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Optical Phenomena and Processes Induced by Ultrashort Light
Pulsesin Chalcogenide and Chalcohalide Glassy Semiconductors

Blonskyi 1.2 Kadan V.% Rybak A% PavlovaS.?4
Calvez L.°, Mytsyk B.°, Shpotyk O.%¢
4Ingtitute of Physics of the NAS of Ukraine, Kyiv, Ukraing;
PUMR-CNRS 6226, Université de Rennes 1, Rennes Cedex, France;
“Karpenko Physico-Mechanical Ingtitute of the NAS of Ukraine, Lviv, Ukraing;
%lokh Institute of Physical Optics, Lviv, Ukraine;
‘Ingtitute of Physics of Jan Dlugosz University, Czestochowa, Poland

The invesatigation results of new physical phenomena and processes
induced by femtosecond laser pulses in chalcogenide (ChG) and chalcohalide
(ChH) glassy semiconductors and other optical materials (sapphire, quartz) are
reported. The report includes the following three main parts: 1 — experimental
study of propagation laws of ultrashort laser pulses in transparent condensed
media using new experimental techniques (time-resolved pump-probe
microscopy and spectroscopy, Z-scan, pulse temporal compression from 140 to
65 fs), created for this purpose; 2 — study of nonlinear transient phenomena in
such media, particularly the peculiarities of filamentation and conical emission
in positively and negatively birefringent crystals, attractive and repulsive
interaction of two filaments, spectra peculiarities of filament-induced
supercontinuum and conical emission; 3 — optical breakdown caused by
femtosecond laser pulses in optical materials and its use for precision laser
micromachining. We report new femtosecond fabrication technologies of
microoptical elements (microlenses, micromirrors, microwaveguides and their
arrays) which are promising for telecom use. Particularly, we present a simple
two-step fabrication process of diffraction-limited micromirrors and arrays of
micromirrors. As an example, the figure shows focal spot of a single
micromirror (@), foci of micromirrors array (b), and an image (leters I1®) created
by a single micromirror (c), which demonstrate diffraction-limited performance
of the micromirror (resolution ~2 nm).

The authors acknowledge support from the STCU-NASU (project 6174),
NASU-TUBITAK (joint project), as well as from the Ukrainian State Fund for
Fundamental Research (Project F73/23805).
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Effect of the Electric Field on the Energy of Quantum Transtions
in Impurity Quantum Dots
Boichuk V.I., Kropyvnytska K.M., Leshko R.Ya.

Drohobych Ivan Franko Sate Pedagogical University, Drohobych, Ukraine,
teorfizyka@gmail.com

Impurities play an important role in the analysis of the properties of
semiconductors which are used in the fabrication of devices. Even a small
concentration of impurities increases the semiconductor conductivity by several
orders. In the recent few decades, there has been increased attention to the
problem of impurity states due to great perspectives of low-dimensional
semiconductor structures such as quantum wells, quantum wires and quantum
dots (QDs). Due to quantum confinement of impurity electrons (holes) there is a
possibility to engineer the electronic structure and tune the energy spectrum to
obtain desirable optical transitions through modification of sizes and shapes of
guantum dots [1 - 3]. These characteristics are useful for the development of
optoelectronic devices with tunable emission and transmission properties and
ultra-narrow spectral linewidths.

One of the important factors which influence the physical properties of the
guantum dot is the external electric field. It causes a shift of energy levels and
field dependence of the carrier lifetime of quantum dots. Therefore, the impurity
and the applied electric field effects on the optical properties of quantum dots
are of great interest for both fundamental physics and device application.

In the present work we investigated the optical properties of a spherical
guantum dot with the parabolic confinement potential in cases of the presence of
donor and acceptor impurities, and the electric field. The results show that the
oscillator strengths for impurities of different sign are different. The oscillator
strength between the ground and the first excited states in the quantum dot has
been calculated as functions of the confinement potential and the applied electric
field. Based on the results of calculations of the oscillator strength transition, we
obtained the linear, nonlinear, the total optical absorption coefficients, and the
optical refractive index as a function of the incident photon energy for the
different values of the confinement potential and the electric field. The detailed
analysis of the dependence of the absorption coefficient and the refractive index
on the confinement strength, the applied electric field, and also the type of
impurity has been performed.

