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Abstract: We present an experimental study of complex noise-like pulse dynamics in a 
passively mode-locked figure-eight fiber laser, by performing simultaneous temporal and 
spectral mapping of the waveform sequences. The simultaneous measurements allow us to 
relate temporal and spectral events. We found in particular that the evolution of energy and of 
temporal features such as the number and width of the wave packets is correlated to spectral 
variations, namely of the central wavelength and bandwidth of the instantaneous spectrum. 
The simultaneous temporal and spectral measurements also allowed a substantial 
improvement in the precision of the latter, which was performed using the dispersive Fourier 
transform method. In particular, this enhanced precision allowed measuring the subtle 
spectral differences between the two laser outputs and tracking their evolution over the 
cycles, providing crucial information that allowed to determine the physical phenomena 
involved in the observed dynamics. 

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

1. Introduction 
It has been observed that passively mode-locked fiber lasers can operate in a wide variety of 
regimes, such as conservative solitons [1,2], similaritons [3–5] and dissipative solitons [6,7], 
etc. The regimes mentioned above correspond to stationary or close to stationary regimes; 
however, operating a fiber laser far from a steady state, we can also find the so-called noise-
like pulses (NLPs) [8–33]. NLPs are long (~ns) bunches of optical radiation with a fine inner 
structure (sub-ps) that present a complex and chaotic behavior, with constantly and randomly 
varying time duration and amplitude. The statistical study of this type of dynamics has come 
to reveal extreme fluctuations, which under some conditions result in rare events like optical 
rogue waves [34–38]. The first studies on NLPs were published in the 90s [8]. Due to the 
extremely complex nature and variability of NLPs, their characterization is very challenging, 
and until now there is no solid understanding of their formation mechanisms and their 
behavior, even though several theoretical and experimental works have been carried out for 
this purpose [8–10,13,16]. The complexity and the chaotic variations of the fine inner 
structure (at sub-ps scale) of NLPs justify their classification among the non-stationary 
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Abstract: We report an experimental study of passive harmonic mode-locking in an all-fiber 
switchable dual-wavelength Er/Yb double-clad laser. The proposed scheme supports single- 
and dual-wavelength operation of mode-locked pulses with rectangular, h-like and trapezoidal 
shapes in a noise-like pulse regime. Single-wavelength emissions at Ȝ1 = 1545.1 and Ȝ2 = 
1563.6 nm were obtained for pump power values of 9.42 and 6.31 W, achieving pulse 
durations of up to 18 and 11.8 ns, respectively. At an intermediary pump power of 7.5 W, 
dual-wavelength emission is obtained and pulses of around 3.59 ns are generated. 
Additionally, the transition dynamics until 4th-order harmonic mode-locking is also observed. 
Different laser operation regimes of fundamental and different orders of harmonic mode-
locking, with rectangular, h-shaped or trapezoidal shaped pulses are obtained with the same 
laser configuration with simple and well-defined plates and pump power adjustments. 

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement 

1. Introduction
The operation characteristics of a passively mode-locked fiber laser (PMLFL) allows the 
generation of coherent and stable waveforms, including conventional and dispersion-managed 
solitons [1], and a variety of dissipative solitons [2]. Moreover, quasi-stable patterns of 
solitons involved in dynamics such as soliton rain [3] and noise-like pulses (NLPs) [4] were 
also demonstrated, even in symbiotic or multiple-soliton (MS) regimes depending of their 
packet-forming mechanism or their coherence nature [5]. Due to their stability, compactness 
and ease of use, nowadays PMLFLs have become fundamental devices in optics and materials 
laboratories around the world. However, the limited average output power originated from the 
low gain provided by single-mode active fibers is a challenge to overcome [6]. In this sense, 
rare-earth-doped double-clad fibers used as gain media has proved to be a reliable option to 
significantly increase the gain factor and efficiency of single-mode fiber lasers operation by 
using cladding pumping from high-power multimode sources [7]. 

In recent years, different laser regimes from harmonic generation [8,9] to the formation of 
different soliton patterns [10] passing by dissipative soliton resonance (DSR) [11–13], or 
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Abstract
We present an experimental study of complex dissipative solitons dynamics in a passively 
mode-locked !ber ring laser. Recently, thanks to real-time spectroscopy techniques such as 
the dispersive Fourier transform (DFT), it has been possible to study the complex internal 
dynamics of soliton molecules. However, most of the works have been limited to the study 
of intermolecular or intramolecular dynamics involving a small number of solitons within a 
single compact soliton packet, to which the DFT technique applies naturally. In this work, 
we study the dynamics of complex arrangements of multiple solitons, extending the analysis 
to regimes where multiple soliton packets at different wavelengths coexist and interact in the 
cavity, probing simultaneously the internal dynamics of various short-lived soliton molecules, 
as well as the collective dynamics of the different soliton packets distributed in the cavity, all 
of which is made possible by simultaneous analysis in the temporal and spectral domains. This 
allows to relate temporal dynamics at different time scales, as well as temporal and spectral 
events. In particular, we report the experimental observation of the dynamics of the Kelly 
sidebands that "ank the soliton spectra, and relate it to temporal and spectral events such as 
extinctions of soliton packets with pulsating amplitude, spectral narrowing, and with energy 
"uctuations.

Keywords: dissipative solitons, Kelly sidebands, soliton molecules, mode-locked !bre laser
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Av. Karakorum 1470, Lomas 4a
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We show that the unrestricted wreath product of a sofic group by an amenable group is
sofic. We use this result to present an alternative proof of the known fact that any group
extension with sofic kernel and amenable quotient is again a sofic group. Our approach
exploits the famous Kaloujnine–Krasner theorem and extends, with an additional argu-
ment, to hyperlinear-by-amenable groups.
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Abstract

In this paper, we deal with a finite abelian group G and the abstract

Fourier transform .: ĜG
�� ��  Then we consider Gj �:

~
��

,Ĝ
��  where GGj �� �

ˆ
:

~
 is defined by the composition with

a bijection .ˆ: GGj � � j
~

 is a pullback of �.j  In particular, we

show that � �2~
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A B S T R A C T

The structural and electrical properties of Mg-doped cubic GaN epi-layers grown by plasma-assisted molecular
beam epitaxy (PAMBE) near Ga rich conditions are investigated. The diffraction of high-energy reflected elec-
trons (RHEED) in situ, in addition to structural studies of X-ray diffraction, show that the fraction of hexagonal
and crystal twinning inclusions decreases when the Mg flux increases. The condition for the higher incorporation
of Mg where the electrical properties are optimized is highly sensitive to the flow ratio Mg/Ga. The p-doping
level steadily increases with increasing Mg flux. The Mg concentration obtained by secondary ion mass spec-
troscopy (SIMS) from samples grown at Mg temperatures from 200 °C to 700 °C are in a range between 2× 1019

to 2× 1020 atoms/cm3. The highest mobility and p-type doping level achieved, determined from Hall mea-
surements, were 28.2 cm2/V-s and 2× 1019 cm−3, respectively. We corroborate that the Mg doped c-GaN films
are suitable for the construction of optoelectronic devices based on cubic III-Nitrides.

1. Introduction

Cubic gallium nitride (c-GaN) has a bandgap of 200meV lower than
the hexagonal phase (h-GaN) [1], for this reason, it is possible to
modulate to the visible region with less amount of indium in the zinc-
blend than wurtzite InGaN alloy [2–5]. In addition, due to higher
crystalline symmetry, resulting in more isotropic properties and no
spontaneous polarization induced-electric fields in the direction par-
allel to the c-axis, it is possible to grow the cubic InGaN alloy with a
bandgap in the green region [2–9]. Consequently, this alloy is attractive
for applications in photovoltaic and optoelectronic devices, including
multiband solar cells, hydrogen production photoelectrodes, laser and
light emitting diodes [10].

However, the development of optoelectronic, photovoltaic and
electronic devices based on c-InGaN requires an efficient p-type doping
and high-quality crystal structure. To our knowledge, limited reports of
cubic III-Nitrides devices have been found in the literature [11,12], this
is in part for the inefficient p-type doping or the main disadvantage in
the synthesis of c-GaN, the lack of native substrates and a low-quality

crystalline film due to the hexagonal inclusions [13,14]. Therefore,
improvements in the efficiency of p-type doping of the c-GaN epilayers
are essential for enhanced manufacturing technology of cubic III-Ni-
trides semiconductors.

This paper presents a study of the influence of the Mg flux on the
electrical and structural properties of Mg doping c-GaN, grown by
molecular beam epitaxy on MgO (100) substrates, near to the regimen
of Ga rich conditions. This study is performed by varying the Mg flux
(with magnesium effusion cell temperature in a range from 200 to
700°C) with growth conditions of c-GaN films at 720 °C.

2. Experimental

Epitaxial growth of Mg-doped c-GaN films heterostructures under
study was performed on 1 cm2 MgO(001) substrates by a vertical
PAMBE with standard effusion cells for Ga, Mg, and an high-purity N2

RF plasma cell [2,6]. The purity of Ga and Mg sources are 99.9995%.
Prior to the growth of the Mg-doped GaN epi-layer, the substrate

was cleaned on a 10min trichloroethylene and acetone ultrasonic bath.

https://doi.org/10.1016/j.mssp.2018.12.019
Received 8 November 2018; Received in revised form 17 December 2018; Accepted 19 December 2018
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Abstract
We report the photovoltaic performance of a diode based on a p-type tungsten diselenide (WSe2)
active region. The device is formed byWSe2 and cadmium sulfide (CdS) layers, both obtained via
chemical bath deposition. A novel hydrazine-free chemical formulation allows deposition ofWSe2 on
glass andflexibleHastelloy substrates. Characterization ofWSe2 via Raman spectroscopy shows four
bands at 189, 244, 293, and 588 cm−1. The strongest band at 293 cm−1 is assigned to the interlayer
interactionmode of theWSe2 layers. The photoluminescent characterization ofHastelloy/CdS/WSe2
samples exhibits two excitonic transitions at 1.7860 and 1.7899 eV. The current density-voltage (J-V)
measurements of the CdS/WSe2 structure show a photovoltaic response withVOC=180mV,
JSC=0.07mA cm−2, and FF=0.22.

1. Introduction

Ultra-thin transitionmetal dichalcogenides (TMD) such as tungsten disulfide (WS2) and tungsten diselenide
(WSe2) have attractedwide interest due to the enhanced quantum confinement effects attainable in quasi-two-
dimensional (2D) crystals. Because of the physics of the lamellar structure of TMDcrystals, their optical band
gap increases and shifts from indirect to direct as the number of stacked layers decreases [1–5]. The direct band
gap (Eg) ofWSe2 varies from1.36 eV at 11monolayers to 1.65 eV in the 2D limit of a singlemonolayer (ML),
according to theoretical studies and experimental values [4, 6]. Two-dimensionalWSe2 structures are usually
obtained by the application of some type of exfoliation of the synthesized bulkmaterial, for examplemodified
liquid exfoliation [7], laser exfoliation [8, 9], mechanical exfoliation [5, 10, 11], or exfoliation employing a low
molecular weight adenine-functionalized supramolecular polymer (A-PPG) [12]; however, they have also been
obtained in situ by physical and chemical techniques such as spray casting deposition [13]hydrothermal
synthesis [14, 15], atomic layer deposition (ALD) [16], sputtering [17], a combination of sputtering-selenization
[18] and chemical vapor deposition (CVD) [19, 20], chemical vapor transport (CVT) [21], and chemical bath
depositions (CBD) using hydrazine as a chemical reducing agent [22].

The physical properties ofWSe2 havewide applications in electrical and optoelectronic nanodevices such as
sub-5-nmgatefield effect transistors (FETs) [5, 9, 23], supercapacitors [21], light-emitting diodes [24], the
evaluation of hydrogen-reaction evolution using reduced graphene oxide (rGO) inWSe2/rGo hybrid structures
[25], gate-controlled field emission current [23], dye-sensitized cells [18], heterostructures [26–28], and thin-
film solar cells [19, 29]. In the development of dye-sensitized solar cells, values of open circuit voltage (VOC) of
620 mV, current density in short circuit (JSC) of 20.4 mA cm−2,fill factor (FF) of 0.65, and power conversion
efficiency (PEC) of 8.22% [18] have been reported using aWSe2/Wfilm as counter electrode. Although
molybdenumdiselenide (MoSe2) andWS2 have already been applied in solar cells [17, 30], the application of
WSe2 in diodes as amonolayer is limited due to the difficulty of growing a uniformmonoatomic layer over large
areas. Chen et al recently reported the elaboration of aWSe2 p-n homojunction diode usingCVD to grow
monolayer crystallineWSe2 sheets [29]. Their diode exhibited clear rectifying behavior, but the photovoltaic
responsewas not studied.
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Resumen. En esta investigación se presenta un nuevo algoritmo de 
esteganografía para imágenes, utilizando la sustitución de los bits menos 
significativo y la regla local 90 de autómatas celulares. Este algoritmo es capaz 
de cifrar y ocultar los pixeles de la imagen en un proceso combinado. El factor 
PSNR indica que no existe una distorsión severa en la imagen esteganográfica, 
lo que en esta área se interpreta como a menor distorsión de la imagen 
esteganográfica, mayor es la probabilidad de pasar desapercibida y que no sea 
analizada. Sin embargo, en caso de que la imagen oculta sea extraída, ésta se 
encuentra protegida por una clave secreta. Este algoritmo transforma la imagen 
secreta a una imagen cifrada con distribución uniforme y sin correlación. Este 
algoritmo esteganográfico puede ser una nueva opción para ocultar y proteger 
imágenes relacionando ambos procesos. 

Palabras clave: esteganografía, autómatas celulares, PSNR. 

Steganographic Algorithm Based on Cellular Automata 
and the Replacement of Less Significant Bits 

Abstract. This research presents a new steganography algorithm for images, 
using the least significant bit replacement and local rule 90 of cellular automata. 
This algorithm is able to encrypt and hide the image pixels in a combined process. 
The PSNR factor indicates that there is no severe distortion in the steganographic 
image, which in this area is interpreted as the less distortion of the steganographic 
image, the greater the probability of going unnoticed and that it is not analyzed. 
However, if the hidden image is extracted, it is protected by a secret key. This 
algorithm transforms the secret image to an encrypted image with uniform 
distribution and no correlation. This steganographic algorithm can be a new 
option to hide and protect images by relating both processes. 

Keywords: steganography, cellular automata, PSNR. 
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Abstract. This investigation presents an image encryption system and its security 
analysis, it is based on cellular automata and a substitution box. The joint of these 
two techniques, allow to encrypt digital images with a high adjacent redundancy 
and pass different statistical and differential tests and cryptanalytic attacks. The 
synchronization phenomenon of cellular automata, is sensitive to initial 
conditions, therefore has been used in Pseudo Random Number Generators 
(PRNG) and cryptosystems. In this system, the synchronization phenomenon is 
used to change the coefficients of the pixels, but the process is not equal for each 
bit, thus the s-box is used to make the system robust and for compliance with the 
bit independence criterion among others. 

