5

General rules for incorporating noble
metal nanoparticles in organic solar cells

Arkadiusz S. Ciesielski, Dominika Switlik, Tomasz Szoplik,
Univ. of Warsaw (Poland)

Over the recent years, the influence of the addition of noble metal
nanoparticles (Au, Ag, Al, Cu) into the bulk heterojunction (BHJ) solar
cells on their efficiency and light absorption has been excessively studied.
However, most of the experimental research in this field deals with
randomly selected sizes and concentrations of the nanoparticles, while
theoretical research tends to determine the optimum of all parameters,
ignoring technological limitations. Furthermore, several research lines
focused on compounds with similar chemical structure, and thus similar
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optical and electric properties. Such approach provides little help when

it comes to admixing metallic nanoparticles into new compound families
with different properties. Moreover, most theoretical approaches tend to
neglect the fact, that nanoparticles have different dispersion relation than
bulk material. This has been proven by recent ellipsometric measurements
of silver films deposited on germanium wetting layers, where germanium
atoms segregate into the silver grain boundaries [1]. Thus, a layer of
tightly packed silver nanoparticles (rather than a continuous layer of
silver) has an additional Lorentz component in the permittivity [2].
Neglecting this component in calculations may lead to false conclusions.

In this research, we use a Maxwell-Garnet effective medium approach

to calculate the effective permittivity of the active layer comprising
metallic nanoparticles, then implement the results into the transfer
matrix method to calculate the absorption of light in the entire solar

cell. We also perform finite-difference time-domain (FDTD) simulations,
treating the active layer and metallic inclusions as independent materials.
By modifying parameters of the simulations (real and imaginary pats

of refractive index of the active layer, thickness of the active layer,
concentration of nanoparticles, additional components in the permittivity
of the inclusion depending on the size of the nanoparticles) and
comparing the absorption coefficients, we create a set of general rules
for incorporating noble metal nanoparticles in the active layer. These
principles provide optimal material, size spectrum and fill factor for
nanoparticle inclusions, for a set of refractive indices and thicknesses

of the active layer, which should be designed considering chemical and
electric properties of the active layer polymers. Both methods provide
similar results, which show that the optimal concentrations for silver are
about 3 times greater than those determined without taking into account
additional components in the permittivity of the metal.

[1]1 P. Wrébel, T. Stefaniuk, M. Trzcinski, A. A. Wronkowska, A. Wronkowski,
T. Szoplik, Ge wetting layer increases ohmic plasmon losses in Ag film due
to segregation, ACS Appl. Mater. Interfaces, 7 (2015) 8999-9005.

[2] A. Ciesielski, ?. Skowro?ski, M. Trzcinski, T. Szoplik, Controlling the
optical parameters of self-assembled silver films with wetting layers and
annealing, Appl. Surf. Sci., submitted.

10227-27, Session 6

Photonic crystal microchip laser (/nvited
Paper)

Kestutis Staliunas, Institucié Catalana de Reserca i
Estudis Avancats (ICREA) (Spain); Darius Gailevicius,
Vytautas Purlys, Martynas Peckus, Vilnius Univ.
(Lithuania); Volodymyr Koliadenko, Victor B. Taranenko,
Institute of Applied Optics, NAS of Ukraine (Ukraine)

Microchip lasers, being extremely compact and efficient sources of
coherent radiation, generally suffer from the low spatial quality of emitted
beam. Only at low power emission regimes the Microchip lasers can emit
the beams of reasonable spatial quality. Increase of the pump power, or
of the pumping area leads to the deterioration of the spatial quality of the
beams, and to the reduction of the brightness of the radiation.

We propose and demonstrate experimentally that the use of intracavity
Photonic Crystals (PhCs) can substantially improve the spatial quality

of the emission. PhCs were recently shown to provide spatial filtering
functionality in single pas schemes [1]. Positioning of such PhC filters
inside the cavity of Microchip lasers enabled to decrease the divergence
of radiation at high power regimes, and to increase the brightness of
emitted radiation. Presently we obtained the enhancement of brightness
3 times due intracavity photonic crystal spatial filtering, or, equivalently,
we achieved single-transverse-mode emission at 3 times higher powers
[2]. The reported results can be improved with advance of fabrication
technologies of of PhC filters.

[1] L. Maigyte and K. Staliunas, “Spatial filtering with photonic crystals®,
Appl. Phys. Rev. 2, 011102 (2015).

?2? D. Gailevicius, e.a., “Photonic Crystal Microchip Laser”, Scientific
Reports, 6, 3417 (2016)
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10227-28, Session 6

All-dielectric slow light nanolaser based
onh metamaterials

Yu-Hung Hsieh, Shih Yu Fu, Tsung-Yu Huang, Ta-Jen Yen,
National Tsing Hua Univ. (Taiwan)

In recent years, an increasing number of studies have been observed
worldwide on metamaterials, which are artificially structured on a scale
much smaller than the wavelength of radiation, so that the properties

of metamaterials can be described by an effective medium theory.

While materials in nature only possess a small part of electromagnetic
responses which is theoretically possible, metamaterials exhibit a series
of naturally unavailable electromagnetic properties. Those unprecedented
properties, including artificial magnetism from non-magnetic materials,
positive ? for metals, negative refraction index, etc., render metamaterials
a promising candidate for a wide range of applications.

Among those applications, the lasing spaser (surface plasmon
amplification by stimulated emission of radiation) is one of the most
important applications due to that the spasers promise a faster and
smaller nano-scale optical source in the optical region. Nevertheless,

the strict requirements for material properties and Ohmic losses from
the metallic parts of the devices limit their practical applications of the
spasers. Beside the spasers, another kind of nanolasers, based on stopped
light in a waveguide, is also demonstrated. However, this so called cavity-
free plasmonic nanolaser also encounters some severe problems such

as small coupling efficiency and Ohmic losses, which limit its further
applications

In order to solve the problems of inevitable Ohmic losses and low
coupling efficiency in spasers and cavity-free plasmonic nanolasers, we
propose an all-dielectric slow light nanolaser which employs a dielectric
metamaterial with negative refraction index and induces the negative
Goos-Hanchen effect in the pumping frequency. As a result, positive
and negative power flows are generated in the laser structure, forming
energy vortexes. The existence of the energy vortexes indicates that the
incident light is trapped in the nanolaser, which prolongs the light-matter
interaction time and thus enhances the pumping absorption efficiency.
Besides, the eigen-mode of the laser structure is excited and serves as
a coherent radiation field, endowing the nanolaser a promising small
size despite the diffraction limit. Furthermore, a multiple layered GaAs-
InGaAs-GaAs quantum well is employed to act as an active material

to emit light. With enough gain, the lasing condition is expected to be
established.

10227-29, Session 6

Dielectric-only nanolaser induced by Mie
resonance

Shih Yu Fu, Yu-Hung Hsieh, Tsung-Yu Huang, Ta-Jen Yen,
National Tsing Hua Univ. (Taiwan)

Surface plasmon amplification by stimulated emission of radiation
(SPASER) is an attractive topic in the field of plasmon recently due to
the possibility of further shrink down the size of nanolaser in nowaday.
The common model of SPASER is usually accomplished by a nanorod
gain material, a plasmon supporting metal film beneath the gain material
and a dielectric between the abovementioned in order to maintain the
oscillation of plasmon. Even though the thickness of dielectric is smaller
than the diffraction limit, the whole structure size is still large compared
to incident wavelength. Also, there is a drawback of using metal to
support plasmon, Ohmic loss when high frequency will snatch lots of
energy. In this work, in order to conquer the problem of Ohmic loss

of metal, Mie scattering of dielectric is introduced. As we know about
Mie theory, both permittivity and size of a particle can scatter different
wavelength. When maximum scattering of the particle is achieved, only
a narrow range of wavelength will be scattered strongly. In other words,
when Mie resonance occurred, an eigenmode of a dielectric particle

is excited. Now we replace the particle’s material with a gain material,
which generate excitons and as quasi-steady states. Furthermore, only
the output wavelength whose generating energy is the same as the
energy difference of recombination of excitons will remain. With the gain
material, the maximum scattering can almost become infinite.
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Thus, to achieve this idea, we first use MBE technique to form an InGaAs
quntumwell, sandwiched by GaAs. And AlAs served as a sacrificial layer
beneath the above mentioned. The reasons for forming a quantumwell
structure that less electron and hole pairs are needed to achieve lasing
threshold and poses higher quantum efficiency than bulk material.
Second, E-beam lithography and RIE define the size of the device
because our design only work well under the condition of specific size.
Which can check in simulation result of electrical and magnetic coefficient
of scattering. Last, we have to peel the device off from its original
substrate because GaAs, a high refractive index material will seize the
oscillating field inside the device. So, epitaxial lift off (ELO) technique is
introduced to transfer the device structure from epitaxial substrate to a
low refractive index material. In the result, we suppose that a device in
size around 200 nm in cube will emit about 900nm while pumped by
external light source.

10227-30, Session 6

Plasma phase separation in bismuth and
antimony chalcogenide crystals

Nadezhda P. Netesova, MV. Lomonosov Moscow SU
(Russian Federation)

The multiformity and complexity of the dense plasma processes
become obvious after the analysis of the diagram (electron density —
temperature), based on the comparison of the following four parameters:
the thermal De Broglie electronic wavelength, the mean distance
between charged particles, the effective interaction length of charged
particles, the radius of electrostatic particle shielding. Within oscillation
electron model the superconducting crystal AB is considered consisting
of two subsystems 2AB=A2+B2. Free electrons couple to lower system
energy. For this purpose it is necessary, that electron energy in a local
phase ?12 was essentially much less, than one ET, ?2 in an initial phase
where ?12 is interaction energy in an initial phase, ?1, ?2 are interaction
energy in the local again formed phase, Tc - superconducting phase
transition temperature. It is necessary to satisfy condition, ?_12=?_12"2,
?_2"2=? 12"2. For component A paired electrons are produced only

at T=Tc, for component B paired electrons are formed at T>Tc. The
superconducting phase transition is performed with the full formation
of paired electrons. Correlated paired electrons are formed below the
superconducting phase transition temperature Tc. At T=0 all electrons
are dependent on each other - coherent or correlated. In high-
temperature superconductors spontaneous division into two phases:
superconducting and isolating was revealed. Stratification on two phases
in superconducting crystals has been confirmed experimentally: neutron
graphic, neutron spectral and spectral researches, an electronic and
nuclear paramagnetic resonance.

Oscillation parameters of narrow band layered crystals of bismuth
selenide and telluride and antimony telluride for one and two oscillations
are calculated. The electron oscillation crystal model equations of real

?r and imaginary ??, ??? components of dielectric function, electronic
losses L, ?L are resulted, special points of the optical functions ?r, ??, 2?7,
L, ?L for boundary frequencies ? are probed. Ratios of energy balance

of “sublattices on the basis of oscillation electronic model are revealed.
It is concluded that these crystals at high hydrostatic pressures and low
temperatures are turned into superconductors.

10227-31, Session 6

Study of resonant processes in plasmonic
nanostructures for sensor applications

Ji?i Pirun?ik, Pavel Kwiecien, Jan Fiala, Ilvan Richter,
Czech Technical Univ. in Prague (Czech Republic)

This contribution is focused on the numerical studies of resonant
processes in individual plasmonic nanostructures, with the attention
particularly given to rectangular nanoparticles and concominant
localized surface plasmon resonance processes. Relevant models for
the description and anylysis of localized surface plasmon resonance
are introduced, in particular: quasistatic approximation, Mie theory
and in particular, a generalized (quasi)analytical approach for treating
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rectangularly shaped nanostructures. The parameters influencing
resonant behavior of nanoparticles are analyzed with special interest in
morphology and sensor applications.

Results acquired with Lumerical FDTD Solutions software, using finite-
difference time-domain simulation method, are shown and discussed.
Simulations were mostly performed for selected nanostructures
composed of finite rectangular nanowires with square cross-sections.
Systematic analysis is made for single nanowires with varying length,
parallel couple of nanowires with varying gap (cut -wires) and selected
dolmen structures with varying gap between one nanowire transversely
located with respect to parallel couple of nanowires (in both in-plane
and -out-of-plane arrangements). The dependence of resonant peaks
of cross-section spectral behavior (absorption, scattering, extinction)
and their tunability via suitable structuring and morphology changes are
primarily researched. These studies are then followed with an analysis
of the effect of periodic arrangements. The results can be usable with
respect to possible sensor applications.

10227-32, Session 7

Magnetic terahertz metamaterials based
on dielectric microspheres (/nvited Paper)

Christelle Kadlec, Michal Sindler, Filip Dominec, Hynek
N?mec, Institute of Physics of the ASCR, v.v.i. (Czech
Republic); Catherine Elissalde, Institut de Chimie de

la Matiére Condensée de Bordeaux (France); Patrick
Mounaix, Univ. Bordeaux 1 (France); Petr Kuzel, Institute
of Physics of the ASCR, v.v.i. (Czech Republic)

Dielectric spheres with high permittivity represent a Mie resonance-
based metamaterial. Owing to its high far-infrared permittivity and low
dielectric losses, TiO2 is a suitable material for the realization of magnetic
metamaterials based on micro-resonators for the terahertz (THz) range.

In a previous work, we experimentally demonstrated the magnetic
effective response of TiO 2 microspheres dispersed in air, forming nearly
a single-layer sample enclosed between two sapphire wafers [1]. Here
we embedded the polycrystalline TiO2 microparticles into a polyethylene
matrix, which enabled us to prepare a rigid bulk metamaterial with a
controllable concentration of microresonators.

TiO2 microspheres with a diameter of a few tens of micrometers

were prepared by a bottom up approach. A liquid suspension of TiO2
nanoparticles was first spray-dried producing fragile TiO2 microspheres.
These were subsequently sintered in a furnace at 1200° C for two hours,
in order to consolidate individually each sphere. The particles show
polycrystalline rutile structure with a porosity of 15%. The microspheres
were finally sieved and sorted along their diameters in order to obtain a
narrow size distribution. They were mixed with polyethylene powder and
a pressure of 14 MPa was used to prepare rigid pellets with random spatial
distribution of the TiO2 microspheres.

Using finite-difference time-domain simulations, we investigated how

the filling fraction and the ratio between the permittivities of the
microspheres and the host matrix affect the position and the strength of
the magnetic response associated with the lowest Mie mode. We found
that a range of negative effective magnetic permeability can be achieved
for sufficiently high filling factors and contrasts between the permittivities
of the resonators and the embedding medium.

Using time-domain THz spectroscopy we experimentally characterized
the response of the realized structures and confirmed the magnetic
character of their response. The retrieved spectra of the effective
dielectric permittivity and magnetic permeability were analyzed within
Mie theory and Maxwell-Garnett effective medium model in a quasi-
stationary regime. We found out that the TiO2 microparticles embedded
in polyethylene to fabricate the rigid metamaterials were probably
elliptical [2].

To provide a better understanding of the electromagnetic behavior we
will also show a near-field THz response of both isotropic polycrystalline
and anisotropic monocrystalline TiO2 microsphere [3,4]. In the anisotropic
case, the microparticles were sintered at 1400° C. The annealing process
melted polycrystalline particle clusters into single crystal TiO2 spheres. It
resulted in a strong dielectric anisotropy of the spheres since the ordinary
and extraordinary permittivities of bulk rutile in the THz range are 80 and
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150, respectively. A splitting of the first Mie mode into two orthogonal
magnetic dipole modes was then detected.

The discussed examples show a high potential of TiO2 micro-resonators
to realize magnetic THz metamaterials, from cheap mechanically stable
structures up to anisotropic resonators.

References
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10227-33, Session 7

Detection of terahertz radiation in
metamaterials: giant plasmonic ratchet
effect

Sergey Rudin, Greg Rupper, U.S. Army Research Lab.
(United States); Valentin Kachorovski, loffe Institute
(Russian Federation); Michael S. Shur, Rensselaer
Polytechnic Institute (United States)

The electromagnetic wave impinging on the spatially modulated
two-dimensional electron liquid (2DEL) induces a direct current (DC)
when the wave amplitude modulated with the same wave vector as the
2DEL but is shifted in phase (the ratchet effect). The recent theory of
this phenomenon predicted a dramatic enhancement at the plasmonic
resonances and a non-trivial polarization dependence [1]. We will present
the results of the numerical simulations using a hydrodynamic model
exploring the helicity dependence of the DC current for silicon, InGaAs,
and GaN metamaterial structures at cryogenic and room temperatures.
In particular we will report on the effect of the DEL viscosity and explore
the nonlinear effects at large amplitudes of the helical electromagnetic
radiation impinging on the ratchet structures. We will then discuss the
applications of the ratchet effect for terahertz metamaterials in order to
realize ultra-sensitive terahertz (THz) radiation detectors, modulators,
phase shifters, and delay lines with cross sections matching the terahertz
wavelength and capable of determining the electromagnetic wave
polarization and helicity. To this end, we propose and analyze the four
contact ratchet devices capable of registering the two perpendicular
components of the electric currents induced by the elliptically or
circularly polarized radiation and analyze the load impedance effects in
the structures optimized for the ratchet metamaterial THz components.
The analysis is based on the hydrodynamic model suitable for the multi-
gated semiconductor structures, coupled self-consistently with Poisson’s
equation for the electric potential. The model accounts for the effects

of pressure gradients and 2DEL viscosity. Our numerical solutions are
applicable to the wide ranges of electron mobility and terahertz power.

[1] I. V. Rozhansky, V. Yu. Kachorovskii, and M. S. Shur, Helicity-Driven
Ratchet Effect Enhanced by Plasmons, Phys. Rev. Lett. 114, 246601, 15
June 2015

10227-34, Session 7

Deposition of organic molecules on gold
nanoantennas for sensing

Jharna Paul, Univ of Glasgow (United Kingdom); Scott
G McMeekin, Caledonian University (United Kingdom);
Richard M De La Rue, Nigel P Johnson, Univ of Glasgow
(United Kingdom)

Deposition of organic molecules on gold nanoantennas are reported
through chemisorption for sensing in the mid-infrared (mid-IR) spectral
range. The specific nanostructures are gold asymmetric-split ring
resonators (A-SRRs) based on circular-geometry with two different ‘arc’
lengths and are deposited on highly transparent zinc selenide (ZnSe)
substrates using electron-beam lithography and lift-off. The plasmonic
resonant peaks of specific nanostructures were tuned by varying their
geometry to match the vibrational responses of the targeted molecules
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for their enhanced detection. Gold nanostructures are functionalised
through chemisorption of octadecanethiol (ODT) in ethanol solution. The
molecular vibrational responses were excited using a broadband mid-IR
light source and their transmittance spectra were measured at normal
incidence using a microscope coupled Fourier Transform Infrared (FTIR)
spectroscopy. The experimental results show specific characteristics
upon adsorption of organic molecules on the gold A-SRRs surfaces

and are supported using FDTD simulation. The adsorption of ODT on
nanoplasmonic structures will act as an interfacial platform for a wide
range of sensing applications, such as, attachment of proteins and
supportive environments for cell-culture.

10227-35, Session 7

Polarization-controlled high-efficiency
color filters using Si nanoantennas

Vishal Vashistha, Adam Mickiewicz Univ. (Poland); Andriy
E. Serebryannikov, Adam Michiewicz Univ. (Poland);
Maciej Krawczyk, Adam Mickiewicz Univ. (Poland)

Metasurfaces provide an opportunity to manipulate the amplitude and
phase of the electromagnetic waves with ultra-thin elements. They

are usually composed of planar 2D array of nano-elements so called
nanoantennas which show practical solution for manipulation of light

at subwavelength scale, unlike 3D metamaterials can be fabricated

with standard lithographic technics at nano-scale level. Many of the
prototype devices have already been demonstrated using the concept
of metasurfaces which include meta-lens, vortex plates, holography, and
color filters. Color filters attract attention of researchers because of their
significant advantages over pigment based printing technology such

as high contrast, low power, and ultra-high resolution. Recently, a new
trend is emerging to use all dielectric based metasurface filters which
are much more efficient as compared to plasmonics color filters and also
can be easily integrated with existing electronic circuitry. In this work, we
propose polarization dependent widely tunable all dielectric color filters
whose basic unit is constituted of Si based cross shaped nanoantennas
with different arm lengths arranged on the silicon oxide substrate. Each
arm of the nanoantenna responds for different state of polarization

of incoming light. We optimize the geometry of the cross shaped
nanoantennas by manipulating width and length of arms and numerically
demonstrate a wide tunability of the filters in a visible spectrum. The
proposed metasurface can be easily integrated with existing electronic
circuitry, since it is designed using Si, and allows for obtaining colors in
reflection mode which are dependent on the light polarization.
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10227-39, Session 7

The coupled NCs based metamaterial for
ultra-broadband perfect absorber

Soo-Jung Kim, Heon Lee, Korea Univ. (Korea, Republic
of); Sung Hoon Hong, ETRI (Korea, Republic of)

Metamaterials (MMs) have been widely explored for applications,
including optics, nanoelectronics, sensing device and absorber. Perfect
absorber in visible and near-infrared (NIR) wavelength have stimulated
as one of the interesting metamaterial applications because perfect
absorbers have a wide range of applications such as energy harvesting,
display and etc. However, an achieving a broadband perfect absorber

in visible regime still remain a challenge in spite of preceding results
from research groups. To date, silver and gold are the most conventional
metals applying to metamaterials due to their negative-refractive-index
in visible and NIR ranges, and in addition, relatively low loss than other
metals. However, the optical properties of these metals cannot be tuned.
Nanocrystals based metamaterials have advantages for the controlling of
the optical properties when nanocrystals are chemically coupled with a
various type and shape unlike silver and gold.

In this study, we focus on the coupled nanocrystals (NCs) for plasmonic
and metamaterial perfect absorber in the visible and NIR regions. The
coupled NCs were covalently linked via short ligand on surface of each NC
in other to control the optical properties of the coupled Ag NCs and the
Ag-semiconductors coupled NCs. The coupled NC have the relatively high
optical loss compared to gold or silver for application of metamaterial
perfect absorber. The various coupled NCs based metamaterial was
fabricated by nanoimprint method in other to control plasmoic resonance.
Finally, the simulated and fabricated perfect absorber using NC based
metamaterials showed the high absorption above 98% in 530-1000nm
wavelength and the absorption wavelength could be controlled by
coupled NC type and metamaterial structure.
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10228-1, Session 1

Integration of nonlinear and switchable
metamaterials with fiber technology
(Invited Paper)

Nikolay I. Zheludev, Optoelectronics Research Ctr.
(United Kingdom) and Nanyang Technological Univ.
(Singapore); Eric Plum, Optoelectronics Research
Ctr. (United Kingdom); Kevin F. MacDonald, Univ. of
Southampton (United Kingdom)

No Abstract Available

10228-2, Session 1

Co-sputtered amorphous Ge-Sb-Se thin
films: optical properties and structure

Toma? Halenkovi?, Univ. Pardubice (Czech Republic)

The unique properties of amorphous chalcogenides such as wide
transparency in the infrared region, low phonon energy, photosensitivity
and high linear and nonlinear refractive index, make them prospective
materials for photonics devices[1]. For nonlinear optical properties or
optical detection applications, the photosensitivity of chalcogenide
materials must be avoided or, conversely, exploited for some others like
information storage, photofluidity or post-treatment leading to refractive
index uniformity[2-4]. In other words, the important question is whether
the chalcogenides are stable enough or how the photosensitivity could
be exacerbated for demanded applications. Of this view, the Ge-Sh-Se
system is undoubtedly an interesting glassy system given the antinomic
behavior of germanium and antimony with respect to photosensitivity.
Looking at this glassy system, amorphous films will be found having a
different photosensitivity behavior. In order to control and predict the
Ge-Sb-Se film photosensitivity, it will be interesting to better understand
the involved phenomena. The amorphous Ge-Sb-Se thin films were
fabricated by a rf-magnetron co-sputtering technique employing the
following cathodes: GeSe2, Sb2Se3 and Ge28Sb12Se60. Radio-frequency
sputtering is widely used for film fabrication due to its relative simplicity,
easy control, and often stoichiometric material transfer from target to
substrate. The advantage of this technique is the ability to explore a
wide range of chalcogenide film composition by means of adjusting

the contribution of each target. This makes the technique considerably
effective for the exploration of properties mentioned above.

In the present work, the influence of the composition determined by
energy-dispersive X-ray spectroscopy on the optical properties was
studied. Optical bandgap energy E_g“opt was determined using variable
angle spectroscopic ellipsometry and UV-Vis-NIR spectrophotometry.
The morphology and topography of the selenide sputtered films was
studied by scanning electron microscopy and atomic force microscopy.
The films structure was determined using Raman scattering spectroscopy.
The study of photostructural changes of fabricated films induced by
laser radiation with energy close to optical bandgap of the films was
maintained under an inert atmosphere to prevent photo-oxidation of
exposed films.

1. Eggleton, B.J., B. Luther-Davies, and K. Richardson, Chalcogenide
photonics. Nat Photon, 2011. 5(3): p. 141-148.

2. Tanaka, K. and K. Shimakawa, Chalcogenide glasses in Japan: A review
on photoinduced phenomena. physica status solidi (b), 2009. 246(8): p.
1744-1757.

3. Olivier, M,, et al., Photosensitivity of pulsed laser deposited Ge-Sb-Se
thin films. Optical Materials Express, 2015. 5(4): p. 781-793.

4. Kolobov, AV., Photo-induced metastability in amorphous
semiconductors2006: John Wiley & Sons.
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10228-3, Session 1

Determination of Kerr and two-photon
absorption coefficients of indandione
derivatives

Arturs Bundulis, Edgars Nitiss, Martins A. Rutkis, Igors
Mihailovs, Institute of Solid State Physics, Univ. of Latvia
(Latvia)

Due to development of telecommunication industry, optical data
transmission systems with all-optical data processing, storage and
transmission devices has attracted a great interest. Although concepts for
such devices already exist, their implementation is delayed mainly due to
difficulties of finding materials with specific third-order non-linear optical
(30NLO) properties. Recently scientist has directed their attention mainly
to organic molecules due to their high potential for NLO applications. For
organic materials it would significantly contribute to the research if we
could define qualitative criteria for molecular structure-3oNLO properties
relationship. To extend our knowledge of such qualitative criteria we
attempted to analyze 30NLO parameters of several aminobenziliden-1,3-
indandione derivatives to understand how different acceptor and donor
groups affects specific 30NLO properties - Kerr effect and two-photon
absorption.

To evaluate 30NLO properties of our molecules we implemented Z-scan
method using picosecound (ps) and nanosecound (ns) Nd:YAG 1064

nm lasers. Measurements were carried out for solutions with organic
compounds dissolved in chloroform. While measuring nonlinear
refractive index of our materials with ns laser we concluded that thermal
effects induced in chloroform can lead to overestimation of Kerr effect
magnitude. To evade such error, it is important to choose correct
experimental parameters - laser pulse length and frequency. Using ps
laser we analyzed Kerr and two-photon absorption effects of organic
molecules and compared them with quantum chemical calculations done
with Gaussian 09.

Financial support provided by Scientific Research Project for Students
and Young Researchers Nr. SJZ2015/16 realized at the Institute of Solid
State Physics, University of Latvia is greatly acknowledged.

10228-4, Session 1

Investigating nonlinear distortion in the
photopolymer materials

Ra’ed A. Malallah, Inbarasan Muniraj, Derek J. Cassidy,
John T. Sheridan, Univ. College Dublin (lreland)

Propagation and diffraction of a light beam through nonlinear materials
are effectively compensated by the effect of self-trapping. The laser
beam propagating through light-sensitive PVA/AA polymer creates
beam divergence, due to higher refractive index, during Self-Written
Waveguides (SWWs) formation. In order to investigate this phenomenon,
a single light beam is focused on the front surface of a dry photopolymer
bulk. The beam self-bending is then examined for parallel beams that
was separated by spaces, using array of fiber optic cables. We note that
the distance between parallel beams have an effect of changing the
refractive indices that eventually diverges or combines the beams. The
experimentally verified self-channeling phenomenon was also examined
numerically using three-dimension model.

10228-5, Session 2

Nonlinear optics in the mid-infrared: new
filamentation physics (/nvited Paper)

Dmitri A. Sidorov-Biryukov, MV. Lomonosov Moscow
SU (Russian Federation); Alexander V. Mitrofanov, P.N.
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Lebedev Physical Institute (Russian Federation); A. A.
Voronin, National Research Tomsk Polytechnic Univ.
(Russian Federation); Alexandr Lanin, MV. Lomonosov
Moscow SU (Russian Federation); Audrius Pugzlys,
Technische Univ. Wien (Austria); Eugene V. Stepanoy,
A. M. Prokhorov General Physics Institute of the Russian
Academy of Sciences (Russian Federation); Andrei

B. Fedotov, MV. Lomonosov Moscow SU (Russian
Federation); Andrius Baltuska, Technische Univ. Wien
(Austria); Alexei M. Zheltikov, MV. Lomonosov Moscow
SU (Russian Federation)

Recent breakthroughs in ultrafast photonics in the mid-IR help
understand complex interactions of high-intensity mid-IR field waveforms
with matter, offer new approaches for x-ray generation, enable mid-IR
laser filamentation in the atmosphere, facilitate lasing in filaments, give
rise to unique regimes of laser-matter interactions, and reveal unexpected
properties of materials in the mid-IR range.

10228-6, Session 2

Nonlinearly enhanced linear absorption
under filamentation in mid-infrared

Daniil Shipilo, Nicolay Panov, Vera Andreeva, Olga

G. Kosareva, Alexander M. Saletski, MV. Lomonosov
Moscow SU (Russian Federation); Huai-Liang Xu, Jilin
Univ. (China); Pavel Polynkin, The Univ. of Arizona
(United States)

The mid-infrared OPCPA-based laser facilities have recently reached the
critical power for self-focusing in air [1]. This ensures the demonstration
of the major difference between the mid- and near-infrared filamentation
in air: the odd optical harmonics, harshly suppressed by the material
dispersion and phase-mismatch in the near-infrared (800 nm), gain
reliable energies in the mid-infrared (3.9 um) filament [1,2].

Another issue that makes mid-infrared filamentation different from the
near-infrared one is a lot of molecular vibrational lines belonging to
atmospheric constituents and located in the mid-infrared range [3]. As
the result the mid-infrared region of interest becomes subdivided into the
bands of normal and anomalous dispersion, the former of which leads

to the pulse splitting in temporal domain, while the latter produces the
confined light bullet.

We simulate the 3.9-um filamentation using Forward Maxwell equation.
We include the tunnel ionization and transient photocurrent as

the collapse arresting mechanism, which balances dynamically the
instantaneous third-order medium response (similarly to 800-nm
filamentation). The key feature that allows us to quantify the losses

due to absorption bands is the accurate account of the complex linear
absorption index. The absorption index obtained from Mathar model [3]
is interpolated to the fine frequency grid (step of about 0.1 THz), and the
refractive index is matched according to Kramers-Kro?nig relations [4].

If the initial Gaussian pulse has a center wavelength of 3.9 um and a
duration of 80 fs FWHM, the energy loss in the carbon dioxide (CO_2)
absorption band at 4.3 um is about 1% in the linear propagation regime.
But when we take the 80-mJ pulse (about 3 critical powers for self-
focusing), the Kerr-induced spectral broadening develops significantly
before the clamping level of intensity is reached. In the collimated beam
geometry about 2% of the initial pulse energy is absorbed on the CO_2
band before the filament is formed. In the developed filament all the
partial losses due to plasma, harmonic generation and absorption on
vibrational lines grow up rapidly with the propagation distance, and the
absorption on vibrational lines overwhelms all the rest ones. Indeed the
new mechanism is revealed - the linear absorption is enhanced by the
nonlinear spectral broadening. Thus, the nonlinearly enhanced linear
absorption (NELA) is formed. The rotational transitions are estimated to
consume as much energy as the free electron generation mechanism [5],
which is less than NELA for 3.9-um filament.

In conclusion, in the 3.9-um filament the excitations of molecular
absorption lines are estimated to provide the major optical losses in the
atmosphere as compared with plasma and high-frequency conversion.
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10228-7, Session 2

Optical harmonic generation enhanced
due to ultrafast intensity fluctuations

Denis A. Kopylov, MV. Lomonosov Moscow SU (Russian
Federation); Kirill Y. Spasibko, Max-Planck-Institut

fur die Physik des Lichts (Germany) and Friedrich-
Alexander-Univ. Erlangen-NUrnberg (Germany); Viktor
L. Krutyanskiy, Tatiana V. Murzina, MV. Lomonosov
Moscow SU (Russian Federation); Gerd Leuchs, Max-
Planck-Institut fur die Physik des Lichts (Germany)

and Friedrich-Alexander-Univ. Erlangen-NUrnberg
(Germany); Maria V. Chekhova, Max-Planck-Institut fur
die Physik des Lichts (Germany) and M.V. Lomonosov
Moscow SU (Germany) and MV. Lomonosov Moscow SU
(Russian Federation)

The effect of the quantum properties of light on nonlinear processes has
been well studied theoretically. It has been shown that the efficiency of
n-photon nonlinear processes in many cases scales as the normalized
n-th order correlation function. For light with high intensity correlation
function, the efficiency of the n-th harmonic generation will be
considerably higher than for coherent light. The experimental observation
of this effect remained difficult until recently, because of the absence of
bright sources with strong and fast intensity fluctuations.

For the experimental demonstration of statistical effects in optical
harmonic generation we use as a pump the radiation of high-gain
parametric down conversion. Such light shows quantum properties (e.g.
quadrature or two-mode squeezing) and has large number of photons in
one mode. The normalized n-th order correlation function for this light
is (2n - D!, which makes it more attractive for nonlinear processes than
both coherent and thermal light.

For the generation of optical harmonics we used broadband parametric
down conversion around frequency-degeneracy (1600 nm) produced in
1cm BBO crystal from Ti:Sapphire laser (800 nm, 1.6ps, 5kHz, 3W mean
intensity). Due to spectral filtering and post-selection technique we could
vary the statistics of light from coherent to super-bunched, which allowed
us to demonstrate the efficiency enhancement for second-, third-, and
fourth-harmonic generation. The obtained experimental results show a
good agreement with the theory.

10228-8, Session 2

Forming of supercontinuum in the visible
upon filamentation of a femtosecond
pulse in the air

Valery F. Losev, Nikolay G. Ivanov, Vladimir E. Prokopiev,
Kirill A. Sitnik, Institute of High Current Electronics
(Russian Federation)

Presently, studies of a supercontinuum (SC) in a visible spectrum range
(white light laser) by filamentation of the laser pulses with femtosecond
duration in air are a great interest. It is due the availability and great
practical significance of this type of radiation for solving tasks in
metrology, telecommunications, nanotechnology, optical coherence
tomography, remote analysis of the atmosphere, and many others. In this
paper we research the conditions of the laser beam filamentation in air
and a highly directional SC formation in the visible spectrum range.

A solid-state starter complex “Start 480” was used in the experiments.
The complex includes a Ti:Sa master oscillator with a continuous pump
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laser, optical stretcher, one regenerative and two multi-pass amplifiers
with pulsed pump lasers and compressor on two diffraction gratings.
The output radiation parameters were as follows: a central wavelength of
940 nm, spectral width of 26 + 2 nm (FWHM), pulse duration of 70 + 3
fs, energy up to 50 mJ, beam diameter of 10 mm. The complex operated
with a pulse repetition rate of 10 Hz, and the energy stability was 3%.
The output radiation was linearly polarized (horizontally), and the beam
quality factor M2 = 2.

Focusing of radiation carried out by a spherical mirror at the different
focal length, incidence angles of radiation on the focusing mirror and
with a different numerical aperture of focusing system (NA). It is shown
that at a low numerical aperture (NA =< 1.5?10-3) Kerr nonlinearity plays a
decisive role in the formation, existence and termination of the filament.
The reasons for the influence of the Kerr nonlinearity are discussed in the
report. It is shown that the SC radiation is most stable when formed in
the presence of aberrations in the wave front of the laser beam. Optimal
aberrations realized at the incidence angle of 150 on focusing spherical
mirror with F = 744 mm. Appearance this radiation occurs after visible
filament through a gradual conversion of the spectral composition from
long wavelength to short wavelength (to 350 nm). On the track section
35-135 cm from the filament, radiation propagates in the form of a
spatially stable structure similar to a soliton with a transverse dimension
< 300 um. In this case, SC radiation is significantly different from conical
off-axis emission occurring in the aberration-free filament: it has a
divergence close to the diffraction limit, linear polarization, and a shorter-
range wing of the spectrum. The infrared component of SC has the
radiation duration of 25 fs. Research results are presented and forming
mechanism of such radiation is discussed.

10228-9, Session 2

Self-trapping of intensities changing
under SHG and SWG for high intensive
femtosecond laser pulse

Vyacheslav A. Trofimov, Dmitry M. Kharitonov, Mikhail
V. Fedotov, MV. Lomonosov Moscow SU (Russian
Federation)

SHG and SFG are used widely in many practical applications such as a
substance diagnostics, and imaging of various physical, chemical and
biological processes as well as for frequency conversion.

One of very interesting phenomena under the frequency conversion
takes place if incident intensity of the basic wave is enough high: a
synchronic mode of laser pulses appears under certain conditions. We
investigate this phenomenon using the frame-work of long pulse duration
approximation and plane wave approximation without applying the basic
wave energy non-depletion approximation. Bases on original approach
we derive the solution of Schrodinger equations describing the SHG or
SWG for femtosecond pulse. Among many modes of SHG we found out
analytically the mode corresponding to synchronous intensities changing
for interacting waves. We derive conditions of such mode realization

in dependence of the problem parameters. After that we verify our
analytical consideration using a computer simulation of the problem on
the base of the corresponding Schroédinger equations.

10228-10, Session 3

Analysis of THG modes for femtosecond
laser pulse

Vyacheslav A. Trofimov, Pavel S. Sidorov, M.V.
Lomonosov Moscow SU (Russian Federation)

THG is used nowadays in many practical applications such as a substance
diagnostics, and imaging of biological objects and et?. Therefore,
understanding of THG features is urgent problem. Below we analyze

THG efficiency of a femtosecond laser pulse propagating in a medium
with cubic nonlinear response. Consideration is based on computer
simulation of the laser pulse propagation with taking into account a self-
and cross- modulation of interacting waves. We develop also analytical
approach based on using the problem invariant for construction of
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incident Gaussian pulse evolution along the propagation coordinate.
It should be stressed that we did not use a basic wave non-depletion
approximation. Nevertheless, we use the frame-work of long pulse
duration approximation and plane wave approximation.

Explicit solution of the problem obtained in this frame-work we use for
describing of Gaussian pulse propagation. We compare constructed
solution of the problem with computer simulation results based on
Schrédinger equation. We show that the quantitative agreement between
two solutions takes place if the propagation distance is about one
dispersion length.

10228-11, Session 3

Nonlinear effects during interaction of
femtosecond doughnut-shaped laser
pulses with glasses: overcoming intensity
clumping

Nadezhda M. Bulgakova, Institute of Physics of

the ASCR, v.v.i. (Czech Republic) and Institute of
Thermophysics, SB RAS (Russian Federation); Vladimir
P. Zhukov, Institute of Computational Technologies,

SB RAS (Russian Federation) and Novosibirsk State
Technical Univ,, RAS (Russian Federation); Mikhail P.
Fedoruk, Institute of Computational Technologies SB
RAS (Russian Federation) and Novosibirsk State Univ.
(Russian Federation); Alexander M. Rubenchik, Lawrence
Livermore National Lab. (United States)

Interaction of femtosecond laser pulses with bulk glass (fused silica as
an example) has been studied numerically based on non-linear Maxwell’s
equations supplemented by the hydrodynamics-type equations for

free electron plasma for the cases of Gaussian linearly-polarized and
doughnut-shaped radially-polarized laser beams. For Gaussian pulses
focused inside glass (800 nm wavelength, 50 - 100 fs duration, numerical
aperture < 0.3), the maxima of laser intensity, free electron density, and
absorbed laser energy density do not considerably change with the
beam energy (clamping effect). At pulse energies of 200 nJ - 2 ?J, the
free electron density in the laser-excited region remains subcritical while
the locally absorbed energy density does not exceed ~4000 J/cub. cm.
Increasing pulse energy results mainly in increased laser-excited volume.

For doughnut-shaped pulses, the initial high-intensity ring of light
shrinks upon focusing. For relatively low beam energies, the internal and
external radii of the light ring are decreasing with almost the same rate,
creating a subcritical electron plasma of annual spatial distribution. With
increasing energy, dynamics of beam focusing can be divided into two
stages. At the first stage, the laser beam evolves similarly to the cases

of low beam energy and the maximum electron density is similar to that
obtained for Gaussian pulses. At the second stage, the light ring splits
into two branches, one of which shrinks swiftly toward the beam axis
well before the geometrical focus, leading to supercritical free electron
density generation. The second branch is the laser light scattered by the
electron plasma away from the beam axis, which tends to focus closer to
geometrical focus. The near-axis laser-excited volume represents a tube
of 0.5-1 um in radius and 10-15 um long. The local maximum of absorbed
energy can be up to 10 times higher compared to the case of Gaussian
beams of the same energy. The tube-like shape of the deposited energy
should lead to implosion of material that can be used for improving the
direct writing of high-refractive index optical structures inside glass.

Calculated spectra of light transmitted through the sample and scattered
to large angles have demonstrated spectral broadening with blue shift.
The spectra are considerably different for the two studied pulse shapes
that can be used for diagnostics of laser-glass interaction processes.
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10228-12, Session 3

Asymmetry of light absorption upon
propagation of focused femtosecond
laser pulses with spatiotemporal coupling
through glass materials

Vladimir P. Zhukoyv, Institute of Computational
Technologies, SB RAS (Russian Federation) and
Novosibirsk State Technical Univ. (Russian Federation);
Nadezhda M. Bulgakova, Institute of Physics of

the ASCR, v.v.i. (Czech Republic) and Institute of
Thermophysics, SB RAS (Russian Federation); Yagiz
Morova, Selcuk Akturk, Istanbul Technical Univ. (Turkey)

Ultrashort laser pulses are usually described in terms of temporal and
spatial dependences of their electric field, assuming that the spatial
dependence is separable from time dependence. However, in most
situations this assumption is incorrect as generation of ultrashort pulses
and their manipulation lead to couplings between spatial and temporal
coordinates resulting in various effects such as pulse front tilt (PFT)
and spatial chirp. One of the most interesting spatiotemporal coupling
effects is the so-called “lighthouse effect”, the phase front rotation with
the beam propagation distance [1,2]. The interaction of spatiotemporally
coupled laser pulses with transparent materials have interesting
peculiarities, such as the effect of nonreciprocal writing, which can be
used to facilitate microfabrication of photonic structures inside optical
glasses.

In this work, we investigate the influence of these parameters on the
distribution of absorbed laser energy inside fused silica glass. The model,
which is based on nonlinear Maxwell’s equations supplemented by the
hydrodynamic equations for free electron plasma, is applied [3]. As three-
dimensional solution of such problems would require huge computational
resources, a simplified two-dimensional model has been proposed which
enables a qualitative insight to a number of PFT effects appearing at
volumetric laser modification of transparent materials, including violation
of axial symmetry of laser energy absorption and the effect of “quill”
writing [4].

[11S. Akturk, X. Gu, P. Gabolde, R. Trebino, The general theory of first-
order spatio-temporal distortions of Gaussian pulses and beams, Opt.
Express 13, 8642-8661 (2005).

[2] J.A. Wheeler, A. Borot, S. Monchocé, H. Vincenti, A. Ricci, A. Malvache,
R. Lopez-Martens, F. Quéré, Attosecond lighthouses from plasma mirrors,
Nature Photonics 6, 829-833 (2012).

[3] N.M. Bulgakova, V.P. Zhukov, S.V. Sonina, Y.P. Meshcheryakov,
Modification of transparent materials with ultrashort laser pulses: What
is energetically and mechanically meaningful? J. Appl. Phys. 118, 233108
(2015).

[4] P.G. Kazansky, W. Yang, E. Bricchi, J. Bovatsek, A. Arai, Y. Shimotsuma,
K. Miura, K. Hirao, “Quill” writing with ultrashort light pulses in transparent
materials, Appl. Phys. Lett., 90, 151120 (2007).

10228-13, Session 3

Modeling the ultrafast electron dynamics
upon femtosecond laser-irradiation
silicon: transient plasmonics, current
generation, and subsequent matter
modification

Thibault J. Y. Derrien, HiILASE Ctr. (Czech Republic);
Nadezhda M. Bulgakova, HiLASE Ctr. (Czech Republic)

and Institute of Thermophysics, SB RAS (Russian
Federation)

During the last decades, femtosecond laser irradiation of materials has led
to the emergence of various applications based on laser functionalization
of surfaces at nano- and microscale. Via inducing periodic modifications
on material surfaces (band-gap modification, nanostructure formation,
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crystallization or amorphization), structural, optical and mechanical
properties can be tailored, that makes femtosecond laser processing

to be a key technology for nanophotonics, bionanoengineering,

and nanomechanical applications. Recently, time-resolved studies
demonstrated a transient excitation of non-linear currents on surfaces of
band-gap materials laser-irradiated in modification regimes [1], that is
seemingly linked with a transient excitation of surface plasmon polaritons
[2,3].

Although modification of semiconductor surfaces with femtosecond
laser pulses has been studied for more than two decades, dynamics

of coupling of intense laser light with excited matter remains poorly
understood. During the laser irradiation, a swift generation of a transient
over-dense electron-hole plasma dynamically modifies optical properties
in the material surface layer. This is accompanied by formation of large
gradients of charge-carrier density and must result in ultrafast charge-
carrier transport (in particular, surface current generation), transient
excitation of surface plasmon polaritons [2,3], and a modification of the
laser light propagation [4].

In this work, the electron dynamics upon femtosecond laser excitation

of a semiconductor material are studied theoretically on the example

of silicon. A model based of the rate and energy balance equations has
been developed which takes into account ambipolar diffusion effects,
temperature-induced convection flows, surface-induced currents, and
thermally/non-thermally melting processes. A special attention is paid to
the electron-hole pair dynamics and accurate description of the dynamics
of optical response. Modeling data are in agreement with pump-probe
reflectivity measurements available in literature.

[1] Schiffrin, A. et al, Optical-field-induced current in dielectrics, Nature,
2012, 493, 70-74

[2] Derrien, T. J.-Y. et al, Possible surface plasmon polariton excitation
under femtosecond laser irradiation of Silicon, J. Appl. Phys., 2013, 114,
083104

[3] Derrien, T. J.-Y. et al, Properties of Surface Plasmon Polaritons on lossy
materials: Lifetimes, periods and excitation conditions, Journal of Optics,
2016, 18, 115007

[4] Bulgakova, N. M. et al, Pulsed laser modification of transparent
dielectrics: what can be foreseen and predicted in numerical experiments
?, Journal of the Optical Society of America B:, 2014, 11, C8

10228-14, Session 3

Spectral narrowing in gases using
femtosecond laser pulses

Tanvi Karpate, Manipal Univ. (India); Aditya K.
Dharmadhikari, Tata Institute of Fundamental Research
(India); Jayashree A. Dharmadhikari, Tata Institute of
Fundamental Research (India) and Manipal Univ. (India);
Deepak Mathur, Tata Institute of Fundamental Research
(India)

Filamentation in gases due to high power femtosecond pulses results
from the combined action of the optical Kerr effect (giving rise to self-
focusing) and plasma formation (giving rise to defocusing) that confines
optical energy in a small region over a distance longer than the Rayleigh
range. Since the discovery of N2 as a potential gain medium, which
subsequently led to the formation of nitrogen lasers, it has held a keen
interest due to its potential in achieving lasing by remote excitation.

Recently, Yamanouchi and coworkers demonstrated lasing action in N2
in the forward as well the backward directions along the femtosecond
pulse propagation. In the present work, we have focused on excitation of
N2+ (corresponding to the 391 nm spectral feature) and have measured
spectral narrowing. We have investigated the influence exerted by the
incident pulse power and gas pressure for incident pulses of durations
40 fs and 10 fs in forward and backward detection modes. Spectral
narrowing that occurs for N2 gas at 391 nm shows a dependence on

the incident pulse duration. Pressure threshold for different incident
powers for lasing has been established. Increase in the signal intensity on
varying the incident power is ascribed to amplified spontaneous emission
(ASE). White-light-seeded lasing in N2+ is generated by a Ti:sapphire
femtosecond laser for different focusing.The lasing lines peak over the
trail of the incident broadband spectra.
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10228-15, Session 4

Multimodal nonlinear nanophotonics
(Invited Paper)

Yuri S. Kivshar, Australian National Univ. (Australia)

Nonlinear nanophotonics is a rapidly developing field of research with
many potential applications for the design of nonlinear nanoantennas,
light sources, nanolasers, and ultrafast miniature metadevices. A tight
confinement of the local electromagnetic fields in resonant photonic
nanostructures can boost nonlinear optical effects, thus offering versatile
opportunities for the subwavelength control of light. To achieve the
desired functionalities, it is essential to gain flexible control over the
near- and far-field properties of nanostructures. To engineer nonlinear
scattering from resonant nanoscale elements, both modal and multipolar
control of the nonlinear response are widely exploited for enhancing

the near-field interaction and optimizing the radiation directionality.
Motivated by the recent progress of all-dielectric nanophotonics,

where the electric and magnetic multipolar contributions may become
comparable, here we review the advances in the recently emerged field
of multipolar nonlinear nanophotonics, starting from earlier relevant
studies of metallic and metal-dielectric structures supporting localized
plasmonic resonances to then discussing the latest results for all-dielectric
nanostructures driven by Mie-type multipolar resonances and optically
induced magnetic response. These recent developments suggest
intriguing opportunities for a design of nonlinear subwavelength light
sources with reconfigurable radiation characteristics and engineering
large effective optical nonlinearities at the nanoscale, which could have
important implications for novel nonlinear photonic devices operating
beyond the diffraction limit.

10228-16, Session 4

Highly directional second-harmonic
generation from AlGaAs nanoparticles

Maria del Rocio Camacho Morales, Mohsen Rahmani,
Sergey S. Kruk, Lei Wang, The Australian National
Univ. (Australia); Lei Xu, The Australian National Univ.
(Australia) and Nankai Univ. (China); Daria A. Smirnova,
Alexander S. Solntsev, Andrey E. Miroshnichenko, Hark
Hoe Tan, Fouad Karouta, Shagufta Naureen, Kaushal
D. Vora, The Australian National Univ. (Australia); Luca
Carletti, Costantino De Angelis, Univ. degli Studi di
Brescia (ltaly); Chennupati Jagadish, Yuri S. Kivshar,
Dragomir N. Neshev, The Australian National Univ.
(Australia)

For a number of years, nonlinear nanophotonics studied metallic
nanostructures with intrinsically high nonlinearity. However, due to their
Ohmic losses and low heat resistance they cannot be practically applied in
nonlinear optical processes for optical frequency conversion. On the other
hand, dielectric and semiconductor nanomaterials can overcome these
problems since their optical losses at visible and near-IR wavelengths

are almost negligible. Such nanoparticles can support both electric

and magnetic Mie-type resonances enabling multipolar and directional
scattering of light by optical nanoantennas. This capability has triggered a
great interest to the study of enhanced harmonic generation by resonant
nanoparticles, driven by the possibility to achieve higher frequency
conversion efficiencies and to shape the radiation patterns directing them
into desired directions. Silicon and Germanium nanoparticles have been
first explored due to their large third-order nonlinear susceptibilities [1,2].
However, exploiting materials with second-order susceptibilities, such as
GaAs and AlGaAs, would intrinsically increase the conversion efficiency
due to the lower-order nonlinearity. Second harmonic generation (SHG)
efficiencies exceeding 10-5 have been recently measured in backward
direction from AlGaAs [3] and GaAs [4] sitting on an oxide layer.
However, because of many challenges in realizing IllI-V semiconductor
nanostructures placed on low-refractive index substrates its fabrication
has been avoided, blocking the possibility to explore the SHG
directionality in both forward and backward direction.

Return to Contents TEL: +44 (0)29 2089 4747

OPTICS+
o OPTOELECTRONICS

SPI

Here we demonstrate, for the first time to our knowledge, experimental
measurements of the radiation patterns of SHG from AlGaAs
nanostructures [5]. The nanostructures were fabricated by implementing
an epitaxial growth in conjunction with a bonding procedure to a glass
substrate. Our final sample contains high quality Al0.2Ga0.8As nanodisks
on a glass substrate. The novel configuration allows not only to achieve
strong linear resonances and control their spectral position, but also to
characterize both forward and backward SHG signals excited by a pulsed
laser beam at 1556 nm wavelength and average power of ~ImW. By using
back focal plane (BFP) imaging, we measured a SHG radiation pattern
vanishing in the direction normal to the disks. This is reflected in the
doughnut shape of BFP images due to the quadrupole second harmonic
radiation. Also, we observe polarization shaping of the nonlinear signal
emitted, where nearly-perfect radial polarization is formed in the forward
direction. Last but not least, we demonstrate an unprecedented SHG
conversion efficiency of 10-4 [6]. Our results open a novel way for
applications of subwavelength nanophotonics to nonlinear spectroscopy
of chemical and biological species.
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10228-17, Session 4

Low power symmetry breaking and
improved figure of merit for metamaterial
nonlinear plasmonic waveguides

Gilles Renversez, Mahmoud M. R. Elsawy, Institut Fresnel
(France) and Aix-Marseille Univ. (France)

Using plasmonics as a part of nonlinear structures has been seen as a
promising approach to boost the nonlinearity because of the strong light
confinement achieved. Several nonlinear plasmonic waveguides have
already been studied. Among them, nonlinear plasmonic slot waveguides
(NPSWs) made of a nonlinear isotropic core of Kerr-type sandwiched
between two semi-infinite metal claddings have received a great attention
due to the very strong light confinement and to the possible functional
controls one can add to it. In addition, the NPSWs have characteristic
cross sections approximately 20 times smaller than those of all-dielectric
nonlinear waveguides, enabling small footprint photonic devices. One

of the key properties of the symmetric NPSWs is the spatial symmetry
breaking induced by the nonlinearity. Nevertheless, the experimental
observation of such symmetry breaking is still lacking due to the too high
needed power. Furthermore, no clear enhancement of the figure of merit
of the nonlinear effects in NPSWs has been observed yet due to the high
losses.

In this study, we propose and model new symmetric NPSWs made of
anisotropic metamaterials either in the positive Kerr-type nonlinear core
or in the surrounding claddings. We developed specific methods including
FEM based ones in order to compute the nonlinear stationary solutions
that propagate in these anisotropic NPSWs. The metamaterials we
consider are obtained from simple and realistic stack of bulk layers for a
use at the telecommunication wavelength.

For metamaterial cores, the used nonlinear materials are chalcogenide
glasses and epsilon-near-zero (ENZ) materials like indium tin oxyde.
We choose chalcogenides not only for their high nonlinear coefficient
and compatibility with other dielectrics like silica, silicon, or with metals
like gold or silver but also for their low two-photon absorption at the
telecommunication wavelength. First, we demonstrate that for the
isotropic nonlinear cores with bulk ENZ permittivity, the bifurcation
threshold of the asymmetric mode is not reduced, as it is usually
expected from ENZ properties, but it is increased from GW/m2 threshold
to 100 GW/m2. Second, when a realistic diagonal elliptical permittivity
with highly anisotropic components including a transverse ENZ one
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is considered for the nonlinear core, the bifurcation threshold is now
reduced around the 10 MW/m2 limit, gaining more than two orders of
magnitude compared to the simple NPSWs. This property indicates

a strong enhancement of the effective nonlinearity. Furthermore, the
slope of the dispersion curve of the asymmetric mode remains positive
suggesting a stable mode.

Finally, we consider an isotropic positive Kerr-type nonlinear core
(chalcogenide glass) with metamaterial claddings (made of low index
dielectric like silica or MgF2 layers with silver ones). We have found
that, with well-chosen effective parameters based on the analysis of
the guiding properties of the full structure, we obtain a reduction of the
bifurcation threshold of the asymmetric mode. More importantly for low
power applications, we also get a significant increase of the practical
figure of merit of these improved plasmonic waveguides around the
telecommunication wavelength compared to the simple NPSWs and to
all-dielectric waveguides, even when the losses are taken into account.
Consequently, the metamaterial nonlinear waveguides we proposed
and studied represent a more compact and more efficient solution for
nonlinear integrated optics than the state of the art nonlinear all-dielectric
waveguides.

10228-18, Session 4

Nonlinear optical effects in organic
microstructures

Vladimir B. Novikov, Evgeniy A. Mamonoy, Irina A.
Kolmychek, Denis A. Kopylov, Tatiana V. Murzina,
M.V. Lomonosov Moscow SU (Russian Federation);
Dasari Venkatakrishnarao, YSLV Narayana, Rajadurai
Chandrasekar, Univ. of Hyderabad (India)

Organic microstructures attract much attention as they can provide

a number of unique properties while keeping high values of optical
nonlinearity and possibility for a relatively easy control over their shape.
Such structures allow to change continuously the chemical composition
of the substituting medium and to modify continuously their molecular
structure and the molecular arrangement within a medium. In this work
we discuss the linear optical and second order nonlinear-optical effects
in organic microstructures composed by self-assembling technique and
formed randomly on top of a solid substrate. They are made from red
dye molecules, which possess a non-centrosymmetric structure and thus
are perspective for the observation of the second order nonlinear-optical
effects. Due to the composition procedure, during the evaporation of
the solvent the dye is organized as an ensemble of truncated cones. The
bottom (closer to the substrate) diameter of a typical frustum shaped
particle is about 1 micron, while the upper one is twice larger; the height
of the frustums is also about a micron.

The array of truncated cones reveals a strong fluorescence (FL) with the
maximum placed in the spectral range 600-700 nm. In the nonlinear-
optical experiments, the radiation of a femtosecond Ti-sapphire laser at
800 nm wavelength was used. In that case, two-photon absorption leads
to the appearance of the FL with the second-order dependence on the
fundamental beam intensity. Besides, optical second harmonic generation
is observed with much weaker peak intensity as compared to that of the
FL. We observe a pronounced spectral dependence of the intensity of
the averaged nonlinear optical response on the fundamental wavelength,
which is consistent with the absorption spectra of dye. The pronounced
effect of the absorption of the dye stems also from the results of the
hyper-Rayleigh measurements.

The resonant optical response of a single microparticle is studied

by means of the FL and nonlinear-optical (NLO) microscopy. The FL
spectrum of an individual truncated cone particle reveals a number

of narrow peaks above the wide FL band, that are sensitive to the

size of a particle, the characteristic spectral distance between the
neighboring strong peaks being about 10-20 nm. These spectral features
are associated with the excitation of whispering gallery modes inside
the organic particles with high values of the refractive index. The
corresponding strong light localization inside the microstructures appears
as enhanced fluorescence and NLO response. The NLO microscopy
shows that the SHG signal is concentrated closer to the outer side of the
particles. The obtained data are supported by the results of the FDTD
calculations of the optical field distribution inside the microstructures.
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Perspectives of application of such type of organic nonlinear
microresonators in optical devices are discussed.

10228-19, Session 4

All-optically tunable EIT-like dielectric
metasurfaces hybridized with thin-phase
change material layers

Emilija Petronijevic, Concita Sibilia, Sapienza Univ. di
Roma (ltaly)

One of the ultimate goals in nowadays photonics is a device that has all-
optically tunable properties, low loss in the optical communications range
and easy fabrication and implementation of the desired design. Further,
the control of the resonant responses with dramatic dispersion can lead
to slow-light effects, providing a degree of freedom with unprecedented
applications for data control and storage. Dielectric metamaterials can
be used to obtain a slow-light response, mimicking electromagnetically
induced transparency (EIT). EIT is a quantum destructive interference
effect that leads to a pump-induced narrowband transparency window
within an absorption line of the probe beam spectrum in an atomic
system. In metamaterials, EIT-like response can be obtained as a result
of destructive interference between so called bright and dark collective
modes. The next challenge is to provide an all-optical tuning of such
response.