[1] F. Bassani, G. ladonisi, B. Preziosi, Rep. Progr. Phys. 37 (1974) 1009.

[2] M.V. Tkach, V.A. Golovackij, Ja.M. Berezovskij, Physics and Chemistry of Solid State
4(2), 213 (2003).

[3] V.I.Boichuk, I.V.Bilynskyi, R.Ya Leshko, L .M. Turyanska, Physica E: Low-
dimensional Systems and Nanostructures. — 2013. — Vol. 54 — P. 281-287
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M etal Nanostr uctur es on Semiconductor Surface asa Basis
for Plasmonic Optoelectronics
Dmitruk N.L., Korovin A.V., Maynych S.Z.

Institute for Physics of Semiconductors, National Academy of Sciences of Ukraine
Kyiv, Ukraine, E-mail: dmitruk@isp.kiev.ua

Nowadays much interest has been devoted to nanoscale metal structures
(dots, nanowires, etc.) on semiconductor for both fundamental research and
practical use. Some different modes can be excited: 1) “surface plasmon
polariton” (SPP) on periodical system of nanodots or nanowires on dielectric
(semiconductor); 2) surface electromagnetic waves (SPP) along the surface of
separate nanowire on the air-metal interface; 3) waveguide TM, TE modes in
thin overlayers (TCF); 4) surface (local) plasmon (SP) in nanodot or nanowire.

Besides, the array of metal nanowires creates a multifunctional grid: for
surface plasmon polaritons excitation, for current collection, for decrease of the
surface recombination velocity, for forming the current-carrying contact on
texturized front surface.

A number of practical applications of gold and silver nanoparticles and
nanoparticle arrays for needs of photonics [1], nonlinear spectroscopy [2],
submicron visualization [3], surface-enhanced Raman and infrared spectroscopy
[4, 5], photovoltaics [6], and various sensors [7] has been suggested so far. The
fundamental background of all the mentioned processes is a resonant
enhancement of light interaction with metal nanoparticles, and it is crucial to
minimize the losses caused by absorption of incident light, wasted as heat, by
the metal nanoparticles for efficient energy transfer into the active materials.

The main way to design photovoltaic devices of new generation is
confinement of light absorption (light trapping) in ultra-thin area nearby the p-n
or metal-semiconductor junction separating electron-hole pairs. This increases
the number of collected carriers.

Several principal techniques of plasmonic photovoltaics was described in
our previous works:

1) increasing the light transmission into the photoactive base in the case of
anti-correlated reliefs of both sides of emitter (metal) film of surface-barrier
heterostructure due to excitation of surface plasmon polaritons [8];

i) light absorption enhancement due to light scattering by big noble metal
nanoparticles in the wave zone (far-field) [9], e.g. optical radiation efficiency
defined by the ratio of the scattering cross-section to the extinction one, for Ag
nanoparticles with diameter over 90 nm exceeds 90% [10];

i) near-field concentration of light nearby metal nanoparticles or
nanowires due to excitation of surface (local) plasmons (SP) or SPPs [11] with
following generation of non-equilibrium current carriers.
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The last technique that allows additional electron-hole pairs generation
and therefore SC efficiency enhancement has been considered in this work.

This work was supported by the NATO SPS grant NUKR.SFPP984617
“Nanostructured Metal-Semiconductor Thin films for Efficient Solar
Harvesting”.
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Thermoelectric Properties and Defect Subsystem of Lead
Telluride Thin Filmsand Crystals

Galushchak M.O.
Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine

The features of the direct conversion of heat into electricity in recent years are
becoming more widespread practical application. Thermoelectric generators and
coolers, which are characterized by long life created on the basis of thermoelectric
phenomena. These devices characterized the lack of fast wearing moving parts,
quiet and reliable performance, low weight and high specific energy consumption,
no pollution of the environment, the ability to create combined systems of power
and space heating, etc. To effectively convert of the thermal energy into electricity
must have a thermoelectric material, which is the main parameter — the
thermoelectric figure of merit z (z=a’ /c), where a is the coefficient of
thermal-EMF, s is specific electrical conductivity, c is the coefficient of thermal
conductivity. The main obstacle in the way of modification of material properties
for maximum thermoelectric figure of merit is mutually connected of these values.
In particular, the increasing of conductivity by doping causes to decreases of
thermal-EM F and growth of coefficient of thermal conductivity.