Keywords: image encryption, cellular automata, S-box. 

1 Introduction 

Nowadays, we can perform many operations for internet, thus facilitating processes and 
optimizing times. But, this requires providing security to users, given that their data are 
exposed on the transmissions or at the storage location. One of the techniques used to 
protect information are cryptographic algorithms. This technique consists of making 
the information unintelligible, in such a way that it can only be recovered using the 
correct key. 

Currently, image encryption is a very active field of research, due to the multiple 
areas where it is required, for example: in the pay-television service, medical imaging 
systems, videoconferences, military communications, video surveillance, among 
others. Although there are several conventional encryption algorithms, such as AES 
(Advanced Encryption Standard), DES (Data Encryption Standard) and IDEA 
(International Data Encryption Algorithm), they have often been impractical for image 
encryption, due to the intrinsic properties of these, such as large volumes, a strong 
adjacent correlation, a high redundancy, among others [1]. Therefore, the security 
problem extends because the algorithms for image encryption must provide perceptual 
security and cryptographic security. 

This has encouraged the search and implementation of new schemes for image 
encryption, such as the large number of encryption systems with a chaotic approach [2, 
3, 4]. That is why in this research the synchronization of cellular automata is combined 
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Abstract
This work deals with the study of the degradation of films made of low-density poly-
ethylene (LDPE) by the incorporation of commercial titanium dioxide nanoparticles 
 (TiO2 Nps). These nanoparticles were functionalized with three types of dicarbo-
xylic acid, which have different length chain (glutaric, pimelic and azelaic acids), 
to improve their compatibility with LDPE. Besides, the effect of the functionalized 
 TiO2 Nps concentration on the photodegradation, roughness, mechanical and ther-
mal stability of the nanocomposites was evaluated. The obtained results show that 
the organic coating helps to passivate the photodegradation of LDPE; the longer 
carbon chain of the dicarboxylic acid, the higher active sites on filler/polymer inter-
face, which inhibits photodegradation. Also, it was elucidated that calcium, from 
the functionalization, increased the thermal stability of the polymer nanocomposites 
when exposed to UV radiation. The thermal, physical (surface wear) and aesthetic 
(color) properties of polyethylene, with the functionalized nanoparticles, were less 
affected when exposed to the weather, where it is attributed to the UV photo-sta-
bilization of the polymer. The resultant materials (LDPE with functionalized TiO2 
Nps) can be used in diverse applications such as films for greenhouse and other agri-
cultural applications, outdoor appliances (furniture and decks, for example), among 
others.

Keywords Polymer nanocomposites · UV-stability · Dicarboxylic acids · Titanium 
dioxide · Polyethylene

 * J. A. Gonzalez-Calderon 
 amir@ifisica.uaslp.mx
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Many-electron effective potential in low-dimensional nanostructures: Towards
understanding the Wigner crystallization
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We present the derivation and application of an analytical effective potential that is able to describe, in a simple
way, the interaction of many electrons confined in low-dimensional structures of realistic size. The effective
potential takes into account the contribution of both the electron-electron interaction inside the nanostructure
and the quantum confinement by a surrounding material. With this model, we explore the electronic distribution
in quantum wells, wires, and dots in the full range from doped to high-doped concentrations. We also use this
effective potential to explicitly determine the parameters that trigger the formation of the Wigner molecule
in quantum wires. The comparison with experimental data reported in the literature shows the accuracy and
reliability of this potential model.

DOI: 10.1103/PhysRevB.100.085438

I. INTRODUCTION

The strong confinement of electrical carriers, photons,
and/or phonons in nanostructures can trigger unique phys-
ical phenomena that make those structures very attractive
experimental systems with great potential applications in nan-
otechnology [1,2]. Currently, by means of different growth
techniques such as hydride vapor phase epitaxy, metal-
organic chemical-vapor deposition, and molecular-beam epi-
taxy, high-quality nanostructures of a wide range of materials,
geometries, and doping levels can be synthesized [3–5].

Among the most fundamental and interesting questions
observed in nanostructures are those related to the collective
effect of electron-electron (e-e) interactions and quantum
confinement [6–14]. One remarkable example where the com-
petition between many-body forces and spatial restrictions
leads to interesting phenomena is the Wigner crystallization;
under specific conditions electrons spontaneously form a self-
organized lattice in quantum wires (QWRs) [15–19].

When many-body interactions are explicitly included in
the modeling of nanostructures, usually, long computational
times and complex mathematical calculations are required to
deal with realistic electronic densities and the nanometric or
even micrometric size of the structures [10,13,20–24]. For
that reason, in spite of the fundamental importance of the
interaction of many electrons in the collective phenomena, the
contribution of this interaction to the formation of new struc-
tures, such as the Wigner crystal, has remained a relatively
unexplored field.

Recently, we proposed a simple approach to deal with
the problem of many electrons confined in semiconductor
QWRs by numerically solving the Schrödinger equation of

*reyna.mendez@uaslp.mx
†ramoncp@fisica.ugto.mx

two nonrelativistic electrons without spin, confined in square
QWRs of infinite barriers and interacting effectively through
a Yukawa-like potential [25]. In that work, the use of the
Yukawa potential allowed us to study the interaction of a large
number of electrons just by selecting a screening parameter κ
[25]. However, one of the main limitations to its application
is the fact that the confinement effects produced by the nano-
metric cross section of the QWRs are not explicitly included
in the model.

In this contribution, we derive an analytical effective poten-
tial that is able to describe the e-e interaction, via a Yukawa-
like potential, as well as the confinement in all three spatial
dimensions. The reliability of this effective potential is inves-
tigated by its comparison with the Yukawa approach [25] and
with experimental observations of the Wigner crystallization
in QWRs reported elsewhere [13,14].

II. EFFECTIVE POTENTIAL: DERIVATION
AND SOME FEATURES

A. Analytical derivation

For the derivation of the effective potential, a system of
electrons confined to a square GaAs structure embedded in a
matrix of AlxGa1−xAs (see Fig. 1) was considered. In such a
system, the two-electron Hamiltonian is given by [25]

H = − h̄2

2m∗
e

∇2
i + Ve-w + VY (r12), (1)

where i = 1, 2 accounts for the two electrons, h̄ ≡ h/2π , h
is the Planck constant, m∗

e is the effective electron mass,
and Ve-w is the electron-wall potential in the x-y plane.
The e-e interaction was considered to have the form of a
Yukawa-like potential VY (r12) [26]. This approach is similar
to the well-known jellium model typically employed in solid-
state physics, but with the difference that we consider two

2469-9950/2019/100(8)/085438(8) 085438-1 ©2019 American Physical Society
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Two-dimensional electron gas in a metal/amorphous oxide interface with spin-orbit interaction
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The formation of novel two-dimensional electron gas (2DEG) with high mobility in metal/amorphous
interfaces has motivated an ongoing debate regarding the formation and novel characteristics of these 2DEGs.
Here we report an optical study, based on infrared spectroscopic ellipsometry, of nonmagnetic metal and
amorphous semiconducting oxide (Cu/Bi2O3) interfaces that confirms the formation of a 2DEG with spin orbit
coupling (SOC). The 2DEG optical response was simulated with a uniaxial diagonal dielectric tensor within a
subnanometer thin layer, where its x and z component line shapes resolved in both free-electron and peaklike
contributions, resulting in very similar theoretical predictions [M. Xie et al., Phys. Rev. B 89, 245417 (2014)] of
a 2DEG confined in the normal direction of a perovskite interface. In particular, the small but finite conducting
character of the z component provides an unambiguous signature of the presence of the 2DEG in the Cu/Bi2O3

system. Although the original constituent materials do not possess SOC, the resulting interfacial hybridization
of such states induce electronic asymmetric wave functions. This work demonstrates the detection of 2DEG in
amorphous crystals, allowing one to study its challenging interfacial phenomena such as SOC and interface-bulk
coupling, overcoming an experimental impediment which, for decades, has held back important advancements
for the understanding of 2DEGs in amorphous materials.

DOI: 10.1103/PhysRevB.100.235449

I. INTRODUCTION

The concept of two-dimensional electron gas (2DEG)
has contributed enormously to the understanding of the
rich phenomena of electrons confined at surfaces and inter-
faces. In high-quality semiconductor heterostructures, 2DEG
confinement-induced enhancement of electron mobility lead
to technology advancements and scientific discoveries, such
as the fractional Quantum Hall effect [1]. The continuous
development of growth techniques nowadays allows us to ob-
tain enough good quality heterostructures from oxides, form-
ing 2DEGs with properties significantly different from those
forming at semiconductor interfaces. Interestingly, 2DEG in
oxides show a significant increase in electron density and
strong electron correlation, with consequences in magnetic
properties, superconductivity, ferroelectricity, and spin-orbit
interaction [2,3]. Intrinsically, the electronic structure of
2DEG in oxide interfaces is different from the most standard
semiconductor counterparts. In most of the oxide interfaces,
the transport properties are dominated by narrow d-band
electrons, whereas in semiconductors the electrons localized
at states at the bottom of the conduction band dictate the
properties of the 2DEGs. However, despite the great advance
in the understanding of 2DEG in complex oxide interfaces,
still many oxide interfaces are challenging to characterize,
mainly because of their crystal quality. Analysis of the

*jmflores@cactus.iico.uaslp.mx
†jorgeluis.pueblanunez@riken.jp

electronic structure is commonly achieved by angle-resolved
photoemission spectroscopy (ARPES). However, ARPES
characterization requires high-quality, large and flat crys-
tals. For instance, high-quality crystals of bismuthates were
obtained, allowing detailed characterization by ARPES and
revealing the mechanism of its high temperature superconduc-
tivity, an open discussion for more than 30 years [4].

Moreover, the formation of 2DEG with high mobility in
amorphous oxides has motivated increasing interest [5,6]. The
origin of the 2DEG formation at these interfaces has been
assigned to electronic reconstruction via interfacial charge
transfer [7]; however, detailed characterization of the proper-
ties of 2DEGs formed by amorphous oxides is still lacking. An
alternative to ARPES characterization is to analyze the optical
conductivity of the 2DEGs by polarized spectroscopy tech-
niques such as spectroscopic ellipsometry. Although struc-
tural distortion and defects in amorphous materials may cause
complex dielectric screening and significantly complicate the
analysis of the properties of the 2DEG, a theoretical model
can be assessed and improved by direct feedback from optical
characterization [8].

Here, we report on midinfrared ellipsometry characteriza-
tion of the properties of 2DEG formed at the interface between
a nonmagnetic metal and amorphous semiconducting oxide,
Cu/Bi2O3. Recent spin-charge interconversion experiments
suggest the presence of a 2DEG with spin-orbit coupling
(SOC) at this interface [9–11], making it a very attractive
structure for spin-based complementary metal-oxide semicon-
ductor technologies [12,13]. The characterization by angle-
resolved ellipsometry confirms the formation of a 2DEG with

2469-9950/2019/100(23)/235449(11) 235449-1 ©2019 American Physical Society
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Thermal contrast of active dynamic
thermography versus static thermography

Francisco Javier González a,b,∗, Raymundo González a and Juan Carlos López a
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Abstract. The use of steady state thermal patterns in breast cancer screening have shown low specificities, it is believed that
by thermally exciting the body with a cold stimulus the temperature contrast will increase as well as the specificity of the
technique. In this work computer thermal simulations of breasts subjected to a cold stress and at steady state were performed
on a real scanned human female model in order to evaluate the advantages of using active dynamic thermography over steady
state thermography. Results show that there is an increase in contrast when performing active dynamic thermography compared
to steady state thermography but only in the case of tumors that are close to the surface of the skin. It was also found that
the morphology of the torso and breasts appears to play a role in the sensitivity of thermal measurements needed for tumor
detection.
Keywords: Breast thermography, finite element simulations, active dynamic infrared thermography

1. Introduction

Several studies have associated thermal patterns of the breast with diverse breast pathologies. In gen-
eral malignant pathologies of the breast show an asymmetric thermal profile, increased vascularity and
localized regions with increased temperature, usually higher than 2°C, compared to their contralateral
region of the breast [5].

Thermal patterns are recorded by taking temperature measurements of the skin using non contact
methods such as infrared thermography or contact methods such as liquid crystal thermography or
through the use of electronic sensors [8]. Steady state thermal measurements are performed after the
body has been acclimatized to a specific temperature, usually around 25 degrees C, for 10–15 minutes
[6,7].

Clinical reports on the use of steady state thermal patterns in breast cancer diagnosis have shown low
specificities resulting in a large amount of false positives [9]. Active dynamic thermography consists
in thermally exciting the target for a given time period and recording the temperature behavior of the
body as a function of time. It is believed that by thermally exciting the body with a cold stimulus the
temperature contrast will increase, making it easier to identify breast malignancies thus reducing false
positives and false negatives, increasing the specificity of the technique [6].

Cooling methods such as alcohol applied directly to the breast, cooling by convection using fans
and introducing hands and feet in cold water have been used as thermal excitation for active dynamic

*Corresponding author. E-mail: javier.gonzalez@uaslp.mx.

2212-8794/19/$35.00 © 2019 – IOS Press and the authors. All rights reserved



RESEARCH Revista Mexicana de Fı́sica 65 (2019) 43–48 JANUARY-FEBRUARY 2019

Dispositivo láser semiconductor con puntos cuánticos
para emisión en el cercano infrarrojo
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Av. Tecnológico s/n, C.P. 78437, Soledad de Graciano Sánchez, SLP, México.
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En este trabajo se reporta la fabricación de un dispositivo láser de semiconductores III-V de confinamiento separado. La heteroestructura
se creció usando la técnica de epitaxia por haces moleculares y se caracterizó óptica, topográfica y eléctricamente por medio de fotolu-
miniscencia, microscopia de tunelamiento, electroluminiscencia, relaciones de corriente-voltaje y corriente-potencia, respectivamente. El
confinamiento electrónico es llevado a cabo por un emparedamiento del área activa con pozos cuánticos de InGaAs con una composición
que permite un acople estructural entre el pozo cuántico y los puntos cuánticos autoensamblados de InAs disminuyendo las dislocaciones
que darı́an lugar a una mala calidad del dispositivo. El objetivo es obtener una emisión láser en las ventanas de menor absorción de las fibras
ópticas situadas en el cercano infrarrojo en las que se basan los sistemas de telecomunicación.

Descriptores: Puntos cuánticos; dispositivos semiconductores; epitaxia por haces moleculares; láser.

In this work the fabrication of III-V semiconductor laser device with separate confinement is reported. The heterostructure was grown by
molecular beam epitaxy technique and it was characterized by optical, morphological and electrical techniques such as photoluminescence,
scanning tunneling effect, electroluminescence, current-voltage and current-power relations, respectively. The electronic confinement was
carried out by sandwiching the active area with InGaAs quantum well with an appropriated Indium composition that allows a structural
coupling between quantum wells and self-assembled InAs quantum dots decreasing dislocations that could commit the device quality. Our
aim is to obtain the laser emission in the lower absorption windows for optical fiber telecommunications systems located in the near-infrared.