Here we propose a way to bring together the all-dielectric metamaterials
to have EIT-like effects and to optically tune the response by hybridizing
them with a layer of a phase change material. Our metamaterial is based
on Si nanoresonators that can support EIT-like resonant response; the
unit cell consists of a rod, that supports a bright mode electric dipole
resonance, and of a square-like ring resonator, that supports a dark

mode magnetic resonance. The unit cell pitch is around 1?m, and the
other geometric parameters are not critical for fabrication. On the top

of the resonators there is a thin layer (around 15nm) of a chalcogenide
phase change material, which we will use to tune the optical response.
Our choice is Ge2Sb2Te5 (GST), since it has two stable phases at room
temperature, namely amorphous and crystalline, between which it can be
switched quickly, nonvolatively and reversibly, sustaining a large number
of switching cycles. These phases differ in optical properties, while still
having moderately low losses in telecom range. Since our hybrid dielectric
resonators do not have non-radiative losses of metals around 1.55?m,
they can lead to a high-Q factor of the EIT-like response in this range. The
starting structure is a common Si on insulator sample which is covered

by a thin layer of GST and then patterned according to the optimized
design that provides a high contrast ratio of the transmission at 1.55?m.
The designed metamaterial provides high transmission EIT-like peak at
exactly 1.55?m when the GST layer is in the amorphous state. If we then
switch the thin layer of GST to its crystalline phase which has higher
losses and refractive index, the EIT-like response is red shifted, bringing
the minimal transmission at 1.55?m. GST is highly absorbing in the visible
range, therefore the switching can be done by using visible laser to heat
the GST surface in order to induce the amorphization/crystallization. We
have performed transient thermal simulations to choose the optimal laser
power and wavelength, supposing the common pulse duration of 50ns
and 100ns for amorphization and crystallization, respectively. We strongly
believe that such a new concept could lead to great improvements in all-
optical photonics.

10228-20, Session 4

Second harmonic generation on self-
assembled GaAs/Au nanowires with
thickness gradient

Alessandro Belardini, Grigore Leahu, Marco Centini,
Roberto Li Voti, Eugenio Fazio, Concita Sibilia, Sapienza

Univ. di Roma (ltaly); Diego Repetto, Francesco Buatier
de Mongeot, Univ. degli Studi di Genova (Italy)

Gallium arsenide (GaAs) nanostructures have attracted a lot of interest
for the realization of optical devices such as emitting diodes, nano-
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lasers, nano-elements for integrated solar cells. Among different possible
applications, as others materials with the same wurtzite symmetry,

GaAs nano-elements can be used as second harmonic generation

(SHG) emitters. Efficient coupling of GaAs emitters with plasmonic gold
antennas has been recently investigated [1]. A proper coupling with metal
plasmonic modes can enhance the local electro-magnetic field in the
GaAs nano-element, thus increasing the SHG efficiency.

Here we investigated the SH generation at the wavelength of 400 nm
(pump laser at 800 nm, 120 fs pulses) of a “metasurface” composed

by an alternation of GaAs nano-grooves and Au nanowires capping
portions of flat GaAs. The nano-grooves depth and the Au nanowires
thickness gradually vary across the sample. The samples are obtained by
ion bombardment at glancing angle on a 150 nm Au mask evaporated

on a GaAs plane wafer. The irradiation process erodes anisotropically

the surface, creating Au nanowires and, at high ion dose, grooves in the
underlying GaAs substrate (pattern transfer). The SHG measurements
are performed for different pump linear polarization angle at different
positions on the “metasurface” in order to explore the regions with
optimal conditions for SHG efficiency. The pump polarization angle is
scanned by rotating a half-wave retarder plate. While the output SH
signal is analyzed by setting the polarizer in ‘s’ or ‘p’ configuration in front
of the detector. The SH signal collected in reflection is isolated from the
reflected pump at 800 nm by using a series of short pass filters and band
pass filters centered around 400 nm.

We realized two samples obtained with different argon exposition times.
The overall results, integrated also with linear reflectance spectra, show
that a trade-off between scattering losses and field confined effect can
lead to optimum SHG efficiency.

The best polarization condition for SHG is obtained in the configuration
where the pump and second harmonic fields are both ‘p’ polarized,
and the experiments show a SH polarization dependence of the same
symmetry of bulk GaAs. Thus, the presence of gold contributes only as
field localization effect, but do not contributes directly as SH generator.

We further investigated the samples by studying linear optical properties
such as anomalous reflection induced by the generalized Snell’s law [2].
These studies confirm the presence of the gradient in the geometrical
features of the nanowires.

[11 A. Casadei et al., Photonic-Plasmonic Coupling of GaAs Single
Nanowires to Optical Nanoantennas, Nano Lett. 14, pp 2271-2278 (2014).

[2] N. Yu, P. Genevet, M. A. Kats, F. Aieta, J.-P. Tetienne, F. Capasso, Z.
Gaburro, Science 334, 333 (2011).

10228-21, Session 4

Ultrafast hyperspectral absorption
spectroscopy of 2D crystals

Felice Gesuele, Carlo Altucci, Maddalena Pasquale, Univ.
degli Studi di Napoli Federico Il (Italy)

We employ hyperspectral ultrafast transient absorption spectroscopy to
investigate charge carrier dynamics in the novel class of two dimensional
materials (Graphene and Transition Metal Dichalcogenides)

In our technique the samples are optically “pumped” using the
femtosecond tunable pulse coming from an Optical Parametric Amplifier,
and “probed” for changes in transmission with a “white light” laser-
generated supercontinuum.

Graphene carrier dynamics present a broadband differential absorption
with two characteristic lifetimes (hundreds fs and few picosecond) due

carrier-carrier scattering and phonon assisted recombination mechanisms.

This behavior does not change substantially with the pump energy
demonstrating strong carrier-carrier interaction.

Among other Transition metal dichalcogenides we report on the carrier
dynamics of few layers of MoS2. Our results show the presence of
negative differential response (bleach) corresponding to the A and

B exciton. Measured lifetimes are on the order of tens of picosecond
and depends on the pump fluence as well as on the number of layers.
We compare the results with a characterization of the time-resolved
photoluminescence measured by means of optical Kerr gating.

These results provide insights into the photophysics of these materials
and are useful in view of their applications in optoelectronic devices.
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10228-22, Session 5

Thermal optical nonlinearity in photonic
crystal fibers filled with nematic liquid
crystals doped with gold nanoparticles

Piotr Lesiak, Daniel Budaszewski, Karolina Bednarska,
Piotr Sobotka M.D., Milosz S. Chychlowski, Tomasz R.
Woli?ski, Warsaw Univ. of Technology (Poland)

Recent advances in microfluidics and nanophotonics have led to a newly
emerging field known as optofluidics, which in a complementary way
combines two distinct scientific fields such as photonics and fluidics. In
optofluidic systems, fluids give fine adaptability, mobility, and accessibility
to nanoscale photonic devices which otherwise could not be realized
using conventional devices. Materials exhibiting strong nonlinear
response to incident light play a vital role in the fields of photonics or
optoelectronics. Anisotropic materials as liquid crystals (LCs) enhance
optical nonlinearity by up to nine orders of magnitude compared to that
of isotropic fluids, making LCs suitable for building all-optical devices..
All-optical switches can be made of microstructured fibers filled either
with LCs or dye-doped nematic LCs. Also, LCs doped with anisotropic
nanoparticles (NPs) exibit specific wavelength-dependent absorption.
Consequently, NPs can behave as dispersed nano-heaters that locally
modulate refractive indices of LCs through spatial temperature variations
improving the nonlinear optical response of the material.

In this work we have investigated the use of gold nanoparticles (GNPs)
as a doping material. The size of the GNP metal center was 2 nm with a
distribution of 0.2 nm for the samples studied, that was determined by
direct TEM imaging and by X-ray scattering of the diluted NP solution.
Initially, the research involved comparing properties of both undoped
and doped 5CB (nematic LC) by infiltrating micro-holes a photonic
crystal fiber (PCF). A supercontinuum light source and a standard PCF
LMA 10 No. 01 was used as a host fiber. Both PCF samples were 20 cm
long with 2-3 cm long section infiltrated with the LCs. In both cases, a
photonic band gap effect was observed and there has been a difference
between both spectra of the effective: undoped photonic liquid crystal
fiber (PLCF) and GNP-doped PLCF. The spectrum change characterizing
the GNPs doped PLCF could be attributed to NPs distorting LC molecules
orientation around them.

Additionally, an influence of the 532-nm laser beam on both undoped
and 5CB-doped LC cell has been investigated. Both LC mixtures were
introduced between glass cells with a proper surface treatment to induce
planar (homogenous) texture. LC cells between crossed polarizers

was placed and transmission spectrum of a visible light was observed.
Preliminary results showed that the transmitted interference spectrum
observed under crossed polarizers is red-shifted.

10228-23, Session 5

Route to high-energy dissipative soliton
resonance pulse in a dual amplifier
figure-of-eight fiber laser

Mohamed Salhi, Georges Semaan, Univ. d’Angers
(France); Fatma Ben Braham, Univ. d’Angers (France)
and Univ. of Carthage (Tunisia); Jorel Fourmont, Univ.
d’Angers (France); Faouzi Bahloul, Univ. of Carthage
(Tunisia); Francois Sanchez, Univ. d’Angers (France)

Multiple applications such as laser micromachining, optical sensors
and square-wave clocks require high-energy pulses. The development
of high-energy single pulse within passively mode-locked fiber laser
has stimulated a great interest in investigating new laser technologies.
However, it has been a difficult task to achieve high pulse energies
because of limitations imposed by pulse breakup and multiple pulsing
that occur from an excess of nonlinear phase shift per roundtrip. In the
anomalous dispersion regime, the pulse energy is limited by the soliton
area theorem while in normal dispersion regime it is the nonlinear losses
coupled with the finite gain bandwidth. To overcome these problems,
several techniques have been proposed such as the usage of large
mode-area photonic crystal fibers, beam shaping and chirped pulse
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amplification. Under beam shaping technique, achieving high energy
square pulses can be realized by exploiting the dissipative soliton
resonance theory where the energy is not limited by the soliton area
theorem and it increases proportionally with allows the pulse width to
widen linearly.

Dissipative soliton resonance square pulses were experimentally observed
in setups consisting on the nonlinear polarization evolution mechanism in
normal and anomalous dispersion regimes. It has also been demonstrated
in mode-locked figure-of-eight fiber lasers using optical circulators and
dual pumping. These results highlighted the fact that the high non-
linearity plays an important role in widening the pulse.

In this work, we present a widely adjustable high energy square pulse
laser operating in dissipative soliton resonance in a passively mode-
locked figure-of-eight fiber configuration using dual Er:Yb co-doped
double clad amplifiers. By manually controlling the power of each
amplifier, the pulse width can be varied in a range of 360 ns without
generating multi-pulsing instabilities. To ensure that DSR would dominate
the mode-locking mechanism, we use a 1.5 km standard single-mode fiber
in the cavity. At a maximum pumping power, the laser generated square
pulses with 416 ns duration and an average output power of about 1.33 W
with a repetition frequency of 133 KHz corresponding to a record pulse
energy of 10 ?J.

10228-24, Session 5

Bright-dark rogue wave in mode-locked
fibre laser

Hani Kbashi, Aston Univ. (United Kingdom); Stanislav A.
Kolpakov, Amds Martinez, Aston Institute for Photonics
Technologies, Aston Univ. (United Kingdom); Chengbo
Mou, Shanghai Univ. (China); Sergey V. Sergeyey, Aston
Institute for Photonics Technologies, Aston Univ. (United
Kingdom)

Rogue waves (RWs) are statistically rare localized waves with high
amplitude that suddenly appear and disappear in oceans, water tanks,
and optical systems [1]. The investigation of these events in optics, optical
rogue waves, is of interest for both fundamental research and applied
science. Recently, we have shown that the adjustment of the in-cavity
birefringence and pump polarization leads to emerge optical RW events
[2-4]. Here, we report the first experimental observation of vector bright-
dark RWs in an erbium-doped stretched pulse mode-locked fiber laser.
The change of induced in-cavity birefringence provides an opportunity

to observe RW events at pump power is a little higher than the lasing
threshold. Polarization instabilities in the laser cavity result in the coupling
between two orthogonal linearly polarized components leading to the
emergence of bright-dark RWs. The observed clusters belongs to the
class of slow optical RWs because their lifetime is of order of a thousand
of laser cavity roundtrip periods.
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10228-25, Session 5
Rogue waves driven by polarization
instabilities in a long ring fiber oscillator
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We present the results of an experimental and theoretical study of

the complex nonlinear polarization dynamics leading to rogue wave’s
emergence. The theoretical model consists of seven coupled non-linear
equations and takes in account both orthogonal states of polarizations
(SOPs) in the fiber [1, 2]. The model predicts the existence of seven
eigenfrequencies in the cavity due to polarization instability near lasing
threshold. By adjusting the laser parameters (the power and the SOP

of the pump wave and in-cavity birefringence) we can tune some
eigenfrequencies from completely different (non-degenerate states) to
coinciding (degenerated states). The experiments were performed with a
passively self-mode-locked erbium-doped fiber oscillator implemented in
a ring configuration and operating near the lasing threshold. The obtained
experimental results are in a good correspondence with the theory.
Moreover, it was observed that non-degenerate states of oscillator lead
to L-shaped probability distribution function (PDF) and true rogue waves
(RWs) regime. Meanwhile, a small detuning from partially degenerated
case also leads to L-shaped PDF with the tail trespassing RW threshold,
but gives periodic patterns of pulses. This regime probably cannot be
considered as a true RWs scenario because of high grade of predictability
of the patterns. The partial degeneration, in turn, guides to quasi-
symmetric distribution rather typical for white noise than for RWs regime.

1. S. A. Kolpakov, S. V. Sergeyeyv, Yu. Loika, N. Tarasov, V. Kalashnikov, and
G. P. Agrawal, http://arxiv.org/abs/1508.05933

2. S. Sergeyeyv; S. Kolpakov; H. Kbashi. Slow deterministic vector rogue
waves SPIE LASE, 97320K-97320K-10 San Francisco, United States of
America 2016

10228-26, Session 6

Photoinduced ?(2) for second harmonic
generation in stoichiometric silicon
nitride waveguides

Marco A. G. Porcel, Univ. Twente (Netherlands); Jorn

P. Epping, Marcel Hoekman, Arne Leinse, René G.
Heideman, LioniX BV (Netherlands); Chris J. Lee Il, Peter
J. M. van der Slot, Klaus-Jochen Boller, Univ. Twente
(Netherlands)

Stoichiometric silicon nitride (Si3N4) waveguides, grown via low pressure
chemical vapour deposition (LPCVD), are a reliable photonics platform
characterized by low loss and a broad transparency range, from the
visible to the mid-infrared. Engineering the waveguide dispersion is of
special interest since it allows phase-matching of third-order nonlinear
optical processes such as four-wave mixing, supercontinuum [1] and
frequency comb generation. In the related material SiN, grown with
sputtering and PECVD, second order processes have been observed
already. Since SiN deposited with these techniques is amorphous and
should therefore posses no bulk ?(2), fabrication imperfections such as
strained micro-crystalline silicon or at the free nitrogen dangling bonds
are seen as the origin [2]. Field enhancement in SiN ring resonators and
Bragg gratings have been used to increase the conversion efficiency for
SHG to a maximum of 0.14% [3].

Here, we present for the first time experimental evidence of photoinduced
?(2) for SHG in stoichiometric LPCVD-grown Si3N4 waveguides. The
waveguides were designed to phase match the horizontally polarized
TEMOO mode at 1064 nm with the second order transverse mode TEM02
at 532 nm. A mode-locked laser delivering 6 ps pulses at 1064 nm with a
20 MHz repetition rate was used as pump laser. However, initially, at fixed
input pump power, no SHG was observed. Only after longer irradiation,
around 1000 s, 532 nm light was observed to grow from below noise to
a saturated value, which indicates the presence of a photoinduced ?(2).
We obtained a conversion efficiency close to 0.4%, corresponding to 41
uW at 532 nm with 10 mW of IR light measured after the collection lens
positioned directly after the waveguide.

[1]. Porcel, M.A.G,, et al., Opt. Express 25, 1542-1554 (2017)
[2]. Dianov, E.M., Starodubov D.S., Quant.Electron. 22, 419-432 (1995)
[3]. Miller et al., Opt.Express 22, 26517-26525 (2014)
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10228-27, Session 6

Implementation of stimulated Raman
scattering microscopy for single cell
analysis

Annalisa D’Arco, Maria Antonietta Ferrara, Maurizio
Indolfi, Vitaliano Tufano, Luigi Sirleto, Istituto per la
Microelettronica e Microsistemi, Consiglio Nazionale
delle Ricerche (ltaly)

In spite of the fact that fluorescent microscopies represent the
fundamental pillars upon which the biological imaging is based on,

they show some limitations about the quality of the image and its
interpretation: large fluorescent molecules or nanomaterials may bias
measurement by altering the physical or physiological properties of

the system under examination, some structures and/or molecules

are reluctant to labelling, as such as lipids, and the dyes suffer from
photobleaching. Therefore, it should be taken advantage of microscopy
techniques which afford high chemical selectivity of unlabeled living cells,
and in addition, implement real time three-dimensional imaging with
high spatial resolution and sensitivity. Stimulated Raman scattering (SRS)
microscopy provides a good vibrational contrast mechanism. In fact,

SRS is free from the nonresonant background: being SRS signal directly
heterodyne mixed and amplified by the input beam with the exact

same phase, resulting in a zero non-resonant contribution. In addition,
SRS exhibits an identical spectrum to the spontaneous Raman, SRS is
linearly proportional to the concentration of the analyte, and it allows
straightforward quantification. Therefore, it is natural to consider the
application of this technigue to label-free imaging of quantitative single
cell.

In this paper, the implementation of a SRS microscope is described,
obtained as a result of the integration of a femtosecond SRS
spectroscopic setup with an inverted research microscope equipped with
a scanning unit. Validation tests on images of polystyrene beads are also
reported.

SRS microscopy can resolve cellular components within biological
systems. It has proven that SRS is particularly powerful for studying lipids.
Because of their isolated Raman peaks associated with vibrational states
of CH bond (Raman shift 2845cm-1), it is possible to provide a unique
signature for lipids inside a cell. For this reason, label-free imaging of
lipids droplets inside fixed adipocytes cells is carried out and discussed.
Both series of image tests have demonstrated the feasibility of the
approach to delineate single cell analysis with chemical specificity.

10228-28, Session 6

Laser-induced periodic surface structure
formation: investigation of the effect of
nonlinear absorption of laser energy in
different materials

Yoann Levy, Thibault J. Y. Derrien, HiILASE Ctr. (Czech
Republic); Nadezhda M. Bulgakova, HiLASE Ctr. (Czech
Republic) and Institute of Thermophysics, SB RAS
(Russian Federation); Evgeny L. Gurevich, Ruhr-Univ.
Bochum (Germany); Toma? Mocek, HiLASE Ctr. (Czech
Republic)

In this work, to get insight into laser-induced periodic surface structures
(LIPSS) formation, the relaxation of a modulation in the temperature
profile is investigated numerically on surfaces of three different kinds of
materials (metals, semiconductor, and dielectrics) upon irradiation by
ultrashort laser pulses. The modulation of the temperature is assumed
to originate from the interference between the incoming laser pulse and
the surface electromagnetic wave, which is considered here as the main
mechanism lying at the basis of LIPSS formation [1]. The interference
causes the periodic deposition of laser energy into the surface layer of
materials, which, in its turn, can trigger periodicities in stress distribution,
melting, and ablation, before the final heat dissipation [2,3]. Hence, it is
important to investigate the whole route of evolution of laser-irradiated
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matter from its excitation at ultrashort time scale to the final structure
imprinted on material surface.

For comparative studies of the dissipation dynamics of laser energy
periodically deposited on the surfaces of materials of different kind
(silicon, fused silica, several metals), a simplified 2D model [2] is used. It
is based on the two-temperature model (TTM) approach and considers
the mechanisms of nonlinear absorption of laser light (multiphoton
ionization of different orders and avalanche ionization in band-gap
materials; temperature-dependent thermophysical and optical properties
in metals) and relaxation (electron trapping into excitonic states in fused
silica, Auger recombination in silicon). The TTM is coupled with the
Drude model formulation of optical properties of the irradiated materials,
considering the evolution of the free-carrier density and/or temperature.
For metals, the plasma-like behaviour of the electron population is
considered when the electron temperature approaches and exceeds the
Fermi temperature [4].

The development and decay of the lattice temperature modulation,
which can govern the LIPSS formation, is followed during electron-lattice
thermalization time and beyond. It is shown that strong temperature
gradients can form along the surfaces of all materials under study within
the fluence range of LIPSS formation in experiments. Considerable
changes in optical properties of these materials are found as a function
of time, including metals, for which a constant reflectivity is usually
assumed. The effects of the resulting nonlinear absorption on the surface
temperature dynamics are reported.

[1] J.E. Sipe, J.F. Young, J.S. Preston, H.M. van Driel, Laser-induced
periodic surface structure. I. Theory, Phys. Rev. B 27, 1141 (1983).

[2] Y. Levy, T.J.-Y. Derrien, N.M. Bulgakova, E.L. Gurevich, T. Mocek,
Relaxation dynamics of femtosecond-laser-induced temperature
modulation on the surfaces of metals and semiconductors, Appl. Surf. Sci.
374,157 (2016).

[3] 1. Gnilitskyi, V. Gruzdev, N.M. Bulgakova, T. Mocek, Leonardo Orazi,
Mechanisms of high-regularity periodic structuring of silicon surface
by sub-Mhz repetition rate ultrashort laser pulses, Appl. Phys. Lett. 109,
143101 (2016).

[4] S.E. Kirkwood, YY. Tsui, R. Fedosejevs, AV. Brantov, VY. Bychenkov,
Experimental and theoretical study of absorption of femtosecond laser
pulses in interaction with solid copper targets, Phys. Rev. B 79, 144120

(2009).

10228-30, Session 6

Parametric Raman anti-Stokes laser at
503 nm with phase-matched collinear
beam interaction of orthogonally
polarized Raman components in calcite
under 532 nm 20 ps laser pumping

Sergei Smetanin, A. M. Prokhorov General Physics
Institute of the Russian Academy of Sciences (Russian
Federation); Michal Jelinek Jr., Vaclav Kube?ek, Czech
Technical Univ. in Prague (Czech Republic)

Stimulated Raman scattering (SRS) in crystals can be used as a simple
and non-expensive solution for the single-pass frequency conversion

to the Stokes-shifted wavelengths that are not readily available from
solid-state lasers. Anti-Stokes shift of the laser frequency can also be
realized using Raman-active media but it needs phase matching condition
fulfillment because this is a parametric four-wave mixing process at
resonant Raman nonlinearity where two photons of the fundamental
laser radiation interacting with one Stokes photon produce one anti-
Stokes photon. Therefore the parametric Raman anti-Stokes generation
requires not only phase matching, but also biharmonic pumping by two
waves having frequency difference equal to the Raman frequency of the
Raman-active medium. In the simplest scheme only one pump laser can
be used for the parametric Raman laser because the second pump wave
can be generated by SRS in the same Raman-active medium. However,
practically all the known crystalline parametric Raman anti-Stokes

lasers have very low conversion efficiencies of about 1% at theoretically
predicted values of up to 40 %. This can be explained by that these
lasers are based on non-collinear phase matching of four-wave mixing
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for compensation of dispersion wave mismatch, but the non-collinear
phase matching has narrow angular tolerance in comparison with angular
divergence of the interacted beams.

In our investigation, to widen the angular tolerance of four-wave

mixing and to obtain high conversion efficiency into the anti-Stokes

wave we propose and study a new scheme of the parametric Raman
anti-Stokes laser at 503 nm with phase-matched collinear beam
interaction of orthogonally polarized Raman components in calcite

under 532 nm 20 ps laser pumping. We use only one 532-nm laser

source to pump the Raman-active calcite crystal oriented at the phase
matched angle for orthogonally polarized Raman components four-

wave mixing. Additionally, we split the 532-nm laser radiation into the
orthogonally polarized components (pumping ordinary wave and probing
extraordinary wave) entering to the Raman-active calcite crystal at the
certain incidence angles to fulfill the nearly collinear phase matching and
also to compensate walk-off of extraordinary waves for collinear beam
interaction in the crystal with the widest angular tolerance of four-wave
mixing.

Several configurations and two calcite crystals (21 or 32 mm long) were
investigated. The initial results demonstrate that 1 uJ of anti-Stokes 503
nm component was generated with the efficiency of 5% from probe beam
and 2% overall efficiency from pump and probe beams altogether. Higher
efficiency from the probe beam more than 20% can be achieved for lower
anti-Stokes energy of ~300 nJ. To the best of our knowledge this is the
highest conversion efficiency into the anti-Stokes wave in comparison
with the known crystalline parametric Raman anti-Stokes lasers.

10228-31, Session 6

Numerical simulation and comparison of
nonlinear self-focusing based on iteration
and ray tracing

Xiaotong Li, Weiwei Wang, Zhaofeng Cen, Zhejiang Univ.
(China)

Self-focusing phenomenon is observed in nonlinear materials owing to
the interaction between laser and matter when laser beam propagates.
Some of numerical simulation strategies such as the beam propagation
method (BPM) based on nonlinear Schrédinger equation and ray tracing
method based on Fermat’s principle have applied to simulate the self-
focusing process. In this paper we present an iteration nonlinear ray
tracing method to simulate the self-focusing phenomenon. The nonlinear
material is also cut into massive slices just like the existing approaches,
but instead of paraxial approximation and split-step Fourier transform, a
large quantity of sampled real rays are traced step by step through the
system with changing refractive index and laser intensity by iteration.

At first the sampled rays are generated with intensity of light or energy
factors. Then the rays are traced using different algorithm according

to the materials that the rays transmit through. For linear materials, we
use the classical ray tracing method to calculate the rays one by one.

For nonlinear materials, all of the incident rays must be traced slice by
slice so as to use the iteration algorithm to determine the laser intensity
distribution and the nonlinear refractive index field at the same position.
Because of the limited ray sampling, the quantization errors appear.

So a smooth treatment is employed in this process to correct the laser
intensity distribution at each slice for managing the error caused by

the under-sampling. When the rays propagate out of the nonlinear
materials, classical ray tracing is available again. The characteristics of this
method is that the nonlinear refractive indices of the points on current
slice are calculated by iteration so as to solve the problem of unknown
parameters in the material caused by the causal relationship between
laser intensity and nonlinear refractive index. As shown by the examples
and comparison that the simulation data of this algorithm such as the first
self-focusing point is coincident well with the exiting simulation methods,
and the efficiency and accuracy are improved. The method presented is
developed based on the ray equation called Lagrangian description of
Fermat’s principle, and is more suitable for engineering application with
lower time complexity, and has the calculation capacity for numerical
simulation of self-focusing process in the systems including both of linear
and nonlinear optical materials. At the end of the paper, the advantages
and disadvantages of this algorithm are discussed.
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Graphene quantum dots with nitrogen-
doped content dependence for highly
efficient dual-modality photodynamic
antimicrobial therapy and bioimaging

Wen-Shuo Kuo, China Medical Univ. (Taiwan)

Reactive oxygen species is the main contributor to photodynamic
therapy. The results of this study show that a nitrogen-doped graphene
quantum dot, serving as a photosensitizer, was capable of generating a
higher amount of reactive oxygen species than a nitrogen-free graphene
quantum dot in photodynamic therapy when photoexcited for only 3
min of 670 nm laser exposure (0.1 W cm?2), indicating highly improved
antimicrobial effects. In addition, we found that higher nitrogen-bonding
compositions of graphene quantum dots more efficiently performed
photodynamic therapy actions than did the lower compositions that
underwent identical treatments. Furthermore, the intrinsically emitted
luminescence from nitrogen-doped graphene quantum dots and high
photostability simultaneously enabled it to act as a promising contrast
probe for tracking and localizing bacteria in biomedical imaging. Thus,
the dual modality of nitrogen-doped graphene quantum dots presents
possibilities for future clinical applications, and in particular multidrug
resistant bacteria.

10228-33, Session 6

All-optical variable-length packet router
with contention resolution based on
wavelength conversion

Rim Farhat, Amel Farhat, Ecole Supérieure des
Communications de Tunis (Tunisia); Mourad Menif,
SUP’COM (Tunisia)

All-Optical Switching (OS) emerges as an attractive approach to
implement future power-efficient high-speed optical core routers with
greater scalability, high integration capabilities and reduced cost. For
all optical packet switching, the principle of operation of different
architectures is label processing and packet forwarding. The main used
components are a demultiplexer for label extraction, an All-Optical
Flip-Flop (AOFF) for label processing and an optical switch for packet
forwarding. In most developed architectures optical switches based on
Semi-conductor Optical Amplifier Mach-Zehnder Interferometer (SOA-
MZI) are the most used.

In previous work, we have proposed an all optical packet forwarding
architecture that provides a high bit rate solution to forward optical
packets using SOA-MZI [1]. Nevertheless this architecture needs to be
improved in order to cope with contention. A novel all optical packet
router architecture supporting asynchronous, variable-length and labeled
packet is proposed. Wavelength conversion is the adopted contention
resolution strategy in this router architecture. Thus we show that the
contenting packets are detected and forwarded according First In First
Out (FIFO) strategy with a different wavelength. Optisystem simulations
are realized and error-free functionality is achieved for different bit rates.

This router architecture with wavelength conversion contention resolution
relies on combining packets detection. It need only the result of AOFFs
and optical AND gates responses to operate with any packet length and
at high bit rate.

REFERENCES
[1] Farhat.R, Farhat and A, Menif. M, “Comparison of All Optical

Forwarding Packet Architectures”, SPIE in photonics Europe, (2016).
10228-34, Session PS

Significant improvement in the thermal
annealing process of optical resonators

Patrice Salzenstein, FEMTO-ST (France) and Ctr. National
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de la Recherche Scientifique (France); Mikhail Zarubin,
Navtelsat, Ltd. (Russian Federation) and FEMTO-ST, Ctr.
National de la Recherche Scientifigue (France)

Thermal annealing performed during process improves the quality of

the roughness of optical resonators reducing stresses at the periphery

of their surface thus allowing higher Q-factors [1-5]. After a preliminary
realization reported in [6], the design of the oven and the electronic
method were significantly improved thanks to nichrome resistant alloy
wires and chopped basalt fibers for thermal isolation during the annealing
process. Q-factors can then be improved with a factor of five.

References:

[1] Savchenkov A. A., Matsko A. B., lichenko V. S., Yu N., Maleki L.,
“Whispering-gallery-mode resonators as frequency references. Il.
Stabilization,” J. Opt. Soc. Am. B 24(12), 2988-2997 (2007).

[2] Saleh, K., Henriet, R., Diallo, S., Lin, G., Martinenghi, R., Balakireva, .
V., Salzenstein, P, Coillet, A., Chembo, Y. K., “Phase noise performance
comparison between optoelectronic oscillators based on optical delay
lines and whispering gallery mode resonators,” Optics Express, 22(26),
32158-32173 (2014).

[3] Henriet, R., Salzenstein, P, Ristic, D., Coillet, A., Mortier, M.,
Rasoloniaina, A., Saleh, K., Cibiel, G., Dumeige, Y., Ferrari, M., Chembo, Y.
K., Llopis, O., Féron, P., “High quality factor optical resonators,” Physica
Scripta, T162, 014032 (2014).

[4] Salzenstein P, Voloshinov V. B. and Trushin A. S., “Investigation
in acousto-optic laser stabilization for crystal resonator based
optoelectronic oscillators,” Optical Engineering, 52(2), 024603 (2013).

[5] Coillet A., Henriet H., Salzenstein P., Phan Huy K., Larger L.

and Chembo Y. K., “Time-domain Dynamics and Stability Analysis

of Optoelectronic Oscillators based on Whispering-Gallery Mode
Resonators,” IEEE Journal of Selected Topics in Quantum Electronics
19(5), 6000112 (2013).

[6] Zarubin, M., Salzenstein, P., “Temperature controlled optical resonator
process for optoelectronic oscillator application,” Prague, Czech Rep.,
Proc. SPIE 9503, 950311 (2015).

10228-35, Session PS

Multi-objective optimization of coupled
device based on optical fiber with
crystalline and integrated resonators

David Bassir, Guangzhou Industrial Technology Research
Institute of Chinese Academy of Sciences (China) and
Univ. de Technologie de Belfort-Montbéliard (France);
Patrice Salzenstein, FEMTO-ST (France) and Ctr. National
de la Recherche Scientifique (France)

Because of the advantages in terms of reproducibility for optical
resonators on chip which are designed of various topologies and
integration with optical devices. To increase the Q-factor from the lower
rang [10°4 - 10"6] to higher one [10"8 -10"10] [1, 2] one use crystalline
resonators. It is much complicated to couple an optical signal from a
tapered fiber to crystalline resonator than from a defined ridge to a
resonator designed on a chip. In this work, we will focus on the multi-
criteria optimization of the crystalline resonators under thermal finite
element analysis (based on COMSOL multi-physic software) [3- 5] and
subject also to technological constraints of manufacturing. The coupling
problem at the Nano scale makes our optimizations problem more
dynamics in term of design space.

References:

[1] Salzenstein P, Mortier M., Sérier-Brault H., Henriet R., Coillet A,
Chembo Y. K., Rasoloniaina A., Dumeige Y., Féron P., “Coupling of high
quality factor optical resonators,” Physica Scripta, T157, 014024 (2013).
[2] Henriet, R., Salzenstein, P, Ristic, D., Coillet, A., Mortier, M.,
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K., Llopis, O., Féron, P., “High quality factor optical resonators,” Physica
Scripta, T162, 014032 (2014).
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process: Contribution of the thermal flux,” Applied Thermal Engineering
89, 822-832 (2015).

[4] Guessasma S, Bassir D, Hedjazi L., “Influence of interphase properties
on the effective behaviour of a starch-hemp composite,” Materials and
Design 65, 1053-1063 (2015).

[5] Irisarri F.X., Bassir D.H., Maire J. F., Carrere N., Multiobjective stacking
sequence optimisation strategy for laminated composite structures,
Composites Science and Technology, (Elsevier), 69, 983-990 (2009).

10228-36, Session PS

2W@318.6nm single-frequency cw UV
laser system via single-pass SFG followed
by cavity-enhanced SHG

Jieying Wang, Jiandong Bai, Jun He, Junmin Wang,
Shanxi Univ. (China)

The long-range dipole-dipole interaction between neighboring Rydberg
atoms may vyield the Rydberg blockade effect, which is a promising way
to realize two-atom entanglement and to implement C-NOT two-qubit
gate. If choosing a single-step excitation to a desired atomic Rydberg
state, the decoherence arising from the population of intermediate state
can be avoided. For exciting cesium atoms from ground state (6S_1/2)
to nP_3/2 (n =70 ~ 100) Rydberg state via single-photon transition,

we have implemented a high-power single-frequency cw 318.6nm UV
laser system by single-pass sum-frequency generation (SFG) from two
infrared lasers to 637.2nm followed by cavity-enhanced second-harmonic
generation (SHG). Based on the well-developed Er-doped and Yb-doped
fiber lasers and fiber amplifiers, as well as efficient laser frequency
conversion technology with periodically-poled nonlinear crystals, more
than 8.7W@637.2nm single-frequency red laser output has been achieved
by single-pass SFG of two fiber-amplifier-boosted infrared fiber lasers

at 1560.5 nm and 1076.9nm with a 40-mm-long PPMgO:LN crystal, and
corresponding conversion efficiency is ~38%. The output red laser beam
has good power stability and excellent beam quality. Then, followed by
four-mirror-ring-cavity enhanced SHG with a Brewster-angle-cut BBO
crystal, more than 2.2W@318.6nm single-frequency UV laser output

has been achieved with 4.0W incident red light. The output UV laser
beam can be continuously tuned over 4GHz, and the typical root-mean-
square (rms) power fluctuation is less than 0.87% over 30 minutes. The
line-width of the UV light is estimated to be less than 10kHz. The beam
quality factors, M"2(X) and M"2(Y), are measured to be ~ 1.16 and ~ 1.48
respectively. This 318.6nm UV laser system provides a solid foundation
for the subsequent single-step 6S_1/2 - nP_3/2 (n =70 ~ 100) Rydberg
excitation of cesium atoms. References: [1] J. Opt. Soc. Am. B, Vol.33
(2016) p.2020; [2] Opt. Commun., Vol. 370 (2016) p.150

10228-37, Session PS

Tunneling current emission spectrum of
biased impurity in the presence

of electron-phonon interaction

Vladimir N. Mantsevich, Natalya Maslova, MV.
Lomonosov Moscow SU (Russian Federation); Petr
Arsevey, P.N. Lebedev Physical Institute (Russian
Federation)

We performed theoretical investigations of the tunneling current noise
spectra through single-level impurity in the presence of electron-phonon
interaction by means of the non- equilibrium Green function formalism. A
fundamental link between quantum noise in tunneling contact and light
emission processes was revealed. Tunneling current noise spectra through
a single level impurity atom was calculated both in the presence and in
the absence of quasi-particle interaction for a finite bias voltage and it
was identified as a source of experimentally observed light emission from
bias microscopic contacts. Our findings provide important insight into the
nature of non-equilibrium electronic transport in tunneling junctions with
electron-phonon interaction.
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We carefully studied total tunneling current noise spectra directly
connected with phonon assisted emission processes. We demonstrated
that the edge of tunneling current noise spectra in the presence of
electron-phonon interaction is displaced on the value of phonon
frequency in comparison with the case when electron-phonon interaction
is neglected, consequently spectra cut off occurs at higher frequencies.
We showed that, in the presence of electron-phonon coupling in addition
to the resonant peculiarity associated with the single level of the quantum
dot, additional peculiarities with the separation set by the frequency of
phonon mode appear.

Our approach can be generalized to more complicated systems and gives
possibility for a better understanding of the effect of electron-phonon
interaction on light emission and quantum noise in atomic and molecular
tunneling contacts.

10228-38, Session PS

Dynamic photonic crystals dimensionality
tuning by laser beams polarization
changing

Vladimir N. Mantsevich, Alexander M. Smirnov, Yana
V. Valchuk, Yulia V. Stebakova, Ivan V. Tikhonov, M.V.
Lomonosov Moscow SU (Russian Federation)

Photonic crystals properties [the presence of photonic band gap,
refractive index (dielectric constant) modulation on a length scale close
to the wavelength and strong light localization] are very attractive for
numerous devices fabrication, such as zero-threshold lasers, low power
optical switchers, memory elements and devices for high-capacity data
storing. A dynamic photonic crystal is one in which the property of the
crystal is modulated while a photon pulse is inside the crystal. Now a days
the small refractive index modulations that are required to create dynamic
photonic crystals are readily achievable in standard optoelectronic
systems. So, the use of dynamic photonic crystal structures may provide
a unifying platform for diverse optical information processing tasks in the
future.

We demonstrated a simple way to create dynamic photonic crystals with
different lattice symmetry by interference of non-coplanar laser beams
in colloidal solution of quantum dots. With the proposed technique we
have made micro-periodic dynamic semiconductor structure with strong
nonlinear changing of refraction and absorption and analyzed the self-
diffraction processes of two, three and four non-coplanar laser beams at
the dynamic photonic crystal (diffraction grating) with hexagonal lattice
structure.

To reach the best uniform contrast of the structure under investigation
and for better understanding of the problems, specially raised by the
interference of multiple laser beams we have also performed theoretical
calculation of the periodic intensity field in the QDs solution.

We demonstrated that dynamic photonic crystal structure and even
dimension can be easily tuned with a high speed by the laser beams
polarization variation without changing of experimental setup geometry.
This means that polarization strongly influences the optical properties of
dynamic photonic structures.

10228-39, Session PS

Interplay between convection and
bistability in a pattern forming system

Nicolas Marsal, Lionel Weicker, Delphine Wolfersberger,
Marc Sciamanna, CentraleSupélec (France)

A conventional laser beam propagating through a nonlinear medium
may become unstable against modulation instability. Under peculiar
conditions, one may observe the appearance of correlated satellite
beams called pattern. For its potential application in optical memories,
spontaneous pattern formation has been investigated in a large variety
of nonlinear optical systems [1-3]. One of the generic features of the
pattern- forming systems is the subcritical bifurcation from which the
instabilities originate [4]. The bifurcation being subcritical, the pattern
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branch coexists with the homogeneous solution within a given range of
the system parameters [5].

Recent preliminary work from our group in an optical system composed
of a bulk photorefractive crystal subjected to a single optical feedback [6]
has shown the possibility to increase the bistability between pattern and
homogeneous solutions by playing with the misalignment of the feedback
mirror: the bistability area becomes larger with respect to larger mirror
misalignments.

In the current paper, we unveil the origin of this observation and the
underlying physical mechanisms. Especially, we demonstrate the role of
the convection in the bifurcation scenario. We show the interplay between
drift induced instabilities and bistability.

Moreover, an external background illumination applied onto the nonlinear
medium is used as a external parameter for controlling the size of the
bistability. We question the role of this parameter and demonstrate how
the background illumination makes the bistability area even larger.

It is worth mentioning that such observations are interesting in the
framework of cavity solitons. One of the crucial mechanisms for the
existence of such localized intensity peaks is the presence of an optical
bistability between a stable Turing pattern and a homogeneous steady
state. Therefore being able to control the range of parameters where
cavity solitons may exist is the key for their generation in nonlinear optical
systems.

[11 T. Ackemann and W. Lange, “Non- and nearly hexagonal patterns in
sodium vapor generated by single-mirror feedback”, Phyical Review A 50,
R4468,1994.

[2 1F. T. Arecchi, S. Boccaletti, S. Ducci, E. Pampaloni, P. L. Ramazza
and S. Residori, “The liquid crystal light valve with optical feedback : a
case study in pattern formation”, Journal of Nonlinear Optical Physics &
Materials 9, 2, 183-204, 2000.

[3] N. Marsal, D. Wolfersberger, M. Sciamanna and G. Montemezzani,
“Noise- and dynamics-sustained patterns in a nonlinear photorefractive
system,” Physical Review A 81, 031804, 2010.

[4] M. Tlidi, P. Mandel and R. Lefever, “Localized structures and localized
patterns in optical bistability,” Physical Review Letters 73, 5, 640-643,
1994.

[5] S. G. Odoulov, M. Y. Goulkov and O. A. Shinkarenko, “Threshold
behavior in formation of optical hexagons and first order optical phase
transition,” Physical Review Letters 83, 18, 3637-3640, 1999.

[6] N. Marsal, L. Weicker, E. Mirisola, D. Wolfersberger, and M. Sciamanna,
“Bistability of optical patterns in convective regime”, Proc. SPIE 9894,
989407, 2016.

10228-40, Session PS

Smooth spectral broadening in single-
mode fiber

Viktor Pajer, ELI-HU Nonprofit Kft. (Hungary); Ester
Smygel, Benjamin Perseille, Ctr. Lasers Intenses et
Applications (France); Jean-Christophe Delagnes, Eric
Cormier, Ctr. Lasers Intenses et Applications, Univ.
Bordeaux 1 (France)

In the last decade, Yb-doped crystals have been highly investigated to
generate ultrashort, high average power pulses. Due to the good thermal
and spectral properties of such crystals, Yb-doped solid state lasers
became widely used in academic and industrial applications. On the
other hand, while conventional oscillators generates few hundreds of
femtoseconds (200 fs to 400 fs) only a few matrices can produce sub 50
fs pulses [1].

Post-compression techniques in optical waveguides (silica fiber, hollow-
core fiber) are attractive methods with many advantages to reduce

the duration of the above mentioned sources. These fibers provide an
extended medium to enhance nonlinear effects, as well as the good
transvers mode quality. Efficient post-compression of Yb-doped oscillator
generated pulses have been demonstrated in fiber-based systems [2].
Substantial spectral broadening was achieved by Self-Phase Modulation
(SPM), however it generates widely modulated spectrum, leading to
pulses with low contrast after recompression. Efforts have been made,
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using parabolic pulse profile or electro-optic phase modulator [3,4], to
compensate the modulation caused by SPM.

Here we investigate theoretically and experimentally the non-linear
pulse propagation in a single-mode fiber with a non-negligible degree
of biregringence. In fact, the potential two orthogonal polarization
component propagating in the fiber result in additional nonlinear

effects such as Cross-Phase Modulation (XPM) and Nonlinear Elliptical
Polarization Rotation (NER). The numerical simulation is based on the
coupled Nonlinear Schrédinger Equations. The theoretical model contains
the effect of SPM, XPM, group velocity mismatch and second order
dispersion as well. Impact of polarization and average power of the input
pulse was also investigated. We show that with polarization control, the
combination of the above mentioned nonlinear effects can generate a
broad, unmodulated spectrum leading to very short pulses with high
temporal quality. The simulation results are in good agreement with the
experimental observations.

1, P. Sévillano, P. Georges, F. Druon, D. Descamps, and E. Cormier, “32-fs
Kerr-lens mode-locked Yb:CaGdAIO4 oscillator optically pumped by a
bright fiber laser,” Opt. Lett. 39(20), 6001-6004 (2014).

2, T. Sidmeyer, F Brunner, E. Innerhofer, R. Paschotta, K. Furusawa,

J. C. Baggett, T. M. Monro, D. J. Richardson, and U. Keller, “Nonlinear
femtosecond pulse compression at high average levels by use of a large-
mode-area holey fiber,” Opt. Lett. 28(20), 1951-1953 (2003).

3, G. Zhu, J. Edinberg, and C Xu, “Nonlinear distortion free fiber-based
chirped pulse amplification with self-phase modulation up to 2w,” Opt.
Express. 15(5), 2530-2534 (2007).

4, F. Parmigiani, C. Finot, K. Mukasa, M. Ibsen, M. A. F. Roelens, P.
Petropoulus, and D. J. Richardson, “Ultra-flat SPM-broadened spectra in
a highly nonlinear fiber using parabolic pulses formed in a fiber Bragg
grating,” Opt. Express. 14(17), 7617-7622 (2006).

10228-41, Session PS

Photo-induced nonlinear absorption in
carbon nanostructures

Rimma S. Zatrudina, Vladislav Y. Gribkov, Volgograd
State Univ. (Russian Federation)

Photoinduced nonlinear absorption of a new form of fullerene-
conformable nanostructures - the astralens and three types of carbon
nanoclusters was investigated. The astralens represents polyhedral
multi-shell toroidal carbon nanoparticles a typical dimensions about 150
nm. They have optical strength and thermal stability more than fullerenes,
and they have high chemical stability. The astralens are not soluble in any
solvent, but they form a stable suspension.

Nonlinear absorption of astralens aqueous suspension and three types of
carbon nanoclusters was investigated by the method of z-scanning using
the Nd3+-glass laser at 1064 nm in Q-switching and short-term resonant
modulation of losses regimes. In the Q-switching regime the pulsewidth
was 50 ns. In the regime of the short-term resonant modulation of losses
the pulsewidth was about 2 ns. The radiation intensity was changed

from 105 W/cm2 to 1011 W/cm2. It was found that at the laser radiation
intensity about 107 W/cm2, the absorption coefficient increases sharply.
The increase of the absorption coefficient for different nanoparticles was
observed at different values of laser radiation intensity. The dependence
of the absorption coefficient from the intensity of transmitted laser
radiation and the reached maximum value of the absorption coefficient is
also different for the investigated nanoparticles.

The observed nonlinear absorption may be caused by the effect of
reverse saturable absorption. A numerical model of the propagation

of laser radiation in a medium with reverse saturable absorption was
created. Because the investigated nanoparticles have a size of more
than 100 nm, their energy structure is well described by band theory.
In the numerical model, the medium is described by three equations
for populations of the ground and two excited states. Comparison

of experimental results with numerical simulations showed that the
nonlinear absorption in the investigated nanoparticles is associated with
the mechanism of reverse saturable absorption. The effectiveness of
this mechanism is determined by two parameters - the relaxation time
of the first excited state and the ratio of the absorption cross-section
ground and first excited states. It was shown that the differences in the
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absorption nonlinearity of the investigated types of carbon nanoparticles
is determined by the difference of these parameters. Relaxation times and
the ratio of absorption cross-section for the researched types of carbon
nanoparticles determined by the numerical simulation.

10228-42, Session PS

Poling dynamics of an EO active material
using parallel-plate electrodes

Elza Linina, Edgars Nitiss, Martins A. Rutkis, Institute of
Solid State Physics, Univ. of Latvia (Latvia)

Development of active photonic components requires materials that can
display the desired properties as well as offer easy bulk processing if
ever to be considered for commercial use. Electro-optic (EO) materials
are very promising for active component development. The EO effect
has been displayed in liquid and inorganic crystals. A third group of
non-centrosymmetric materials with these desired properties are organic
molecules (chromophores) imbedded in a polymer matrix. This group

of EO materials can display a wide range of desired properties such

as high Pockels coefficients (r33), low dielectric permittivity and most
importantly - easy processing.

For organic EO polymers to display their nonlinear properties
macroscopically, the material must be poled. The poling procedure
consists of applying an electrical field and heating the polymer matrix
to its glass transition temperature, which allows the chromophores to
collocate according to the field applied. Once the material is cooled
back to room temperature, the chromophore molecules stay aligned and
macroscopic nonlinear properties in the material can be observed.

Poling is one of the main contributing factors of efficiency in organic EO
materials. A stronger applied field contributes to a higher order parameter
in the material and it can better display macroscopic nonlinearity. A
higher chromophore concentration also provides a higher EO coefficient.
However, local electrical fields of molecules in short distances can interact
and hamper the alignment of molecules in the applied field therefore
lowering the efficiency.

In this work we review our experimental efforts of describing poling
dynamics of an organic chromophore imbedded into a polymer matrix, as
well as the influence of chromophore concentration on material properties
by measuring second harmonic generation in sandwich type samples with
parallel electrodes. The experimental data are compared to theoretical
models developed in the laboratory.

10228-43, Session PS

Measuring dispersion in nonlinear
crystals beyond detectors’ spectral range

Marta Misiaszek, Andrzej Gajewski, Piotr L. Kolenderski,
Nicolaus Copernicus Univ. (Poland)

Single-photon sources are essential for the experimental implementation
of various quantum information processing and communication protocols.
One of the most popular types of such sources is based on spontaneous
parametric down-conversion (SPDC). In this phenomenon, which

occurs in a crystal with large effective nonlinearity, some photons, from
the so-called pump pulse, are converted into pairs of signal and idler
photons. Thanks to this, one may obtain photons, which are correlated

in many degrees of freedom. Their wavelengths strongly depend on the
crystal’s properties, such as poling period, refractive index, temperature,
or more generally phase-matching conditions. By carefully chosing

the aforementioned parameters it can be possible to generate pairs of
photons with significantly different wavelengths (e.g. one belonging to
the visible range, and the other one to the IR spectra range).

In this work we show a simple technique for dispersion measurements in
a nonlinear crystals by making use of phase matching in the process of
parametric down-conversion itself. The method can be applied for various
types of crystals, in which spectrally non-degenerated phase-matching
conditions are satisfied. It also allows to determine the coefficients of
Sellmeier equations with limited detection capabilities, caused by the lack
of detectors specified for desired spectral range.
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Here we use an exemplary PPKTP crystal, phase matched for 396 nm to
532 nm and 1550 nm in order to demonstrate our method. The phase
matching conditions can be tuned by changing the temperature of the
crystal and the pump wavelength. We collect a selection of spectra for
the pump beam and one of the resulting SPDC photons as a function of
the temperature and pump beam wavelength. This allows us to generate
respective tuning curves, which we fit the model to. As a result a precise
dispersion relations (Sellmeier equations) can be obtained in a very broad
wavelength range even outside the detection range of the measurement
apparatus.

10228-44, Session PS

Generation of intensive surface plasmon
polariton pulses due to the induced
modulation instability effect

Sergey Moiseev, Ulyanovsk State Univ. (Russian
Federation) and Institute of Radio Engineering and
Electronics (Russian Federation); Dmitry A. Korobko,
Igor O. Zolotovskii, Ulyanovsk State Univ. (Russian
Federation); Andrei Fotiadi, Ulyanovsk State Univ.
(Russian Federation) and Univ. de Mons (Belgium)

The evolution of intensive surface plasmon polariton (SPP) waves in a
dielectric-metal-dielectric structure is investigated taking into account
absorption properties of metal in the optical range. It is shown that some
spatial harmonic perturbations of the SPP wave can be unstable due to
the nonlinear optical properties of silver film. Under the influence of the
modulation instability effect the initially weak perturbations grow quickly
in time leading to spatial redistribution and longitudinal localization of
SPP wave energy on the subwavelength scale. Thus, the traveling SPP
wave is transformed into a train of subpicosecond pulses. In the case

of the film thickness of 5 nm, the pulsation frequency equals 4.6 THz,
the duration of each pulse is less than 0.1 ps. For the film thickness of

10 nm the temporal dynamics at any given point looks like separated
pulses of longer duration 0.5 ps attributed to a smaller group velocity

of SPP. In this case the repetition rate of the pulse train is about 1.4

THz. Numerical simulations show that the modulation gain coefficient is
sufficient large to provide the modulation instability effect in plasmonic
structure with losses at the initial period (up to 5-10 ps) after the SPPs
excitation when the impact of attenuation is weaker than the nonlinearity.
The demonstrated results allow us to conclude that the layer structure
comprising a conductive film of subwavelength thickness opens the

way to solving many challenging optoelectronics tasks, like generating
signals with a repetition rate in the terahertz range and ultrafast trains of
subpicosecond optical pulses.

10228-45, Session PS

Generation of wide spectrum and
pedestal-free pulse compression in highly
nonlinear dispersion increasing fiber

Dmitry A. Korobko, Ulyanovsk State Univ. (Russian
Federation); Andrei Fotiadi, Ulyanovsk State Univ.
(Russian Federation) and Univ. of Mons (Belgium);
Dmitrii A. Stoliarov, Ulyanovsk State Univ. (Russian
Federation); Alex A. Sysoliatin, Ulyanovsk State Univ.
(Russian Federation) and A. M. Prokhorov General
Physics Institute of the Russian Academy of Sciences
(Russian Federation); Igor O. Zolotovskii, Ulyanovsk
State Univ. (Russian Federation)

The optical pulse evolution in a highly nonlinear normal dispersion
increasing fiber has been considered both experimentally and
theoretically. The numerical simulation and experimental results allow
to derive that the use of highly nonlinear fiber with the normal group
velosity dispersion (GVD) increasing from zero to the value of about
10 ps*2/km provides a rational compromise between pre-compression
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spectrum broadening of average power pulse in fibers with a low and
high normal GVD. Instabilities arising due to self-phase modulation in the
fiber with a low normal GVD impair the pulse envelope and disturb the
chirp. In another case, a high GVD leads to rapid pulse broadening with
low chirp. In both cases, the quality of pulse compression is rather poor. A
fiber with increasing normal GVD enables pulses with high chirp rate that
is nearly constant along the pulse width.

The experimental results demonstrate that the use of highly nonlinear
normal dispersion increasing fiber enables spectrum broadening of
picosecond pulses up to 40 nm. Demonstration of pedestal-free pulse
compression in a standard single-mode fiber below 200 fs indicates

the strong linearity of the chirp superimposed onto the pulse. The pulse
compression is enhanced for higher peak power of the input pulse. The
proposed scheme for pre-compression pulse spectrum broadening can
be effectively used to compensate an asymmetric spectral dependence of
the fiber dispersion and avoid nonlinear wave-breaking instabilities. The
longitudinal fiber profile providing the most efficient pulse compression
for the given dispersion spectral dependence should be further optimized.

10228-46, Session PS

Modulation instability of wave packets
propagating in inhomogeneous nonlinear
fiber

Vicktor A. Lapin, Ulyanovsk State Univ. (Russian
Federation); Andrei Fotiadi, Ulyanovsk State Univ.
(Russian Federation) and Univ. de Mons (Belgium);
Dmitriy lgorevich Sementsov, Igor O. ZolotovskKii,
Ulyanovsk State Univ. (Russian Federation)

The formation conditions and the effective gain of frequency-modulated
soliton wave packets in a non-uniform along the length of active optical
fibers were investigated. For packets modulated wave propagating in the
nonlinear dependence of the fibers with the dispersion of the fiber length,
the power of the generated pulses can be considerably increased in
comparison with the homogeneous fibers. Due to the constant growth of
the spectral width of the generated pulse sequence can no longer return
to the state of the modulated continuous wave. As a result, the pulse
duration with some fluctuations steadily declining. The amplitude and
period of these oscillations are also reduced.

10228-47, Session PS

The impact of dispersion of the ultrashort
light pulses on the THz radiation
formation from asymmetric air plasmas

Krisztina Sarosi, ELI-ALPS Research Institute (Hungary);
Roland Flender, Univ. of Szeged (Hungary); Adam
Boérzsonyi, ELI-ALPS Research Institute (Hungary) and
Univ. of Szeged (Hungary); Viktor Chikan, ELI-ALPS
Research Institute (Hungary) and Kansas State Univ.
(United States)

The terahertz radiation from asymmetric air plasmas receive great
attention recently, because of its potential use in all air terahertz
spectrometers. In this scheme, the second-harmonic field of a
femtosecond laser field is combined with its fundamental, which
accelerates charges of air plasma produced by the focused laser pulses.
This process ultimately emits an intense and THz pulse with very broad
frequency spectrum. The dispersion of the short light pulses plays

an important role the quality and the quantity of terahertz radiation
produced. The goal of this study is to understand better the role of this
dispersion on terahertz radiation from asymmetric plasmas.

The light source consists of a multipass Ti:sapphire amplifier system able
to produce sub-20 fs laser pulses with 1.2 mJ pulse energy at 200 Hz
repetition rate and 800 nm central frequency. The terahertz radiation
detected by electro-optic sampling with the help of a nonlinear ZnTe
crystal. The dispersion of the light pulses is controlled by a programmable
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acousto-optical filter (Fastlite Dazzler).

Our key findings are that the dispersion of light has significant impact on
the terahertz amplitude as a function of GDD and the spectral content

of the terahertz pulse can be controlled through the dispersion of the
fundamental pulse. The terahertz amplitude shows interesting oscillation
as a function of GDD with a periodicity of approximately 1000 fs2. It has
been found that the oscillation is not related to the amount of plasma
generated, but is proportional to the asymmetry of the electric present in
the plasma.

Numerical simulations are performed similar to the one presented by
Kim et al. [1], which considered transform limited pulses for both SH and
fundamental pulses. However, the group delay mismatch in a relatively
thick (>100 um) BBO crystal stretches the SH pulses significantly. THz
field generation is more optimal when the fundamental pulse is stretched
as well to match the SH pulse, instead of being transform limited. The
relative phase between the fundamental and SH fields greatly impacts
the THz signal, which was already shown in [1]. This phase changes with
the dispersion tuning and creates oscillation, which we experienced
experimentally. The simulations and experiments are in reasonable
agreement.

In conclusion, it has been shown that the dispersion has interesting
impact on the terahertz radiation producing strong oscillations as function
of GDD. A key observation is that the maximum terahertz intensity is
found away from the transform-limited duration of the fundamental
pulse, which has been the result of the group-delay mismatch of the
fundamental and second harmonic light pulse through the type 1 BBO
crystal. The next step in this work to further explore the dispersion at
higher order and to investigate the impact of dispersion on the frequency
composition of the terahertz radiation.

10228-48, Session PS

Creation technique and nonlinear optics
of dynamic one-dimensional photonic
crystals in colloidal solution of quantum
dots

Alexander M. Smirnov, Anastasiya D. Golinskaya, M.V.
Lomonosov Moscow SU (Russian Federation); Kseniia
V. Ezhova, ITMO Univ. (Russian Federation); Yuliya V.
Stebakova, Maria V. Kozlova, Yana V. Valchuk, Vladimir
N. Mantsevich, Vladimir S. Dneprovskii, MV. Lomonosov
Moscow SU (Russian Federation)

Dynamic photonic crystal have provoked great interest because of the
possibility to use it for researching non-stationary processes in different
materials, as well as creating on its basis optoelectronic devices. One-
dimensional dynamic photonic crystals was formed by a periodic spatial
modulation of dielectric permittivity induced by the two ultrashort laser
pulses interference in semiconductor quantum dots CdSe/ZnS (QDs)
colloidal solution intersecting at angle ?. Dynamic band gap of one-
dimensional photonic crystal theoretically predicted to be formed for an
arbitrarily small difference in the dielectric constants. Pseudo-localization
is realizable for small refractive index ratio of two dielectric media, and in
this case, the band gap is called the stop-band. Formation of stop band
wavelength ?_(st-b) depends on the angle of intersection of the laser
beams ? by the formula: ?_(st-b)=(?_ex n )/(sin ?/2) (where n - refractive
index, ?ex - laser wavelength).