The Lead telluride is considered as promising material for thermoelectric
energy converters, photodetector devices, and emitting structures of middle and far
infrared optical spectrum.

This paper is devoted to the influence of both the technological factors and
alloying on processes of defect formation and properties of PbTe crystals and films.
There were obtained nest research results on the base of experimenta and
theoretical research:

1. It was proposed the quasi-chemistry description of equilibrium defects
concentration in electronic crystals PbTe saturated by Lead and doped by Thallium.
There are received the equilibrium constant and the enthalpy of formation of
vacancies tellurium (Vz2") and interstitial waist (TI') and formation of clusters

Ve - Tl Ef on the base on comparison of experimental data with calculations

results.

2. The mechanism of defects formation in PbTe enriched Tellurium and doped
Indium was received. It is shown that the doping processes followed by
phenomenon of self-compensating of Indium (In;,) (donor) and vacancy of Lead

(V&) (acceptor).
3. Received the two-dimensiona and spatial dependence of the concentration of
charge carriers from the deposition temperature (T,), partial pressure of lead vapor

(R, )in the field of deposition and impurities concentration (N,) in the “hot wall”

method for Thallium doped Lead Telluride films. Established that the increase of
Thallium content and increase of T leading to reduction of major carriers of electronic

material, and create of n-p-transition and growing of holes concentration.

4. Were developed the technological basis of modification of PbTe crystals and
films with low concentration of free charge carriers that suitable for making elements
of optoelectronic transducer and optimized methods of producing of Lead Telluride
thin films large values of thermopower and mobility of charge carriers.

9
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Second and Third Generation Graphenerelated Materials:
a Rational Design of Advanced Nanoar chitecturesfor Energetics
Granozzi G.

Surface Science& Catalysis Group,
Department of Chemical Sciences, University of Padova, Padova, Italy

nd rd
2 and3
Generation Graphene

chemically modified graphene 3D graphene architectures
{CMGs) {3DGs)

i.e. graphene sheets where part i.e. systems constituted by graphene or

of carbon atoms are replaced CMGs sheets assembled together to

by other atoms (e.g. N, B, S, P) form 3D interconnected networks or

or entire functional groups very highly complex nano-objects

Graphene (G) is an extremely intriguing material that is arousing a
formidable interest in many different fields since it was first produced in a
conscious manner in a lab in 2003. So manywords have already been spent to
emphasize its peculiar properties that it is needless to add more efforts to
convince scientists on the actual breakthroughs that graphene can provide.
Nowadays, the forefront of G research has progressed from the simple
preparation and characterization of G toward second generation G-based
materials, i.e. chemically-modified graphene (CMGs), and third generation 3D
systems based on the assembly of G and/or CM G sheets (3DGs).

In the present lecture Prof. Granozzi will report on recent advances in the
field of nanostructures for energetics attained in the Surface Science & Catalysis
Group of the University of Padova. A rigorous Surface Science based approach
has been adopted to delineate a rational design of G based nanostructures to be
adopted in the field of electrocatalysis and photoelectrocatalysis.

Some relevant references:

- Sngle- and Multi-Doping in Graphene Quantum Dots: Unraveling the Origin of Selectivity
in the Oxygen Reduction Reaction, ACS Catal. 2015, 5, 129

- The nature of the Fe-graphene interface at the nanometer level, Nanoscale, 2015, 7, 2450

- New Strategy for the Growth of Complex Heterostructures Based on Different 2D
Materials,Chem. Mater., 2015, 27, 4105

- Fast One-Pot Synthesis of MoS2/Crumpled Graphene p—n Nanonjunctions for Enhanced
Photoelectrochemical Hydrogen Production, ACS Appl. Mater. Interfaces 2015, 7,
25685—-25692

- Unveiling the Mechanisms Leading to H, Production Promoted by Water Decomposition on
Epitaxial graphene at Room Temperature, ACSNano 10, (2016) 4543—4549
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The Propertiesof NiO Thin Films Grown at Different Magnetron
Sputtering Conditionson S and Glass Wafers

levtushenko A.l.Y, Karpyna V.A.Y, Lytvyn P.M.2, Korchovyi A.A .2, Olifan O.1.%,
Tkach S.V.2, Baturin V.A.* Karpenko O.Y .*, Lashkarev G.V.!