Keywords: Quantum dots; semiconductor devices; molecular beam epitaxy; laser.

PACS: 78.67.Hc; 42.55.Px; 81.15.Hi.

1. Introducción

Los materiales semiconductores del grupo III-V han sido am-
pliamente utilizados y estudiados para el desarrollo de dispo-
sitivos electroópticos como diodos emisores de luz (LED’s)
y láseres [1-4], que de manera convencional se fabrican me-
diante la deposición de pelı́culas semiconductoras delgadas
por técnicas como epitaxia por haces moleculares (MBE) o
por epitaxia metalorgánica en fase de vapor (MOCVD) [5-7].
Las investigaciones dirigidas al desarrollo e innovación de
las tecnologı́as para las telecomunicaciones demandan una
mejora continua y son de considerable importancia, en par-
ticular en lo que se refiere a los procesos de transmisión y
recepción de datos. Varias lı́neas de investigación continúan
en la dirección de los dispositivos pasivos de los sistemas de
telecomunicaciones, como por ejemplo en la reducción de la
absorción por medio de dopajes en las fibras ópticas, ası́ co-
mo el aumento en la calidad de estas lı́neas de transmisión,
pero la mayor parte de los esfuerzos se centran en el desarro-
llo de los dispositivos ópticos emisores de luz con las carac-
terı́sticas propias de los láseres.

Para la fabricación de láseres de confinamiento separado
es necesario depositar una sección cuya función es mantener

confinada la luz en una cavidad reflectora y otra sección en la
que los electrones experimenten un confinamiento debido a la
presencia de una barrera de potencial que se genera al depo-
sitar una capa de un semiconductor con una banda de energı́a
prohibida lo suficientemente mayor para que el efecto de con-
finamiento de portadores sea efectivo [8]. Para lograr obtener
un láser cuya emisión de la zona activa esté centrada en la
ventanas de menor absorción para telecomunicaciones por fi-
bra óptica (1.3 y 1.55 µm) [9,10], es necesario recurrir a de-
fectos controlados que conforman sistemas de confinamiento
electrónico como pozos o puntos, cuya geometrı́a deriva en
propiedades cuánticas que permiten obtener dispositivos con
caracterı́sticas ópticas apropiadas para este fin.

El espectro de emisión mejora ampliamente cuando los
electrones son confinados en dos dimensiones por medio de
pozos cuánticos, sin embargo, el semiancho de la forma de
lı́nea del espectro energético de la emisión disminuye si es-
te se confina en tres dimensiones al insertar puntos cuánticos
auto-ensamblados de manera que la eficiencia del dispositivo
aumenta considerablemente al mismo tiempo que disminuye
la temperatura de trabajo y la corriente de umbral [11,12]. La
fabricación de estas heteroestructuras es complicada debido
a la dinámica de difusión del Indio que provoca gradientes de
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Abstract
We report the visualization of interface optical anisotropies in III-V semiconductor based coupled double quantum wells by
using photoreflectance anisotropy spectroscopy. Interfacial optical anisotropies were detected from buried layers with quantum
dimensions at room temperature through a piezoelectric shear strain. The discrete transitions associated to coupled double
quantum wells were observed in near-infrared range, specifically in the second telecommunication band. We propose to use
this extended photoreflectance spectroscopy through a polarization contrast as a simple and complementary optical method for
analyzing anisotropic quantum structures with polarizable defects or anti-symmetries.
Keywords: semiconductors, photoreflectance, quantum wells, optical anisotropies.

Resumen
Se reporta la detección de anisotropías ópticas interfaciales de pozos cuánticos dobles acoplados basados en semiconductores III-
V por medio de la espectroscopía de fotorreflectancia anisotrópica. Las anisotropías corresponden a películas no superficiales y de
dimensiones cuánticas detectadas a través de un esfuerzo piezoeléctrico de cizalla en condiciones ambientales. Las transiciones
discretas asociadas a los pozos acoplados se encuentran en el rango del cercano infrarrojo, específicamente en la segunda banda
de menor absorción de telecomunicaciones. Se propone usar la técnica de fotorreflectancia extendida por contaste de polarización
como un método óptico simple y complementario para analizar estructuras cuánticas con defectos polarizables o antisimetrías.
Palabras clave: semiconductores, fotorreflectancia, pozos cuánticos, anisotropías ópticas.

1 Introduction

Over the years, complex semiconductor devices
such as lasers, solar cells, photodetectors or optical
switches, for instance, have been improved using
low dimensional structures as for instance quantum
well, dots or wires due to their quantum properties
(Huwer et al., 2017; Li, 2017; Mukhtarova et al.,
2016; Wierer, Koleske, & Lee, 2012; Zheng, Gan,
Zhang, Zhuge, & Zhai, 2017). For optical fiber
communications devices, the semiconductor active
zone must be optimized for low absorption window
(1.3?1.55 ?m). Multiple alloys and quantum size
structures are combined and used for achieving this

goal. Coupled double quantum wells (CDQWs) have
attracted much attention due to interesting electronic
properties and the formation of suitable energy levels,
for example in near and mid infrared. In CDQWs, the
electronic properties are then further modified by their
coupling barrier width. When the barrier thickness
changes a little bit, for example 1 monolayer, the
lower energy level change too. The thickness of the
coupling barrier could work as a tuning parameter
for interband energy transitions. The research
about CDQWs is going to reduce stress, strain or
defects in semiconductor devices. CDQW structures
based on III-V semiconductor alloys have been
characterized by a number of techniques, for example
electroreflectance, absorbance, transmittance,
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A R T I C L E I N F O

Keywords:
Magnetic cluster
Self-assembly
Diluted magnetic semiconductor
Nanostructures

A B S T R A C T

We report the influence of the Mn atomic concentration (at.%) on the nanostructures formation and magnetic
properties of GaAs:Mn layers grown by Molecular Beam Epitaxy at a relatively high substrate temperature of
530 °C varying the nominal Mn at.% content from 0.01 to 0.2. It is shown that by modifying the Mn at.%
different kind of nanostructures, ranging from 2D (such as islands and surface corrugation) to 3D microleave-
and nanowire-like arrays, form on the surface layer. Samples produced with Mn contents ranging from 0.02 to
0.20 at.% show a significant room temperature ferromagnetic response that is attributed to the formation of
MnAs nanocrystals as confirmed from X-ray diffraction analysis and magnetization measurements. The influence
of MnAs clusters on the formation of the nanostructures observed is discussed.

1. Introduction

The synthesis of semiconducting alloys presenting ferromagnetic
behavior is of considerable current interest because it could be the basis
for joining two large branches of Materials Science, semiconductors and
ferromagnetic materials [1]. Potentially, this could give rise to the
development of devices using both degrees of freedom, such as mag-
netic random-access memories, field-effect transistors, diodes or even
solar cells [2–4]. For such applications, (Ga,Mn)As is one of the so-
called diluted magnetic semiconductors (DMS) that has been subject of
extensive attention in the last few years [5]. In spite of the low solu-
bility of Mn into the GaAs matrix at the growth temperatures usually
employed to grow GaAs epitaxial layers by Molecular Beam Epitaxy
(MBE) (i.e., around 600 °C), by growing at low temperatures (below
300 °C) have been possible to fabricate (Ga,Mn)As with Mn con-
centration many times higher than its solubility limit [6]. Following
this low temperature MBE method, (Ga,Mn)As samples presenting a
Curie temperature (TC) around 200 K has been achieved [7]. However,
in spite of the considerable efforts carried out to optimize growth

parameters and post-growth thermal treatments it seems that a further
increase in the TC of (Ga,Mn)As is unlikely [7].

The formation of Mn-rich (Ga,Mn)As or MnAs nanoclusters in-
tegrated into the GaAs matrix have been also receiving increasing at-
tention due to the observation of interesting room-temperature mag-
neto-optical and magnetoresistance effects [8,9]. In fact, it has been
reported that even at a low Mn content, Mn-rich (Ga,Mn)As na-
noclusters embedded into the GaAs matrix synthetized by growing at
low (250 °C) or moderate (350 °C) temperatures followed by a thermal
annealing treatment at 500–650 °C, can exhibit a ferromagnetic re-
sponse with a TC as high as 360 K [9,10]. On the other hand, as semi-
conductor nanostructures possess important quantum effects and ap-
plications [11], the surfactant properties of Mn could be advantageous
to self-assemble (Ga,Mn)As-based nanostructures presenting both,
magnetic response and quantum confinement.

Early studies have been focused mainly on (Ga,Mn)As-based wire-
shaped nanostructures. Nanowires were first obtained in layered
(Ga,Mn)As structures produced by e-beam lithography [12]. First re-
ports on the effect of catalytic properties of Mn in the growing of
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Characterization of n-GaN / p-GaAs NP heterojunctions  
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M.A. Quevedo-Lopez1, M. López-López9.
1 Department of Materials Science and Engineering, University of Texas at Dallas, Richardson, TX 

75080, USA.
2 Unidad Profesional Interdisciplinaria en Ingeniería y Tecnologías Avanzadas, Instituto

Politécnico Nacional, Av. IPN 2580, Gustavo A. Madero, 07340 Ciudad de México, México.
3 Mathematics and Physics Department, ITESO, Periférico Sur Manuel Gómez Morín # 8585, C.P. 45604 

Tlaquepaque, Jalisco, Mexico.
4 Department of Electrical Engineering–SEES, Cinvestav-IPN, México, DF, 07360, Ciudad de México, 

México.
5 National Autonomous University of Mexico UNAM, Coyoacán, DF, C.P. 04510, Ciudad de México, 

México.
6 Autonomous University of Mexico City, Iztapalapa, C.P. 09790, Ciudad de México, México.

7 National Polythecnic Institute, ESFM, 07738, Ciudad de México, México.
8 National Laboratory, CIACyT-UASLP, Av. Sierra Leona #550, Col. Lomas 2a. Sección C.P. 78210, San 

Luis Potosí, S.L.P., México.
9 Physics Department, Cinvestav-IPN, México, DF, 07360, Ciudad de México, México.

n-GaN/p-GaAs heterojunctions were fabricated by plasma-assisted molecular beam epitaxy (PA-MBE). 

The fabrication was carried out by the growth of n-type cubic GaN on p-type GaAs(100) substrates, 

followed by Ohmic contact deposition using conventional e-beam and rapid thermal annealing. With the n-

GaN/p-GaAs heterojunction we have obtained photovoltaic effect and demonstrated that this effect strongly 

depends of the GaN nucleating layer on the GaAs surface. Likewise, we found that the decrease of 

hexagonal-stable phase and planar defects inclusions in the cubic-metastable GaN decreases the leakage 

current, and therefore, increases the open circuit voltage (Voc). Furthermore, the increase in crystal quality 

also increases the External quantum efficiency (EQE) at longer wavelengths due to the reduction of surface 

recombination velocity at the GaN/GaAs interface. In addition, the heterojunctions were tested as radiation 

detectors, demonstrating that they could be a candidate for alpha particle detectors if the thickness of the 

absorber layer is increased. 

Keywords: Cubic phase, GaN, GaAs, heterojunction, photovoltaic applications, Photodetector.
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Abstract
Pd1/Au20@ZrO2 nanoreactors with the gold nuclei confined within zirconia shell and decorated with Pd were synthesized 
using an Au:Pd molar ratio of 20:1. The presence of even trace amounts of Pd on the gold nuclei surface, significantly 
enhanced catalytic activity of  Pd1/Au20@ZrO2 nanoreactors in the 4-nitrophenol to 4-aminophenol transformation by four 
times compared to Au@ZrO2. In addition, the  Pd1/Au20@ZrO2 nanoreactors remained highly stable during the reaction even 
under harsh conditions, i.e. without nanoreactors cleaning before the subsequent catalytic run, comparable with the stability 
of Au@ZrO2 nanoreactors. The presently proposed synthesis technique allowed to prepare nanoreactors of uniform structure 
even with relatively unstable bimetallic NPs (Pd/Au) as nuclei.
Graphical Abstract

Keywords Nanoreactors · Bimetallic Pd/Au · Decoration · 4-Nitrophenol reduction · High stability

1 Introduction

Metal nanoparticles (NPs) confined within mesoporous 
shells have become attractive for numerous applications due 
to the advantages provided by the shell (stability of the metal 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1056 2-019-02758 -y) contains 
supplementary material, which is available to authorized users.
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Abstract. In this work is proposed a partial image
encryption method based on the synchronization of the
cellular automaton rule 90. The security analysis proves
that this cryptosystem is resistant to different tests and
attacks such as the Chosen/Knownplain image attack
and bit-replacement. This algorithm is a variant from
another encryption algorithm named ESCA, in this case
we modified the ESCA system to a partial encryption
version reducing the latency time up to a 50%. This
version has two changes a)it only encrypts the three
most significant bits, and b) the bits of the secret key
are rotated instead of calculating a key for each block
of plaintext. These changes allow to reduce the latency
time and according to the tests do not compromise the
security. This proposal could be a feasible and secure
option for real-time applications.

Keywords. Partial encryption, digital images, cellular
automata.

1 Introduction

Nowadays, many of our information is in digital
formats and it is sent through networks or is stored
in different devices. And, with technologies as
Internet of things our personal data could be more
and more exposed, therefore we need to learn
about internet and its risks [14] and develop new
security techniques. For this reason, it exists a
great interest in the protection and manipulation of
the data.

Due to the great advances in technology,
each time is required to have better and more
efficient algorithms for confidential and secure data
handling. This information may vary depending
on the application area and in many cases is
necessary processing it in real time.

For example, pictures, medical images, dia-
grams, surveillance video, video conference, etc.
could contain confidential information, and if these
data are transmitted and are not encrypted the
confidentiality of information is exposed in the
links allowing access to third parties without being
detected. To overcome the eavesdropping problem
several encryption systems have been proposed,
such as AES (Advanced Encryption Standard),
IDEA (International Data Encryption Algorithm),
RSA (Rivest, Shamir y Adleman) among others.

These systems are generally used in text and
binary data, but they are not suitable for the
encryption of multimedia content as digital images
and audio files, due to their massive volumes, high
adjacent correlation and sometimes the multimedia
data require real-time interactions (displaying, bit
rate conversion, etc.) [3]. That is why the
image encryption is a particular studying area.
The image encryption algorithms should provide
two kinds of security: cryptographic security and
perceptual security.
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Abstract: In this paper, generation of soliton molecules by a self-mode-locked Er/Yb double
clad fiber laser is experimentally demonstrated. The optical spectrum of the bound solitons
exhibits eight well defined peaks at ∼1563 nm with high modulation depth. The correspond-
ing autocorrelation measurement shows a fundamental trace with several narrow peaks,
suggesting the presence of bound solitons. The obtained results demonstrate the reliability
of our simple laser configuration for the formation of more robust soliton molecules as the
pump power is increased. The soliton molecules exhibit repetition rate of 19.54 MHz and
average power of 1.2 W, achieved with a pump power of ∼4.8 W.