The fundamental differences of dynamic photonic crystals from static

one which determine the properties of these transient structures are

the following. I. Dynamic photonic crystals lifetimes determined by the
nature of nonlinear changes of dielectric permittivity. Il. The refractive
index change is determined by the intensity of the induced standing wave
maxima and nonlinear susceptibility of the sample.

We use the pump and probe method to create the dynamic one-
dimensional photonic crystal and the analysis of its features. Two focused
laser beams with a wavelength ?_pump =532 nm (second harmonic) are
the pump beams, that form in the colloidal solution of quantum dots
dynamic one-dimensional photonic crystal. The picosecond continuum,
generated by the first harmonic of laser (1064 nm) in heavy water, is used
as the probe beam. The self-diffraction of pumping beams on induced by
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them dynamic one-dimensional photonic crystal indicates about spatial
combining of beams.

In the case of the resonant excitation of the exciton transition in QD
CdSe/ZnS besides of the two beams passed through the cell with
colloidal QDs holding the direction of the input beams propagation,
beams propagating along the of the cones surface, the tops of which are
located in the volume of the induced dynamic photonic crystal (with the
section plane of the screen - hyperbole) were discovered. The Gaussian
intensity distribution of laser beams leads to periodic dynamic structure
formation and decreasing dielectric permittivity modulation to the beams
periphery. The beams forming dynamic structure in colloidal CdSe/

ZnS QDs “feel” its boundaries (the size of the formed dynamic photonic
crystal less than beam square) and self-diffract in the directions defined
by the condition (k_diff-k_0)?=m (beams diffraction Laue condition at

a chain of atoms), where k_0 is the wave vector of the incident beam,
k_diff is the wave vector of the diffracted beam, ?=(?_ex )/(2sin ?/2) -
period of dynamic one-dimensional photonic crystal). We measured the
transmission spectra of dynamic one-dimensional photonic crystal by
pump and probe method, that allows us to analyze wavelength of the
stop-band.

10228-49, Session PS

Automatic method for features extraction
for images achieved by stimulated Raman
scattering microscopy

Nadia Brancati, ICAR CNR (ltaly); Annalisa D’Arco,
Maria Antonietta Ferrara, Maurizio Indolfi, Vitaliano
Tufano, Istituto per la Microelettronica e Microsistemi,
Consiglio Nazionale delle Ricerche (ltaly); Luigi Zeni,
Seconda Univ. degli Studi di Napoli (Italy); Luigi Sirleto,
Istituto per la Microelettronica e Microsistemi, Consiglio
Nazionale delle Ricerche (ltaly); Maria Frucci, ICAR CNR
(Italy)

The interest in label-free bioimaging has led to the implementation
of microscopic techniques based on Coherent Raman Scattering.
In particular, Stimulated Raman Scattering (SRS) was studied as
an alternative way to provide both the vibrational contrast and the
noninvasive characterization of microscopic objects.

On the other hand, computational approaches to bioimaging analysis are
recently used to extract quantitative information about both the structure
and dynamics of biological systems at the single-cell level.

The basic idea of this paper is to join the potential of vibrational contrast
of SRS imaging and the strength of computational approaches to
bioimaging analysis, in order to extract quantitative information about
both the structure and dynamics of biological systems at the single-cell
level. Therefore, quantitative biological imaging for SRS modality can be
achieved not only through an optimization of microscopy apparatus but
also through an appropriate implementation of image analysis technigues.
One of the primary tasks in quantitative features image analysis is the
detection of the objects, on which performing the extraction of the
features. For this reason, a segmentation process is required to detect
discrete areas that represent the objects to analyze. A segmentation
process should take into account the intrinsic contrast modality, offering
by label free nonlinear optical imaging, in order to perform a correct
detection of the objects.

Many of methods, devoted to segmentation of structures inside SRS
images, use manual or semi-automatic processes. However, an automatic
process for the segmentation is preferable, since the results produced

by manual or semi-automatic processes are difficult to reproduce,
considering that they depend on the operator, and moreover, the
interaction increases the risk of bias in the results.

In the present work a fully automatic method for the segmentation

of SRS images is proposed for the segmentation of the subcellular
structures inside a SRS image. The method is based on an automatic
threshold for the binarization of the image and on an automatic partition
of the foreground in the objects of interest. Moreover, some quantitative
features are extracted from the detected objects of interest, in order to
evaluate the possible morphological changes of an object in the SRS
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images, acquired changing the vertical axis of objective microscope.
The results show that the proposed method can lead to an accurate
segmentation of the microstructures inside a single cell.

10228-50, Session PS

TiN Nanoparticles for enhanced THz
generation from LT-GaAs-based
photoconductive antennas

Oday Abdulmunem, Khaleel Hassoon, Philipps-Univ.
Marburg (Germany); Mahmoud Gaafar, Technische Univ.
Hamburg-Harburg (Germany); Arash Rahimi-Iman, Jan C.
Balzer, Philipps-Univ. Marburg (Germany)

Terahertz (THz) technology is a rapidly developing field and several
application areas are ideally suited for an implementation of this
technology. These applications include spectroscopy, security,

material science, monitoring of industrial production processes and
plant physiology. THz spectroscopy is mainly based on the use of
photoconductive antennas which are driven by ultra-short laser pulses.
Low-temperature-grown GaAs (LT-GaAs) is a widely employed material
for an excitation wavelength of around 800 nm. Consequently, there
have been many attempts to optimize the performance of this material.
Furthermore, the impact of the antenna structure has also been studied.

Due to the effect of the surface plasmon resonance, plasmonic
nanoparticles (NPs) can localize the light field and therefore enhance
significantly the performance of some optoelectronic devices. Here, NPs
are employed for an enhanced generation of terahertz radiation from
LT-GaAs-based antennas. In this work, we prepared plasmonic TiN NPs
by both direct ultrasonication (ULS) and pulsed laser ablation (PLA)
techniques. The particle size, Zeta potential, and absorbance are used to
characterize the NPs in their colloidal forms. Further, a comparison with
commercial Au NPs is made. A layer of poly-dispersed TiN NPs, which
had been prepared by PLA and deposited on the surface of an LT-GaAs
device, show an improvement of the THz signal generation from coplanar
striplines antennas with an enhancement ratio in the range of nearly
100%.
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10229-1, Session 1

Energy-efficient superconducting single
flux quantum technology for integration
with optical circuits (/nvited Paper)

Oleg A. Mukhanov, HYPRES, Inc. (United States)

Energy-efficiency has become the dominant metric in choosing
technologies for implementing the next generation computing systems,
enabling scalable quantum computing systems, large cryogenic sensor
arrays including superconducting single-photon detector (SSPD) arrays,
etc. The progress in these areas will not be possible unless a significant
improvement in energy efficiency is achieved over the technologies
available today. The heart of the problem is in a relatively low energy-
efficiency of current circuit technologies consuming too much energy
for readout, processing, storing and moving data between sensor arrays,
data or signal processors, memories, computing nodes and cabinets.
Superconducting Single Flux Quantum (SFQ) technology by virtue of

its inherent low power dissipation, high speed, lossless interconnect
present an excellent opportunity to dramatically increase the circuit
energy efficiency. Recently, a significant progress has been achieved in
increasing energy efficiency of SFQ circuits by introduction of zero-static
power SFQ logics including dc-biased energy-efficient RSFQ (ERSFQ and
eSFQ) and ac-biased Reciprocal Quantum Logic (RQL) with switching
energies less than attoJoule. When combined with a zero-energy ballistic
transfer of SFQ pulses over passive transmission lines, the SFQ-type
circuits can demonstrate the higher energy-efficiency in complex digital
and mixed-signal circuits as compared to any other circuit technologies.
Circuit fabrication technology evolves towards combining SFQ circuits
with spintronic devices, superconducting detectors including SSPDs,

and photonic components such as waveguides paving the way to
integrate sensors, readout and processing circuits and optical interfaces
onto a single integrated circuit. These developments are fundamentally
transforming superconducting electronics to achieve new functionalities
and applications.

10229-2, Session 1

Superconducting nanowire single-photon
detectors: recent advances (/nvited
Paper)

Xiaolong Hu, Xiaotian Zhu, Chao Gu, Yuhao Cheng, Hao
Wu, Haiyi Liu, Qianli Liu, Kun Yin, Zuzeng Lin, Tianjin
Univ. (China)

Since superconducting nanowire single-photon detectors (SNSPDs) were
invented in 2001, researchers have kept improving their performances
and have used these detectors in applications including lunar optical
communications and experimental quantum optics. This talk reviews
recent advances in SNSPDs, with particular emphasis on (1) high-
efficiency, polarization-insensitive SNSPDs and (2) timing jitter of
SNSPDs.

For high-efficiency, polarization-insensitive SNSPDs, we have designed
fractal SNSPDs integrated with metallic nano-antennas that can boost

the absorptance of both TE- and TM-polarized incident photons from

free space over 80% over a broad spectrum. We have also designed
waveguide-integrated SNSPDs that can achieve over 99% absorptance for
photons in TE-like and TM-like modes.

For timing jitter of SNSPDs, we have investigated (1) intrinsic timing
jitter; (2) noise-induced timing jitter; and (3) an SNSPD integrated with
a current reservoir to reduce the timing jitter. After we illustrate the
mechanisms of the timing jitter of SNSPDs, we propose, design, and
fabricate SNSPDs with reduced timing jitter.
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10229-3, Session 1

SNSPD with parallel nanowires (/nvited
Paper)

Mikkel Ejrnaes, CNR-SPIN (ltaly); Loredana Parlato, CNR-
SPIN (Italy) and Univ. degli Studi di Napoli Federico Il
(Italy); Alessandro Gaggero, Francesco Mattioli, Roberto
Leoni, CNR-Istituto di Fotonica e Nanotecnologie (ltaly);
Giampiero Pepe, CNR-SPIN (Italy) and Univ. degli Studi
di Napoli Federico Il (Italy); Roberto Cristiano, CNR-SPIN
(Italy)

Superconducting nanowire single-photon detectors (SNSPDs) have
shown to be promising in applications such as quantum communication
and computation, guantum optics, imaging, metrology and sensing.

They offer the advantages of a low dark count rate, high efficiency, a
broadband response, a short time jitter, a high repetition rate, and no
need for gated-mode operation. Several SNSPD designs have been
proposed in literature. Here, we discuss the so-called parallel nanowires
configurations. They were introduced with the aim of improving some
SNSPD property like detection efficiency, speed, signal-to-noise ratio,

or photon number resolution. Although apparently similar, the various
parallel designs are not the same. There is no one design that can improve
the mentioned properties all together. In fact, each design presents its
own characteristics with specific advantages and drawbacks. In this work,
we will discuss the various designs outlining peculiarities and possible
improvements.

10229-4, Session 1

Amplitude distributions of dark

counts and photon counts in NbN
superconducting single-photon detectors
integrated with the HEMT readout.

Wojtek Slysz, Institute of Electron Technology (Poland);
Jennifer Kitaygorsky, Univ. of Rochester (United States)
and Technische Univ. Delft (Netherlands); Raymond N.
Schouten, Sander N. Dorenbos, Elisabeth Reiger, Valery
Zwiller, Technische Univ. Delft (Netherlands); Roman
Sobolewski, Univ. of Rochester (United States)

We present a new operation regime of NbN superconducting single-
photon detectors (SSPDs) by integrating them with a low-noise cryogenic
high-electron-mobility transistor and a high-load resistor. The integrated
sensors are designed to get a better understanding of the origin of dark
counts generated by the detector, as our scheme allows us to distinguish
the origin of dark pulses from the actual photon pulses in SSPDs. The
presented approach is based on a statistical analysis of amplitude
distributions of recorded trains of the SSPD photoresponse transients.

It also enables to obtain information on energy of the incident photons,
as well as demonstrates some photon-number-resolving capability of
meander-type SSPDs.

10229-5, Session 2

Position-sensitive CdZnTe detectors

with virtual Frisch-grid design for X- and
gamma-ray sensors (/nvited Paper)

Aleksey E. Bolotnikov, Giuseppe S. Camarda, Brookhaven
National Lab. (United States); Soren Chang, NYU Tandon

School of Engineering (United States); Carly Cherches,
Yonggang Cui, Rubi Gul, Gianluigi De Geronimo, Jack
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Fried, Brookhaven National Lab. (United States); Deidra
Hodges, The Univ. of Texas at El Paso (United States);
Anwar Hossain, Brookhaven National Lab. (United
States); Anna McGilloway, The City College of New York
(United States); Matthew Petryk, Binghamton Univ.
(United States); Madisen Siegel, Brookhaven National
Lab. (United States); Luis Ocampo, The Pennsylvania
State Univ. (United States) and Brookhaven National Lab.
(United States); Ge Yang, Emerson Vernon, Brookhaven
National Lab. (United States); Vallery Vidal, The Univ.

of Texas at El Paso (United States); Ralph B. James,
Savannah River National Lab. (United States)

High position resolution CdZnTe (CZT) drift detectors offer unique
capabilities for imaging gamma-rays and correcting the response non-
uniformities caused by crystal defects. Recently, we proposed to develop
an array of position-sensitive CZT drift detectors for making X- and
gamma-ray sensors. Here, we will present the results from testing the
first prototypes of such arrays. The array prototypes employ 6x6x20
mm3 CZT crystals encapsulated into polyester shells with 4-5 mm-wide
charge-sensing pads placed near the anode. The pad signals provide X-Y
position information, which allow for more accurate corrections of the
charge losses caused by crystal defects. The basic multi-element array
(module) consists of 16 detectors grouped into 2x2 sub-arrays, each
having a common cathode made by connecting together the cathodes of
the individual detectors. The cathode signals provide position information
along the Z coordinate. Each module is coupled with its front-end ASIC
chip, which captures signals from 16 anodes, 32 pads and 4 cathodes.

As we will describe in the talk, this feature significantly improves the
performance of detectors fabricated from typical CZT material and, thus,
extends their acceptance boundaries, leading to an increase in the yield
and an expected decrease in cost. The pulse-height spectra obtained
with uncollimated radioactive sources validated the operational principles
of such devices, and demonstrated how the sensing pads can be used

to compensate for the non-uniformity of response caused by extended
defects in CZT crystals. The results presented here indicate strong
correlations between individual sensors’ responses and the crystal defects
revealed by using several material characterization techniques.

10229-6, Session 2

Achieving subpixel resolution with time-
correlated transient signals in pixelated
CdZnTe gamma-ray sensors using a
focused laser beam

Luis A. Ocampo Giraldo, The Pennsylvania State Univ.
(United States); Aleksey E. Bolotnikov, Giuseppe S.
Camarda, Yonggang Cui, Gianluigi De Geronimo, Rubi
Gul, Jack Fried, Anwar Hossain, Brookhaven National
Lab. (United States); Kenan Unlu, The Pennsylvania
State Univ. (United States); Emerson Vernon, Ge Yang,
Brookhaven National Lab. (United States); Ralph B.
James, Savannah River National Lab. (United States)

High-resolution position-sensitive detectors have been proposed to
correct response non-uniformities in Cadmium Zinc Telluride (CZT)
crystals by virtually subdividing the detectors area into small voxels and
equalizing responses from each voxel. 3D pixelated detectors coupled
with multichannel readout electronics are the most advanced type of
CZT devices offering many options in signal processing and enhancing
detector performance. One recent innovation proposed for pixelated
detectors is to use the induced (transient) signals from neighboring pixels
to achieve high sub-pixel position resolution while keeping large pixel
sizes. The main hurdle in achieving this goal is the relatively low signal
induced on the neighboring pixels because of the electrostatic shielding
effect caused by the collecting pixel. In addition, to achieve high position
sensitivity one should rely on time-correlated transient signals, which
means that digitized output signals must be used. We present the results
of our studies to measure the amplitude of the pixel signals so that
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these can be used to measure positions of the interaction points. This is
done with the processing of digitized correlated time signals measured
from several adjacent pixels taking into account rise-time and charge-
sharing effects. In these measurements we used a focused pulsed laser
to generate a 10-micron beam at one milliwatt (650-nm wavelength)
over the detector surface while the collecting pixel was moved in cardinal
directions. The results include measurements that present the benefits
of combining conventional pixel geometry with digital pulse processing
for the best approach in achieving sub-pixel position resolution with the
pixel dimensions of approximately 2 mm. We also present the sub-pixel
resolution measurements at comparable energies from various gamma
emitting isotopes.

10229-7, Session 2

(Cd,Mg)Te and (Cd,Mn)Te single crystals
for time-resolved detection of x-ray
photons

John Serafini, Univ. of Rochester (United States); Sudhir
B. Trivedi, Brimrose Corp. of America (United States);
Dominika Kochanowska, Marta Witkowska-Baran,
Andrzej Mycielski, The Institute of Physics (Poland);
James P. Knauer, Roman Sobolewski, Univ. of Rochester
(United States)

We report on the practical implementation of (Cd,Mg)Te and (Cd,Mn)Te
photoconductive devices as a diagnostic x-ray detection tool. High-energy
photons were generated using a multi-terawatt (MTW) laser system,
designed for advancing research in the physics of high-energy x-ray and
directed-particle beams. The MTW laser is a single-shot, hybrid chirped
pulse amplification system that combines optical parametric amplification
with neodymium-doped laser-glass amplification to produce compressed
output-pulse energies of up to 20 J in a below 1-ps-wide, transform-
limited pulse, yielding peak powers in excess of 40 TW and “on-target”
intensities of up to 4x1019 W/cm2. As detectors, we used highly resistive
(>109 ?-cm) single-crystal Cd0.92Mg0.08Te and Cd0.9Mn0.1Te materials,
grown by a high-pressure, vertical Bridgman method. The 5-mm-size
platelets were incorporated into especially designed holders and biased
up to 1500 V. We have conducted a series of real-time, nanosecond-

level measurements by collecting bursts of broadband x rays emitted by
metallic targets, illuminated the MTW pulses. The energy of generated x
rays ranged from -1 keV for the Al target to >100 keV for the Au one. In
addition to x rays, we have also detected high-energy protons emitted via
target normal sheath acceleration mechanism. Results from our studies
showed significant enhancement of the charge collection efficiency for
crystals that underwent the post-growth annealing process. Furthermore,
we observed a direct relationship between the incident laser energy and
the peak voltage response in our detectors.

10229-8, Session 2

Correlation between electrical field
distribution and defect levels of CdZnTe
and CdZnTeSe radiation detectors

Ge Yang, Aleksey E. Bolotnikov, Yonggang Cui, Giuseppe
S. Camarda, Anwar Hossain, Utpal N. Roy, Brookhaven
National Lab. (United States); Ralph B. James, Savannah
River National Lab. (United States)

CdZnTe (CZT) and CdZnTeSe (CZTS) radiation detectors are attractive
candidate materials for fabricating room-temperature radiation detectors.
The distribution of the internal electrical field within these detectors

can substantially affect the transport behavior of electrical charge

and, therefore, degrade the photon counting capability and associated
device performance. The internal electrical field can be changed by the
build-up of space charge, which is closely associated with various types
of defect-related levels in the detector crystals. In this work, we use
Pockels effect measurements, coupled with external stimulation of light at
different wavelengths, to investigate the changes of the internal electric
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field of CZT and CZTS detectors by exciting various defect levels. These
defect levels are also studied using low-temperature photoluminescence
spectroscopy. The correlation between the two measurements will

be discussed. Our efforts help to better understand and improve the
electrical and structural properties of CZT and CZTS for photon-counting
applications.

10229-28, Session 2

Front-end ASIC for virtual Frisch-grid
cadmium zinc telluride detectors

Emerson Vernon, Gianluigi De Geronimo, Aleksey E.
Bolotnikov, Jack Fried, Kim Ackley, Brookhaven National
Lab. (United States)

Photon detectors rely on front-end application specific integrated circuit
(ASIC) to capture the interaction events. Here, we describe a new ASIC
developed to readout Virtual Frisch-Grid Cadmium Zinc Telluride (CZT)
detectors. Corresponding to each ionizing event in the detector, the

ASIC measures the amplitude and timing at the anode, the cathode, and
the four sense electrodes associated with each sensor in the detector
array. The ASIC is comprised of 52 channels of which there are 4 cathode
channels and 48 channels which can be configured as either anode
channels with a baseline of 250 mV or sense channels to process bipolar
signals with a baseline of 1.1 V. Each channel performs low-noise charge
amplification, high-order shaping, peak and timing detection along with
analog storage and multiplexing. The ASIC has a footprint of 7.6 x 10 mm2
and dissipated 177 mW of power. With a bar detector module connected
and biased, an electronic resolution of ~220 e- rms for charges up to 100
fC in the 3 MeV range was measured. Preliminary bi-parametric data show
a resolution of 1.3% FWHM at 662 KeV when a single bar detector was
connected and biased to 3 KV at 298K.

10229-9, Session 3

High-performance integrated pick-up
circuit for SPAD arrays in time-correlated
single photon counting (/nvited Paper)

Giulia Acconcia, Alessandro Cominelli, Pietro Peronio,
lvan Rech, Massimo Ghioni, Politecnico di Milano (ltaly)

The analysis of optical signals by means of Single Photon Avalanche
Diodes (SPADs) has been subject to a widespread and steadily increasing
interest in recent years, driven by the need for ultimate sensitivity in
various scientific and industrial applications such as Fluorescence Lifetime
Imaging (FLIM) and Foérster Resonance Energy Transfer (FRET) in life
sciences, Laser Imaging Detection and Ranging (LIDAR) in remote objects
sensing and Quantum Key Distribution (QKD) in cryptography and
communication.

In recent years, the development of multichannel high-performance Time
Correlated Single Photon Counting (TCSPC) acquisition systems has
undergone a fast trend. Concerning the detector, best in class results both
in terms of photon detection efficiency (especially at the wavelengths

of most interest in medical and biological applications) and dark count
rates, even with large active areas, have been obtained resorting to
technologies developed on purpose for the fabrication of SPAD detectors,
usually referred to as custom technologies. Nevertheless, the engineering
of the SPAD electric field used to improve the detector performance
came along with a strong dependence of the detector timing jitter from
the threshold used to determine the onset of the photogenerated current
flow.

In this scenario, the avalanche current pick-up circuit plays a key role in
determining the timing performance of the TCSPC acquisition system,
especially with a large array of SPAD detectors, where the electrical
crosstalk among pixels can have a detrimental effect on the timing
accuracy.

We present a new read-out circuit suitable to be the building block of a
densely integrated high-performance TCPSC system. The circuit is based
on a 2GHz-bandwidth trans-impedance amplifier that is able to collect the
SPAD avalanche current while keeping the SPAD anode at a fixed voltage.

Return to Contents TEL: +44 (0)29 2089 4747

OPTICS+
o OPTOELECTRONICS

SPI

In this way, it is possible to minimize the interference between adjacent
channels when a photon is detected, and thus the crosstalk. Developed
in 0.18um HV technology, the pick-up circuit can provide the information
about the photon arrival time with a timing jitter as low as 32ps with a
50um-diameter custom technology thin SPAD. The circuit is also quite
versatile: it can be used with different SPAD detectors, including the new
Red Enhanced SPAD.

Starting from these results, we also designed a fully differential version
of the pick-up circuit. The main feature of this circuit is that it can be
connected to two detectors, where one of the two can be used as dummy
cell. In this way, it is possible to reject common mode disturbances

with great benefits on the circuit performance. In particular, the fully
differential read-out circuit can be used in a fast-gating setup, thus
opening the way to the exploitation of this circuit in a larger and larger
number of applications. When used in conjunction with a fast active
quenching circuit (AQC) connected to the cathode terminal of the SPAD,
for example, the differential amplifier is able to filter out the disturbances
injected by the AQC, allowing us to provide excellent timing performance
(=45ps) even if the events are close to the beginning of the gate window.

10229-10, Session 3

High-efficiency dynamic routing
architecture for the readout of single
photon avalanche diode arrays in time-
correlated measurements

Alessandro Cominelli, Giulia Acconcia, Pietro Peronio,
lvan Rech, Massimo Ghioni, Politecnico di Milano (ltaly)

In recent years, the Time-Correlated Single Photon Counting (TCSPC)
technique has gained a prominent role in many fields, where the analysis
of extremely fast and faint luminous signals is required. In the life
science, for instance, the estimation of fluorescence time-constants with
picosecond accuracy has been leading to a deeper insight into many
biological processes.

Although the many advantages provided by TCSPC-based techniques,
their intrinsically repetitive nature leads to a relatively long acquisition
time, especially when time-resolved images are obtained by means of a
single detector, along with a scanning point system. In the last decade,
TCSPC acquisition systems have been subjected to a fast trend towards
the parallelization of many independent channels, in order to speed

up the measure. On one hand, some high-performance multi-module
systems have been already made commercially available, but high area
and power consumption of each module have limited the number of
channels to only some units. On the other hand, many compact systems
based on Single Photon Avalanche Diodes (SPAD) have been proposed
in literature, featuring thousands of independent acquisition chains on a
single chip. The integration of both detectors and conversion electronic
in the same pixel area, though, has imposed tight constraints on power
dissipation and area occupation of the electronics, resulting in a tradeoff
with performance, both in terms of differential nonlinearity and timing
jitter.

Furthermore, in the ideal case of simultaneous readout of a huge number
of channels, the overall data rate can be as high as 100 Gbit/s, which is
nowadays too high to be easily processed in real time by a PC.

Typical adopted solutions involve an arbitrary dwell time, followed

by a sequential readout of the converters, thus limiting the maximum
operating frequency of each channel and impairing the measurement
speed, which still lies well below the limit imposed by the saturation of
the transfer rate towards the elaboration unit.

We developed a novel readout architecture, starting from a completely
different perspective: considering the maximum data rate we can manage
with a PC, a limited set of conversion data is selected and transferred to
the elaboration unit during each excitation period, in order to take full
advantage of the bus bandwidth toward the PC.

In particular, we introduce a smart routing logic, able to dynamically
connect a large number of SPAD detectors to a limited set of high-
performance external acquisition chains, paving the way for a more
efficient use of resources and allowing us to effectively break the tradeoff
between integration and performance, which affects the solutions
proposed so far.
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The routing electronic features a pixelated architecture, while
3D-stacking techniques are exploited to connect each SPAD to its
dedicated electronic, leading to a minimization of the overall number of
interconnections crossing the integrated system, which is one of the main
issues in high-density arrays.

10229-11, Session 3

Photon counting detector package
optimized for laser time transfer with
sub??picosecond limiting precision and
stability

lvan Prochazka, Josef Blazej, Czech Technical Univ. in

Prague (Czech Republic); Jan Kodet, Czech Technical

Univ. in Prague (Czech Republic) and Technische Univ.
MUnchen (Germany)

The laser time transfer ground to space is an attractive technique to
compare the ultra-stable clocks on ground and in space. The photon
counting approach enables to reduce significantly the systematic

errors of the measurement chain. For the space mission nominated for
the next decade the precision and long term detection delay stability
requirements are on sub-picosecond level. We have developed a new
SPAD detector package for laser time transfer ground to space with
extremely high timing precision and stability. It is based on 100 um or
200 um diameter K14 series SPAD chip. The limiting precision of laser
time transfer characterized by a time deviation TDEV is well below 100 fs
for 100 s averaging time. The long term timing stability is better than 1 ps
over days of operation. The detector package is constructed on a basis
of electronics components for which the space qualified equivalents are
available. The device construction, tests and results will be presented in
detail.

10229-12, Session 3

Development of a high-performance
multichannel system for time-correlated
single photon counting

Pietro Peronio, Alessandro Cominelli, Giulia Acconcia,
lvan Rech, Massimo Ghioni, Politecnico di Milano (ltaly)

Time-Correlated Single Photon Counting (TCSPC) is an effective
technique for measuring fast and weak optical signals, thanks to the
achievable high temporal resolution and single photon sensitivity. These
features make it suitable for a huge variety of applications, especially
those related to life science, where the maximum power of the laser has
to be limited in order not to damage the sample. On the other hand, the
main drawback of this technique is the intrinsic long acquisition time,
which has constantly fostered the development of faster and faster TCSPC
systems.

In recent years, the increase of the parallelism level has been the main
trend followed by the development of TCSPC system, which feature
higher and higher count rate capabilities, but with timing performance
not even comparable with the best state-of-the-art single channel
systems.

We present the design of a complete TCSPC system meant for overtaking
the existing trade-off between parallelism level and performance. This
system will deeply impact on many TCSPC applications (e.g. High Content
Screening) which strongly demands for both high performance and short
acquisition times, leading the way to performing analyses that have never
been doable so far.

In order to overcome the existing trade-off, every part of the system
has to be tailored and feature the best in-class performance: custom
technologies have been employed for designing state-of-the-art single
photon detectors, whereas CMOS technology has been preferred for
the read-out electronics. The exploitation of different technologies has
been made feasible by means of Through Silicon Vias (TSVs), which will
connect the two different chips.
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Due to the high number of channels, the maximum achievable count rate
is set by the external PC, indeed the affordable throughput is still the
main limitation. Besides, in a TCSPC measurement not all the acquisition
chains are simultaneously working due to the targeted low detection
probability per excitation pulse (typically 1-10%), therefore resource
sharing is intrinsically feasible. We set the affordable throughput to
10Gb/s, which is well beyond the state of the art, and tailored the number
of acquisition chains starting from this limit, achieving in this way a more
efficient resource utilization, without impairing on the count rate. A
dynamic-routing logic connects the detector array to the lower number of
acquisition chains. In order to sustain this throughput, the system features
a USB 3.0 connection and a 10G Ethernet link through copper cable/fiber
optics. The USB 3.0 connection has been chosen since it’s a wide spread
standard, whereas the 10G link is meant for very demanding applications.

Five fast Time-to-Amplitude Converters (TACs) have been designed in
order to measure the arrival time of photons with tens-of-picoseconds
precision. The main feature of these converters is the high counting

efficiency achieved by means of an extremely low dead time (12.5 ns).

The preliminary results obtained with the first developed prototype are
presented.

10229-13, Session 3

Development and characterization of an
8x8 SPAD-array module for gigacount
per second applications

Francesco Ceccarelli, Angelo Gulinatti, Ivan Labanca,
lvan Rech, Massimo Ghioni, Politecnico di Milano (ltaly)

In recent years the development of Single-Photon Avalanche Diodes
(SPADs) had a big impact on single-photon counting applications that
require high-performance detectors in terms of Dark Counting Rate
(DCR), Photon Detection Efficiency (PDE), afterpulsing probability,
etc. Among these, it is possible to find applications in single-molecule
fluorescence spectroscopy that suffer from long-time measurements,
due to the necessity of reaching proper statistical accuracy. In these
applications SPAD arrays can be a solution in order to shorten the
measurement time, thanks to the high grade of parallelism they can
provide. Moreover applications in other fields (e.g. astronomy) demand
for large-area single-photon detectors, able also to handle very high
count rates, up to few Gcount/s.

For these reasons we developed a new single-photon detection module,
featuring a 8x8 SPAD array. Thanks to a dedicated silicon technology,
the performance of the detector have been finely optimized, reaching
a 49% detection efficiency at 550 nm, as well as low dark counts (2
kcount/s maximum all over the array, at a working temperature of -15
°C), with an overvoltage of 6 V. This module can be used in two different
modes: the first is a multi-spot configuration, where each pixel works
as an independent detector, allowing the acquisition of 64 optical
signals at the same time and considerably reducing the time needed
for a measurement. The second operation mode instead exploits all the
pixels in a combined mode, allowing the detection of a 64-times higher
maximum photon rate (up to 2 Gcount/s), with only a small reduction
of the detection efficiency when a suitable array of microlenses is

used on the detector in order to avoid fill factor losses. In addition, this
configuration provides also advantages in terms of dynamic range, that
is not only moved toward higher count rates, but also extended by 10
dB with respect the multi-spot configuration. Finally, even if the system
is used in the combined mode, it provides to the user an independent
output for every SPAD, with electrical pulses synchronous with the
photon arrival times. This last feature allows to attain photon number
resolving capabilities, that allows us to propose this module also as a
valid alternative to other photon counting solutions, such as the silicon
photomultipliers (SiPM).

Since the module can operate in different conditions of overvoltage
and temperature, a complete experimental characterization has been
performed at different operating conditions: dark counts, detection
efficiency, linearity, afterpulsing and crosstalk probability have been
characterized.
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10229-14, Session 4

High performance single photon
detectors: where is the limit? (/nvited
Paper)

Valery Zwiller, Technische Univ. Delft (Netherlands); Iman
Esmaeil Zadeh, Gabriele Bulgarini, Niels Loos, Sergiy
Dobrovolskiy, Single Quantum (Netherlands); Julien

R. Zichi, KTH Royal Insitute of Technology (Sweden);
Sander Dorenbos, Single Quantum (Netherlands)

Superconducting detectors based on nanowires enable light detection

at the single photon level. While these devices are undergoing important
improvements, operation combining near-unity detection efficiency with
very high time resolution remains a challenge. We will report on our
progress based on NbTIN nanowires that offer combining outstanding
performances without any compromise: while the detection efficiency can
now exceed 90%, the time resolution in the same device can be better
than 15 ps. We will present recent results aiming at further improving
detectors performances.

10229-15, Session 4

Superconducting nanowire single photon
detector for coherent detection of weak
signals (/nvited Paper)

Gregory N. Goltsman, Mikhail Shcherbatenko, Yury V.
Lobanov, Vadim V. Kovalyuk, Alexander A. Korneey,
Moscow State Pedagogical Univ. (Russian Federation);
Oliver Kahl, Karlsruher Institut fur Technologie
(Germany); Simone Ferrari, Wolfram H. P. Pernice,
Karlsruher Institut fir Technologie (Germany) and
Fachhochschule Minster (Germany)

Traditionally, photon detectors operate in a direct detection mode
counting incident photons with a known quantum efficiency. This
procedure allows one to detect weak sources of radiation but all the
information about its frequency is limited by the optical filtering /
resonating structures used which are not as precise as would be required
for some practical applications. In this work we propose heterodyne
receiver based on a photon counting mixer which would combine
excellent sensitivity of a photon counting detector and excellent spectral
resolution given by the heterodyne technique.

At present, Superconducting-Nanowire-Single-Photon-Detectors
(SNSPDs) [1] are widely used in a variety of applications providing

the best possible combination of the sensitivity and speed. SNSPDs
demonstrate lack of drawbacks like high dark count rate or autopulsing,
which are common for traditional semiconductor-based photon detectors,
such as avalanche photon diodes.

In our study we have investigated SNSPD operated as a photon counting
mixer. To fully understand its behavior in such a regime, we have utilized
experimental setup based on a couple of distributed feedback lasers
irradiating at 1.5 micrometers, one of which is being the Local Oscillator
(LO) and the other mimics the test signal [2]. The SNSPD was operated
in the current mode and the bias current was slightly below of the
critical current. Advantageously, we have found that LO power needed
for an optimal mixing is of the order of hundreds of femtowatts to a

few picowatts, which is promising for many practical applications, such
as receiver matrices [3]. With use of the two lasers, one can observe

the voltage pulses produced by the detected photons, and the time
distribution of the pulses reproduces the frequency difference between
the lasers, forming power response at the intermediate frequency which
can be captured by either an oscilloscope (an analysis of the pulse
statistics is needed) or by an RF spectrum analyzer. Photon-counting
nature of the detector ensures quantum-limited sensitivity with respect to
the optical coupling achieved.

In addition to the chip SNSPD with normal incidence coupling, we use the
detectors with a travelling wave geometry design [4]. In this case, an NbN
nanowire is placed on the top of a Si3N4 nanophotonic waveguide, thus
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increasing the efficient interaction length. For this reason it is possible to
achieve almost complete absorption of photons and reduce the detector
footprint. This reduces the noise temperature of the device together with
the expansion of the bandwidth. Integrated device scheme allows us

to measure the optical losses with high accuracy. Our approach is fully
scalable and, along with a large number of devices integrated on a single
chip can be adapted to the mid and far IR ranges where photon-counting
measurement may be beneficial as well [5].

This work was supported in part by the Ministry of Education and Science
of the Russian Federation, contract no. 14.B25.31.0007 and by RFBR grant
#16-29-11779/16.
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10229-16, Session 4

Superconducting order parameter
fluctuations in NbN/NiCu and NbTiN/
NiCu bilayer nanostripes for photon
detection

Wolfgang Lang, Bernd Aichner, Georg Zechner, Florian
Jausner, Univ. Wien (Austria); Andrii Klimov, Institute
of Electron Technology (Poland); Roman Pu?niak, The
Institute of Physics (Poland); Wojciech S?ysz, Marek
Guziewicz, Renata Kruszka, Maciej W?grzecki, Institute
of Electron Technology (Poland); Roman Sobolewski,
Univ. of Rochester (United States)

A key performance figure of superconducting single-photon detectors is
a low dark count rate, i.e., the spurious output signal without absorption
of an optical photon. The functional principle of these detectors

requires that they are operated very close to the critical current to

allow for the formation of a resistive hotspot. In general, operation of

a superconductor near the phase transition into the normal state is
influenced by thermodynamic fluctuations of the superconducting order
parameter. Strong fluctuations can locally suppress superconductivity
and, thus, trigger unwanted output signals. We present results of our
studies of superconducting order parameter fluctuations in NoN/NiCu
and NbTiN/NiCu superconductor/ferromagnet (S/F) ultrathin bilayers and
nanostripes. The NbN and NbTiN layers were grown using dc-magnetron
sputtering on chemically cleaned sapphire single-crystal substrates.
After rapid thermal annealing at high temperatures, the S films were
coated with Ni0.5Cu0.5 overlayers with thicknesses of a few nm, using
co-sputtering. Low-temperature tests confirmed that in all cases NiCu
films were ferromagnetic with the Curie temperature of above 30 K. while
both NbN and NbTiN nanostripes exhibited excellent superconducting
properties with the critical current density at 4.2 K well exceeding 1
MA/cm2. The fluctuation-enhanced conductivity (paraconductivity) as
well as magnetoconductivity of the NbN and NbTiN ultrathin S films
were in excellent agreement with the parameter-free theory for order-
parameter fluctuations in two-dimensional superconductors, confirming
the validity of our approach. On the other hand, the presence of an

F top layer changed the magnetotransport properties significantly.

The temperature dependence of magnetoresistance demonstrated an
unusual negative region in the S/F nanostructures that extended almost
to room temperature and that was not present in the single S layer.

Both paraconductivity and magnetoconductivity data fell below the
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theoretical expectation, indicating a strong reduction of superconducting
fluctuations. Such suppression of the fluctuation amplitude in S/F bilayers
could be favorable to reduce dark counts in photon detectors and lead
the way to enhance their performance.

10229-17, Session 4

Investigation of dark counts in innovative
materials for superconducting nanowire
single photon detector applications

Loredana Parlato, CNR-SPIN (ltaly) and Univ. degli
Studi di Napoli Federico Il (ltaly); Mikkel Ejrnaes, CNR-
SPIN (Italy); Umberto Nasti, Univ. degli Studi di Napoli
Federico Il (Italy); Riccardo Arpaia, Chalmers Univ.

of Technology (Sweden); Tohru Taino, Saitama Univ.
(Japan); Thilo Bauch, Chalmers Univ. of Technology
(Sweden); Hiroaki Myoren, Saitama Univ. (Japan); Roman
Sobolewski, Institute of Electron Technology (Poland)
and Univ. of Rochester (United States); Francesco
Tafuri, Univ. degli Studi di Napoli Federico Il (ltaly) and
CNR-SPIN (Italy); Floriana Lombardi, Chalmers Univ.

of Technology (Sweden); Roberto Cristiano, CNR-SPIN
(Italy); Giampero P. Pepe, Istituto SPIN - CNR (ltaly) and
Univ. degli Studi di Napoli Federico Il (Italy)

Superconducting nanowire single photon detectors (SNSPDs) have shown
very good performance for the detection of single infrared photons by
simultaneously combining high detection efficiency, good timing jitter
with a very low intrinsic dark count rate. Recently special attention

in the research community has been devoted to the physical origin

of the observed dark counts and revealed the importance of various
mechanisms involving the thermal activation of magnetic vortices in the
superconductor. However, since SNSPDs so far have all been based on
materials from the same family of superconductors, this insight does

not enable a reduction in the dark counts. With this in mind we have
investigated the phenomenon of dark counts in nanowires of two very
different types of superconductors, namely superconductor/ferromagnet
hybrids (using NbN/NiCu) and high temperature superconductors (using
YBa2Cu307-x). For NoN/NiCu we find that in the temperature range

from 4.2 K to 8 K the dark counts were reduced with respect to pure NbN
nanowires and was probably dominated by single vortex entry from the
edge of the nanowire. In the case of YBa2Cu307-x we find that also in this
case the thermal activation of vortices generate the dark counts.

10229-18, Session 5

Satellite laser ranging in the near-infrared
regime (/nvited Paper)

Johann Eckl, Bundesamt flr Kartographie und Geodésie
(Germany); K. Ulrich Schreiber, Technische Univ.
Mlnchen (Germany); Torben Schuler, Bundesamt fur
Kartographie und Geodasie (Germany)

Exploiting the primary wavelength of the Nd:YAG pulse laser in Satellite
Laser Ranging (SLR) has been hampered by the low quantum efficiency
and high thermal noise of the solid state detectors in the past. However,
recently suitable single photon sensitive receivers with promising
operational parameters have become available. With the advent of
InGaAs/InP compound - Single Photon Avalanche Diodes the situation
has changed. Their quantum efficiency has reached 70% and the
compound material of this diode is also well suitable for photon counting
applications, when implemented in our recently published electrical
circuit. It can be expected that these detectors will also be operable in the
eyesafe regime around 1.55 um, enabling eyesafe operation of SLR.

We have implemented and investigated the properties of this diode for its
suitability for SLR at the Nd:YAG fundamental wavelength with respect to
efficiency and its timing properties at the Geodetic Observatory Wettzell.
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The results are presented in this paper. In addition, we will compare these
new detectors to the conventional receivers in laboratory tests as well as
satellite ranging measurements. Finally, we will give an estimate of the
photoelectron statistics in satellite laser ranging for different operational
parameters of the Wettzell Laser Ranging System.

10229-19, Session 5

Satellite and Lunar laser ranging in
infrared

Clement Courde, Jean-Marie Torre, Observatoire de la
Cote d’Azur (France)

During this presentation we will report on the implementation of an
InGaAs single photon avalanche photodiode at the Grasse LLR station.
We will describe how infrared telemetry improves satellite and Lunar laser
ranging. Our first results show that infrared detection permits to improve
the link budget and allows measurements during the new and the full
Moon periods, two very noisy periods.

10229-20, Session 5

Evaluation of performance of silicon
photomultipliers in lidar applications

Sergey L. Vinogradov, PN Lebedev Physical Institute
(Russian Federation)

Silicon Photomultipliers (SiPMs) are a well-recognized new generation
of photon number resolving avalanche photodetectors. A number

of SiPM advantages - a high gain with an ultra-low excess noise of
multiplication, multi-pixel architecture, relatively low operating voltage
- makes them very competitive in a growing number of applications.
Challenging demands for a LIDAR receiver in high sensitivity starting
from single photons, superior time-of-flight resolution, robustness
including surviving at bright light flashes and others are expected to be
feasible for the SiPMs. Despite some known drawbacks, namely crosstalk,
afterpulsing, dark noise, limited dynamic range, SiPMs are already
considered as promising substitutes for conventional APDs and PMTs in
LIDAR applications. However, these initial considerations are based on a
rather simplified representation of the SiPM as a generic LIDAR receiver
described by generic expressions (e.g. signal-to-noise ratio with respect
to signal, background, and noise power disregard light pulse timing).

This study is focused on a comprehensive evaluation of SiPM taking into
account all essential features of SiPM, which could affect applicability
and performance of these photodetectors for LIDARs. Namely, a
nonlinearity of an output SiPM response due to a limited number of pixels,
a dependence of pixel recovery dynamics on incident light intensity, an
excess noise due to correlated processes of crosstalk and afterpulsing,
are analyzed utilizing the well-established framework of analytical
probabilistic modeling of SiPM photon number and time resolution.
Evaluation results provide the comparison of competitive SiPM samples
and anticipate the development of a next SiPM generation with the
higher density of pixels, faster pixel recovery, and shorter single electron
response.

10229-21, Session 5

Quantum state characterization by
photon-number-resolving detectors

Maria Bondani, Consiglio Nazionale delle Ricerche (ltaly);
Alessia Allevi, Univ. degli Studi dell’Insubria (ltaly)

Measuring quantum states of light is at the basis of both the
investigations of fundamental Quantum Optics and of the applications
to Quantum Information. Several different detection strategies can be
exploited to measure the different aspects of light. For instance, optical
homodyne detection addresses the wave-like properties of optical states
while direct detection explores the particle-like features. Moreover, new
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hybrid schemes addressing both wave-like and particle-like aspects of
light have recently been introduced.

As to direct detection, different intensity regimes can be investigated by
either single-photon detectors, photon-number resolving (PNR) detectors
or macroscopic detectors. In particular, PNR detectors can give access to
the number of photons in pulsed states, thus allowing the reconstruction
of the photon-number statistics, of auto- and cross-correlation functions
that are necessary for a thorough characterization of optical states.

Among the many kinds of PNR detectors available nowadays (also
including fiber-loop detectors, visible-light photon counters, transition-
edge sensors and superconductive nanowires), we used hybrid
photodetectors (HPDs) and Si-photomultipliers (SiPM) that have the
advantage of a rather easy operation at room temperature. Of course
such detectors are also affected by imperfections, such as a limited
dynamic range and rather low repetition rate (HPDs) or dark count and
cross talk (SiPM). Moreover, both classes of detectors have rather low
quantum efficiencies (about 50%).

To extract information from the outputs of PNR detectors, it is necessary
to develop a suitable description of the operation of the detectors

and of the detection chain. To this aim we elaborated a self-consistent
calibration strategy for the detectors to be applied to the very light under
investigation and yielding the values of the parameters characterizing the
detectors (gain, dark-count rate, cross talk...). The obtained calibration
values are then used to evaluate shot-by-shot detected-photon numbers
and the values of the parameters are used to interpret the results in order
to take into account all the imperfections of the detectors.

By applying such data analysis to HPDs and SiPMs, we demonstrated the
reconstruction of photon-number statistics of classical and nonclassical
states, also endowed with nontrivialm statistics. We also measured
photon-number correlations at different orders with the aim of better
characterizing the nature of the states. In spite of the rather low values of
quantum efficiency and of the imperfections of the detectors, we could
also demonstrate the nonclassical nature of the states by verifying the
violation of some inequalities involving correlations at different orders.
Finally, by exploiting the existence of nonclassical correlations in bipartite
states, we generated non-Gaussian and sub-Poissonian conditional states.

10229-22, Session 5

Ultrahigh optical responsivity of
semiconducting asymmetric nhanochannel
diodes for photon detection

Roman Sobolewski, Yunus E. Akbas, Gary W. Wicks, Univ.
of Rochester (United States); Tomas Plecenik, Pawel
Durina, Andrej Plecenik, Comenius Univ. in Bratislava
(Slovakia)

The asymmetric nano-channel diode (ANCD), also called the self-
switching diode, is fundamentally a new type of 2-dimensional electron
gas (2DEG) semiconductor nanodevice that, unlike a conventional

diode, relies on the device nanostructure and field-controlled transport
in a ballistic nanometer-width channel instead of barriers to develop its
diode-like current-voltage (I-V) characteristics. In this presentation, we
focus on optical properties of ANCDs, and demonstrate that they can act
as very sensitive, single-photon-level, visible-light photodetectors. Our
actual test devices exhibited 1-um-long and ~100-nm-wide channels and
were fabricated on an InGaAs/InAlAs heterostructure with a 2DEG layer,
using electron-beam lithography, followed by reactive ion etching. The
ANCD I-V curves were collected by measuring the transport current for
the voltage-source biasing condition, both in the dark and under light
illumination. The experiments were conducted inside a light-insulated
cryostat, in the temperature range from 300 K to 78 K. As an optical
excitation, we used 800-nm-wavelength, either continues-wave or 100-fs-
pulsed light, generated by a commercial Ti:Sapphire laser. The impact

of the light illumination was very clear, and at low temperatures we
observed a significant (up to 1?A for 78 K) photocurrent for the incident
optical power as low as 1 nW, with a limited dark-current background.
Most interestingly the magnitude of the device optical responsivity
increased linearly over many orders of magnitude with the decrease of
the optical power, reaching the value of ~800 A/W at the 1-nW excitation.
We expect from this linearly increasing responsivity trend that we should
be able to reach the responsivity around 25000 A/W, needed for single
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photon level light detection. The physics of the photoresponse gain
mechanism in ANCD arises from a vast disparity between the picosecond
transit time of electrons travelling in the 2DEG nanochannel and the up to
microsecond lifetime of holes pushed towards the device substrate.

10229-23, Session PS

Authentication performance of the
double-random-phase-encoding method
with photon counting technique

Samaneh Gholami, Inkyu Moon, Keyvan Jaferzadeh,
Chosun Univ. (Korea, Republic of)

In this paper, we try to evaluate the authentication performance of the
double-random-phase-encoding (DRPE) method with photon counting
(PC) technique and compare the results with the case there is no PC
method. Firstly, several gray-scale images are encoded by DRPE and

then PC is applied on the amplitude part of the DRPE images. Decrypted
DRPE-PC images are not visually recognizable but still can be verified
with different image comparison metrics. Experiments are conducted

for the different photon numbers and the results are compared. Several
image comparison metrics are evaluated and the results for DRPE-PC and
DRPE are compared.

10229-24, Session PS

An ultrafast thermoelectric sensor for
single-photon detection in a wide range
of the electromagnetic spectrum

Astghik A. Kuzanyan, Armen S. Kuzanyan, Vahan R.
Nikoghosyan, Institute for Physical Research (Armenia)

Single-photon detectors, capable to determine the photon energy

and to provide high count rates, are demanded in quantum

electronics, astrophysics, high energy physics, quantum informatics,
telecommunication systems, quantum metrology, measuring systems

for applications in medicine, homeland security and other fields. Among
the developments of the last 17 years, superconducting nanowire
single-photon detectors are considered as the most promising [1]. The
thermoelectric single-photon detector possesses similar characteristics [2,
3].In [4, 5] is shown that by decreasing the thickness of thermoelectric
layers of multilayer sensor of thermoelectric detector is possible to obtain
transducers for registration of photons with count rates higher than tens
gigahertz. However, the thinner is the thermoelectric layer, the lower is it’s
electrical resistance, that may be an obstacle for the registration of the
voltage on the sensor. The latter barrier can be overcome if the resistance
of the measuring circuit is lower than the resistance of the thermoelectric
layer. The problem can be solved by using a superconducting material. We
propose a new type of a thermoelectric detector with a sensor consisting
of two superconducting layers and a thermoelectric layer between

them [6]. In the present work is performed computer simulation of heat
propagation processes taking place after absorption of single photons of
1eV-1keV energy in the three-layer sensor of the thermoelectric detector.
The calculations were based on the heat conduction equation and were
carried out by the matrix method for differential equations.

We considered different geometries of the sensor in which are used
(La,Ce)B6 hexaboride as a thermoelectric layer, superconducting absorber
and heat sink layers of Nb, Pb and YBCO. It is shown, that by changing
materials and sizes of the sensor’s layers is possible to obtain transducers
for registration of photons within the given spectral range with the
required energy resolution and count rate. It is demonstrated that such a
sensor has a number of advantages, as well as improved characteristics
which give ground to consider the thermoelectric detector as a real
alternative to superconducting nanowire single-photon detectors.

1. R. H. Hadfield, Nature Photonics 3, (2009), 696.

2. A. Gulian, K. Wood, D. Van Vechten, G. Fritzdet, J. Mod. Opt. 51, (2004),
1467.

3. V.A. Petrosyan, J. Contemp. Phys. (Arm. Acad. Sci.) 46, (2011), 125.

4. A. Kuzanian, V. Nikoghosyan, A. Kuzanya, Sensors & Transducers 191 (8),
(2015), 57.
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5. A. Kuzanyan, A. S. Kuzanyan and V. R. Nikoghosyan, JPCS 673, (2016),
012007.

6. A. Kuzanyan, A. Kuzanyan, V. Nikoghosyan Patent of Armenia ? A3043,
(2016).

10229-25, Session PS

Tracks detection from high-orbit space
objects

Yury P. Shumilov, V. G. Vygon, Evgeniy A. Grishin,
Victor D. Shargorodskii, A. O. Konoplev, O. P. Semichey,
Precision Systems and Instruments Corp. (Russian
Federation)

Previously developed high-orbit cosmic objects (CO) detection algorithms
are based on a signal registration in the frame with a significant storage
time and registration of a sufficiently large number of point objects and
their analysis.

A complex algorithm of each frame registration for significantly less time
in a limited series of weak tracks frames from high-orbit cosmic objects is
proposed. Including tracks from a discrete structure. That is, tracks with
some number of pixels with unregistered signal.

During accomplishing such detection tasks preprocessing is performed,
considering catalogued objects. After that weak track to a point detected
object frame conversion is carried out. Linear filtering by synthesized
masks performs this transition. This filtering further smooths the Gaussian
noise.

Next frame package is formed with a shift in the intended direction of ?0
movement. Median filtering frames package is carried out. This operation
is performed for such areas of each frame, that are projected onto all
other frames of the package. Then, a search for the maximum signal value
after median filtering and its comparison with a detection threshold are
carried out. The detection threshold is determined based on an analysis of
the resultant frame block noise and the number of frames in the package.

In the case of wide-angle optical electronic systems usage in order to
minimize the processing, it is possible to emphasize areas in each frame,
where with a high a priori probability CO is located.

To test the effectiveness of the proposed algorithm CO weak tracks are
modelled based the real night sky shots. Frame package processing was
carried out considering read noise. Limit specs are listed, that are based
on the photoelectron detection statistics for specific optoelectronic
systems.

The effectiveness of the proposed algorithm is shown, which increases
the penetrating ability of optoelectronic systems, nearly two magnitudes.

10229-26, Session PS

Short-range energy budget simulator of
single photon lidar demonstrator

Mark Murtazin, Josef Blazej, Ivan Prochazka, Czech
Technical Univ. in Prague (Czech Republic); Sergey M.
Pershin, A. M. Prokhorov General Physics Institute of the
Russian Academy of Sciences (Russian Federation)

The compact single photon lidar demonstrator dedicated for asteroid
rendezvous missions has been designed and realized in our laboratory
two years ago. The instrument provides crucial data on altitude and
terrain profile for altitudes exceeding 5 km with a precision of less than
10 cm fulfilling the Rayleigh criterion. One of the calibration procedure
of demonstrator is the positioning of receiver and transmitter optics
related to detector and laser and the aligning of transmitter and receiver
optical common paths. To improve this particular indoor calibration
procedure the new simulator of single photon energy budget during short
range operation has been created. The comparison of simulated and
experimental data will be presented and discussed.
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10229-27, Session PS

Time transfer capability of standard small
form factor pluggable laser modules
based on photon counting approach

Pavel Trojanek, lvan Prochazka, Josef Blazej, Czech
Technical Univ. in Prague (Czech Republic)

We are reporting on timing parameters of commonly used standard
Small Form Factor Pluggable (SFP) laser modules using single photon
counting method. Photon counting is a promising approach for laser time
transfer via optical fiber communication hardware. The sub-picosecond
precision and stability may be achieved. We have performed several
experiments with the aim to measure main parameters of the modules,
such as time delay precision, time stability and temperature stability, all
being critical for optical time transfer applications. Two standard 16 Gbit
and 10 Gbit 850 nm SFP modules were examined. The ultimate precision
of possible time transfer of 800 fs for averaging times of hours was
achieved. The modules together with their driving circuits exhibited very
good temperature stability. The temperature drift as low as 300 + 200
fs/K was measured. The achieved timing parameters will enable to use
the standard SFP modules for a new method of two way time transfer
where the time differences between two distant time scales are measured
in parallel to data transfer on existing optical data links without any
communication interference.
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10230-1, Session 1

Recent experimental progress towards
global quantum communication (/nvited
Paper)

Qiang Zhang, USTC (China)

Quantum communication can provide information theoretical security
communication based on the basic principle of quantum mechanics. Here,
| would like to present the recent experimental progress in our group
towards global quantum communication, including measurement device
independent QKD over in the lab and metropolitan network, qguantum
teleprotation and entanglement swapping over metropolitan network,
trust node based quantum main trunk line and free space quantum
communication.

10230-2, Session 1

Quantum relays using semiconductor
entangled light sources (/nvited Paper)

Jan Huwer, Toshiba Research Europe Ltd (United
Kingdom); Martin Felle, Toshiba Research Europe Ltd
(United Kingdom) and Electrical Division, Department
of Engineering, University of Cambridge (United
Kingdom); Mark Stevenson, Joanna Skiba-Szymanska,
Martin B. Ward, Toshiba Research Europe Ltd (United
Kingdom); lan Farrer, Cavendish Laboratory, University
of Cambridge (United Kingdom); Richard V. Penty,
Electrical Division, Department of Engineering,
University of Cambridge (United Kingdom); David A.
Ritchie, Cavendish Laboratory, University of Cambridge
(United Kingdom); Andrew J. Shields, Toshiba Research
Europe Ltd (United Kingdom)

Quantum relays [1] are a key technology to extend the range of present
quantum key distribution (QKD) systems and future optical quantum
networks. The underlying physical principle is to perform teleportation of
photonic input quantum bits, which can effectively reduce noise in long-
distance photon-transmission scenarios. Most interesting for QKD is that
the security of the quantum channel is unconditionally guaranteed, even
if the entanglement resource or the relay itself are located at untrusted
nodes of the network.

Photon sources based on non-linear processes have a long history in
photonic teleportation experiments, enabling pioneering experimental
work. However, the number statistics of these sources follow a Poissonian
distribution, typically increasing error rates and requiring operation at
low intensities and implementation of sophisticated security protocols.
Semiconductor quantum dots (QD) have proven to be a promising
alternative entanglement source, with true single-photon emission
enabling intrinsic security for applications.

In the past, we have shown that operation of a QD-driven quantum relay
is possible at short wavelength, with experimental error rates suitable
for the implementation of secure communication protocols [2]. In more
recent experiments, we demonstrate a system with a QD photon source
that is exclusively operating at telecom wavelength [3], enabling for the
first time a quantum relay with sub-Poissonian photon statistics and

full compatibility with existing telecom-fiber infrastructure. Detailed
characterization reveals high fidelity operation and teleportation of
arbitrary input qubits. The results prove that quantum-dot entangled
photon sources are a promising platform for the development of practical
and network-compatible quantum-relay technology.

[1] B. C. Jacobs et al., “Quantum relays and noise suppression using linear
optics”, Phys. Rev. A 66, 52307 (2002).
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[2] C. Varnava et al., “An entangled-LED-driven quantum relay over 1 km”,
npj Quantum Information 2, 16006 (2016).

[3] M. B. Ward et al., “Coherent dynamics of a telecom-wavelength
entangled photon source”, Nat. Commun. 5, 3316 (2014).

10230-3, Session 1

Spectroscopy of non-interfering photons
through nonlinear integrated optics
Mach-Zehnder interferometer

Marco Chiarini, Gian Giuseppe Bentini, Agostino Desalvo,
Istituto per la Microelettronica e Microsistemi, Consiglio
Nazionale delle Ricerche (ltaly)

Since the last decades, quantum optics has become a key field of
research, allowing fundamental investigations of quantum physics
principles and leading to a complex variety of novel quantum
technologies. In this framework, integrated optics (I0) technologies
allow implementing complex quantum circuits that can offer significant
outcomes in this research areas, otherwise difficult to reach using more
traditional bulk approaches.