1. Frantsevich Institute for Problems of Material Science, NASU, Kyiv, Ukraine,
2. Lashkarev Institute of Semiconductor Physic, NASU, Kyiv, Ukraine
3v.Bakul Institute for Superhard Materials, NASU, Kyiv, Ukraine
“Institute of Applied Physics, NASU, Sumy, Ukraine

NiO is a wide direct band gap p-type semiconductor material (Eg=3.5—
4.0 eV at room temperature). It is an attractive material for the development of
p-type transparent conductive films, ultraviolet detectors, solar cells, spin-valve
giant magnetoresistive sensor, memory, electrochromic window devices, gas
sensors, etc due to its low cost, electrochemical stability and great durability as
well as unique optical, electrical and magnetic properties [1]. The development
of high-quality p-NiO/n-ZnO p-n heterojunctions is important for creating a new
type of solar cells (SC) so-called UV active transparent SC [2] that have
additional possibilities for application in window systems for houses,
greenhouses comparison with the traditional arrangement of SC on roofs of
houses. Therefore, the deposition of high structure and optical quality NiO films
are needed for UV active transparent SC.

The different physical and chemical vapour deposition methods such as
magnetron sputtering, pulsed laser deposition, plasma-enhanced chemical
vapour deposition, electrochemical deposition, sol—gel and spray pyrolysis have
been used for NiO films deposition. Among all these methods, reactive
magnetron sputtering (MS) is considered to be the most useful widespread
method for film deposition due to a good films adhesion, high deposition rates,
films uniformity of over large areas of the substrates and easy control over the
composition of the deposited films [3]. It is obviously that the enhancement both
crystal quality of NiO films and their optical and electrical properties can be
reached by the optimization of film growth parameters. Early, we proposed the
layer-by-layer growth method for magnetron sputtering pure and doped ZnO
films characterized improved crystal quality comparison to films deposited
traditional single-stage MS[3].

Therefore, our report is devoted to investigation of the influence of such
technological parameters of MS as substrate temperature, oxygen and argon
pressures, magnetron power and substrate bias on structure, morphology and
optical properties of NiO thin films deposited on Si and glass substrates by
layer-by-layer growth method at MS. X-ray diffraction, atomic force
microscopy, energy dispersive X-ray spectroscopy and optical transmission
measurements were applied to study the influence of technological parameters
on the properties of NiO films.

11
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The XRD analysis confirms the formation of polycrystalline textured NiO
films with main diffraction peak of rock salt structure (111) (accordingly with
JCPDS card number 04-0835) (Fig.1,a). The EDX analysis shown the presence
of only Ni and O without other additive impurities (Fig.1,b). The optical
transmittance and optical band gap of NiO films varied in the range from 10 %
to 75 % and 2.9 t0 4.0 eV, respectively. AFM measurement shows (Fig.1,c) that
the average grain size and surface roughness change in the range 16-55 nm and
1.21-4.72 nm, respectively. The effect of different magnetron sputtering
conditions on the properties of NiO thin films will be discussed and presented.

Si Wi {111)

. e e
Si . €3 oCa | s 4
C

Intensity, a.u.

L

20 30 40 S50 B0 7O
& 28 degree
a)

c)
Fig.1. The typical XRD pattern (a), Energy dispersive X-ray spectrum (b)
and AFM 3D image (c) of NiO thin film.

1. M.Guziewicz, J. Grochowski, M.Borysiewicz, et al., Electrical and optical
properties of NiO films deposited by magnetron sputtering // Optica Applicata.
—2011. - V. XLI, No. 2. —P. 431-440.