Index Terms: Fiber laser, mode-locked lasers, pulse propagation and temporal solitons.

1. Introduction
Passively mode-locked fiber lasers as simple and low-cost coherent sources with ultrashort pulsed
emission are attractive for a wide range of applications including: fiber sensing, laser mea-
surement, nonlinear optical properties of materials, spectroscopy, and optical communications,
among others [1]–[4]. In order to obtain mode-locked laser operation in fiber lasers, different
material-based fast saturable absorbers (SA) such as carbon nanotubes, semiconductor sat-
urable absorber mirror, graphene, and topological insulators, have been extensively investigated.
In this regard, another reliable technique to obtain mode-locked laser pulses, usually named

Vol. 11, No. 5, October 2019 1504608



IEEE Photonics Journal Stable Multi-Wavelength Thulium-Doped

Stable Multi-Wavelength Thulium-Doped
All-Fiber Laser Incorporating a
Multi-Cavity Fabry–Perot Filter

A. Camarillo-Avilés,1 D. Jauregui-Vazquez ,2
J. M. Estudillo-Ayala ,2 E. Hernández-Escobar,1

J. M. Sierra-Hernández ,2 O. Pottiez ,3 M. Durán-Sánchez ,4,5

B. Ibarra-Escamilla ,5 and M. Bello-Jiménez 1
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Abstract: The present manuscript experimentally demonstrates multi-wavelength gener-
ation from a thulium-doped all-fiber laser by implementing a multi-cavity Fabry-Perot filter.
The filter, with a composition that relies of several silica-air and air-silica interfaces, pro-
vide a spectral reflection response that allows the laser to be operated in single-, dual- or
triple-wavelength emissions by simple and clear adjustment of the polarization state. In this
way, the fiber laser is capable to operate over a broad range of wavelengths extending from
1844 to 1928 nm. In addition, dual-wavelength operations are also feasible in the 1844 and
1928 nm regions, exhibiting a mode spacing of 4.41 nm and 1.62 nm, respectively. Beside
this, the laser is able to switch to a sextuple-wavelength operation regime in the 1885 nm
region, maintaining a minimum wavelength spacing of 1.53 nm. The laser demonstrates
high wavelength stability, with variations below 60 pm at all analyzed wavelengths, and a
minimum peak power fluctuation of ±2.77 dB.

Index Terms: Multi-wavelength, fiber laser, Fabry-Perot filter and thulium-doped fiber.

1. Introduction
All-fiber multi-wavelength thulium-doped fiber lasers (TDFLs) capable to operate near the 2-µm
region have received a great deal of attention in recent years; this has to do mainly with their potential
of practical applications in science and industry [1]–[6]. At present, several approaches have been
reported to perform stable multi-wavelength generation in TDFLs [7]–[20]. These methods include,
for example, the use of Sagnac loop mirrors [7], [9], [15], [16], Fabry-Perot [18] or Mach-Zehnder [8],
[11], [16] interferometers, specialty optical fibers [11], [19], mode-beating filters [7], [12], and four-
wave mixing techniques [10], among others [13], [17], [20]. Recently, the fiber laser community have
spent its efforts to develop fiber-optic devices operating in the 2-µm region, as a consequence, new
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We report the experimental investigation of an all-fiber multi-wavelength passively Q-switched Er/Yb laser
with simultaneous gain-switched pulsed operation by using a thulium-doped fiber as a saturable absorber.
Laser emission is obtained in three wavelength regions with central peaks at around 1546 nm, 1561 nm, and
1862 nm. Multi-wavelength emission with separation of approximately 1 nm is obtained around the wavelength
regions of 1546 nm and 1561 nm. Stable laser pulses are generated in the pump power range from 3.6 W to
7.3 W. © 2019 Chinese Laser Press

https://doi.org/10.1364/PRJ.7.000608

1. INTRODUCTION

Fiber lasers operating in wavelength regions of 1.5-μm and
2-μm have attracted great attention because of their potential
applications in many research areas and industries such as
medical surgery [1–3], optical communications [4], material
processing [5], sensing and lidar [6,7], and spectroscopy [8],
among others [9,10]. Among the techniques used to produce
a pulsed light emission, Q-switching is one of the most
preferred [11–19]. Q-switched fiber lasers can be designed
to generate high-energy optical pulses with durations in the
nanosecond range, which can be obtained by implementing
both passive and active methods. In the last decade, passively
Q-switched (PQS) operation of fiber lasers has been achieved
by using un-pumped rare-earth-doped and co-doped fibers
as fiber saturable absorbers (FSAs). This passive technique
allows designing simple all-fiber laser systems [20]. In this tech-
nique, the laser configurations maintain advantages of cost-
effectiveness, high efficiency, and free maintenance; in addition,
no intra-cavity components are needed, which makes them
compact and simple. Moreover, in recent years, gain switching
(GS) has become a promising effective technique to obtain
short high-energy laser pulses. GS laser operation is achieved
by laser gain on–off commutation when a modulated pump
source is used [21]. Then, the characteristics of the pulsed laser
emission can be controlled, since the pulsed pump source
directly modulates population inversion in the energy levels

of the gain medium [20]. In this regard, Q-switching lasers,
used as pump sources, allow the generation of GS laser pulses
to achieve pulsed high-energy light emission in the 2-μm re-
gion. Because of the different absorption bands of a Tm-doped
fiber (TDF), GS laser emission near the 2-μm waveband can
be achieved with a TDF laser (TDFL) with a modulated pump
source at different operation wavelengths. Taking advantage of
the in-band pump and absorption characteristics of the TDF,
fast transition from 3H6 energy level to the 3F4 upper laser level
can be reached. As a result, the cavity gain is switched on and
off almost at the same time as the pump pulse [22], where
stable GS laser pulse trains can be obtained, as reported in
Refs. [23–26]. GS laser operation has been demonstrated by
using a 1.55-μm modulated pump source, from which the
shortest GS pulse of 10 ns was obtained in a scheme including
a 20-cm-long TDF as the gain medium [23]. Approaches with
simultaneous GS and mode-locking (ML) operation in Tm/Ho
co-doped fiber laser configurations also have been reported
[10,20]. Recently, our research group demonstrated a fiber
laser setup with simultaneous Tm3! PQS and Ho3! GS
operation [27].

In this paper, we experimentally demonstrate simultaneous
PQS and GS operations of a fiber laser by using an Er/Yb
double-clad fiber (EYDCF) and a TDF within the same linear
cavity. Stable PQS pulses in the 1.55-μm wavelength region
and GS pulses in the 1.8-μm region are obtained. The TDF
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Abstract: We study numerically complex noise-like pulse dynamics in a passively mode-locked
erbium-doped fiber laser. Wavelength-dependent gain dynamics is modeled as a combination
of a three-level and a four-level system, which approximate the gain behavior in the 1530-nm
and 1560-nm regions, respectively. The typical deformation of the erbium gain spectrum as it
saturates is properly reproduced by this approach. Several puzzling noise-like pulse dynamics
that were recently observed experimentally are qualitatively reproduced numerically, in particular
slow quasi-periodic energy variations and the emergence and walko� of wavelength-shifted
radiation components. These results clearly reveal that gain dynamics is deeply involved in the
onset of such complex temporal and spectral instabilities in these sources.

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

Although originally developed for the generation of stable trains of solitons, passively mode-
locked fiber lasers are now increasingly regarded as an ideal platform to evidence and study a
broad range of complex dynamics. These systems, in which dispersive, nonlinear and dissipative
e�ects mingle and interact in intricate ways, constitute indeed the perfect stage where a broad
spectrum of exotic scenarios are played out. These include, among others, soliton explosions [1],
the emergence of extreme-intensity events known as optical rogue waves (ORWs) [2], as well
as the formation and evolution of complex non-stationary waveforms: noise-like pulses (NLPs)
[3–20]. NLPs are long (⇠ns) bunches of radiation characterized by a chaotic internal dynamics at
sub-ps scale. Whereas some of their properties make them attractive for applications (including
materials processing [21], medical imaging [22] or supercontinuum generation [23–25]), a precise
understanding of their puzzling dynamics still challenges researchers. Recently, it was observed
that the complex internal dynamics of NLPs was able to trigger the formation of ORWs [26–29].
In spite of its chaotic evolution at fine inner scale, a NLP can display a rather stable envelope
through the bandwidth-limited optoelectronic measurement setup, and yield a steady train of
pulses at the laser output, which is compatible with applications. In other instances, however, far
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Abstract: A tunable single- and dual-wavelength thulium-doped all-fiber laser is demonstrated
based on the implementation of an in-fiber acousto-optic tunable bandpass filter (AOTBF). The
AOTBF is fabricated to be operated in the 1.9 µm region, and takes advantage of the intermodal
coupling e�ect produced by traveling flexural acoustic waves in an optical fiber. It exhibits a 3-dB
bandwidth of 2.04 nm with an insertion loss of 4.75 dB. The tuning properties of the AO device
allows a continuous-wave operation with characteristics of wide tuning range (211.5 nm), narrow
linewidth (50 pm) and high signal-to-noise ratio (60 dB). In the dual-wavelength regime, the laser
is capable of independent tuning of each of the laser lines, achieving a tunable dual-wavelength
emission that extends from 1802.67 to 1932.75 nm. A controllable wavelength spacing with
minimum and maximum separations of 1.04 and 130.08 nm is obtained.

© 2019 Optical Society of America under the terms of the OSA Open Access Publishing Agreement

1. Introduction

Dual-wavelength fiber lasers with characteristics of narrow linewidth, high stability and broadband
tunability are very attractive optical sources with applications in many research fields such
as THz radiation [1–3], coherent anti-Stokes Raman scattering [4], optical sensing [5] and
high-speed communication systems [6], among others. Currently, and derived from the growing
interest in developing all-fiber devices for the 2-micron wavelength region, various approaches of
dual-wavelength thulium-doped fiber lasers (TDFLs) have been proposed and demonstrated based
on the inclusion of di�erent types of fiber-optic components, such as fiber Bragg gratings (FBGs)
[7–9], Mach-Zehnder interferometers [10–12], tunable filters [12–14], and Sagnac loops [15–19],
among others, all of them o�ering the advantages of high stability and easy implementation.
Notwithstanding, from a practical point of view, most of these approaches require of arbitrary
adjustments of polarization controllers (PCs) or variable optical attenuators (VOAs), which
impose limitations in terms of repeatability and reliability. For these reasons, and despite the

#382166 https://doi.org/10.1364/OE.382166
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A long-cavity passively mode-locked thulium-doped all-
fiber laser is reported incorporating a tapered acousto-optic
tunable bandpass filter (AOTBF). The operation of the
AOTBF relies on the intermodal coupling between core
and cladding modes when a flexural acoustic wave propa-
gates along an 80 μm tapered fiber. The filter works in trans-
mission and exhibits a 3 dB bandwidth of 9.02 nm with an
insertion loss of 3.4 dB. The laser supports ultrashort pulse
generation at a low repetition rate of 784.93 kHz. Optical
pulses with 2.43 nm of optical bandwidth and 2.1 ps pulse
duration were obtained in a broad tuning range from
1824.77 to 1905.16 nm. © 2019 Optical Society of America

https://doi.org/10.1364/OL.44.004183

Mode-locked fiber lasers (MLFLs) have received a great deal of
attention in the past years because of their capability to generate
short or ultrashort optical pulses featuring low repetition rates
[1–7]. For applications that require ultrashort optical pulses
and sub-megahertz repetition rates, one of the most common
schemes relies on the use of pulse picker devices [8–11], but
this method introduces significant losses and increases the laser
complexity. For this reason, the development of long-cavity all-
fiber approaches has emerged as an alternative solution to over-
come these drawbacks.

In the framework of MLFLs, passive configurations possess
the advantage of generating the shortest optical pulses, but in a
long-cavity scheme—i.e., lasers with a cavity length from a few
hundreds of meters to several kilometers—the generation of
wave-breaking free optical pulses becomes a difficult task.
Therefore, the development of all-fiber elements with capacity
to provide a robust and stable laser performance is an issue of

particular interest. Following this research line, in-fiber
acousto-optic (AO) devices based on flexural acoustic waves
have been proposed and demonstrated as efficient bandpass fil-
ters that can work in transmission [12–15]. Among these ap-
proaches, our group has proposed an AO tunable bandpass
filter (AOTBF) that uses a tiny section of coreless optical fiber
as a core-mode blocker (CMB) [14,16,17], and generates no
frequency shift. Now, and because of the growing interest in
developing broad-bandwidth all-fiber devices, an improved
AOTBF is presented based on the inclusion of a tapered optical
fiber. The versatility of this AO device is demonstrated near the
2 μm region as a wavelength-selective element in a thulium-
doped fiber laser (TDFL).

The bandpass characteristics of the AOTBF are analyzed
after the inclusion of an 80 μm tapered optical fiber.
Experimental results show a reasonably wide (56.29 nm) and
deep (22.2 dB) attenuation notch for the CMB, and the
tapered AOTBF exhibits a 3 dB bandpass transmission band-
width of 9.02 nm. This result is at least 9 times broader than
the one obtained with a nontapered fiber [14]. The filter capa-
bilities are investigated in a long-cavity passively mode-locked
TDFL, showing that ultrashort pulse generation is supported
by our setup. These results, to the best of our knowledge, are
the first results describing an in-fiber AO tunable bandpass fil-
ter that fulfills the requirements of broadband operation and
stable single ultrashort pulse generation in a long-cavity fiber
laser (repetition rate <1 MHz).

A schematic view of the AO tunable bandpass filter is shown
in Fig. 1. A radio frequency (RF) source is used to drive a
20 mm piezoelectric disk (PD), and the acoustic vibrations
are concentrated into an uncoated section of a tapered optical
fiber through the tip of the aluminum horn. The section L of
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Abstract
We report an extensive experimental study of a dual-wavelength (1530 and 1560 nm) passively
mode-locked fiber laser in a ring configuration with strict control of the polarization state.
Different types of laser operation are identified, which are classified into ten mode locking
regimes (solitons-noise-like pulsing, solitons–solitons, solitons-CW, bound solitons-CW,
solitons (1530 nm), CW-solitons, CW-bound solitons, Q-switched-like noise-like pulsing, steady
noise-like pulsing at 1530 nm and intermittent mode locking), which are mapped in terms of the
polarization settings (ellipticity and azimuth). The resulting map establishes, in a clear and
repeatable way, the relation existing between each mode locking regime and the polarization
adjustment, which allows controlling at the same time intracavity losses, the gain profile, the
cavity spectral transfer function, as well as the nonlinear switching characteristic.