Exploiting the multi-year expertise in Micro Electro Optical Systems
(MEOS) technologies, developed at our laboratory particularly concerning
the Lithium Niobate (LiNbO3, LN) technological platform, it was decided
to implement a series of experimental experiences highlighting the
quantum nature of light, in order to investigate quantum phenomena

and put in evidence the advantages offered by integrated optical circuits
when active and non-linear integrated components are applied.

In this view it was implemented a non-linear Mach-Zehnder
Interferometer (MZI), fully composed by integrated optical elements.
The main interferometric geometry was obtained by using two off-the-
shelf 50:50 directional single mode fiber couplers, whereas the MZI arms
were equipped one with a single mode Er:LiNbO3 optical waveguide and
the other one with an undoped LiNbO3 single mode optical waveguide,
both obtained by lon Implantation. The first one acts as a non-linear
component whereas at the second one an electric field is applied to
obtain an optical phase shift.

The injection in the integrated optical circuit of a 980nm wavelength laser
radiation - interacting with the Er doped waveguide placed only on one
arm of the MZI and producing both up and down converted photons,
following Er energy terms in LN matrix - allowed to record complex
structured interferogrammes.

The obtained interferogrammes could be ascribed exclusively to the
pump photons, as all frequency conversion events are localized in one
arm of the Interferometer, therefore without possibility to generate direct
interference.

By applying a conventional Fourier Transform elaboration to the obtained
interferogrammes, it is possible to obtain multiple peak spectra that
tightly match the typical transition spectrograms of Er:LiNbO3 when
excited by 980nm radiation. Similar results were obtained even in
presence of a narrow pass band filter (980nm + 25nm) at the MZI output,
preventing the detection of all converted photons, thus confirming

the solely contribution of pump photons to the generation of the
interferometric records.

In other words, it is possible to perform a spectrometry of the non-
interfering photons generated in the non-linear arm through the
interaction of this element with the source photons, by analyzing the
modulated signal produced at the detector exclusively by the pump
photons.

Conversely, when a 1310nm laser source (not absorbed by Er3+) was
applied, the complexity of the recorded interferogrammes disappeared,
with the corresponding Fourier Transforms giving rise to a single
fundamental peak.

In this work the experimental apparatus, fully realized by integrated
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optical components, is described together with the most interesting
results obtained in different experimental conditions.

Finally, a possible interpretation of the observed phenomena is proposed
and preliminarily discussed.

10230-4, Session 1

Reducing detection noise of a photon
pair in a dispersive medium by
controlling its spectral entanglement

Mikolaj Lasota, Karolina Sedziak, Piotr L. Kolenderski,
Nicolaus Copernicus Univ. (Poland)

Single-photon sources are crucial components for the implementation of
quantum communication protocols. However, photons emitted by some
of the most popular types of realistic sources are spectrally broadband.
Due to this drawback, the signal emitted from such sources is typically
affected by the effect of temporal broadening during its propagation
through telecommunication fibers which exhibit chromatic dispersion.
Such problem can be observed e.g. when using sources based on the
process of spontaneous parametric down-conversion (SPDC). In the
case of long-distance quantum communication temporal broadening
can significantly limit the efficiency of temporal filtering. It is a popular
method, which relies on the reduction of the duration time of the
detection window, used for decreasing the number of registered errors.

In this work we analyzed the impact of the type of spectral correlation
within a pair of photons produced by the SPDC source on the temporal
width of those photons during their propagation in dispersive media.
We found out that in some situations this width can be decreased by
changing the typical negative spectral correlation into positive one or
by reducing its strength. This idea can be used to increase the efficiency
of the temporal filtering method. Therefore, it can be applied in various
implementations of quantum communication protocols.

As an example of the application we subsequently analyzed the security
of a quantum key distribution (QKD) scheme based on single photons.
The investigation was performed for the configuration with the source

of photons located in the middle between the legitimate participants

of a QKD protocol (called typically Alice and Bob). We demonstrated
that when the information about the emission time of the photons
produced by the SPDC source is not distributed to Alice and Bob, the
maximal security distance can be considerably extended by using
positively correlated photons, while in the opposite case strongly (no
matter positively or negatively) correlated photons are optimal. We also
found out that the results of our calculation may be very sensitive to the
spectral widths of the photons produced by the SPDC source. In addition,
we concluded that in realistic situation Alice and Bob would have to
optimize their source over both the spectral widths of the generated
photons and the type of spectral correlation in order to maximally extend
the security distance.

The results of our work are, in particular, important for the QKD systems
utilizing commercial telecom fibers populated by strong classical signals.
In those systems temporal filtering method can be used to reduce not
only the dark counts registered by the detection system, but also the
channel noise originating from the process of Raman scattering, which is
the main factor limiting their performance.

10230-5, Session 2

Quantum digital signatures in optical
fiber networks (/nvited Paper)

Robert J. Collins, Ross J. Donaldson, Ryan Amiri, Erika
Andersson, Heriot-Watt Univ. (United Kingdom); Mikio
Fujiwara, Masahiro Takeoka, Masahide Sasaki, National
Institute of Information and Communications Technology
(Japan); Gerald S. Buller, Heriot-Watt Univ. (United
Kingdom)

To date, the field of quantum communications has mainly focused
on quantum key distribution (QKD) - to the point where commercial
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systems are now available. By employing either single photons or weak
coherent states as the information carriers, QKD allows the pairwise
generation of secure keys for use in point-to-point encryption. Quantum
digital signatures (QDS) offer complementary functionality to that of
QKD to create secure digital signatures which provide information-
theoretically secure guarantees of the authentication, non-repudiation
and transferability of signed messages.

Early experimental demonstrations of QDS operated with highly
specialized custom hardware in a laboratory environment and transmitted
over short lengths of optical fiber in controlled conditions. The first
experimental demonstration of QDS required quantum memory, operated
over 5 meters of specialized optical fiber and required complex active
feedback control systems and thermal isolation. Ongoing developments
of the underlying theoretical protocols lead to many of these restrictive
requirements being removed with each subsequent iteration of the
experimental demonstrations. However, the previous demonstrations
remained laboratory-based with specific optical configurations that
offered limited compatibility with the global telecommunications optical
fiber infrastructure.

More recently we have reported a QDS system operating over several
tens of kilometers of dark installed standard telecommunications optical
fiber. The QDS system employed a QKD system operating at a wavelength
of 1550 nm and only modified the classical post-processing of the data,
leaving the optical systems unchanged. Therefore, this experiment
demonstrates the potential that commercially available QKD systems

can be adapted for use with QDS with minimal changes - dramatically
extending the practicality of this application of quantum communications.

10230-6, Session 2

Device-independent quantum key
distribution with single-photon sources
(Invited Paper)

Alejandro Mattar, Dani Cavalcanti, Jan Kolodynski, ICFO -
Institut de Ciéncies Fotoniques (Spain); Paul Skrzypczyk,
Univ. of Bristol (United Kingdom); Antonio Acin, ICFO

- Institut de Ciéncies Fotoniques (Spain); Konrad
Banaszek, Univ. of Warsaw (Poland)

The concept of the Device-Independent Quantum Key Distribution (DI-
QKD) constitutes the minimalist paradigm for quantum cryptography,
in which the security of the distributed secret key is fully assured by
the statistical properties of the data being shared between the parties
that perform a quantum-based protocol. In particular, the secrecy of
the distributed key is ultimately guaranteed not only thanks to the
quantum nature of the underlying scheme, but also without making any
assumptions about the operation of the devices being employed.

Such a conservative approach is possible thanks to the non-local
correlations exhibited within the shared data, i.e., the correlations

of genuine quantum origin that, due to violation of a particular Bell
inequality, cannot be explained by any form of common randomness pre-
available to the parties. Such violation, however, must be revealed without
performing any post-selection on the data, what would then open the
so-called detection loophole and jeopardize the security of the protocol.

In spite of the tremendous advances recently made to achieve higher
detection efficiencies in Bell-violation experiments, DI-QKD remains a
very experimentally difficult task due to the exponential increase of loss
in the channel, e.g., implemented with optical fibres, with the distance
separating the parties involved. Here, we describe a new and plausible
solution to overcome the crucial problem of channel loss in the frame of
DI-QKD optical implementations.

In particular, we propose a novel protocol inspired by the entanglement
swapping schemes, which by the usage of the state-of-the-art (e.g.,
quantum-dot-based or heralded) single-photon sources has potential,

for the first time, to be implementable with current photonic and linear
optics technologies. While allowing for any transmission losses that only
decrease the rate of the key distribution without creating vulnerability, it
tolerates overall detection efficiency at the 90% level even when requiring
strict device-independence.

We compare our scheme against protocols that involve sources based on
spontaneous parametric down-conversion (SPDC), in order to explicitly
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show and explain why such SPDC-based proposals—even when enhanced
by the entanglement swapping or qubit amplification techniques—are
then largely outperformed when physical imperfections are rigorously
taken into account.

10230-7, Session 2

High fidelity spin-orbit transduction of an
entangled photonic qubit in vortex fibers

Brian T. Kirby, Michael Brodsky, U.S. Army Research

Lab. (United States); Nenad Bozinovic, Boston Univ.
(United States) and Berkeley Lights, Inc. (United States);
Siddharth Ramachandran, Boston Univ. (United States)

Quantum networks are believed to enable applications beyond the reach
of their classical counterparts. These networks exploit the non-classical
correlations between entangled particles and rely on the ability of their
nodes to create, distribute, and manipulate complex entangled states.
Recent years have brought interest to multi-dimensional and hyper-
entangled states, fueled in part by their potential to increase capacity

and combat losses intrinsic to long-distance transmission in optical fibers.
Vortex states that carry orbital angular momentum (OAM) form an infinite
family of mutually orthogonal states and hence look particularly attractive
for this purpose.

In this talk we will discuss the successful and reversible conversion of a
photonic degree of freedom entangled with that of another photon while
both photons are travelling in optical fibers. By utilizing a conventional
nonlinear scheme we create a polarization entangled pair at the telecom
band, use photon frequency dimensions to separate the two photons,
and route each in a different fiber. One fiber is a regular single mode fiber
that guides the first photon to its detector station. The second photon
travels towards the second detector station via a special vortex fiber,
which has a specially designed mode structure allowing for the existence
of OAM modes. Long-period gratings at the end of the fiber facilitate
mode conversion from polarization to OAM states and back. The received
quantum states are fully characterized. Tomography reveals final states
whose fidelity to the initial state could be as high as 0.95.

The limiting factors to the conversion to and propagation of OAM states
in special fiber are a small amount of lumped modal loss, its variable
misalignment due to environmentally induced fiber birefringence, as well
as temporal drifts during the measurements. We devise a method to
characterize two apparent loss elements. Using the numbers extracted
from the data and additionally modelling the drift in the depolarizing
guantum channel with Kraus operators we are able to fit the experimental
data with 0.94-0.96 fidelity.

10230-9, Session 2

Quantum fingerprinting without a shared
phase reference

Michal Lipka, Michal Jachura, Marcin Jarzyna, Konrad
Banaszek, Univ. of Warsaw (Poland)

We present a quantum fingerprinting scheme based on two-photon
interference which does not require a fixed phase reference between
parties preparing data strings to be compared. Effects of photon statistics
and detector imperfections are analyzed in the limit of high channel loss.

10230-10, Session 3

Highly-stable optical frequency
generation based on laser cooled and
trapped ions (/nvited Paper)

Ondrej Cip, Minh Tuan Pham, Adam Le?undak, Vaclav

Hucl, Martin Cizek, Petr Jedli?ka, Jan Hrabina, Simon
Rerucha, Josef Lazar, Institute of Scientific Instruments

OPTICS+
o OPTOELECTRONICS

SPI

of the ASCR, v.v.i. (Czech Republic); Petr Ob?il, Palack?
Univ. Olomouc (Czech Republic); Radim Filip, Institute
of Scientific Instruments of the ASCR, v.v.i. (Czech
Republic) and Palack? Univ. Olomouc (Czech Republic);
Luka? Slodi?ka, Palack? Univ. Olomouc (Czech Republic)

The traditional optical frequency standards use ultra-pure molecular
gases as the spectroscopic references for the locking of the generated
optical frequency of narrow-linewidth highly-coherent lasers. But the
novel frequency standards are based on quantum effects with a single
atom or ion in the ground motional state that can works as a quantum
atomic absorber. Excitation of the single ion into a forbidden transition
gives an opportunity to stabilize a highly coherent laser at the optical
frequency of order hundreds of THz with the sub-Hz level uncertainty.
This unprecedented relative stability of a highly-coherent laser crossing
the level 10-16 and beyond is a promising way to define the “optical
atomic clocks” as an ultimate time and frequency standard followed

by the redefinition of Sl units second and meter. New trends in these
ultimate optical frequency standards initiated an effort to establishing
a joined laboratory in the Czech Republic where a research of quantum
mechanical interactions of trapped ions with highly-coherent laser
lights would be realized. The Institute of Scientific Instruments Brno
and Palacky University Olomouc have put together an experimental
research infrastructure for 40Ca+ ion trapping, cooling, experiments of
quantum mechanics and spectroscopy in joined laboratory in Brno. We
report on the first set of results including ions generation, trapping into
Paul trap, laser cooling and spectroscopic measurements of multi-level
electronic structure of the ion and the occurrence of dark resonances in
the fluorescence signal. The work includes a scheme of the experimental
infrastructure for 40Ca+ ion trapping and cooling, vacuum chamber,
Paul trap, trap radiofrequency control and excitation lasers control and
their referencing to an optical frequency comb disciplined by an active
H-maser. The state-of-the-art of the optical frequency transfer over
long-haul communication fibers is the next topic of the work. Except the
optical atomic clocks experiments, the utilization of this novel setup is
in studies of an unsolved quantum behaviour of ions in strong nonlinear
potential, mutual ions’ interaction including interaction with inner ions’
levels addressed optically.

The research is supported by Grant Agency of the Czech Republic
(project GB14-36681G), Ministry of Education, Youth and Sports of the
Czech Republic (projects LO1212 and €Z.1.05/2.1.00/01.0017) and by
Czech Academy of Sciences (project RV0:68081731).

10230-11, Session 3

Dynamics of entanglement near periodic
plasmonic nanostructures

Nikos lliopoulos, Andreas F. Terzis, Univ. of Patras
(Greece); Vassilios Yannopapas, National Technical Univ.
of Athens (Greece); Emmanuel Paspalakis, Univ. of Patras
(Greece)

In the field of quantum information and quantum computing,
entanglement plays an essential role. Entanglement preservation

is an important issue as realistic guantum systems are affected by
decoherence and entanglement losses due to the interaction with their
environment. For example, in spite of an exponential decay of a single
qubit, the entanglement between two qubits may completely disappear
at a finite time; a phenomenon known as “entanglement sudden

death” [1]. Recently, interest has been given in cases that qubits can

be strongly coupled to plasmonic nanostructures, like, for example, an
one-dimensional plasmonic waveguide [2] or a two-dimensional lattice
of metal-coated dielectric nanoparticles [3]. In such systems the strong
interaction with the surface plasmons leads to significant entanglement
between the two qubits. Here, we consider the interaction of two initially
entangled qubits interacting individually with a two-dimensional lattice
of metal-coated dielectric nanoparticles. We consider two cases for the
qubits, a pair of regular two-level systems and a pair of V-type systems
where one transition is the qubit and the other level acts as an umbrella
level [4]. We consider the entanglement dynamics for different initial
conditions of the qubits. The specific plasmonic nanostructure leads to
strongly modified spontaneous emission rates of individual quantum
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systems (strong suppression in certain cases) and, in addition, to strongly
anisotropic Purcell effect for orthogonal dipoles, that in turn can be used
for simulating quantum interference in spontaneous emission [5]. We use
these effects for significantly prolonging entanglement dynamics near the
plasmonic nanostructure in both cases, in comparison to the cases that
the qubits are in free space.

1. T. Yu and J. H. Eberly, Phys. Rev. Lett. 93,140404 (2004).

2. A. Gonzalez-Tudela, D. Martin-Cano, E. Moreno, L. Martin-Moreno, C.
Tejedor, and F. J. Garcia-Vidal, Phys. Rev. Lett. 106, 020501 (2011).

3. N. lliopoulos, A. F. Terzis, V. Yannopapas, and E. Paspalakis, Ann. Phys.
365, 38 (2016).

4.S. Das and G. S. Agarwal, Phys. Rev. A 81, 052341 (2010).

5. V. Yannopapas, E. Paspalakis, and N. V. Vitanoyv, Phys. Rev. Lett. 103,
063602 (2009).

10230-12, Session 3

852nm triggered single-photon source
based on single cesium atoms trapped in
a microscopic optical tweezer

Junmin Wang, Bei Liu, Gang Jin, Guang Yang, Kong
Zhang, Dongliang Pei, Jun He, Shanxi Univ. (China)

Single-photon source is one kind of important quantum resources for
fundamental research in quantum optics, guantum communications, and
the Bose sampling quantum computation. Based on periodical excitation
of single cesium atoms trapped in a microscopic optical tweezer, formed
by a strongly-focused 1064nm fundamental-mode cw laser beam, 852nm
triggered single photons have been demonstrated and characterized. The
852nm nanosecond excitation laser pulses with a high ON/OFF ratio and a
repetition rate of I0MHz are achieved by chopping a cw single-frequency
852nm laser beam by using of a temperature-stabilized waveguide-type
intensity electro-optical modulator (EOM). The spontaneous emission
heating of trapped single atoms arising from periodical resonant
excitation limits the trapping lifetime, and this seriously affects the
single-photon source. To extend the trapping lifetime, a proper laser
cooling phase is employed after each group of periodical excitation. With
optimized experimental time sequence, the Rabi oscillation of single
atoms between the ground state (6S_1/2 (Fg=4)) and the excited state
(6P_3/2 (Fe=5)) is clearly observed. The triggered 852nm single photons
have been characterized by using of Hambury Brown - Twiss (HBT)
measurement, and a strong photon anti-bunching is realized. The single
photon purity of our single-photon source is ~ 91%, and the single photon
extraction efficiency is ~ 2.1%. References: [1] Phys. Rev. A, Vol.94 (2016)
013409; [2] Appl. Phys. Express, Vol. 9 (2016) 072702; [3] Physica Scripta,
Vol. 84 (2011) 025302
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10231-1, Session 1

Tip-enhanced Raman spectroscopy for
nanoscale chemical analysis and imaging
(Invited Paper)

Renato Zenobi, ETH Zlrich (Switzerland)

Tip-enhanced Raman Spectroscopy (TERS) is a nanoscale chemical
analysis and imaging method with a spatial resolution on the order of

10 nm. TERS is similar to SERS, and relies on enhancement of the local
electromagnetic field in the vicinity of a plasmonic nanostructure that is
scanned over a sample by means of a scanning probe microscope, using
either AFM or STM feedback. The local enhancement of Raman scattered
light is many orders of magnitude, large enough to render monomolecular
films spectroscopically visible that would otherwise be optically too thin
to be analyzed with conventional vibrational spectroscopy.

The working principle and experimental realization of TERS will first be
presented [1]. An important advance concerns the production long-lived
silver TERS tips that, thanks to the presence of a chemical protection
layer, live for many weeks as opposed to the typical lifetime of =1 day for
bare Ag tips [2]. The focus of this presentation will be on applications

of TERS to the spatially resolved chemical analysis of molecular
nanomaterials, including graphene, self-assembled monolayers [3], and a
novel class of materials, 2D polymers [4].

References:

[1] J. Stadler, T. Schmid, and R. Zenobi, Developments in and Practical
Guidelines for Tip-Enhanced Raman Spectroscopy, Nanoscale 4, 1856 -
1870 (2012).

[2] L. Opilik, U. Dogan, C.-Y. Li, B. Stephanidis, J.-F. Li, an R. Zenobi,
Chemical Production of Thin Protective Coatings on Optical Nanotips for
Tip-Enhanced Raman Spectroscopy, J. Phys. Chem. C 120, 20828-20832
(2016).

[3] W.-I. Lin et al., Tip-Enhanced Raman Spectroscopic Imaging Shows
Segregation within Binary Self-Assembled Thiol Monolayers at Ambient
Conditions, Anal. Bioanal. Chem. 407, 8197-8204 (2015).

[4] W. Dai et al., Synthesis of a Two-Dimensional Covalent Organic
Monolayer through Dynamic Imine Chemistry at the Air/Water Interface,
Angew. Chem. Int. Ed. 55, 213-217 (2016).

10231-2, Session 1
SERS substrates for in-situ biosensing

Priyamvada Venugopalan, Austrian Institute of
Technology GmbH (Austria); Nestor Quilis, Dostalek
Jakub, Knoll Wolfgang, AIT Austrian Institute of
Technology GmbH (Austria)

Recent years have seen a rapid progress in the field of surface-enhanced
Raman spectroscopy (SERS) which is attributed to the thriving field

of plasmonics [1]. SERS is a susceptible technique that can address
basic scientific questions and technological problems. In both cases,

it is highly dependent upon the plasmonic substrate, where excitation
of the localized surface plasmon resonance enhances the vibrational
scattering signal of the analyte molecules adsorbed on to the surface
[2]. In this work, using finite difference time domain (FDTD) method
we investigate the optical properties of plasmonic nanostructures with
tuned plasmonic resonances as a function of dielectric environment
and geometric parameters. An optimized geometry will be discussed
based on the plasmonic resonant position and the SERS intensity.
These SERS substrates will be employed for the detection of changes in
conformation caused by interactions between an aptamer and analyte
molecules. This will be done by using a microfluidic channel designed
within the configuration of the lab-on-a-chip concept based on the
intensity changes of the SERS signal. More efficient and reproducible
results are obtained for such a quantitative measurement of analytes at
low concentration levels. We will also demonstrate that the plasmonic
substrates fabricated by top down approach such as e-beam lithography
(EBL) and laser interference lithography (LIL) are highly reproducible,

robust and can result in high electric field enhancement. Our results
demonstrate the potential to use SERS substrates for highly sensitive
detection schemes opening up the window for a wide range of
applications including biomedical diagnostics, forensic investigation etc.

Acknowledgement:

This work was supported by the Austrian Science Fund (FWF), project
NANOBIOSENSOR (I 2647).
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Duyne., “ Biosensing with plasmonic nanosensors,” Nature materials,
308(7), 2008.
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plasmonic substrates for use as SERS sensors,” Nanocovergence, 3(18),
2016.

10231-3, Session 1

SERS investigations and electrical
recording of neuronal networks
with three-dimensional plasmonic
nanoantennas

Francesco De Angelis, Istituto Italiano di Tecnologia
(Italy)

Biological systems are analysed mainly by optical, chemical or electrical
methods. Normally each of these techniques provides only partial
information about the environment, while combined investigations could
reveal new phenomena occurring in complex systems such as in-vitro
neuronal networks. Aiming at the merging of optical and electrical
investigations of biological samples, we introduced three-dimensional
plasmonic nanoantennas on CMOS-based electrical sensors [1]. The
overall device is then capable of enhanced Raman Analysis of cultured
cells combined with electrical recording of neuronal activity. The Raman
measurements show a much higher sensitivity when performed on the
tip of the nanoantenna in respect to the flat substrate [2]; this effect

is a combination of the high plasmonic field enhancement and of the
tight adhesion of cells on the nanoantenna tip. Furthermore, when
plasmonic opto-poration is exploited [3] the 3D nanoelectrodes are able
to penetrate through the cell membrane thus accessing the intracellular
environment.

Our latest results (unpublished) show that the technique is completely
non-invasive and solves many problems related to state-of-the-art
intracellular recording approaches on large neuronal networks.

This research received funding from ERC-IDEAS Program: “Neuro-
Plasmonics” [Grant n. 616213].
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10231-4, Session 2

Parallelization of single nanoparticle
biosensors (/nvited Paper)

Wolfgang Fritzsche, David Zopf, Jacqueline Jatschka,
André Dathe, Andrea Csaki, Matthias Thiele, Gabriele
Schmidl, Guangrui Li, Ondrej Stranik, Sophie Thamm,
Leibniz-Institut fir Photonische Technologien e.V.
(Germany)
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There is steady increasing demand for a reliable and sensitive detection of
a broad range of biomolecules. Among various different approaches for
detection, our group is interested in the use of localised surface plasmon
resonances (LSPR) as a transducer for the biomolecular binding. The
LSPR occurs in metallic nanostructures, where the spectral position and
shape of the resonance can be engineered by the shape of the structure.
We have used several approaches with a different degree of complexity
for the formation of the nanostructures such as microfluidic synthesis

of anisotropic particles [1], double concentric structures by colloidal
lithography [2], pyramidal structures by template stripping and colloidal
lithography [3] or by thermal annealing of thin continuous metal layers
[4]. The reliable readout of the spectral position of the LSPR with very
low noise is one of the key challenges in the biosensing process. The
relatively simple detection can be realized on nanoparticles ensembles,
but the step to the spectroscopy of a single particle is challenging [5].
Often only single or a small number of nanostructures can be measured
at once and therefore a parallelization of these measurements is very time
consuming. In our approach we have establshed hyper-spectral imaging
combined with microscopy imaging system, which allows to record
spectral properties of many particles simultaneously [6]. We were able
to map spatial variation of the protein adsorption and to demonstrate
the limitation of the ensemble LSPR measurement caused by the shape
variation of the metallic nanostructures.

Ref:

[1] Thiele M, Soh J Z E, Knauer A, Malsch D, Stranik O, Mdller R, Csaki
A, Henkel T, Kéhler J M and Fritzsche W 2016 Gold nanocubes - Direct
comparison of synthesis approaches reveals the need for a microfluidic
synthesis setup for a high reproducibility Chemical Engineering Journal
288 432-40
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Physics Letters 109 163101
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Engineering: B 193 207-216

[5] Jatschka J, Dathe A, Csaki A, Fritzsche W and Stranik O 2016
Propagating and localized surface plasmon resonance sensing — A critical
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Research 7 62-70

[6] Zopf D, Jatschka J, Dathe A, Jahr N, Fritzsche W and Stranik O 2016
Hyperspectral imaging of plasmon resonances in metallic nanoparticles
Biosensors and Bioelectronics 81 287-93

10231-5, Session 2

Silicon-based high-index contrast sensing
surface

Muhammad Umar Khan, John Justice, Pierre P. Lovera,
Brian Corbett, Tyndall National Institute (Ireland)

A Bloch Surface Wave (BSW) based sensor uses a multilayer Bragg
reflector as a structure for the excitation of a surface wave within the
band-gap of the reflector. The wavelength of the surface wave can be
tuned inside the band-gap by adjusting the surface layer thickness.

The BSW provides greater freedom in the operating wavelengths than
Surface Plasmon Resonance (SPR), which is limited to a narrow range

of metal dependent wavelengths. The BSW have longer propagation
distances than the SPR waves due to smaller losses associated with
dielectric materials and can be designed for both TE and TM polarisations
in contrast to SPR which are only TM polarised. In this paper, an optical
platform sensitive to changes in surface refractive index based on a thin
silicon layer deposited on silicon dioxide on sapphire is experimentally
demonstrated. The resonance is due to the layered structure and does not
rely on additional processing. The excited TM polarised mode is compared
to the multilayer BSW, SPR and the silicon-on-insulator (SOI) waveguide
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modes to show that the excited mode is not a high index guided mode
but a BSW-like mode. Penetration depth of the excited mode at 1/e of
the electric field is 150 nm into the water above the surface making it
suitable for sensing thin analytes. The sensor is designed to operate
around 820 nm wavelengths in the prism based Kretschmann-Raether
configuration. A bulk sensitivity of 900 nm per refractive index unit
(RIU) is experimentally demonstrated using water (n=1.33) and isopropyl
alcohol (IPA, n=1.37) above the surface of the sensor. The demonstrated
sensitivity is comparable to SPR based sensors but without the restriction
in operating wavelength. The sensor is relatively insensitive to fabrication
tolerances and can be designed to achieve a sensitivity of 1950 nm/RIU
for operation at wavelengths of 1550 nm where the silicon-on-insulator
(SOl platform is now being widely used for photonic integration.

10231-6, Session 2

Plasmonically enhanced fluorescence
biosensor with aptamer ligand

Khulan Sergelen, Daria Kotlarek, Jakub Dostalek, AIT
Austrian Institute of Technology GmbH (Austria)

The coupling of light to surface plasmons allows to strongly confine

its electromagnetic field and enhance its intensity. These features

are attracting for improving performance characteristics of various
fluorescence-based analytical technologies. The near-field coupling of
fluorophores that are used as labels with surface plasmons offers means
to manipulate with emitted fluorescence light by the combination of
enhanced excitation rate, distance depending quenching, and directional
fluorescence emission. In affinity fluorescence biosensors, the surface

of metallic nanostructures with tailored plasmonic characteristics is
modified with ligands for specific capture of target analyte molecules.
The probing of captured molecules with surface plasmons amplifies
detected fluorescence signal which translates to the ability of detecting
of lower amounts of specifically captured analyte from investigated
samples and improved limit of detection. The paper will discuss the
implementation aptamer-based surface plasmon-enhanced fluorescence
(SPFS) for direct analysis of low molecular weight analytes. There will be
presented two configurations based on split aptamer and loop aptamer
designs for capture of target analyte from analyzed liquid sample.
Plasmonic enhancement is reported for direct fluorescence-based
reversible assay for adenosine triphosphate (ATP) and thrombin which
can serve as biomarkers. An optical configuration of SPFS combined with
surface plasmon resonance (SPR) is employed for the investigation of the
interaction of loop aptamer with an Alexa Fluor 647 dye attached to its
5’ end. The loop aptamer was designed with different spacers in order

to control the distance between the gold sensor surface. The specific
analyte binding alters the fluorescence signal intensity by a factor as
large as 24 by switching the aptamer from “off” to “on” state due to the
loop opening. The amplification of fluorescence signal by the resonant
excitation of surface plasmons at wavelength that is coincident with

the absorption band of the fluorophore increases the measured signal-
to-noise ratio and allows real-time observation of affinity binding. The
measured distance dependent quenching is compared with simulations in
order to identify the optimum combination of distance and fluorophore
orientation in the “off” and “on” states. Utilization of aptamer ligands with
biocompatible hydrogel-based interfaces for continuous monitoring of
low molecular weight analytes will be addressed.

10231-7, Session 2

Wide-field surface plasmon microscopy
of nano- and microparticles: features,
benchmarking, limitations, and
bioanalytical applications

Shavkat Nizamoyv, Vitali Scherbahn, Vladimir M. Mirsky,
Brandenburgische Technische Univ. Cottbus (Germany)

Detection of nano- and microparticles is an important task for chemical
analytics, food industry, biotechnology, environmental monitoring
and for many other fields of science and industry. For this purpose, a
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method based on the detection and analysis of minute signals of surface
plasmon resonance images due to adsorption of single nanoparticles

was developed. This new technology allows one a real-time detection

of interaction of single nano- and microparticles with sensor surface.
Adsorption of each nanoparticle leads to characteristic diffraction image
whose intensity depends on the size and chemical composition of the
particle. The adsorption rate characterizes volume concentration of nano-
or microparticles. Large monitored surface area of sensor surface enables
a high dynamic range of counting and to a correspondingly high dynamic
range in the concentration scale. Depending on the type of particles and
experimental conditions, the detection limit for agueous samples can be
below 1000 nanoparticles per microliter. Stable analysis of nanoparticles
in very complex environment (fruit juice, cosmetic formulations) was
demonstrated.

The method can be applied for ultrasensitive detection and analysis of
nano- and microparticles of biological (bacteria, viruses, endosomes),
biotechnological, (liposomes, protein nanoparticles for drug delivery)
or technical origin. Applications in biosensing and bioanalyticas will be
discussed.
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10231-8, Session 3

Nanostructure-enhanced surface plasmon
resonance imaging

Barbora ?pa?kova, Nicholas Scott Lynn Jr., Ji?i Slab?,
Markéta Bockova, Ji?i Homola, Institute of Photonics and
Electronics (Czech Republic)

There remains a need for the multiplexed detection of biomolecules

at extremely low concentrations in fields of medical diagnostics, food
safety, and security. Surface plasmon resonance imaging is an established
biosensing approach in which the measurement of the intensity of light
across a sensor chip is correlated with the amount of target biomolecules
captured by the respective areas on the chip. In this work, we present

a new approach for this method allowing for enhanced bioanalytical
performance via the introduction of nanostructured sensing chip and
polarization contrast measurement, which enable the exploitation of
both amplitude and phase properties of plasmonic resonances on the
nanostructures. Here we will discuss a complex theoretical analysis of the
sensor performance, whereby we investigate aspects related to both the
optical performance as well as the transport of the analyte molecules to
the functionalized surfaces. This analysis accounts for the geometrical
parameters of the nanostructured sensing surface, the properties of
functional coatings, and parameters related to the detection assay.

Based on the results of the theoretical analysis, we fabricated sensing
chips comprised of arrays of gold nanoparticles (by electron-beam
lithography), which were modified by a biofunctional coating to allow
for the selective capturing of the target biomolecules in the regions

with high sensitivity. In addition, we developed a compact optical reader
with an integrated microfluidic cell, allowing for the measurement from
50 independent sensing channels. The performance of this biosensor is
demonstrated through the sensitive detection of short oligonucleotides
down to the low picomolar level.
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10231-9, Session 3

Fabrication of plasmonic nanopore for
next generation nanobio sensor device

Seong Soo Choi, Sun Moon Univ. (Korea, Republic of)
and Sungkyunkwan Univ. (Korea, Republic of); Myoung
Jin Park, Chul Hee Han, Sae-Joong Oh, Sun Moon Univ.
(Korea, Republic of); Yong-Sang Kim, Sungkyunkwan
Univ. (Korea, Republic of); Doo Jae Park, Hallym Univ.
(Korea, Republic of); Nam Kyou Park, Seoul National
Univ. (Korea, Republic of)

There have been tremendous interests about the fabrication of the
portable single molecule nanosensor device. The small pocketsize
nanobio sensor with the nanopore array on the nanometer thin
membrane can be utilized as genome sequencing device with an
electrical detection technigue. However, the miniaturized portable device
manufactured by Oxford Nanopore company is reported to have too high
signal to error ratios. This high error could be due to overlapping of the
electrical double layer inside the pore channel.

In this report, the optical nanopore on the Au membrane will be reported.
Initially, the pyramidal array or flat square array on the (3 mm x 3 mm)
square substrate by using conventional Si microfabrication technique was
fabricated, followed by deposition of Au membrane using evaporation
technique. Then, the the free standing membrane with and without
pyramidal structure was obtained by etching the backside supporting
film. Prior to electron beam irradiations, the groove patterns were
engraved in order to provide the enhanced optical output intensity.

Then, Au apertures were drilled with Ga ion Focused ion Beam, and
electron beam irradiations were followed. The electron beam induced
Au-C membrane was formed under 2 keV 1.4 nA FESEM treatment. The
Au clusters were also formed after several months later. Due to melting
temperature variation dependent upon the particle size, We observed
the inconsistent experimental behavior of the diffused membrane during
electron beam treatment by using FESEM or TEM. However, we are able to
control the pore size of the Au membrane, either by diffusion technique,
or by drilling with focused electron beam at 200 keV. The fabricated pore
diameter was measured to be ~ ( 3 ~ 5)nm, and the smallest pore gap is
found to be ~ 0.75 nm by TEM. Controlled nanopore can be utilized as a
nanobio sensor device for single molecule analysis such as RNA, DNA,
protein, etc.

10231-10, Session 3

Au-based thin film metallic glasses for
plasmonic sensor applications

Cheng Wang, Li-Wei Nien, Yi-Chen Lai, Hsin-Chia Ho,
Chun-Hway Hsueh, National Taiwan Univ. (Taiwan)

In this work, we proposed an Au-based thin film metallic glass (TFMG),
R55, of which the real part (?r) of dielectric function measured by
ellipsometer is smaller than those of Ag and Au for the wavelength
smaller than 800 nm. Although the imaginary part (?i) is larger than
those of Ag and Au, we could utilize this new material in the plasmonic
sensors with sufficiently large propagating surface plasmon resonance
(LSPR) and localized surface plasmon resonances (PSPR) in certain
wavelength region. Au and Au-based TFMGs with thickness of 50 nm
were prepared by the sputtering process on BK7 glass (n = 1.5168)
substrate. The substrate was attached to a BK7 prism with index matching
oil (n =1.5150 + 0.0002). De-ionized water and ethyl alcohol with
refractive indexes of 1.333 and 1.361, respectively, were used as analytes
in the PSPR measurements. The SPR angle, at which the reflectance in
p-direction is minimal in the reflectance intensity versus incident angle
curve, shifts with different analytes. The shift angle of Au and Au-
based MG thin films for the incident wavelength of 850 nm were 5 and
4 degrees, respectively, as the analyte was switched from de-ionized
water to ethyl alcohol. In addition, the adhesion force was measured
compared to pure Au film using nano-scratch test, and Au-based TFMG
showed stronger adhesion strength than that of Au film, which makes
adhesion layer (e. g. Ti) unnecessary in PSPR sensors. The micro- and
nano-structures on the surface of Au-based TFMGs for LSPR sensor were
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fabricated by embossing stampers onto TFMGs in the super cooled liquid
region (SCLR). Then, the stamper was retreated when the temperature
was decreased to below 0.8 Tg (glass transition temperature). Using this
method, topographic patterns with different shapes and scales could

be fabricated. For Raman spectroscopy, the self-assembled molecule of
p-aminothiolphenol (p-ATP) was selected as the analyte. Compared with
the same structured traditional LSPR sensor of Au (~40 nm in thickness)
coated on the top of nano-structured Si substrate, the vibrational
characteristic peaks of the analyte for TFMG-based sensor were much
more distinguishable as grain boundary scattering did not occur and the
vibrational signal of Si at ~900 cm”-1 did not show to overlap the signals
of analyte. In conclusion, Au-based TFMGs were verified to be great
potential materials for plasmonic sensors, including PSPR- and LSPR-
based sensors.

10231-11, Session 3

Investigation of plasmonic transmission
in UT shaped graphene arrays

Yasa Eksioglu Ozok, Istanbul Kemerburgaz Univ.
(Turkey); Arif E. Cetin, Massachusetts Institute of
Technology (United States)

Surface plasmons (SPs) are excited collective electron oscillations
between a metal and a dielectric surface. The graphene shows metallic
character at far-infrared and Thz spectral range so it controls and
manipulates the light through the excitation surface plasmons. In addition
to this it has an advantage lies on its two dimensional character which
provides a strong confinement of surface plasmons compare to metals.

In this work, we present the optical properties of a graphene plasmonic
periodic arrays based on multi-resonant UT shaped structure in the far-
infrared and THz regions. The proposed multi-resonant structure shows
three different resonance frequencies which can be adjusted not only with
geometry of the structure but also with the graphene layers, chemical
potential and the relaxation time. The numerical results are calculated by
using Finite Difference Time Domain (FDTD) method.

The first and second order resonating modes are located in the U-shaped
structure while the third order mode is located in the T-shape. The
change in the spectral response is considered for different geometric
parameters H (height), L (Iength), w (width), s (distance between U and
T). We mainly focused on the second order mode which has a strong
enhancement in transmission compared to the first and third order
modes. The second order mode experiences a blueshift when the height
and the width of the structure increase. As we increase the length and
the distance between U and T, we observe a redshift in the second order
resonance mode. We also consider the effect of graphene layers on the
transmission. The transmission peak of all three order modes is blue
shifted related to increasing number of the graphene layers. The other
important parameter for graphene is the chemical potential which is
responsible for the surface conductivity of a graphene. All three modes
experience a blueshift and the transmission is enhanced at the same
time. When we increase the relaxation time of electons, which is strongly
related with the chemical potential of the graphene, the second order
transmission peak remains unchanged (no red or blue shifted) but the
peak becomes sharper.

10231-12, Session 3

Control of plasmonic properties in
thermally oxidized gallium nanoparticles
for biosensing

Sergio Cataldn Gémez, Andrés Redondo-Cubero, Univ.
Auténoma de Madrid (Spain); Emilio Nogales Diaz, Univ.
Complutense de Madrid (Spain); Luis Vdzguez Burgos,
Javier Palomares, Instituto de Ciencia de Materiales

de Madrid (Spain); José Luis Pau, Univ. Auténoma de
Madrid (Spain)

Gallium nanoparticles (NPs) have attracted a lot of interest in the last
years for biosensing and photonic devices [1], since they provide a wide
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tunability of the plasmon resonance energy, from the UV to the IR spectral
region. This resonance is controlled by the size, shape, interdistance and
the refractive index of the surrounding media [2]. Ga NPs produced by
evaporation typically exhibit a hemispherical geometry and, above a
critical size, they start to merge and coarsen. When thermally evaporated
NPs are exposed to air, a 0.5-3 nm thin layer of an amorphous gallium
oxide is formed around the liquid Ga NPs [3] preserving them from the
environment and modifying the chemical and biosensing properties.

In this work a thermal oxidation in a quartz tube from 150 °C to 900 ¢C

is performed in order to investigate the morphology and structure of the
gallium oxide shell. Various involved parameters in the process have been
studied such as gas type (argon and oxygen), time, substrate and size of
the NPs.

For temperatures between 150 °C and 300 °C, we observed a red-shift
of the out-of-plane plasmon resonance in spectroscopic ellipsometry
ascribed to an increase of the oxide thickness. The increase of the
oxide thickness has been also corroborated from X-ray photoelectron
spectroscopy. Furthermore, X-ray diffraction shows a decrease of liquid
Ga broad bands according to this process. Discrete dipole approximation
software has been used to confirm the effects of a shell of increasing
thickness on the optical absorption of the nanoparticles. A plastic
deformation of the shell is observed by scanning electron microscope
evidencing the reduction of the liquid Ga volume in the core of the
nanoparticle.

Above 450 °C, as a consequence of the thermal expansion and vapour
pressure of the liquid gallium inside the nanoparticle, the oxide shell
breaks and liquid gallium is ejected through a crater as the scanning
electron microscope images show. At those temperatures, X-Ray
diffraction and cathodoluminiscence demonstrate the formation of good
quality crystal ?-Ga203.

The functionalization and biosensing properties of the thermally oxidized
nanoparticles are investigated and compared with the properties of as-
deposited nanoparticles used in our previous works [4].

1. A. Garcia Marin et al., Biosens. Bioelectron. 74, 1069 (2015)
2. K.A. Willets et al., Annu. Rev. Phys. Chem. 58, 267 (2007)
3. JM. Sanz et al., J. Phys. Chem. 117, 38 (2013)

3. A. Garcia Marin et al., Nanoscale 8, 18 (2016)

10231-13, Session 4

A new concept for noninvasive optical
sensing: random lasing

Federico Tommasi, Emilio Ignesti, Lorenzo Fini, Fabrizio
Martelli, Stefano Cavalieri, Univ. degli Studi di Firenze
(Italy)

The development of optical sensing based on radiation-matter “passive”
interactions, i.e. based on absorption, scattering, fluorescence and Raman
processes, has undergone a large development and are of great interest,
due their moderate intrusiveness, in particular for investigating biological
samples.

Since ‘90s, the introduction of working random laser systems [1] has
open the new intriguing opportunity to exploit also “active” strategies, e.i.
based on amplification of light, in the field of sensing [2,3].

In a nutshell, random lasing occurs in a disordered material with a
population inversion if the amplification of the light, during a random
propagation, overcomes losses, leading to a laser-like omnidirectional
radiation. Indeed, the presence of an optical cavity of the convention laser
is substituted by the scattering process, increasing the lifetime of the
radiation within the active material that provides the gain by stimulated
emission.

A possible application of this topic is the optical sensing, because the
striking point is that the spectral characteristics of the emission spectrum
strongly depend on the scattering properties of the material [4,5]. Since,
in principle, every disordered material can be arranged as a random laser
system once gain properties are added, such a kind of radiation has been
reported in biological tissues where an active medium is injected [6,7].

The main bottleneck in developing this strategy has been the requirement
to alter the sample by injection of external and often also toxic
substances.

46 SPIE Optics + Optoelectronics 2017

www.spie.org/oo Return to Contents



Conference 10231: Optical Sensors

Here we present a novel concept for a fiber-coupled optical sensor,
arranging the system to exploit the disorder of an external and
uncontaminated sample for achieving a random laser emission [8].
Such features allow to perform measurement of scattering properties
of different samples by using the same non-invasive sensor, suggesting
possible future in-vivo applications in tissue optics. The key concept is
to concentrate the active properties inside the sensor and to couple the
radiation emitted by the active material with the sensor itself after a
propagation in the external disordered medium.

The experimental results show that the spectral behaviour of the
emission, such as the amplification, the spectral narrowing and the peak
wavelength, is extremely sensible to tiny variations in the scattering
properties of the disordered sample. Moreover, it has been demonstrated
that the same sensor is able to investigate samples that vary by several
order of magnitude in the scattering properties.

[11 D. S. Wiersma, Nat. Phys. 4, 359-367 (2008)

[2] H. Cao, Opt. Photonics News 16, 24-29 (2005)

[31S. H. Choi, Y. L. Kim, Biomed. Eng. Lett. 4, 201-212 (2014)

[4] E. Ignesti et Al., Phys. Rev. A 88, 033820 (2013)

[5]1 F. Tommasi et Al., Phys. Rev. A 91, 033820 (2015)

[6] R. C. Polson, Z. V. Vardeny, Appl. Phys. Lett. 85, 1289-1291 (2004)
[71 Q. Song et Al,, Opt. Lett. 35, 1425-1427 (2010)

[8] E. Ignesti et Al., Sci. Rep. 6, 35225 (2016)

10231-14, Session 4

Use of VLC for indoors navigation with
RGB LEDs and a-SiC:H photodetector

Paula Louro, Instituto Superior de Engenharia de
Lisboa (Portugal) and Ctr. of Technology and Systems,
UNINOVA (Portugal); J. Costa, Manuel Augusto Vieira,
Manuela Vieira, Instituto Superior de Engenharia de
Lisboa (Portugal) and Ctr. of Technology and Systems,
UNINOVA (Portugal)

Energy saving LED lamps constitutes main elements in Visible Light
Communication (VLC) technology as they can be used for communication
purposes. Several applications derive from this technology, and indoors
positioning is a field where VLC can be used with success, overcoming
main advantages related to GPS signals that are strongly absorbed by
building infra-structures. Several applications of the proposed technology
are predicted, such as guidance of users inside large buildings, location-
based services, automation of some inventory management processes,
etc..

The work presented in this paper supports the viability of a navigation
system based on Visible Light Communication (VLC) for indoors
applications. The system design uses RGB LEDs and an a-SiC:H
photodetector. The system has four transmission optical channels
supplied by the modulation at two different frequencies of the RGB
LED internal red and blue chips. Each cardinal direction becomes

thus assigned to a specific set of optical excitation, dependent on the
wavelength and frequency of the modulated RGB LED.

An optoelectronic characterization of the devices used in the integrated
system is presented to support the main results, namely the decoding
strategy. The photodetector is a multilayered pin-pin heterostructure
based on a-SiC:H on a glass substrate and inserted between two
transparent electrical contacts. It works as an optical filter in the visible
range, presenting a selective spectral sensitivity dependent on the
external optical bias (wavelength, intensity and direction of incidence on
the device), that enables the amplification and/or attenuation of specific
wavelengths when properly biased with steady state optical illumination.

Each navigation direction is assigned to the presence of 2, 3 or 4 optical
signals of characteristic frequency and wavelength. In order to infer the
navigation position a dedicated algorithm based on the photocurrent
signal measured under front and back bias was developed. First, it is
necessary to identify the wavelengths that contribute to the photocurrent
signals, which are related to the device wavelength filtering properties.
Front biasing is used to detect the red wavelength and back biasing to
detect the blue wavelength. Secondly, as signals of the same wavelength
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may be modulated at different frequencies it is necessary to detect the
frequencies present in the output signal, which is done using Fourier
analysis.

The viability of the system is demonstrated through the implementation
of an automatic algorithm to infer the photodetector cardinal direction.
Additional research on the light intensity is presented to investigate the
accuracy of the spatial position along a cardinal direction.

A capacitive optoelectronic model supports the experimental results and
explains the device operation. A numerical simulation will be presented.

10231-15, Session 4

Coupled data transmission and indoor
positioning by using transmitting
trichromatic white LEDs and a SiC optical
MUX/DEMUX mobile receiver

Manuela Vieira, Instituto Superior de Engenharia de
Lisboa (Portugal); Manuel Augusto Vieira, Ctr. of
Technology and Systems, UNINOVA (Portugal); Pedro
Vieira, Instituto de Telecomunicacgdes, Instituto Superior
Técnico (Portugal); Paula Louro, Ctr. of Technology and
Systems, UNINOVA (Portugal)

The solid-state lighting is revolutionizing the indoor illumination. Current
incandescent and fluorescent lamps are being replaced by LEDs at
strong pace. Apart from extremely high energy efficiency, LEDs have
other advantages such as longer lifecycle and lower heat generation.
One additional benefit of LEDs is that they are capable of switching to
different light intensity at a very fast rate. This functionality has given
rise to a novel communication technology (Visible Light Communication
- VLC) where LED luminaires can be used for high speed data transfer.
VLC is an attractive replacement for traditional wireless Radio Frequency
(RF) communication for an indoor environment. However, VLC is not
expected to replace traditional RF communication and is envisioned as
an alternative or complementary technology. Due to the combination of
illumination and communication, a lot of research has been conducted

in VLC applications, such as indoor high speed wireless access and
positioning. Indoor positioning based on VLC is a research field that
takes advantage of this technology to perform location identification. Its
applications cover a wide area where technology can be integrated into
consumer-electronics products, such as in-house navigation, which can be
used, for instance, to provide location identification and thus guide users
inside large museums and shopping malls.

The feasibility of VLC has been both demonstrated by employing
Red-Green-Blue (RGB) and phosphor-based LEDs. RGB-LEDs, which
compared with phosphor-based LEDs, are more promising solutions

to high speed VLC systems, as they offer the possibility of Wavelength
Division Multiplexing (WDM), highly increasing the transmission data
rate. By employing RGB-LEDs and spectrally efficient modulations, some
outstanding achievements on high-speed VLC transmission are possible.

In this paper, we present an indoor positioning system, where trichromatic
white LEDs are used as transmitters and an optical processor based

on a-SiC:H technology as the mobile receiver. The optical processor is
implemented using a double p-i-n photodetector with two UV light biased
gates. The relationship between the optical inputs (transmitted data) and
the corresponding digital output levels (received data) is established and
decoded. An algorithm is developed for the decoding process.

The received signal uses coded multiplexing techniques for supporting
communications and navigation concomitantly on the same channel.

The device position is estimated using the visible multilateration method
through measuring the received signal strength from several non-collinear
transmitters. The location and motion information is calculated by
position mapping and estimating the location areas. Since the transmitted
data of the different LED light sources and its location is known from
building floor plans and lighting plans, the corresponding transmitted
data information, indoor position and travel direction of the mobile device
can be determined.

Results showed that by using a pinpin double photodiode based on a
a-SiC:H heterostucture as the receiver and RBG-LED as transmitters, it is
possible not only to determine the position of a mobile target but also to
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infer the travel direction over time, and also the transmitted information
received in each position. To improve the transmission rate, parallelized
communication will be analysed by using multiple emitters and receivers.

10231-16, Session 4

Interrogation of super-structured FBG
sensors based on discrete prolate
spheroidal sequences

Cristian Andres Triana Infante, Univ. Politécnica de
Valéncia (Spain) and Univ. Nacional de Colombia
(Colombia); Daniel Pastor, Univ. Politécnica de Valéncia
(Spain)

We propose, and experimentally validate, an interrogation method to use
elaborated structures such as the Discrete Prolate Spheroidal Sequences
(DPSS) as sensors. These devices can be accurately manufactured as
Super Structured Fiber Bragg Gratings (SSFBG) and therefore retain the
same sensing characteristics from FBGs. DPSS structures are a family of
codes mutually orthogonal between them. Besides, when manufactured
as SSFBG, each device features a distinctive alternating shape embedded
into a fixed optical bandwidth, which proves useful when channeling

in WDM communications systems. On the other hand, the advantages

of encoding FBG sensors were recently demonstrated. More precisely,
FBG sensors with a particular amplitude shape, can be interrogated
achieving complete identification of each sensor, even under overlapping
conditions. Which means that the spectral working range of the sensing
network per number of sensors can be reduced since one or more sensors
are allowed to share the same spectral region. In a similar approach, we
propose to interrogate optical sensors designed as DPSS due to their
promising characteristics in encryption for optical communications. Since
these devices are more complex structures involving unique amplitude
and phase response the demodulating method should be able to recover
both amplitude and phase response in order to identify each device in
the sensing network. To do so, we propose the use of a tunable, dual-
wavelength source (Single Side Band modulation of the tunable laser
carrier), sweeping over the working range of the sensors, the reflected
signal from the sensors is sent to a Vector Network Analyzer (VNA) in
which it is obtained the amplitude and phase ratio between the two
reflected wavelengths.

Experimental demonstration has been carried out. With a very good
result for the manufacturing of DPSS structures, in the experiments, two
DPSS sensors are placed in the same spectral region and one of them

is temperature shifted. The correlation, phase and amplitude product,
between the original sensor shape and the compounded measurement
returns the central wavelength position of each one of the sensors

with a proper ratio between the auto correlation peak (ACP) and the
cross correlation signal (XC). In this way, feasibility of the interrogation
technique for devices involving amplitude and phase distinction has been
validated, not only to identify sensors in a measurement network but
also to allow overlapping between them. Additionally, a comprehensive
comparison between the obtained results and the theoretical simulation
is performed. Some interesting figures of merit are studied such as the
ACP/XC ratio for each sensor, the scanning time, and the optimum (e
reconfigurable) modulation frequency.

10231-17, Session 4

Smart image selection algorithm in
analysis plane of the optical-electronic
angle measuring sensor

Anton A. Nogin, Igor A. Konyakhin, ITMO Univ. (Russian
Federation)

Optoelectronic sensors are effective instrument for non-contact
measurement deformations of such environmentally hazardous facilities
like pipelines, fuel reservoirs, power settings and no less effective while
verifying the proper installation of the transportation modules, carrying
environmentally hazardous substances. The issue of increasing the
measuring range of the optoelectronic autocollimation sensor is being
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considered.

This study presents a fully functional algorithm, based on circle Hough
transform which enable to expand the metrological performance of the
angle measuring sensor by addressing the problem of malfunction of the
device when the marks are overlapping. In order to increase the number
of measured angles in autocollimation angle measuring sensor used

a control element different from a flat mirror. These control elements
increase the number of measured angles and the expense of the small
ratio of the optical reduction. However, when such control elements

are being used, in the plane of the image analysis may happen marks
overlapping which make it impossible to measure the angles.

In order to study the possible solution of this problem, the model for

the processing of overlapping arrays of irradiance has been developed
and implemented in technology MatLab. This model has allowed
investigating the influence overlapping marks on the measuring accuracy
of the coordinates. The algorithm is based on the idea using the

Hough transform. Hough Transform can solve the problem of grouping
boundary points by the use of particular voting procedures to a set of
parameterized objects in the image. This is particularly significant when
it is necessary to detect objects whose boundaries are crossing. For this
purpose, Accumulation array is used for detects the presence of the
required object. The dimension of the Accumulation array is equal to

the number of unknown parameters of the Hough space. In the case of
circular marks, the number of unknowns is equal to three. These will be X
and Y, and the radius of the mark. The algorithm is sufficiently flexible and
can measure the marks centres while the various parasitic reflections, the
inhomogeneity of the background and etc are being ignored. Algorithm
determines whether the weight of the boundary at this point is sufficient
for each point and its neighbourhoods. This method is based on an
assessment of the normal orientation of the voting contour points. The
first step of the process is finding edge pixels which are surrounding the
perimeter of the object. Evaluation of the amplitude and direction of

the gradient vector is used for this purpose. The voting contour point is
considered in terms of high modulus gradient. The second step, position
estimate and the orientation of the circuit in order to evaluate the center
of a circular object of radius R by the movement over a distance R from
the edge of the pixel in the direction normal to the contour is being used
for each edge pixel.

If this operation is repeated for each edge pixel, a variety of positions
alleged points of the centre, which can be averaged to determine the
exact location of the centre will be found. After that, algorithm used a
threshold filter and search of the local maximum in the accumulator array
for determination the centres of the circles.

Application of the proposed algorithm allows to keep the device
efficiency when marks are overlapping without significant loss of
accuracy. The algorithm passed the functional test.

10231-18, Session 5

GeSn/Ge quantum well photodetectors
for short-wave infrared photodetection:
experiments and modeling

Chia-Ho Tsai, Guo-En Chang, National Chung Cheng
Univ. (Taiwan)

Group-1V GeSn material systems have recently considered as a new
material for sensitive photodetection in the short-wave infrared (SWIR)
region. The introduction of Sn into Ge can effectively narrow the bandgap
energies, thereby extending the absorption edges toward the longer
wavelengths and enabling effective photodetection in SWIR region.
Here we present an experimental and modeling study of GeSn/Ge
quantum well (QW) photodetectors on silicon substrates for effective
SRIW photodetection. Epitaxial growth of pseudomorphic GeSn/Ge

QW structures was realized on Ge-buffered silicon substrates using
low-temperature molecular beam epitaxy. Normal incident GeSn/

Ge QW photodetectors were then fabricated and characterized. The
optical responsivity experiments demonstrate that the photodetection
cutoff wavelengths is extended to beyond 1800 nm, enabling effective
photodetection in SWIR spectral region. We then develop theoretical
models to calculate the composition-dependent strained electron band
structures, oscillation strengths, and optical absorption spectra for the
pseudomorphic GeSn/Ge QW structures. The results show that Gel-xSnx
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well sandwiched by Ge barriers can achieve a critical type-I alignment at
? point to provide necessary quantum confinement of carriers. With an
increase in the Sn content, the band offsets between the GeSn well and
Ge barreirs increases, thus enhancing the oscillation strengths of direct
interband transitions. In addition, despite stronger quantum confinement
with increasing Sn content, the absorption edge can be effectively shifted
to longer wavelengths due to the direct bandgap reduction caused by
Sn-alloying. These results suggest that GeSn/Ge QW photodetectors

are promising for low-cost, high-performance SWIR photodetection
applications.

10231-19, Session 5

Compressive spectroscopy by spectral
modulation

Yaniv Oiknine, Isaac Y. August, Adrian Stern, Ben-Gurion
Univ. of the Negev (Israel)

We review two compressive spectroscopy techniques based on
modulation in the spectral domain that we have recently proposed. Both
techniques achieve a compression ratio of ~x10, however each with a
different sensing mechanism.

The first technique [1] use a liquid crystal cell as a tunable filter with a
single photo detector, where the liquid crystal phase retarder is used to
modulate the input spectrum and the photodiode is used to measure the
transmitted spectral signal.

The second technique [2] uses a Fabry-Perot etalon as a resonator and a
photo-sensor in order to obtain different multiplexed spectral modulation.

In both techniques, sequences of measurements are taken, where each
measurement is done with a different state of the retarder or different
gap width, respectively. Then, the set of measurements are used as input
data to a compressive sensing solver algorithm.

Both technigues have high compressibility ratio and an optical throughput
that is at least two orders of magnitude higher than of spectrometers
with variable filters. Additionally, these techniques can be extending to
work as hyperspectral cameras [3-4].

[1]Y. August and A. Stern, “Compressive sensing spectrometry based on
liquid crystal devices,” Optics Letter 38, 4996-4999 (2013).

[2] Y. Oiknine, I. August, and A. Stern, “Compressive Sensing Resonator
Spectroscopy,” Submitted to Optics Letter (2016).

[3] Y. August, Y. Oiknine, M. Abuleil, I. Abdulhalim, and A. Stern, “Miniature
Compressive Ultra-spectral Imaging System Utilizing a Single Liquid
Crystal Phase Retarder,” Scientific Reports (Nature Publication Group) 6,
23524 (2016).

[41Y. Oiknine, I. August, and A. Stern, “Along-track scanning using a
liquid crystal compressive hyperspectral imager,” Optics Express 24,
8446-8457 (2016).