2. R. Karsthof, P. Riacke, H. von Wenckstern, M. Grundmann, Semi-transparent
NiO/ZnO UV photovoltaic cells // Phys. Status Solidi A. — 2016. — V. 3, No.
1. —P. 30-37.

3. A.l. levtushenko, V.A. Karpyna, V.l. Lazorenko, et al., High quality ZnO
films deposited by radio-frequency magnetron sputtering using layer by layer
growth method // Thin Solid Films. — 2010. — 518. — P. 4529 - 4532.
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Synthesisand Transent Grating Thermal Char acterization of
Nanostructured PbTe:(Bi, Sb) Films

lvakin E.V.%, Kisialiou 1.G.%, Nykyruy L.I.%, Yavorskiy Y.S.2

!Institute of Physics, National Academy of Sciences of Belarus, Minsk, Belarus
2Vasyl Sefanyk Precarpathian National University, |vano-Frankivsk, Ukraine

Impurities of the periodic table group V are known to influence differently
the energy spectrum of electrons in Pb chalcogenides, which is associated with
their amphoteric properties. Sb and Bi are donor impurities, which makes it
possible to control the concentration of electrons in PbTe thin film structures
and provides low values of lattice thermal conductivity component as well.

In this studies we have improved our vacuum heaters design, which allowed
us to obtain series of vapor-phase condensation in a common cycle under
different technological factors. (I) different thickness at constant substrate
temperature Ts, or (1) constant thickness at various Ts. Thin films prepared by
pre-synthesized compounds PbTe:Bi(Sh) evaporation in open vacuum have been
investigated. Evaporation and substrate temperatures were 970 K and 420 to
520 K respectively. Condensate thickness could be varied by time of vapor
deposition from 15 to 240 seconds and was controlled by microinterferometer.

Thermoelectric parameters of condensate were measured at room
temperature at constant magnetic and electric fields. Automated device of
original configuration provided the electrical parameters measurement and
initial data processing: Silver films served as Ohmic contacts. The current
through the sample was estimated to be about 1 mA. Magnetic field of 1.5 Tesla
normal to the film surface was applied.

In-plane thermal diffusivity y of films have been studied by the method of
transient grating (TG) [1] with the laser-based system “Optopicotest”, worked
out in the Institute of Physics, NAS of Belarus. Thermal surface-relief TGs of
varied fringe spacing A were induced by laser pulses of 8 ns duration at 532 nm
wavelength. The excited zone of the film was probed simultaneously by the
beam from CW He-Ne laser. Transients of diffracted beam intensity were
recorded in reflection mode and decay constants t of a signal were measured.
Tr21e X, values in direction along film surface were calculated via ratio y =
A4t

It is well-known [2], that film deposited on substrate can be thermally
characterized under conditions of surface heating if film thickness exceeds
grating spacing. In order to minimize influence of substrate on the results of
measurements, samples with 1.5 to 2.5 um thick films were chosen for
experiment. Thermal TGs of spacing 2.5; 5.0; 12.0 and 25.0 um were recorded
sequentially and their lifetimes were determined. The t(A) function was
controlled. If the ratio A%/t stays approximately constant irrespective of A value,
we assume that the substrate takes no part in heat transfer in a film-substrate
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system. Hence, proper value of A%t can be used for y calculation. Thermal
resistance at film-substance boundary plays positive role in this process.

Transients of signals diffracted by thermal TGs with different grating
spacing are shown in Fig.1. As soon as the condition A%/t ~ constant is fulfilled
for al A used, the result of y calculation is considered to be correct enough.
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Figure 1. 2.45 pm thick film PbTe:Bi Figuré 2. Thermal diffusivity of >1.5
deposited on muscovite pum thick films PoTe(P), PbTe:Bi and
A =25(1),5(2), 12(3) and 25(4) um  PbTe:Sb on glass G and muscovite M