Keywords: lasers erbium, lasers ring, mode-locked lasers, nonlinear optics, fibers, polarization
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1. Introduction

Passively mode-locked fiber lasers are flexible sources that
are capable of producing a wide variety of optical pulses, such
as conservative solitons, dispersion-managed solitons, simi-
laritons [1], and a broad variety of dissipative solitons [2],
which include, among others, dissipative soliton resonance
[3] and spiny solitons [4]. One single or multiple solitons can
appear in the cavity [5]. Multiple solitons can distribute
randomly or equidistantly along the cavity (harmonic mode
locking) [6], and form pairs of bound solitons [7–9], soliton
molecules or crystals [10]. They can present arrangements

that recall states of matter (soliton gas, liquid, plasma, etc)
[11], display complex dynamics, such as the soliton rain [12],
or be subject to chaotic relative motion, in which case, their
frequent interactions can lead to extreme-intensity events
(optical rogue waves) [13]. Complex polarization dynamics of
solitons have also been evidenced in passively mode-locked
fiber lasers [8, 14]. Alternatively, these sources can operate in
a distinctive regime, in which complex bursts of radiation,
known as noise-like pulses (NLPs), are generated [15–19]. In
this frame, connections with optical rogue waves [20–23] and
a wide range of complex behaviors have also been identified
[24–28].
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ON THE NUMBER OF UNKNOT DIAGRAMS⇤

CAROLINA MEDINA† , JORGE RAMÍREZ-ALFONSÍN‡ , AND GELASIO SALAZAR§

Abstract. Let D be a knot diagram, and let D denote the set of diagrams that can be obtained
from D by crossing exchanges. If D has n crossings, then D consists of 2n diagrams. A folklore
argument shows that at least one of these 2n diagrams is unknot, from which it follows that every
diagram has finite unknotting number. It is easy to see that this argument can be used to show that
actually D has more than one unknot diagram, but it cannot yield more than 4n unknot diagrams.

We improve this linear bound to a superpolynomial bound by showing that at least 2
3
p
n of the

diagrams in D are unknot. We also show that either all the diagrams in D are unknot or there is a
diagram in D that is a diagram of the trefoil knot.
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1. Introduction. We follow standard knot theory terminology as in [1]. All
knots under consideration are tame, that is, they have regular diagrams. All diagrams
under consideration are regular.

1.1. Our main result. A staple in every elementary knot theory course is that,
given any diagram D, it is always possible to turn D into a diagram of the unknot
(that is, into an unknot diagram) by performing some crossing exchanges on D (see
Figure 1). The minimum number of such crossing exchanges that turn D into an
unknot diagram is a well-studied parameter, the unknotting number of D.

We review in section 2 the well-known argument that turns any diagramD into an
unknot diagram by performing crossing exchanges. As we shall remark, this argument
actually produces more than one unknot diagram from D, but it gives a relatively
small number: if D has n crossings, this idea yields at most 4n distinct unknot
diagrams that can be obtained from D by crossing exchanges. Our main result is that
actually there is always a superpolynomial number of such unknot diagrams.

Theorem 1. Let D be a knot diagram with n crossings. Then there are at least
2

3
p
n distinct unknot diagrams that can be obtained by performing crossing exchanges

on D.

As far as we know, no nontrivial general lower bound along the lines of Theorem 1
has been previously reported. There is, however, a substantial amount of work related
to the complementary problem: out of the 2n diagrams that can be obtained from

⇤Received by the editors October 30, 2017; accepted for publication (in revised form) December
17, 2018; published electronically February 5, 2019.

http://www.siam.org/journals/sidma/33-1/M115462.html
Funding: This work started while the second author visited the other authors, supported by the

Laboratorio Internacional Asociado Solomon Lefschetz (LAISLA), which has now become the Unité
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We show that for each even integer m ≥ 2, every reduced shadow with sufficiently 
many crossings is a shadow of a torus knot T2,m+1, or of a twist knot Tm, or of a 
connected sum of m trefoil knots.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

A shadow is an orthogonal projection of a knot onto a plane. The size of a shadow is its number of 
crossings. As usual, all shadows under consideration are regular, that is, they have no triple points and no 
points of self-tangency. A shadow S resolves into a knot K if there is an over/under assignment at the 
crossings of S that gives a diagram of K.

This work revolves around the following fundamental problem.

Question 1.1. Given a shadow S, which knots K satisfy that S resolves into K?

To investigate this question we must restrict our attention to reduced shadows, that is, shadows with no 
nugatory crossings. As in [6], we say that a crossing x in a shadow S is nugatory if S\{x} is disconnected. 
This restriction is crucial: it is easy to exhibit arbitrarily large non-reduced shadows that only resolve into 
the unknot.
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We investigate the toroidal expanse of an embedded graph G, 
that is, the size of the largest toroidal grid contained in G
as a minor. In the course of this work we introduce a new 
embedding density parameter, the stretch of an embedded 
graph G, and use it to bound the toroidal expanse from 
above and from below within a constant factor depending only 
on the genus and the maximum degree. We also show that 
these parameters are tightly related to the planar crossing 
number of G. As a consequence of our bounds, we derive 
an efficient constant factor approximation algorithm for the 
toroidal expanse and for the crossing number of a surface-
embedded graph with bounded maximum degree.

© 2019 Elsevier Inc. All rights reserved.
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THE UNAVOIDABLE ARRANGEMENTS OF PSEUDOCIRCLES

CAROLINA MEDINA, JORGE RAMÍREZ-ALFONSÍN, AND GELASIO SALAZAR

(Communicated by Patricia L. Hersh)

Abstract. A fact closely related to the classical Erdős-Szekeres theorem is
that cyclic arrangements are the only unavoidable simple arrangements of pseu-
dolines: for each fixed m ≥ 1, every sufficiently large simple arrangement of
pseudolines has a cyclic subarrangement of size m. In the same spirit, we show
that there are three unavoidable arrangements of pseudocircles.

1. Introduction

A seminal result by Erdős and Szekeres [3] states that for every fixed integer
k ≥ 3, every sufficiently large set of points in general position in R2 contains k
points in convex position, that is, k points that are the vertices of a convex k-gon.
In the dual setting, a set (or arrangement) of lines in R2 is in general position if no
two are parallel, and no three lines intersect at a common point. An arrangement
of k lines is in convex position if one of its cells is bounded by a k-gon, which
necessarily contains a segment from each of the k lines. The dual version of the
Erdős-Szekeres theorem for lines is that for every fixed k ≥ 3, every sufficiently
large arrangement of lines in general position contains k lines in convex position
(see [1]).

It must be noted that the point and line versions of the Erdős-Szekeres theorem
are not dual to each other in R2, but they are so in the projective plane RP2. A
pseudoline is a noncontractible simple closed curve in RP2. An arrangement of
pseudolines is a set of pseudolines that cross each other exactly once. An arrange-
ment of pseudolines is simple if no three pseudolines have a common point. Two
arrangements of pseudolines are isomorphic if the cell complexes they induce in
RP2 are isomorphic.

A simple arrangement of pseudolines is cyclic if its pseudolines can be labelled
1, 2, . . . ,m, so that each pseudoline i ∈ [m] intersects the pseudolines in {1, 2, . . . ,
m}\{i} in increasing order (see Figure 1). Cyclic arrangements of pseudolines have
a cell whose boundary contains a segment from each pseudoline, and so they are
the natural counterpart in RP2 to arrangements of lines in convex position in R2.

The following statement is the version of the Erdős-Szekeres theorem for simple
arrangements of pseudolines. In the spirit of [15], this shows that cyclic arrange-
ments are the only unavoidable arrangements of pseudolines.
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Thermodynamic, structural and dynamic properties
of ionic liquids [C4mim][CF3COO], [C4mim][Br] in
the condensed phase, using molecular simulations†

Joel Sánchez-Badillo,a Marco Gallo, *b Ricardo A. Guirado-López c

and Jorge López-Lemusd

In this work a series of thermodynamic, structural, and dynamical properties for the 1-butyl-3-

methylimidazolium trifluoroacetate ([C4mim][CF3COO]) and 1-butyl-3-methylimidazolium bromide,

([C4mim][Br]) ionic liquids (ILs) were calculated using Non-polarizable Force Fields (FF), parameterized

using a methodology developed previously within the research group, for condensed phase applications.

Properties such as the Vapor-Liquid Equilibrium (VLE) curve, critical points (rc, Tc), Radial, Spatial and

Combined Distribution Functions and self-diffusion coefficients were calculated using Equilibrium

Molecular Dynamics simulations (EMD); other properties such as shear viscosities and thermal

conductivities were calculated using Non-Equilibrium Molecular Dynamics simulations (NEMD). The

results obtained in this work indicated that the calculated critical points are comparable with those

available in the literature. The calculated structural information for these two ILs indicated that the

anions interact mainly with hydrogen atoms from both the imidazolium ring and the methyl chain; the

bromide anion displays twice the hydrogen coordination number than the oxygen atoms from the

trifluoroacetate anion. Furthermore, Non-Covalent interactions (NCI index), determined by DFT

calculations, revealed that some hydrogen bonds in the [C4mim][Br] IL displayed similar strength to those

in the [C4mim][CF3COO] IL, in spite of the shorter O!–H distances found in the latter IL. The majority of

the calculated transport properties presented reasonable agreement with the experimental available

data. Nonetheless, the self-diffusion coefficients determined in this work are under-estimated with

respect to experimental values; however, by escalating the electrostatic atomic charges for the anion

and cation to "0.8e, only for this property, a remarkable improvement was obtained. Experimental

evidence was recovered for most of the calculated properties and to the best of our knowledge, some

new predictions were done mainly in thermodynamic states where data are not available. To validate the

FF, developed previously within the research group, dynamic properties were also evaluated for a series

of ILs such as [C4mim][PF6], [C4mim][BF4], [C4mim][OMs], and [C4mim][NTf2] ILs.

Introduction
Ionic liquids (ILs) are molten salts composed of only cations
and anions in a liquid state at temperatures below 100 #C.1 In
the last two decades these substances have attracted great
interest because of their physicochemical properties such as
low vapor pressure, thermal stability, decomposition at high

temperatures, isothermal compressibilities similar to water,
large electrochemical windows, wide range of shear viscosities,
and suitability for applications as extracting agents, heat
transfer uids, electrolytes for batteries, lubricants, and cata-
lysts.2–6 ILs are considered as a green alternative for the
replacement of Volatile Organic Compounds (VOCs) in many
industrial processes without the necessity of major changes in
the main ow sheet and equipment.7

It is known that by combining different cations and anions,
it is possible to design ILs with specic properties for well-
dened applications.8 Nevertheless, the experimental search
for specic ILs can be an expensive and a time consuming task,
therefore different economical alternatives need to be employed
such as computer simulations. Molecular Dynamics simula-
tions can describe molecular and atomic interactions to predict
and evaluate a wide range of physicochemical properties of ILs.
This allows the design of new solvents with unique
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Universitaria, Av. Manuel Nava No. 6, San Luis Potośı, C.P. 78210, Mexico
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Abstract
We present superfactorial and exponential lower bounds on the number of Hamiltonian
cycles passing through any edge of the basis graph of generalized Catalan, uniform,
and graphic matroids. All lower bounds were obtained by a common general strategy
based on counting appropriated cycles of length four in the corresponding matroid
basis graph.

Keywords Matroid basis graph · Generalized Catalan matroid · Hamiltonian cycle

Mathematics Subject Classification 05B35 · 05C38 · 05C45

1 Introduction

Basis graphs of matroids have been extensively studied. Gel′fand and Serganova [11]
proved that basis graphs are 1-skeletons of basis polytopes [6,7]. Maurer [15] gave
a characterization of basis graphs, Liu [12–14] investigated their connectivity, and
Donald, Holzmann, and Tobey [9] gave a characterization of basis graphs of uniform
matroids.
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Abstract
This paper presents the development of a high voltage and high-frequency power electronics source, for plasma generation, at atmos-
pheric pressure and vacuum, using helium and air as working gases. The source design consists of an inductive (L) full bridge series 
resonant inverter at high frequency, where the control implemented allows varying duty cycle and frequency. Plasma generation is 
made by high voltage with the power signal applied on two electrodes, which provides a strong electric field that excites, and thus, 
ionize helium particles or air particles. The power electronic source operation was tested in different plasma reactor configurations 
(dielectric barrier discharge, double dielectric barrier discharge, and jet type discharge). The developed power electronics source 
shows a correct performance and generate a strong electric field to achieve the plasma discharges desired.
Keywords: High voltage power source, cold plasma, resonant full bridge inverter.

Resumen
Este artículo presenta el desarrollo de una fuente de electrónica de potencia de alto voltaje y alta frecuencia para la generación de 
plasma al vacío y a presión atmosférica, utilizando helio y aire como gases precursores. El diseño de la fuente consiste en un inversor 
de resonante en serie de puente completo con carga inductiva (L), que tiene un control implementado que permite variar el ciclo de 
trabajo y la frecuencia. La generación del plasma se logra aplicando una señal de alto voltaje en dos electrodos, que proveen un 
campo eléctrico fuerte que excita e ioniza partículas de helio o aire. Las descargas de plasma fueron hechas en diferentes configura-
ciones de electrodos: descarga de barrera dieléctrica, descarga de doble barrera dieléctrica y descarga tipo jet. La fuente de electró-
nica de potencia desarrollada demuestra su capacidad de desarrollar el campo eléctrico lo suficientemente fuerte para alcanzar las 
descargas de plasma deseadas.
Descriptores: Fuente de potencia de alto voltaje, plasma frío, inversor resonante de puente completo.

Construction of a power electronic source for cold plasma generation
Construcción de una fuente de electrónica de potencia para generación de plasma frío
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Nanotubols under H2O2 exposure: is it possible to
poly-hydroxylate carbon nanotubes?†

J. Vicente-Santiago,‡a J. Cornejo-Jacob,‡a D. Valdez-Pérez,b J. Ruiz-Garcı́a a

and R. A. Guirado-López *a

We present a combined experimental and theoretical study dedicated to analyze the variations in

the surface chemistry of hydroxylated multiwalled carbon nanotubes (MWCNTs), so called nanotubols,

when exposed to H2O2 at high temperatures. The formation, surface density, and distribution of

oxygen-containing functional groups are studied by infrared (IR) and X-ray photoelectron spectroscopy

(XPS), as well as density functional theory (DFT) calculations performed on model functionalized carbon

nanotubes (CNTs). After H2O2 exposure, the initial composition of –OH, –CQO, and –COOH substitu-

ents notably changes, with carbonyl –CQO groups being the ones that show the most notable increase

on the carbon surface. Our highly oxidized MWCNTs are partially soluble and form complex two-

dimensional patterns at the air–water interface, as evidenced by Brewster angle microscopy. In a second

step, these films can be transferred to solid substrates to form porous multilayered carbon nano-

structures with complex morphologies. In particular, and for the first time, we report the synthesis

of ‘‘stadium-like’’ configurations made of MWCNT units whose formation and stability are a direct

consequence of the self-assembly process occurring at the air/water interface. DFT calculations suggest

the formation of molecular islands of oxygen-containing functional groups on the CNT surface. In

addition, nudged elastic band studies reveal that, for these adsorbed phases, the reaction between two

neighboring OH groups to produce atomic oxygen and a physisorbed water molecule is characterized

by energy barriers of B0.2 eV. These small values could be at the origin of the sizable increase

in chemisorbed single-oxygen species determined by XPS data after H2O2 treatment at 60 1C. The

simulation of the C 1s binding energies (BE) allows us to more clearly identify the different oxygen-

containing functionalities as well as to reveal how the local atomic environment affects their

characteristic BEs. Even if we were unable to polyhydroxylate our carbon nanotubes, we believe that

H2O2-treated MWCNTs are interesting materials for more complex post-functionalization procedures

that might lead to the fabrication of novel carbon nanostructures.