10231-20, Session 5

Speckle tracking approaches in speckle
correlation sensing

Thomas O. H. Charrett, Cranfield Univ. (United Kingdom);
Krzysztof Kotowski, Cranfield Univ. (United Kingdom)
and Silesian Univ. of Technology (Poland); Ralph P.
Tatam, Cranfield Univ. (United Kingdom)

Laser speckle pattern correlation is a measurement philosophy that uses
the translation and decorrelation of recorded laser speckle patterns to
infer information about the illuminated object or the illumination source
and detector. This approach can be used to measure object translation,
rotation and strain[1] and recently there has been increased interest in the
technique for practical applications in industry and robotics [2-4].

This paper investigates an alternative data processing method for
speckle correlation sensors that mirrors the human approach used in
viewing speckle patterns, i.e. identifying characteristic speckles present
in both images to determine the speckle shift. Although such feature
detection and tracking is a well-developed concept in computer vision
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their application in laser speckle sensing is limited. To our knowledge,

the only prior application of feature matching is the use of the scale
invariant feature transform (SIFT) algorithm [5] for personal identification
card recognition [6,7] where a feature matching approach is necessary

to ensure that speckle patterns can be matched to a database even in

the presence of translations and rotations. Such approaches are also
potentially well suited to speckle correlation sensing for industrial and
robotics applications allowing not only the speckle translation to be
determined, but also the rotation of the speckle pattern to be computed.

This paper investigates potential feature detectors and tracking
techniques for laser speckle correlation sensing. Initially a range of feature
detection methods are reviewed and tested on laser speckle images and
their performance assessed. Next, different feature descriptor methods
used in the process of matching features between consecutive frames
and the processing required to find the translation and rotation from

the matched features are described. The performance of these speckle
tracking approaches are then investigated and compared with the
normalised cross-correlation approach conventionally used in speckle
correlation sensing. Results using both simulated and experimental data
are shown to be in good agreement for the case of speckle translation.
Finally the paper presents preliminary results of the accuracy achievable
for object rotation measurements using the feature tracking approach
with errors of 0.02° achievable in processing times of around <10ms using
simulated and experimental results.

[1] Yamaguchi, I., “Measurement and Testing by Digital Speckle
Correlation,” Proc. SPIE 7129, J. Fang and Z. Wang, Eds., 712907-71290Z-9
(2008).

[2] Farsad, M., Evans, C.., Farahi, F., “Robust sub-micrometer displacement
measurement using dual wavelength speckle correlation,” Opt. Express
23(11), 14960 (2015).

[3] Francis, D., Charrett, T. O. H., Waugh, L.., Tatam, R. P, “Objective
speckle velocimetry for autonomous vehicle odometry.,” Appl. Opt. 51(16),
3478-3490 (2012).

[4] Bandari, Y. K., Charrett, T. O. H., Michel, F, Ding, J., Williams, S. W..,
Tatam, R. P, “Compensation strategies for robotic motion errors for
additive manufacturing (AM),” Int. Solid Free. Fabr. Symp., Austin, Texas
(2016).

[5] Lowe, D. G., “Distinctive Image Features from Scale-Invariant
Keypoints,” Int. J. Comput. Vis. 60(2), 91-110 (2004).

[6] Liao, C.-M., Huang, P. S., Chiu, C.-C.., Hwang, Y.-Y., “Personal
identification by extracting SIFT features from laser speckle patterns,”
2012 IEEE Int. Conf. Acoust. Speech Signal Process., 1341-1344, IEEE
(2012).

[7] Yeh, C.-H., Sung, P.-Y,, Kuo, C.-H.., Yeh, R.-N., “Robust laser speckle
recognition system for authenticity identification,” Opt. Express 20(22),
24382-24393 (2012).

10231-22, Session 5

Laser imaging through turbid media via
speckle correlation

Guowei Li, Dayan Li, Guohai Situ, Shanghai Institute
of Optics and Fine Mechanics, Chinese Academy of
Sciences (China)

Optical imaging through turbid media is a difficult challenge. Even a very
thin layer of a turbid media, which randomly scatters the probe light,
can appear opaque and hide any objects behind it. Despite many recent
advances, no current method can image the object behind turbid media
with single record using coherent laser illumination. Here we report a
method that allows non-invasive single-shot optical imaging through
turbid media via speckle correlation. Instead of being as an obstacle in
forming diffraction-limited images, speckle actually can be an carrier that
encodes sufficient information to image through visually opaque layers.
Optical imaging through turbid media is experimentally demonstrated
using traditional imaging system with the aid of iterative phase retrieval
algorithm. Our method does not require scan of illumination nor two-
arm interferometry or long-time exposure in recording, which has new
implications in optical sensing through common obscurants such as fog,
smoke and haze.
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10231-23, Session 6

Analysis of mineral composition by
infrared spectral imaging using quantum
dot focal plane array sensor

Chenhui Huang, Tomo Tanaka, NEC Corp. (Japan);

Sota Kagami, NEC Corp. (Japan) and Institute for

Nano Quantum Information Electronics, The Univ. of
Tokyo (Japan); Yoshiki Ninomiya, National Institute

of Advanced Industrial Science and Technology
(Japan); Masahiro Kakuda, Institute for Nano Quantum
Information Electronics, The Univ. of Tokyo (Japan);
Katsuyuki Watanabe, Institute of Industrial Science, The
Univ. of Tokyo (Japan); Sei Inoue, Kenji Nanba, NEC
Corp. (Japan); Yuichi Ilgarashi, NEC Corp. (Japan) and
Institute for Nano Quantum Information Electronics,
The Univ. of Tokyo (Japan); Masahiro Tanomura, NEC
Corp. (Japan); Tsuyoshi Yamamoto, Akinobu Shibuya,
NEC Corp. (Japan) and Institute for Nano Quantum
Information Electronics, The Univ. of Tokyo (Japan);
Kentaro Nakahara, NEC Corp. (Japan); Shin-ichi
Yorozu, NEC Corp. (Japan) and Institute for Nano
Quantum Information Electronics, The Univ. of Tokyo
(Japan); Yasuhiko Arakawa, Institute for Nano Quantum
Information Electronics, The Univ. of Tokyo (Japan) and
Institute of Industrial Science, The Univ. of Tokyo (Japan)

Infrared (IR) spectral imaging is useful in various fields such as geology,
biomedicine, agriculture, and so on. For these applications, high
sensitivity, low noise, and high wavelength resolution in wide range of
spectrum are required, and quantum dot infrared photodetector (QDIP),
having all these features, is considered as a promising candidate. In this
report, composition of mineral samples such as conglomerate, sandstone
and dolomite are analyzed by IR spectral imaging using the QDIP focal
plane arrays (FPAs). The qualitative and quantitative analyses are
presented, and the key factor which determines the quantitative precision
is discussed.

The conglomerate is composed of gravel-size quartz clasts with a piece
of shell fossil (main component CaCO3) on the surface, the sandstone

is composed of sand-size quartz clasts with a little limestone (main
component CaCO3) mixed on the surface, and the dolomite is composed
of calcium magnesium carbonate, ideally CaMg(C03)2. The emittance
spectrum of the mineral composed of CaCO3 has a dip at wavelength

of 6.5 ?m, while that of the mineral composed of quartz is almost flat

in the same wavelength band. Thus, two types of FPAs having peak-
responsivity wavelength at 6.5 ?m (FPA 1) and 5.5 ?m (FPA 2) are used in
the experiment.

For the reduction of NETDs, the FPAs are chilled by liquid nitrogen to 77
K, and the noise-equivalent temperature differences (NETDs) of FPA 1
and FPA 2 are 360 mK and 220 mK, respectively. Samples are imaged by
a lens of F number 1. To improve contrast between the minerals and the
background, the minerals are heated to over 60?.

As the qualitative analysis, the luminance of different components in the
rock samples are compared in the image. In the FPA 1images, the shell
fossil in conglomerate and the limestone in sandstone are darker than the
other parts of the rocks due to their low emittance at 6.5 ?m. In contrast,
the difference in the luminance is hardly observed in the FPA 2 images
under the same condition. Therefore, the main component of the mineral
has been successfully detected in FPA 1.

As the quantitative analysis, the emittance of dolomite is measured. Ten
points in IR image are randomly selected and the average emittance is
calculated. The obtained emittances are 0.544+0.012 at 6.5 ?m (FPA
1) and 0.941+0.019 at 5.5 ?m (FPA 2), which means the coefficient of
variation of the emittance measurement is +2.1%-~2.2%. As possible
sources of the error, four factors in the experiment are considered:
precision of a blackbody source for the calibration, precision of a
thermocouple for monitoring the temperature of the rocks, the NETD
of the FPAs, and fluctuation of room temperature. By calculating the
propagation of error, it is found that the precision of thermocouple
contributes most significantly (96%) to the total error.
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10231-24, Session 6

Analysis of nanoparticles with an optical
sensor based on carbon nanotubes

Julia Stab, Dominik Furin, Eberhard Karls Univ. Tlbingen
(Germany); Peter Fechner, Glnther Proll, Biametrics
GmbH (Germany); M. Laura Soriano Dotor, Celia Ruiz-
Palomero, Miguel Valcarcel, Univ. de Cérdoba (Spain);
Gunter Gauglitz, Eberhard Karls Univ. Tibingen
(Germany)

Nanomaterials play an increasingly important role in science and in

every day products. This is due to the varied and specific properties of
nanomaterials, whereby especially engineered nanoparticles (ENPs) have
shown various beneficial properties for a wide range of applications in
consumables [1]. Thus, ENPs have left the scientific laboratories and made
their ways into consumer products (e.g. cosmetics, drinks, food and food
packaging).

Silver nanoparticles for example are hidden in meat packaging or mitigate
body odor via the use in deodorants. The antibacterial effect of silver
leads therefore to a high application in consumer products [2].

Apart from their advantages, ENPs are under discussion owing to possible
unforeseen hazards and an unknown disposition in living organisms and
the environment.

So the question may arise: Are there more benefits or do the harms of
ENPs predominate? Unfortunately, this cannot be answered in general. It
is highly dependent on specific parameters like the composition, size and
shape of ENPs, wherefore a precise identification and characterization is
indispensable. All these parameters have to be taken into account for the
risk assessment of nanoparticles.

So far, there is a lack of methods, which allow the fast and effective
characterization and quantification of such nanoparticles in complex
matrices (e.g. creams, fruit juice), since matrix components can impede a
specific detection of the analyte.

Therefore, the objective of the interdisciplinary EU-funded project
“INSTANT” was the development of a sensor system with an upstream
sample preparation for the characterization and quantification of specific
nanoparticles in complex matrices using a label free opto-electrochemical
sensor array in combination with novel recognition elements.
Electrochemical and optical read-out techniques are combined in order
to obtain as many of the above-mentioned parameters (e.g. chemical
composition) as possible.

As a recognition element, functionalized carbon nanotubes can be
effectively used. Owing to their excellent electronical, mechanical and
chemical properties, CNTs have already been used for extracting ENPs
from complex matrices as sorbent material by filtration [3].

As we worked out, CNTs are an appropriate sensor material for the
optical detection of stabilized silver nanoparticles. The project INSTANT,
Immobilization results of CNTs on glass transducers, preliminary

results of optical measurements with reference nanoparticles and
extracted nanoparticles from complex samples are presented within this
contribution.

The work was performed as part of the EU-subsidized project INSTANT
(FP7-NMP-2007-2013-SME5-280550). The surface modification and
the optical measurements were performed in Tubingen. Reference
nanoparticles were provided by project partner Federal Institute for
Materials Research (BAM). The extraction of nanoparticles was carried
out by the group of Prof. Valcdrcel from the University of Cérdoba. The
carbon nanotubes were kindly provided by project partner Nanordic Oy
from Finland

References:

[1] Tran, Lang; Chaudhry, Qasim, RSC Nanoscience & Nanotechnology, 14,
120-133 (2010),

[2] R. Fries et al., Nanosilber, Nano trust dossiers, 10,1-7 (2009);

[3] N. Halonen, et al., Three-Dimensional Carbon Nanotube Scaffolds as
Particulate Filters and

Catalyst Support Membranes, ACS Nano 4, 2003-2008 (2010);
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10231-25, Session 6

Oxygen sensing with an absolute optical
sensor based on biluminescence

Caterin Salas Redondo, Sebastian Reineke, TU Dresden
(Germany)

Organic semiconductors are materials having the benefits of
semiconductors together with those of organic molecules. That means,
on one hand, these are compounds able to absorb and emit light, as
well as conduct electricity to a certain extent, which is enough for the
functionality of solid state devices. On the other hand, a remarkable
characteristic is that the excitations are typically localized on individual
molecules, such that the exchange interactions lead to energetically
distinct singlet and triplet states.

According to the spectroscopic selection rules in quantum mechanics,
only transitions from the singlet excited state are allowed, deactivating
radiatively while generating fluorescence emission in the process,
whereas transitions from the triplet excited state are not allowed, because
its decay involves a spin flip, and therefore, it is theoretically forbidden

by electric dipole transitions. Nevertheless, there is a small probability

of these forbidden transitions to occur at a low rate, resulting in a slow
radiative deactivation known as phosphorescence emission.

In this context, the property of an organic molecule able to emit light
from both their singlet and triplet excited states is called biluminescence.
Although this dual state emission, particularly at room temperature, is
difficult to achieve by purely organic molecules, it becomes possible if
competitive thermal decay is suppressed effectively, allowing emission
from the triplet states (i.e. phosphorescence) in addition to the
conventional fluorescence.

Here, we have identified biluminescence in simple host:guest systems
in which a biluminophore (i.e. organic molecule with biluminescence
property) is embedded in an optimum rigid matrix, for example, a
combination of PMMA [poly(methyl methacrylate)] as host and NPB
[N,N’-di(naphtha-1-yI)-N,N’-diphenyl-benzidine] as biluminophore
[Reineke and Baldo, Sci. Rep.]. Such system is unique not only because
of the dual state emission, but also the large exciton dynamic range
extended up to nine orders of magnitude between nanosecond-lifetime
fluorescence and millisecond-lifetime phosphorescence.

In this presentation, we will report on the oxygen sensing characteristics
of this luminescent system compared to a benchmarked single state
optical sensor. Such properties can be evaluated because of the
sensitivity of the triplet state to oxygen and therefore, we investigate the
dependence of the persistent phosphorescence on the oxygen content.
Furthermore, we will address our efforts towards the potential integration
of novel optical biluminescent sensing into organic electronics.

10231-26, Session 6

Long-period grating sensor-based
detection of kerosene for monitoring of
water contamination: a novel approach

Siddharth Kaushik, Central Scientific Instrumentation
Organisation (India); Umesh K. Tiwari, Rajesh Rajesh,
Central Scientific Instruments Organisation (India);
Ashok K. Paul, DAV Univ. (India); Ravindra K. Sinha,
Central Scientific Instruments Organisation (India)

The improper disposal of kerosene wastes and inappropriate spills from
storage tanks are major challenges of marine ecosystem and ground
water contamination. Various chemical sensing techniques have been
explored for detection of petrochemical contamination at various
concentrations ranging from macro level to microscale, however they
suffer from certain limitations like cross reactivity, complicated analysis
and slow output response. We are proposing a novel optical Long Period
Grating sensor anchored with Cu-Metal Organic Frameworks (Cu-MOFs,
also known as HKUST-1) for sensitive detection of kerosene at various
concentrations. LPG sensors are emerging as potential sensing platforms
for chemical and biosensing applications as they possess some unique
characteristics like immune to electromagnetic interference, multi
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parameter sensing feature, cost effective, fast response, low signal to
noise ratio and real time monitoring of analytes. A Long Period Grating
optical fiber sensor consists of a periodic perturbation of the refractive
index of the core which acts as diffraction gratings and light couples from
the core mode to set of forward propagating cladding modes of the fibre.
This coupling is expressed in the transmission spectrum as a series of loss
or resonance bands. The coupling of core mode to cladding mode occurs
at phase matching condition and is governed by temperature, strain

and surrounding refractive index. Cu-MOFs belongs to Metal Organic
Framework family, a subclass of coordination polymers. They represent

a promising new class of crystalline solids with ultrahigh porosity, good
thermal stability, high surface to volume ratio and tuneable topology and
dimensions. They are highly specific to volatile hydrocarbons.

The LPG (grating period: 581lum, grating length: 2cm) was written through
point by point technique, subjecting boron co-doped single mode fiber
to excimer KrF UV laser having pulse repetition rate of 200 Hz and pulse
duration of 15 ns. Peak pulse energy is 3 mJ. Annealing at 150 °C for 24
hours of fabricated LPG sensor is done for thermal stabilization. The
Cu-MOFs were prepared by reported standard protocol and formation

of blue crystalline frameworks were well confirmed by characterization
techniques like SEM and Raman Spectroscopy. The Cu-MOFs were
functionalized on silanized cladding surface of LPG sensor by covalent
bonding via EDC-NHS crosslinkers. The morphological studies of the
functionalized fiber sensor were carried out by optical microscope and
SEM analysis. Different dilutions of Kerosene in water were prepared

and passed over LPG sensing probe using glass flow cell. After detection
of each sample, washing is done thrice with DI water to ensure proper
results. Strain and temperature were maintained constant throughout the
experiment.

Significant wavelength shifts were noted for all kerosene samples with
Cu-MOFs functionalized LPG sensing probe. Detection up to micro level
has been experimentally demonstrated and significant wavelength shift of
809 pm was observed for 0.01ul/ml concentration of kerosene in water.

10231-27, Session 7

Discrimination of trace nitroaromatics
using linear discriminant analysis on
aerosol jet printed fluorescent sensor
arrays

Nico Bolse, Karlsruher Institut fir Technologie
(Germany); Ralph Eckstein, Karlsruher Institut fur
Technologie (Germany) and InnovationLab (Germany);
Martin Schend, Anne Habermehl, Karlsruher Institut
far Technologie (Germany); Gerardo Hernandez-Sosa,
Carsten Eschenbaum, Uli Lemmer, Karlsruher Institut
fUr Technologie (Germany) and InnovationLab GmbH
(Germany)

Due to increasing security concerns, the demand for explosives detection
technologies has grown significantly to ensure the safety of civilians
worldwide. It has been shown that nitroaromatic explosives can be
efficiently detected by optical methods such as fluorescence quenching
(FQ) [1]. Here, the transduction is typically based on an electron transfer
mechanism. Detection limits in the range of sub parts-per-billion have
been reported in literature for thin film sensors [2]. This renders FQ as a
very attractive approach for chemical trace vapor sensing [3]. However,
the identification and quantification of various target analytes is required
in many applications. Here, one of the major challenges is the fabrication
of sensor arrays with a low in-batch variation. Therefore, reproducible
sensor arrays need to be developed enabling the discrimination of such
trace vapors using patter recognition methods [4].

In this work, we report on fluorescent sensor arrays fabricated by aerosol
jet printing on glass substrates to detect explosives-related nitroaromatic
species. The printed sensor arrays were made of six different fluorescent
polymers responding to nitroaromatic vapors through a photo-induced
electron transfer resulting in a quenched fluorescence proportional to the
vapor concentration. Distinct FQ patterns were detected for nitroaromatic
species including nitrobenzene, 1,3-dinitrobenzene and 2,4-dinitrotoluene.
The detected fingerprints were evaluated at low concentrations of only

1, 3 and 10 parts-per-billion in air. Linear discriminant analysis (LDA)
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was used to train each sensor array enabling the discrimination of the
target analyte vapors. To investigate the in-batch variation for a given
sensor array, the measured FQ patterns from the other arrays were

used to benchmark the LDA by predicting the target analytes and vapor
concentrations. On average, we report low in-batch misclassification
rates of about 6 - 11 % indicating excellent discriminatory abilities at low
concentrations close to the detection limits. Furthermore, the fabrication
based on digital printing potentially enables the realization of low-cost
fluorescent sensor arrays in high volumes towards the reliable detection
of trace explosives.

[11 Rochat, S. and Swager, T. M., “Conjugated amplifying polymers for
optical sensing applications,” ACS Appl. Mater. Interfaces 5, 4488-4502
(2013).

[2] Sun, X., Wang, Y. and Lei, Y., “Fluorescence based explosive detection:
from mechanisms to sensory materials,” Chem. Soc. Rev. 44, 8019-8061
(2015).

[3] Toal, S. J. and Trogler, W. C., “Polymer sensors for nitroaromatic
explosives detection,” J. Mater. Chem. 16, 2871-2883 (2006).

[4] Diel, K. L. and Anslyn, E. V., “Array sensing using optical methods for
detection of chemical and biological hazards,” Chem. Soc. Rev. 42, 8596-
8611 (2013).

10231-28, Session 7

Infrared sensor for water pollution
detection and monitoring

Emeline Baudet, Univ. Pardubice (Czech Republic); Aldo
Gutierrez-Arrovo, FOTON, UMR CNRS 6082, Enssat,
University of Rennes 1 (France); Marion Bailleul, ISCR,
UMR-CNRS 6226, Glass & Ceramics Lab, University

of Rennes 1 (France); Emmanuel Rinnert, Ifremer,
Laboratoire Détection, Capteurs et Mesures, Dpt.
Recherches et Développements Technologiqu (France);
Petr Nemec, Dpt. of Graphics Arts and Photophysics,
Faculty of Chem. Techn., University of Pardubice (Czech
Republic); Joel Charrier, Loic Bodiou, FOTON, UMR
CNRS 6082, Enssat, University of Rennes 1 (France);
Florent Colas, Chantal Compeére, Ifremer, Laboratoire
Détection, Capteurs et Mesures, Dpt. Recherches et
Développements Technologiqu (France); Catherine
Boussard, Bruno Bureau, ISCR, UMR-CNRS 6226,

Glass & Ceramics Lab, University of Rennes 1 (France);
Karine Michel, BRGM, Direction Eau, Environnement et
Ecotechnologies, Unité Bio-Géochimie environnementale
et qual (France); Virginie Nazabal, ISCR, UMR-CNRS
6226, Glass & Ceramics Lab, University of Rennes 1
(France)

Development of Mid-infrared sensors is a challenge of great importance
for the detection of biochemical molecules. Mid-infrared range (4000

- 400 cm-1) contains the absorption bands related to the vibrations of
organic molecules (nitrates, hydrocarbons, pesticides...). Chalcogenide
glasses are an important part class of amorphous materials appropriate
for sensing applications. Indeed, they are mainly studied and used for
their wide transparency in the infrared range (2 - 15 ?m for selenide
glasses) and their high refractive index (between 2 and 3). The aims of
this study are to synthesize and characterize chalcogenide thin films for
developing mid-IR optical waveguides.

For this study, chalcogenide glasses with composition (GeSe2)100-
X(Sb2Se3)x, where x=5, 10, 20, 30, 40, 50, 60 and 70 were prepared.
Among these compositions, two bulk glasses were chosen for their
mid-IR transparency, stability against crystallization and their refractive
index contrast suitable for mid-IR wave-guiding. The two compositions
were used for RF magnetron sputtering deposition. The study of the
influence of different sputtering parameters (Ar pressure, RF power and
time deposition) on thin films characteristics (chemical composition,
deposition rate, surface roughness, refractive index in near-IR and mid-IR
and band-gap energy) by an experimental design allows controlling the
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structure of the optical waveguide. Micro-patterning of the guiding layer
and light injection efficiency experiments in near-IR and mid-IR were
performed. Finally, optical waveguide surface was functionalized by
deposition of a hydrophobic polymer, which enables detection of organic
molecules in water (sea water, wastewater and groundwater).

Co-authors: A. GUTIERREZ-ARROVO, M. BAILLEUL, E. RINNERT, P.
NEMEC, J. CHARRIER, L. BODIOU, F. COLAS, C. COMPERE, C. BOUSSARD,
B. BUREAU, K. MICHEL, V. NAZABAL

ACKNOWLEDGEMENTS: Authors are thankful to Region Bretagne,
IFREMER, BRGM, Czech Foundation (Project No. 16-17921S) and CONACYT
for PhD funding.

10231-29, Session 7

A robust and reliable optical trace
oxygen sensor

Gary R. McDowell, A. Sheila Holmes-Smith, Mahesh
Uttamlal, Glasgow Caledonian Univ. (United Kingdom);
Craig Mitchell, Patrick H. Shannon, SST Sensing Ltd
(United Kingdom)

In applications of nitrogen generation, industrial gas manufacturing and
food packaging there is a need to ensure oxygen (02) is absent from the
environment, even at the lowest concentration levels. Therefore, there
has been an increased growth in the development of trace O2 parts per
million (ppm) sensors over the past decade to detect and quantify the
concentration of molecular O2 in the environment whether it be dissolved
or gaseous 02.

The majority of commercially available trace O2 sensors are based on
electrochemical, zirconia and paramagnetic technologies. Electrochemical
sensors are low in cost, small, accurate and have a reasonable operational
lifetime but they suffer from long recovery times and deplete when
exposed to ambient O2 thus calibration and/or replacement is required
periodically. Zirconia and paramagnetic sensors offer greater operational
lifetimes and calibration is less frequent but they are expensive and in the
case of zirconia, they require a lot of power due to their high temperature
of operation.

Here, the development of a luminescence-based optical trace O2 sensor
is presented. Luminescence-based sensing is now regarded as one of the
best techniques for the detection and quantification of O2. This is due

to the high detection sensitivity, no O2 is consumed and there are a vast
array of luminescent indicators and sensing platforms (polymers) that can
be selected to suit the desired application.

Due to the non-depleting principle of luminescence it will be shown that
the sensor responds reversibly and is highly repeatable when exposed
to ambient 02, an advantage over traditional electrochemical sensors.
The patented sensing formulation which we employ allows for a robust
and stable sensor. In addition, the sensor can operate over a relatively
wide temperature range (-30 to +60 °C) and detects 02 in the 0-1000
ppm range and/or the partial pressure of oxygen (pp02) from 0-1200
uBar. This is achieved through an extensive calibration process in

which the miniaturised device comes equipped with temperature and
pressure sensors to compensate for these environmental variables during
calibration. The long-term stability of the sensor will be presented along
with the drift characteristics, a phenomenon most sensors display which
ultimately determines the operational lifetime of the sensor. Taking all
the environmental factors into account has allowed us to develop a new
optical 02 sensor which has a much improved performance for the low
02 concentration marketplace.

10231-30, Session 7

Pocket size pH reader system using smart
phone and fluorescent indicator array

Raul Gotor, Knut Rurack, Ashokummar Pichandi,
Bundesanstalt fur Materialforschung und -pridfung
(Germany)

A library of 13 (3-ethyl-2,4-dimethyl)-boron-dipyrromethene (BODIPY)
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fluorescent pH-indicator dyes and 3 reference dyes has been synthesized.

The library has been carefully designed to yield probes, the dynamic
sensing range of, which covers the complete pH scale in water.
Additionally, the design also considered to produce dyes with similar
excitation and emission windows together with high ON-OFF intensity
switching to simplify the read-out of the library.

The optical properties of the dyes were found to be in line with those
of related BODIPY dyes published previously, which implies good
photostability and high brightness.

The dependence of their optical properties with the pH has been
thoroughly characterized. For that, pH-sensing studies have been carried
out using a) water:EtOH solutions of the dyes at different pH and b) pH
measurements in water using strips coated with polyurethane based
hydrogel mixtures containing the pH indicators. From these studies it has
been concluded that the fluorescent dyes are able to accurately respond
to pH changes in water solutions as well as embedded in the hydrogel.

After proving the correct operation of the hydrogel sensors, a system to
read the pH response of the library on a smart phone was developed,
utilizing a 3D-printed smart phone case containing all the necessary
optical components for excitation and fluorescence collection.

In a further step toward application, a 4x4 element matrix containing

the different hydrogel solutions of the pH dyes on a poly(methyl
methacrylate) strip has been prepared to facilitate introduction into the
smart phone cover after having been dipped into a test solution. Once
inside the cover, the sensor spots are excited with visible LED light and
the fluorescence is collected by the smart phone’s CCD after filtering

off the reflected LED light. An automatic mathematical analysis of the
collected image is performed next by a smart phone application. After the
analysis, the actual pH of the solution is provided as an on-screen result.

Different tests showed a very good agreement of the measured values for
those observed with a glass pH electrode, with uncertainties below + 0.16
pH.

Finally, additional experiments demonstrated the reversibility and
reusability of the system.

10231-31, Session 8

Active optical remote sensing (AORS)
sensors/instrumentations for NASA’s
future Earth science missions (/nvited
Paper)

Upendra N. Singh, NASA Langley Research Ctr. (United
States)

NASA is at fore-front in developing active optical remote sensing
technologies and unique capabilities towards space-based observations
for understanding the complexities and interactions among Earth

system components. Advancing Active Optical Remote Sensing (AORS)
technologies and techniques are critical for NASA to move into the next
logical era of laser remote sensing by enabling such critical space-

based measurements as winds, ozone, CO2, clouds, aerosols, surface
topography, ice thickness, vegetation, trace atmospheric species, biogenic
traces gases and materials, as well as oceanic properties. AORS uniquely
provides for high vertical resolution measurements of these parameters
in the Earth and science arenas. AORS enables several key measurements
that are likely to open new frontiers of research that cannot be obtained
any other way.

10231-32, Session 8

Monolithically integrated arrays of 3D
microtubular vertical ring resonators
on photonic waveguides for optofluidic
applications

Abbas Madani, Stefan M. Harazim, Vladimir Bolanos,

IFW Dresden (Germany); Mortiz Kleinert, Fraunhofer-
Institut fGr Nachrichtentechnik Heinrich-Hertz-Institut
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(Germany); Andreas Finn, TU Dresden (Germany);
Ehsan Saei Gharehnaz, Libo Ma, Oliver G. Schmidt, IFW
Dresden (Germany)

A novel platform for optofluidic applications is realized by monolithic
integration of an array of ultra-compact three-dimensional (3D)
vertically rolled-up microtube ring resonators (VRU-MRRs) with polymer
waveguides. The on-chip integrated system is realized by rolling up

2D differentially strained TiO2 nanomembranes into 3D microtubular
cavities on a nanophotonic chip and seamlessly overlaid over several
integrated waveguides. Whispering-gallery modes are observed in

the telecom wavelength range, and their spectral peak positions shift
significantly when measurements are performed while immersing the
tubes or filling their hollow cores with water, thus manifesting a compact,
robust all-integrated optofluidic microtube ring resonator with a high
functionality, and well suited for dense multiplexing of sensors. In this
intriguing vertical transmission scheme, optical characterization of the
air filled integrated VRU-MRRs reveals an extinction ratio as high as 32
dB, which is the highest, recorded for an integrated VRU-MRR to date.

In the case of solution-filled VRU-MRR, the maximum extinction ratio of
this integrated system is as high as 10 dB due to the strong absorption
of water at telecom wavelengths. Thus, this change in the transmission
spectrum of the VRU-MRRs represents a novel sensing methodology

in addition to using spectral mode shifts. The achievement of this work
opens up fascinating opportunities to realize massively parallel optofluidic
microsystems with exceptional multi-functionality and flexibility for
analysis of biomaterials in lab-in-a-tube systems on a single chip.

[1] A. Madani, S. Boéttner, M. R. Jorgensen, and O. G. Schmidt, Opt. Lett.
39,189 (2014).

[2] A. Madani, M. Kleinert, D. Stolarek, L. Zimmermann, L. Ma, and O. G.
Schmidt, Opt. Lett. 40, 3826 (2015).

10231-33, Session 8

Black silicon n-type photodiodes with
high response over wide spectral range

Mikko A. Juntunen, Ville Vahanissi, Paivikki Repo, Juha
Heinonen, Timo Donsberg, Hele |. Savin, Aalto Univ.
(Finland)

Silicon photodiodes are used as in vast field of applications ranging from
automotive twilight detectors to medical imaging. When illuminated,
they generate an output which is proportional to light level with excellent
linearity over several decades of light intensity. As a first approximation
within their typical range of use, when used in photovoltaic mode
without bias, one electron is released per incoming photon having energy
exceeding silicon bandgap.

However, in practice all of these charges can’t be collected as the
performance of photodiodes is limited by both reflectance of incoming
light and recombination of generated charges before they get collected
to external circuit. The most important recombination modes are surface
recombination on the (top) surface and auger recombination in doped
region forming the diode pn-junction. Methods of effective passivation
have been developed to reduce surface recombination and junction
doping profile and anneal processes have been optimized to reduce
auger recombination, but there’s plenty of room for improvement. Various
antireflective layers have been implemented to reduce the reflectance
but they are typically optimized to some wavelength range at the cost of
reduced response at other wavelengths.

To overcome these limitations, photodiodes were developed with very low
reflectance by using black silicon, combined with excellent atomic layer
deposited (ALD) aluminum oxide surface passivation to reduce surface
recombination, and removing the junction doping altogether by using
induced junction for charge collection thus avoiding auger recombination.
Sample photodiodes were manufactured in the facilities of Micronova
Nanofabrication Center in Espoo, Finland on high resistivity n-type
wafers. Both electrical and optical properties were characterized. The
devices were shown to behave in general like pn junction photodiodes do.

External quantum efficiency, that is, the amount of charge collected and
recorded compared to the amount photons entering the device surface
(from air) exceeds 96% over the whole measured wavelength range of
250 to 950 nm and over 100% in wavelengths below 300 nm. This is a
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very good result taking into account that external guantum efficiency
includes losses due to reflection. Reflectance of the samples was also
measured and was well below 1%. Due to known uncertainties of spectral
range measurements using reference diodes, these results were confirmed
by extremely precise laser calibration measurements at VTT Technical
Research Centre of Finland Ltd, Centre for Metrology MIKES. The external
quantum efficiencies recorded were 96,4% at 488 nm, 96,5% at 633

nm and 96,4% at 933 nm. These results should be compared to typical
general purpose wide spectral range diodes that typically reach about
80%, and even less towards shorter wavelengths (violet to ultraviolet).

Such high quantum efficiency photodiodes can potentially be utilized

in applications where losses are significant, like for example various
calibration purposes. One example of potential applications is Predictable
Quantum Efficient Detector. The authors are now proceeding towards
verifying applicability of this diode structure to medical imaging.
Achieved improvement in detector quantum efficiency would help reduce
patient radiation dose for certain image quality, or to improve the image
quality that can be reached with a certain acceptable dose.

10231-35, Session 8

Low-temperature oxidation in air of iron
thin films monitored with long-period
fiber gratings

Luis Coelho, INESC Porto (Portugal); José Luis Campos
Oliveira Santos, INESC TEC (Portugal) and Univ. do
Porto (Portugal); Pedro Alberto da Silva Jorge, INESC
TEC (Portugal); José Manuel Marques Martins de
Almeida, INESC TEC (Portugal) and Univ. de Tras-os-
Montes e Alto Douro (Portugal)

Corrosion of iron and its alloys is the degradation of material properties
due to interactions with their environments. Civil and military
infrastructures, along with countless commercial products are made

of iron, steel or alloys containing iron. The exploration of land and sea
resources, such as agriculture, aquaculture and land or sea mining,
requires metallic structures, often made of iron alloys, which are exposed
to corrosion. Corrosion causes unwanted use of resources, contamination
of industry products, reduction in efficiency, compromise safety in civil
structures and imposes expensive maintenance. Its consequences led to
large economic losses. In 2013, the direct cost of corrosion was ~3% of
U.S.A. gross domestic product (GDP).

The characteristic properties of long period fiber gratings (LPFGs)
depend on coupling light into propagating cladding modes which gives
rise to the presence of attenuation bands in the transmission spectrum.
The evanescent field of the cladding modes extends to the surrounding
medium enabling refractive index measurements.

Optical fiber sensors based on LPFGs have been extensively studied and
applied as strain, bending and temperature sensors, in the detection of
inorganic and biological compounds. Real time monitoring of oxidation
of pure metals in air was reported by measuring the wavelength shift and
the optical power variation of the LPFGs attenuation band. LPFGs coated
with metal oxides with specific properties leads to wavelength sensitivity
enhancement when comparing to bare LPFG.

In this work, is presented an investigation of LPFGs over coated with
different thicknesses of iron (Fe) and subjected to oxidation in air
atmosphere under controlled temperature and humidity. The formation
of iron oxides was monitored in real time by following the features of the
LPFGs attenuation band. Iron was deposited simultaneously on top of
silicon substrates for further morphological analysis by scanning electron
microscope and energy dispersive X-ray spectroscopy (SEM/EDS).
Preliminary results show that iron coated LPFGs can be used as sensors
for early warning of corrosion in projects where metal structures made of
iron alloys are in contact with atmospheric air.
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Surface plasmon resonance prism
coupler for enhanced circular dichrosim/
birefringence sensing

Quoc-Hung Phan, Yu-Lung Lo, National Cheng Kung
Univ. (Taiwan)

A novel method for surface plasmon resonance (SPR) enhanced circular
dichroism (CD), circular birefringence (CB), and degree of polarization
(DOP) detection is proposed using Stokes-Mueller matrix polarimetry
technique. The validity of the analytical model is confirmed by means

of numerical simulations, and the simulation results show that the
proposed detection method for CB and CD has a sensitivity of 10-5 RIU
and 10-4 RIU (refractive index unit) for refractive indices in the range of
1.3~1.4, respectively. The practical feasibility of the proposed method is
demonstrated by the experimental results for detecting the CB/CD/DOP
with the glucose-chlorophyllin compound samples contained polystyrene
microsphere particles. It is shown that the extracted CB value decreases
linearly with glucose concentration over the considered range while the
extracted CD value increases linearly with the chlorophyll concentration
over the considered range. In general, the results obtained in this study
show that the measured CB and CD response is highly sensitive to the
polarization scanning angle. Consequently, the potential of Stokes-
Mueller matrix polarimetry for high-resolution in CB/CD/DOP detection is
confirmed.

10231-21, Session PS

The research of the possibility of the
dispersion method sensitivity increase
for the air tract vertical temperature
gradient determination by analyzing the
diffraction pattern

lvan S. Nekrylov, ITMO Univ. (Russian Federation);
Alexander N Timofeev, Maksim A Kleshchenok, Univ of
ITMO (Russian Federation)

The accuracy of modern optoelectronic systems of spatial positioning,
which are based on the reference marks coordinates determination, is
always limited by uncertainty caused by the optical radiation propagation
in a heterogeneous environment - air tract. One of the main sources of
error in this case is the presence of the vertical temperature gradient, that
changes the direction of the optical radiation in the vertical plane. There
is a method for determining the vertical temperature gradient, based

on the air tract dispersion. In this method, the photodetector detects

the radiation of red and blue spectral range emitted from one optical
radiation source. According to the difference of the image energy centers
coordinates in the blue and red range y1 and y2, respectively, there is

a possibility to indirectly determine the value of vertical temperature
gradient along the well-known formula. There is a realization of the
dispersion method where the photodetector is a commercially-produced
camera with a color matrix photodetector, made by Bayer pattern. In this
case, the analysis of the radiation in the blue and red range is carried out
simultaneously and independently by signal software separation into
components corresponding to the red and blue elements of the Bayer
pattern. This approach is quite promising, as it combines an optical-
electronic control channel and a compensator of an error introduced

by the presence of the vertical temperature gradient. The disadvantage
of the dispersion method is its low sensitivity to small values of the
temperature gradient. For example, the difference in image energy
centers in the red and blue spectral range at the measurement distance z
=100 m and a value of the vertical temperature gradient ?Ty = 0.01 C°/m
is 0,006 pixels (with a pixel size of 2,2x2,2 microns) and commensurate
with the standard deviation of the image energy center vertical
coordinates in the absence of the temperature gradient, that is caused by
a sensor noise.

In this paper, we study ways to increase the sensitivity of the dispersion

method for determining the vertical temperature gradient, implemented
on commercially-produced camera with a color matrix photodetector,
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analyzing the diffraction pattern. The essence of this method consists

of decomposing the incoming radiation on the optical system into a set
of diffraction minima and maxima with a specially installed at the lens
entrance pupil slit. The difference between the energy centers coordinates
of the side maxima in this case will be much greater than the difference
registered in the absence of the diffraction slit. Thus, with the coordinates
of the energy centers of the side maxima and their order relative to the
central peak may be at a much lower error to determine the magnitude
of the vertical temperature gradient, even if its value is small. Simulation
of the diffraction method is carried out in a software environment for
optical systems calculating Zemax. The analysis of the diffraction pattern
is conducted without regard to the aberrations of the optical receiving
system.

10231-34, Session PS

Acoustic waves in tilted fiber Bragg
gratings for sensing applications

Carlos A. F. Marques, Instituto de Telecomunicacdes
(Portugal) and Univ. de Aveiro (Portugal); Nélia J.
Alberto, Instituto de Telecomunica¢des (Portugal); Paulo
Antunes, Instituto de Telecomunicag¢des (Portugal)

and Univ. de Aveiro (Portugal); Catia J. Leitdo, Univ. de
Aveiro (Portugal); Fatima Fonseca Domingues, Instituto
de Telecomunicag¢des (Portugal) and Univ. de Aveiro
(Portugal); Jodo Lemos Pinto, Univ. de Aveiro (Portugal);
Paulo S. André, Instituto de Telecomunica¢des (Portugal)

Tilted fiber Bragg gratings (TFBGs) are one of the most attractive kind of
optical fiber sensor technology due to their intrinsic properties. On the
other hand, the acousto-optic effect is an important, fast and accurate
mechanism that can be used to change and control several properties of
fiber gratings in silica and polymer optical fiber. Several all-optical devices
for optical communications and sensing have been successfully designed
and constructed using this effect. In this work, we present the recent
results regarding the production of optical sensors, through the acousto-
optic effect in TFBGs. The cladding and core modes amplitude of a TFBG
can be controlled by means of the power levels from acoustic wave
source. Also, the cladding modes of a TFBG can be coupled back to the
core mode by launching acoustic waves. Induced bands are created on
the left side of the original Bragg wavelength due to phase matching to
be satisfied. The refractive index (RI) is analyzed in detail when acoustic
waves are turned on using saccharose solutions with different RI from 1.33
to 1.43.

10231-44, Session PS

Vacuum temperature field simulation and
experiments of four-mode differential
laser gyroscope

Xudong Yu, National Univ. of Defense Technology
(China); Guangfeng Lu, College of Optoelectronic
Science and Engineering, National Univ. of Defense
Technology (China); Luo Hui, National Univ. of Defense
Technology (China)

In order to reduce the influence of temperature in a vacuum on four-
mode differential laser gyroscope (FMDLG), the temperature field

model is established with the finite element software ANSYS, and the
temperature field in a vacuum are emulated. Firstly, the finite element
model is simplified, and then the disposal of the material parameters, the
calculating methods of the heat generation rate and forced convective
heat transfer coefficient in gain area of He-Ne mixed gas are developed.
At last, the steady temperature field and the transient temperature field
of one hour and two hours are given. The highest and lowest temperature
regions and the distribution of the temperature gradient are simulated.
The results are compared with the experimental tests and the maximum
error is less than 0.82? which validate the rationality of the finite element
model. This research can provide some help to select temperature testing
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points and improve the effect of the temperature compensation for the
FMDLG in a vacuum.

10231-45, Session PS

Influence of the substrate layer and
fixation materials for measuring

the deformation of a standard
telecommunication fiber G.652.D with a
distributed system BOTDR

Jan Nedoma, Marcel Fajkus, V?B-Technical Univ.

of Ostrava (Czech Republic); Radek Martinek, V?B
Technical Univ of Ostrava (Czech Republic); Jan Jargus,
Karel Witas, Vladimir Va?inek, V?B-Technical Univ. of
Ostrava (Czech Republic)

Article deal of the problematic of impact fixing optical fiber for measuring
the deformation with the distributed system known as Brillouin Optical
Time Domain Reflectometry (BOTDR). The measurement principle of
BOTDR system based on scanning of Brillouin frequency. The analysis
focused on monitoring changes Brillouin frequency for various bends and
size of the substrate layer in combination with different types of fixing
materials. We used distributed system DIiTEST STA-R Omnisense. For the
analysis was used a standard telecommunication optical fiber G.652.D.
Deformation of the optical fiber was carried out by bending at a special
tool. This article aims to find the most suitable method of implementing
a fiber-optics for practical applications. It showed that it is necessary to
pay attention to the size of the substrate layer and the fixing material to
optimize the sensitivity in the measurement of mechanical deformations
and the forces.

10231-46, Session PS

Analysis of the detection materials
as resonant pads for attaching the
measuring arm of the interferometer
when sensing mechanical vibrations

Jan Nedoma, Marcel Fajkus, V?B-Technical Univ. of
Ostrava (Czech Republic); Radek Martinek, Martin Novak,
Karel Witas, V?B Technical Univ of Ostrava (Czech
Republic); Vladimir Va?inek, V?B-Technical Univ. of
Ostrava (Czech Republic)

Fiber-optic sensors (FOS) today among the most widespread measuring
sensors and during various types of measuring are irreplaceable.

Among the distinctive features include immunity to electromagnetic
interference, passivity regarding power supply and high sensitivity. One
of the representatives FOS is the interferometric sensors working on

the principle of interference of light. Authors of this article focused on
the analysis of the detection material as resonant pads for attaching the
measuring arm of the interferometer when sensing mechanical vibrations
(low frequencies). A typical example is the use of interferometer sensors
in automobile traffic while sensing a vibration response from the roadway
while passing the cars. For analysis was used a sensor with Mach-Zehnder
interferometer. Defined were ten different detection materials about
constant size and thickness, we analysed the influence on the sensitivity
and frequency range of the interferometer. Based on the results we were
defined the best material for sensing mechanical vibrations. In the case
of this material, we analysed the influence of different thickness on the
sensitivity and frequency range of the interferometer. The signal was
processed by applications created in LabView development environment.
The results were verified by repeated laboratory testing.
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10231-47, Session PS

Analysis encapsulation of fiber Bragg
gratings into polydimethylsiloxane for
the needs of dynamic weighing

Marcel Fajkus, Jan Nedoma, Martin Novak, V?B-Technical
Univ. of Ostrava (Czech Republic); Radek Martinek,

V?B Technical Univ of Ostrava (Czech Republic);
Vladimir Va?inek, V?B-Technical Univ. of Ostrava (Czech
Republic); Jan Jargus, V?B Technical Univ of Ostrava
(Czech Republic)

Authors of the article focused on the possible encapsulation method

of fiber Bragg gratings (FBGs) for the needs of dynamic weighing. The
article describes the influence of various shapes, sizes and quantity of
PDMS on the strain sensitivity of FBG sensor. Measurements were carried
out under laboratory conditions. For monitoring the parameters, we used
broad-spectrum light source LED (Light-Emitting Diode) with a central
wavelength of 1550 nm and optical spectrum analyzer with sampling rate
4 kHz. For encapsulation of FBGs was chosen specific material polymer
polydimethylsiloxane (PDMS). A characteristic feature of this material is
very high mechanical resistance, chemical resistance and temperature
stability in the range of values -60 °C to + 200 °C. The combination of
characteristic advantages of optical fibers (electromagnetic immunity)
with stated properties of PDMS gives us the innovative type of
encapsulated sensor which could be used for example for the needs of
dynamic weighing in worsened or potentially hazardous conditions. This
type of monitoring weighing is fully dielectric.

10231-48, Session PS

Photovoltaic optical sensors for high-
power conversion and information
transmission

Viktor Emelyanov, Evgeny Filimonov, Svetlana
Kozhuhovskaya, Maxim Z. Shvarts, loffe Institute
(Russian Federation)

Utilization of fiber-optic lines not only for information transfer but also for
electric supply is a point of scientific and practical interest in recent years
[1]. The following advantages exist at energy transport by means of high-
power laser beaming through fiber lines:

- ideal isolation suppressing galvanic link between the energy source and
consumer, absence of noise disturbances at radio frequencies (RF) and
immunity to exterior RF noise;

- lightweight cable compared to a copper one;

- high chemical resistance to a corrosive medium, chemical and
electrochemical stability;-

- low metal consuming cable.

Therefore this approach becomes attractive for different robotics
applications and autonomous units used in critical environmental
conditions.

The best electrical-to-optical and optical-to-electrical conversion
efficiencies were achieved using semiconductor AlGaAs/GaAs laser
sources and GaAs photovoltaic converters. Efficiency values recorded for
AlGaAs/GaAs lasers (wavelengths of 808-830 nm) were as high as 60 %.
Building an array of such sources allows to rise optical power up to 1 kW
[2]. Efficiency of GaAs photovoltaic converters exceeds 50 % at steady-
state laser illumination [3].

Using a fiber-optic line for both energy supply and information
transmission needs to apply technologies of space division multiplexing
(SDM) or wavelength division multiplexing (WDM). In the first case

two fibers are used to transfer power and information separately what
impairs utilization of the medium. In the second case two signals differs
in the wavelength. On the receiver end they are splitted by means of
interference filters. Disadvantages of the WDM are additional power
losses in filters and problems with optical elements ageing at high power
densities of light which lead to reduction of an overall system efficiency.
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To improve efficiency and reliability of the fiber-optic line an optical
sensor for direct conversion of high-power modulated laser radiation

can be used. This sensor has to extract both information and power-
transmitting signals. However, to the present date achieved efficiencies
and power rates on such type of photovoltaic converters are considerably
low [4].

In the current work investigated were the opportunities of conversion

of the modulated laser radiation with mean power of 20 dBm or higher
using optical sensors based on p-n AlGaAs/GaAs and n-p GalnP/GaAs
with multiple photovoltaic cells, providing acceptable efficiency values at
optical-to-electrical conversion.

An equivalent circuit for the sensors has been developed and their
characteristics were simulated using SPICE-based program. Studied were
the modes of the laser radiation modulation. It was shown that the best
efficiency values can be achieved using pulse-width modulation (PWM)
of the laser source. Analyzed was a novel variance of PWM which could
be applied for the double-junction photovoltaic sensors. The method

is based on using two wavelength-splitted sources and detection of

an information signal through photocurrent mismatch of the sensor’s
subcells. A prototype of such photovoltaic sensor has been designed

on the base of GalnP/GaAs heterostructure and its characteristics were
investigated. With using of the developed model the sensor power
conversion efficiency exceeding 36 % at information rates up to 100 MBd
was demonstrated.
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10231-49, Session PS

Autocollimation sensor to control the
angular deformation with increased
measurement range

Aiganym Sakhariyanova, Igor A. Konyakhin, Renpu Li,
ITMO Univ. (Russian Federation)

During the installation and operation of large-scale objects, need

to use angle measurement devices, such as optical-electronic
autocollimator sensors, which allow to control the deformation of
objects. The reasons for such deformations are own weight structures,
as well as external weather conditions. After considering the optical-
electronic autocollimator sensors on the market, can conclude that
these autocollimator sensors have insufficient measurement range

(up to 5 meters), one of the reasons of the limited distance is error

due to vignetting of the reflected beam, because with increase in

the measurement range, accuracy of the measurement is reduced,
because there is no means of compensating beam vignetting. For

the solution of this problem, effectively use optoelectronic sensors

with two main basic schemes: autocollimation and autoreflection. The
autocollimation system have larger sensitivity than autoreflection ones.
Although, the autoreflection system have larger measurement range
than autocollimation system and it is more effective for using of infrared
emissions diodes as sources and at usage of matrix charge-coupled
devices as photo-receiver. The autoreflection system allows measuring
a mirror turning angle as sensitive element in a point of angular
deformation with a potential accuracy up to 0.05 arc. sec. Actually the
error can exceed considerably the specified value because of existence
of systematic error, one of which main components is the error owing to
vignetting of a working beam. The reason of vignetting error is changing
of irradiance distribution of the image on the autocollimator analyzer
owing to cutting of a bundle of optical beams at a mirror deviation in case
of angular deformation.

The component of systematic error due to vignetting of the beam can be
eliminated in case of existence of the analytical description of changes in
irradiance distribution of the analyzed image. Because of the complexity
of the analytical description of the vignetting processes proposes the

56 SPIE Optics + Optoelectronics 2017

www.spie.org/oo Return to Contents



Conference 10231: Optical Sensors

use of computer models. The modelling is based on approximation
according to which each point of the finite image of a source of radiation
essentially is the focused area of intersection of the entrance pupil and
the elementary beam reflected by a mirror, and its energy is proportional
to integral (the general energy) on this area.

For the analysis of vignetting we defined static characteristics of
the analyzer for different coefficients of vignetting image. Based on
the received dependence for compensation of systematic error due
to vignetting is equal 30 arc. sec, it is practically possible to realize
measuring accuracy close to the potential.

As this systematic measurement error unacceptably large, there is a need
to compensate for this error. For the design of the algorithm compensate
for systematic error were considered three cases of displacement
vignetting field on a matrix analyzer due to the rotation of control
element: 1) displacement of vignetting area is small; 2) displacement of
vignetting area equal to half the size of the image; 3) displacement of
vignetting area more than a half the size of the image. After using the
compensation algorithm, the error due to the vignetting amounts to a
negligible value 0.4 arc. sec.

Using a computer analytical modelling to image processing on a matrix
CCD was investigated systematic error due to vignetting. The designed
algorithm compensation systematic error due to vignetting allows
increasing the measurement range of the autocollimation sensor in 1.7-2
times.

10231-50, Session PS

Rydberg atom-based RF field
measurements: spectroscopy of cesium
Rydberg atoms in strong radio-frequency
fields

Jianming Zhao, Suotang Jia, Shanxi Univ. (China)

Atom-based field measurement has made significant progress in
reproducibility, accuracy, and resolution. Rydberg atom, principal
quantum number n>>1, has applications in electrometry due to their

large dc polarizabilities and microwave-transition dipole moments, which
follow scaling laws ~n"7 and~ n"4, these properties make Rydberg atoms
extremely sensitive to dc and ac electric fields. In this work, we present an
atom-based, calibration-free RF field measurement.

In the presentation, we investigate Rydberg atoms modulated by the
strong radio-frequency (RF) fields with a frequency of 50-100 MHz. The
Rydberg atoms are prepared in a room-temperature cesium cell, and their
level structure is probed using electromagnetically induced transparency
(EIT). The EIT spectra involved Rydberg three-level system is used to
measure the rf-induced ac level shifts and sidebands.

The experiments are performed in a room-temperature cesium cell. The
relevant atomic levels, cesium atom ground state (6S) and excited state
(6P) and Rydberg state (nS), form a three-level system. A weak probe
laser (852 nm) is resonant with the transition from ground state 6S to
excited state 6P, while a strong coupling laser ( 510 nm) scans through the
Rydberg transition from excited state 6P. The coupling laser induces an
increased transmission for the probe laser when an EIT double-resonance
condition is met. The EIT signal is observed by measuring the transmitted
power of the probe beam with a photodiode detector. Rydberg level is
modulated with the RF field with a frequency tens of MHz, producing
field-mixed Rydberg levels with modulation sidebands. The experimental
results demonstrated that in the weak-field regime, the ac shift of the
main EIT line is observed, whereas in the strong-field regime, rf-induced
modulation sidebands and complex state mixing and level crossings with
high hydrogenlike states can be obtained. The phenomenon is simulated
and analyzed using Floquet theory and agree well with the experimental
observations. Our results show that all-optical spectroscopy of Rydberg
atoms in vapor cells can serve as an atom-based, and calibration-free
technique to measure rf electric fields and to analyze their higher-
harmonic contents.
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10231-51, Session PS

Detection of trace amount of NO2 gas
using tunable blue laser diode

Abdulaziz Aljalal, Watheq Al-Basheer, Khaled Gasmi,
Morad Hamad, King Fahd Univ. of Petroleum & Minerals
(Saudi Arabia)

Nitrogen dioxide, one of the main air pollutants, has strong light
absorption cross section in the blue region of the optical spectrum.
Recent availability of blue laser diodes provides possibility of detecting
NO2 in open-air paths with very low detection limits. However, in the
blue region, the sharp features of the NO2 spectrum is relatively broad
with typical width of tenths of nanometer. This poses a serious challenge
for implementing traditional direct or wave-modulated tunable diode
laser absorption spectroscopy. In this study, we report the usage of a
blue laser diode with multi longitudinal modes tuned over about one
nanometer in detecting trace amount of NO2 gas. Details of the setup
and its optimization will be presented along with a comparison of its
performance with other NO2 detection optical methods.

10231-53, Session PS

A high resolution hand-held focused
beam profiler

Jennyfer Zapata, Univ. Nacional Auténoma de México
(Mexico); Jesus Garduio-Mejia, Martha Rosete-Aguilar,
Gabriel Ascanio, Carlos J. Roman-Moreno, Ctr. de
Ciencias Aplicadas y Desarrollo Tecnoldgico (Mexico)

The shape of a beam is important in any laser application and depending
on the final implementation, there exists a preferred one which is defined
by the irradiance distribution 1. The energy distribution (or laser beam
profile) is an important parameter in a focused beam, for instance, in
laser cut industry, where the beam shape determines the quality of

the cut. In terms of alignment, the energy distribution also plays an
important role since the system must be configured in order to reduce the
aberration effects and achieve the highest intensity. Nowadays a beam
profiler is used in both industry and research laboratories with the aim to
characterize laser beams used in free-space communications, focusing
and welding, among other systems. The purpose of the profile analyzers
is to know the main parameters of the beam, to control its characteristics
as uniformity, shape, beam size, and also to align the lenses with respect
to the laser system. In this work is presented a high resolution hand-held
and compact design of a beam profiler capable to meassure at the focal
plane, with covered range from 400 nm to 1000 nm. The detection is
reached with a CCD sensor sized in 3673.6 ?m x 2738.4 ?m which acquire
a photograph, of the previously attenuated focused beam to avoid the
sensor damage, the result is an image of the beam intensity distribution,
which is digitally processed with a Raspberry™ module gathering
significant results such as beam waist, centroid, uniformity as well as
some aberrations. The profiler resolution is 1.4 ?m and was tested and
validated in three different systems whose implementation was based on
a focused beam. The spot sizes measurements were compared with the
Foucault knife-edge test.

1 Fred M. Dickey, Laser Beam Shaping: Theory and Techniques, CRC Press,
Second Edition, 2014.

10231-54, Session PS

Simulation and research of the gamma-
ray detectors based on the Csl crystals
and silicon photomultipliers

Galina E. Romanova, Andrey V. Radilov, ITMO Univ.
(Russian Federation); Viktor M. Denisov, Flagman Geo

Ltd (Russian Federation); Aleksander B. Titov, Peter
the Great St.Petersburg Polytechnic Univ. (Russian
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Federation); llya O. Bokaty, ITMO Univ. (Russian
Federation)

Scintillator based detectors are widely used for gamma-rays, which are
applied for experimental physics and for radiation monitoring, in industry,
radiobiology and medicine.

Traditionally the detector device includes scintillation crystal and
photoelectronic multiplier (PM). This traditional device has excellent
characteristics of sensitivity but not always appropriate for field
application. In last case the unit should be strong, and the traditional
photomultipliers are fragile and rather delicate to provide long life cycle.
Additionally the traditional PM has rather big size.

The novel photodetectors like silicon photomultipliers (SiPM) can help
to solve both problems of big sizes for field devices and fragility, they
are durable and relatively small. In given case traditional PM is located
in contact with the scintillation crystal, but for SiPM this variant is not
optimal.

When we should detect separate scintillations, the signal is low. In this
case when we place SiPM on the exit side of the scintillation crystal in
contact with the exit face of the crystal it may lead to large error in signal
measuring because the signal on the separate SiPM area will be strongly
dependent on the scintillation location. For example, if the scintillation is
close to the exit end of the crystal and we use array 2 x 2 of SiPM we can
see that the signal on one of the elements of the array is much higher
for that array which is closer to the scintillation location. In that case the
measuring error will be rather high. So optimal case is when we have

as uniform light distribution on the SiPM as possible for all scintillation
locations.

In the work we consider the case of using lightguides of different
configuration and analyze the uniformity of signals of the SiPM array

of 2 x 2. For modeling the light distribution we use Zemax software in
Non-Sequential mode. The models used are described and the results of
modeling are also given.