Summary. We have developed the technology of PbTe:Bi(Sb) film
deposition under open vacuum, which governs the processes of nucleation,
growth, and formation of individual nanostructures. The values of mean free
path of current carriers were determined, as well as their mobility affected by
carrier scattering on the film surface and on the intergrains of nanocrystals. It
was shown that the surface scattering mechanisms prevail over scattering on the
intergrain borders, which is due to large sizes of nanocrystals in thin-film
structures. Totals of contactless thermal characterization of the films are given in
Fig.2. The most noticeable effect of the in-plane thermal diffusivity decrease as
compared to pure PbTe film is observed in films PbTe:Sb deposited on glass
substrates. Acoustic 13,6 MHz oscillations in the film/air interface are well seen
in scan (4). It is an evidence of surface character of pump radiation absorption.
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Optical properties of diamond-like carbon (DLC) films in dependence on
deposition conditions were investigated. It was established that that the films
having refractive index from 1.6 to 2.3 may be obtained. The film optical
bandgap and hardness may be changed from 1.5 to 4 eV and from ~1 to ~20
GPa, correspondingly. It has been shown that deposition of single or two-layer
diamond-like carbon antireflection coatings enables the solar cells efficiency to
be improved 1.35-1.5 times. The improvement is connected with decreasing of
reflection losses and passivation of recombination active centers.

Thick (1300-1500 nm) DLC films deposited on a working side of the silicon
solar cell (SC) allow us to increase their stability relating to effect of proton and
ultraviolet (UV) irradiation. So, one-stage (E=50 keV) or multi-energy (50+100
keV) implantation of proton into protected SC (the SC+DLC films system) did
not practically influence the SC parameters. Moreover, SC covered by DLC film
after UV irradiation show improvement of efficiency both for implanted and
unimplanted samples. At the same time, the unprotected SC deteriorated after
those treatments.

We also studied the properties of optical elements for the IR spectral range
based on semi-insulating gallium arsenide (SI-GaAs) and antireflecting DLC
films. Particular attention has been paid to the effect of penetrating g-radiation
on transmission of the developed optical elements. It was shown that DLC film
deposition essentially increases degradation resistance of the Sl-GaAs-based
optical elements to gradiation. Particularly, the transmittance of the DLC/SI-
GaAs structure after girradiation with a dose 940° Gy even exceeds that of
initial structures. The possible mechanism that explains the effect of g-radiation
on the SI-GaAs crystals and the DLCF/SI-GaAs structures at different
irradiation doses was proposed. The effect of small doses is responsible for non-
monotonic transmission changes in both SI-GaAs crystals and DLCF/SI-GaAs
structures. At high grirradiation dose 1.440° Gy, passivation of radiation defects
in the SI-GaAs bulk by hydrogen diffused from DLCF leads to increasing the
degradation resistance of the SI-GaAs crystals coated with DLCF as compared
with the crystals without DLCF.
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Klochko N.P., Khrypunov G.S., Kopach V.R., Klepikova K.S,
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The creation and research of devices for micro- and nanoelectronics by
means of solution-based technologies suitable for mass production, including
transparent and flexible electronics, is an emerging science and technology field
focused on producing lightweight, “invisible”, pliable electronic circuitry and
optoelectronic devices. Applications include consumer electronics, new energy
sources, ultraviolet (UV) sensors, solar cells, semitransparent diodes, transistors,
memory, magnetics, photonics and health. At the same time, synthesis and
fabrication of these materials, as well as processing into particular device
structures to suit a specific application is still a challenge. Further,
characterization of these materials to understand the tunability of their properties
and the novel properties that evolve due to their nanostructured nature is another
facet of the challenge.

This work is devoted to the investigation of some nanostructured
semiconductor  heterostructures manufactured by a combination of
electrochemical and chemical methods. We research regularities concerning the
influence of pulsed electrodeposition parameters on crystal structure, surface
morphology, optical and electrophysical properties of the obtained
nanostructured zinc oxide arrays. Then we create and research UV detector on
the base of one-dimensional (1-D) ZnO nanostructured arrays. Thereafter,
visible active Ag/ZnO nanostructured arrays were obtained by a combination of
electrochemical and chemical methods. In order to enhance a solar activity of
the electrodeposited in a pulsed mode nanostructured zinc oxide arrays Ag
nanoparticles were deposited from silver sol and Ag/ZnO nanocomposites
thereon were obtained. We analyzed morphology, structure, electrical, electronic
and optical properties of the electroplate