1. Introduction
In the last few years, it has been clearly established that the
functionalization of the external surface of single walled and
multi-walled carbon nanotubes (MWCNTs) can lead to strong
variations in their electronic, chemical, and transport proper-
ties, as well as to notable changes in their interaction with the

surrounding media (see ref. 1 and references therein). We can
distinguish two general strategies to achieve the surface mod-
ification of carbon nanotubes (CNTs), namely, non-covalent2–6

and covalent7–11 functionalization. While the former allows
the synthesis of weakly interacting CNT–molecule complexes,
the latter leads to highly stable compounds. In particular, the
addition of oxygen-containing functional groups is the most
common surface modification, being easily achieved for example
by performing H2SO4/HNO3

12,13 as well as Na2ZnO2, NaAlO2, and
NaOH treatments14 on pristine CNTs at high temperatures.
Infrared (IR) and X-ray photoelectron spectroscopy (XPS) experi-
ments on these samples reveal the existence of carbonyl,
carboxylic, and hydroxyl groups, with hydroxyl groups being
the most abundant species on the nanotube surface.12–16

The existence of chemisorbed –CQO, –COOH, and –OH
substituents on CNTs leads to a better dispersion of CNTs in
polymer matrices17 and, most importantly, these chemical

a Instituto de Fı́sica ‘‘Manuel Sandoval Vallarta’’, Universidad Autónoma de San
Luis Potosı́, Álvaro Obregón 64, San Luis Potosı́, S.L.P., 78000, Mexico.
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b Instituto Politécnico Nacional, UPALM, Edif. Z-4 3er Piso, CP 07738,
México CDMX, México

† Electronic supplementary information (ESI) available: Low-energy atomic con-
figurations for hydroxyl groups chemisorbed on C60. Calculated energy barriers
DE for the OH + OH - O + H2O reaction on the C60 fullerene. See DOI: 10.1039/
c9cp03148k
‡ These authors contributed equally to this work.

Received 4th June 2019,
Accepted 10th October 2019

DOI: 10.1039/c9cp03148k

rsc.li/pccp

PCCP

PAPER

Pu
bl

is
he

d 
on

 1
1 

O
ct

ob
er

 2
01

9.
 D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
Z

ur
ic

h 
on

 1
/3

/2
02

0 
1:

23
:3

9 
A

M
. 

View Article Online
View Journal  | View Issue



Contents lists available at ScienceDirect

Journal of Crystal Growth

journal homepage: www.elsevier.com/locate/jcrysgro

An algorithm for the in situ analysis of optical reflectance anisotropy spectra

J. Ortega-Gallegosa,⁎, A. Lastras-Martíneza,⁎, L.E. Guevara-Macíasa, J.G. Santiago Garcíaa,
D. Ariza-Floresa,b, R. Castro-Garcíaa,b, R.E. López-Estopiera,b, R.E. Balderas-Navarroa,
L.F. Lastras-Martíneza
a Instituto de Investigación en Comunicación Óptica, Universidad Autónoma de San Luis Potosí, Alvaro Obregón 64, San Luis Potosí, SLP 78000, Mexico
b CONACyT - Instituto de Investigación en Comunicación Óptica, Universidad Autónoma de San Luis Potosí, Alvaro Obregón 64, San Luis Potosí, SLP 78000, Mexico

A R T I C L E I N F O

Communicated by R.M. Biefeld

Keywords:
A1. Characterization
A1. Growth models
A1. Surface processes
A3. Molecular beam epitaxy
B2. Semiconducting gallium arsenide
B2. Semiconducting III-V materials

A B S T R A C T

We report on a computer algorithm for the in situ analysis of reflectance anisotropy (RA) spectra in a time frame
compatible with the epitaxial growth of cubic semiconductors. This algorithm allows for the in situ acquisition of
RA spectra and their decomposition into two components whose amplitude depends on the As coverage of the
semiconductor surface. One of such components is associated with the surface orthorhombic strain due to the
surface reconstruction and has an amplitude that strongly depends with surface reconstruction and thus As
coverage. This fact opens the possibility of using reflectance anisotropy spectroscopy (RAS) as an optical probe to
characterize the As surface coverage in real time. To demonstrate the performance of the algorithm we report on
RA measurements carried out during the homoepitaxial growth of GaAs (001). We show that the algorithm is
capable of analyzing a set of 500 RA spectra in a time span of about 10 s. This allows for a range of applications
for the developed algorithm, including the surface characterization and fine tuning of the substrate stoichio-
metry just before epitaxial growth, during the growth of the buffer layer.

1. Introduction

The growing complexity of advanced optoelectronic devices based
on III-V semiconductors [1–3] demands probes for real-time growth
monitoring with sub monolayer resolution. Non-invasive optical
probes, such as reflectance anisotropy spectroscopy (RAS), are ad-
vantageous for this application given their high sensitivity, instru-
mental simplicity and fast response [4–6]. RAS is an optical polariza-
tion contrast technique, based on the measurements of difference of
reflectivity for two orthogonal polarized light beams [8]. This spec-
troscopy enhances the surface related response by taking advantage of
the reduced symmetry of the surface region of a cubic crystal. We note
that for polarizations of the incident beam parallel to the principal axes
of the crystal, the signal arising from the isotropic bulk is suppressed
[4,5,9,10].

The usefulness of RAS as a surface characterization technique stems
from the strong dependence of the reflectance anisotropy (RA) line
shape on surface reconstruction [4–7]. In this respect, GaAs surfaces
with reconstructions ×c (4 4) and ×(2 4) show characteristic and well
differentiated RA lineshapes. However, despite the fact that the surface
specificity of anisotropic reflectance has been recognized for a long
time [11], the development of the full potential of the technique for the

real-time characterization of epitaxial growth has been traditionally
hampered by the lack of anisotropic reflectance spectrometers with
high enough, both, spectrum acquisition speed and spectral resolution.

Recently, we developed a rapid RA 32-channel spectrometer with
the capability to measure in real-time fractional changes of monolayer
coverage during epitaxial growth [12]. Taking advantage of such in-
strument, we carried out a series of real-time RAS measurements during
the homoepitaxial growth of GaAs (001) under several As4 over-
pressures and found that upon starting growth on an As-rich surface
( ×c (4 4) reconstruction), the RAS amplitude undergoes a fast transient
towards a less As-rich surface ( ×(2 4) reconstruction). This transient is
a function of both As overpressure and substrate temperature and takes
place within the first monolayer (ML) growth period.

RA line shapes are, nevertheless, complex and not readily inter-
preted. Indeed, previously we have shown that the reflectance aniso-
tropy (RA) spectra of both ×c (4 4) and ×(2 4) surfaces comprise two
spectral components whose relative amplitude is a function of surface
As coverage [13]. A first component is associated with the orthor-
hombic strain induced by surface reconstruction and its amplitude
changes sign when shifting from ×c (4 4) to ×(2 4) reconstruction [13].
A second component shows an amplitude variation with no change of
sign [16]. Additionally, it is noted that the RAS oscillations are mainly

https://doi.org/10.1016/j.jcrysgro.2019.03.002
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A B S T R A C T

There have been different efforts to predict epileptic seizures and most of them are based on the analysis of
electroencephalography (EEG) signals; however, recent publications have suggested that functional Near-
Infrared Spectroscopy (fNIRS), a relatively new technique, could be used to predict seizures. The objectives of
this research are to show that the application of fNIRS to epileptic seizure detection yields results that are
superior to those based on EEG and to demonstrate that the application of deep learning to this problem is
suitable given the nature of fNIRS recordings. A Convolutional Neural Network (CNN) is applied to the pre-
diction of epileptic seizures from fNIRS signals, an optical modality for recording brain waves. The im-
plementation of the proposed method is presented in this work. Application of CNN to fNIRS recordings showed
an accuracy ranging between 96.9% and 100%, sensitivity between 95.24% and 100%, specificity between
98.57% and 100%, a positive predictive value between 98.52% and 100%, and a negative predictive value
between 95.39% and 100%. The most important aspect of this research is the combination of fNIRS signals with
the particular CNN algorithm. The fNIRS modality has not been used in epileptic seizure prediction. A CNN is
suitable for this application because fNIRS recordings are high dimensional data and they can be modeled as
three-dimensional tensors for classification.

1. Introduction

Prediction of epileptic seizures refers to the analysis of brain signals,
extracted from an epileptic patient, to detect the future occurrence of a
seizure. There are four states within a brain signal, which is extracted
from an epileptic patient. The ictal state is the signal fragment where an
epileptic seizure occurs; the pre-ictal state is the segment that happens
before the onset of a seizure; post-ictal is the state that follows a seizure,
and inter-ictal is the fragment between the end of post-ictal and the start
of pre-ictal. In this work, we merge post-ictal and inter-ictal states into
one state, inter-ictal. Furthermore, we discard the ictal state since de-
tecting an epileptic seizure, when it is happening, is of no interest for
seizure prediction. Thus, we only consider two states, inter-ictal and
pre-ictal. Epileptic seizure prediction is achieved when the system de-
tects the pre-ictal state [1].Real-time epileptic seizure prediction mainly
consists of two stages: (1) extraction of a tensor from the signal of

interest, at any time position; and (2) classification of the tensor as
inter-ictal or pre-ictal. Epileptic seizures are predicted when pre-ictal
segments are correctly detected. Detection of the ictal state is of no
interest since the goal is detecting a seizure before it happens by
identifying the occurrence of the pre-ictal state. Thus, ictal fragments
are of no use. There have been different efforts to predict seizures and
most of them are based on the analysis of electroencephalography (EEG)
signals [2]; however, recent publications have suggested that fNIRS
signals, a relatively new modality, could be used to predict seizures
[3,4]. fNIRS (functional near-infrared spectroscopy) is an optical tech-
nique, which conveys monitoring information about brain activity [5];
specifically, two physiological parameters or measurements, the re-
lative level of oxygenated hemoglobin (HbO) and the relative level of
deoxygenated hemoglobin (HbR). fNIRS signals are generated by injecting
infrared lights of different wavelengths (650 nm–1000 nm) into the
scalp, followed by registration of reflected light through optodes. Blood

https://doi.org/10.1016/j.compbiomed.2019.103355
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A B S T R A C T

Mesoporous silica nanoparticles (MSNPs) were synthesized and loaded with metformin hydrochloride (Metf), its
adsorption has studied at different concentrations and pHs, optimal adsorption conditions were determined.
Hybrid MSNPs-Metf were mixed with chitosan to compress them and form quasi-spherical pellets, were coated
with five chitosan layers as a barrier to prolong metformin release. It showed that this pellet is useful for
metformin controlled release since drug over time was significantly delayed by the chitosan coating and then, as
metformin is electrostatically linked to MSNPs, it also controls the release of drug, releasing 170mg after 17 h of
exposure at pH 1.2. When pH is> 1.2, metformin release was significantly prolonged. Since 170mg is 21% of a
850-mg metformin dose and previous studies report that 90% of metformin is recovered as unchanged drug in
urine after 12 h of metformin intakes. These results suggest that MSNPs-Metf pellets, coated with chitosan, are an
option to avoid excessive metformin ingest.

1. Introduction

Diabetes mellitus is a global health problem due to its elevated pre-
valence and disability produced. It is one of the main morbidity and
mortality cause; nearly 8.3% of the world's population suffers from this
disease, its origin lies in some factors such as obesity and sedentary
lifestyle (Wild et al., 2004). Diabetes mellitus developing serious diseases
affecting heart, blood vessels, teeth, kidneys, eyes, nerves and devel-
oping infections, which shortens life expectancy (Chacko, 2016), it is
caused by a multifarious metabolic disorder characterized by defects in
insulin secretion and/or the insulin action, causing hyperglycemia,
where fasting plasma glucose concentration is above 1.26 g/L or above
2.00 g/L in blood at any time (Viswanatha et al., 2017).

Metformin hydrochloride (Metf) is one of the most widely used
agents for Diabetes mellitus control, it is an oral antihyperglycemic that
improves glucose tolerance in patients by decreasing basal and post-
prandial plasma glucose. Metformin acts through three mechanisms:
first, reduces hepatic glucose production by inhibiting hypoglycemia
and avoids hyperinsulinemia; second, it increases insulin sensitivity in
muscle and improves peripheral glucose uptake and utilization; third, it
delays the intestinal absorption of glucose. During controlled clinical

trials of metformin (850mg) three times daily, peak plasma levels are
reached between 2.5 and 3.0 h after ingestion and do not exceed
590–1300 ng/mL with half-life between 1.5 and 4.5 h, reaching a lower
concentration in blood than in plasma (Moffat et al., 2006). Metformin
kinetics are characterized by slow and incomplete absorption (bioa-
vailability 50–60%), from an oral dose of about 30 to 50% is excreted
unchanged in urine within 24 h and about 30% in feces (Moffat et al.,
2006).

Traditional doses to eliminate pain or infections require high med-
ication levels, generating toxicity, to keep low drug level in serum
lower levels than the required dose are provided, causing drug re-
sistance. A local system that delivers medicament could correct these
inconvenient of traditional dosing (Warren et al., 2008). A problem is
presented when drugs are ingested orally, they could dissolve rapidly in
the stomach producing blood level peaks and may not produce ade-
quate levels. In addition, when drug blood level is adequate, it begin to
decrease and becomes necessary to ingest another dose in a few hours.
It is a problem since some drugs are irritating to the stomach or may
produce undesirable side effects. The need to release drugs in a gradual
or sustained way has given rise to exhaustive research that has gener-
ated different solutions, among them arise the possibility of coating the

https://doi.org/10.1016/j.ejps.2019.02.003
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a b s t r a c t

Variable angle-infrared spectroscopic ellipsometry is proposed as a reliable tool for the characterization
of heritage photographic prints. It is shown that the proposed technique has access to both the chem-
ical composition and the physical structure of the photograph. In particular, the physical structure can
be determined by interference related spectral oscillations and the behavior, for different angles of inci-
dence, of the peaks corresponding to different chemical components. Emphasis is made on gelatin/baryta
samples, and particularly, in the role of the baryta layer. A relatively simple model is used to simulate the
ellipsometric spectra. It shows that the thickness and location of different layers in photographic prints
can be assessed by optical means.

© 2018 Elsevier Masson SAS. All rights reserved.