10231-55, Session PS

Evaluating inner surface roughness of
inline/picoliter fiber optic spectrometer
fabricated by an NUV femtosecond laser
drilling

Masahiko Shiraishi, Shoichi Kubodera, Kazuhiro
Watanabe, Soka Univ. (Japan)

In this study, we have evaluated inner surface roughness of in-line/
pico-liter fiber optic spectrometer fabricated by an NUV femtosecond
laser drilling. It has been demonstrated that microholes were fabricated
into commercial available glass fiber optics without breaking off. The
microhole works as in-line/pico-liter fiber optic spectrometer. The
spectrometer has capability of measuring refractive index of liquid
sample. The attractive feature of the spectrometer is very small sensing
volume which has several tens of pico-liter. A second harmonic 400 nm
femtosecond laser with 350 fs pulse duration launched onto the glass
fiber optic. After 100 pulse shots with 30 uJ of pulse energy, an optical
inner surface quality of microhole was acquired. A characteristic of

high transmittance was obtained using the microhole with the optical
inner surface quality. The optical inner surface quality of microhole was
verified by measuring the transmittance of 94% of infrared light emission
launched from superluminescent diode. Although a high aspect ratio

of the microhole was fabricated after 1000 pulse shots, there was inner
surface roughness. In order to control the inner surface roughness, the
repetition rate was changed 10 to 1000 Hz. In all the cases of repetition
rates, the inner surface roughnesses were occurred. It was confirmed that
ablated fused silica particles deposited on the inner surface of microhole
during femtosecond ablation. The depth of microhole was deepened with
1 kHz of repetition rate. In comparison to 10 Hz, the depth of microhole
was increased by approximately 75% in the case of 1kHz. It was assumed
that heat accumulation effect enlarged the length of drilling during
femtosecond processing. From the results, to minimize inner surface
roughness, this is the best method to use low number of laser shots.
Minimization of inner surface roughness improves light transmission
characteristics of in-line/pico-liter spectroscopy at the region of shorter
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wavelength. The optical inner surface quality of microhole facilitates
modification of nanomaterials onto its surface.

10231-56, Session PS

Autocollimation sensor for measuring the
angular deformations with the pyramidal
prismatic reflector

Phong Hoang, Igor A. Konyakhin, ITMO Univ. (Russian
Federation)

The most promising type sensors of angular deformations are
autocollimation optic-electronic systems in which pyramidal prismatic
reflectors are used. The using of pyramidal prism as element sensor of
the angular rotation instead the traditional flat mirror allows to measure
the angular deformation in three orthogonal axes. The rotation around
horizontal axis is the pitch angle and rotation around vertical axis is
yaw angle. The deformation around view line is the roll angle. The
autocollimation sensor with prismatic reflector uses this three angle of
deformations.

In this paper the two variants for creation the autocollimation sensor with
the pyramidal prismatic reflectors are considered.

First prismatic reflector has the value of the dihedral angle with deviation
from 90 degrees: ?=w/2+?. For this variant of the autocollimation sensor
the incident beam is parallel to the optical axis of the autocollimator
objective.

Second prismatic reflector is made with small pyramidal ?. For this variant
unit vector of normal to the refracting faces makes an angle w/2+? with
unit vector of the prism rib. The incident beam is non-parallel to the
optical axis of the autocollimator objective.

For definition of the angular spatial position object, the optic-electronic
angular measuring autocollimators are effectively used. They include
actually autocollimation block with the channels of radiation and
reception beam of optical radiation and control element. Control element
establishes on the object and sensitives to rotations of object. The
receiving channel of autocollimators determines change angular position
of the beam, which is generated on matrix analyzer by radiating channel
after reflection from control element.

The autocollimation sensor with the quadrangular pyramidal prismatic
reflectors with angle at the vertex is 90 degrees is consided.

When measurement of the bitch and yaw angles, the necessary diameter
of objective for these two reception beams is 1.41 times less than for
reception beam is reflected from flat mirror at the same angles of
rotation.

For measurement of the roll angle one of the equivalent prism BR-180
constituent pyramidal reflector (e.g., with rib is parallel to the yaw axis)
is performed with the dihedral angle with small deviation ? from 90
degrees.

In the result of the computer simulation the functional ratio between
value of unit vector components reflected beams and the value of the
measured angles ?1, ?2, ?3 as pitch, yaw and roll of deformation is found.
The rigorous algorithm for measuring the three angular rotations is found.
Measuring error of the pitch and yaw angles ?1, ?2 and roll angle ?3 for the
second variant of prismatic reflector is less relatively the first variant of
configuration. However, the algorithm of measurement for second variant
is more complicated, because it misses ability of initial issuance reflector
with zero angles of rotation due the asymmetry of the spot of processed
images on matrix analyzer of autocollimators. This circumstance allows to
recommend the pyramidal reflectors with deviation of the dihedral angle
for three-axis autocollimation sensors.

10231-57, Session PS
Multiagent robotic systems’ ambient light
sensor

Radda A. lureva, Oleg S. Maslennikov, Igor |. Komaroy,
I TMO Univ. (Russian Federation)
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Ambient light sensors are widely used in robotics. But speaking about
swarm robotics, the technology which has great number of specific
features and is developing, we can’t help mentioning that its important to
use sensors on each robot not only in order to help it to get directionally
oriented, but also to follow light emitted by robot-chief or to help to find
the goal easier. In the paper the authors try to explain the role of ALS and
how it can be used to provide swarm robots information security.

To the approach, which is proposed for evaluating of SRS IS
characteristics, are made following general scientific and specific
demands:

« general scientific: objectivity, reproducibility, sensitivity, stability (either
in terms of statistical stability or in the sense of “indestructibility” of
approach applied to the class of mentioned systems);

« specific: performance realized as the possibility of obtaining adequate
characteristics within established limits (time, financial, human etc).

The main directions of implementation of these requirements are general
science practice:

« application of proven scientific-methodological research machine;

« orientation on taken in scientific community standarts,
recommendations and best practices;

« proved input of limitations and admissions.

Thus, the main goal of the paper is to develop the approach for assessing
of the selected by the researcher IS characteristics of SRS and/or
essentially depended on level of IS and meet report requirements.

10231-58, Session PS

Optical choppers with rotational
elements: modeling, design and
prototypes

Virgil-Florin Duma, Aurel Vlaicu Univ. of Arad (Romania)
and Politehnica Univ. of Timisoara (Romania); Dorin
Demian, Octavian Cira, Aurel Vlaicu Univ. of Arad
(Romania)

We present an overview of our contributions regarding the analysis and
development of optical choppers. Their applications range numerous
domains, from optical sensing in radiometry or telescopes to laser
manufacturing and biomedical imaging - for example for the controlled
attenuation of light, the elimination of selected spectral domains, or
switching of optical paths. While these aspects are briefly pointed

out, the paper focuses on our analysis, modeling, and manufacturing

of prototypes for choppers with: (a) wheels with windows with linear
margins; (b) wheels with windows with non-linear margins (semi-circular,
elliptical, or with other curved shapes), outward or inward; (c) rotational
shafts with different shapes, with slits or with holes. While variant

(a) represents classical choppers, variant (b) represents the “eclipse”
choppers that we have developed and also patented for the solution
with two adjustable wheels that produces circular windows. Variant (c),
of choppers with shafts is also a patent application. Their transmission
functions are discussed, for the shape of the laser pulses produced and
for the attenuation coefficients obtained. While this discussion has been
completed analytically for top-hat laser beams, it has been modeled
using simulations for Gaussian and Bessel beams. Design, manufacturing,
and prototypes of the different chopper configurations complete the
presentation. Selected References: [1] Duma V.-F., Theoretical approach
on optical choppers for top-hat light beam distributions, Journal of
Optics A: Pure and Applied Optics, 10(6), 064008 (2008); [2] Duma V.-F.,
Optical choppers with circular-shaped windows: Modulation functions,
Communications in Nonlinear Science and Numerical Simulation 16(5),
2218-2224 (2011); [3] Duma V.-F.,, Prototypes and modulation functions
of classical and novel configurations of optical chopper wheels, Latin
American Journal of Solids and Structures 10(1), 5-18 (2013); [4] Duma
V.-F., Nicolov M. F, Mnerie C., Szantho L., Optical modulator with rotation
movement, Romanian Patent RO 126505/2016; [5] Duma V.-F., Demian
D., Optical modulator, has solid rotating shaft with some through slots of
well-defined profiles, Romanian Patent number RO129610-A0, Derwent
Primary Accession Nr: 2014-P50842 (pending).

OPTICS+
o OPTOELECTRONICS

SPI

10231-59, Session PS

Optical signal processing for smart
vehicle lighting system using a-SiCH
technology

Manuel Augusto Vieira, Ctr. of Technology and Systems,
UNINOVA (Portugal); Manuela Vieira, Instituto Superior
de Engenharia de Lisboa (Portugal); Pedro Vieira,
Instituto de Telecomunicacdes, Instituto Superior Técnico
(Portugal); Paula Louro, Ctr. of Technology and Systems,
UNINOVA (Portugal)

We propose the use of Visible Light Communication (VLC) for vehicle
safety applications, creating a smart vehicle lighting system that
combines the functions of illumination and signaling, communications,
and positioning.

We use the nonlinear property of SiC multilayer devices under UV
irradiation to design an optical processor uniquely positioned to

help developing automated vehicle technologies that enable cars to
communicate with the environment around them. This environment can
be other cars and trucks, traffic lights, roadworks or even pedestrians
and cyclists. The automated driving framework includes a high definition
map which provides precise latitude/longitude positioning on the road
surface. The safety system could either send a warning to the driver

or automatically lower the speed in advance, decreasing the severity

of a potential collision or even avoiding it. By using Visible Light
Communication (VLC) between vehicles, drivers are given a clearer
knowledge of the preceding and nearby vehicles status, including their
heading, speed, location, as well as information as to whether the drivers
are stepping on their brakes. These aspects can significantly reduce the
chance of traffic accidents. When coordinating the speed of the vehicles
in the same lane, the technology can also eliminate unnecessary variation
of the distance between consecutive vehicles that causes the traffic
shockwave, increasing the road capacity to avoid traffic congestion.

The system is a self-positioning system in which the measuring units

are mobile. Each vehicle is assumed to be equipped with two headlamp
transmitters, two side light mirrors transmitters, and two taillight
transmitters. Distance receivers are assumed to be placed at the front,
at the back and at each of the two side mirrors. Trichromatic Red-
Green-Blue LEDs (RGB-LED) are used together for illumination proposes
and individually, each chip, to transmit the channel location and data
information. The chips of the RGB-LEDs can be switched on and off
individually, in a desired bit sequence to transmit the information. The
receivers consist of two stacked amorphous cells [p(SiC:H)/i(SiC:H)/
n(SiC:H)/p(SiC:H)/i(Si:H)/n(Si:H)] sandwich between conductive
transparent contacts. The receivers join the simultaneous demultiplexing
operation with the photodetection and self-amplification. The information
and the code position of each LED are transmitted simultaneously
through the RGB pulsed transmitted channels. A violet LED is used for
error control. Free space is the transmission medium. An on-off code is
used to transmit data. A visible multi-lateration method estimates the
position of the device by using the decoded information received from
several, non-collinear transmitters. To improve the transmission rate,
parallelized communication will be analysed by using multiple emitters
and receivers.

The proposed coding is based on SiC technology. Furthermore, we
present a way to achieve vehicular communication using the parity bits
and a navigation syndrome. A representation with a 4 bit original string
color message and the transmitted 7 bit string, the accurate positional
information encoding/decoding and the design of SiC navigation
syndrome generators are discussed and tested.

10231-60, Session PS

Refractive index sensor based on
multimode plastic optical fiber with long
period grating

Chuanxin Teng, Fangda Yu, Yue Ding, Jie Zheng, Jilin
Univ. (China)
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Recently, the refractive index (RI) sensors based on plastic optical fibers
(POFs) have attracted much attention of researchers. Compared with
glass optical fibers (GOFs), the POFs are now widely recognized to offer
some unique advantages, such as better flexibility, larger diameter, higher
numerical aperture, easier handling and lower attenuation in the visible
region. Due to the multimode characteristic, POFs based sensors are
more suitable for intensity modulation scheme. With special focus on the
low cost solution, the RI sensors based on POFs can be considered as a
valuable alternative to those based on GOFs.

It is well known that the RI sensitivity could be enhanced by modifying
the structure of multi-mode POFs in some ways, such as side-polishing,
tapering, making a hole, and so on. Therefore, in this work we tried to

a new approach to modify the structure of POFs for increasing the RI
sensitivity. A long period grating was fabricated on the surface of the POF
by a simple die-press-print method using a commercial available thread
rod as the mould. The Rl sensing performances for straight and macro-
bending (U-shaped) POFs with the long period gratings were studied.

It is found that the straight Rl sensing probe with long period grating
structure was not sensitive enough for RI measurement. After bending the
straight POF probes with long period grating into U-shaped probes, the
RI sensing performance was improved markedly. By altering the structural
parameters, the Rl sensing performances of the U-shaped POF probes
with long period grating structure were optimized, and a sensitivity of
1130%/RIU in the RI range of 1.33-1.41 was obtained. The probe is a low
cost solution for Rl sensing purpose, which has the features of simple
structure, easy fabrication, compact size and intensity modulation at
visible wavelengths.

10231-61, Session PS

Novel techniques for optical sensor using
single core multilayer structures for
electric field detection

Amir R. Ali, Mohamed A. Kamel, The German Univ. in
Cairo (Egypt)

This paper studies the effect of the electrostriction force on the single
optical dielectric core coated with multi-layers based on whispering
gallery mode (WGM). The sensing element is a micro-sphere made off
polymeric material coated with multi-layers having different electric and
mechanical properties. The external electric field deforming the sensing
element causing shifts in its WGM spectrum. The multi-layer structures
will enhance the body and the pressure forces acting on the core of

the sensing element. Due to the gradient on the dielectric constant;
pressure forces at the interface between every two layers will be created.
Also, the gradient on Young’s modulus will affect the overall stiffness

of the optical sensor. In turn the sensitivity of the optical sensor to the
electric field will be increased when the materials of each layer selected
properly. A mathematical model is used to test the effect for that multi-
layer structures. Two layering techniques are considered to increase

the sensor’s sensitivity; (i) Dielectric constant layering technique and;

(ii) Young’s modulus layering technique. In the first technique, Young’s
modulus is kept constant for all layers, while the dielectric constants

are varying. In this technique, results show that the highest sensitivity
achieved when the layers are arranged in an ascending order. In the
second technique, Young’s modulus is varying along the layers, while the
dielectric constant has a certain constant value per layer. On the other
hand, the descending order will enhance the sensitivity in the second
technique. Overall, results show the multi-layer sphere based on these
techniques will enhance the sensitivity compared to the typical polymeric
optical sensor. Preliminary experiments proved that the bandwidth of
the multi-layer structures for the optical sensor will also be improved
compared to the typical one.

10231-64, Session PS

Green upconversion fluorescence
temperature sensor based on erbium-
doped phosphor

Edwin Pun, City Univ. of Hong Kong (Hong Kong, China)
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Temperature sensing based on fluorescence intensity ratio (FIR)
technique has received much attention recently [1]-[4]. The FIR technique
compares the rare earth ions fluorescence intensities of two temperature
dependent emissions from two closely spaced energy levels to a lower
state, such as Er3+, Pr3+, Yb3+ and Nd3+ [5,6]. In Er3+ ions the two
upconversion emissions 453/2 ?4115/2 (550 nm) and 2H11/2?4115/2 (530
nm) are particularly suitable for this application. This is because the
4S3/2 and 2H11/2 states are closely spaced and the intensities of the
two emissions are temperature-dependent. Also, a 980 nm laser diode
(LD) can be used as the pump source, and this excitation wavelength is
desirable for biological applications since auto-fluorescence in biological
tissues is absent at this wavelength. For certain applications, such as
microelectronic circuits, biological tissues and in vivo cells, micro- and
nano- sized materials that can be used as temperature sensors are
attractive.

We have reported optical temperature sensors based on ErNbO4 and
Er203.3Nb205 phosphors [7,8], and showed that for a simple structure
that consists of a 980nm pump LD, two narrowband filters and two Si
photocells, the thermal response of the Si photocell shows a near linear
dependence on temperature, the linearity is independent of input power,
and the sensor exhibits a relative sensitivity of ~ 5-7 ? 10?3 K?1 within the
temperature range of 303-353 K. In this work, we studied the temperature
characteristics of Er(NbO3)3 phosphor mixed with potassium bromide
(KBr), and the KBr: Er(NbO3)3 molar ratio was varied from 0:1to 100:1.
The results confirm the enhancement of fluorescence intensity and
increased temperature sensitivity, and the relative sensitivity is increased
by 14%.

[11 A. K. Soni, A. Kumari, V. K. Rai, Sensors and Actuators B-Chemical, 216,
64-71(2015).

[2] A. Wickberg, J. B. Mueller, Y. J. Mange, J. Fischer, T. Nann, M. Wegener,
Appl. Phys. Lett., 106, 133103 (2015).

[3] M. K. Mahata, K. Kumar, V. K. Rai, Sensors and Actuators A-Physical,
209, 775-780 (2015).

[4] P. Du, L. H. Luo, W. P. Li, Q. Y. Yue and H. B. Chen, Appl. Phys. Lett.,
104, 152902 (2014).

[5] A.S.S. de Camargo, J. F. Possatto, L.A.de O. Nunes, E.R. Botero, E.R.M.
Andreeta, D. Garcia, J.A. Eiras, Solid State Commum. 137, 1-5 (2006).

[6] Z. Q. Li, Y. Zhang, and S. Jiang, Adv. Mater., 20, 4765-4769 (2008).

[7]1 D.L. Zhang, Z.P. Hou, F. Han, P.R. Hua, D.. Yu, and EY.B. Pun, IEEE
Photon. Technol. Lett., 26, 1601-1604 (2014).

[81 N. Yuan, H.X. Sun, W.H. Wong, DY. Yu, EY.B. Pun, and D.L. Zhang, IEEE
Photon. Technol. Lett., 28, 806-809 (2016).
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Construction, laboratory test of the fiber
optic rotational seismograph FOSREM for
rotational seismology area of interest

Anna Kurzych, Leszek R. Jaroszewicz, Zbigniew
Krajewski, Military Univ. of Technology (Poland); Jerzy K.
Kowalski, m-Soft Sp. Z oo (Poland)

A relatively young field of study named Rotational Seismology caused
highly interest in the investigation of rotational movements generated
by earthquakes, explosions, and ambient vibrations. It includes a wide
range of scientific branches. In order to continue the exploration of
new findings regarding Rotational Seismology one needs to apply
appropriate rotational sensors which should fulfill the following
technical requirements: absolute insensitivity to linear motions as

well as an opportunity to measure the linear and rotational motion
separately; compactness and stable in respond to the surrounding
conditions; equipped with independent power supply; wide range of the
measurements: amplitude 10e-8 rad/s (tele-seismic distances) - 10e0
rad/s (near seismic source); frequency 10e-3 Hz - 10e2 Hz.

The presented in this work system works by measuring Sagnac effect and
generally consists of two basic elements: optical sensor and electronic
part. The optical sensor is based on so-called the minimum configuration
of FOG where the Sagnac effect produces a phase shift between two
counter-propagating light beams proportional to the measured rotation
speed. The main advantage and attribute of such kind of sensor is its
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complete insensitivity to linear motions and a direct measurement of
rotational speed. It may work even when tilted, and moreover, it may
recording the tilt if is used in continuous mode.

The electronic system, involving specific electronic solutions, calculates
and records rotational events data by realizing synchronous detection
in a digital form by using 32 bit DSP. Storage data and system control
are realized over the internet by using connection between FOSREM
and GSM/GPS. Its advanced and innovative design enables to measure
a component of the rotation in the wide range of signal amplitude
from 2?10e-8 rad/s up to 10 rad/s, as well as in the wide frequency
band from DC to 328.12/n Hz (n=1, ..., 128). Its relatively small dimension
(360x360x160 mm) and remotely controlled electronic module makes
FOSREM portable and autonomous device.

Moreover, authors have adapted a simple seismic table, which allows

to generate real horizontal shakes which occur during earthquakes, for
rotational sensors testing. The obtained data suggest that the FOSREM
is suitable for Rotational Seismology research as well as engineering
application. The carried out measurements included the Allan variance
noise analysis confirmed the extremely advanced technical solutions

as well as wide possible application field like seismic monitoring in
observatories, buildings, mines and even on glaciers and in their vicinity.

10231-66, Session PS

CO2 sensing at atmospheric pressure
using fiber Fabry-Perot interferometer

Wenwen Ma, Ruohui Wang, Xueguang Qiao, Northwest
Univ. (China)

A fiber Fabry-Perot interferometer (FPI) for CO2 gas sensing at
atmospheric pressure is proposed and experimentally demonstrated.
The gas sensing material is poly(ethyleneimine) (PEI)/ Poly(vinylalcohol)
(PVA) compound, which exhibits reversible refrative index change upon
absorption and release of CO2 gas molecules. The FPI is fabricated by
coating a PEI/PVA film with a thickness of 15?m film at the end face

of a single-mode fiber (SMF). A well-confined interference spectrum
with fringe contrast of 19.5 dB and free spectra range (FSR) of 33.15

nm is obtained. The proposed FPI sensor is sensitive to the CO2 gas
concentration change, and a sensitivity of 0.2833nm/PCT is obtained. The
FPI sensor provides a potential solution in the development of low-cost
and compact gas sensors for CO2 leakage monitoring.

10231-67, Session PS

Measuring the modulation-transfer
function of radiation-tolerant machine-
vision system using the sum of harmonic
components of different frequency

Oleg A. Perezyabov, Nadezhda K. Maltceva, ITMO Univ.
(Russian Federation); Aleksandr V. llinski, S.I. Vavilov
State Optical Institute (Russian Federation)

Nuclear energy is one of the most important sectors of global energy
industry, that has been making a significant contribution to the electricity
generation for several decades already.

There are special robotic systems to maintain the basic technical
processes at the nuclear power plants, which are intended for long time
operation without breaking in high radiation environment.

To ensure the necessary safety level in robotic systems that are used for
nuclear power plant maintenance and to allow the operator to control
the systems actions, the machine-vision systems are applied. There

are special requirements for the radiation tolerance, image quality and
automation of the machine-vision systems.

One of the main characteristics of the machine-vision system is its
resolution, which is generally measured by determining the impact of the
system on the special test pattern.

The most often used test images for resolution measurement are: bands
groups having an equal width, sinusoids groups of different frequencies,
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slanted edge of high or low contrast, random target pattern (printed or
displayed at the screen) and speckle pattern, generated by laser source
and diffuser.

To show the resolution of the machine-vision system at different spatial
frequencies one can use modulation transfer function, which describes
the spatial frequency response of the system transfer from the object
area to image area, using the sinusoids with different frequencies.

The advantages for using modulation transfer function as the general
characteristic to measure resolution are: the ability to measure image
quality directly and quantitatively, the minimal impact of the human
factor (measurement is objective), the ability to measure the quality of
combined systems (different components of the system, such as eye, lens,
image detector can be reduced to one characteristic).

The source test pattern can also have brightness, that changes
harmonically in a certain direction, e. g. along the image line. For the
linear image transmission system final image brightness will also change
harmonically in corresponding direction. Both harmonic components
are related by modulation-transfer function, so the modulation-transfer
function value will depend on spatial frequency and the brightness
changing of the source test pattern.

In this paper we describe the procedure of determining the number of
values of the modulation transfer function using the sum of the harmonic
components of the relationship of the source test pattern brightness on
the spatial coordinates. The measurement can be done in two directions:
meridional and sagittal by rotating the source test pattern.

10231-68, Session PS

Nematic liquid crystal device based on
biconical optical fiber taper

Joanna Mo?, Leszek R. Jaroszewicz, Karol A. Stasiewicz,
Katarzyna Garbat, Noureddine Bennis, Mariusz Florek,
Military Univ. of Technology (Poland)

In recent years, a certain number of experiments has been undertaken to
connect optical fibers and liquid crystals materials. In many cases Such
hybrid devices were made as a filling in air hole of photonic crystal fibers.
The other possibility was performing a guidable cladding on an optical
fiber taper. All above approaches use liquid crystal properties which allow
to change refractive index value by reorganizing of molecules orientation
induced by electric field. Depending on obtained refractive index value it
can be also changing the modes of propagate light beam.

Tapering process allows to change optional boundary condition of

fibers and to interact directly with the propagating light beam. The
theoretical and experimental investigations of changing core and cladding
diameters, mode field diameter as well as distribution of refractive

index profile along the taper structure show that there is many option

for manufacturing advanced elements for sensor application. Light

beam which leaks out of the taper structure is susceptible to external
materials which can be characterized by a variable state of concentration.
In this work we have presented an investigation of the opportunity to

use nematic liquid crystals (NLC) mixture 1550C1 as a tunable cladding

in fiber sensor systems based on a biconical optical fiber taper. The
construction of a liquid crystal cell which allows to place the taper waist
region between two substrates with ITO layers has been developed in the
Institute of Applied Physics MUT, Warsaw, Poland. To obtain very good
properties of the manufactured device minimization of attenuation of
individual elements should be obtained. The base element - a biconical
optical taper was made on Fiber-Optic Taper Element Technology
arrangement which was developed in the laboratory. For manufacturing
the device, along type taper with the elongation equal to 30.50+0.16mm.
The diameter of waist region was below 10.0+0.5?m. The manufactured
taper posses very low insertion losses equal to 0.18+0.02dB. The
measurement of the manufactured NLC taper device is divided into

three parts. Device was measured in the wide range of wavelengths
between 500 - 850 nm given by Fianium supercontinuum source as well
as in narrow band from 532 nm laser. NLC was stimulated with different
modulation THz, 30Hz as well as without modulation. Applied external
electric field was in the range 0-160V. Obtained results show a very good
fast answer of device to external disturbance. Transmission characteristics
in a wide range was observed by OSA. Additionally, the device was put to
the test of temperature in the range of 200C to 800C, which scope liquid
crystals change a structure from nematic to isotropic liquid.
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10231-69, Session PS

Experimental study of laser-trimmed
surface acoustic wave delay line
topologies

Dmitry P. Lukyanov, Sergey Y. Shevchenko, Alexander
S. Kukaeyv, Daniil V. Safronov, Saint Petersburg
Electrotechnical Univ. “LETI” (Russian Federation)

Nowadays popularity of sensors based on surface acoustic waves (SAW)
is rising. These sensors are comparable with MEMS in size, price and
sensitivity characteristics, but also include such unigue advantages as
high shock resistance and possibility of a wireless sensing. Formation

of electrode topology on a surface of a wafer is a key part of SAW-
based sensor fabrication process and mostly determines its sensitivity
characteristics.

Originally, a photolithography method is used for electrode topology
creation. However, modern design concepts of solid-state inertial

sensors (gyroscopes, accelerometers) have complicated topology that
may contain several delay lines, resonators and other elements on a
single wafer. Production of a photo mask for its etching is a difficult and
expensive process. It becomes crucial in case of small series that are
needed at the development stage for optimization purposes - every
small change in topology requires a new photomask. In addition, a life
cycle of these masks is comparatively short. Therefore, a method of
drawing a sensitive element topology using a high-precision laser seems
perspective. The essence of proposed method is to evaporate unneeded
material from a fully metallized wafer, leaving only desired topology. In
this case, there is no need to produce a photo mask. Thus, it is possible to
change sensing element configuration without any essential expenses of
time and money that will allow simplifying technological process of SAW-
based sensors production.

To estimate possibilities of described method a number of delay lines

was produced and tested. At the first stage, two low frequency (13 and

16 MHz) delay lines with a 400 nm metallization were created using a
precise fiber-optic laser. Parameters of these delay lines were investigated
and were found in a close match with desired values. At the second stage,
delay lines with a thick (5 ?m) metal films were produced with a single
and double-sided topologies. Results of its experimental tests are to be
presented.

10231-70, Session PS

The influence of the whispering gallery
modes resonators shape on their
sensitivity to the movement

Yuriy V. Filatov, Alexander S. Kukaev, Egor V. Shalymoy,
Vladimir Y. Venediktov, Saint Petersburg Electrotechnical
Univ. “LETI” (Russian Federation)

The whispering gallery modes resonators are axially symmetrical
resonators with smooth edges, supporting the existence of the
whispering gallery modes by the total internal reflection on the surface
of the resonator. For today various types of such resonators were
developed, namely the ball-shaped, tor-shaped, bottle-shaped, disk-
shaped etc. The movement of whispering gallery modes resonators

in inertial space causes the changes of their shape. The result is a
spectral shift of the whispering gallery modes. Optical methods allow

to register this shift with high precision. It can be used in particular for
the measurement of angular velocities and linear accelerations in inertial
orientation and navigation systems. However, the whispering gallery
modes resonators have cross axes of sensitivity in addition to the main
axis. When measuring the parameters of motion the orientations of the
rotation axis and acceleration axis generally are unknown. This leads to
uncertainty of the measurement results. This work is devoted to the study
of the influence of the whispering gallery modes resonators shape on the
sensitivity to the movement of their main and cross axes.

OPTICS+
o OPTOELECTRONICS

SPI

10231-71, Session PS

Design of an optical sun sensor for a
space application: a reliable passive sun
tracking device for the SOLAR/SOLSPEC
instrument

Nuno Pereira, David Bolsée, Alice M. Michel, Belgian
Institute for Space Aeronomy (Belgium); Mustapha
Meftah, Abdenour Irbah, Luc Damé, LATMOS (France)
and Ctr. National de la Recherche Scientifique (France)

SOLSPEC is a spectroradiometer measuring the UV-VIS-IR solar irradiance
from 166 nm to 3088 nm. It is part of the instruments composing

the SOLAR payload mounted on the zenith external platform of the
European Columbus module of the International Space Station (ISS),
since February 2008. Solar flux is received by the instruments of the
payload (SOLSPEC, SOLACES and SOVIM) thanks to the Coarse Pointing
Device (CPD) composing the guiding system of the SOLAR platform.

A complementary Sun position tracking module, the Position Sensitive
Device (PSD), is also integrated to SOLSPEC. The PSD is a passive
instrument designed to determine the Sun’s position. It has no feedback
on the CPD and therefore no influence on the payload orientation. It

uses a wide band-pass glass filter centered on 501 nm to attenuate the
solar flux. The amount of dielectric coating on the surface of the glass
was precisely tuned taking into account the amount of estimated solar
flux to be attenuated in orbit. The solar image is formed with a Cook’s
configuration lens-triplet into a photodiode resistive surface, generating
photocurrents in four terminals. By weighting these photocurrents, the
Sun’s image position on the detector’s surface is accurately detected.

The PSD module has been a useful tool to monitor for alignment offsets
between the CPD and the SOLAR payload. A misalignment produced
during the pre-flight integration between CPD and the SOLAR payload
was monitored and quantified in orbit. The PSD is used in all SOLSPEC’s
solar mode operations mode to monitor the quality of the Sun tracking of
SOLSPEC as well of the SOLAR payload. The PSD is also used in the criss-
cross operational mode. In this mode the CPD is intentionally depointed
for a range of angular positions. In this mode it is possible to monitor for
SOLAR/SOLSPEC's 3 spectrometers (UV, VIS, IR) angular responses in
orbit.

We first give a detailed description of the PSD’s optical design and
functionalities. We then present some results of the PSD data analysis.
We will show that the PSD module has, despite operating in a severe
spatial environment as it is the ISS environment (outgassing, vehicles),
preserved its full potential from 2008 up to now thanks to its design and
appropriate selection of components. We conclude that its robustness
makes of the PSD module a simple, yet reliable, instrument useful for
future long-term space missions.

10231-72, Session PS

Temperature sensing setup based on
an aluminum coated Mach-Zehnder
Interferometer

Eliana I. Pacheco, Univ. de Guanajuato (Mexico)

In this paper a temperature sensing setup based on a Mach-Zehnder
Interferometer (MZI), coated with aluminum is proposed. Here, this
interferometer is fabricated through fusion splicing. It is formed by the
concatenation of two endings of Single Mode Fiber (SMF) with a segment
of Photonic Crystal Fiber (PCF) between them. The first splicing is the
SMF-PCF interface, and acts as beam splitter, causing the excitement
both the core and cladding modes of the PCF. In the second splicing, the
PCF-SMF union, couple again these modes into the core. Here both PCF
cladding and core modes interfere with each other, this interaction results
in an interference pattern as the output signal of the system, which is
observed with an Optical Spectrum Analyzer. For the fabrication of the
interferometer a commercial fusion splicer Fitel S175 was used, with the
following characteristics: 91 mW arc power, 240 ms of prefusion time,

and 860 ms of arc duration. The SMF is conventional plastic SMF-28 fiber.
Moreover, the PCF has 6 hollow cavities around the core, each one of 6.48
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um of diameter and 1 um average separation between them. The core’s
diameter is 5.48 um, this segment has a length of 7 cm and was coated
with a thin layer of aluminum through the evaporation technique. Surface
plasmons are waves that propagate along the surface of a conductor.
By adding a thin metal layer to the PCF section, a new mode appears
in form of this phenomenon, and enhances the performance of the
device. A temperature control based on thermoelectric Peltier cells and
Infrared detectors was used for the experimental setup. The device was
characterized in a temperature range from 25 °C to 43 °C. Experimental
results show that placing the metal coating, a visibility of 16 dB and
sensitivity of 0.25 nm/2C can be obtained. The proposed structure is
simple, cost effective, robust and easy to fabricate.

10231-73, Session PS

Shack-Hartmann wavefront sensor using
a Raspberry Pi embedded system

Ramiro Contreras-Martinez, Jesus Gardufio-Mejia, Martha
Rosete-Aguilar, Carlos J. Roman-Moreno, Ctr. de Ciencias
Aplicadas y Desarrollo Tecnolégico (Mexico)

In this work we present the design and manufacture of a Shack-Hartmann
wavefront sensor using a Raspberry Pi and a microlens array. The main
goal of this sensor is to recover the wavefront of a laser beam and to
characterize its spatial phase using a simple and compact Raspberry Pi
and the Raspberry Pi embedded camera. The recovery algorithm is based
on a modified version of the Southwell method and was written in Python
as well as its user interface. Experimental results and reconstructed
wavefronts are presented.

10231-74, Session PS

Splicing and shaping of the special
optical fibers

Michal Jelinek, Vaclav Hlavaty, Jan Hrabina, Bretislav
Mikel, Institute of Scientific Instruments of the ASCR,
v.V.i. (Czech Republic)

We present development of new methods and techniques of the splicing
and shaping optical fibers. We developed new techniques of splicing

for standard Single Mode (SM) and Multimode (MM) optical fibers and
optical fibers with different diameters in the wavelength range from 532
to 1550 nm. Together with development these techniques we prepared
other techniques to splicing and shaping special optical fibers like as
Polarization-Maintaining (PM) or hollow core Photonic Crystal Fiber (PCF)
and theirs cross splicing methods with focus to minimalize backreflection
and attenuation. The splicing special optical fibers especially PCF fibers
with standard telecommunication and other SM fibers can be done by
light adjustment of our developed techniques. Adjustment of the splicing
process has to be prepared for any new optical fibers and new fibers
combinations. The splicing of the same types of fibers from different
manufacturers has to adjust too. We are able to splice PCF with standard
telecommunication fiber with attenuation up to 1 dB. The method is also
presented.

In the next step we developed techniques to tapering optical fibers. We
are able to made optical tapers from ultra-short called adiabatic with
length around 400 um up to long tapers with length up to 6 millimeters.

Development of these new techniques and methods of the optical fibers
splicing are made with respect to using these fibers to another research
and development in the field of optical fibers sensors, laser frequency
stabilization and laser interferometry based on optical fibers. Especially
for the field of laser frequency stabilization we developed and present
new techniques to closing microstructured fibers with gases inside.

10231-75, Session PS

Optical fiber sensors preparation
Bretislav Mikel, Michal Jelinek, Institute of Scientific
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Instruments of the ASCR, v.v.i. (Czech Republic); Radek
Helan, Network Group, s.r.o. (Czech Republic); Vladimir
Kolarik, Ond?ej ?ip, Institute of Scientific Instruments of
the ASCR, v.v.i. (Czech Republic)

We present development of the new technology to preparation of

the fiber optic sensors with Fiber Bragg Gratings (FBG). We prepared
complete technology from design of the sensor properties, the calculation
of the demanded properties of FBG, calculation phase mask properties

to writing FBG, processing of phase masks by e-beam lithography,
preparation optical fibers to writing FBG through prepared phase mask
and writing FBG in to the optical fibers. At the end we are able to prepare
complete housing for the realized optical fiber with FBG in dependence
on the physical parameters measurement and on the place of the
measurement. We present separate parts of the whole technology.

The technology of processing and measurement of the sensors to
measurement strain and temperature is presented in the next step. These
sensors were prepared for the structure health monitoring. We focused
our set up to prepare sensors to mounting and measure existing buildings
and critical infrastructures. The data from measurement of the nuclear
power plant Temelin containment shape deformation are presented. We
used standard FBG reflection wavelength measurement by our developed
measurement system with tunable optical filter. The other principle
measurement we used to set up and measure our vibration sensors. The
sensors contain FBG in tapered optical fiber. In this case we can measure
only the optical power, which depends on the angle of the fiber with FBG
behind the taper. The FBG is written into the fiber under defined angle
with respect to axis of light propagation. The parameters of the sensors
measurement in depend on different tapers and the different angles are
presented.

10231-76, Session PS

The using of fiber-guided multichannel
pyrometer for diagnostics of laser aided
metal deposition with gas-powder jet

Yuri N. Zavalov, Alexandre V. Dubrov, Fikret Kh. Mirzade,
Elena S Makarova, Nikolay G. Dubrov, Institute on Laser
and Information Technologies (Russian Federation)

The way of further industrial implementation of additive manufacturing
technology is the applying of the on-line control in laser machining. The
optical method of pyrometry provides the tool to analyze the evolution
of surface temperature versus laser operation parameters and materials
properties to improve the quality and increase the productivity of the
technology process [1-2].

However, there are some problems to apply the pyrometry in laser
machining, for instance, there is the difficulty of determining the
temperature distribution in a small heating regions of the order of (1...2)
mm and less [3]. And there is also the problem of determining the true
temperature from the luminosity of the melt and solidified metal due to
the dependence of the luminosity factor on a number of uncontrollable
factors, such as kind of material, the temperature, the surface condition,
the location of the surface relative to the pyrometer sensor [4].

The use of optical fiber bundle in the optical path of the multi-channel
pyrometer of the spectral ratio allowed us to diagnose thermal conditions
in the region of the formation of a metal bead during the processes

of laser aided metal deposition with gas-powder jet. The results of
measurements of local thermal luminance dynamics of molten and
solidified metal are given for the case of 10.6 mkm radiation of the 1.2 kW
CO2 laser is focused to a spot diameter of about 1 mm. We used powders
of stainless steel similar to grades 304 and 316 in experiments.

Lined-up end faces of the optical fibers were located at the place of
formation of the thermal luminosity spot image by the focusing lens of
the pyrometer (F=63 mm, material CaF2). There were used five optical
channels of the pyrometer in the measurement series. The near IR
luminance from the region of about 60 um were transmitted with low
loss through each of the five fiber channels and enlighten the two-
color sensor. [5]. Fibers with an inner diameter of 50 um were located
at a distance of 0.3 mm from each other. The sampling frequency of
temperature data in each channel was 40 kHz.

info@spieeurope.org 63



Conference 10231: Optical Sensors

The dependences of temperature changes in the five areas of the bead
formation regions on the scanning speed, laser power and powder flow
rate are shown. The possibility of the surface temperature monitoring
through a stream of metal powder is demonstrated in the case of
spectral ratio pyrometer application. The using of optical fiber bundle has
allowed us to enhance the spatial sensitivity and spatial selectivity of the
temperature measurements by multichannel pyrometer.

References:

1 S. K.Everton, M. Hirsch, P. Stravroulakis, R. K. Leacha, A. T. Clare,
Materials & Design, vol.95, p. 431 (2016).

2) Smurov |., Doubenskaia M., Grigoriev S., et al. Optical Monitoring in
Laser Cladding of Ti6Al4V, J. of Therm. Spray Tech., v.21(6), p. 1357 (2012).

3) Rombouts M., Froyen L., Gusarov A. V., et al., J. Appl. Phys. v.97,
p.024905 (2005).

4) M. A. Bramson “Infrared Radiation”, Plenum Press, N.Y., 1968.
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10231-77, Session PS

Plasmonically-enhanced fluorescence for
biosensor applications

Stefan Fossati, Simone Hageneder, AIT Austrian Institute
of Technology GmbH (Austria); Jiri Slab?, Institute of
Photonics and Electronics of the ASCR, v.v.i. (Czech
Republic); Jakub Dostalek, AIT Austrian Institute of
Technology GmbH (Austria)

The detection of low concentration of analytes in is an important task

in diagnostic applications. Fluorescence spectroscopy provides an
established means for detection of molecular analytes by using assays
with fluorophore labels. To further improve the sensitivity, such assays
can be combined with plasmonic nanostructures in order to amplify the
detected fluorescence signal [1]. Here, we present a substrate for plasmon
enhanced fluorescence spectroscopy (SPFS) with epifluorescent readout
geometry. The structure consists of a periodic array of gold nanoparticles
supported by polymer pillars above a gold nanohole array, providing a
rich spectrum of tightly confined modes. Fluorescence enhancement

is achieved by the strong enhancement of local electromagnetic field
intensity and density of states associated with these modes. Finite
difference time domain (FDTD) simulations are employed to tune the
resonant modes to optimize both, plasmonic amplification of excitation
rate at the fluorophore absorption wavelength as well as providing
directional emission at the emission wavelength. The emission of large
portions of fluorescence light to a narrow solid angle simplifies the optical
system required for rapid readout of fluorescence in array sensor format
[2]. Substrates are prepared by nanoimprint lithography (NIL) with
subsequent evaporation of gold, a method compatible with industrial
scale roll-to-roll processes.

The presented system is developed for application in early stage
detection of colon cancer, through the analysis of autoantibodies against
tumor antigens circulating in blood.

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement No
633937, project ULTRAPLACAD.

References

[1] M. Bauch, K. Toma, M. Toma, Q. Zhang, and J. Dostalek, “Plasmon-
Enhanced Fluorescence Biosensors: a Review,” Plasmonics, 1-19 (2014).

[2] M. Bauch, S. Hageneder, and J. Dostalek, “Plasmonic amplification for
bioassays with epi-fluorescence readout,” Optics Express 22, 32026-
32038 (2014).

10231-78, Session PS

Overview of field gamma spectrometries
based on Si-photomultiplier

Maksim A. Kleshchenok, ITMO Univ. (Russian
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Federation); Victor M. Denisov, Flagman-geo Ltd.
(Russian Federation); Valery V. Korotaev, ITMO Univ.
(Russian Federation); Aleksandr B. Titov, Geomash
Inzhiniring Ltd. (Russian Federation)

Completed analytical review of modern scientific, technical, regulatory
and methodical literatures, affecting the scientific and technical
problem of development of field gamma spectrometries based on Si-
photomultiplier.

The basis of the national economy and industry are the country’s natural
resources. Status and development of mineral compley, its technical and
technological support to largely determine the economic, energy and
military security of Russia and its geopolitical influence in the world.

In modern conditions, there are special requirements to the technical
and technological support of exploration work due to the exhaustion

of the fund of subsurface, relatively easily discovered fields, as well

as the fact that the search operation has to be carried out in severe
geomorphological environments (large depth range, arctic latitudes and
mountainous areas with no infrastructure, the shelf of the northern seas
and etc).

This work is a part of project for mass production of a new generation of
field gamma spectrometry equipment based on si-photomultiplier (SiPM),
which has enhanced characteristics of sensitivity, accuracy and autonomy
combined with low weight and size parameters.

An analytical review of modern scientific, technical, regulatory and
methodical literatures are evaluated the current state of the global
challenges and prepare the ground for the most effective organization of
future research projects under this theme.

The main conclusions that can be drawn from the analysis include:

-for solid state SiPMs: Currently, a number of companies, including
Philips, Sensl, Hamamatsu, KETEK, introduced to the market a number of
commercially available SiPM, the functionality of which potentially satisfy
the requirements of the project objectives. Thus the technical and cost
characteristics of the receivers of different manufacturers are close to
each other;

-for scintillation crystals and detectors on their basis: confirmed the
preliminary information obtained under the scientific and technological
potential of the traditional types of scintillators, recommended for use
in detectors for field instrumentation. Among the commercially available
scintillator can distinguish Nal (TI) and Csl (TI). For the first of them is
characterized by high hygroscopicity, the second is a relatively low light
output. Both of these factors must be considered when selecting the
scintillator for gamma spectrometer field;

-the schemes docking scintillator and SiPMs: received information about
how to use the most simple joining schemes in which the scintillator and
sensitive area are connected by bonding to each other. This scheme does
not involve any additional matching components. Its advantage is the
relative ease of implementation, however, it can be assumed with high
probability that such a scheme will not ensure obtaining specifications
laid down in the specifications. This will require a complex work in terms
of research and implementation of optimal mating scheme scintillator and
SiPMs;

-in terms of the finished prototype of field gamma-ray spectrometers:
information about the positive results of the development is received
only about one product (gamma spectrometer MiniSpec, 2014). At the
same time the technical parameters of the prototype are much smaller
than the requirements laid down in the terms of reference for this project.
For example, only the value of the measuring range MiniSpec 2 times
inferiors to the design requirements. However, the experience gained by
developers MiniSpec should be studied and used in the present draft.

10231-79, Session PS

An experimental sample of the field
gamma-spectrometer based on solid
state Si-photomultiplier

Maksim A. Kleshchenok, Valery V. Korotaev, ITMO Univ.
(Russian Federation); Victor M. Denisov, Flagman-geo
Ltd. (Russian Federation); Aleksandr B. Titov, Geomash
Inzhiniring Ltd. (Russian Federation)
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The architecture of an experimental sample of the field of gamma-
spectrometerwas developed. In the basis of the development approach
was used a universal architecture and followed from it a single

Geophysical measurements can be considered as one of the most
conservative types of measurements. Many years of experience in

the research of geophysical fields were subdued in the first place, the
requirements of high accuracy and adequacy of the measurement results
(matching the real picture of the physical world). These requirements
largely provide continuity measurement technology. As a result, the range
of devices, their functionality, methodological and metrological support
remained unchanged for decades.

It must be admitted that many users are quite satisfied with this state of
affairs: the use of the same devices for tens of years ensures continuity of
measurement technology, processing and interpretation of data.

A single instrument platform is a tool which allows you to use to provide
a number of advantages such as consumer devices and systems, and their
developers.

The consumer receives a group of field devices that solve different
problems, but united by a number of common traits: a functional

and ergonomic principles, a single field computer, unified command
system, unified data exchange and formats of protocols, common
methods of navigation, the use of wireless communication, operational
communication with remote users.

In this case there is an additional possibility of combining multiple
devices into a single measurement system. This allows, for example, to
simultaneously measure various physical fields, such as radiation and
magnetic fields. The costs of measurements are reduced almost twice.

In this case the results of measurements of different physical fields are
aligned in time and space, which gives new possibilities for the analysis of
the nature of the anomalies, increasing the quality of data interpretation.

In turn, the developer is able to use the same carefully planned solutions
for all devices of the group. For example, the software controller will be
used regardless of the destination device, the development of specialized
modules will be carried out within a single technology for integration with
a single core. Add to this the unification of technology of preparation of
documentation, implementation service, simultaneous transition of all of
the family to the new version of the software.

The requirements for basic functionality of the field of gamma-
spectrometer on the basis of solid-state silicon photomultiplier are

laid down in the specifications on the prototype development, almost
completely coincide with the requirements of modern geophysical
measuring instruments. This allows you to extend the principles of

the unified architecture, laid down in the development of the EA field
gamma-ray spectrometer and other measuring geophysical instruments.

Among the specialized software and hardware components, the
development of which is beyond the scope of standard solutions a

single platform, and probably will not be transferred to other measuring
geophysical instruments which are necessary to carry a measuring
channel comprising a scintillator, solid state silicon photomultiplier and
additional matching the optical and / or structural components, as well as
specialized software application to be developed as part of the prototype
gamma spectrometer:

-algorithm for automatic recognition of the spectra;
-algorithm for automatic detection of anomalies;
-mapping algorithm radiation areas.

10231-80, Session PS

Improved vibration sensor based on a
biconical tapered singlemode fiber, using
in-fiber Mach-Zehnder interferometer

Renata Wonko, Military Univ. of Technology (Poland)

Optical fiber vibration sensors are the appropriate alternative for
piezoelectric devices because they are not sensitive to electromagnetic
external conditions. Most of the fiber optic vibration sensors
demonstrated in previous publications resist on different interferometer
or Bragg’s gratings. Such sensors require a long time for stabilization of
an optical signal, because they are vulnerable to undesirable disturbance.
In majority, time response of an optical sensor should be instantaneous,
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therefore, we proposed in-line vibration sensing passive element based
on tapered fiber.

Micrometer sized optical fiber tapers are attractive for many optical
areas due to securing the operation based on changes of the boundary
conditions for guided wave. Such phenomena allow for sensitive
detection of the light with information written as phase modulation. Our
experiment shows that a singlemode, adiabatic tapered fiber enables
detecting acoustic vibration. In this study, we report on two configuration
of a Mach-Zehnder (MZ) interferometer’s vibration sensor composed

on the basis of two 3dB couplers at 1550 nm. W used two set-ups

with different configuration of reference arm consists 4 m of standard
singlemode fiber. In sensing arm, as a vibration transducer we used the
tapered optical fibers attached to the metal plate. Researches were
carried out on different tapered configurations which the diameter of
waist was in the range from 5 um to 25 um, and optical losses are always
less than 0,5 dB.

Measured phase changes were in the frequency range from 100 Hz to 1
kHz and different acoustic power was generated by a speaker (amplitude
from 100 mVpp to 1 Vpp). The discussion on the optimization of the taper
structure for above conditions is included in the paper.

10231-81, Session PS

Development of an algorithm of the
decision of the inverse ellipsometry
problem for multilayer structure of the
matrix receiver of optical radiation

Anastasiya Lobanova, Valery V. Korotaev, Victoria A.
Ryzhova, ITMO Univ. (Russian Federation); Victor M.
Denisov, Flagman-geo Ltd. (Russian Federation)

The complete and systematical research of the options affecting the
quantity of the been taking electrical signal is important for the major of
the modern matrix receivers, which are used video information devices.
For the matrix receivers of optical radiation on basis of CCD and CMOS
sensors, its work principle based on the image transformation into

the digital signal, that option is sensitivity. During the analysis of the
researching object it is necessary to take into consideration the fault
brought in with the elements of electronic signal processing part. The
instrumental fault influences, due to the irregular distribution of the
sensitivity of the sensor platform, as a consequence of the irregular
response of the sensor pixels of the matrix element. Therefore, during
the faults’ analysis of these devises, the dissimilarity of the optical
characteristics and their elements must be taken in consideration.

To research this type of fault and its registration in the scheme of a
particular device it is necessary to generate a mathematical model of the
multilayer pixels’ structure; its options can be determined by solving the
inverse ellipsometry problem. The solution to the inverse ellipsometry is
worked out and used in the analysis of a single layer system. The aim of
the work is to adapt the solution of the inverse ellipsometry problem for
a single-layer system of pixel, forming the structure of a color matrix of a
video information receiver.

To get the initial data, which are necessary to solve the inverse problem,
the ellipsometric measurements of the polarization angles for the
radiation reflected from the air-surface interface of the sensor. These
angles characterize a pixel structure of the matrix.

Solving the inverse problem of ellipsometry for such a system, it is
possible to determine the thickness and refractive layers’ indexes,
forming the structure under study. That problem has no analytic solution
in general form (except for the case of a clean surface without any
covering). Thus, a large diversity of the numerical nonlinear methods
are involved to solve it. Their basis - the multiple solution of the direct
problem with the system options selected by some rules and comparing
the calculated values of the polarization angle with the experimental
one. The procedure continues till the difference between the calculated
and experimental values of the polarization angles becomes less than
some predetermined value. The inverse problem of ellipsometry for the
multilayer system (in that case three layer), at each stage is solved within
the limits of a single-layer model. The refractive indexes are determined
with the reflection coefficient, expressing with the admittances

Abele. Layer thickness is determined by the method of Holmes. The
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measurements are carried out at two or more angles of incidence. That
allows to specify the adequacy of the model and the real object on the
convergence of the results at different angles of incidence.

In such a way , the algorithm for solving the inverse ellipsometry problem
is done, so the thickness and the refractive index of the pixel’s surface can
be determined.

10231-82, Session PS

Photonic crystal fiber transducers
filled with naonparticle mixtures for
temperature sensing application

Natalia Przybysz, Institute of Technical Physics (Poland);
Pawe? Mar?, Leszek R. Jaroszewicz, Military Univ. of
Technology (Poland); Emilia Tomaszewska, Jaros?aw
Grobelny, Univ. of Lodz (Poland)

Photonic crystal fibers (PCFs) with their inner air holes microstructure
allow to modify and control propagation properties of the light
propagated through them. Several applications focused on
telecommunications, light sources and sensor technology were presented
in which changes of air holes’ lattices, sizes and their arrangements in the
PCFs cross sections influence their dispersion characteristics. Another
approach to introducing propagation properties’ changes is to fill the air
holes of PCF with a liquid material.

This fiber treatment allows us to design PCF transducers for a
temperature threshold sensor. As a filling material we have selected a
group of n-alkanes with melting points (MPs) within the range of 9 oC -
650C and refractive indices between 1.431-1.450 (in their liquid states).

A simple PCF transducer is a patch cord with a piece of a partially filled
LMA-10 PCF spliced between two pieces of a standard telecommunication
single mode fiber. Each of transducers has a bi-stable temperature
characteristics. In a heating direction it is in OFF state when temperature
is less than its MP but for higher temperatures it is in ON state. But when
the transducer is cooled the ON/OFF states change at crystallization
temperature which is different than MP. Thus, for all transducers between
heating and cooling temperature characteristics we can observe
hysterises. This effect is called as supercooling effect and in our work we
will show how to reduce it by preparing mixtures of n-alkanes with gold
nanoparticles to introduce heterogeneous nucleation centers.

10231-83, Session PS

Temperature and pressure fiber sensor
based on air microcavity in PDMS

Daniel Kacik, lvan Martin?ek, Norbert Tarjanyi, Univ. of
?ilina (Slovakia)

Optical fibre sensors have unique properties such as small size, light
weight, high sensitivity, biocompatibility, corrosion resistance, immunity
to electromagnetic interference, continuous measurements and in-

situ monitoring of chemical parameters in industrial processes. The
sensors can work in different ways. One of the most sensitive ways

is sensing measurands by the interference of light. Configuration

of the interferometer depends on different parameters. Usually the
interferometer consists of a set of mirrors dividing the light into arms, and
then decoupled back to compare the phase of travelled light in particular
arms. One interesting aspect of mirror creation is offered by a Fabry-
Perot interferometer.

A preparation of polydimethylsiloxane (PDMS) Fabry-Perot interferometer
located at the end of a single-mode optical fibre (SMF) is presented. A
fibre tip is treated by applying thin paraffin wax film to the fibre end.
Then the fibre end is packed with PDMS. After curing, the fibre end is
heated to diffuse wax to the PDMS. This reduces the adhesion and allows
the creation of the micro-cavity between the fibre end face and the PDMS
layer. Then the length of micro-cavity is fixed by covering it with a second
layer of PDMS.

Based on temperature and pressure influence we investigated the
function of the fiber Fabry-Perot interferometer. When measurand is
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applied to such a Fabry-Perot interferometer, the length of the micro-
cavity will change. So the wavelength shift of reference minima (maxima)
of interference pattern corresponds to measurand change. For the
operation of the sensor broadband light source and low-resolution
optical spectral analyzer can be used. The sensor has small size and good
mechanical strength.

10231-84, Session PS

Optical features of zinc selenide and
silver iodide and two-phase composite
nanostructures

Alexander M. Smirnov, MV. Lomonosov Moscow

SU (Russian Federation); Vladimir V. Tomaeyv, Saint
Petersburg State Univ. (Russian Federation) and Saint
Petersburg Mining Univ. (Russian Federation); Maria

V. Kozlova, MV. Lomonosov Moscow SU (Russian
Federation); Anstasiia D. Golinskaya, Lomonosov
Moscow State University (Russian Federation); Julia
Stebakova, Jana V. Valchuk, MV. Lomonosov Moscow SU
(Russian Federation); Vladimir A. Polischuk, ITMO Univ.
(Russian Federation); Evgenii Borisov, Saint Petersburg
State Univ. (Russian Federation)

In recent years, formation of nanoscale structures by laser ablation
becomes possible. Laser ablation is technique for creation thin films of
nanostructures by substances evaporation from the target due to laser
radiation heating and further deposition on a substrate. The control of
growth semiconductor nanostructures parameters are required. The
goal of this work is the investigation of optical spectra features of zinc
selenide (ZnSe) and silver iodide (Agl) nanostructures produced by
laser ablation method, which can be used to design optical sensors and
diffractive structures in integrated optics. The discovered transmission
spectra minima are shifted to blue wavelengths relatively to the bulk
semiconductor material band edge, which corresponds to the effective
band gap width increasing for the samples. The observed minima of

the transmission spectra are peculiar to the quantum energy spectra of
semiconductor nanostructures. The band gap broadening of the samples
can point to the presence of nanocrystals in samples produced by laser
ablation, which are characterized by the energy spectrum quantization
and lower electron and upper hole quantum confinement levels shifts
from the bottom of the conduction and valence bands, respectively.
Quantum confinement additives to the band gap energies were estimated
according to the transmission spectra. ZnSe samples transmission spectra
showed a significant inhomogeneous minima broadening (=0,3 eV), that
can be explained by the sizes dispersion of the formed nanostructures.
Furthermore, the transmission minima shifts to blue wavelengths for
different samples are distinguished, that it is possible to explain by

the different average size of the formed zinc selenide nanostructures.
The transmission decrease with increasing wavelength with access

to a minimum at the long-wavelength spectral region (550-900nm)

and a further increase was observed. Decrease of the transmission in
the long-wavelength region can be the evidence of the formed during
the growth of semiconductor samples by laser ablation impurities or
defects absorption levels. Transmission spectra of silver iodide samples
performed the similar features as zinc selenide samples: presence of

the transmission minimum at the short-wavelength spectral region, the
transmission spectra minima shift to blue wavelengths region relatively
to the bulk semiconductor Agl band edge. We have identified lower

size dispersion of the Agl nanocrystals relatively to the ZnSe samples.
Quantum confinement additives to the band gap energies (?E = hv-Eg_
bulk) were estimated: 120-170 meV for ZnSe and 80-90 meV for Agl.
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10231-85, Session PS

Gallium nanoparticles colloids synthesis
for UV bio-optical sensors

Flavio Nucciarelli, Encarnacién Lorenzo, Iria Bravo, José
Luis Pau Vizcaino, Univ. Auténoma de Madrid (Spain)

New methods for the production of colloidal Ga nanoparticles (GaNPs)
have been introduced based on the evaporation of gallium on sacrificial
aluminium zinc oxide (AZO) layer. The nanoparticles can be prepared in
agueous or organic solvents such as tetrahydrofuran (THF) or ethanol
in order to be used in different sensing field. The particles had a quasi
mono-modal distribution ranging from 10nm to 80nm as diameter and
their aggregation status depended on the solvent nature. Compare to
common chemical synthesis, our method may assures higher yield with
the possibility of the particles size control by adjusting the deposition
time. Moreover, a further functionalization of the nanoparticles

before putting them in a solution is possible (thermal treatment, ion
implantation). The GaNPs have been studied by spectrophotometer
analysis to characterize the equivalent absorption spectra. The colloid
solutions exhibit strong plasmonic absorption in the UV region around
the 280 nm wavelength, which mainly depends to the nanoparticles
dimensions and their aggregation state as the simulations confirmed.
With regards of the colloidal GaNPs flocculate behaviour, the water
solvent case has been investigated for different pH values. Jointly with
use of the centrifugation process, it has been possible to estimate the
relative absorption of different particles average size. Finally, it is possible
to functionalize the solution by thiols through the formation of S-Ga
bonds.1 This result opens the possibility of developing high sensitivity
systems for molecular imaging in combination with DNA and biological
sensor in a broad range of applications.2,3

1 A. Garcia Marin, M. J. Hernandez, E. Ruiz, J. M. Abad, E. Lorenzo, J.
Piqueras, and J. L. Pau, Biosensors and Bioelectronics 74 (2015) 1069-1075

2 “Transformable liquid-metal nanomedicine”, Y. Lu, Q. Hu, Y. Lin,
D. B. Pacardo, C. Wang, W. Sun, F. S. Ligler, M. D. Dickey, Z. Gu, Nat.
Communications 6, 10066 (2015).