1. Research aim

The aim of the present work is to present variable-angle
infrared-ellipsometry (IRSE) as a reliable tool for the character-
ization of heritage photographic prints that complements the
information obtained from traditional techniques such as Fourier-
transform infrared spectroscopy and Raman. IRSE has access
to amplitude and phase of light signals, when combined with
incidence of probing light at different angles, permits the determi-
nation of the chemical composition and the multilayered structure
of the print.

2. Introduction

The artistic and documental value of photographic prints, in
particular those from the turn of the 20th century, makes it nec-
essary to take actions for their preservation, which requires an
in-depth knowledge of the chemical composition and physical
structure of these objects [1]. Access to this information has been

∗ Corresponding author.
E-mail addresses: jmflores@cactus.iico.uaslp.mx (J.M. Flores-Camacho),

alejandra.nieto@uaslp.mx (A. Nieto-Villena).

successfully provided by analytical techniques such as electron
microscopies, atomic force microscopy, Raman spectroscopy, and
Fourier-Transform Infrared spectroscopy (FTIR), among others [1].
Of special interest are those of non-invasive and non-destructive
character such as the spectroscopic optical techniques. In partic-
ular, FTIR has been used for the identification of pigments and
organic components in the photographic colloid [2–4], for identifi-
cation of organic varnishes [5] possibly used as protective coatings,
for the detection of the presence of the baryta layer and, combined
with other analyses, identification of sources of biological deteri-
oration [6]. The recently explored terahertz spectral region can be
used for the characterization of the paper substrate [7].

Gelatin and collodion aristotypes were the first kind of pho-
tographic papers in which the paper support was submitted to a
treatment based on the application of a layer of barium sulfate [8].
This technique was later passed on to the more contemporary silver
bromide emulsions based developing out papers. The baryta paper
[9] provided a better finishing of the print [8] and a separation of
the emulsion layer from contaminants of the paper support [6]. The
barium sulfate pigment was commonly suspended in gelatin; how-
ever, it has been known that gum arabic and albumen were also part
of this layer. Wax, casein, milk, and starch, among others, were later
introduced in the formulation [8]. The baryta layer was composed
mostly of BaSO4, but SrSO4 and titanium dioxide were also part of

https://doi.org/10.1016/j.culher.2018.09.009
1296-2074/© 2018 Elsevier Masson SAS. All rights reserved.
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A B S T R A C T

The structural and electrical properties of Mg-doped cubic GaN epi-layers grown by plasma-assisted molecular
beam epitaxy (PAMBE) near Ga rich conditions are investigated. The diffraction of high-energy reflected elec-
trons (RHEED) in situ, in addition to structural studies of X-ray diffraction, show that the fraction of hexagonal
and crystal twinning inclusions decreases when the Mg flux increases. The condition for the higher incorporation
of Mg where the electrical properties are optimized is highly sensitive to the flow ratio Mg/Ga. The p-doping
level steadily increases with increasing Mg flux. The Mg concentration obtained by secondary ion mass spec-
troscopy (SIMS) from samples grown at Mg temperatures from 200 °C to 700 °C are in a range between 2× 1019

to 2× 1020 atoms/cm3. The highest mobility and p-type doping level achieved, determined from Hall mea-
surements, were 28.2 cm2/V-s and 2× 1019 cm−3, respectively. We corroborate that the Mg doped c-GaN films
are suitable for the construction of optoelectronic devices based on cubic III-Nitrides.

1. Introduction

Cubic gallium nitride (c-GaN) has a bandgap of 200meV lower than
the hexagonal phase (h-GaN) [1], for this reason, it is possible to
modulate to the visible region with less amount of indium in the zinc-
blend than wurtzite InGaN alloy [2–5]. In addition, due to higher
crystalline symmetry, resulting in more isotropic properties and no
spontaneous polarization induced-electric fields in the direction par-
allel to the c-axis, it is possible to grow the cubic InGaN alloy with a
bandgap in the green region [2–9]. Consequently, this alloy is attractive
for applications in photovoltaic and optoelectronic devices, including
multiband solar cells, hydrogen production photoelectrodes, laser and
light emitting diodes [10].

However, the development of optoelectronic, photovoltaic and
electronic devices based on c-InGaN requires an efficient p-type doping
and high-quality crystal structure. To our knowledge, limited reports of
cubic III-Nitrides devices have been found in the literature [11,12], this
is in part for the inefficient p-type doping or the main disadvantage in
the synthesis of c-GaN, the lack of native substrates and a low-quality

crystalline film due to the hexagonal inclusions [13,14]. Therefore,
improvements in the efficiency of p-type doping of the c-GaN epilayers
are essential for enhanced manufacturing technology of cubic III-Ni-
trides semiconductors.

This paper presents a study of the influence of the Mg flux on the
electrical and structural properties of Mg doping c-GaN, grown by
molecular beam epitaxy on MgO (100) substrates, near to the regimen
of Ga rich conditions. This study is performed by varying the Mg flux
(with magnesium effusion cell temperature in a range from 200 to
700°C) with growth conditions of c-GaN films at 720 °C.

2. Experimental

Epitaxial growth of Mg-doped c-GaN films heterostructures under
study was performed on 1 cm2 MgO(001) substrates by a vertical
PAMBE with standard effusion cells for Ga, Mg, and an high-purity N2

RF plasma cell [2,6]. The purity of Ga and Mg sources are 99.9995%.
Prior to the growth of the Mg-doped GaN epi-layer, the substrate

was cleaned on a 10min trichloroethylene and acetone ultrasonic bath.

https://doi.org/10.1016/j.mssp.2018.12.019
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A B S T R A C T

Titania doped nanomaterials were prepared by the sol – gel method. Nickel, copper and iron were employed as
doping cations. The as-prepared materials were characterized by X-ray diffraction, N2 physisorption and UV–vis
DRS, EDS and XPS techniques. The TiO2-doped materials were evaluated during the photocatalytic degradation
of 4-chlorophenol (4-CP) and naproxen (NPX) sodium as water pollutants under UV radiation. According to the
photocatalytic activity and kinetic results, T-Cu 1.0 was the material with the best performance during the
degradation of 4-CP, showing a degradation performance of 90% (0.1827 L g−1 min−1) after six reaction hours.
T-Fe 1.0 was the photocatalyst with the best NPX degradation behavior, showing a degradation efficiency of 97%
(0.1111 L g−1 min−1) also after 6 reaction hours. The photocatalytic degradations followed a pseudo-first-order
behavior. The remarkable performance of the photocatalysts was due to a higher concentration of Ti3+ species
and the presence of Ni2+, Cu2+ and Fe3+, which worked as TiO2 heterojunctions that allowed the degradation
improvement of the organic compounds. The T-Cu 1.0 and T-Fe 1.0 materials were used in a reusability test for
4-CP and NPX compounds, showing around 20 and 30% of final deactivation, respectively. This deactivation was
due to structural changes in the TiO2 framework and the oxidation state of the doping cation as a consequence of
the constant exposure to UV radiation (18 h) and to the accumulation of carbonaceous species on the TiO2
surface. The systematic XPS analysis before and after the photocatalytic evaluation reveals its internal structure
and gives insights about it photocatalytic behavior.

1. Introduction

Titania nanomaterials have been employed widely during the pho-
tocatalytic degradation of numerous organic compounds. The ad-
vantages of using TiO2 are its low cost, non-toxicity, high stability and
above all, it has excellent physicochemical properties [1].

TiO2 is a semiconductor with valence and conduction bands with
values of −7.6 and −4.4 eV, respectively, giving a resultant band gap
value of 3.2 eV [2]. This band position has enough energy to produce
reactive oxygen species (ROS) which include highly reactive oxygen
atoms, free radicals, singlet molecular dioxygen, hydrogen peroxide, as
well as other peroxides, both inorganic and organic hydroxyl and

superoxide radicals (HO•, O•2–, HOO•, H2O2) [3]. Numerous reports
have been published about its use in the photocatalytic degradation of a
wide variety of contaminants (dyes, drugs, personal products, pesti-
cides, antibiotics and endocrine disruptors, among others).

Nevertheless, TiO2 has the disadvantage of hole-electron re-
combination, causing a decrease in the photocatalytic activity. To
overcome this effect, the TiO2 nanomaterials have been modified or
impregnated superficially with metallic nanoparticles or other semi-
conductor oxides. In order to improve the photoefficiency of the elec-
tronic process, TiO2 has been doped with transition metals or defects
have been introduced into its structure, which has been widely em-
ployed due to the formation of heterojunctions. The origin of these

https://doi.org/10.1016/j.mssp.2019.04.050
Received 19 December 2018; Received in revised form 3 April 2019; Accepted 30 April 2019
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A B S T R A C T

The early detection of bronchial inflammation in asthma, through a non-invasive, simple method and under a
subclinical state, could lead to a more effective control of this condition. The aim of this study was to identify
biomarkers of bronchial inflammation in the saliva of children with asthma through immunoassay and Surface
Enhanced Raman Spectroscopy (SERS). We conducted an analytical cross-sectional study in 44 children ages
6–12; the diagnosis of asthma was made according to Global Initiative for Asthma (GINA) standards. The
children’s saliva was analyzed by immunoassay for the quantification of 37 cytokines, as well as SERS analysis in
a confocal Raman microscope at 785 nm. We found a significant association between bronchial obstruction and
IL-8 (p=0.004), IL-10 (p=0.008) and sCD163 (p=0.003). The Raman spectra showed significant amplifi-
cation in the region of 760 to 1750 cm−1. The Principal Component Analysis and Linear Discriminant Analysis
(PCA-LDA) method has a sensitivity of 85%, specificity of 82% and an accuracy of 84% for the diagnosis of
asthma. These results demonstrate the presence of a subclinical inflammatory state, suggestive of bronchial
remodeling in the population studied. The SERS method is a potential tool for identifying bronchial in-
flammation and its endotype, allowing for a highly sensitive and specific diagnosis.

1. Introduction

Asthma is evidenced by the result of forced spirometry, with post-
bronchodilator reversibility> 12% forced expiratory volume in the
first second (FEV1). This condition, which affects more than 300 million
people worldwide, is the leading cause of childhood morbidity in Latin
America with a prevalence of 5.7–16% among 4–8 years [1,2]. This
emphasizes the importance of making an opportune diagnosis to apply
specific pharmacological therapy, as well as effective monitoring and
control of this disease. The aim of the present work was to identify
cytokines as potential biomarkers using a non-invasive method through
SERS, in relation to cytokine profiles obtained by immunoassay for the
early detection of bronchial inflammation.

The interactions between predisposing factors and signaling path-
ways of bronchial cells, especially in the immune system, explain the

heterogeneous clinical expression, known as phenotype, which can
occur in each patient. One or more endotypes are present within the
phenotype when the inflammatory response is mediated by several
cellular signaling pathways [2,3]. Likewise, this heterogeneity has al-
lowed the identification of over 100 biomarkers for this condition,
among which proinflammatory cytokines secreted by helper 1 and 2 T
lymphocytes (Th1/Th2) play an important role in bronchial in-
flammation. These are proteins which participate in the differentiation
and maturation of immune system cells [4,5] contributing to commu-
nication between them, and in some cases acting directly on those
patients with severe asthma, difficult to control asthma and poor re-
sponse to treatment. These cytokines are able to travel through the
bloodstream and cross permeable biological barriers [6,7], thus making
it possible to detect them in saliva and other biological fluids.

It has been shown that in patients with asthma the number of

https://doi.org/10.1016/j.pdpdt.2019.05.009
Received 12 December 2018; Received in revised form 28 March 2019; Accepted 9 May 2019
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a b s t r a c t

We present a combined experimental and theoretical study dedicated to analyze the structure, optical
properties, and vibrational behavior of the anticancer silibinin complex and one of its molecular con-
stituents, namely; silybin B. A comparison of the UVeVis and FT-IR characterization of these samples
reveals the presence of almost identical features. In both cases, the existence of four absorption maxima
located at 204, 230, 287, and 330 nm are observed, as well as vibrational bands that show a complex
distribution in the 300e1700 cm!1 frequency domain together with three infrared excitations placed at
~3180, 3450, and 3600 cm!1 typically associated with different CeH and OeH bond vibrations. For the
first time, we present the Raman spectra of these samples. Interestingly, the Raman response reveals
more notable differences between the two molecular complexes, mainly in the 300e900 cm!1 frequency
range. Furthermore, we obtain that the wavelength of the excitation laser plays a fundamental role in
revealing precise features of the spectra. Based on density functional theory (DFT) calculations we also
simulate the UVeVis, circular dichroism, infrared, and Raman spectra of model silybin A and silybin B
(C25H22O10) molecules in both isolated and aggregated forms. An excellent agreement is found when
contrasting experimental and theoretical data. Based on this comparison, we identify the main infrared-
and Raman-active vibrational modes of silybin B, and infer those frequencies that seems to be unique to
silybin A. Wavelength dependent calculations of the Raman spectra also reveal the crucial role played by
the energy of the incident laser in determining the intensities of the Raman active modes, allowing for a
better comparison between theory and experiment. Finally, simulations of the circular dichroism spectra
for isolated silybin A and B species reveal clear differences between the two molecules, being thus an
appropriate tool to distinguish the presence of specific isomers in a sample.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Plant-derived compounds can provide us with unlimited op-
portunities for new drug discoveries due to their wide range of
biological and chemical activities [1]. Plants contain a large variety
of substances having different density distribution, structure, and
tissue localization. Following their chemical structure, they can be

organized into various categories such as chromones, carotenoids,
flavonoids, alkaloids, etc. Among the previous constituents, flavo-
noids have been the subject of intense investigations in the last
years due to their possible use as free radical scavengers [2e4],
antioxidants [5,6], antimicrobial complexes [7], and as secondary
agents in chemo combination strategies to treat prostate, breast, as
well as lung cancer [8]. The previous biological activity has been
assumed to be strongly correlated to the presence of carbonyl and
hydroxyl groups in the carbon skeleton characterizing flavonoids,
and to theway these groups interact with the surroundingmedia. It
is important to precise that flavonoids are poorly water soluble, a
property that seriously limits the applications mentioned above

* Corresponding author.
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México

{tulio.torres, marcela.mejia, ondeleto, luis.ontanon}@uaslp.mx

Abstract. In this work is proposed a partial image
encryption method based on the synchronization of the
cellular automaton rule 90. The security analysis proves
that this cryptosystem is resistant to different tests and
attacks such as the Chosen/Knownplain image attack
and bit-replacement. This algorithm is a variant from
another encryption algorithm named ESCA, in this case
we modified the ESCA system to a partial encryption
version reducing the latency time up to a 50%. This
version has two changes a)it only encrypts the three
most significant bits, and b) the bits of the secret key
are rotated instead of calculating a key for each block
of plaintext. These changes allow to reduce the latency
time and according to the tests do not compromise the
security. This proposal could be a feasible and secure
option for real-time applications.

Keywords. Partial encryption, digital images, cellular
automata.

1 Introduction

Nowadays, many of our information is in digital
formats and it is sent through networks or is stored
in different devices. And, with technologies as
Internet of things our personal data could be more
and more exposed, therefore we need to learn
about internet and its risks [14] and develop new
security techniques. For this reason, it exists a
great interest in the protection and manipulation of
the data.