3 “Monodisperse colloidal gallium nanoparticles: synthesis, low
temperature crystallization, surface plasmon resonance and Li-ion
storage”, M. Yarema, M. Wo?rle, M. D. Rossell, R. Erni, R. Caputo, L.
Protesescu, K. V. Kravchyk, D. N. Dirin, K. Lienau, F. von Rohr, A. Schilling,
M. Nachtegaal, and M. V. Kovalenko, J. Am. Chem. Soc. 136, 12422?12430
(2014).
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Luminance Compensation for AMOLED
displays using integrated MIS sensors

Yuri Vygranenko, Ctr. of Technology and Systems
(Portugal); Miguel Fernandes, Manuela Vieira, Instituto
Superior de Engenharia de Lisboa (Portugal)

Active matrix organic light emitting diodes (AMOLEDSs) are ideal for
future TV applications due to their ability to faithfully reproduce real
images. However, the use of poly-Si TFTs for large-area applications is
challenging because of uniformity and scalability issues. It would be
economically attractive to use existing production lines for fabrication of
a-Si TFTs AMOLED backplanes. The main problem in this technology is
that a Si:H pixel circuitry suffers from temporal instability caused by the
threshold voltage shift of the driving TFT under prolonged bias stress
and also degradation related to the OLED material itself. A tight control
of pixel luminance can be achieved by measuring the emission from the
OLED in real time and adopting a feedback control scheme. Here, we
report on a pixel driver utilizing a metal-insulator-semiconductor (MIS)
sensor for luminance control of the OLED element. In the proposed
pixel architecture for bottom-emission AMOLEDs, the embedded MIS
sensor shares the same layer stack with back-channel etched a Si:H
TFTs to maintain the fabrication simplicity. The pixel design for a large-
area HD display is presented. The external electronics performs image
processing to modify incoming video using correction parameters for
the each pixel in the backplane, and also sensor data processing to
update the correction parameters. The luminance adjusting algorithm
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is based on realistic models for pixel circuit elements to predict the
relation between the programming voltage and OLED luminance.
Performance characteristics of the MIS sensor are presented and analyzed
to demonstrate its feasibility. Details on the pixel circuit functionality
including the sensing and programming operations are also discussed.

10231-87, Session PS

New fiber laser design for application
in phase sensitive optical time domain
reflectometry

José Luis Bueno Escobedo, Ctr. de Investigacion en
Materiales Avanzados, S.C. (Mexico); Vasily V. Spirin,
Ctr. de Investigacion Cientifica y de Educacién Superior
de Ensenada B.C. (Mexico) and Institute of Problems

of Mechanical Engineering (Russian Federation); Cesar
A. Lépez-Mercado, Ctr. de Investigacion Cientifica y de
Educacién Superior de Ensenada (Mexico); A. M. Lucero,
Ctr. de Investigacion Cientifica y de Educacién Superior
de Ensenada B.C. (Mexico); Patrice Megret, Univ. de
Mons (Belgium); I. O. Zolotovskiy, Ulyanovsk State Univ.
(Russian Federation); Andrei A. Fotiadi, Univ. de Mons
(Belgium) and loffe Institute (Russian Federation) and
Ulyanovsk State Univ. (Russian Federation)

Linewidth narrowing of DFB lasers operating at single frequency is of
great research interest due to its potential applications in distributed
fiber sensing. The spectral performance of available DFB laser sources
is significantly improved with implementation of self-injection locking
mechanism. To provide the effect, a part of the optical radiation
emitted by the laser should be returned back into the laser cavity. This
relatively simple method is important to design cost-effective laser
sources demanded, in particular, in phase sensitive optical time domain
reflectometry.

In this work, we study self-injection locking of DFB laser obtained with

a feedback loop that comprises a ring optical fiber cavity and apply the
developed source for operation with the distributed acoustic sensor.

In laser configuration a low-loss optical fiber ring resonator built from
standard telecom components is used as a narrowband filter. The optical
transfer characteristics of the ring resonator strongly depend on the
coupling factor. Three different regimes of the cavity coupling have
been considered: under-coupling, over-coupling and critical coupling.
Although the laser locking has been achieved in all coupling regimes, we
have demonstrated that only the critical coupling is able to provide the
superior laser line narrowing in combination with operation stability. In
this case, the laser power accumulated inside the cavity provides strong
feedback for laser locking and leads to a significant narrowing of the laser
emitted spectrum down to ~2.4 kHz.

In order to demonstrate potential of the proposed laser source we have
applied it for detection of localized perturbations with the distributed
acoustic sensor based on phase-OTDR. With the spatial resolution of 2

- 3 m we have demonstrated an accurate localization of 50 Hz harmonic
perturbation of the fiber at the distance of 9270 m. The measured signal-
to-noise ratio achieved with the proposed source is nearly the same as
achieved with an expensive ~300-Hz-linewidth laser (OEwaves Inc.).

10231-88, Session PS

Simultaneous transmission of standard
data, precise time, stable frequency

and sensing signals and their possible
interaction

Petr Mlnster, Brno Univ. of Technology (Czech Republic)
and CESNET, a. I. e. (Czech Republic); Jan Radil, Ondrej
Havlis, Josef Vojtech, Tomas Horvath, Martin Slapak,
Pavel Skoda, Miloslav Hula, Radek Velc, CESNET, a. |. e.
(Czech Republic)
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Fibre networks are the only way how to satisfy the ever growing needs
for more bandwidth on long distances. Commercial optical transmission
systems can transmit data at speed 400 Gb/s per one lambda and the
total number of lambdas is up to one hundred or even more. But there
are also other areas of fibre-optic networks, which are not focused only
on enormous number of bits transmitted. New applications like accurate
time transfer, ultra-stable frequency transfer have been rather common.
Other area which has been developing rapidly in past years is fibre-optic
sensing. Fibre-optic sensors are used in many areas of industry and it

is clear that interest in these sensors increases every year. The most
common sensors are based on back-scatterings and technique of optical
time domain reflectometry is mostly used. High speed data transmission,
time and frequency transmission and fibre-optic sensors must share the
common fibre-optic infrastructure because it would not be economically
feasible to build separate fibre networks. Unfortunately, accurate time
signals are slow and often OOK modulated, therefore may experience the
degrading effects of chromatic dispersion. Ultra-stable frequency signals
are not modulated at all - information transmitted is the frequency of
photons and such signals are continuous wave, but they suffer from phase
noise also environmentally introduced, e.g. by vibrations. Whereas for
OTDR sensor systems the high power pulses are necessary interference
between individual applications can occur. For this reason, parallel and
simultaneous transmission of standard data and time, frequency and
sensing signals is rather new and unexplored area of research.

10231-89, Session PS

Continuous palladium-based thin films
for hydrogen detection

Marco Angiola, Enrico Tessarolo, Consiglio Nazionale
delle Ricerche (ltaly); Alessandro Martucci, Univ. degli
Studi di Padova (ltaly); Alain J. Corso, Maria Guglielmina
Pelizzo, Consiglio Nazionale delle Ricerche (ltaly)

Palladium-based continuous films have been largely employed as
chemoresistor and Surface Plasmon Resonance (SPR) sensors, but the
focus has not been set on the development of simple absorbance based
sensors so far.

Thin films of Pd have been deposited by evaporation technique and have
been later treated to achieve metal-oxide films. The Pd-oxidized samples
display strong variation in structural and optical properties, when exposed
to reducing gases and have been tested toward oxidizing/reducing gases.

In addition, Pd-Sn films have been produced. The development low cost
sensors is of crucial importance. In this direction, the alloying of palladium
with a cheaper material, as tin, may lead to a sensitive cut of costs,
together with high yield techniques of deposition, such as evaporation
that allows the covering of wide substrates.

The structure and morphology of the Pd-based films have been
investigated and the changes have been related to the optical
properties using spectroscopic ellipsometry and UV/Vis/NIR absorption
spectroscopy, allowing a deep understanding of the optical gas sensing
behavior of Pd, Pd-oxidized and Pd-Sn thin film.

The sensing performance in absorbance-mode of the films have been also
compared to their sensing behavior in SPR configuration. In this case the
metallic surface has been functionalized with a thin layer of graphene.

10231-90, Session PS

Tiny incident light angle sensor

Dennis Mitrenga, Martin Schadel, Andreas T. Winzer, CiS
Forschungsinstitut fur Mikrosensorik und Photovoltaik
GmbH (Germany)

A novel optical detector for measuring the solid angles and intensity
of incoming light is presented. By analysis of only four signals it allows
for measuring the angles in a range of 0° to 85° and 0° to 360° with an
accuracy of 0.2° for the elevation and 5° for the azimuth, respectively.
Target applications are smart displays, active air conditioning controls
(automotive), alignment control of solar energy systems and general
lighting applications.
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The monolithic silicon sensor with 1x T mm? base area uses the same
strategy as classical plane four quadrant photodiode: the ratios of the four
signals are used for calculating the illuminating spot position. In contrast,
the sensitive areas in the presented device are integrated in the inclined
side walls of an inverse pyramid, which has been anisotropically deep
etched into the silicon wafer. Due to the resulting angular dependency

of the projected active areas the direction of the incoming light can be
evaluated.

We will present the principle manufacturing steps leading to these results
as well as a model used for prediction of sensor functionality. This model
is based on two steps: (A) an optical part realized in ZEMAX and (B) a
geometry and angle depending semiconductor simulation. While (A) is
used for calculating the distribution of light intensity and incident angles,
(B) simulates the resulting sensor signals and characteristic curves. The
combined model was used for design optimization. The optimized design
possesses a high angular resolution and a larger angle measurement
range in the half-space. It features four channels; each of them has a

flat as well as an inclined sensitive area. We will demonstrate calibration
measurement setup and obtained characteristic curves. A neural network
was used in order to calculate the incident light direction, i.e. both solid
angles, from the four sensor signals.

10231-91, Session PS

Miniature optical components for a small
inline polarimeter

Andreas T. Winzer, Martin Schadel, Dennis Mitrenga,
Thomas Frank, Jan Freitag, Kristin Neckermann, CiS
Forschungsinstitut flr Mikrosensorik und Photovoltaik
GmbH (Germany)

We present two novel components for a small polarimeter: A laser light
source and a polarization measuring element. The polarimeter is designed
for the use in experimental biogas fermenters, where the optical activity
information is needed as an input for the process control loop. For this
purpose reproducible measurements over several days and a very small
sample volume are necessary. The polarimeter features an error detection
capability for beam alignment, no moving parts, and a sample volume of
less than 0.7 ml for 10 cm path length. The accuracy lies in the range of
1/100°, which is adequate for the determination of the saccharine content
inside the fermenter.

The laser light source provides the collimated and linearly polarized light
which passes the sample chamber towards the polarization detector. The
beam diameter is smaller than T mm (typically 500 um) over the whole
length of 10 cm in order to prevent reflections from the chamber walls.
The micro lasers are surface emitting laser diodes (VCSELSs) that are
mounted on a metalized glass / polymer micro optics in a wafer based
process flow. This makes it possible to reduce the size of the polarized
light source down to 1.40 x 0.64 x 0.70 mm?.

The polarization angle detector consists of a beam polarizing splitter cube
with a splitting ratio of better than 10000:1. At both exits a monolithic
pair of photodiodes is mounted directly. The sum of the two signals is

a measure for the parallel or perpendicular polarized part of the light,
respectively. The double diodes are tilted by 90° within the plane, in order
to create a four-quadrant detector that is suited to analyze the beam
position. This additional position measurement is used for detection of
adverse illumination.

10231-92, Session PS

Interaction of Amyloid-? peptides with
lipid bilayer investigated by supercritical
angle fluorescence

Valentin Dubois, Stefan Seeger, Univ. ZUrich

(Switzerland); Diana Serrano Garcia, Univ. of ZUrich
(Switzerland)

Processes occurring at the interface between two media are of prior
importance in various fields of research, from material sciences to biology.
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Therefore, the understanding of these interfacial events has gained an
increasing interest over years. Low-invasive optical spectroscopy methods
are highly suitable for these researches. However, an important challenge
is to isolate the weak interfacial signal from the bulk sample signal. Our
group developed a custom-made microscope objective which allows

this separation through two distinct collection volumes. This objective
simultaneously collects light beyond and below the critical angle of total
internal reflection of a water/glass interface. The so-called supercritical
collection gives a near-field detection volume while the undercritical one
provides a classical confocal detection channel. So, the objective carries
out a surface-sensitive spectroscopy and isolates this signal from the

bulk solution radiation, while still collecting it. That feature is particularly
interesting to probe aqueous samples related to biological interfacial
events. A biological example of particular interest is the comprehension
of neurodegenerative diseases which seem caused by the interaction of
specific peptides with the membrane of the neurons. Taking advantage
of our optical setup, we used fluorescence spectroscopy to specifically
monitor the interaction between a supported lipid bilayer and the
Amyloid-? peptide, notably responsible of the Alzheimer disease. This
depth-selective analysis mimicked and covered the adverse effects of the
peptide interaction with the neuron membrane, as much as the kinetic
and affinity of its adsorption on the lipid bilayer. Various lipid composition
as much as different forms of the peptide (40 and 42 amino acids
composition) were tested. The results emphasized some hypothesis which
attribute the toxicity of the peptide to a partial disruption of the lipid
membrane, the effect being even more pronounced with the aggregated
oligomeric form of the amyloid-?.

10231-93, Session PS

Advanced wide-field surface plasmon
microscopy of single adsorbing
nanoparticles

Shavkat Nizamov, Brandenburgische Technische Univ.
Cottbus (Germany); Vladimir M. Mirsky, Univ. Regensburg
(Germany); Vitali Scherbahn, Brandenburgische
Technische Univ. Cottbus (Germany)

Detection and characterisation of nanoparticles (NPs), especially in
complex biological media, still represent a major challenge for existing
analytical methods. In the present work we describe a label-free, real time
and cost-effective analytical method for detection of NPs with very low
concentrations in real samples of consumer products. In second part, we
also address the problem of electrochemical characterisation of single
NPs.

Proposed methods are based on the wide-field surface plasmon
microscopy (SPM). The large field of view of our SPM setup (~1.3mm"2)
allows the detection of single adsorbing nanoparticles up to the hundreds
of thousands. The minimal detectable size of NP is ~15-20 nm for the Au
NPs, ~40-50 nm for polystyrene NPs. The detection rate is proportional
to a volume concentration of NPs over several orders of magnitude
concentration range: typically 10°6-10~10 NPs/ml. This range can be
further improved tenfold.

For the detection of NPs in complex media the influence of matrix effects
should be considered. To effectively discriminate images of NPs from
image perturbations caused by the matrix components, we propose

to use the template matching. First, the characteristic SPM images

of nanoparticles (templates) are collected in aqueous suspensions.

Then the detection of nanoparticles in complex environment using
template matching is performed. Using this approach, the detection and
characterisation of various NPs in consumer products like sunscreen
cream, mineral water, juices, and wines was shown at sub-ppb level (<100
pg/mL).

Characterisation of detected NPs can be done by their images, but,
unfortunately, the size/material can not be resolved directly. For
determination of chemical composition of single NPs separately, SPM
can be assisted by electrochemical analysis. In this case, the gold sensor
surface is used both for plasmon microscopy and as a working electrode.
Applying the linear sweep of potential to this electrode, adsorbed

NPs can be subjected to electrochemical dissolution, whose potential
characterises its material.
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Development of optical planar waveguide
biosensor for detection of mycotoxins

Ali Madlool Al-Jawdah, Sheffield Hallam Univ. (United
Kingdom)

I. INTRODUCTION

The detection of toxins is one of the main tasks nowadays for
environmental science, security, agriculture, food industry, and medicine.
A particular interest was on detection of mycotoxins, the products of
metabolism of numerous fungi species, which appeared to have toxic,
carcinogenic and hormone disruptive effects on humans [1]. The WHO
legislated a limit for mycotoxins in food and feed in ppb concentration
level which makes the detection of small mycotoxin molecules (typical
molecular weight in hundreds Dalton) a formidable task. The existing
high-tech analytical methods such as HPLC or mass-spectroscopy

can provide the required sensitivity but they are expensive and time
consuming, therefore the development of bio-sensors for toxin detection
is in great demand nowadays. Highly sensitive optical immuno-sensors
are leading in this development [2]. Our previous research exploiting the
method of Total Internal Reflection Ellipsometry (TIRE) combined with
direct immunoassay format showed high sensitivity (in sub-ppb range)
of detection of different mycotoxins [3-5]. The use of a planar waveguide
operating as polarization interferometer [6] is a logical continuation

of this work towards the development of portable sensor devices.
Preliminary experiments and modelling showed potential increase in
sensitivity in 2 to 3 orders of magnitude because of multiple reflections
of light in the waveguide [5]. Several successful biosensing developments
based on planar waveguides [7, 8] including fully integrated biosensor
[9] appeared recently and demonstrated remarkable sensitivity. The main
aim of this work was to explore the advantages of planar waveguides and
to develop a highly sensitive immuno-sensor capable of detecting small
toxin molecules, particularly mycotoxins, in very low concentrations in ppt
range.

The authors acknowledge support from NATO Science for Peace and
Security Program through the project NUKR.SFPP 984637.

IIl. SENSOR DESIGN

The planar waveguide structure was produced on silicon wafers using
standard microelectronic processes and consisted of a thin (200nm)
layer of Si3N4 sandwiched between much thicker (3?m) layers of SiO2.
Because of a large difference in refractive indices of Si3N4 core (n=2)
and SiO2 cladding (n=1.46), the light propagates at an angle of 470

and thus experiences about 3000 reflections per mm (Fig. 1a). In the
experimental polarization interferometer set-up in Fig. 1b, 630nm light
from a fan-beam laser diode was coupled through the slant edge of the
waveguide and collected on the other side with a CCD array. A polarizer
in front of CCD camera allows the detection of a phase shift between

p- and s- components of polarized light. The reaction cell equipped with
inlet and outlet tubes is sealed against a sensing window which was
etched in the top SiO2 layer and then coated with a bio-sensing layer. Any
changes in refractive index or thickness of this sensing layer affect mostly
p- component of polarized light, while s- component acts as a reference,
thus resulting in a multi-periodic output signal (Fig. 1c) Vout =A. Cos (??),

The photographs in Fig. 2 show the general view of PW bio-sensor set-
up (a) as well as the light coupling (b) through the waveguide slant edge
(top) and the out-coming light (bottom).

Currently, the analog signal averaging light intensity in the active area

of Thorlab LC100 CCD camera, is recorded using PicoScope connected

to PC. The work is currently underway to perform data acquisition and
further processing using National Instrument card and LabView dedicated
software.

IIl. TESTING THE EXPRIMENTAL SET-UP.

Prior to testing the PW set-up, the sensing window in the top SiO2

layer of the waveguide was in diluted 1:10 HF into the cell. Testing the
waveguide sensor was carried out by injecting the NaCl solutions of
different concentrations into the cell. Typical multi-periodic output signal
is shown in Fig. 3.

The number of periods of signal oscillation can be roughly estimated
from these waveforms. The results of such tests summarized in Table 1
allows estimating the refractive index sensitivity (RIS) of PW sensors.
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The obtained RIS values are also shown in Table 1. Similar to the Mach-
Zehnder interferometer [8] the phase shift ???depends on the refractive
index variations for p- and s-components of polarized light: ??? = 2?(L/?)
(?np-?ns), so that the phase change can be calibrated by changes in the
refractive index of a medium.

TABLE 1. Evaluation of refractive index sensitivity (RIS)
NaCl% n ?n No of periods RIS (rad/RIU)

31.3383 0.0053 -1 1186

51.3418 0.0088 ~2 1428

10 1.3505 0.0175 ~3.5 1257

151.3594 0.0264 ~4.51070

20 1.3684 0.0354 -6 1064

Average RIS = 1201+114 rad/RIU

An average refractive index sensitivity of around 1200 radians per
refractive index unity was calculated which is quite remarkable since

it is much higher than in other traditional optical methods such as
TIRE or SPR though nearly 3 times smaller than that reported for MZ
interferometer devices [2]. Incomplete etching of top SiO2 layer might
be responsible for that, so the use of photolithography in commercially
fabricated planar waveguide devices is expected to improve RIS.

More detailed and accurate analysis can be performed using Fourier
Transform of the experimental waveforms. MatLab spectrogram tool

was utilized for this purpose, and the resulted pseudo-3D diagram of the
signal in Fig. 3 is shown in Fig. 4 as an example. The decrease in the main
oscillation frequency with time is apparent. The values of frequencies
can be further converted into periods, and eventually resulted in the time
dependence of a phase shift. In future, such data analysis will be carried
out in-situ using LabView software.

IV. BIOSENSING EXPERIMENTS.

A series of tests of sequential deposition of layers of polyelectrolytes PAH
(poly-allylamine hydrochloride) and PSS (poly-sterylsulfonate sodium
salt) have resulted in progressive increase in the phase shift. Further
experiments of detecting Aflatoxin B1 (one of the common mycotoxins)

in direct immunoassay with specific antibodies was carried out. For this
purpose, according to the procedure of electrostatic immobilization of
proteins developed earlier [3-5], the following adsorption steps were
performed: (i) deposition of positively charged polycationic PAH layer; (ii)
deposition of Protein A (negatively charged at pH 7), (iii) deposition of
monoclonal antibodies to aflatoxin B1 (binding to protein A at the second
domain), and finally (iv) binding of aflatoxin B. The PW sensor waveforms
were recorded during the above these adsorption or binding stages and
presented in Fig. 5.

As one can see, the number of periods on the waveforms corresponds
well to the optical density of molecular layers deposited. There is a
noticeable signal of about half a period of phase change was recorded
upon binding Tppb of aflatoxin B1, which is quite remarkable.

V. CONCLUSIONS AND FUTURE WORK.

The experimental set-up of planar polarization interferometer was
developed and tested. The refractive index sensitivity of 1200 rad/RIU
was evaluated. Preliminary biosensing experiments of detecting aflatoxin
B1in direct immunoassay with specific antibodies were successful; bio-
sensor was capable of detection of 1 ng/ml of aftatoxin B1. The work is
currently underway. Further development focuses on improvement of
optical design (the use ? wavelength plate), the data acquisition using

NI card and LabView software, and the use of photolithography in the
fabrication of planar waveguide devices. Significant improvement in the
sensor performance and its sensitivity is expected in near future.
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Preparation of Mach-Zehnder
interferometric photonic biosensors by
inkjet printing technology

Florian Strasser, Eva Melnik, Rudolf Heer, Paul Muellner,
Giorgio C. Mutinati, AIT Austrian Institute of Technology
GmbH (Austria); Rainer Hainberger, AIT Austrian
Institute of Technology GesmbH (Austria); Jochen Kraft,
ams AG (Austria); Peter Lieberzeit, Univ. Wien (Austria)

Inkjet printing is a versatile method to apply surface modification
procedures in a spatially controlled, cost-effective and mass-fabrication
compatible manner. Utilizing this technology, we investigate two different
approaches for functionalizing label-free optical waveguide based
biosensors: a) surface modification with amine-based functional polymers
(biotin-modified polyethylenimine (PEI-B) [1]) employing active ester
chemistry and b) modification with dextran based hydrogel thin films
employing photoactive benzophenone crosslinker moieties [2]. Whereas
the modification with PEI-B ensures high receptor density at the surface,
the hydrogel films can serve both as a voluminous matrix for receptor
molecules and as a semipermeable separation layer between the sensor
surface and the sample. Applying multi-step printing procedures, the two
approaches can easily be combined. We use the two surface modification
strategies both individually and in combination for binding studies
towards the detection of the protein inflammation biomarker, C-reactive
protein (CRP). The aim is to develop a surface modification optimized

for detection of CRP in whole serum samples in the clinically relevant
concentration range. As the transducer, we use an integrated four-channel
silicon nitride (Si3N4) waveguide based Mach-Zehnder interferometric
(MZI) photonic sensing platform operating at a wavelength of 850nm
(TM-mode) [3].

Printed hydrogel films were pre-characterized towards their thickness and
swelling behaviour using atomic force microscopy conducted in air and
liquid. The swelling ratio was found to be dependent on the irradiation
dose used for crosslinking. A printing procedure was developed to

ensure coverage of waveguides with a hydrogel layer of at least 500nm
thickness in the swollen state. MZI-sensors were modified with PEI-B and
hydrogel films were printed on top to investigate their separation layer
properties. With streptavidin binding experiments we could show that the
permeability of the hydrogel films for differently sized proteins, such as
streptavidin, biotinylated bovine serum albumin, biotinylated antibodies
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(anti C-reactive protein) and C-reactive protein decreases with increasing
crosslink-dose. Hydrogel films, comprising PEI-B only within the hydrogel
network, were obtained with inks containing both dextran and PEI-B.
Streptavidin binding signals proved the permanent incorporation of the
PEI-B as well as the ability of the hydrogel to support streptavidin/biotin
binding.

Sensors modified both with PEI-B at the surface and with PEI-B
containing hydrogel showed an increased sensor response upon
streptavidin binding compared to sensors modified with PEI-B on the
surface only. First CRP-binding results employing biotinylated antibodies,
specific for CRP, were promising.
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Plasmonic absorber for selective
photofunctionalization

Piotr Wrébel, The Czech Academy of Sciences (Czech
Republic); Ji?i Slab?, Ji?i Homola, Institute of Photonics
and Electronics of the ASCR, v.v.i. (Czech Republic)

Plasmonic biosensors based on metallic nanostructures are able to
monitor the surface biomolecular interactions in real-time [1]. Their
response is high when analytes bind to the areas where plasmonic
hot-spots are excited, such as to the edges or apexes of nanodisks or
nanorods. In order to maximize biosensor response, methods for selective
functionalization of these areas are highly desirable. Photoinduced
surface reactions offer a simple strategy for spatially localized surface
functionalization [2]. However, the photoactivable reagents are sensitive
to ultraviolet (UV) light, whereas surface plasmons on nanostructures
based on silver or gold can be excited by visible or infrared light.
Moreover, UV light can be damaging for typical biomolecules.

In this study, we propose a plasmonic nanostructure which employs two
sharp resonances to overcome these limitations and to achieve combined
functionality: i. photofunctionalization in UV, ii. optical sensing in the
visible spectral range. The plasmonic nanostructure consists of a sparse
array of aluminium/gold nanopillars standing on dielectric/aluminium
bilayer. The sparse array of bimetallic nanopillars allows for excitation of
plasmon resonances with high-field enhancement, while the bilayer works
as a reflective mirror to create Fabry-Pérot resonator. The combination
of these two effects ensures almost complete absorption of light and
high-field enhancement in the relevant spectral and spatial regions. The
nanostructure is optimized by finite-difference time-domain (FDTD)
method (Lumerical) and fabricated by electron beam lithography. The
nanostructure is characterized using the scanning electron microscopy
and the optical properties are verified by UV/visible spectroscopy.
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Optical sensors based on photonic
crystals: a new route

Silvia Romano, Stefania Torino, Consiglio Nazionale
delle Ricerche (ltaly); Giuseppe Coppola, Istituto per la
Microelettronica e Microsistemi (ltaly); Stefano Cabrini,
The Molecular Foundry (United States); Vito Mocella,
Istituto per la Microelettronica e Microsistemi (Italy)

The realization of miniaturized devices able to accumulate a higher
number of information in a smallest volume is a real challenge of

the technological development. This trend increases the request of

high sensitivity and selectivity sensors which can be integrated in
microsystems. In this landscape, optical sensors based on photonic crystal
technology can be an appealing solution [1, 2, 3] in order to have high
performances sensors with miniaturized sizes. Traditionally, photonic
crystal structures can support resonances strongly confined into a cavity
or due to the coupling of guided modes in photonic crystal slabs [4,

5]. In the last years the perfect confinement of radiation in a photonic
crystal thin slab together with a very high Q-factors resonances, has been
explored [6, 7, 8]. These electromagnetic modes, named Bound States in
Continuum (BIC), are characterized by theoretically zero bandwidth and
can be excited by the external radiation.

In the following a new refractive index sensor device, based on the BIC
resonance shift, is presented. A microfluidic cell allows the controlled
injection of fluids with different refractive index on a Silicon Nitride
photonic crystal slab supporting Bound States. The shift of very high
Q-factor resonances excited into the photonic crystal open cavity is
monitored. Good sensitivity and optimal stability are found.
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Real-time temperature monitoring during
radiofrequency treatments on ex-vivo
animal model by Fiber Bragg Grating
sensors

Giovanna Palumbo, Univ. degli Studi di Napoli
Parthenope (ltaly); Daniele Tosi, Nazarbayev Univ.
(Kazakhstan); Emiliano Schena, Carlo Massaroni, Univ.
Campus Bio-Medico (ltaly); Juliet lppolito, Paolo Verze,
Nicola Carlomagno, Vincenzo Tammaro, Univ. degli Studi
di Napoli Federico Il (Italy); Agostino ladicicco, Stefania
Campopiano, Univ. degli Studi di Napoli Parthenope
(Italy)

In the last decade, optical fiber technology has proven to be a viable
option in several bio-medical applications. Indeed, due to their

high precision, high resolution, small dimension, flexibility and high
temperature endurance, fiber optics’ utility to the biomedical field is
undoubtedly a valid alternative to traditional sensing techniques.
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Out of all fiber optic technologies, Fiber Bragg Gratings (FBGs) are,

in particular, lightweight, small, minimally invasive, biocompatible,
non-toxic and chemically inert. They therefore can be easily embodied
into surgical instruments such as catheters and needles and their use
produces no adverse biological effects to the human defense system,
minimizing contamination and infection. FBG sensors allow the possibility
to selectively detect and measure physiological parameters such as strain,
temperature, pressure, and vibration, with the ultimate aim of improving
medical surgery and rehabilitation.

Herein we propose the use of FBG sensor arrays for accurate temperature
measurement during a multi-step RadioFrequency Ablation (RFA). RFA is
considered one of the most minimally invasive techniques for the cure of
small tumors as it exposes cancerous cells to a rapid temperature increase
by way of RF discharge resulting in immediate cancerous tissue necrosis
while allowing for the preservation of as much healthy tissue as possible.
As such, highly accurate measuring of tissue temperature in the RF-
applied region of an organ may be beneficial for determining the outcome
and success of the thermo-ablation procedure. Until now, several external
methods have been explored for temperature measurement during RFA
treatments such as thermocouples, image-based thermometry and
ultrasound imaging. In comparison with these other technologies, FBGs
are insensitive to electromagnetic fields, electrical immune and safe, and
compatible with computed tomography (CT) and magnetic resonance
(MR) guided procedures, which are the standard image-guiding
procedures that accompany RFA treatments.

In order to create a thermal multi-point map around the perimeter of
the surgical area to be treated, through experimentations we developed
a proper sensing configuration, which is presented herein. We outfitted
the RF probe of a commercial medical device equipping it with several
packaged FBGs sensors. Moreover, in order to measure the treated area
as accurately as possible, a second linear array of 3.5 cm in length was
created using several FBGs.

This work presents the results of our RFA experiments carried out on
ex-vivo animal liver and kidney tissues. Thanks to the array sensors, we
were able to identify and measure the temperature change with a fast
response time and high spatial resolution. The proposed FBGs-based
solution is able to distinguish different and consecutive discharges and as
well as measure the temperature profile with a resolution of 0.1°C and a
minimum spatial resolution of 5 mm for each discharge. Based upon our
experiments it is possible to confirm that the temperature decreases with
distance from a RF peak ablation, in accordance with RF theory.

The proposed solution promises to be very useful for the surgeon
because a real-time temperature feedback allows for the adaptation of
RFA parameters during thermal ablation surgery and better delineates the
tumor area under treatment.

10231-99, Session PS

Digital imaging spectroscopy technique
for biological sensing

Yu Jen Chang, Yu-Lung Lo, National Cheng Kung Univ.
(Taiwan)

A new two-dimensional digital imaging spectroscopy measurement
system for detecting all anisotropic parameters of turbid media is
proposed. The validity of the proposed technique is confirmed by the
experimental results of extracting optical properties of chicken breast
samples. The experimental result of extracted parameters was then
compared with those obtained from simulation results. The results

show that linear birefringence property is independent to the scattering
effects. Furthermore, the linear birefringence property decreases with the
increase of circular birefringence property in chicken breast sample. In
general, the proposed technique provides a potential and flexible method
for biological sensing applications.
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Development of an optical biosensor
for the detection of antibiotics in the
environment

Patricia Weber, Julian Vogler, Glnter Gauglitz, Eberhard
Karls Univ. TUubingen (Germany)

Pharmacologically active substances like antibiotics, hormones, x-ray
contrast media, antirheumatic drugs or beta blockers are increasingly
accumulating in the environment. On the one hand pharmacologically
active substances can be found in surface waters and on the other hand
they food can be contain. In surface waters, they get there especially by
incorrect disposal or by human and animal feaces. The reason is, that
drugs are removed only incompletely during the wastewater treatment.
In the case of food all animal products like milk, cheese, eggs or meat
could be concerned. The use of animal drugs in the animal production is
allowed and usual. But after the application of such drugs it is possible
that residues or their decomposition products still stay in the animal
carcasses.

To protect humans, animals and the environment, it is unavoidable to
develop suitable detection technique and methods of quantification.
Normally, common analytical methods are instrumental analysis, although
biosensors particularly optical biosensors have a lot of advantages like
lower sample volumes, faster analysis times and the possibility to perform
on-site measurements.

In this work we will present the first steps of the development of an
optical Biosensor for the antibiotic penicillin G. This biosensor is based on
a label-free and time resolved method named Reflectometric Interference
Spectroscopy (RIfS) [1, 2]. The method uses interference of white light at
thin layers to observe molecular interactions.

The required surface modifications for the sensor were developed and
optimized. Moreover, concentration dependency measurements in buffer
were performed. The next steps will be the performance of a calibration
curve and the observation of good recovery rates. Furthermore, we will
transfer the Immunoassay to environmental matrices like milk and surface
waters.

10231-101, Session PS

Revisiting the biosensing potential of
a plasmonic metamaterial supporting a
guided mode

Barbora Spackova, Nicholas S. Lynn Jr., Institute of
Photonics and Electronics of the ASCR, v.v.i. (Czech
Republic); Pavel Kwiecien, lvan Richter, Czech Technical
Univ. in Prague (Czech Republic); Ji?i Homola, Institute
of Photonics and Electronics of the ASCR, v.v.i. (Czech
Republic)

With rapid developments in the field of nanoplasmonics, a broad variety
of novel plasmonic phenomena on various nanostructures have been
introduced as alternative approaches to surface plasmon resonance
(SPR) biosensing. Recently, a plasmonic metamaterial comprised of
dense packed plasmonic nanorods supporting a guided mode has been
proposed for sensing purposes, showing extremely high sensitivity to
bulk refractive index. In this work, we revisit the sensing potential of this
type of sensing structure through investigation via approaches relevant
for biosensing applications. We examine the optical response to refractive
index changes confined within a small volume at the proximity of the
active sensing surface and, furthermore, investigate correlations with
both bulk sensitivity and the distribution of the electromagnetic field.

We will discuss the geometrical parameters of the plasmonic structures
investigated as well as the critical role of the substrate. Apart from the
optical properties, we also consider aspects related to the mass-transport
of the analyte to the binding sites on the active sensing area, studied in
terms of kinetic parameters of the assay.

The optical performance was calculated by a recently developed
(approximate) analytical model based on effective medium
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approximation and transfer-matrix method; results are compared with
the rigorous coupled-wave analysis. The mass-transport performance is
estimated using a recently developed analytical model, verified both by
numerical simulation as well as experiment. The combination of these
models provides a design guideline towards such sensors: we show that
under proper conditions, the biosensing potential of a nanoparticle array
can exceed that of a conventional SPR sensing structure (based on the
continuous gold layer) by over an order of magnitude.

10231-102, Session PS

Fabrication of arc-induced long-period
gratings in different silica fibers

Rajeev Ranjan, Flavio Esposito, Stefania Campopiano,
Agostino ladicicco, Univ degli Studi di Napoli
Parthenope (ltaly)

Long Period Gratings (LPGs) are periodic structures that couple co-
propagating modes in optical fibers, resulting in several attenuation
bands in the fiber transmission spectrum. Since the coupling changes with
wavelength, the LPG acts as a wavelength-dependent loss element. LPGs
are important in optical communication systems as well as in physical

and chemical sensing application due to their sensitivity to strain and
temperature induced effects and to surrounding refractive index.

LPGs are obtained by properly inducing a period perturbation in the
refractive index and/or in the geometry of the optical fiber. LPGs typically
have a grating period in the range of from 100 ??m to 1 mm. Various
techniques have been proposed to fabricate LPGs ranging from main
approach based on UV radiation to simpler procedures involving CO2
lasers, infrared femtosecond lasers, and electric arc discharge.

Among the different available techniques, the Electric Arc Discharge
(EAD) has experienced wide diffusion during the last years since it is a
simple, flexible and low cost procedure. EAD leads to a point-by-point
LPG inscription, due to localized tapering of the transversal size of the
core and cladding regions along the fiber, and to changes of the silica
refractive index due to the stress relaxation induced by local hot spots.
The main advantages of the EAD-based technique is that, in principle,
it allows the fabrication of LPG in all kind of optical fibers. However, the
application of the EAD procedure to different fibers demands hard work
to select the right combination of the ARC power, ARC duration, fiber
stretch and finally electrodes gap to fabricate good gratings.

In this work, we report on recent results about the fabrication of Long
Period Gratings (LPGs) in different single mode optical fibers, by means
of Electric Arc Discharge technique. We take into consideration silica
fibers from standard SMF28 to unconventional ones and to hollow core
fibers. The aim of the present work is to identify an appropriate “recipe”
for each fiber for manufacturing LPG with strong and narrow attenuation
bands and trivial power loss. Indeed, a proper combination of arc power
and duration, as well as fiber tension, allows for the appropriate core and
cladding modulation and thus for the desired LPGs spectral features. The
sensitivity characteristics towards surrounding refractive index (SRI) and
temperature changes of these LPGs are also investigated.

10231-103, Session PS

Effects of thermal and mechanical loads
on the star sensor baffle

Javad Haghshenas, Behzad Mohasel Afshari, Satellite
Research Institute (Iran, Islamic Republic of)

Baffles are connected in front of the space cameras and star sensors

to prevent the stray lights entering to the electro-optical system. Star
sensors are mounted in various places of a spacecraft and imposed to
different mechanical and thermal loads. In this research a star sensor
baffle with a specified dimension is considered to simulate and analyze
the deflections in various conditions. Vibration force from the launcher
and gravity force considered as the mechanical load. Launcher vibrant
force considered as QSL force and heat load is only considered from
the solar radiation and have been modeled for both cold and hot cases.
Deflection of the baffle is obtained using finite element method. Heat
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and mechanical loads are considered both at the launch time and in

the orbit. Different materials such as aluminum, titanium, and CFRP
composite are selected to do comparison among them. Composite
materials are considered in many layer orientation configurations. Monte
Carlo method is used to do ray tracing and obtain the efficiencies of the
baffle to prevent the stray light entering to the entrance pupil diameter
of the camera. Results show that baffles in launch time suffer from some
deflections that affect the performance. In the orbit condition, baffles
have negligible deformation although the thermal part is dominant. In
launch condition, deflection mainly caused from the mechanical load. In
orbit condition, deflection mainly caused from the heat load.

10231-104, Session PS

Surface functionalization for extreme
localization of biological events and sub-
protein tracking

Antonio Garcia Marin, Institute of Photonics and
Electronics (Czech Republic); Krist?na Holanova, ?ukasz
Bujak, Institute of Photonics and Electronics (Czech
Republic); Marek Piliarik, Institute of Photonics and
Electronics (Czech Republic)

The use of labels to study biological processes has attracted a great deal
of attention in the last years. In that respect, nanoparticles have arisen as
a good option for this purpose due to their exceptional capabilities for
creating strong contrasts from the background signal, via fluorescent or
elastic scattering processes. The latter has demonstrated the advantage
of overcoming the limitations of fluorescent labels, such as the saturation
of fluorescent signal or photobleaching [1]. Among all the possible
scatterers, gold nanoparticles (GNPs) have shown a great potential thanks
to their ease of synthesis and well-known surface chemistry, especially
relevant for the conjugation of the GNP with a certain biomolecule (e.g.
proteins or DNA strands) [2]. These surface functionalization processes
typically rely on the chemisorption of highly-specific molecules, to further
anchor the target biomolecule selectively on the GNP surface through
covalent bonds.

Recently, we have demonstrated that GNPs as small as 2 nm can be
localized using interferometric detection of scattering (iISCAT) with
only a few-nm precision opening a new avenue to track intra-molecular
processes [3]. However, the new performance level of microscopy studies
challenge the state-of-the-art in nanoparticle functionalization. In this
paper we focus on optimizing the functionalization with respect to the
distance between nanoparticle label and the respective binding site
allowing us to closely track dynamical events at a few-nm length scales.
We discuss the compromises, specificity and robustness of the tight
functionalization schemes for application in biophysics and molecular
biology.
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Onboard TDI stage estimation and
calibration using SNR analysis

Javad Haghshenas, Satellite Research Institute (lran,
Islamic Republic of)

Electro-Optical design of a push-broom space camera for a Low Earth
Orbit (LEO) remote sensing satellite is performed based on the noise
analysis of TDI sensors for very high GSDs and low light level missions.
It is well demonstrated that the CCD TDI mode of operation provides
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increased photosensitivity relative to a linear CCD array, without the
sacrifice of spatial resolution. However, for satellite imaging, in order to
utilize the advantages which the TDI mode of operation offers, attention
should be given to the parameters which affect the image quality of

TDI sensors such as jitters, vibrations, noises and etc. A predefined TDI
stages may not properly satisfy image quality requirement of the satellite
camera. Furthermore, in order to use the whole dynamic range of the
sensor, imager must be capable to set the TDI stages in every shots based
on the affecting parameters. This paper deals with the optimal estimation
and setting the stages based on tradeoffs among MTF, noises and SNR.
On-board SNR estimation is simulated using the atmosphere analysis
based on the MODTRAN algorithm in PcModWin software. According

to the noises models, we have proposed a formulation to estimate TDI
stages in such a way to satisfy the system SNR requirement. On the other
hand, MTF requirement must be satisfy in the same manner. A proper
combination of both parameters will guaranty the full dynamic range
usage along with the high SNR and image quality.

10231-106, Session PS

Strain-based multicore fiber optic
temperature sensor

Belkis Gékbulut, Mehmet Naci Inci, Bogazici Univ
(Turkey)

In this paper, intrinsic properties of the four-core optical fiber are utilized
to perform strain induced temperature measurements. A four-core optical
fiber allows light to couple into the cores within a single cladding of 125
um in diameter and generates an interference pattern of the light beams
at far end. One may assume that each fiber core corresponds to an arm of
the Michelson or Mach-Zhender interferometer to form an interferogram.

When temperature is applied to the fiber, since all cores are affected
identically, there will not be any path difference between the waveguides
in four cores to cause any fringe shift. Hence, the phase change is not
influenced by the thermo-optic effects. In contrary, bending the multi-
core fiber leads to a shift in phase. The sensor geometry used in the
experiment, which is based on the thermal expansion of the steel rod
makes the bending property to construct a temperature sensor.

An optical fiber part with a length of 12.3 cm is wound around a solid
stainless steel cylinder to obtain a tight circular loop. When temperature
is increased from 50 °C to 92 °C by a heat plate, the diameter of the rod
measured by a Vernier calipers is raised from 3.776 cm to 3.778 cm. The
temperature induced radial expansion of the stainless steel cylinder with
an amount of 0.02 mm introduces a shear strain in the fiber loop. Due to
the geometry of the fiber ring, the outer core pairs are more stretched
than the inner ones, which leads an optical path-length difference
between the waveguiding cores. Thus, results in a phase shift in the
interference pattern of the four-core fiber, which is monitored by a CMOS
camera. A MATLAB code is used to analyze the interferogram frames
during the phase change. When the phase shift occurs, the intensity
distribution of the selected part of the fringe pattern varies. Since the
observed phase shift is two dimensional, after horizontal and vertical
phase shifts are calculated, the total phase change is determined using
the Pythagorean Theorem. A linear relationship between temperature and
the phase of the guiding laser light is observed. The method also allows
determining the value of the shear strain with a good precision. The
sensitivity of the four-core fiber is determined to be 3.74 rad/m?C.

10231-107, Session PS

Heat transfer measurements with a four-
core optical fiber

Sema Glveng, Mehmet Naci Inci, Bogazici Univ (Turkey)

Fiber optic interferometry is one of the most promising branches in the
field of optical sensing. To detect the temperature changes and the heat
transfer rates, many successful experiments have been carried out before.
In almost all of these interferometric sensor applications, the intrinsic
properties of single-mode and single-core optical fibers are used as the
sensing mechanism.
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In this work, unlike the other experiments, a four-core optical fiber is
introduced as a calorimetric gauge for heat transfer measurements. The
aim of the study is to obtain heat transfer data through the temperature
induced shift in the interference pattern of the four-core optical fiber

at the far field upon applied heat pulses onto the distal end face of the
fiber core. Heat pulses from a Nd:YAG laser are sent onto one of the four
fiber cores axially. The fiber core serves as a calorimetric gauge with

an infinite length compared with the diffusion length and preserves the
accumulated heat supplied by a discrete laser pulse, which introduces a
variation in the refractive index and the fiber length, resulting in an optical
path difference between the four-guiding fiber cores. The optical path
difference between the four fiber cores is monitored through the shift in
the fringe pattern by a fast camera. The amount of the accumulated heat,
temperature change, and the total phase shift in the sensitive part of the
four-core fiber is determined using Fourier Heat Equation. One of the
unigue features of this mechanism is that the length of the four-core fiber
is thought as infinite when compared to the heat diffusion length, which
enables no heat loss along the fiber core and decreases error rates in the
measurements.

10231-108, Session PS

Correlation of optical crosstalk
performance of proximity-sensing device
to the module’s absolute package height

Jefferson Abrenica, ams AG (Philippines)

Achieving optical sensing applications with minimal crosstalk is a great
challenge as the trend to go to smaller packages, lower cost and more
challenging applications arise. One of the growing trend in the optical
sensing industry today is to have proximity sensing apparatus wherein
the emitter and photodetector is packaged into one module. This kind
of design makes the module susceptible to crosstalk since there are
more paths for optical crosstalk and can be a reliability risk once an
optical crosstalk path emerges. There are three possible crosstalk paths
for the module: (1) Light that travel directly from the emitter to the
photodetector; (2) Light that travel from the emitter to the photodetector
via the path through the PCB; and (3) reflected emitter light from the
glass surface to the photodetector.

In this study, the effort by ams to ensure minimal crosstalk on this
packaged optical module is discussed. ams designs the package of their
optical sensor module to include in the lid an optical barrier as shown

in Figure 3. This barrier is composed of material that is opaque to the
light emitted by the emitter and blocks the optical path directly from the
emitter and the photodetector.

In this work, the package height was used as an indicator for the crosstalk
performance of the optical module seen during testing. The assumption

is that the substrate thickness and the lid thickness’ variance is minimal
and can be considered constant, thus the contributor for the difference in
height is the lid glue thickness that leads to the gap in barrier height. This
means that the thinner the package, the lower the crosstalk signal due to
the minimal gap for the optical crosstalk path.

Three groups of devices with different yield loss related with crosstalk
test were selected for this study. The following lots have yield loss for
crosstalk with values 8.3 %, 21.1 % and 67.8 %. Height measurements
showed that the high yield loss due to crosstalk is related to the
height of the package. The full-length paper will present the crosstalk
measurements and crosstalk paths in the package in detail.

Three groups of devices with different yield loss related with crosstalk
test were selected for this study. The following lots have yield loss for
crosstalk with values 8.3 %, 21.1 % and 67.8 %. Height measurements
showed that the high yield loss due to crosstalk is related to the height of
the package as shown in Figure 5. The full-length paper will present the
crosstalk measurements and crosstalk paths in the package in detail.
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10231-109, Session PS

Optical sensors of bulk refractive index
using optical fiber resonators

Mustafa Eryurek, Yasin Karadag, Moeen Ghafoor, Nima
Bavili, Ko¢ Univ. (Turkey); Kenan Cicek, 1?dir Univ.
(Turkey); Alper Kiraz, Ko¢ Univ. (Turkey)

Optical fiber resonators (OFRs) are demonstrated as liquid refractive
index (RI) detectors. A sensor device consists of a tapered fiber for the
excitation and an optical fiber as the resonator. After fiber tapering, the
OFR is placed in contact with the tapered fiber in perpendicular geometry
and then the sample is placed into a sample chamber after both fibers
are fixed with an epoxy glue. Whispering gallery modes (WGMs) with
quality factors up to 63000 and 16000 were observed from OFRs when
surrounded by air and water, respectively. Spectral positions of the
WGMs shift to longer wavelengths as the bulk RI of the surrounding
liquid increases. To justify the detection of liquid RI changes, different
concentrations of ethanol/water and ethylene glycol (EG)/water solutions
are injected inside the sample chamber. Experimental characterization

of these solutions is performed, as well as the analytical calculations to
predict the amount of shift for ethanol/water and EG/water solutions.

For EG/water solutions, the experimental results are in agreement

with the calculations, however there is a discrepancy in ethanol/water
experiments. This discrepancy is attributed to the slight dissolution of

the epoxy glue in the presence of ethanol in the liquid environment,
therefore increasing the RI of the surrounding medium more than the
analytical calculations predict. In this work, robust and easy-to-fabricate
OFR sensors are shown as liquid RI sensors with a high sensitivity. A lower
detection limit in bulk RI sensing of 2 x 10-5 RIU (refractive index unit) is
demonstrated.

10231-110, Session PS

High-resolution investigation of
longitudinal modes of a GaN-based blue
laser diode

Watheq Al-Basheer, Abdulaziz Aljalal, Khaled Gasmi,
Taofeek O. Adigun, King Fahd Univ. of Petroleum &
Minerals (Saudi Arabia)

Typical emission spectra of GaN-based blue laser diodes are known to
have irregular shapes. Hence, well-resolved study of their spectra may
help in understanding the origin of their spectral shapes irregularity.
In this paper, the spectra of a commercial GaN-based blue laser diode
are studied as a function of injection current and temperature using

a spectrometer with high-resolution of 0.003-nm over the spectral
region 440 - 450 nm. The obtained laser spectra are used to track
the longitudinal modes evolution as a function of operating currents
and temperatures as well as to precisely map single mode operation.
In addition, yielded laser spectra will be utilized to evaluate few
parameters related to the laser diode, such as mode spacing, optical
gain, characteristic temperature, threshold current, slope efficiency and
wavelength rate of change with temperature and injection current.

10231-37, Session 9

Remote detection of buried explosives by
fluorescent and bioluminescent microbial
bioreporters (/nvited Paper)

Shimshon Belkin, Sharon Yagur-Kroll, Cheinat Zohar, Zahi
Rabinovitz, Amos Nussinovitch, Yossi Kabessa, Aharon J.
Agranat, The Hebrew Univ. of Jerusalem (Israel)

Current landmine detection methodologies are not much different in
principle from those employed 75 years ago, in that they require actual
presence in the minefield, with obvious risks to personnel and equipment.
Other limitations include an extremely large ratio of false positives, as well
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as a very limited ability to detect non-metallic landmines. In this lecture
a microbial-based solution for the remote detection of buried landmines
described. The small size requirements, rapid responses and sensing
versatility of bacterial bioreporters allow their integration into diverse
types of devices, for laboratory as well as field applications. The relative
ease by which molecular sensing and reporting elements can be fused
together to generate dose-dependent quantifiable physical (luminescent,
fluorescent, colorimetric, electrochemical) responses to pre-determined
conditions allows the construction of diverse classes of sensors. Over the
last two decades we and others have employed this principle to design
and construct microbial bioreporter strains for the sensitive detection

of (a) specific chemicals of environmental concern (heavy metals,
halogenated organics etc.) or (b) their deleterious biological effects

on living systems (such as toxicity or genotoxicity). In many of these
cases, additional molecular manipulations beyond the initial sensor-
reporter fusion may be highly beneficial for enhancing the performance
of the engineered sensor systems. This presentation highlights several

of the approaches we have adopted over the years to achieve this aim,
while focusing on the application of live cell microbeads for the remote
detection of buried landmines and other explosive devices.

10231-38, Session 9

A POCT platform for sepsis biomarkers

Francesco Baldini, Barbara Adinolfi, Simone Berneschi,
Istituto di Fisica Applicata “Nello Carrara” (ltaly); Romeo
Bernini, Istituto per il Rilevamento Elettromagnetico
dellAmbiente (Italy); Ambra Giannetti, Istituto di Fisica
Applicata “Nello Carrara” (Italy); Immacolata Angelica
Grimaldi, Gianluca Persichetti, Genni Testa, Istituto per

il rilevamento elettromagnetico dellambiente (ltaly);
Sara Tombelli, Cosimo Trono, Istituto di Fisica Applicata
“Nello Carrara” (Italy)

Infectious diseases and sepsis, as a severe and potential medical
condition in which the immune system overreacts and finally turns against
itself, are a worldwide problem. As a matter of fact, it is considered the
main cause of mortality in intensive care. For such a pathology, a timely
diagnosis is essential, since it has been shown that each hour of delay in
the administration of an effective pharmacological treatment increases
the mortality rate of 7%. Therefore, the advent of a POCT platform

for sepsis is highly requested by physicians. Biomarkers have gained
importance for the diagnosis and treatment monitoring of septic patients,
since biomarkers can indicate the severity of sepsis and can differentiate
bacterial from viral and fungal infection, and systemic sepsis from local
infection.

The present paper deals with the development of fluorescence-

based bioassays for the sepsis biomarkers and their integration on

a multianalyte chip. Among the different biomarker candidates, the
attention was focused on procalcitonin (PCT), C-reactive protein (CRP)
and interleukine-6 (IL-6) as well as on soluble urokinase plasminogen
activator receptor (SUPAR) recently proposed as a very effective
inflammatory marker, potentially capable of acting also as a prognostic
biomarker. Starting point of this new setup was an already developed
fluorescence-based optical platform, which makes use of multichannel
polymethylmetacrylate chips for the detection of different bioanalytes,
and the serial interrogation of the microfluidic channels of the chip.

The novel proposed optical setup makes use of a suitable fluorescence
excitation and detection scheme, capable of performing the simultaneous
interrogation of all the channels. For the excitation part of the optical
setup, a diffractive optical element is used which generates a pattern

of parallel lines, for the simultaneous excitation of all the channels and
for the optimization of the optical power distribution. For the detection
part, an array of optical absorbing waveguides (long-pass coloured
glass filters) is used, which collects the scattered light and the emitted
fluorescence, filters out the excitation component, and is faced to a large
area rectangular detector, for the simultaneous fluorescence detection.
The implemented sandwich immunoassays comprise a capture antibody
immobilized onto the surface of the chip channel and a detection
antibody properly labelled with a fluorophore. Limits of detection of 2.7
ng/mL, 0.022 ug/mL, 12 ng/mL and 0,3 ng/mL were achieved for PCT
CRP, IL-6 and suPAR, respectively.

Return to Contents

TEL: +44 (0)29 2089 4747

info@spieeurope.org 75



Conference 10231: Optical Sensors

10231-41, Session 9

Advanced bio/sensors: molecules,
materials and light (/nvited Paper)

Sabato D’Auria, Consiglio Nazionale delle Ricerche (ltaly)

No Abstract Available

10231-42, Session 9

U-bent plastic optical fiber-based
plasmonic DNA biosensor

Gowri Annasamy, V. V. Raghavendra Sai, Indian Institute
of Technology Madras (India)

This study presents the development of low cost, rapid and highly
sensitive plasmonic sandwich DNA biosensor using U-bent plastic
optical fiber (POF) probes based on the principle of evanescent wave
absorbance. A target oligonucleotide (ON) is detected by means of
DNA hybridization with capture ON on a fiber probe surface and probe
ON labeled with gold nanoparticles (AuNP, 40 nm). The realization

of absorbance based fiber optic DNA biosensor involves choice of a
suitable fiber optic probe with high absorbance sensitivity, optimum
surface chemistry for immobilization of capture ON and the density of
probe ON on AuNP. Plastic optical fiber (PMMA core and fluorinated
polymer as cladding) was chosen due to the ease in machinability and
handling. POF probes of optimum U-bent geometry with fiber and bend
diameter of 0.5 and 1.4mm respectively with a high evanescent wave
absorbance sensitivity were utilized [1]. The U-bent portion of the probe
was decladded to expose PMMA and treated with 10% Hexamethylene
diamine (HMDA) solution for 2 hours followed by 2.5% glutaraldehyde
solution for 20 mins to obtain aldehyde functional groups on the PMMA
surface. Subsequently, amine modified capture ONs (50 uM) were
covalently immobilized on the POF probes by incubating them overnight.
Subsequently, probes were treated with BSA and amine PEG to reduce
non specific adsorption of target or labeled probe ONs. The probes were
exposed to target ONs of different concentration ranging from pM to uM
(30 ul volume) for 10 mins. The target ON treated probes were washed
using DI and 0.1% tween20. Thiol modified probe ONs were conjugated
to 40 nm AuNP as described elsewhere [2]. The optical setup for light
intensity or absorbance measurements comprises of a commercially
available LED and silicon photodetector (S150C, compact fiber
photodiode, Thorlabs? USA). The U-bent POF probe is coupled between
a LED and photodetector using bare fiber adapters and SMA connectors
[1]. The probes were incubated in AUNP labeled probe ONs (50 ul) for 10
mins and the absorbance response was monitored real time. The rapid
sensor response for detection of target ONs (pM to uM) within an assay
time of 15 mins will be presented.

References:

1. Gowri A, Sai VVR. Development of LSPR based U-bent plastic optical
fiber sensors. Sensors and Actuators B: Chemical. 2016; 230:536-43.
2.LiJ, Zhu B, Yao X, Zhang Y, Zhu Z, Tu S, Jia S, Liu R, Kang H, Yang
CJ. Synergetic approach for simple and rapid conjugation of gold

nanoparticles with oligonucleotides. ACS applied materials & interfaces.
2014; 6(19):16800-7.
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10231-43, Session 9

Study of inertial hydrodynamic focusing
in sheath-driven flows for lab-on-a-chip
flow cytometry

Nishtha Panwar, Peiyi Song, Ken-Tye Yong, Swee Chuan
Tjin, Nanyang Technological Univ. (Singapore)

Minature flow cytometer models enable fast and cost-effective
management of diseases in vulnerable and low-end settings. The single-
line focusing of cell or particle samples is achieved using hydrodynamic
forces in the microfluidic channels. These microfluidic focusing devices
can be integrated with optical fibers to form a portable optofluidic
lab-on-a-chip flow cytometry framework that can reachout to the larger
community in need as part of affordable healthcare. The most common
configurations among them are the single-sheath and dual-sheath
rectangular micron-sized fluidic channels wherein the sample is directed
through the main channel, and the surrounding sheath fluids are directed
into the main channel through inlets on either side of the main channel.
Most models predict the width of the focused sample stream based on
hydrodynamic focusing in the low Reynolds regime (Re<<1), where the
viscous forces dominate the inertial forces. However, there have been

no comparative studies between the single-sheath and dual-sheath
configurations related to optimization of microchannel design parameters
with respect to the cell or particle size at higher Re.

In this work, we present comparative analysis of particle focusing by
single-sheath and dual-sheath configurations for focusing of micron-sized
cells or particles in the range 2 to 20 ?m. Analysis of the 3D Navier-Stokes
equations for pressure-driven fluid flow inside microchannels in the higher
Re (10 < Re < 70) laminar regime is performed using the Finite Element
Method (COMSOL Multiphysics 5.1, MA, USA), and the simulated results
are compared with the theoretically predicted velocity and concentration
profiles. A quantitative analysis of the relative focused stream width (wf/
wch) as a function of flow rate ratio (FRR = Sample flow rate/Sheath

flow rate) for the two configurations is presented. These findings clearly
outline the range of flow parameters and relative particle sizes that can
be used for cytometry studies for given channel geometry. Besides the
focusing effect as a consequence of sheath flows in the single-sheath and
dual-sheath cases, the particle trajectories were simulated for particle
diameters of 2 ?m, 10 ?m and 20 ?m. The particle tracing results are

also compared with the experimental fluorescent microscopy results at
various FRR. This is a highly predictive modeling method as it provides
substantial results of particle positions across the microchannel width
according to their size and FRR for single-line focusing of particles. Such
information is crucial for one to engineer miniaturized flow cytometry

for screening of desired cells or particles. The deviations of the results
from the theoretical predictions of hydrodynamic focusing at Re <<1, are
explained analytically.
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10232-1, Session 1

Diffraction limited mid infrared
spectromicroscopy with a
supercontinuum laser source (/nvited
Paper)

Laure Lavoute, Univ of Bath (United Kingdom);
Christophe L. Sandt, Univ de Reims Champagne-Ardenn
(France); Ferenc Borondics, Lawrence Berkeley National
Lab. (United States); Ammar A. Hideur, CORIA (France);
Nicolas Ducros, NOVAE (France); Sébastien Février, XLIM
Institut de Recherche (France)

Fourier-Transform infrared (FTIR) spectromicroscopy combines the spatial
resolution of optical microscopy with the spectral selectivity of vibrational
spectroscopy. At the highest performance, FTIR spectromicroscopy

can be done at synchrotron sources providing diffraction limited

spatial resolution. Powerful broadband light sources with continuous
spectral power density in the mid infrared and diffraction-limited beam
characteristics would complement the synchrotron source. In this
communication, we explore the potential of a mid-infrared all-fiber
supercontinuum laser source as an alternative to the synchrotron source
for spectromicroscopy.

10232-2, Session 1

Mid-IR supercontinuum in a step index
tellurite fibre operating between 1and 5
um

Paul Froidevaux, Clément Strutynski, Arnaud Lemiére,
Bertrand Kibler, Frédéric Désévédavy, Jean-Charles
Jules, Pierre Mathey, Pierre Béjot, Franck Billard, Olivier
Faucher, Frédéric Smektala, Univ. de Bourgogne (France)

Development of broadband supercontinuum (SC) fibered laser sources
in the mid-infrared (MIR) is widely studied since the last two decades
for its high application potential in various fields such as spectroscopy,
defense, medical science and others. Such optical systems were originally
investigated in silica, but were rapidly adapted to alternative materials.
Among them, tellurite glasses appear to be a good compromise because
of their 1-6 um transparency widow, high nonlinear optical properties
(10 times that of silica) and moderate dispersion (bulk ZDW around 2
um). However, at the moment, few studies report spectral broadening
spreading further than 3 um in tellurite fibers, and even fewer present
SC reaching their multi-phonon edge located around 5 um. We report
here a study on the manufacturing of step-index tellurite, germanate
and germanate-tellurite fibers including their linear and nonlinear
characterizations. Three different step-index profiles with varying
refractive index difference (?n = 0.051, 0.086 and 0.128) are explored, in
particular by combining the built-in casting and rod-in-tube technigques
for fiber fabrication. Fibers with large core (40 um) and small cores
(between 3 and 5 um) are drawn. The background losses for large-core
step-index fibers are around 1 dB/m between 1and 3 um. The chromatic
dispersion of the small core fibers as a function of core diameter is
discussed, and numerical simulations based on the generalized nonlinear
Schrédinger equation are performed to explore supercontinuum
generation in these fibers. Fibers exhibiting a flat dispersion with two
ZDWs are then experimentally tested. The pumping of this fibers with

an OPO near their ZDW allow the generation of a supercontinuum in

the infrared with a good agreement between numerical simulations and
experimental results. The maximum extension obtained allows to fully
cover the atmospheric 3-5 um window.
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10232-3, Session 1

Development and characterization of
highly-nonlinear multicomponent glass
photonic crystal fibers for mid-infrared
applications

Tomas Nemecek, Dmytro Suslov, Matej Komanec,

Czech Technical Univ. in Prague (Czech Republic);

Pavel Peterka, Institute of Photonics and Electronics

of the ASCR, v.v.i,, The Czech Academy of Sciences
(Czech Republic); Dariusz Pysz, Institute of Electronic
Materials Technology (Poland); Ryszard Buczy?ski, Univ.
of Warsaw (Poland); Bryan L. Nelsen, Westsachsische
Hochschule Zwickau (Germany)

We present a detailed characterization of multicomponent glass
photonic crystal fibers (PCFs) suitable for mid-infrared applications. The
paper covers the fiber design, discusses fiber manufacturing, presents
measurements of fiber dispersion and nonlinearity, adds the simulation
model correction and proposes applications, especially supercontinuum
generation. The dispersion profile estimation is the core of our work and
is verified by a comparison of two precise measurement techniques, one
based on a Mach-Zehnder interferometer and one utilizing a commercially
available component analyzer (LUNA® OVA5000). Furthermore, the
dispersion profile is related to calculations based on a scanning-electron
microscope (SEM) image of the drawn fiber.

As a continuation of our previous work focusing on multicomponent glass
PCFs with a hexagonal inner structure, we have designed suspended-
core PCFs with a core diameter on the scale of a few microns, leading to
increased nonlinearity. Selected fiber designs were fabricated according
to a simulation model by the stack-and-draw technique. Post draw SEM
analysis provided the real structure profile, which was compared to the
simulation model and used as an input for the dispersion calculation. The
targeted zero dispersion wavelength (ZDWL) for the first suspended-
core PCF was 1060 nm where ytterbium-based lasers provide high

peak powers. This regime was chosen to serve as a base for a near-/
mid-infrared supercontinuum source. For the second suspended-core
PCF, the glass composition included a higher content of silica, and thus a
significant shift in ZDWL is expected.

The dispersion measurement setup was based on a Mach-Zehnder
interferometer with focusing optics specially designed to provide
low-loss coupling to very small core diameters. The influence of optical
elements on the measurement results and broadband coupling into PCFs
is discussed. The wavelength range of this setup was 700-2400 nm. This
dispersion measurement output was verified on a standard PCF (ESM-
12B, Thorlabs), which has well a known ZDWL at 1060nm. We prove in
our measurements that we are able to determine ZDWL with accuracy
better than 10 nm for the fibers studied. A second ZWDL measurement
LUNA device was used with the same focusing optics. Results from both
measurements are compared.

Based on the measurement results, we obtained the necessary feedback
for our fiber-design simulation where we proved that one critical factor is
the accuracy of the equation used for the index of refraction of the glass.
This parameter must be extremely precise to enable proper dispersion
profile estimations and to calculate the ZWDL with a reasonable precision
of less than 10 nm. Manufacturing tolerances and imperfections will be
discussed in the full paper.
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10232-4, Session 1

Spectral properties of thulium and
holmium doped optical fibers for fiber
lasers around 2 micrometers

Michal Kamradek, Jan Aubrecht, Pavel Peterka, Ondrej
Podrazk?, Pavel Honzatko, Jakub Cajzl, Jan Mrazek,
Ivan Kasik, Institute of Photonics and Electronics of the
ASCR, v.v.i.,, The Czech Academy of Sciences (Czech
Republic)

Thulium-doped and holmium-doped fibers have been widely investigated
because of their luminescence properties making them suitable for fiber
lasers operating around 2 microns. Such fiber lasers have been recently
developed for variety of medical applications, wireless communication,
fiber sensors, spectroscopy, machining of polymeric materials and others.

In this contribution we present experimental results of characterization of
the developed holmium-doped and thulium-doped silica-based optical
fibers. Their cores were doped with Al203 (Ge02-Al203) and with rare
earth elements in concentration from 1000 ppm to 10 000 ppm. The
fibers were fabricated by the modified chemical vapor deposition and
solution doping methods. Prepared fibers were characterized in terms of
their spectral attenuation, fluorescence lifetime, refractive index profile,
and especially performance in fiber laser. The influence of rare earth
elements concentration on laser performance will be shown and trends
will be discussed.

Acknowledgement
This work was financially supported by the project of the Ministry
of Education of the Czech Republic under contract LD15122 and the

European Action COST MP1401 ,Advanced Fiber Laser and Coherent
Source as tools for Society, Manufacturing and Lifescience.”

10232-5, Session 1

Fe2+:ZnSe saturable absorber mirror
passively Q-switched fluoride fiber laser
at 2.8 ?m

Tao Zhang, Guoying Feng, Bin Lan, Sichuan Univ. (China);
Shouhuan Zhou, Sichuan Univ. (China) and North China
Research Institute of Electro-optics (China)

Based on the vacuum evaporation method, a mid-infrared saturable
absorber mirror (SAM) was fabricated by coating Fe2+-doped zinc
selenide film on a gold mirror. By employing the perpared Fe2+: ZnSe
SAM, we demonstrated a passively Q-switched Er3+-doped ZBLAN fiber
laser at the wavelength of 2.8 ?m. Stable Q-switched pulses with pulse
duration of 0.8 ?s was obtained. Our results demonstrate that Fe2+:
ZnSe SAM is a promising device for high power pulse generation in mid-
infrared fiber lasers.

10232-6, Session 2

Fiber Bragg filters for laser and multicore
fibers (/nvited Paper)

Martin Becker, Manfred Rothhardt, Tino Elsmann, Adrian
Lorenz, Leibniz-Institut fir Photonische Technologien
eV. (Germany)

Fiber Bragg gratings have widespread applications in security,
information, structural health monitoring, and biophotonics. In Telecom,
FBG inscription has reached a high level of maturity, but remains limited
to germanium doped standard photosensitive single mode fibers. Special
applications, for example filtering in light harvesting fibers or resonator
mirrors for fiber lasers have to deal with special aspects which make

the realization of FBGs a challenging task. One aspect is the extended
wavelength range of these applications from the visible to the infrared.
Another aspect is the increasing demand to inscribe fiber Bragg gratings
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in non-photosensitive germanium-free fibers. Therefore, novel concepts
of photosensitivity are required. Finally, to increase the amount of guided
light the size of the fiber core has also to be increased. This goes along
with multimode operation and prevents good filtering properties of the
gratings. In this case, special inscription techniques like the chirped-phase
mask interferometer can be applied to improve filtering performance.

10232-7, Session 2

Reflectivity of superimposed transient
gratings in self-swept fiber lasers

Pavel Peterka, Pavel Ko?ka, Jiri Ctyrok?, Institute of
Photonics and Electronics of the ASCR, v..i., The Czech
Academy of Sciences (Czech Republic)

The recently observed laser wavelength self-sweeping is known for

its large sweeping range up to tens of nanometers, single- or few-
longitudinal mode operation and self-pulsing output [1-5]. The self-
sweeping can be explained by spatial hole burning along the active fiber.
The spatial hole burning cause also weak refractive index modulation
[6-7]. Self-swept fiber lasers recently attained attention thanks to its
practical applications in laser spectroscopy and fiber sensor systems

as well as revealing physical insight view into important laser physics
phenomena, e.g., the origin of self-Q-switching regime and longitudinal
mode-instabilities in fiber lasers.

We present evaluation of the reflectivity of superimposed transient

fiber Bragg gratings (FBG) using a numerical model of fiber laser with
refractive index gratings build-up. In contrast to single refractive index
grating demonstrated earlier [6-7] we present more realistic case of
several superimposed gratings with damped modulation depth. We
show that the 100 % reflectivity and thus sudden enhancement of the
cavity Q-factor can be easily achieved despite small modulation depth
of the gratings. The differences of reflectivities of the single FBG and of
the multiple superimposed damped FBGs are discussed. This work was
supported by the Czech Science Foundation, project No. 16-13306S.

[1] A. Lobach, S. I. Kablukov, E. V. Podivilov, and S. A. Babin, “Broad-range
self-sweeping of a narrow-line self-pulsing Yb-doped fiber laser,” Opt.
Express 19, 17632-17640 (2011).

[2] V. Kir'yanov and N. Il'ichev, “Self-induced laser line sweeping in an
ytterbium fiber laser with non-resonant Fabry-Perot cavity,” Laser Phys.
Lett. 8, 305-312 (201).

[3] P. Peterka, P. Navratil, J. Maria, B. Dussardier, R. Slavik, P. Honzétko,
and V. Kube?ek, “Self-induced laser line sweeping in double-clad Yb-
doped fiber-ring lasers,” Laser Phys. Lett. 9, 445-450 (2012).

[4] P. Peterka, J. Maria, B. Dussardier, R. Slavik, P. Honzatko, and V.
Kubecek, “Long-period fiber grating as wavelength selective element

in double-clad Yb-doped fiber-ring lasers,” Laser Phys. Lett. 6, 732-736
(2009).

[5] P. Peterka, P. Navratil, B. Dussardier, R. Slavik, P. Honzatko, and V.
Kube?ek, “Self-induced laser line sweeping and self-pulsing in double-
clad fiber lasers in Fabry-Perot and unidirectional ring cavities,” In Proc.
SPIE 8433, 843309 (2012).

[6] P. Peterka, P. Honzatko, P. Ko?ka, F. Todorov, J. Aubrecht, O. Podrazk?,
and |. Ka?ik, “Reflectivity of transient Bragg reflection gratings in fiber
laser with laser-wavelength self-sweeping,” Opt. Express 22:30024-30031,
2014.

[7] P. Peterka, P. Honzatko, P. Ko?ka, F. Todorov, J. Aubrecht, O. Podrazk?,
and |. Ka?ik, “Reflectivity of transient Bragg reflection gratings in fiber
laser with laser-wavelength self-sweeping: erratum,” Opt. Express 24,
16222-16223 (2016)

10232-8, Session 2

Bandpass transmission filters based on
phase shifted fiber Bragg gratings in
microstructured polymer optical fibers

Beatriz Ortega, Univ. Politécnica de Valencia (Spain); Rui
Min, David Sdez-Rodriguez, Yang Mi, Univ. Politécnica de
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Valéncia (Spain); Kristian Nielsen, Ole Bang, DTU Fotonik
(Denmark)

Phase-Shifted fiber Bragg gratings (PS-FBG) in silica fibers have been
demonstrated during the last decade as attractive very narrow filters for a
variety of applications in telecommunications [1]. Very recently published
papers report PS-FBG applications also in the microwave photonics field,
such as tunable bandstop-to-bandpass microwave photonic filters, which
opens new perspectives for these devices [2].

Polymer optical fibers (POFs) have several advantages over silica fibers,
such as a larger elongation before breakage, a higher thermo-optic
coefficient, and a lower Young’s modulus. These advantages will provide a
broad tuning range either straining or heating the fiber, and easy handling
due to its low stiffness and therefore, lower installations cost. Although
the product of bandwidth and channel length is reduced and they are
suitable for in-building and short range applications, the introduction

of the new polymer called CYTOP [3] with reduced losses leads to new
promising applications for POF.

FBGs in silica fibers is a very mature filtering technology both for
telecommunications and sensors [4] since a large variety of high
performance FBGs can be fabricated by creating a UV light induced
periodic variation in the refractive index of the fiber core. However, since
the first polymer FBG reported in 1999, very promising devices have
been demonstrated, mostly for measuring strain and temperature [5, 6],
also using microstructured [7] or CYTOP [8] fibers. Despite of this, POF
gratings are still under research; high quality gratings fabrication require
photosensitive fibers; so far great advances have been done both in
doped and undoped fibers, but grating time stability is still an issue.

The literature only provides a single report on a phase-shifted FBG in
POFs, which was for use at THz frequencies [9] by using a point-by-
point FBG fabrication method. In this contribution we report on the
fabrication of novel bandpass transmission filters based on PS-FBGs in
microstructured polymer fibers at telecom wavelengths. The phase mask
technique is employed to fabricate several superimposed gratings with
slight different periods in order to form Moiré structures with a single or
various w phase shifts along the device. Very narrowband transmission
filters are demonstrated and experimental characterization of the devices
under strain and temperature variations is provided.

[11 N.F.Naim et al, IEEE/OSA J. of Opt. Comm. and Netw., 5, 1425-1430
(2013).

[2] X.Han et al., J. Lightw. Technol., 33, 5135-5139 (2015).

[3] Y.Koike et al., ECOC97, pp. 22-25 september 1997.

[4] K.M.Chung et al., Optics Express, 19, 12664-12672 (2011).

[5] HY.Liu et al., IEEE Photonics Technology Letters, 14, 935 - 937(2002)
[6] G.Rajan et al., Journal of Lightwave Technology, 32, 1726-1733 (2014).
[711. P. Johnson et al., Electron. Lett. 46, 1217-1218 (2010).

[8] A. Lacraz et al., IEEE Photon. Technol. Lett., 27, 693-696, (2015).

[9] S.F.Zhou et al., IEEE Photon. Technol. Lett., 24, 1875-1877 (2012).

10232-9, Session 2

Impact of thermal pretreatment on
preforms for fast Bragg gratings
inscription using undoped PMMA POFs

Carlos A. F. Marques, Aston Univ. (United Kingdom)

and Instituto de Telecomunicacdes (Portugal); Andreas
Pospori, Aston Univ. (United Kingdom); Pawel Mergo,
Univ. of Maria Curie-Sklodowska (Poland); Paulo S.
André, Instituto de Telecomunicacdes (Portugal) and
Instituto Superior Técnico, Univ. Técnica de Lisboa
(Portugal); David J. Webb, Aston Univ. (United Kingdom)

In this work, improvements in the photosensitivity of undoped POFs,
where there was a well-defined pre-annealing of the preform, were
reported. We have noticed that with non-annealed preforms, the fiber
photosensitivity is lower. The fibers from preforms with specific thermal
pre-treatment allow us to achieve less FBG inscription times than fibers
with no well-defined annealing, obtaining at the same time stable FBG
sensors with high quality. We also addressed the actual influence of
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annealing on the strain sensitivity of the fibers prior and after FBG
inscription, showing that the fiber produced from a preform with well-
defined pre-annealing did not produce any significant difference. Some
important parameters were considered such as drawing tension and
water content, where using fibers drawn in different tensions give us a
similar FBG inscription time. We can also conclude that a fiber drawn
from a preform which had not a specific process of annealing, it will
include a slight amount of water inside of preform and will affects the
fiber performance.

10232-10, Session PS

Chirped polymer optical fiber Bragg
grating sensors

Carlos A. F. Marques, Instituto de Telecomunicacdes
(Portugal) and Univ. de Aveiro (Portugal); Paulo
Antunes, Instituto de Telecomunica¢cdes (Portugal);
Pawel Mergo, Univ. of Maria Curie-Sklodowska (Poland);
David J. Webb, Aston Univ. (United Kingdom); Jodo
Lemos Pinto, Instituto de Telecomunicacdes (Portugal)
and Univ. de Aveiro (Portugal); Paulo S. André, Instituto
de Telecomunicag¢des (Portugal) and Instituto Superior
Técnico, Univ. Técnica de Lisboa (Portugal)

We report chirped fiber Bragg gratings (CFBGs) photo-inscribed in
undoped PMMA polymer optical fibre (POF) for the first time. The chirped
polymer optical fiber Bragg gratings (CPOFBGs) were inscribed using
an UV KrF excimer laser operating at 248 nm. The rectangular gauss
laser beam was expanded to 25 mm in horizontal direction along the
fiber core by a cylindrical lens, giving a total of 25 mm grating length. A
25 mm long chirped phase mask chosen for 1550 nm grating inscription
was used. The laser frequency was 1 Hz with an energy of 5 mJ per
exposure, exposing few shots for each grating inscription. The reflection
amplitude spectrum evolution of a CPOFBG is investigated as a function
of the applied strain and temperature. Also, some results regarding to
group delay are collected and discussed. These results pave the way to
further developments in different fields, where POFs could present some
advantages preferably replacing their silica counterparts.

10232-13, Session PS

Analysis of optical properties of special
fibers of polydimethylsiloxane (PDMS)
depending on the different methods of
mixing PDMS and curing agent

Martin Novak, Jan Nedoma, Marcel Fajkus, Jan Jargus,
Vladimir Va?inek, V?B-Technical Univ. of Ostrava (Czech
Republic)

The authors focused on the problems of measurement of attenuation and
homogeneity of special fibers of polydimethylsiloxane (PDMS) depending
on three different procedures for mixing PDMS and curing agent. We used
a two-component elastomer Sylgard 184. For mixing was used a defined
ratio of 10:1 for PDMS, which was determined based on the datasheet.
Curing of samples took place in a heat box at a constant temperature

of 80 °C = 3 °C. Three procedures were defined for mixing PDMS and
curing agent: manual, using a laboratory shaker and ultrasonic baths.

For each method of mixing was carried out a total of 25 samples. The
test samples have a defined shape in the form of a cylindrical waveguide
with a diameter of 10 mm and a length of 50 mm. The whole process of
production of cylindrical waveguides applied in the protective vacuum
box. To verify the homogeneity of the samples were divided into 5 mm
sections, measured was the attenuation constant in both directions.

As a source of radiation was used LED (Light Emitting Diode) with a
wavelength of 470 nm. The outcome of this study is the evaluation

of the quality waveguides by the size of the total attenuation and the
attenuation constant for analysis of spreading out inhomogeneities
depending on the procedure of mixing PDMS and curing agent. The
analysis performed with regarding the use of PDMS for its optical
properties.

Return to Contents
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10232-15, Session PS

Making compact bundle fiber for laser-
assisted surgery

Seungsik Ham, JaeSung Park, Ho Lee, Richard M.
Boutilier, Kyungpook National Univ. (Korea, Republic of)

Treatment surgery using laser in the medical field, using the optical

fiber. When utilizing the existing optical fiber, can only forward or side
emission, it was difficult to radial emission. In order to solve this problem,
we had developed a bundle type optical fiber(bundle fiber) that can be
radial emission. However, the outer diameter of the developed bundle
fiber is large, and non-conforming to immediate use in the human body.
The purpose of this study is compact (less than outer diameter 1.2 mm) to
develop a bundled optical fiber in order to overcome these drawbacks.

10232-26, Session PS

Measurement of spectral characteristics
and CCT mixture of PDMS and the
luminophore depending on the geometric
parameters and the concentration of the
samples of the special optical fibers

Jan Jargus, Jan Nedoma, Marcel Fajkus, Martin Novak,
Lukas Bednarek, Vladimir Va?inek, V?B-Technical Univ. of
Ostrava (Czech Republic)

White light is produced by a suitable combination of spectral components
RGB (colors) or through exposure excitation of blue light (the blue
component of light). This blue part of the light is partly and suitably
transformed by luminophore so that the resulting emitted spectrum
corresponded to the spectral characteristics of white light with a given
chromaticity correlated temperature (CCT). This article deals with the
measurement of optical properties of a mixture polydimethylsiloxane
(PDMS) and luminophore, which is irradiated by the blue LED (Light-
Emitting Diode) to obtain the white color of light. The subject of the
investigation is the dependence of CCT on the concentration of the
luminophore in a mixture of PDMS and different geometrical parameters
of the samples. There are many kinds of PDMS and luminophore. We
used PDMS Sylgard 184 and luminophore-labeled U2. More accurately
Yttrium Aluminium Oxide: Cerium Y3AI5012: Ce. From the analyzed data,
we determined, which mutual combinations concentration of the mixture
of luminophore and PDMS along with the geometric parameters of the
samples are suitable for illumination, while we get the desired CCT.

10232-27, Session PS

Enhanced linear photonic nanojet
generated by core-shell optical
microfibers

Cheng-Yang Liu, Tzu-Ping Yen, Chien-Wen Chen,
Tamkang Univ. (Taiwan)

The spatial resolution of standard optical microscope is practically limited
due to diffraction of light. Recently, microsphere-assisted super-resolution
optical imaging is proposed as a simple technique for visualizing nano-
scale features in the far-field system. The super-resolution capability

of such microspheres is introduced by their extreme sharp focusing
characteristics. The observation and demonstration of super-resolution
imaging include the employments of silica microspheres, high-index
microspheres, microspheres in the confocal mode, microsphere
locomotion and dielectric slab with microspheres. The optical imaging

of nano-scale targets obtained through microspheres in the visible light
region has been proved to exhibit features with size smaller than 100 nm.
However, the operation of photonic nanojets generated by microspheres
is a challenging work because the management and fixation of isolated
microspheres on the sample surface have some technical difficulties

in practice. Furthermore, the imaging range of microsphere is small
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since the field of view depends on the microsphere diameter. Instead of
microspheres, we consider the design and fabrication of core-shell optical
microfiber for the generation of linear photonic nanojet. Considering

the photonic nanojet formation from core-shell optical microfibers, the
metallic shell is proposed to enhance the nanojet intensity.

The generation of linear photonic nanojet using core-shell optical
microfiber is demonstrated numerically and experimentally in the visible
light region. The refractive indices of the dielectric microfiber and gold
shell are 1.46 and 1.46+1.954i. The refractive index of the surrounding
medium is 1 (air). A monochromatic light beam with wavelength

532 nm propagates from the left side of microfiber. The power flow
patterns for the core-shell optical microfiber are calculated by using

the finite-difference time-domain method. The focusing properties

of linear photonic nanojet are evaluated in terms of length and width
along propagation and transversal directions. In experiment, the silica
optical fiber is etched chemically down to 6 ?m diameter and coated
with metallic thin film by using glancing angle deposition. We show that
the linear photonic nanojet is enhanced clearly by metallic shell due to
surface plasmon polaritons. The large-area super-resolution imaging
can be performed by using a core-shell optical microfiber in the far-field
system. The potential applications of this core-shell optical microfiber
include micro-fluidics and nano-structure measurements.

10232-28, Session PS

Realization of optical multimode TSV
waveguides for Si-Interposer in 3D-chip-
stacks

Sebastian Killge, Institut fur Halbleiter-und
Mikrosystemtechnik, TU Dresden (Germany); Sujay
Charania, Karola Richter, Niels Neumann, Zaid Al-
Husseini, Johann W. Bartha, TU Dresden (Germany)

The continuously increasing demand for higher bandwidth and

evolution towards to 5G makes the application of an optical chip to

chip interconnect system conceivable. Based on the assumption of

a 3D-chip-package an essential ingredient of such a system is the
availability of a vertical interconnect. Usually, for electrical communication
copper filled through-silicon-vias (TSV) are used. To integrate an

optical communication network in a 3D-chip-stack vertical optical TSV
interconnect is required. Here, we present the fabrication of an optical
polymer based waveguide in TSVs proved on waferlevel using SU-8 as
core and SiO2 as cladding.

Optical connection has the potential to outperform copper-based
connections in terms of bandwidth at the cost of more complexity

due to the required electro-optical and opto-electrical conversion.
Once converted, the transmission distances in the optical domain are
far less critical than in the electrical domain. The advantage of optical
interconnects as optical waveguides or fibers is well established for
long distance communication. The continuously increasing demand for
higher bandwidth pushes the breakeven point for a profitable operation
to shorter distances. While the required effort for the electrical/optical
and vice versa conversion makes it hard to envision an on-chip optical
interconnect, a chip-to-chip optical link appears conceivable. Until this
will have been realised, one has to consider a 3D-chip package based
on silicon-interposers. In general, the interposer offers the potential
advantage to realize electro-optical transceivers on affordable expense by
specific, but not necessarily CMOS technology.

We investigated the realization and characterization of optical
interconnects as a polymer based waveguide in high aspect ratio TSVs
proved on waferlevel.

To guide the optical field inside a TSV as optical-waveguide or fiber, its
core has to have a higher refractive index than the surrounding material.
Comparing different material / technology options it turned out that
silicon dioxide (ncl = 1.4525 at 850 nm) is a perfect candidate for the
cladding, because it can be manufactured as a very conformal layer by a
well-known and controllable process, thermal oxidation. In combination
with SiO2 as the adjacent polymer layer, the negative resist SU-8 is very
well suited as waveguide-material (nc = 1.56) for the core.

We demonstrate a waferlevel proved filling process for optical TSV
(diameter 10 - 40 um in 200 - 380 um thick Si interposer). The TSV
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waveguide concept requires a SiO2 surface as waveguide cladding. To
realize it, the cylindrical TSVs were etched by an optimized deep reactive
ion etching (DRIE) through the substrate. Afterwards, a 2 um SiO2
cladding is grown by thermal oxidation of Si. Next, the wafer-backside

is covered with a temporary bonded PDMS-membrane. The SU-8 resist
acting as waveguide-core-material is deposited on the wafer-frontside as
a thin-film by spin-coating. Homogeneous filling of TSVs is achieved by
vacuum and temperature. Next a maskless exposure of the SU-8 layer to
UV-light is performed in order to achieve a cross-linked SU-8 inside the
TSV.

The process resulted in a defect-free filling of waveguide TSVs with SU-8-
core and SiO2 cladding up to AR 20:1 and losses less than 3db.

10232-29, Session PS

All-polymeric photonic waveguides and
ring resonators for optical integrated
circuits system

Abbas Madani, Fraunhofer IWS Dresden (Germany)

In this paper, we are reporting an experimental work on the design and
fabrication of the polymeric passive all-optical waveguides, and optical
microcavities based on very interesting and inexpensive laser beam
direct write lithography (LBDW) technique are reported. This technique
is simple yet robust and promising method for fabrication of the complex
polymer optical devices. A continuous wave (CW) laser operating at 442
nm with a typical optical output power 120 mW is used in the laser beam
direct writing system. These all-optical devices have been fabricated
based on optical ORMOCORE and ORMOCLAD negative photoresist
which is inorganic-organic hybrid polymer. These optical materials are
very low losses at telecom wavelengths (1550 nm and 1300 nm), well
controlled refractive indices, and ease of processing, good thermal
stabilities, and good adhesion on a wide range of substrates. Optical
characterization of these fabricated optical devices is shown to ensure
suitability for implementation in optical integrated circuits applications.

10232-30, Session PS

Numerical simulation analysis of gain
and noise figure using various pumping
direction in single- and multiple stage
EDFA systems

Ufuk Parali, Adnan Menderes University (Turkey)

In this study, we numerically investigated single, double and triple
stages of Erbium-doped fiber amplifier (EDFA) systems with single-
pass (SP) and double-pass (DP) configurations to obtain higher gain
and lower noise figure (NF) values. We used an input signal -35 dBm

at the wavelength of 1550 nm and the total pump power 24 mW at the
wavelength of 1480 nm. We simulated each EDFA system in Matlab with
Giles and Desurvire model using various pumping configurations. Besides
the single-pass configurations, we proposed two different double-pass
configurations for double-stage EDFA and four different double-pass
configurations for triple-stage EDFA. Using various pumping direction
schemes, we analyzed and compared the physical properties of each
simulated EDFA configuration.

10232-31, Session PS

Anti-reflection and polarizing photonic
structures for high power fiber
applications

Martin Vanek, Yauhen Baravets, Filip Todorov, Jiri
Ctyrok?, Pavel Honzatko, Jan Vanis, Institute of
Photonics and Electronics of the CAS (Czech Republic)

We investigated behaviors of 1D binary diffraction gratings milled on
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optical fiber facets. The aperiodic rigorous coupled wave analysis, the
Fourier modal method and the finite-difference time-domain numerical
methods were used to compute the reflectivity of the investigated
structures. Only sub-wavelength structures were considered to suppress
higher diffraction orders. Focused ion beam was used to fabricate an
optimized grating directly on the large-mode area fiber facet. One of
the gratings was tested in a thulium-doped fiber laser where it acted as
a low reflectivity polarizing output mirror. The slope efficiency and laser
beam quality parameter were conserved while lasing threshold slightly
increased.

10232-32, Session PS

Microsensors of liquid based on capillary
self-assembly micropillar fabricated by
femtosecond laser printing

Zhaoxin Lao, Yanlei Hu, Dong Wu, University of Science
and Technology of China (China)

Capillary force exists widely and always is treated as harmful in
microfabrication because it may cause undesired distortion or even
destruction of micro/nanostructures. But, in the other hand, once if the
capillary force (Fc) can been controlled flexibly, it will be changed from
harm to benefit. Many researches have been done in the utilizing of Fc
as driving force in self-assemble of micro/nanostructures. [1, 2] However,
there is a little work in taking advantage of it to construct sensors. Here,
by combining capillary force self-assembly with femtosecond laser
printing, we introduce a method to distinguish liquids based on the
different self-assembly results of micropillars array. Micro pillars, whose
diameters are 760 nm, are printed by direct laser writing (DLW) firstly.

If these polymer pillars are upright after development, they will present
structure colors which will disappear if they collapse. Because the self-
assembly is a result of the competition between standing force (Fs) and
capillary force (Fc), the collapsed patterns will stand-up again when they
were immersed in liquid again and assembled into different patterns due
to the properties of liquids (e. g. surface tension and contact angle). This
method to distinguish liquid features flexible and may be developed into
visible to the naked-eye without any equipment which may be useful

in some applications. Considering fs-DLW can printing microstructures
in microchannels directly, [3, 4] this liquid sensors may also find unique
applications in microfluidic.

10232-11, Session 3

Realisation of optically resilient fiber tip
3D microoptics

Linas Jonu?auskas, Vilnius Univ. (Lithuania) and Femtika
(Lithuania); Mangirdas Malinauskas, Vilnius Univ.
(Lithuania)

Optical fibers gain more and more attention in the fields of data

transfer, sensors and advanced light generation, thus an integration of
functional optical elements in a fiber based systems becomes increasingly
prominent task [1]. This presentation is dedicated to an additive 3D
femtosecond laser microfabrication of polymer structures for direct

light shaping both propagating out of or coupled into the single mode
optical fiber. These include microlenses, microaxicons and spatial

phase plates. Additionally such mounted elements can be combined as
multicomponent 3D monoliths for enhanced functionality [2, 3], they are
tested experimentally.

In contrast to standard lithographic techniques, 3D femtosecond laser
lithography can be employed for processing a wide array of materials,
including otherwise non-processable (non-photosensitized) polymers
[4]. One of such materials is hybrid or hybrid organic-inorganic zirconium
containing SZ2080 that displays many favourable qualities such as
optical transparency and low shrinkage [5]. Here we provide notes on
peculiarities 3D laser lithography of the pure SZ2080 for microoptics. It is
investigated how it compares to a photosensitized one by its fabrication
throughput, optical properties (transmission spectra and surface
roughness), mechanical strength (structure survival rate and adhesion to
the substrate) as well as other.
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Optical resiliency of microoptical elements created by this technology

is investigated and their feasibility in applications reliant on high light
intensities is studied. As expected, the most resistant material was found
to be non-photosensitized SZ2080. Microlenses produced out of it can
withstand peak intensities of 515 nm 300 fs 200 kHz laser in range of
GW/cm”2 within minutes to hours [6]. Such results ties well with earlier
findings showing that optical damage threshold of pure materials films
are in fact significantly higher than that of a photosensitized material

[7]. Additionally, CW 405 nm laser operating at intensity of 86.6 W/cm"2
cannot damage microoptical elements produced out of SZ2080 in pure
and photosensitized compositions even after tens of hours of continuous
exposure. Resiliency comparison with microoptical elements of standard
lithographic materials such as Ormocer and SU8 is carried out as well.
These results prove that the pure SZ2080 is a candidate material for high
light intensity applications at microscale.

References:

[11 T. Gissibl et al., Nat. Commun. 7, 11763 (2016).

[2] E. Brasselet et al., Appl. Phys. Lett. 97, 211108 (2010).

[3] A. ?ukauskas et al., J. Laser Micro. Nanoen. 9(1), 68-72 (2014).
[4] M. Malinauskas et al., Light Sci. Appl. 5(8) €16133 (2016).

[5] A. Ovsianikov et al., ACS Nano 2(11), 2257-2262 (2008).

[6] L. Jonu?auskas et al., Materials, under review.

[7]1 A. ?ukauskas et al., Opt. Mater. Express 4 (8), 1601-1616 (2014).

10232-12, Session 3

Optical fiber-based frequency references

Jan Hrabina, B?etislav Mikel, Institute of Scientific
Instruments of the ASCR, v.v.i,, The Czech Academy

of Sciences (Czech Republic); Michal Jelinek, Institute
of Scientific Instruments of the ASCR, v.v.i. (Czech
Republic); Miroslava Hold, Josef Lazar, Ond?ej ?ip,
Institute of Scientific Instruments of the ASCR, v.v.i,, The
Czech Academy of Sciences (Czech Republic)

This work is oriented towards an effort to preparation, filling and

testing of optical frequency references based on hollow-core photonic
crystal fibers. This type of references intended for frequency locking of
accurate laser sources overcomes difficulties of classic bulky glass-made
absorption cells and it brings an opportunity to reduce volume and mass
of the laser stabilization setup. Crucial step in hollow-core photonic
crystal fiber-based reference development is a careful preparation of the
fiber itself (cleaving of the fiber ends, splicing of the microstructured fiber
to standard type of fiber/or equipment of the fiber with fiber connectors
with minimalization of optical losses) and especially filling of the fiber
inner structure with appropriate absorption media with ensuring of non-
contaminant approach. This contribution expresses recent progress in
microstructured fiber-based optical frequency references development
and it presents the results from measurement of achievable optical and
spectral properties of manufactured fiber-based cells.

10232-14, Session 3

Fabrication of long linear arrays of plastic
optical fibers with squared ends for the
use of code mark printing lithography

Toshiyuki Horiuchi, Jun Watanabe, Jun-ya Iwasaki, Yuta
Suzuki, Tokyo Denki Univ. (Japan)

Two dimensional code marks are widely used for obtaining various
properties of industrial products by easily and quickly reading the marks.
In productions of liquid-crystal-display (LCD) panels and others, marks
containing production numbers and fabrication conditions are printed

in the production process, and used for quality managements. In such
cases, considerably small marks are printed by lithography using a
specialized code-mark numbering exposure system. A typical code mark
is composed of 44?44 square dots and has a size of approximately 2
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mm square. The conventional numbering exposure systems use lamp
projection exposure or laser beam delineation, and prices of the systems
are very high. For this reason, development of a new low-cost exposure
system using light emitting diodes (LEDs) is expected. In the new
system, code marks are printed by projecting a square plastic optical
fiber matrix ends, and assigning bright or dark by switching on or off the
LEDs supplying exposure light to each fiber. The feasibility of the system
was demonstrated in the past research using 100 LEDs with a central
wavelength of 405 nm, a 10?10 matrix of optical fibers with T mm square
ends, and a 10X projection lens [1]. However, it was difficult to fabricate
a more precisely arrayed optical fiber matrix using fibers with a finer
diameter of 500 ?m. For this reason, a new method for fabricating large-
scale linear arrays of fibers with squared ends is newly developed here.

In the conventional method, 1-mm fibers were squared one by one, and
they were adhered and bound later. In comparison, in the new method,

a lot of 500-?m fibers arranged in a linear gap of an arraying instrument
are simultaneously squared by heating them on a hotplate. Therefore,
times and labours were drastically saved. In addition, size homogeneity
and light leaks at the squared parts were greatly improved. The heating
temperature was kept at 120°C, because the fibers did not become square
at lower temperatures, and the size fluctuation became large at higher
temperatures. The heating time was kept for 7 min for obtaining the most
squared cross section profiles. As a result, linear arrays of up to 40 fibers
were successfully fabricated. Fiber sizes were homogeneous within 496+4
?m. In addition, average light leak of 10 fibers was improved from 34.4

to 20.2% by adopting the new method in place of conventional one by
one squaring method. It is considered that this is because clads between
neighboured fibers were remained as they were in the case of the new
method, though clads directly touching the heated squaring instrument
were broken and peeled off. Square fiber matrices necessary for printing
two dimensional code marks will be fabricated by piling the newly
fabricated linear arrays up.

This work was partially supported by Research Institute for Science and
Technology of Tokyo Denki University, Grant Number Q15T-03, and Grant-
in-Aid from J | Engineering.

[1] J. Watanabe, J. Iwasaki, and T. Horiuchi, Japanese Journal of Applied
Physics, 54 (2015) 06FPT11, 1-6.

10232-16, Session 4

Enhancement of pump absorption
efficiency by bending and twisting of
double clad rare earth doped fibers
(Invited Paper)

Pavel Ko?ka, Pavel Peterka, Institute of Photonics

and Electronics of the ASCR, v.v.i. (Czech Republic);
Valérie Doya, Univ. de Nice Sophia Antipolis (France);
Jan Aubrecht, Ivan Kasik, Ond?ej Podrazk?, Institute
of Photonics and Electronics of the ASCR, v.v.i. (Czech
Republic)

High-power operation of fiber lasers was enabled by the invention of
cladding-pumping in a double-clad fiber structure. Because of existence
of so called skew rays in the inner clad of the fiber, pump absorption
saturates along the fiber and pumping becomes inefficient. First studies
of pump absorption efficiency enhancement were focused on fibers with
broken circular symmetry of inner cladding eliminating skew rays [1,2].
Later, techniques of unconventional fiber coiling were proposed [3].
However, theoretical studies were limited to the assumption of a straight
fiber. Even recently, the rigorous model accounting for fiber bending
and twisting was described [4-6]. It was found that bending of the fiber
influences modal spectra of the pump radiation and twisting provides
quite efficient mode-scrambling. These effects in a synergic manner
significantly enhances pump absorption rate in double clad fibers and
improves laser system efficiency.

In our contribution we review results of numerical modelling of pump
absorption in various types of double-clad fibers, e.g., with cross section
shape of hexagon, stadium, and circle; two-fiber bundle (so-called
GTWave fiber structure) a panda fibers are also analyzed. We investigate
pump field modal spectra evolution in hexagonally shaped fiber in
straight, bended, and simultaneously bended and twisted fiber which
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brings new quality to understanding of the mode-scrambling and pump
absorption enhancement. Finally, we evaluate the impact of enhanced
pump absorption on signal gain in the fiber.

These results can have practical impact in construction of fiber lasers:
with pump absorption efficiency optimized by our new model (the other
models did not take into account fiber twist), the double-clad fiber of
shorter length can be used in the fiber lasers and amplifiers. In such a way
the harmful influence of background losses and nonlinear effects can be
minimized.

[11 Doya, V., Legrand, O., Mortessagne, F., “Optimized absorption in a
chaotic double-clad fiber amplifier,” Opt. Lett., vol. 26, no. 12, pp. 872-874,
(200M).

[2] Kouznetsov, D., Moloney, J. V., “Efficiency of pump absorption in
double-clad fiber amplifiers. Il. Broken circular symmetry,” J. Opt. Soc.
Am. B, vol. 19, no. 6, pp. 1259-1263, June 2002.

[3] Li, Y., Jackson, S. D., Fleming, S., “High absorption and low splice loss
properties of hexagonal double-clad fiber,” IEEE Photonics Technol. Lett.,
vol 16, no. 11, pp. 2502-2504, Nov. 2004.

[4] Ko?ka, P. and Peterka, P, “Numerical analysis of pump propagation
and absorption in specially tailored double-clad rare-earth doped fiber,”
Optical and Quantum Electronics, vol. 47, no. 9, pp. 3181-3191 (2015).

[5] Ko?ka, P, Peterka, P.,, and Doya, V., “Numerical modeling of pump
absorption in coiled and twisted double-clad fibers,” IEEE J. Sel. Top.
Quantum Electron., vol. 22, no. 2 (2016).

[6] Ko?ka, P, Peterka, P., Aubrecht, J., Podrazk?, O., Todorov, F., Becker,
M., Baravets, Y., Honzdtko, P, and Ka?ik, |., “Enhanced pump absorption
efficiency in coiled and twisted double-clad thulium-doped fibers,” Opt.
Express, vol. 24, no. 1, pp. 102-107 (2016).

10232-17, Session 4

An 8-channel wavelength demultiplexer
based on photonic crystal fiber

Dror Malka, Holon Institute of Technology (Israel)

The photonic crystal fiber (PCF) is a unique structure based on
microstructured formation of high and low refractive index materials.
Usually the high-index background material is pure silica while the low-
index areas consist usually of an array of air holes along the fiber length.

Several advantages of PCF in comparison to optical fibers and
conventional waveguides have been demonstrated previously. The main
benefit of a design demultiplexer based on PCF is the lower coupling
length value obtained in the case of closely coupled cores.

Three different techniques have been demonstrated capable to couple
light between close cores in PCF structures. The first technique employed
was by replacing some air-holes zones with pure silica along the PCF
axis. The second technique used was by designing a PCF with a different
periodic structure of air-holes between planes xz and yz and the third
technique used was by integrating small air-holes in the PCF structure
which allows controlling the light coupling between close cores with fixed
distances.

We propose a novel 8-channel wavelength demultiplexer based on PCF
structures that operate at 1530nm, 1535nm, 1540nm, 1545nm, 1550nm,
1555nm, 1560nm and 1565nm wavelengths. The new design is based on
replacing some air-holes zones with silicon nitride and lithium niobate
materials along the PCF axis with optimization of the PCF size. The reason
of using these materials is because that each wavelength has a different
value of coupling length. Numerical investigations were carried out on
the geometrical parameters by using a beam propagation method (BPM).
Simulation results show that the proposed device can transmit 8-channel
that works in the whole C-band (1530-1565nm) with low crosstalk
((-16.88)-(-15.93) dB) and bandwidth (4.02-4.69nm). Thus, the device
can be very useful in optical networking systems that work on dense
wavelength division multiplexing (DWDM) technology.

In this work, we present a 1x8 wavelength demultiplexer in PCF structure
that divides eight channels in the C-band range with a spacing of 5nm
between channels. The operating wavelengths are: 1530nm, 1535nm,
1540nm, 1545nm, 1550nm, 1555nm, 1560nm and 1565nm. Thus, this device
can be very useful for transmitting a wide information in DWDM systems.
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10232-18, Session 4

Moving chirped soliton under laser pulse
interaction with gold nanorods

Vyacheslav A. Trofimov, Tatiana M. Lysak, M.V.
Lomonosov Moscow SU (Russian Federation)

We investigate splitting and self-trapping of the femtosecond pulse

by nanorods reshaping front under optical radiation propagation in a
medium containing gold nanorods. We take into account multi-photon
absorption of laser radiation by nanorods, and time-dependent nanorod
aspect ratio changing due to their re-shaping because of the laser

energy absorption. On the basis of computer simulation we demonstrate
appearance of slowing down soliton and superluminality effect
simultaneously for various sub-pulses which form from incident Gaussian
un-chirped pulse. These sub-pulses possess chirp and soliton shape which
differs from classical soliton of nonlinear Schrédinger equation.

10232-19, Session 4

Three-dimensional light bullets in
anisotropic microdispersive media

Sergey Sazonov, National Research Center Kurchatov
Institute (Russian Federation); Alexander Bugay, Joint
Institute for Nuclear Research (Russian Federation);
Maria Komissarova, Irina Zakharova, Lomonosov Moscow
State University (Russian Federation)

Tree-dimensional light bullets in Kerr media are known to be unstable.
Different schemes were proposed to overcome this obstacle. One of them
is to use a nonlinear parametric interaction. Such a type of interaction
can be achieved in anisotropic micro-dispersive media where spatial
dispersion is of great importance. These media allow us to reach a
simultaneous approximate fulfillment of group and phase matching.

To study the general (3+1) D case we apply both an approximate
analytical approach and numerical simulations. We suggest that nonlinear
refraction manifests itself earlier than diffraction and dispersion.

Both the general (3+1)D case and axial-symmetry case are studied. With
the help of averaged Lagrangian method an analytical solution in (3+1)
D case is derived provided that the fixed relation between the negative
coefficients of the group velocity dispersion on both harmonics holds.

We demonstrate that a spatiotemporal light bullet propagates for at
least 300 nonlinear lengths in anisotropic media at second harmonic
generation. We also consider the pulse mode of generation of the second
harmonic in the gradient focusing wave guide under condition of positive
dispersions of the group velocities on both harmonics.

10232-20, Session 4

Engineering ultra-flattened normal
dispersion photonic crystal fiber with
silica material

Mohamed Lamine Ferhat, Lynda A. Cherbi, Lyes Bahloul,
Hariz Abdelhafid, Univ. des Sciences et de la Technologie
Houari Boumediene (Algeria)

The tailoring of the group velocity dispersion (GVD) of an optical fiber
is critical in many applications as in high-speed optical communication
systems because of its influence on the bandwidth of information
transmission, successful utilization of nonlinear optical properties for
supercontinuum generation, wavelength conversion and harmonic
generation via stimulated Raman scattering ...

In supercontinuum generation, the spectral broadening as pulse
propagates along the fiber in a normal dispersion regime is a result of
an interplay between many nonlinear effects such self-phase modulation
(SPM), self-steepening and intrapulse Raman scattering. Due to the
strong dependence of those nonlinear effects and the dispersive

Return to Contents

TEL: +44 (0)29 2089 4747

info@spieeurope.org 83



Conference 10232:
Micro-structured and Specialty Optical Fibres

characteristics, a tailor shape of the total dispersive curve is necessary
to obtain a broadband output supercontinuum spectrum. As a photonic
crystal fiber (PCF) is reported as promising candidate to control
dispersion because of its large freedom degrees which offers a variety
of possible geometries, this open up possibilities to design flattened
dispersion fibers over a wide range of wavelengths and generating a
supercontinuum with a flat spectrum over this range.

Therefore, the realization of ultra-flattened dispersion PCFs by a relatively
simple method is still a challenge; complicated design methods have been
exploited, such as changing the diameter of the air holes belonging to the
first two or three inner rings, doping additional materials in the central
part of the silica core, modifying the circular air holes into other shapes,
selectively filling the PCF with liquids, designing a hybrid core region

with three-fold symmetry for the fiber, assembling additional defected

air holes in the central core region, or combining two or more of these
methods.

In this work, we propose a design of ultra-flattened photonic crystal fiber,
by using the influence of changing the diameter of the air holes belonging
to the first two or three inner rings of the cladding on the dispersion
curve, we reduce and tailor the dispersion curve of the proposed PCF
geometry over a large wavelengths band. It is composed of only four
rings, hexagonal structure of air holes and silica as background of the
solid core.

The proposed PCF is analyzed using the vectorial finite element

method (FEM) using the adequate perfect matched layer (PML), PCF is
numerically modeled for determining its characteristics as group velocity
dispersion (GVD) and confinement loss.

In the conception, the ratio parameter (di/?) of the distance between

air holes (pitch) and the air holes diameters (d) of the rings allows the
control of the dispersion curve; the balance between material dispersion
and waveguide dispersion of the proposed geometry allows the choice of
the chromatic dispersion regime, minimizing its value, and also keeping it
on a large wavelengths band.

In the geometry modeling, the variation of the air holes diameters of the
first and the second rings minimizes the chromatic dispersion value of the
fiber. The variation of the pitch allows tailoring the curve of dispersion
with the same regime on a large spectral domain.

As a result, we present structures with broadband flat normal dispersion
on many wavelengths bands useful for several applications. We obtain flat
normal dispersion over 1000 nm broadband flat normal dispersion below
-7 [ps/nm.km] from 1000 nm to 2000 nm wavelengths, and ultra-flat near
zero normal dispersion below -0.2 [ps/nm.km] over 250 nm from 1075 nm
to 1325 nm wavelengths dedicated to supercontinuum generation with
1300 nm laser sources.

The modeled photonic crystal fiber would be valuable for the fabrication
of ultra-flattened-dispersion fibers, and have potential applications in
wide-band high-speed optical communication systems, supercontinuum
generation and many other applications.

10232-21, Session 5

Spectroscopic studies of the influence
of the aluminum concentration in heated
Yb-doped optical fibers

Christoph Bacher, Jonas Scheuner, University of Bern
(Switzerland); Sénke Pilz, Bern University of Applied
Sciences (Switzerland); Manuel Ryser, University of
Bern (Switzerland); Valerio Romano, University of Bern
(Switzerland) and Bern University of Applied Sciences
(Switzerland)

The generation and amplification at wavelengths longer than 1100 nm

is not straightforward when using Yb-doped optical fibers, since light
emission occurs preferentially in the region of 1020 nm - 1100 nm with a
maximum at 1030 nm. One well known approach is to heat the Yb-doped
fiber up to temperatures above 100 °C. This increases the re-absorption
in the lower emission band and also enhances at the same time the
emission at longer wavelengths. Consequently, heating allows to extend
the spectral gain-region of Yb-doped fibers by at least 60 nm up to

1160 nm. However, the drawback of this method is that it results in a
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shorter lifetime of the fiber, since heating damages the polymer-coating.
Moreover, such a laser has a reduced overall efficiency, due to heating,
isolation and heat removal issues.

It has been reported, that at the presence of an aluminosilica host matrix
efficient laser activity at around 1150 nm can be achieved by heating the
Yb-doped fiber to only 60 °C. In this work we conduct spectroscopic
studies of the influence of the aluminum concentration to heated Yb-
doped fiber. The fibers are drawn in our in-house fiber drawing tower.
The preforms are produced by the sol-gel-based granulated silica
method which allows us to vary the aluminum as well as the ytterbium
concentrations within a large range. The fibers are investigated with
respect to their absorption and emission spectra as well as their
performance in a laser system at wavelengths higher than 1100 nm.

10232-22, Session 5

Broadband infrared emission from Er/Nd/
Bi/Al doped fibers produced by the sol-
gel-based granulated silica method

Sénke Pilz, Hossein Najafi, David Kummer, Berner
Fachhochschule Technik und Informatik (Switzerland);
Ali F. ElI Sayed, Berner Fachhochschule Technik und
Informatik (Switzerland) and Univ. of Bern (Switzerland);
Jonas Scheuner, Manuel Ryser, Univ. Bern (Switzerland);
Stefan Berger, ReseaChem GmbH (Switzerland);
Georgios Karametaxas, SolSens GmbH (Switzerland);
Valerio Romano, Berner Fachhochschule Technik und
Informatik (Switzerland) and Univ. of Bern (Switzerland)

Driven by the high potential of micro-structured and specialty optical
fibers several new preform production techniques have been developed.
Over last years we have devoted our attention to the granulated silica
method. The granulated silica method is one version of the powder-
in-tube technique and potentially gives one a high degree of freedom
regarding the applicable dopants, the maximum possible dopant
concentration, the homogeneity of the dopants and hence the minimum
refractive index contrast. Furthermore by using the granulated silica
method, the geometry can be virtually adapted to any shape.

Recently, we have overcome the main limitation of this method - the
background (scattering, propagation) losses - by using a sol-gel
approach to produce granulate for the granulated silica method. So far,
we succeeded in producing Yb/Al/P doped fibers with low propagation
losses of 0.02dB/m at 1550nm and with an homogeneity down to the
nano-scale level. Now, we have turned our attention to the production
of fibers based on the sol-gel approach doped with multiple rare earths,
Bismuth and Aluminium (Er/Nd/Bi/Al) in order to realize fibers with a
broadband emission in the near infrared. We have previously succeeded
in producing such doped Er/Nd/Bi/Al fibers with a broadband near
infrared emission by the regular (non-sol-gel; oxides based) granulated
silica method, however, these fibers suffered from high background
losses, which we can now overcome by using the sol-gel approach.

In this paper, we present first results of an Er/Nd/Bi/Al doped fiber based
on the sol-gel approach.
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10232-23, Session 5

Comparative investigation of methods to
determine the group velocity dispersion
of an endlessly single-mode photonic
crystal fiber

Tobias Baselt, Westsachsische Hochschule Zwickau
(Germany) and Fraunhofer IWS Dresden (Germany);
Tobias Popp, Bryan L. Nelsen, Westsachsische
Hochschule Zwickau (Germany); Andrés Fabian Lasagni,
TU Dresden (Germany); Peter Hartmann, Fraunhofer IWS
Dresden (Germany) and Westsachsische Hochschule
Zwickau (Germany)

Endlessly single-mode fibers, which enable single mode guidance over

a wide spectral range, are indispensable in the field of fiber technology.
A two-dimensional photonic crystal with a silica central core and a
micrometer-spaced hexagonal array of air holes is an established method
to achieve endless single-mode guidance. There are two possible ways to
determine the dispersion: measurement and calculation.

We calculate the group velocity dispersion GVD based on the
measurement of the fiber structure parameters, the hole diameter and
the pitch of a presumed homogeneous hexagonal array and compare the
calculation with two methods to measure the wavelength-dependent
time delay. We measure the time delay on a three hundred meter test
fiber with a homemade supercontinuum light source, a set of bandpass
filters and a fast detector and compare the results with a white light
interferometric setup. To measure the dispersion of optical fibers with
high accuracy, a time-domain white-light interferometer based on a
Mach-Zehnder interferometer is used. The experimental setup allows
the determination of the wavelength dependent differential group delay
of light travelling through a thirty centimeter piece of test fiber in the
wavelength range from VIS to NIR. The determination of the GVD using
different methods enables the evaluation of the individual methods for
characterizing the endlessly single-mode fiber.

10232-24, Session 5

Unique method to determine the
differential mode delay of specialty
multimode fibers

Marcus Wittig, Westsachsische Hochschule Zwickau
(Germany); Tobias Baselt, Westsachsische Hochschule
Zwickau (Germany) and Fraunhofer IWS Dresden
(Germany)

We developed an experimental setup for the determination of the
differential mode delay (DMD) in fibers. This unigue method of
measurement is the basis for the characterization of specialty fibers
including properties such as the chromatic dispersion, the fiber geometry
and the DMD. These fibers have their application in the near-infrared and
mid-infrared regime. Examples of uses of such fibers are supercontinuum
light sources and high power lasers. Different modifications of these
multimode fibers are applicable in extreme environments or for standard
beam delivery over long distances. The exact knowledge of parameters
such as the DMD is necessary to generate light sources with ether high
energy, high intensity or high power or to analyze transmitted information
when the fiber is used in a configuration for communication.

For the most exact measurement of DMD, we investigated a new type of
method. It is capable of measuring the modal dispersion in two different
ways. The first way is the standard transversal measurement, where the
launching condition is altered by moving the radial position of the injected
pulse while maintaining a zero-angle launching condition. The second
way involves changing the launching angle into the fiber. This is done to
get the most precise value for the DMD. Also, using a supercontinuum
light source for the injection pulse, it is possible to vary the wavelength

to be able to measure near the zero dispersion wavelength in order to
investigate the effects of the chromatic dispersion.
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10232-25, Session 5

Toward investigation of Brillouin
scattering in multimode polymer and
silica optical fibers

Aleksander Wosniok, Andy Schreier, Bundesanstalt fur
Materialforschung und -prifung (Germany)

Owing to substantial progresses in fiber optic communication the
commercial establishment of fiber optic sensing has in the meantime
become a reality. Especially, fiber optic distributed monitoring systems
based on nonlinear scattering phenomena in optical fibers have been
successfully implemented in the areas of both pipeline leak detection,
geohazard effects and ground movement detection. The most important
nonlinear scattering effect in optical fibers used for simultaneous
temperature and strain sensing is called Brillouin scattering. The field-
proven Brillouin sensing technique is capable of performing distributed
monitoring over long distances within tens of kilometers. Thereby, the
single-mode silica glass optical fibers are used by default as distributed
fiber optic sensors. A supplemental sensory implementation of multimode
optical fibers would entail new application fields for distributed Brillouin
sensing. The greatest innovative potential can here be attributed to the
use of the polymer optical fibers. Due to their material’s characteristics as
robustness under bending and stretching, distributed high strain Brillouin
measurements are realizable in the future.

The first step to using the multimode fibers is adapting the measuring
systems themselves to the new geometric and light propagation
properties of this kind of the fibers. In this paper, we present a study
aimed at characterizing the optimal fiber optic components for Brillouin
sensing in multimode fibers. For this purpose the use of single-mode and
multimode circulators as well as couplers typically used in the Brillouin
measurement setups was investigated. On the one hand the undesired
coupling losses between conventional fiber optic measurement system
components and a multimode sensor fiber can be overcome by replacing
the single-mode components with their own multimode equivalents.

On the other hand the use of multimode fiber optic circulators and
multimode couplers affects the mode distribution of laser light which can
impair the measurement signal backscattered in the multimode sensor
fibers. In view of an increasing interest in high strain measurements using
polymer optical fibers as Brillouin-distributed sensors the investigation
on Brillouin scattering effects in multimode fibers was performed on a
low-attenuation perfluorinated graded-index polymer optical fiber. The
obtained results were compared with those of a standard graded-index
multimode silica glass optical fiber.

This study confirms the relevance of the adaptation of the measurement
system components to the use of the multimode sensor fibers. In
addition, due to mode coupling effects occurring in the tested polymer
optical fiber itself the results show differences in the yield of the
components adaptation in the sensory implementation of the two kinds
of the tested optical fibers.
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