Due to the great advances in technology,
each time is required to have better and more
efficient algorithms for confidential and secure data
handling. This information may vary depending
on the application area and in many cases is
necessary processing it in real time.

For example, pictures, medical images, dia-
grams, surveillance video, video conference, etc.
could contain confidential information, and if these
data are transmitted and are not encrypted the
confidentiality of information is exposed in the
links allowing access to third parties without being
detected. To overcome the eavesdropping problem
several encryption systems have been proposed,
such as AES (Advanced Encryption Standard),
IDEA (International Data Encryption Algorithm),
RSA (Rivest, Shamir y Adleman) among others.

These systems are generally used in text and
binary data, but they are not suitable for the
encryption of multimedia content as digital images
and audio files, due to their massive volumes, high
adjacent correlation and sometimes the multimedia
data require real-time interactions (displaying, bit
rate conversion, etc.) [3]. That is why the
image encryption is a particular studying area.
The image encryption algorithms should provide
two kinds of security: cryptographic security and
perceptual security.

Computación y Sistemas, Vol. 23, No. 4, 2019, pp. 1575–1582
doi: 10.13053/CyS-23-4-2929
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CLOSING IN ON HILL’S CONJECTURE⇤

JÓZSEF BALOGH† , BERNARD LIDICKÝ‡ , AND GELASIO SALAZAR§

Abstract. Borrowing László Székely’s lively expression, we show that Hill’s conjecture is
“asymptotically at least 98.5% true.” This long-standing conjecture states that the crossing number
cr(Kn) of the complete graph Kn is H(n) := 1

4 b
n
2 cb

n�1
2 cbn�2

2 cbn�3
2 c for all n � 3. This has been

verified only for n  12. Using the flag algebra framework, Norin and Zwols obtained the best
known asymptotic lower bound for the crossing number of complete bipartite graphs, from which it
follows that for every su�ciently large n, cr(Kn) > 0.905H(n). Also using this framework, we prove
that asymptotically cr(Kn) is at least 0.985H(n). We also show that the spherical geodesic crossing
number of Kn is asymptotically at least 0.996H(n).

Key words. crossing number, complete graph, Hill’s conjecture, flag algebras

AMS subject classifications. 05C10, 05C62, 68R10

DOI. 10.1137/17M1158859

1. Introduction. A long-standing open problem in topological graph theory is
to determine the crossing number of the complete graph Kn. We recall that the
crossing number cr(G) of a graph G is the minimum number of pairwise crossings of
edges in a drawing of G in the plane.

1.1. Our main results. As narrated in the illustrative survey by Beineke and
Wilson [14], the problem of estimating the crossing number of complete graphs seems
to have been first explored by the British artist Anthony Hill in the late 1950s. Hill
found a construction that yields a drawing of Kn with exactly 1

4b
n

2 cb
n�1
2 cbn�2

2 cbn�3
2 c

crossings for every integer n � 3 [24]. In that paper, the following conjecture was put
forward.

Conjecture (Hill’s conjecture).

cr(Kn) = H(n) :=
1

4

j
n

2

kj
n� 1

2

kj
n� 2

2

kj
n� 3

2

k
.

As we recall below in our discussion of previous work, Hill’s conjecture has only
been verified for n  12, and it follows from the work by Norin and Zwols [34] that
limn!1 cr(Kn)/H(n) > 0.905. Our main result in this paper is the following.

Theorem 1.

lim
n!1

cr(Kn)

H(n)
> 0.98559895.

We also investigate spherical drawings ofKn. We recall that in a spherical geodesic
drawing of a graph, the host surface is the sphere, and each edge is a minimum distance
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Let L be a fixed link. Given a link diagram D, is there a sequence of crossing 
exchanges and smoothings on D that yields a diagram of L? We approach this 
problem from the computational complexity point of view. It follows from work by 
Endo, Itoh, and Taniyama that if L is a prime link with crossing number at most 5, 
then there is an algorithm that answers this question in polynomial time. We show 
that the same holds for all torus links T2,m and all twist knots.

© 2019 Published by Elsevier B.V.

1. Introduction

We work in the piecewise linear category. All links under consideration are nonsplit, unordered, unoriented 
and contained in the 3-sphere S3. We remark that when we speak of a link L we include the possibility that 
L is a link with only one component, that is, a knot. All diagrams under consideration are regular diagrams 
in the 2-sphere S2 ⊂ S3.

This work revolves around the following basic question. Let L be a fixed link. Given a link diagram D, 
does there exist a sequence of crossing exchanges and smoothings on D that yields a diagram of L? If this 
is the case, then for brevity we write D !L (Fig. 1).

One wonders how “difficult” this question is. To formalize this, we need to work under the computational 
complexity setting, posing this question in the standard form of a decision problem.
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Abstract
A pseudocircle is a simple closed curve on some surface; an arrangement of pseudo-
circles is a collection of pseudocircles that pairwise intersect in exactly two points, at
which they cross. Ortner proved that an arrangement of pseudocircles is embeddable
into the sphere if and only if all of its subarrangements of size at most four are embed-
dable into the sphere, and asked if an analogous result holds for embeddability into
orientable surfaces of higher genus. We answer this question positively: An arrange-
ment of pseudocircles is embeddable into an orientable surface of genus g if and only
if all of its subarrangements of size at most 4g + 4 are. Moreover, this bound is tight.
We actually have similar results for a much general notion of arrangement, which we
call an arrangement of graphs.

Keywords Arrangements of pseudocircles · Graph embeddings · Graphs on
surfaces · Arrangements of graphs
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H I G H L I G H T S

• Mixed polymer brushes can reduce friction between surfaces more than pure ones.

• A critical grafting density is found for each type of composition.

• Viscosity and friction obey scaling laws that depend on solvent quality only.

• An optimal mixed brush composition is predicted, for polymers used in industry.

A R T I C L E I N F O

Keywords:
Inhomogeneous polymer brushes
Couette flow
Dissipative particle dynamics
Friction coefficient
Viscosity
Scaling

A B S T R A C T

Brushes made up of mixtures of polymers are modeled using mesoscale simulations under shear and the viscosity
and the friction coefficient are obtained as functions of the chains’ grafting density, brush composition, free
chain concentration, and solvent quality. We find that brushes made up of mixtures of polymers can reduce to a
greater extent the friction coefficient in comparison to a mono-chain brush and that both the viscosity and the
friction coefficient obey scaling laws that depend only on solvent quality. These results shed light on microscopic
mechanisms that affect viscosity and friction in polymeric brushes, which are findings of interest for research on
nanotribology.

1. Introduction

In recent years attention has focused on the design of functionalized
surfaces by grafting polymers on surfaces using effective numerical
tools [1,2], which has attracted attention in applications such as sta-
bilizing colloids [3], improving lubrication properties when surfaces
are exposed to shear, and protecting the surface against adsorption of
nanoparticles due to the response to non-equilibrium dynamics [4,5]. It
is well known that surfaces coated with polymeric brushes in a good
solvent have excellent tribological properties, when subject to flow
[6–13]. Goujon and coworkers [14–16] have described the rheology of
the system by studying the influence of free chains on the friction and
viscosity, finding that the friction coefficient (COF) decreases linearly

with the surface coverage when no detachment is considered and when
few chains are expelled from the brush, the friction decreases sig-
nificantly reaching an asymptotic value.

The interaction of a polymer brush in the presence of free chains is
of great interest because of the change in the wetting properties of the
surface and has been widely studied using various theoretical and si-
mulation methods [17–19]. Additionally, the mechanical and rheolo-
gical properties of the brushes are of importance, because the presence
of grafted chains can reduce the friction between two surfaces by three
orders of magnitude [4,15]. In works by Singh et al. [6,20], the effect of
grafting density and chain stiffness on the tribological behavior of
polymer brushes were explored, finding that the COF depends on chain
stiffness. Deng et al. [21] modeled functionalized surfaces using

https://doi.org/10.1016/j.cplett.2019.03.002
Received 31 October 2018; Received in revised form 1 March 2019; Accepted 4 March 2019
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A B S T R A C T

We evaluated the performance of CeO2 as a buffer layer for emerging thin-film solar cells. Thin films of CeO2

were deposited via spin coating on transparent conductive oxide (TCO) glass substrates. The photovoltaic
parameters of open-circuit voltage (Voc), short-circuit current density (Jsc), fill factor (FF), and conversion ef-
ficiency of the reference samples increased from 134mV, 4.14mA/cm2, 0.26, and 0.14% to 254mV, 14.74 mA/
cm2, 0.34, and 1.27%, respectively, by using the structure TCO/CeO2/Bi2S3/PbS. The crystallite size of the
absorber layer (PbS) increased from 14 to 24 nm using a 130 nm CeO2 buffer layer.

1. Introduction

The global demand for electrical energy increases every year. Finite
resources, such as fossil fuels, continue to be the primary sources of
power for electricity generation [1]. Therefore, a variety of technolo-
gies are being developed to generate electricity from clean energy
sources. Among these renewable energy technologies, solar energy is a
more reliable method for the clean conversion of energy into electricity.
This conversion can be indirectly achieved through solar-thermal
technologies or directly through photovoltaic systems. Current com-
mercial photovoltaic devices are mainly based on silicon (Si), cadmium
telluride (CdTe), or copper, indium, gallium, and selenium or sulfur
(CIGS). While reliable devices can be obtained using these materials,
they have certain limitations, such as the complexity of their production
or the limited abundance of the component elements in the earth's
crust. Thus, further research on the diversification of the materials used
for the manufacture of photovoltaic devices is needed to support the
large global demand for electrical energy [2]. Based on these chal-
lenges, the development of emerging materials for solar energy appli-
cations has become widely diversified over the last few decades. For
example, Ce-doped ZnO using co-catalyst Cu2+ grafting (Cu2+– CeXZn1-
XO) has been considered for photocatalytic applications. The impurity
states formed in this material through metal-ion doping has shown a
high sensitivity for visible-light absorption [3]. In addition, the further
development of other emerging materials has been broadened to in-
clude materials using a variety of configurations, such as organic solar

cells, quantum dot solar cells (QDSCs), and colloidal quantum dot solar
cells (CQDSCs). A novel organic molecular bis-triphenylamine with a
spiro (fluorene-9,9′-xanthene) named BTPA-4 was applied in the ZnO-
NWs/PbS-QDs/BTPA-4/Au configuration and reported power conver-
sion efficiency (PCE) values of 5.44% [4]. Some additional novel ex-
amples are CdS sensitized TiO2 nanorod arrays that have been suc-
cessfully applied on solar cells and CdSeXS1-X/CdS co-sensitized TiO2

nanostructures that have been used for energy conversion [5,6]. Re-
cently, several compounds composed of rare earth elements have at-
tracted considerable interest for solar energy applications. In particular,
due to its excellent physical and chemical properties, cerium oxide
(CeO2) is valued as a versatile compound that can be used in a variety of
applications. CeO2 is an oxide semiconductor with a wide optical band
gap (p–d) of 5.5 eV and an electronic band gap (p–f) of 3.5 eV [6]. For
the elaboration of CeO2 thin films, several synthesis routes have been
reported, such as Metal Organic Chemical Vapor Deposition (MOCVD),
magnetron sputtering, electron beam evaporation, sol–gel methods, and
chemical solution deposition [7–11]. However, chemical routes are
considered the most popular because they can easily allow thicknesses
in the range from 6 to 100 nm with crystallite sizes from 6 to 21 nm,
depending on the technique and deposit conditions [6–11]. Bulk CeO2

has a cubic crystalline structure (Fm3m space group) with a lattice
constant of 0.451 nm [11–15]. There have been few reports on the use
of CeO2 thin films in solar cells, and it has only recently been employed
as a buffer or intermediate absorber layer in solar cells. CeO2/CdS has
been included as a 1–5 nm buffer to develop copper, zinc, tin, sulfide
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A B S T R A C T

We report the influence of the Mn atomic concentration (at.%) on the nanostructures formation and magnetic
properties of GaAs:Mn layers grown by Molecular Beam Epitaxy at a relatively high substrate temperature of
530 °C varying the nominal Mn at.% content from 0.01 to 0.2. It is shown that by modifying the Mn at.%
different kind of nanostructures, ranging from 2D (such as islands and surface corrugation) to 3D microleave-
and nanowire-like arrays, form on the surface layer. Samples produced with Mn contents ranging from 0.02 to
0.20 at.% show a significant room temperature ferromagnetic response that is attributed to the formation of
MnAs nanocrystals as confirmed from X-ray diffraction analysis and magnetization measurements. The influence
of MnAs clusters on the formation of the nanostructures observed is discussed.

1. Introduction

The synthesis of semiconducting alloys presenting ferromagnetic
behavior is of considerable current interest because it could be the basis
for joining two large branches of Materials Science, semiconductors and
ferromagnetic materials [1]. Potentially, this could give rise to the
development of devices using both degrees of freedom, such as mag-
netic random-access memories, field-effect transistors, diodes or even
solar cells [2–4]. For such applications, (Ga,Mn)As is one of the so-
called diluted magnetic semiconductors (DMS) that has been subject of
extensive attention in the last few years [5]. In spite of the low solu-
bility of Mn into the GaAs matrix at the growth temperatures usually
employed to grow GaAs epitaxial layers by Molecular Beam Epitaxy
(MBE) (i.e., around 600 °C), by growing at low temperatures (below
300 °C) have been possible to fabricate (Ga,Mn)As with Mn con-
centration many times higher than its solubility limit [6]. Following
this low temperature MBE method, (Ga,Mn)As samples presenting a
Curie temperature (TC) around 200 K has been achieved [7]. However,
in spite of the considerable efforts carried out to optimize growth

parameters and post-growth thermal treatments it seems that a further
increase in the TC of (Ga,Mn)As is unlikely [7].

The formation of Mn-rich (Ga,Mn)As or MnAs nanoclusters in-
tegrated into the GaAs matrix have been also receiving increasing at-
tention due to the observation of interesting room-temperature mag-
neto-optical and magnetoresistance effects [8,9]. In fact, it has been
reported that even at a low Mn content, Mn-rich (Ga,Mn)As na-
noclusters embedded into the GaAs matrix synthetized by growing at
low (250 °C) or moderate (350 °C) temperatures followed by a thermal
annealing treatment at 500–650 °C, can exhibit a ferromagnetic re-
sponse with a TC as high as 360 K [9,10]. On the other hand, as semi-
conductor nanostructures possess important quantum effects and ap-
plications [11], the surfactant properties of Mn could be advantageous
to self-assemble (Ga,Mn)As-based nanostructures presenting both,
magnetic response and quantum confinement.

Early studies have been focused mainly on (Ga,Mn)As-based wire-
shaped nanostructures. Nanowires were first obtained in layered
(Ga,Mn)As structures produced by e-beam lithography [12]. First re-
ports on the effect of catalytic properties of Mn in the growing of
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